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UNIVERSITY OF SOUTHAMPTON

ABSTRACT
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Thesis for the degree of Doctor of Engineering

A UNIVERSAL METHOD FOR ACCOUNTING GREENHOUSE GAS EMISSIONS FROM THE ACTIVITIES
OF HIGHER EDUCATION INSTITUTIONS USING A HYBRID LIFE-CYCLE APPROACH

Oliver James Robinson

Organisations of all types are significant contributors to international greenhouse gas emissions
and the business case for supporting low-carbon practices is gathering pace. Three noteworthy
barriers to reporting greenhouse gas emissions in a Higher Education context, namely, time
resources, financial resources, and data quality, were found to hinder the production of full

greenhouse gas emission assessments encompassing all Scope 1, 2 and, 3 value chain sources.

Higher Education Institutions are chosen for study due to their positioning as key components of
education systems across the globe. Transcendent of international borders, socio-political regimes,
and economic systems, the sector is a significant actor on climate issues. Overseeing education
and research activities, institutions are often likened to towns in their size and operational scope.
The carbon reduction targets of institutions in the United Kingdom are assessed for pragmatism
and were deemed overambitious. Furthermore, they do not account for Scope 3 sources, often

the largest proportion of the carbon footprint.

A critical assessment of common organisational greenhouse gas assessment methodologies was
undertaken and a gap in knowledge highlighted. Whilst theoretical environmental standards are
designed to be universally applicable, their practical application to higher education is little
explored and in practice, debatable. A theoretical methodology, sympathetic to university
environmental practitioners’ requirements was proposed to bridge this gap. Clear and
unambiguous guidance that avoided assumptions was developed. Among the numerous benefits,
the use of external data sources was reduced and the potential for double counting was

eradicated through the use of cut-off criteria, which excluded all paid-for Scope 3 services.

The methodology performed favourably against three baseline test parameters: a baseline of 150
hours to complete the emissions assessment, corresponding to financial costs of £24,200 and to
satisfy the requirements of the verification standard, 1SO14064-part 3. A series of potential
strategies, incorporating the use of the proposed methodology (verifiable using industry
verification standards) were outlined: whilst the sector should make ambitious pledges to
decarbonise along the trajectory set by the Paris agreement, it should not be at the expense of

quality research and teaching.
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momentum has culminated in a global and unanimous agreement.
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NOAA’s Mauna Loa observatory exceeded 400ppm. For some, this was an inconsequential
milestone, however this was in fact the first time Earth had experienced such a concentration in
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Chapter 1

Chapter 1: Introduction

1.1 Context: Global climate change

The end of the pre-industrial era was marked by the development of the steam engine (ca. 1870).
The technological advancements this fostered enabled a fundamental shift from hand production
methods to machine-based production. Through rapid industrialisation, the human experience of
life on the planet was changed forever and as a result, population rose rapidly (Cohen, 2003). The
transition from wood-derived energy to energy from coal allowed for electrification (Hughes,
1993) and the greatest technological revolution in human history. Empirical measurements (in ice
core records and in modern times, empirical atmospheric sampling) show a significant causal link
between rapid global industrialisation and climatic perturbations (Ramanathan et al., 1985;
Intergovernmental Panel on Climate Change (IPCC), 2013). Significantly rising concentrations of
greenhouse gases (GHG) present in the Earth’s atmosphere as a result of human activity is directly
responsible for the largest shift in atmospheric conditions for at least 800,000 years (Petit et al.,
1999), which is projected to increase the stress on scarce resources (Kerr, 2007), reduce crop
yields (Parry et al., 2004) and accelerate both habitat migrations and species extinctions (Pimm et

al., 1995).

The rate of emission releases grew exponentially in the 20" Century as economies prospered after
two global wars. The emergence of capitalism and an economic shift towards neoliberalism
resulted in the sustained exploitation of Earth’s natural resources still occurring into the 21%
Century. The main GHGs, CO,, CH, and N,O, increased from ~280 parts per million (ppm), 722
parts per billion (ppb) and 270 ppb, respectively, prior to the industrial revolution in 1870 to
contemporary levels of 399.5ppm, 1834ppb and 328ppb, respectively (Tans & Keeling, 2016). In
March 2015, the global monthly average CO, concentration surpassed 400ppm for the first time
(Le Quéré et al., 2015). The effect these increases have had on the climate system act to enhance
the naturally occurring ‘greenhouse effect’ and increase surface temperatures; global sea surface
and land surface temperatures have increased by 0.85°C [0.65 — 1.06°C] (Intergovernmental Panel

on Climate Change, 2013) in the intervening period.

Today, global GHG emissions equate to 49 * 4.5 GtCO,e per annum (p.a.) (IPCC, 2014) and the
highest four emitting countries/regions represent 59% of emissions, namely, China (27%), USA
(14%), EU28 (10%) and India (7%). Primarily, GHG emissions are attributed to the burning of fossil
fuels and land-use change (particularly for agricultural process, human settlement and

deforestation) (Le Quéré et al., 2015). The publication of the IPCC’s fifth assessment report (AR5)
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in 2014 warned that unless mean human-induced warming is limited to 2°C* (relative to 1861-
1880) and imminent action is taken, catastrophic and runaway climate change may be inevitable.
Despite this goal, the global carbon ‘allowance’ is rapidly diminishing and, therefore, under all
scenarios, time is limited for the world to react. Numerous models have shown that in order to
reach this goal (with a probability of >66%), it is imperative that anthropogenic GHG emissions
since 1870 are to remain below 2900GtCO,. By 2011, two-thirds (1900GtCO,) of this budget had
been already been released. Additionally, some authors are advocating reaching carbon neutrality
by 2026 in order to avoid overshooting this threshold (Hohne et al., 2014; CCC, 2016). The cost of
limiting climate change to the global economy has been estimated at between $350 billion - $1.1
trillion p.a. by 2030 (Stern, 2006), although the consequences of runaway climate change are

incomprehensible.

As a result of the threats from climate change, reducing carbon emissions has become a
persistent, yet divisive issue for politicians and policymakers to address. The publication of the
Brundtland report in 1987 and the establishment of the IPCC in 1988 created the political
momentum for the establishment of the United Nations Framework Convention on Climate
Change (UNFCCC). As the foremost mechanism for states to agree on national emission reduction
targets (agreed upon at the 1992 Earth Summit in Rio de Janeiro), the UNFCCC has been
instrumental in the formulation of climate policy over the last 25 years. The first UNFCCC
Conference of the Parties (COP) was held in Berlin in 1995 and established the procedures for the
subsequent milestones i.e. the adoption of the Kyoto Protocol®in 1997, the agreement of the
Marrakesh Accords in 20013, the Bali Roadmap in 2007%, the Copenhagen Accord in 2009°, the
2010 Cancun Agreement and, 2012 Doha Amendment® (Gupta, 2010). The culmination of these
efforts came at the 21" Conference of the Parties (COP) in December 2015. After limited
successes and negotiations, 195 nations adopted a partially voluntary and partially legally-binding

multilateral post-Kyoto agreement to limit climate change to 1.5°C above pre-industrial levels

1

This figure, for all intents and purposes, is cited as the threshold for ‘runaway climate change’. Originating from Nordhaus (1975), the
reality of intricate and little-understood climate feedbacks means that whilst this value is a tangible target for policymakers, it is
criticised as being neither a panacea for climate change or a goal, after which, humanity can denounce all responsibility (Knutti et al.,
2015).

2 Entered into force in 2005, set a 5% reduction on a 1990 baseline by 2008-2012 for six GHGs: CO,, CH4, N,O, HFCs, PFCs, and SFs.

3 Advised detailed rules on the implementation of Kyoto, including Joint Implementation (JI), emissions trading (ET), and the Clean
Development Mechanism (CDM).

4 Official launch of the climate adaptation fund, roadmap to signing a climate agreement laid out to Copenhagen in 2009.

> A pledge that temperature increase must be limited and that a goal of $100bn for developing nations by 2020 must be set.

6 Amended the Kyoto Protocol to include an additional GHG (NF3) and approved an extension to 2020.
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(UNFCCCe, 2015)’. Ratification by 55 parties accounting for 55% of global emission is needed for
entry into force (UNFCCC, 2015).

Historically, the major setbacks for the UNFCCC process have been attributed to the disparities in
global development rates. Less economically developed countries (LEDCs) desire to protect their
right to economic development (much in the same way more economically developed nations
(MEDCs) did previously). In recent decades, the shift of manufacturing to the East and the
population growth for many has meant that the trend of highly carbon-intensive developed
economies is being challenged. For instance, China overtook the USA as the largest emitter in
2007 and developing nations look set to become the dominant contributors to anthropogenic
GHG emissions (Vidal & Adam, 2007). Developed nations typically have the physical infrastructure,
academic expertise and political will to advance emission reduction policies. Authors such as
Yandle et al. (2004) predict that the environmental Kuznets curve (a bell-shaped relationship
between per capita income and environmental degradation) for developing nations will be
different to that demonstrated by MEDCs which emerged in the 20" Century. Clean technology
that didn’t exist during the first wave of economic development can now be used by LEDCs to
reduce environmental degradation at lower income levels (Stern, 2004). Others state that when
accounting for international trade, the curve is shifted to the left for carbon exporting countries
and shifted to the right for high income countries i.e. emissions are typically lower than expected
for lower income countries whilst they are higher for higher income countries (Steinberger et al.,

2012).

1.2 The United Kingdom

The UK ranks 18™ in the list of largest emitters in the world, with per capita emissions at 6.5
tonnes CO,e p.a. (Olivier et al., 2017). In accordance with the UNFCCC, the UK compiles and
maintains a national GHG Inventory (as a requirement of ratification of the Kyoto Protocol). This is
maintained on behalf of the government by (consultants) Ricardo-AEA and they are contracted to
produce a National Inventory Report. The Climate Change Act (CCA) 2008 enacted an ambitious
reduction in emission releases by 2050 (the first of any nation in the world to do so) and
established the independent Committee on Climate Change (CCC), responsible for advising the

government on strategies to meet an 80% reduction in GHG emissions. The CCC also proposes

7The submission of intended determined national contributions (INDCs) was deemed the most likely method of securing a fair
emission reduction deal for MEDCs and LEDCs alike. Provision for continued assessment and five-yearly reviews was included as a
result of UNFCCC-sponsored research into these INDC pledges shown to not limit GHG emissions enough by 2025 (United Nations
Framework Convention on Climate Change, 2016)(United Nations Framework Convention on Climate Change, 2016).
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carbon budgets, which are set for five-yearly periods to ensure that sustained progress is made
towards the target. Table 1 sets out the carbon budget leading to 2032, featuring the most recent

budget published in June 2016:

Table 1: Published UK GHG Carbon budgets until 2032.

Budget (period) GHG emissions target (MtCO,e) % below 1990 baseline
1% carbon budget (2008-2012) 3,018 23%
2" carbon budget (2013-2017) 2,782 29%
3 carbon budget (2018-2022) 2,544 35%
4™ carbon budget (2023-2027) 1,950 50%
5™ carbon budget (2028-2032) 1,765 57%

Source: Committee on Climate Change (2017).

The UK has already made inroads towards reaching the 2020 target, having succeeded in meeting
the 1* carbon budget, albeit by a narrow margin (having emitted 2,982MtCO,e in the period 2008-
2012 against a target level of 3,018 M1tCO,e). The dominant sector of the UK’s emission profile, as

can be seen in Figure 1, is energy production (at 31%), followed by transport (23%), business

(17%), residential/domestic (12%), agriculture (9%) and the waste management (4%) sectors.
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Figure 1: United Kingdom GHG emissions per economic sector, based on final figures for 1990-
2014.

Source: Adapted from DECC (2016a).
1.3 Organisations and the environment

Decarbonisation, taken as the permanent reduction of GHG emissions from economic activities

and the development of an equitable and sustainable means of production, has become a central

4
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strategy adopted by the international community, aimed at limiting the worst impacts of climate
change. Preserving resources and affording future generations the ability to meet their needs is
the focus of the concept of sustainable development set out in the report of the United Nations
World Commission on Environment and Development (World Commission on Environment and
Development, 1987). The discourse on these subjects has become more impassioned as the
decades have elapsed, whilst progress has been and remains slow. Public sentiment is increasingly
challenging the status quo and organisations, especially large multi-national corporations, are
being challenged on their environmental credentials, often viewed unfavourably in this debate.
Numerous examples exist where environmental degradation has occurred as a direct result of the
actions of business operations that has caused an upsurge in public discontent. For instance, most
notably, is Deepwater Horizon, which due to its scale (where a total of 4.9 million £10% barrels of
oil were released into the Gulf of Mexico in 2011 (National Response Team, 2011)) led to a record
fine for BP Plc (S18.7 billion) and a global redesign of systems regulating oil well pressure (Rushe,

2015).

Organisations are significant sources of GHG emissions and are seen as instrumental in global
decarbonisation efforts. By the very nature of the current economic structure, all natural
resources are commodified, extracted and processed into useful products for profit by an
organisation. Thus, there is an intrinsic link with organisations and environmentally sensitive
activities, and possess the power to dramatically shift the status quo whilst remaining profitable.
The 500 largest companies in the world (by revenue) contributed 7.3%, or 3.6 Gigatonnes CO,e to
total anthropogenic releases in 2013, demonstrating the significant contribution industrial

processes make (The Carbon Disclosure Project, 2014).

Although there are many high-profile examples of environmental degradation caused by business,
organisations in the 21% Century are increasingly measuring their success on, and owing their
profits to, a triple-bottom line. This term, first coined by John Elkington, in 1994, advocates that
companies should not only be measuring success in the traditional sense (profit made on sales),
but that they should also include a social account to describe the value added to people, and an
environment account to describe the value added to natural capital (Matten, 2015). It is no longer
deemed acceptable to focus on maximising profits over the degradation of natural capital

(Norman & MacDonald, 2004).
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Many business leaders view sustainability as advantageous® and are already capitalising on the
market opportunities in order to return a profit. There is now an innumerable range of products,
goods and services being advertised based on their status as low-carbon targeted at the
environmentally-conscious consumer. Nowhere is this more clearly demonstrated than by the
ultra-low emission vehicles (ULEV) market; globally there are now more than 2 million ULEVs on
the road and market share is as high as 29% in some countries (International Energy Agency,

2017a).

1.4 The role of higher education institutions

Higher Education Institutions (HEIs) are organisations devoted to advanced learning and
scholarship (Collini, 2012). Steadily rising emissions from the HE sector also presents a need for
fervent emissions reduction. Globally, the sector exceeds 178 million people, (United Nations
Educational Scientific and Cultural Organisation (UNESCO), 2014a) (around 34% of the global
university-age® demographic [UNESCO 2014b]) (having grown 200 fold over the course of the 20"
Century (Schofer & Meyer, 2005). The number of institutions that exist to accommodate this
number of students now equals some 17,000 around the world and it has been estimated that by
2025 the number of students enrolled in HE will equal 262 million (Pike, 2012). Although
traditionally seen as only reserved for the social elite, universities have evolved out of the
necessity to be more open and inclusive of people from all social backgrounds (Anderson, 2009).
Universities benefit the global economy via the education of highly qualified professionals across
myriad disciplines, in addition to the development of new academic ideas (Collini, 2012). Williams
& Kemp (2013) highlighted the importance of HE to carbon management, flagging that the sector
is a crucial incubator for future leaders and performs a vital role in terms of inculcating and

disseminating the value and practices of sustainability in young adults.

In the United Kingdom (UK), the HE sector contributes £40 billion to the economy (3% of GDP)
(Universities UK, 2015) and has weathered the recent economic downturn that has befallen other
sectors. Increasing emissions and the adoption of a target in 2010 by the Higher Education

Funding Council for England (HEFCE)™ of a 34% reduction below a 1990 baseline by 2020 in scope

Si‘e‘ through ‘Plan A’, Marks & Spencer set itself the goal of becoming the ‘“World’s most sustainable retailer’ (Jones et al., 2008). In the
10 years of Plan A, numerous environmental, social and governance (ESG) goals have been achieved, including carbon neutrality, zero
waste to landfill and savings of more than £750 million in operating costs (Marks and Spencer Plc, 2017) .

o The university-age is defined at the point in which undergraduate students enrol on full-time study, typically between the ages of 18-
21. Students exceeding the age of 21 are defined as mature students in most higher education systems.

10 The HEFCE was disbanded at the end of March 2018. It its place, the Office for Students will take over the administration of carbon
reduction targets.
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1 and 2 emissions (to maintain progress towards the CCA 2008 target) means that carbon

management is a high priority for vice chancellors (Williams & Kemp, 2013).

With greater than 1.7 million students and 318,000 staff in 160 universities (Universities UK, 2013),
it is easily understandable how HE accounts for 11% of UK public sector emissions (Ward et al.,
2008). The total economic value of HE p.a. equals £39.9 billion (Universities UK, 2015) and as a
result, is one of the largest occupiers of building space in the UK, occupying 27 million m?; 0.2% of
the UK built environment (6% of the UK'’s total land area). HE is also responsible for some 10,600
hectares of land (Higher Education Statistics Agency (HESA), 2014). It is well documented that HEls
are influential players in both local and national policymaking, both informing society through
research and educating graduates (Etzkowitz, 1998). In addition, they are also successful

incubators for innovation.

UK HEIs have been reporting on environmental metrics for some time through the Estate
Management Record (EMR). The majority of emission releases reported to the EMR are
predominantly from Scope 1 and 2 sources, but institutions are able to report some indirect Scope
3 emissions, though no formal target has been set. Scope 1 emissions are directly emitted within
the organisational boundary from sources the organisation owns or controls (i.e. combustion of
fuels), while scope 2 emissions are emissions from purchased electricity which occur as a result of
the organisation’s activities, but are not directly owned or controlled (Ranganathan et al., 2004).
Scope 3 emissions are the remaining indirect proportion of the carbon footprint (Ranganathan et
al., 2004). This data, collected by the HESA, has shown a steady increase in carbon emissions since
collection began. Currently, It is estimated that this emission scope can account for up to 80% of
the footprint (Ranganathan et al., 2004) and, thus, the vast majority of emissions remain
unaccounted and unreported. The multifaceted nature of assessing carbon emissions, known as
‘carbon footprinting’, means that such a process is extremely data-heavy and HEls must
implement extensive data collection programmes. Although the HEFCE has published guidance to
assist HEIs to produce a carbon management plan (CMP) and to calculate the emissions arising
from their activities (Higher Education Funding Council for England, 2010a), so far the focus has
centred on energy, transport and waste emissions. At a time of stretched budgets and more
selective students, in-part owing to substantial fee increases, saving money and simplifying the

reporting of carbon metrics is universally advantageous.

1.5 The problem at hand

Owing to their large number, extensive populations and sizeable estates, HEls in the UK are

significant contributors to public sector emissions. An initial sector target for reducing directly
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controlled emissions has been set, but indirect emissions are yet to be controlled by any
multilateral sectoral agreement. This is leading to a growing need for research to identify
accessible methods of measuring and managing indirect emission sources arising from activities of
HEls; typically centred on research and teaching. The literature highlights a growing body of
research into quantifying emissions along the organisational value chain and numerous
international environmental standards have been published to allow organisations of all types to
assess indirect emissions. Designed for a wide audience of numerous organisational types, the

applicability of these standards to the activities and operations of HEIs has been little explored.

In addition, there is an increasingly urgent need for institutions to undertake activities and
initiatives that deliver emissions reductions as atmospheric greenhouse gas concentrations reach
a shifted equilibrium and surpass climatic thresholds. The position of HEls to influence the carbon
management agenda locally, nationally and, evermore internationally, will be pivotal in enabling
the move to a future that is low carbon, and research is ongoing that sets out future scenarios
and emissions trajectories i.e. the pathway to decarbonisation. Research is needed in this area to
ensure that the HE sector can maintain its reputation as an innovator and develop a strong
position on measuring and managing emissions over the forthcoming decades. The early decades
of the 21* Century are pivotal for the success of the commitment adopted by the Paris

Agreement.
1.6 Aims and objectives

This research was partly funded by the Engineering and Physical Sciences Research Council and
the University of Southampton’s (UoS) Estates and Facilities Department (the latter was the
industrial sponsor of the project). The institution chose to fund this work as a result of the
recognition of the urgency to quantify GHG emissions and the desire to manage and reduce
emissions arising as indirect consequence of business activities. Due to mounting pressure in the
HE sector to report and reduce emissions, the university identified, in collaboration with academic
staff in the Centre for Environmental Sciences, the need for further research to be conducted
appraising and improving current efforts at the institution. The university has invested £1 million a
year towards carbon management as part of its CMP, adopted in 2011, and takes carbon

reduction seriously.

The goals of the Estates and Facilities team were to improve the quality of data collected
generally, and to allow the UoS to enhance its reputation as a centre for innovative environmental
management. In 2014, the Estates and Facilities department produced its first carbon report, but

the decision was taken not to release this publicly or report externally on the new scope 3
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emission categories. This was primarily due to the low confidence in these metrics, which

highlighted the need for improved procedures in the collection of activity data.

The aims and objectives were to:

1. Investigate the extent to which existing methodologies for assessing greenhouse gas

emissions at the organisation level are applicable to higher education institutions:

Objective 1.1 Critically review and compare grey literature on organisational
carbon footprinting with standards specific to HE, supported by

key theories in the academic literature

Objective 1.2 Discuss the rationale for prioritising research on higher education
institutions by exploring the similarities and differences in

emission-producing activities with other organisational types

2. Develop a practical and realistically applicable method to calculate the carbon footprint of

a higher education institution:

Objective 2.1 Identify the essential requirements for a universal standard

methodology of HE organisational carbon footprinting

Objective 2.2 Understand the data collection systems that exist in HEls and

propose a standard data collection system

Objective 2.3 Assess the most (and least) significant sources of GHG emission
and their reliability for serving as streamlined environmental

performance indicators

3. Assess the future of carbon management in HE, under the scenario of a sector-wide

adoption of a universal standardised GHG assessment methodology:

Objective 3.1 Assess the HE sector’s climate vulnerability and understand how

this could be improved by adopting a universal methodology

Objective 3.2 Investigate the potential for the decarbonisation of the HE sector

using best available technologies

These aims and objectives are presented as a conceptual framework in Figure 2.
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Figure 2: Project conceptual framework and corresponding chapter layout of this thesis

1.7 Scope of the research

This research focused primarily on the quantification of GHG emissions of organisations through
hybrid carbon footprinting methods. HEIs were selected as case study organisations and all

observations were considered in respect to their operating procedures. Although the research is
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applicable to, and indeed contextualised in, an international setting, particular attention is paid to
HEls situated in the UK (England, Scotland, Wales and Northern Ireland) because of their
proximity and relative accessibility. Additionally, aspects of this work focus on the UoS in

Hampshire, England.

1.8 Thesis outline

Figure 3 shows the structure of this thesis, which is subsequently divided into eight chapters.
Chapter 1 provides a brief introduction to the study and sets out the aims and objectives which
were intended to be addressed. Chapter 2 examines the state-of-the-art knowledge on
organisational GHG assessment, critically assessing the published literature and identifying the
common themes. Recent advances in HEl emission reporting are given particular weight and the

gaps in knowledge are interrogated.

Chapter 3 takes an in-depth view of the existing guidance notes in the grey literature and seeks to
analyse their credentials and relationships with one another. Moreover, the chapter focuses on
evaluating whether such standards, which are found to be written for a wide variety of
organisation types, are suitable for application within HE. A systematic review assesses the degree
to which methodological steps are supported by the academic literature. Preliminary work is
highlighted for a move towards a universal, comprehensive standard methodology. In addition,
environment managers were questioned in order to identify essential requirements and to
understand the difficulties commonly experienced by practitioners when compiling carbon
reports. Finally, the chapter aims to ‘scope’ the activities undertaken at universities, detailing
which emission sources outlined in the grey literature were in-scope and which were out-of-scope

for (typical) HEls.

Chapter 4 benchmarks the carbon management pledges of the energy intensive English Russell
Group of institutions against the case study institution. Baselines for scope 1 and 2 emissions are
created for the 20 institutions by which their performance against their self-set targets is analysed.
These emission trends are then forecasted to 2020 under a series of future likely scenarios and
provides the background knowledge required for the latter chapters is which the processes for
procuring emissions-related data at HEls are investigated in more detail. This chapter also
postulates significant increases in unabated and unmeasured scope 3 emissions, establishing the

basis for testing later on in the thesis.

Chapter 5 tests the feasibility of a universal, comprehensive carbon footprint methodology for
HEls. The data collection systems at a self-selected sample of ‘real-world’ universities are

evaluated and once again compared against the case study institution. This chapter also

11
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introduces a tool devised to: i) promote standardisation of data collection amongst the sample
institutions, and ii) aid consistent data collection amongst participants throughout this research
project. Quantitative methods are used to assess the practicality of the theoretical
methodological proposals outlined in Chapter 3; a logical approach is taken which combines

knowledge garnered in the previous chapters.

Chapter 6 introduces the primary case study organisation, the UoS and provides an in-depth look
at the experiences of obtaining data to inform the GHG assessment in-line with the universal
standard methodology (USM) proposals outlined in Chapter 5. Further to this, a number of
standalone studies, which were conducted to understand more about the institution’s influence
on Scope 3 activities, are also explored and assessed in this chapter. This chapter presents real-
world studies (i.e. based upon a real institutional setting) undertaken to explore emission sources

both included and excluded from the proposed universal methodology.

Chapter 7 synthesises the results of the preceding chapters holistically and relates them back to
the literature and the original research aims and objectives. The implications of a universal
methodology and its industrial relevance are outlined, and, more specifically, a series of marginal
abatement cost curves are presented to provide some measure of the future options available to
tackle scope 3 emissions reduction as a result of the proposed, and empirically tested, carbon
footprint methodology. Finally, the chapter outlines the main conclusions drawn from the
research and closes with an outline of potential future work. Conclusions are presented in

Chapter 8.

12
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Chapter 2: Literature review

2.1 Introduction

This chapter outlines the nascent academic literature concerned with the assessment of GHG
emissions resulting from the activities and operations of organisations. The chapter commences
by documenting the diversity of organisations and the means by which their activities generate
GHG emissions. The strategies taken by organisations to align themselves favourably in a difficult
global market, under the threat of climate change, are also explored and critically assessed.
Additionally, a number of archetypal studies are listed and critically reviewed for the organisation
type which is being studied in detail in this research (namely, higher education institutions (HEIs)).

Their value as a pertinent case study organisation is also established.

Although there are many differences in the governance of universities in countries around the
world, the legal context outlined here is based upon the United Kingdom and is used as a
barometer for global HE. In addition to this, the systems in place for governing and operating HEls
are outlined and explored. The literature presented here is limited to concepts that are directly
applicable to assessing the GHG emissions from the activities of organisations and the
management of carbon emissions in HEIs. It is noted that due to the interdisciplinary nature of the
thesis topic, many theories may not be dwelt upon in great detail, despite being key research
streams in their own right. Consequently, the review remains close to only describing the
theoretical aspects associated with assessing the greenhouse gas emissions of activities and

organisations.

The varying methodologies available to practitioners for assisting in conducting, reporting and
verifying GHG assessments are explored and prominence is given to integrated environmentally-
extended input-output life-cycle assessment (EEIOA-LCA). EEIOA-LCA methods are commonly
used to assess emissions occurring on the meso-scale (i.e. organisations). These models combine
the attributes of both top-down and bottom-up approaches and are thus perfectly suited to
assessing GHG emissions of the case study organisations; these models therefore form the basis

of the research presented in this thesis.

2.2 Defining organisations

The structures and characteristics of organisations are extremely diverse and, as such, this means

that they can be classified in a number of different ways. Equally, this diversity gives rise to
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palpable disparities in the operating styles of organisations, their business goals and, the activities
they undertake. Formally, they are classified by industry (primary, secondary or tertiary industry),
size (micro, small, medium and, large), sector (public, private, voluntary) and, legal status (sole
trader, partnership etc.) and it is these classifications applying simultaneously to organisations,
which leads to occupancy in different organisational ‘niches’. Even within sectors, countless
characteristic combinations mean that organisations can seemingly be virtually unrelated. The
following sections explore the characteristics associate with industrial, sectoral and, legal

organisational classifications.

2.2.1 By industry

Primary industries, such as mining, petroleum extraction and, agriculture, are concerned with the
extraction of raw materials. Jobs in this sector require physical work but may not require a highly
skilled workforce. Secondary industries process these raw materials and comprise manufacturing
companies that shape the raw materials into usable products and components for use. For
example, oil refining is an example of an activity carried out by the secondary industry to fraction
out useful constituents from crude oil. Tertiary industries are concerned with the commercial
services that support the production, and subsequent distribution, of products (such as transport

services, insurance services, warehousing, marketing etc.).

Typically, as per capita income increases (as a result of economic growth), more of the population
are employed in jobs in the secondary industry (as a result of ‘industrialisation’), as agricultural
processes become mechanised and fewer people rely on subsistence farming to survive
(Soubbotina & Sheram, 2000). Post-industrialisation occurs as the economy grows further and the
population requires fewer material goods for survival, so demand for ‘services’, such as health
provision, education and, wellbeing, is greater. Post-industrialisation is characterised by a high
GDP and a high proportion of the population employed in the tertiary industry, whilst countries

with a lower GDP are still industrialising. Figure 4 sums up this relationship.
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Figure 4: Employment structure against level of economic development

Source: Adapted from Soubbotina & Sheram (2000).

A system of classifying economic activities was developed in the USA in the 1930s in order to
allow for economic data to be easily analysed by sub-category. This standardised system, known
as the Standard Industry Classification (SIC), is now used internationally to collect and analyse
economic performance (as well as to promote the uniform collection of said data) and constitutes
22 separate industrial sectors (from Section A, agriculture, forestry and, fishing to Section U,
extraterritorial organisations and activities). Although theoretically simple, the complexity arises
when considering that many organisations do not simply focus on one product area or undertake
a primary function. As a result, the SIC can only be used for broadly grouping together businesses

and is only used for comparative purposes between industrial groupings (Dahlstedt et al., 1994).

2.2.2 By size

A number of methods are used to determine the ‘size’ of an organisation. Whilst in the main,
either output, turnover and, employment levels are commonly employed to provide these
measures; the number of employees is the most oft-used due to its simplicity. Used in conjunction,
these metrics provide a comprehensive macro view of the organisational boundary; although
caution must always be taken since results are dependent on the chosen method. Table 2 ranks
the UK’s biggest companies by revenue and employment to demonstrate the discrepancy. In
determining size, all entities of the organisation must be considered. To aid in this, a distinction is
made in which individually defined ‘establishments’, referring to the discrete business units,

comprise an ‘enterprise’ (the organisation as a whole). Due to the complex nature of some
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organisational structures, determining which entities belong to the parent organisation is

determined by its legal status as outlined in the following section.

Table 2: UK organisations ranked by 2016 revenue and employment statistics

Company Revenue (million Company Employment
S USD) (‘o00)
Royal Dutch Shell 484,489 National Health Service 1,400
BP 386,463 Tesco 335
Glencore Xstrata 220,030 NHS Scotland 160
HSBC 110,141 Royal Mail 160
Tesco 103,839 Swire 129
Vodafone 74,051 British Army 125
Barclays 68,949 Department for Work & Pensions 111
Lloyds Banking Group 67,048 John Lewis 98

The majority of organisations are small-to-medium-sized enterprises (SMEs) (Wilson, 2011). In the
UK, in fact, 99.7% of businesses are classed in this way, determined by the relationship between
the number of employees and turnover. The European Commission defines an SME as an
organisation that employs fewer than 250 people (as can be seen in Table 3) and has a turnover of

less than €50 million, or assets valued at less than €43 million (European Commission, 2015).

Table 3: Categorisation of organisations based on employee size.

Number of employees Type of firm
<10 Micro enterprise
10-49 Small enterprise
50-249 Medium-sized enterprise
250+ Large
2.2.3 By legal status

Private sector organisations are by far the most numerous of the organisations comprising the
three economic sectors by ownership i.e. the public, private and voluntary sectors (estimated to
be around 80% of organisations). At the start of 2015, there were 5.4 million private sector
businesses, of which 3.3 million were sole proprietorships (62%), 460,000 partnerships (8%), and
1.6 million companies (30%) (Office for National Statistics, 2018). Sole proprietorships are
businesses owned by individuals, normally funded by those individuals, who possess sole

responsibility for its management (including the hiring of staff, submission of accounts, and
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setting targets). Limited Companies, meanwhile, have a legal identity separate to that of the
owner, meaning that all assets and liabilities are the responsibility of the company itself
(Worthington & Britton, 2006)™". A business partnership is simply a business whereby the owners
(this time, two or more partners are involved) are responsible for the assets of the organisation

(Campbell, 1997).

Co-operatives (or co-operative societies) are organisations that are owned by consumers and are
operated democratically (Novkovic, 2008). As a result, a number of democratic functions must be
assumed, which enables the running of the organisation to maintain transparency and benefit for
all members. These functions include the election of a board of directors by members at annual
general meetings (AGM), petitioning on issues affecting the future and current performance of
the co-operative, and votes. The board of directors remain responsible for setting the aims of the
organisation and maximising profit returns (Worthington & Britton, 2006). Co-operatives arose as
a response to anti-capitalist sentiment, focussing on service and mutual benefit, rather than

profits (Greenberg, 1980).

The public sector is so defined because the state owns the assets of the organisation, used to
provide a range of goods and services deemed beneficial to society (Wettenhall, 2001). Many
types of organisation comprise the public sector, including government departments, non-
departmental public bodies, local authorities and health authorities. There are a number of
reasons why governments choose to invest in public sector organisations, such as its importance

to society or a necessity for heavy government regulation (Worthington & Britton, 2006).

Most of these organisations offer a distinct service, operated directly by government departments
or through delegated authorities Although the onus is not to make profits (or the opportunity to
do so does not exist), there are a number of examples where public sector organisations are
operated comparatively similarly to for-profit organisations, e.g. municipal businesses and public
corporations. Municipal enterprises are not necessarily provided out of necessity, but voluntarily
by local authorities; these can often compete with private sector organisations (Rubin, 1988). The
premise for local authorities and central government to invest in municipal enterprises is to foster
economic development and to create revenue streams which augment local and national treasury

funds.

1 If limited companies meet a number of certain, they can become Public Limited Companies (PLCs). Criteria include: a minimum of
two shareholders and two directors, £50,000 share capital, the right to offer shares, certification by a registrar of companies and has a
memorandum stating it to be a public limited company. If these conditions are not met, then a company in law becomes a private
limited company, often referred to as ‘limited’ (ltd).
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Public corporations are not directly operated by the government, but are, instead, governed by
state-owned subsidiaries. In the last 30 years, the number of public corporations has declined as a
result of privatisation and the sell-off of much of the state-owned industry in the UK (such as the
steel industry in the late 1980s (Bishop & Kay, 1989). As statutory bodies, these corporations are
created through the passing of an Act of Parliament (created by statute); the British Broadcasting
Corporation and Royal Mail (prior to the 2015 sale) are pertinent examples. Typically, because
public corporations are publicly funded, they are highly accountable to government (Ball et al.,
2014). A sponsoring government department oversees their operation, whilst the relevant
Secretary of State assigns the board of directors; the board has a wide degree of freedom in the
management of the organisation (free from political interference), but any matters of financing,
performance and internal structure are closely tracked and must be approved and audited by the

governmental department (Wettenhall, 2001).

The ‘third sector’ is the final sector in which organisations can be legally distinguished.
Organisations within this distinction are less homologous than those already described. This
sector comprises voluntary and not-for-profit organisations, charities, social enterprises and non-
governmental organisations (NGOs) (Mertens, 1999). They operate across every industrial sector,
campaign for social justice for the public, and provide research and support for all types of issues
affecting health and wellbeing (Gui, 1991). Third sector organisations are neither publicly or
privately funded and rely predominantly on philanthropic donations. Some may operate as
commercial businesses (in the case of social enterprises, which can be both for-profit or not-for-
profit) or apply commercial strategies in order raise funds; the key common features are the
humanitarian and/or environmental values by which they are governed, aimed at delivering social

goals and campaigning for justice for the public (Mertens, 1999).

2.3 Sustainable organisations

2.3.1 Environmental, social and corporate governance

It is increasingly being recognised that healthy profits can be garnered by embracing sustainability
as an ongoing priority (Lozano, 2007). Consequently, the United Nations Global Compact (UNGC)
and its >12,000 signatories from around the world, demonstrates the commitment that
organisations give to sustainability issues (Hale & Held, 2011). Intrinsic initiatives (such as
corporate sustainability and business ethics) or extrinsic initiatives (such as corporate social

responsibility (CSR) initiatives and triple-bottom line accounting) are examples of the types of
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strategies that organisations can take to act on environmental issues at the top level (Montiel,

2008).

Environmental, Social and Governance (ESG) criteria are a set of standards for a company’s
operations that investors use to screen investments. These are fast becoming a key metric not
only for identifying conscious investment opportunities, but also for the evaluation of future risk

in portfolios.

There are a number of established programmes and initiatives for organisations to disclose
sustainability information in order for it to be readily available for investors. The initiatives
specific to universities will be explored in more detail in later sections, however it is evident that
the uptake of institutions reporting to these frameworks is fewer than as is the case for
organisations. Many of these frameworks target large organisations where the shareholder has
greater influence on the organisation’s operations and possesses a vested interest in its success.
Many of the global stock listings have indices which demonstrate the performance of
organisations, such as the Dow Jones and Financial Times Stock Exchanges which have made

knowledge of organisational sustainability activities more widely available to the market.

The Dow Jones Sustainability Indices (DJSI) for instance are a family of best-in-class benchmarks
for investors who have recognized that sustainable business practices are critical to generating
long-term shareholder value and who wish to reflect their sustainability convictions in their
investment portfolios. Launched in 1999 as a joint venture by Standard and Poor, Dow Jones, and
RobecoSAM, it was the first global sustainability benchmark, which tracks the stock performance
of the world's leading companies in regards to their ESG criteria. The DJSI combine the experience
of an established index provider with the expertise of a specialist in Sustainability Investing to
select the most sustainable companies from across 60 industries. Similarly, the FTSE4Good Index
measures the performance of companies demonstrating strong Environmental, Social, and
Governance (ESG) practices used by a wide variety of UK market participants when creating or

assessing sustainable investment products.

A well-known framework for self-reporting sustainability activities is the Global Reporting
Initiative (GRI) (Lozano, 2013b; GRI, 2013). The GRI is an international independent standards
organisation that helps businesses, governments, and other organisations understand and
communicate their impacts on issues such as climate change, human rights, and corruption. As of
2015, 7,500 organisations used GRI Guidelines for their sustainability reports which apply to a

swathe of organisational types, including multinational organisations, public agencies, SMEs,
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NGOs and industry groups etc. The recently published GRI standard® focuses on assisting
businesses, governments, and organisations in understanding their impacts on self-determined
critical sustainability issues. This places ‘materiality™ at the heart of the disclosure process i.e.
organisations must themselves consider the potential impacts of their activities and the
significance of these impacts on the environment (Huang et al., 2009). Depending on the
experience of the organisation, there are two pathways that can be followed to ensure
‘accordance’: the core pathway (which requires a small number of disclosures as well as those
which are mandatory), or the comprehensive pathway (which requires disclosing information on
all identified material aspects). GRI also develop standards for individual sectors in addition to the
all-encompassing general standards, for industries such as airport operators, financial services,

and the oil and gas industries (Galbreath, 2010).

From 2016, the reporting of ESG information was made mandatory for large undertakings
employing on average of more than 500 employees during the financial year. The deadline for
transposing the EU Non-Financial Reporting Directive 2014/95/EU was December 2016 and
requires organisations to disclose information on policies, risks, and outcomes regarding:
environmental matters; social and employee aspects; respect for human rights; anti-corruption

and bribery issues; and the diversity levels of their board of directors.

Organisations are increasingly including emissions-related information in their sustainability
reports, annual reports, and published accounts. The reporting of specific carbon-related
information is the focus for the Carbon Disclosure Project (CDP) whose climate change
guestionnaire is comprised of three modules; management, risk, and emissions. CDPis an
organisation which works with shareholders and corporations to disclose GHG emissions of nearly
2000 major corporations. Four scoring methodologies act as performance levels which are
attainable through better performance; these represent levels that indicate the steps that a
company moves through as they progress towards greater environmental stewardship, including

‘disclosure’, ‘awareness’, ‘management’, and ‘leadership’.

In 2015, the Financial Stability Board (FSB) established the Task Force on Climate-related Financial

Disclosures (TCFD) to develop a series of disclosure metrics for more efficient and effective

 The G4 standard was superseded in 2018 by the ‘GRI Standards’.

B Materiality refers to the concept that individual errors or the aggregation of errors, omissions and misrepresentations could affect
the carbon footprint and influence decisions made from this information. Therefore, materiality is used to identify information that, if
omitted or misstated, would significantly misrepresent the footprint as a whole and ensure that such material discrepancies are
omitted/minimised. Acceptable materiality is determined by the verifier based on the agreed level of assurance. As a rule of thumb, an
error is considered to be materially misleading if its value exceeds 5% of the total inventory for the part of the organisation being
verified.
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climate disclosures originating from financial institutions. Therefore, this initiative takes many of
the carbon-related disclosures used in non-financial reporting, applies them and develops more
specifically for financial institutions. It is anticipated that these disclosures will have a key
influence on understanding climate risk associated with financial investments, as well as allocating
funds for climate adaptation and mitigation (Task Force on Climate-related Financial Disclosures,

2017).

2.4 Universities as organisations

HEIs are examples of public corporations. In the UK, they are also defined as charities, but are
exempt under the Charities Act 2011. This means that they do not have to register with, or be
overseen by, the Charity Commission (for England and Wales). Universities are also limited by
guarantee (this term is usually given to non-profit organisations to give them legal ‘personality’).
Therefore, they straddle a gap between a private company, a not-for-profit organisation, and a
charity. As publicly funded entities, funding is garnered externally through an endowment from
the government and research grants from research councils and private industries. This
university-industry-government relationship is complex and implements checks and balances,

which results in HE being highly externally accountable (Etzkowitz et al., 2000).

24.1 The political context

Prior to the 1960s, only 25 HEls existed in the UK and there were three dominant model types:
the Oxbridge model (which focused on residential, tutorial and character-forming values); the
Scottish/London model (which was more metropolitan, professional and meritocratic than
Oxbridge) and the civic model (which prioritised local education that was practical and
aspirational) (Collini, 2012). The success of the British Empire in the 20" Century led to the
establishment of universities around the world modelled on these institutions and dominated the
global education system in this period (a position shared with the much larger North American

universities).

Many changes in policy, funding, and ethos have occurred in the interim to take the once state-
funded HE system from stability and elitism to a highly competitive, constantly evolving, and
ubiquitous public resource. In 1960, 5% of university-age people (18-30 years of age) were
enrolled on degree courses. Although the number of institutions almost doubled during the
decade (to 45), access to higher education was deemed a privilege only reserved for the social

‘elite’ (Robinson et al., 2015). A number of policy changes were implemented, due to the
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concerns that the UK HE sector was relatively small compared to the rest of the developed world,

and that a lack of skills in the workforce would impact on economic growth.

The Robbins report was published in 1963, which recommended immediate expansion of
universities and introduced the ‘Robbins Principle’, which made all university places available for
those who ‘qualified for them by ability and attainment’ (Wyness, 2010). As a result, all colleges of
advanced technology (including Loughborough, Surrey and Bath Universities amongst others)
were given university status and a plan for further expansion was adopted; these were the only
institutions to be established until the 1990s. A gradual decline in central funding, following the
implementation of the 1988 Education Reform Act, called for major alterations to the HE funding
streams. To this end, financial support was introduced as a 50% loan and 50% grant to assist
students with the cost of living and the Student Loans Company (SLC) (in alliance with Her
Majesty’s Revenue and Customs (HMRC)) was founded to oversee the administration of means-
testing applicants and the collection of repayments (Wyness, 2010). During this time, annual
university contracts were created and the quinquennial Research Assessment Exercise (RAE)
subsequently, the Research Excellence Framework (REF), was introduced to help foster
measurable ‘impact’ and ‘value’ of HE outputs, as well as to create an effective and highly

qualified workforce needed for the growing tertiary sector.

In 1992, 48 polytechnics were granted university status effectively doubling the number of
institutions to 85. Now defunct, polytechnics were tertiary education institutions which offered
higher diplomas and degrees awarded by the Council for National Academic Awards.
Simultaneously the funding bodies, the Higher Education Funding Council for England (HEFCE) in
England, the Higher Education Funding Council for Wales (HEFCW) in Wales and the Scottish
Funding Council (SFC) in Scotland, were created to pave the way for a more sustainable system of
funding HE. These bodies and the publication of the Dearing Report subsequently led to the
implementation of tuition fees (of £1,000 p.a.) for the first time in 1998 (Altbach et al., 2009).
Some argue that the origin of the present-day funding issues of universities can be traced back to
the policy decisions set in motion by the administrations of Thatcher and Major; more university
places were made available than ever before, but institutions were forced to deliver HE at a lower
per-unit cost (Wyness, 2010). Universities were no longer on a path that allowed their existence
for sole scholarly purposes but, rather, they became businesses that were increasingly motivated

by financial success.

In 2004, fees were increased to £3,000 p.a. and a further 47 universities were created in a second
wave continuation of the 1992 enlargement (which has continued to the present day, see Fig. 5).

In 20009, further calls for more funding to be available for universities and the financial uncertainty
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caused by the 2008 financial crash led the government to commission the Browne Review. This
report contained proposals to remove the cap on tuition fees (which by that time had risen to
£3,290) and to allow HEIs to charge a maximum of £9,000 p.a. in fees (Browne et al., 2010). In
addition, HEIs have seen an almost complete withdrawal of the Annual Block Grant (which in
€a.2009 was £3.9 billion (Collini, 2012). This allowed universities a degree of flexibility and stability
in financial planning. Individual universities were able to make educational decisions about the
range of subjects they offered, whilst government had direct financial interest in regulating total
student numbers and fees were not determined by the actual cost of the student’s education. The
removal of the tuition fee cap did little to dent the continuing upward trend in recruitment rate
(Wyness, 2010)". The year 2015 saw a record number of students recruited at 532,000 and a 3%

increase on the previous year (Universities and Colleges Admissions Service, 2015).
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Figure 5: The trends in total number of students (undergraduate and postgraduate) in UK higher

education and the number of institutions, since 1992.
2.4.1 Stakeholders

All organisations are somewhat directly and indirectly motivated by stakeholders, and universities
are certainly no exception. Stakeholders are the individuals or groups who are affected by the
performance of the organisation (and vice versa) (Reed, 2008). They have a vested interest for a
variety of reasons, as can be seen outlined in Table 4. This compares the interests of for-profit
organisations with those of university stakeholders. The role and composition of stakeholders is

influenced by both the legal structure and the operations of the organisation.

14
Recruitment in the academic year 2012/13 was 637,500; a much reduced amount compared to the peak in 2011 at 670,000,
however there has still been an increase over 2011/12 levels of 618,250 (Universities and Colleges Admissions Service, 2013).
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Table 4: Examples of organisational stakeholders and their areas of concern for a private sector

organisation

Stakeholder group Concern/interest — for-profit Concern/interest — universities
organisation

Government Profitability, taxation, jobs, truthful Widening participation, STEM
accounting

Employees Wages, working conditions, job Working conditions, job security &
security, personal development opportunity, outreach

Managers Job security, profitability Research income, quality

Customers Quality of product, customer service, Quality of education,

Community/society Environmental sensitivity, jobs, equal Environmental sensitivity, jobs, equal
opportunities opportunities

Investors/shareholders Return-on-investment, dividends, Generation of quality academic ideas

security, risk

Source: Adapted from Worthington & Britton (2006); Chapleo & Simms (2010).

Although an organisation’s primary objective is to ensure survival through the generation of
financial profits, there is often a balance that must be struck. This is between the satisfaction of
the board of directors and the organisation’s stakeholders, often a fine balancing act. Despite the
seemingly different types of interest associated with HEIs evident in the table above, broadly the
stakeholder motivations are equivalent. As can be seen, stakeholders can be both internal and
external to the organisation and are categorised by their level of influence and reliance upon the
organisation, namely, in terms of primary (directly reliant) and secondary (indirectly reliant)
stakeholders (Lozano, 2012a). Within universities, primary stakeholders are considered to

comprise three groups: i) academic directors; ii) academic staff; and iii) students (Lozano, 2006).

2.4.2 Higher education and sustainability

There have been a number of notable declarations ratified throughout the last 20 year by more
than 1000 universities, with pledges to champion environmental issues within their institutions
(Lozano et al., 2013). The Talloires Declaration was signed in 1990 and was the first official
agreement by universities to commit to environmental sustainability and comprised a broad ten-
point action plan of policy goals (ULSF, 1990). The Association of University Leaders for a
Sustainable Future (ULSF) champions the commitment to sustainability in higher education and
also serves as the declaration’s secretariat. A number of other declarations followed, including the
COPERNICUS Charter (1993) (Co-Operation Programme in Europe for Research on Nature and
Industry through Coordinated University Studies), the formation of the Global Higher Education
for Sustainability Partnership (GHESP) as a result of Agenda 21 of the Rio Earth Summit in 1992,
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and the Liineburg declaration (2001) among others. More recently, the American College and
University President’s Climate Commitment (ACUPCC) was pledged by more than 690 American
Institutions with the aim of being a ‘high visibility effort to address climate change’ by creating a

network of universities and colleges reducing emissions and researching solutions.

A number of NGOs have formed to help promote the activities of the ULSF and ACUPCC, including
the International Institute for Sustainable Development and the Association for the Advancement
of Sustainability in Higher Education (AASHE). Table 5 shows a timeline of the evolution of the
governance of sustainability in higher education between 1971-1999, while from 2000-present is

shown in Table 6 (adapted from (Lozano, Lukman, et al., 2013).

Table 5: Initiatives implemented in higher education (or society) to further sustainable

development in HE 1972-1999.

Year Declaration Focus
1972  The Club of Rome, Limits to Growth Society
1972  Stockholm Declaration on the Human Environment Society
1975 The Belgrade Charter Education
1977  Thilisi Declaration Education
1987  “Our Common Future” The Brundtland Report Society
1990 Talloires Declaration HE
1991  Halifax Declaration HE
1992 Agenda 21 Society
1992  Association of University Leaders for a Sustainable Future Founded HE
1993  Kyoto Declaration HE
1993  Swansea Declaration HE
1993  COPERNICUS university charter HE

1996 Ball State University Greening of the Campus conferences were in 1997, HE
1999, 2001, 2003, 2005, 2007, 2009

1997  Thessaloniki Declaration Education

Environmental Management for Sustainable Universities (EMSU)
1999 conference held in Sweden, in 2002 (South Africa), 2004 (Mexico), 2006 HE
(USA), 2008 (Spain), 2010 (Netherlands) and 2013 (Turkey) followed.
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Table 6: Initiatives implemented in higher education (or society) to further sustainable

development in HE 2000-present.

Year Declaration Focus
2000 Millennium Development Goals Society
2000 The Earth Charter Society
2000 Global Higher Education for Sustainability Partnership (GHESP) HE
2001 Lineburg Declaration on Higher Education for Sustainable Development HE
2002 World Summit on Sustainable Development in Johannesburg Society
2004 Declaration of Barcelona HE
2005 Start of the UN decade of Education for Sustainable Development Education
2005 Graz Declaration on Committing Universities to Sustainable Development HE
2009 Abuja Declaration on Sustainable Development in Africa HE
2009 Torino (Turin) Declaration HE
2015 Sustainable Development Goals Society

Many institutions tackle carbon reduction through varied and all-encompassing sustainability
initiatives (Atherton & Giurco, 2011). Incorporating sustainability into the operating procedures of
universities promises to yield a number of significant benefits, which are being identified by Vice
Chancellors and an increasing number of HEls, who are signing on to the ‘sustainable

development’ lobby.

A number of knowledge-sharing initiatives and networks have arisen in the UK in recent years to
promote the adoption of sustainability projects by HEls. There are numerous examples of
initiatives receiving a critical reception from members of the sector for a variety of reasons, which
often outweigh any intended benefits. In order for an initiative to be successful garnering
widespread support ensures universal buy-in, A pertinent example is that of the People and
Planet University Green League, which rates the performance of institutions on sustainability,
using a number of different metrics. Institutions at the top of the league are awarded a ‘first class’
rating and proceeding rankings are classified using UK degree boundaries (upper second, lower

second, and third class ratings).

Whilst research propounds the use of league tables for speaking a language that stakeholders can
understand (in this case university environment managers) (Dobson et al., 2010), People and
Planet have been criticised for using an arbitrary and non-transparent methodological approach
to their rating system (Environmental Association of Universities and Colleges (EAUC) & AUDE

2014). Although this is designed for HEIs to benchmark themselves and formalise a framework for
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continual improvement on sustainability, in reality it has been argued that it represents a box-

ticking exercise that neglects the human and contextual considerations of the HEI (Jones, 2012).

The Green Scorecard, developed by ARUP for the AUDE, is emerging as the successor to the
People and Planet ranking scheme (EAUC, 2016). This is an assessment tool that comprises six
specific areas designed to overcome the issues of consistency and the onerous nature of ranking
methodologies that rely on separate reporting systems that environment managers themselves
are responsible for completing. The aims of the green scorecard are: i) to provide a framework for
progress; ii) to drive innovation; iii) to motivate the community; iv) to improve the sector’s image;
v) to influence policy; and vi) to influence future students. The aim is for this reporting and
ranking system to be fed by data from the EMR and a new sustainability planning tool, the
Learning in Future Environments (LiFE) index. This is a planning and self-assessment tool
developed by the EAUC to guide institutions in designing, planning and delivering their
sustainability activities ((EAUC, 2017). It will enable the different frameworks and initiatives that
institutions are engaged with (such as 1SO1400"°/Eco Campus™® environmental management

systems and The Flexible Framework) to be brought together in one package.

Learning to engage students is deemed critical to the long-term success of carbon management
(Atherton & Giurco, 2011). Many institutions are appointing sustainability champions to drive
cultural change from the inside. Initiatives such as ‘Blackout’, ‘Student Switch Off’ and ad hoc
energy audits will be explored in more detail in further chapters. Waste audits are also being used
to teach students and staff about the implications of sending waste to landfill and not using

recycling facilities.

Universities are seen as breeding grounds for responsible research into the technologies and ideas
that will shape the future sustainability paradigm (Waas et al., 2010). Additionally, the student
body are altogether very powerful and represent a community microcosm (Lozano, 2008).
Institutions, therefore, can be a model for sustainable practices ready to be expanded into wider
society, and teach the problem-solving skills required to tackle such issues to the next generation

of professionals and provide the research knowledge needed (Stephens et al., 2008).

B 1SO14001 is the standard for implementing environmental management systems in organisations, developed and maintained by the
1SO. The most recent revision in 2015 made changes to ensure the EMS was more embedded in the organisation’s core strategy.

16 EcoCampus transposes the 1SO14001 Environmental Management System Standard into HEIs gain different awards that represent
recognition of improved performance (for bronze, silver, gold and platinum); the platinum EcoCampus award is the HE equivalent of
receiving 1S014001 certification.
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2.4.3 Parallels with business

Universities must consider the interplay between economic, environmental and social factors that
affect their performance in the short, medium and long-term in all aspects of the business
(Lozano, 2012b). The initiatives outlined above have helped transpose key ideas from profit-
driven business into universities. For instance, corporate sustainability is undertaken by
addressing, in turn, the credentials of each stage of the value chain®’ (including manufacture,
procurement, marketing, management/strategy, financing etc.). In universities, corporate
sustainability is embedded through Education for Sustainable Development (ESD) and
sustainability-based curricula (Lozano, Lozano, et al., 2013) 810 alter the behaviours of staff and

students, through student-led campaigns and institution-led sustainability projects.

A number of specific ways have been investigated in the literature seeking to fully embed
corporate sustainability which are characteristic of the type of strategy the organisation wishes to
pursue, such as: i) an introverted approach (focussing on internal risk management); ii) an
extroverted approach (focussing on external relationships); iii) a conservative approach (favouring
efficiency savings and cleaner production [Hart, 2000]); and iv) a visionary approach (promoting a

holistic strategy across all operations) (Baumgartner & Ebner, 2010).

Corporate social responsibility (CSR), defined by the European Commission as ‘the responsibility
of enterprises for their impacts on society’, is used as a form of self-regulation in which economic,
social, and environmental benefits are delivered to their stakeholders. Universities conduct this in
much the same way, by ensuring that they: i) comply with the law; and ii) integrate social,
environmental, ethical, consumer rights, and human rights concerns into their business

operations and development strategy (Stubbs & Schapper, 2011).

Only by using a triple-bottom line can an organisation know the true value it is creating (or costing,
in cases where the organisation is responsible for environmental or social damage/decline). The
‘green economy’, developed in an attempt to create profits from emissions decoupling, has
already proven that economic success can be achieved through truly sustainable products and
services (Pretty, 2013). Significant weight is given to the power of a green economy to lead the

paradigm shift to a low carbon economy, so much so, that the United Nations (UN) launched the

17

The value chain describes the combination of organisational processes concerned with creating a finished product, whether physical
or digital.
18

According to the United Nations Educational, Scientific and Cultural Organisation (UNESCO), Education for Sustainable Development

is defined as “the education of every human being in the knowledge, skills, attitudes and values necessary to shape a sustainable
future.”
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Green Economy Initiative in 2008 to promote investment around the world in environmental

projects which promote sustainable development (Jackson & Knight, 2011).

2.5 GHG management policy framework

Carbon management is one particular strand of an intricate sustainability web which drives HEls
towards lower carbon-intensive operations. Due to the nature of higher education, institutions
are places of work for staff all year round, places of study for students for part of the year, and are
entities that undertake a broad range of activities to fulfil research and teaching commitments.
HEls are governed by a number of conflicting and equal influences and, hence, carbon
management can often be neglected. External influence is typically stronger than internal drive,

which goes some way to understanding HE governance on a political context (Walker et al., 2008).

A number of drivers are at play, which combines to encourage low carbon behaviours and
operations. Often, these are unnoticed by the majority of end users, although environment
managers typically work extremely hard to ensure that such measures are enacted. There are two
types of external stimuli responsible: ‘hard’ and ‘soft’ policy influences. ‘Hard’ instrumental
measures include marketization (financial/market instruments), as well as regulatory and
legislative approaches (Jerneck et al., 2011), whilst ‘soft’ democratic measures primarily focus on
education. This section outlines the legislation applicable to HEls related to the management of
GHG emissions. Relevant legislation is grouped by origin (either European or Domestic) and also
by its area of influence (energy, waste, transport); institutions undertake a wide range of activities

and are thus covered by a wide range of policy instruments.

Despite the role of national and international legislation in promoting carbon management at
universities, a significant challenge lies in transposing these policies into achievable and appealing
schemes at the organisational level (Epstein & Roy, 2003), faculty-level (Baboulet & Lenzen, 2010),
and at an individual-level (Bone & Agombar, 2011; Milne & Grubnic, 2011). In addition, the vote
to leave the European Union (EU) in June 2016 will undoubtedly change the policy landscape in
the UK, causing a period of uncertainty for all HEIs. This period is likely to be 2-3 years, whilst the
exit strategy is negotiated (at the invocation of Article 50 of the Treaty of Lisbon) and the
development of legislation is undertaken in order to replace that lost by leaving the jurisdiction of
European legislative institutions. Some authors have warned that without being part of the EU

knowledge economy, the UK may not have the international clout it once had as a member.
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2.5.1 European legislation

Due to the nature of being a member of the EU, a significant number of policies linked to the
management of GHGs are originated by the European Commission in Brussels. Legislation is either
directly enacted (in the case of regulation instruments) or transposed into the statute books by
Parliament (in the case of directives). In 2009, European leaders and the G8 countries (Canada,
France, Germany, Italy, Japan, Russia, UK and the United States) pledged to reduce GHG emissions
by [at least] 80% below a 1990 baseline by 2050. In order to make progress on this target, the low
carbon roadmap was developed, which outlined the policy framework up to 2050 (European

Climate Foundation, 2010).

2.5.1.1 Energy

Policies directed at regulating energy-derived GHG emissions can take aim at the supply of energy
or the factors responsible for the consumption of energy. For instance, the Renewable Energy
Directive 2009/28/EC establishes an overall policy for the production and promotion of energy
from renewable sources in the EU. It requires the EU to fulfil at least 20% of its total energy needs
with renewables by 2020 (to be achieved through the attainment of individual national targets).
Additionally, member states must also procure at least 10% of transport fuels from renewable
sources by 2020 (Whittaker et al., 2011). Individual member states are allocated a share of the
overall target and must produce a plan of how they intend to succeed (the UK, for instance, has a
15% share). Applicable to HEls, increasing numbers of institutions are investing in renewable
energy, whilst the UK government is incentivising such organisations to install their own

renewable energy systems.

European policy has typically supported regulation energy consumption and behaviours that lead
to energy wastage (Environment Agency, 2015). More efficient use of energy is a key policy
initiative enacted through numerous directives. The Energy Efficiency Directive 2012/27/EU sets
binding measures for EU member states to collectively improve energy efficiency by 20%
(individual member states set national contributions to the target, which can be based on
primary/final energy consumption, primary/final energy saving, or energy intensity). Under the
Directive, all EU countries are required to use energy more efficiently at all stages of the energy
chain, from its production to its final consumption. Although not directly applicable to the HE
sector, energy efficiency savings like this are often passed on to energy-intensive industries and

significant electricity consumers, such as HEls.

The European Energy Performance in Buildings Directive (EPBD) 2002/91/EC preceded the Energy

Efficiency Directive and was intended to improve the overall energy efficiency of standing assets.
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This was introduced through making energy efficiency of buildings transparent by mandating the
displaying of energy performance certificates (Display Energy Certificates (DECs) in public
buildings), and for landlords to develop strategies for improving the efficiency of their assets. All
new buildings are also required to be zero-energy by 31 December 2020 (and public buildings by
31 December 2018). These aims were strengthened in a recast of the EPBD in 2010 (2010/31/EU).

At the organisational level, policies such as the EU Emissions Trading System (ETS) place a cost on
carbon from the upstream generation of energy and promotes reduction through the trading of
ever-decreasing carbon credits (an allocated amount of GHG that may be emitted over a time
period) (Ellerman & Joskow, 2008; Pfeifer & Sullivan, 2008). A market-based instrument launched
in 2005, the EU ETS is a ‘cap-and-trade’ system, which covers more than 11,000 heavy industrial
units (power stations and industrial plants) in 31 countries and aims to reduce emissions by 43%
by 2030 (European Commission, 2016). Several universities are directly impacted by the EU ETS,
typically operating sufficiently large district energy plants that qualify them for inclusion (i.e.
Oxford, Birmingham, Loughborough, Liverpool, Manchester, Warwick, East Anglia and Glasgow)

(Higher Education Statistics Agency, 2015).
2.5.1.2 Waste

The EU Waste Framework Directive 2008/98/EC outlined the basic framework for waste collection,
transport, recovery, and disposal of waste. The directive implements an amended waste hierarchy,
with an emphasis on preventing waste arisings and the re-use of waste. The polluter pays
principle was introduced as a means of holding those accountable for environmental damage
(through poor waste management practices) (Hoffmann & Busch, 2008). This law held
organisations to account over the destination of their waste and encouraged more rigorous
record-keeping through the use of transfer notes. In addition to the EU Waste Framework
Directive, organisations implement waste strategies that promote stages higher up the waste

hierarchy.

The treatment of waste is regulated predominantly at the treatment facility. Landfilling of waste is
discouraged by the use of a tax (‘The Landfill Tax’) on a per-tonne basis; in 2016, this was set at
£84.40 per tonne. The Landfill Directive controls the operations of landfills in order to mitigate
adverse impacts from leachate and emissions, as well as the segregation of hazardous, non-
hazardous, and inert wastes. The Incineration of Waste Directive imposes strict regulations on the
operating conditions and technical specification of incineration plants, especially limits on the
allowable release of GHG emissions and air quality pollutants. Producer responsibility is assigned
through the Waste Electrical and Electronic Equipment (WEEE) Directive 2012/19/EU, which

fosters collection, recycling and recovery of electrical goods and related waste (producers were
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indeed obligated to provide collection schemes free of charge). Similarly, the End-of-life Vehicles
Directive 2000/53/EC aimed to ensure the proper disposal of transport vehicles and the reduction
in the use of hazardous substances during manufacture. The Battery Directive 2006/66/EC set

controls on the production and disposal of batteries.
2.5.1.3 Transport

Due to the far-reaching impacts of transport of the environment and the wide variety of emission
sources, the EU’s strategy for reducing the environmental impact of transport is inherently broad
brush. Generally, the aim is to increase the efficiency of the transport system, promote low-
carbon technologies, generate the energy required by the sector from renewable sources and

facilitate the universal adoption of low-emission vehicles (European Climate Foundation, 2010).

Road transport contributes ca. one-fifth to the EU’s overall carbon footprint (European
Environment Agency, 2016) and 72% of all transport-related emissions. As the only EU sector
where emissions are still rising (20.5% since 1990), the EU has adopted a swathe of legislation to
control atmospheric emissions from road vehicles. Much of this legislation is focused on the
design of efficient vehicle powertrains which imposes limits on emissions over older counterparts.
To this end, vehicles manufactured in the EU and imported into the EU alike are subject to
stringent standards. In 2016 the EU achieved its 2020 target for average emissions per kilometre
of 130g CO,/km (with the average being 118g CO,/km). This has now been superseded by a 2021
target where all new cars must not exceed 95g CO,/km. In 2013, the target for vans was exceeded,
which aimed to limit emissions from vans to 175g CO,/km by 2017 (the average in 2016 was 163g
CO,/km). Additionally, manufacturers are required under the car labelling Directive 1999/94/EC to

provide fuel efficiency and CO, emission information.

The maritime and aviation industries are two industries touched least by regulatory controls on
emissions (United Nations Framework Convention on Climate Change, 2016). Where efforts are
made to adopt low-carbon practices, these mostly originate from voluntary initiatives or are
governed by industry bodies and treaties. These industries have for a time, suffered from a
significant lack of momentum on adopting more sustainable practices; though recently, some
progress has been made which has seen the beginnings of developing change. The international
maritime organisation (IMO) will, by 2020 introduce limits on the sulphur content of maritime
fuels (IMO, 2015) , whilst the International Civil Aviation Organisation (ICAO) plans to develop a
global mechanism for market-based regulation (using cap-and-trade) of global aviation emissions.
In October 2016, the first UN accord of its kind introduced a voluntary scheme to offset passenger

and cargo flights (through the purchase of forest) that generate >10,000 tCO,e per annum (the
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scheme is to be introduced in 2020). In 2008, aviation activities became included in the ETS for all

flights inside the European Economic Area (EEA).
2.5.2 Domestic legislation

In 2009, the UK government outlined a national strategy for climate change and energy policy
through the Low Carbon Transition Plan, which outlined the move towards a low carbon economy
by 2020 (HM Government, 2009). Five pledges were made: i) to protect the public; ii) to prepare
for the future; iii) to limit the severity of anthropogenic climate change; iv) to build a low-carbon
UK; and v) to support individuals, communities, and businesses. A number of aims were
formulated that would help the UK society deliver on this promise, with specific measures of
success, such as procuring 40% of electricity from low carbon sources and producing 15% of
electricity from renewables (Department of Energy and Climate Change, 2011), facilitating the
development of new nuclear power stations and improving domestic efficiencies. Effective policy
efforts have typically focussed on reducing peak energy to reduce the need for additional fast-
response fossil-fuel based energy generation; so-called ‘demand-side management’ (Khasreen,
2013). Through the roll-out of ‘smart meters’, time-of-use monitoring is allowing domestic
consumers to be more aware of their energy consuming behaviours and benefits them through

financial savings.

More recently, a move towards centralised monitoring of GHG emissions from organisations led
the government to require all quoted companies (those listed on the London Stock Exchange) to
report emissions through company director annual reports (HM Government, 2013).
Organisations are required to report primarily on Scope 1 and 2 emissions, whilst being
encouraged to add extra value through identification of Scope 3 emission sources. The Scope 1
and 2 emission sources encompassed include the combustion of fuel in stationary and mobile

sources and electricity consumption.
2.5.2.1 Energy

The UK has become a world leader in climate-related legislation and has enacted into law the
world’s first instrument designed to reduce nationwide carbon emissions (Department for
Environment, Food and Rural Affairs (Defra), 2009a). The CCA 2008 enacted the UK towards an
80% reduction in Scope 1 and 2 emissions below a 1990 baseline by 2050 and simultaneously
established the Parliamentary Committee on Climate Change (CCC) to measure performance

(Climate Change Act, 2008).

The Carbon Reduction Commitment (CRC) was introduced as a mandatory energy efficiency

scheme through enabling powers enacted under the CCA2008. As a mandatory carbon emissions
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reporting and pricing scheme which covers large public and private sector organisations in the UK
that consume more than 6,000MWh p.a. of half-hourly metered electricity (DEFRA, 2009b), the
scheme has been estimated to save 1 MtCO,e per annum by 2020. Electricity and gas supplies are
submitted to the government, and participants buy ever-diminishing allowances for every tonne
of carbon they emit. Significantly more HEls will fall under the CRC than the aforementioned ETS
and it is designed by government to capture emissions not already covered under the ETS and
climate change agreements (CCAs) (outlined later in this section). Allowances (each representing a
single tonne of CO,) are either purchased by the reporting organisation in advance of the
compliance year (at a discounted forecast sale price) or at the end of the compliance year (where
prices are more expensive, see Table 7). Additional or surplus allowances are traded on a

dedicated market, should organisations under/over perform against their forecast.

Table 7: Phase 2 prices of allowances in the Carbon Reduction Commitment Energy Efficiency

Scheme
Year Forecast sale price Compliance sale price
2014/15 £15.60 £16.40
2015/16 £15.60 £16.90
2016/17 £16.10 £17.20
2017/18 £16.60 £17.70
2018/19 £17.20 £18.30

Source: Environment Agency & Department for Business Energy and Industrial Strategy (BEIS)
(2017)

The Climate Change Levy (CCL) is a tax that applies to all non-household use of coal, gas,
electricity, and non-transport liquefied petroleum gas (LPG). The rates currently set are:
electricity: 0.6p/kWh, gas: 0.2p/kWh and LPG:1.7p/kg, and are applied at the time of supply (in
effect, a single-stage sales tax (Pearce, 2006; HM Revenue and Customs, 2016)). The transport
sector’s use of fuels is exempt, as well as fuels used for electricity generation, non-energy uses,
and waste-derived fuels. Renewable energy and district energy generation became subject to the
tax in 2013 for the first time (HM Revenue and Customs, 2015)). HEIs find themselves subject to
the CCL as a result of the stipulated rules, but additionally there were industries with significantly
intense usage of energy that were considered when the Climate Change Levy was introduced.
More specifically, metallurgical, mineralogical and some agricultural sectors were made eligible
for CCAs, which gave them up to a 65% discount from the CCL. The reasons for this were

attributed to international competition/investment and of the Integrated Pollution Prevention
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and Control (IPPC) regime. In return, organisations agree targets for improving energy efficiency
or reducing carbon emissions; the discount on electricity increased to 90% in 2013 (Department of

Energy and Climate Change & Environment Agency, 2013).

The Energy Savings Opportunity Scheme (ESOS) implements the EU Energy Efficiency Directive. As
a mandatory energy assessment scheme, it requires qualifying organisations to carry out energy
audits (building, industrial processes and transport energy consumption) every four years
(Environment Agency, 2015). ESOS applies to large UK undertakings, specifically: i) any UK
company that either employs 250 or more people, or has an annual turnover in excess of 50
million euro (£38,937,777), and an annual balance sheet total in excess of 43 million euro
(£33,486,489); and ii) an overseas company with a UK registered establishment which has 250 or
more UK employees (paying income tax in the UK) (Environment Agency, 2015). The Environment
Agency is the UK scheme administrator. Newly established policies such as ESOS, are often
expected to supersede existing legislation (such as CRC), since many of the reporting overlap

significantly.

The Renewables Obligation (RO) and the Feed-in-tariff (FIT) scheme are both ways in which HEls
can receive income for renewable electricity generation (the former being for larger-scale projects
over the latter). FITs were established under the Feed-in Tariffs Order 2012, and are fixed tariffs
awarded to eligible renewable and CHP installations for generated and exported electricity
(Energy Saving Trust, 2015a). Up to 17p/kWh' can be garnered from obtaining power from
anaerobic digestion, solar photovoltaic, hydroelectric and wind generation systems (Energy Saving
Trust, 2015a). However, a decision on lowering rates is being made by the UK Government
(mooted to be up to 90%). RO was established under the Renewables Obligation Order 2009 and
is administered through the issuance of Renewable Obligation Certificates (ROCs) by Ofgem. This
scheme features at its heart an ‘obligation’ to generate renewable energy, with producers being
mandated to present a sufficient number of ROCs to meet their obligation, or they are able to
buy-out their obligation (set at £47.22 per ROC in 2017-18). The obligation in 2017/18 is 0.4 ROCs
per MWh in England, Wales and Scotland (0.2 ROCs per MWh in Northern Ireland) and a
cumulative obligation of 44.8 million ROCs for the entirety of UK power generation (Defra, 2016).

Ofgem ceased accepting new generating capacity to the scheme in 2017.

The Renewable Heat Incentive (RHI) is another payment system, this time for the production of
heat from renewable energy sources; all these schemes are designed to encourage uptake of low-

carbon electricity generation technologies. The renewable heat incentive is so far unscathed from

19
This price is based on the highest available feed-in tariff rate for a 15kW hydroelectric generation plant.
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these changes and institutions can earn up to 10.44 p/kWh?* on energy from air and ground

source heat pumps, biomass, and solar thermal generation (Energy Saving Trust, 2015b).

Enhanced Capital Allowances (ECAs) allow organisations to invest in energy-saving plant or
machinery. Organisations purchase technologies specified on the Energy Technology List and are
encouraged to do this because the whole capital cost of the equipment is written off against
taxable profit in the year of purchase. Only a handful of UK HEIls will be eligible to exploit the
benefits of ECAs because of the tax-exempt status of many/most HEls. The private institutions
that pay corporation tax will be eligible under the scheme. The catalogue of technologies is

managed on behalf of the Government by the Carbon Trust.
25.2.2 Waste

A devolved matter, the waste strategy for England was laid out in the Waste Management Plan
for England, published in 2013 (Department for Environment Food and Rural Affairs, 2013b).
Despite the publication of this plan and the government’s acknowledgement of better waste
management being key to a move towards a ‘zero waste’ and ‘low carbon’ economy, no new
waste management policies were introduced. The predominant source of waste legislation is

derived from Europe, and so many of the policy instruments have been described in 2.5.1.2.
2.5.2.3 Transport

Transport policy centres on the increased efficiency of vehicles to reduce emissions. The most
recent framework for transport policy was outlined in 2010. The three main policy areas focused
on were: ultra-low emission vehicles (ULEV), shipping and biofuels. Grants for domestic and
workplace electrical charging points are available from the Office for Low Emission Vehicles
(OLEV), as well as tax incentives to purchase low emission vehicles. A ULEV is considered to be a
new vehicle that emits less than 75gC0O,e/km, based on the current European approval test
(OLEV, 2013). The Renewable Transport Fuel Obligation (Amendment) Order 2015 encourages the
production of Sustainable Biofuels. Under this, suppliers of transport (and non-road machinery)
fuel in the UK must be able to show that a percentage of the fuel they supply comes from
renewable and sustainable sources. This encompasses suppliers of fuel that supply at least

450,000 litres of fuel per annum.

20
This price is based on the RHI tariff for commercial solar thermal systems installed up to 1% April 2017.
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2.6 The cost of carbon

The social cost of carbon (SCC) demonstrates the amount society is willing to pay to continue
emitting behaviours, which avoids future deterioration of the climate, and is typically used by
government policymakers for introducing low-carbon legislation. This cost is the economic value
of damage associated with emitting one tonne of CO, at a given point in time and considers the
full residence time of CO, in the atmosphere (Pearce 2003). Whilst similar, the shadow price (SPC)
is a price based on the cost of GHG emissions, with an added consideration for the optimal level
set by the policymaker (this, in turn, accounts for the political and technological setting)

(Nordhaus, 1975).

A report by the Organisation for Economic Co-operation and Development (OECD) concluded that
globally the price of carbon is too low to deliver significant emission reductions. Only 10% of
emissions are priced at an effective carbon rate equal to the social cost of carbon (set at $30 per
tonne of CO,. The value of $30 per tonne of CO, was calculated by the Stern Report in 2006, and
represents the cost of the damage to society associated with climate change arising from that
tonne of CO,. Therefore, 90% of carbon emitted is not priced at a level that would reflect the

societal cost as a result of climate change (OECD, 2016).

2.7 GHG emission assessment options

2.7.1 Different approaches based on scale of activity

Three approaches have typically been taken to GHG assessment (Recker et al. 2011; Berners-Lee
et al. 2011; Stubbs & Downie 2011; Wiedmann 2009). The top-down (Jensen, 2012), input-output
analysis (I0A) is ‘environmentally extended’ by assigning GHGs emission factors (EF) of financial
transactions normally modelled in economic input-output analysis. Life-cycle assessment forms
the basis of bottom-up, process analysis (PA). Models that fit into neither category are commonly
referred to as ‘hybrid’ models. Only certain attributes of both models are incorporated into hybrid
models, and even then, the procedure is much changed and so a more appropriate name for
these models would be ‘integrated’. These techniques are both commonly used in applications

ranging from the macro to micro scales, see Figure 6.
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Business
Global Country City Industry Product
Household
Wide-scale Small-scale
Environmentally extended Integrated Life Cycle
Input-Output Models Assessment
Models
Figure 6: Carbon footprinting at multiple scales
Source: Adapted from Peters (2010).
2.7.2 Environmentally extended input-output analysis

For larger complex systems, aggregation of GHG emissions must be undertaken, because of the
sheer volume of data and cumbersome analysis that otherwise develops. Environmentally-
extended IOA (EEIOA) is used to glean environmental information on economic activities at the
macro-level from pre-existing Blue Book?! financial data (Munksgaard et al. 2008; Minx et al.
2009). I0A was first introduced by Wassily Leontief in the 1930’s and depicts inter-industry
relationships (as a customer of outputs from other sectors and as a supplier of inputs). The
environmental burden of all supply chain, production, and consumption processes can be
determined within an entire economy through inter-industry matrices, where column entries
typically represent inputs, while row entries represent outputs to and from an industrial sector

(Minx et al., 2009).

The input-output model depicts inter-industry relationships within an economy, showing how
output from one industrial sector may become an input to another industrial sector. This format
demonstrates the dependency each sector has on every other sector, both as a customer of
outputs from other sectors and suppliers of inputs to others. In the model there are n industries
producing n different products such that the input equals the output or, in other words,
consumption equals production. Considering a very simple economy that runs on just 3 different

types of output: raw materials, services, and manufacturing, the model can be used to predict

2 The official records of the national accounts of the United Kingdom are published annually by the Office for National Statistics (ONS),
known as the ‘Blue Book’ (nowadays blue book statistics are predominantly published online).
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how much output from each industry a given industry requires in order to produce on unit of its

own output. In order to do this, Eq. 1 must be solved:
x=Ax+d (1)

where, x is the vector of total output, Ax is the intermediate demand and d is the vector of final

demand.

The requirements of each industrial sector to produce the single unit of output are summarised in

Table 8.

Table 8: Industrial sector requirements table for undertaking input-output analysis.

Industry Raw Materials Services Manufacturing
Raw Materials 0.02 0.04 0.04
Services 0.05 0.03 0.01
Manufacturing 0.2 0.01 0.1

The data contained in the industrial sector requirements table forms the input-output matrix by
dropping the headings:

A=10.05 0.03 0.01

0.2 001 01

0.02 0.04 0.04]

Next, the demand matrix is defined, which describes the quantity of each type of output that is

demanded by consumers or those outside of the economy i.e. exported, for example:

400
d= [200]

600

X denotes the production matrix, which needs to be solved by rearranging Eq. 1, see Eq. 2:

x=(1-A)1xd (2)

The inverse of the identity matrix produces the production matrix:

1 0 0 0.08 —0.04 -0,04] [*1 400
[O 1 0[-A=|-0.05 0.07 -0. 01] [ ] [200]
0 01 -0.2 -0.02 600

—0.05 0.07 —0.01]*|200|=|237.27

[0.08 —0.04 —004] [400] [449.24]
-0.2 -0.02 600 769.13

Thus, in this example the service sector should produce $237.27 billion worth of services etc. in

order for the economy to balance.
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EEIOA has significant advantages over LCA with regards to time and financial considerations,
because it relies on readily available economic transaction data and industry EFs. Although still
fairly technical in nature, the process of assessing emissions using such a technique is less onerous
than LCA and eradicates the potential for double counting. EEIOA gives a comprehensive view of
an entire economic system, which makes it suitable for global GHG assessment and reporting, but
what is more important is the consistent view that this also provides policymakers. It can clearly
highlight the interdependencies between parts of the economy and allow for carbon
management policies to be implemented on specific sectors. The potential for truncation error is
fairly low, since the use of cut-offs and boundaries are generally avoided. Truncation errors are
defined by Ward et al. (2017) as the ‘proportion of a system or activity’s impact not covered by
the system boundaries of the LCA’. These errors tend to occur when part of the system is
knowingly ignored, that is, when their contributions are assumed not to significantly or materially

affect the overall impact (often mistakenly so by the author).

The drawback of such a large-scale model is that all the data are aggregated due to the volume
involved and so there is a lack of resolution down to the individual activity/process. The
limitations of EEIOA are associated with the high level aggregation that must be used and the lack
of resolution that this provides. Aggregation error occurs when the data is interrogated further
and an aggregate is treated as a less-aggregated unit or individual unit. These errors are
exacerbated when the economic categories and information that is used are aggregated in a
different way to environmental data (Lenzen 2010). The approach assumes that all product
groups are homogeneous, and so using a monetary value to represent inter-industrial
transactions can be misleading (Wiedmann, 2009). Even when highly disaggregated, the
assumption based upon homogenous pricing levels is also a potential introduction of bias.
National inventories generally measure emissions associated with the consumption of goods and
energy, and the imports and exports of goods and services on a country-wide scale (Gao et al.,

2013).

IOA is based on the premise that the input coefficients are fixed i.e. it is assumed that there are
constant returns to scale in production. In addition, it assumes that the techniques of production
remain unchanged, whilst ignoring price changes and inflation (there is no provision made to
include it). Final demand is taken as given and treated as independent of the production sector,
which in reality can be argued to not be as clearly defined, since the availability of goods often
influences demand (albeit indirectly). Finally, IOA takes a very technical concept, the relationships

of industries in an entire economic system, comprised of many hundreds of sectors and sub-
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sector and simplifies this. This ultimately results in a severely restricted view of reality, which

introduces truncation errors (Ward et al., 2017).

The approach taken by EEIOA is valuable to ‘hotspot’ the entire supply chain for a bundle of goods
and services purchased by a company through ‘structural path analysis®”, allowing reductions to
be targeted at the highest emitting supplier along the chain (Larsen & Hertwich, 2009; Baboulet &
Lenzen, 2010). Recent developments are numerous, and various studies have been produced
applying it to multi-regional footprints (Hertwich & Peters, 2009), hybridisation (Suh et al., 2004),

and at sub-national levels (Larsen & Hertwich, 2009; Thomas Wiedmann, 2009).
2.7.3 Life-cycle assessment

Until the 1990s, life-cycle assessment and input-output analysis were the predominant methods
of estimating carbon emissions. Whilst there is some diffusion across boundaries, PA is primarily
suited to understanding the cradle-to-grave emissions of singular products (using inputs such as
materials and energy use) where analysing each single step in producing a product is appropriate
(Recker et al., 2011). This allows practitioners to understand the environmental impacts of the
various life stages of individual products, enabling management efforts to be targeted at the parts

of the supply chain with the greatest climate impact (Pattara et al., 2012).

Two approaches can be taken when undertaking PA: via the process flow diagram approach or via
matrix notation. The former involves compiling process-specific data for each process in the
system and assuming upstream processes have negligible impact. The drawback of this method is
that the number and order of upstream processes is limited and disconnected; in reality, all
processes are interlinked in some way, so an underestimation of emissions is likely. In matrix
notation, each column of the technology matrix is populated by input and output vectors per
operation of time. The life-cycle inventory is calculated by inverting the technology matrix and
multiplying by its environmental matrix. The obvious improvement that this method provides
over the process flow approach is that an infinite number of upstream process combinations can
be considered, allowing a more accurate view of the system or product to be analysed. Attention
must be paid to the consideration that the number of processes included and the extent of the

footprint are typically only as wide as the predetermined system boundary.

Once the goal or purpose for preparing a life-cycle inventory has been determined and the

intended use is known, the system should be defined. The “system” is a collection of operations

22
Structural path analysis is a technique for measuring flows through ecological and linked ecological-economic networks (Lenzen,
2007).
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that together perform some clearly defined function beginning with raw material inputs and
ending with recycling/disposal (Vigon et al., 1993). It is the accumulation of the GHG emissions
associated with these constituent parts which constitutes the life-cycle assessment (Song & Lee,

2010).

Life-Cycle Stages
Inputs Outputs

_)l Raw Materials Acquisition |_>

—> Atmospheric Emissions
Raw Materials —>¢ v
N l Manufacturing |_> —>» Waterborne Wastes
v > Solid Wastes

S | Use/Reuse/Maintenance )—)

— Coproducts
Energy =——>| P

v
—> ‘ Waste Management )—)

—> Other Releases

System Boundary

Figure 7: Defining the system boundary of the life-cycle assessment

Source: Adapted from Vigon et al. (1993)

A number of LCA types exist which focus on different components of the life-cycle. These include
cradle-to-gate (Finnveden et al., 2009), cradle-to-cradle (Sharrard et al., 2008), gate-to-gate or
well-to-wheel LCA (Rizet et al., 2012) and variations thereof; together these constitute ‘partial
LCA’. Cradle-to-gate LCA assesses the part of the product life-cycle from the extraction of
resources to the factory gate, after resources have been manufactured into useful components
(i.e. before transportation to the consumer). This assessment is particularly useful because it
allows for the development of life-cycle inventories (LCI) (Suh & Huppes, 2005). The LCI holds
information on the embedded carbon in the upstream manufacture of products (although not
often limited to products), which can be used by those further downstream i.e. for eco-labelling
purposes etc. Cradle-to-cradle assessment refers to the assessment of products where the end-of-
life disposal is a recycling/reconditioning process, while gate-to-gate assessment considers a
single value-added process in the production chain in detail, and well-to-wheel (or well-to-tank
depending on if the combustion process is included) considers the life-cycle emissions of the
extraction, production (i.e. fractional distillation of crude oil, refining of natural gas etc.) and

transport of fuels, used in the transportation sector (Heijungs & Kleijn, 2001).
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LCA assesses the environmental impact of activities across a broad range of impact categories
through the process of normalisation. These impact categories are decided by the practitioner,
based on the scope of the LCA and the value they want to take from the assessment. Impact
categories can include, but are not limited to: ozone depletion; acidification; smog production;
and eutrophication and are compared by the metric, impact potential per person per year, also

known as person equivalent (PE).

The advantages of LCA are numerous. The methodology provides a very detailed quantitative
assessment of individual products (or product system) along the full life-cycle (Baumann & Tillman,
2004). This has allowed for the development of life-cycle emission inventories for a swathe of
products and materials assessed by peer-review. The most notable example of these is the
Ecolnvent database, which is not limited to storing information on just these two activities, but
also contains assessments of energy systems, transport, and chemical manufacture (Wernet et al.,
2016). It is for this reason, that LCA fosters comparisons between different products and systems;
the figures of the Ecolnvent database have been used in countless research papers for this exact
use. As is increasingly the case in environmental management and assessment, the process of LCA
is the subject of 1SO014040:2006, a standard issued by the ISO; guidance on applying this

methodology is widely available.

There are numerous articles in the literature that describe the drawbacks and limitations
associated with LCA techniques. Whilst it is a standard technique and currently accepted by the
academic community, it is presently the only tool available for assessing environmental
credentials of products. This means that its attributes are little tested against alternative
techniques. In practical terms, the observations and description of the real world in LCA studies
are often subjective and open to uncertainty. Uncertainty is also introduced in the data used and
the associated methodology (a factor that inspired the development of the Ecolnvent database of
assured data). Finally, whilst the environmental impacts that are considered offer greater visibility
for environmental management practices than other assessment options outlined in this
literature review, not all impacts are considered (or can be considered) e.g. ozone depletion,

eutrophication, other pollutants and GHGs (Finnveden, 2000).

The data-intensive nature of LCA contributes toward a high degree of uncertainty associated with
a number of impact categories. In addition, high quality data is often difficult to acquire, especially
for activities far-removed from the individual undertaking the analysis. This also adds to the
amount of time required to complete a full LCA, as well as to the expense. Ultimately, LCA can be
difficult to interpret for the non-expert audience (such as the public, policymakers, and politicians)

and is therefore often accompanied by a non-technical summary to be used in policy decisions.
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Often, the life-cycle of the product or system being assessed is overly simplified and so the output,

therefore, is likely to be significantly underestimated (Ekvall et al., 2007).
2.7.4 Integrated methods

Integrated models are commonly used for meso-level applications to improve upon the lack of
resolution in EEIOA and the granular detail of PA (Larsen et al., 2013). The scale to which they can
be implemented varies considerably, being used for cities, local authorities, and individual
organisations. The word ‘integrated’ is used to describe two situations: the use of physical,
measured data alongside monetary values, and the integration of sector-level and industry-level
information. An early example of hybrid analysis was conducted by Moriguchi et al. (1993) to
analyse the life-cycle emissions of a motor vehicle. It was not until the late 1990s that integrated
models became the mainstay of published research. Here, the allocation of emissions needs to be
more targeted to avoid double counting. These models allow process-level user input to be
coupled with large system boundary characteristics from the EEIOA (Suh et al., 2004; Sharrard et
al., 2008). Additionally, integrated models are less time-consuming than PA models, since data are
connected with data from an input-output model and only augmented by primary data; the level
of detail is also less than that of PA, in the main due to the large amount of data that must be

obtained.

The integrated model can be separated into three different categorical types: tiered hybrid
analysis (Moriguchi et al.,, 1993); input-output based hybrid analysis; and integrated hybrid
analysis (Suh et al., 2004). In a tiered hybrid analysis, the direct and downstream emission sources
are examined in detail, whilst the remaining upstream emissions sources are covered by input-
output analysis. In input-output-based hybrid analysis, the more important input-output sectors
are disaggregated where more detailed data is available, while integrated hybrid analysis exhibits
characteristics of both by incorporating detailed process-level information (physical quantities)

into the model (Finnveden et al., 2009).

2.75 Carbon footprinting

A plethora of methods and models have been developed in recent years that aim to assess the
emissions of activities for a wide variety of settings and scales. The ‘carbon footprint’ is often used
as an all-encompassing term to describe these methods of assessments. The term is typically
criticised as a misnomer, by conjuring up the idea of referring to a unit of area, and is more

specifically referring to a ‘carbon weight’ (Hammond, 2007; Williams et al., 2012). Often used as a
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buzz word by the media, business, and government (Wiedmann & Minx, 2008), the lack of

consensus on a suitable definition has been a prevailing issue since its origin around 2000.

Carbon footprinting is based on life-cycle assessment (LCA) (it is referred to as a partial LCA) and
can be used to inform full LCA studies (Wiedmann & Minx, 2008). Carbon footprinting has been
applied to myriad subjects, despite its relative recent emergence from ecological footprinting.
From households to entire industries, a swathe of guidance has been published to assist
practitioners in interpreting and applying the methodology. The carbon footprint is so-called as it

focusses solely on a single impact category i.e. Climate Change (unlike LCA as mentioned in 2.7.3).

The ‘carbon footprint’ is a hybridised version of the previously described micro-level and macro-
level techniques. The carbon footprint is noted to its significant advantages over other forms of
GHG assessment. Firstly, the carbon footprint is easily upgraded to a full-LCA if the practitioner so
desires, but is essentially less time intensive and less data intensive than a full LCA would be
(Williams, Kemp, et al., 2012). The carbon footprint is also the subject of international and
national standards (particularly for organisations, but also for projects and product-labelling).
Most significantly, the carbon footprint has made GHG assessment accessible to the public,
business leaders, and policymakers alike, due to results that are easy to understand, interpret,

and compare (Ahmad & Hossain, 2015).

Whilst there are many positive attributes of carbon footprinting, significant limitations must be
noted. Primarily, the carbon footprint methodology is open to wide interpretation and there is,
therefore, considerable scope for variation in results. This is a function of: i) the methodology
used; ii) the definition used; and iii) the boundary. These must be stipulated alongside the data in
order to make their interpretation reliable. Similar to LCA, carbon footprinting involves an
inherent oversimplification of complex real-life systems primarily associated with the boundary

cut-offs and the (often) generalised EFs that are used.

It is universally held that carbon footprint reports should consist of: i) organisational goals and
inventory objectives; ii) the organisational and operational boundaries; iii) the quantified
inventory of emissions (and removals); and iv) targets and actions for performance tracking

(British Standards Institute, 2013).
2.7.5.1 Definition

Disagreement over what a carbon footprint actually is, what should be included in its calculation,
and how it should be quantified without double counting, is often a cause for controversy
(Wiedmann & Minx, 2008; Finkbeiner, 2009; Weidema et al., 2008; Peters, 2010; Wright et al.,
2011).
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For this reason, a number of studies have tried to determine the parameters of a carbon footprint
and, thus, two competing definitions are currently available. Wiedmann & Minx (2008) proposed
that “The carbon footprint is a measure of the exclusive amount of carbon dioxide emissions that
is directly and indirectly caused by an activity or is accumulated over the life stages of a product”.
In contrast, Wright et al. (2011) developed another definition based on a number of criticisms to
be discussed in more detail: “The carbon footprinting is a measure of the total amount of CO,and
CH, emissions of a defined population, system or activity, considering all relevant sources, sinks
and storage within the spatial and temporal boundary of the population, system or activity of
interest. Calculated as CO,equivalent (CO,e) using the relevant 100-year global warming potential

(GWP100)".
2.7.6 Emission calculation

Two pieces of information are required to quantify the GHG emissions of an activity or entity.
Parameters regarding the activity that is being evaluated (activity data) are applied to a known
guantity of emission per unit of activity (an EF). Eq. (3) shows the emission calculation that applies
to all sources of carbon emissions and demonstrates the reason behind the data-heavy nature of

carbon footprinting:

E = AD «xEF (3)

Where, E are the GHG emissions of the organisation or activity under study, AD is data on the
magnitude of human activity resulting in emissions or removals originating from the organisation
or activity under study, and EF is the emission factor, the average emission rate of a CO, for a

given source.

If additional GHGs are to be included in the footprint, the aforementioned 'CO,e' measure
provides a single unit that allows the contributions of individual GHGs to be represented

proportionately to the same unit of CO,, Eq. (4):

Eequiv = z:[gas] (E[gas] * GWP[gas]) (4 )

where, E.qy is the total GHG emission to atmosphere of the group of selected GHGs, E[gasis the
emissions for each individual GHG, E4, and GWP is the global warming potential for the given

GHG.
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2.7.7 Greenhouse gas global warming potentials

The global warming potential (GWP) was developed to compare the global warming impact of
different long-lived GHGs (in reference to CO,). These metrics allow practitioners to understand
the effects anthropogenic emissions have on the radiative forcing over a time period against an
equal measure of CO, and, thus, the metric is known as CO, equivalent. The first GWPs were
developed and published by the Intergovernmental Panel on Climate Change (IPCC) in the second
assessment report and were used in the Kyoto Protocol for national emissions inventories (Boitier,
2012). There have been a number of articles in the literature that have critiqued the limitations of
the GWP metric, especially for use for short-lived GHGs (Talbot & Boiral, 2013). Whilst GWPs for
long-lived GHGs are independent of time and location, the GWP of short-lived GHGs may have

regional and temporal differences which are not accounted for.

GWPs are usually measured on a 20-year or 100-year time horizon (Bhatia et al., 2011; Williams et
al., 2012 ) and are regularly updated as analytical scientific techniques improve. Table 9 shows the
up-to-date figures, as published in the IPCC fifth assessment report (IPCC, 2013). In the IPCC's fifth
assessment report (AR5), the climate-carbon feedback has been incorporated with the publication
of two separate figures with and without this consideration. The climate-carbon feedback refers
to the climate implications of the release of anthropogenic emissions, creating a positive feedback
loop. Since increasing GHG concentrations cause climatic change, climatic change in similar
respects can affect increasing GHG concentrations (mostly as a result of negatively affected land-

based carbon storage) (Friedlingstein et al., 2006).

Table 9: Global warming potentials of methane and nitrous oxide

GHG Atmospheric Lifetime (years) GWP 20* GWP100*
CH, 124 With cc fb 84 28
No cc fb 86 34
N,O 121.0 With cc fb 264 265
No cc fb 268 298

Source: Solomon, et al. (2007); IPCC, (2013)

* The GWP is referenced against the radiative forcing of CO,, which is given the value of 1 and not
shown in the table.

A significant point to consider here is the differing views on the inclusion of GHGs in the footprint.
Questions have been raised about whether the carbon footprint is limited solely to CO,, or the
Kyoto Basket gases (six GHGs including N,0O, SFs, HFCs and PFCs; extended in 2013 to include NF;),

which includes some GHGs where carbon is not a constituent element. Wright et al. (2011)
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suggest including only two GHGs; CO, and CH, and Wiedmann & Minx (2008) only CO,. By
including two GHGs, 87% of the radiative forcing contributed by anthropogenic emissions can be
captured, whilst maintaining ease of data collection (Wright et al., 2011). According to the
definition outlined by Wright et al. (2011), the inclusion of the Kyoto GHGs is given the term
‘climate footprint’ and is used in instances where it is necessary to evaluate climate risk more
accurately, for example, in national environmental input-output tables. A ‘GHG inventory’
describes the inclusion of all the anthropogenic GHGs that are released, including (amongst others)

aerosols, black carbon, contrails, water vapour, ozone, and particulate matter (see Figure 8).

Carbon footprint
Aerosols co, Carbon dioxide,
CH4 Methane

Climate footprint
NZO Nitrogen dioxide,

HFCs Hydrofluorocarbons,
PFCs Perfluorocarbons,
NF3 Nitrogen trifluoride,

SF_ Sulphur hexafluoride

Black
Carbon GHG inventory
O3 Ozone,
Contrails HZO Water (vapour)

PM10 Particulates,
PM2 s Black Carbon

Figure 8: The relationship between the GHGs included in the carbon footprint, climate footprint
and GHG inventory.

Source: Adapted from Williams et al. (2012).

2.7.8 Emission factors

Where the direct measurement of GHG emissions arising from an activity is unobtainable,
organisations may elect to apply a generic pre-determined EF. Industry-derived EFs act as a
standard measure of the GHG emissions associated with a particular activity (e.g. the mass of GHG
emissions through activities such as the combustion of one cubic metre of natural gas in a boiler)
and are often averages of large datasets of detailed activity studies. An example of this is the
National Rail EF. This refers to an average emission per passenger kilometre for diesel and electric
trains. This has been calculated based on total electricity and diesel consumed by the railways for
the year, and the total number of passenger kilometres (Cummis et al., 2013). The international
rail factor is based on a passenger-km weighted average of the emission factors for the following
Eurostar routes: London-Brussels; London-Paris; London-Marne Le Vallee (Disney); London-

Avignon; and the ski train from London-Bourg St Maurice (BEIS, 2017).
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EFs which are based on empirical data, such as the aforementioned natural gas EF or those
derived for other fuels such as petrol or diesel feature high levels of uncertainty and experimental
error (Rypdal & Winiwarter, 2001). This is mainly due to the reason that the EFs are derived from

experimental procedures which account little for their real-world application.

Other EFs introduce assumptions in order to quantify the unquantifiable. Following Defra’s
guidelines (Defra, 2009b), emissions related to aviation includes a 9% uplift factor to account for
non-direct routes, delays, and circling of aircraft which can occur during routine journeys. In
addition, a radiative forcing (rf) coefficient of 1.9 is also considered to account for the climate
change effects of other direct and indirect non-CO, GHGs (including water vapour, contrails, and
nitrogen oxides, etc.) of aviation (BEIS, 2017). Separate EFs that include and exclude this rf

coefficient are published and available for selection by the practitioner.

In the UK, EFs are published annually by Defra. For entities that need to apply EFs for operations
occurring internationally, the International Energy Authority (IEA) publish the emission factors for
national grids for most countries. There is often a lag time between real time emissions and the
production of EFs, owing to the extensive sense checking and validation that must be conducted;

this is often around two years.
2.7.9 Approaches to data

Selection of appropriate activity data improves the confidence and resolution of the footprint
(Ranganathan et al., 2004; Cummis et al., 2013). Quantification can be completed by theoretical
calculation, measurement, or a combination of both if data is unavailable (Defra, 2009; British
Standards Institute, 2013; Gao et al., 2013), whilst direct measurement is by far the most accurate.
Outside of the organisational boundary is where direct measurement is found to be less
achievable and, commonly, organisations rely on secondary data sources or proxies in order to

provide best estimates; the options for collecting data can be seen in Figure 9.

Low High
' Generalised activity data
Tier 1
Measured activity data
Tier 2 Assumed consumption
Sampled consumption
Tier 3 Measured consumption
Direct measurement

High Low
Figure 9: The various connotations for quantifying emissions depending on data availability.

Source: Adapted from Williams et al. (2012).
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The use of data tiers formally defines the relationship between data availability, resource
availability (temporal and financial), and the ultimate expectation of the footprint by the
reporting organisation. Selection of data tiers helps in order to provide some clarity and
uniformity to inform decisions associated with the data collection phase IPCC, 2006. Practitioners
are able to select a tier based on a number of considerations that help to alleviate the issues
associated with time and financial resource availability. The lower the data tier, the more
generalised, less specific and more uncertain data becomes. Tier one, the ‘default method’ uses
non-specific data to estimate emissions, whilst tier three is the ‘most detailed method’ and uses
technology-specific data to calculate emissions. Tier two methods use country-specific figures in
the calculation (Williams et al., 2012). These are labelled against the connotations presented in
the Figure. This tiered system is similar in-part to the data scenarios implemented in guidelines
such as the International Standardisation Organisation (ISO) 14064-1 standard, where a ‘best

scenario’ and a ‘minimum scenario’ are defined (British Standards Institute, 2013).

By far the greatest factor in drawing reliable conclusions from the carbon footprint is based on
the quality of the activity data (Von Bahr et al., 2003; Rypdal & Winiwarter, 2001). The detail that
is needed by the practitioner is a function of the data tier selected, the aim of the footprint, and
the time and financial resource of the reporting organisation (hence, the rationale behind the hot

spotter developed by the Carbon Trust to simply and cheaply identify areas of emission intensity).
2.7.10 Production and consumption perspectives

In today’s interconnected world, where goods and services move from exporting countries to
importing countries, determining who is responsible for particular GHG emissions is a cause for
considerable debate amongst policymakers. In deciding this, two different perspectives arise,
where emissions can either be accounted for on a consumer-only basis or a producer-only basis.
The current policy of the United Nations Framework Convention on Climate Change (UNFCCC) and

the Kyoto Protocol is to assign responsibility to the emission producer (Peters & Hertwich, 2008).

The main motive for consumption-based footprints is to avoid the carbon leakage associated with
international trade (a geographical shift in GHG emissions made in the supply chain which
impedes real net emission reduction). Territorial emission inventories such as these allow for
gross-importing nations to consider the environmental consequences in gross-exporting nations.
Production-based assessments restrict the consideration of these far removed emissions by only
accounting for emissions arising in the immediate area. Production-based assessments are
deemed unfair by some commentators, who view absolving the consumer of goods and services

of all responsibility inherently undemocratic. Final consumption and affluence, especially in the
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industrialised world, are the main drivers for the level and growth of environmental pressure and
significantly influence the carbon footprint. Additionally, the distribution of manufacturing
industries across the globe is uneven, with many organisational supply chains originating in LEDCs

in the East (often due to stringent wage and environmental standards in the West).

Avoiding double counting in the organisational supply chain is critical. Allocating responsibility for
emissions is politically sensitive (especially in national inventories) and, for organisations, the
inextricability of supply chains makes reporting indirect emissions without some element of
double counting a constant issue (Wiedmann et al., 2009; Caro et al., 2013). Most corporate
sustainability reports only include impacts arising from operations controlled by the reporting
company, and not these supply-chain impacts. As a result, the sphere of influence that consumers

have is underrepresented (Heiskanen et al., 2010).

The upstream activities of one organisation are the downstream activities of another and
geographic boundaries are harder to define (than a national border for instance). Even with the
implementation of emission scopes, double counting cannot be completely eradicated. If all
organisations calculated and reported the entire extent of their emissions then all would be
committing double counting to a degree external to their own boundaries. This is especially
evident when accounting scope 3 emission sources involving products and services provided by
external organisations. Peters (2010) argues that these instances can be ignored if the footprints
are not combined and if ‘internal’ double counting has not been performed by the organisation

themselves.

The ultimate decision on which approach to take rests on the intended use of the footprint, but
consideration that this may become a greater problem in future, as more organisations report
carbon data, is outlined by Matthews et al. (2008). Demand-side measures to environmental
problems are rarely exploited, whilst producer-focused environmental policy (with some
consideration for consumption-related aspects) have been the dominant focus in recent years
(Bastianoni et al., 2004; Wiedmann & Minx, 2008; Davis & Caldeira, 2010). As with many other
allocation problems, a politically viable consensus lays somewhere between shared producer and

consumer responsibility (Lenzen et al., 2007).

It is intuitively clear that the responsibility for impacts associated with transactions in a productive
system has to be somehow divided between the supplier and the recipient of the respective
delivered commaodity. This concept recognises that there are always two entities playing a role in
causing impacts: the supplier and the recipient. In order to assign responsibility to agents
participating in these transactions, one has to be able to track supply chains or inter-industry

relations in detail. The shared responsibility problem is addressed by Gallego and Lenzen (2005),

53



Chapter 2
who describe a consistent framework for distributing GHG impacts along economic branches. To
this end, suppliers and demanders of any commodity take on a 50% share of the responsibility

that the production of the commaodity entailed.
2.7.11 Tools

The UK’s Carbon Trust has developed three pieces of software for quantifying and managing the
carbon footprint of various aspects of organisational operations. ‘Footprint Manager’ is a cloud-
based reporting tool that facilitates carbon footprint development. This tool allows organisations
to comply with carbon-related legislation (see section 2.4.2) and focuses on Scope 1, Scope 2 and
business scope 3 travel emissions. The ‘Value Chain Hotspotter’ focusses primarily on managing
the Scope 3 emissions associated with purchased goods and services and their transportation,
employee commuting and business travel. A number of software suites are available for

practitioners to undertake LCA, including SimaPro, GaBi, Quantis, and Enviance.
2.8 Organisational carbon footprinting

2.8.1 System boundary selection

The setting of the organisational boundary outlines the extent to which organisations
acknowledge their own activities, whilst providing the user with detail in understanding the
nature of the sites/buildings and entities included in the footprint. This is the first thing an
organisation must do before assessment of GHG releases can be conducted. Conducted using a
number of approaches (Dragomir, 2012; Gao et al., 2013), the formal setting of the boundary can
take either an ‘equity share’ or ‘control’ approach. This strategy is primarily designed for cases
where the structure of the organisation may present a challenge for practitioners by featuring
multiple subsidiaries and operating entities for which a decision to be included or excluded must
be made (such as in the case presented by Dragomir (2012) for the multinational petroleum-

producing organisations BP, Royal Dutch Shell, and BG Group Plc).

The equity share approach allows the organisation to account for emissions of an entity according
to the percentage ownership of the operation; consequently, the percentage ownership of the
activity determines the percentage responsibility the reporting organisation has over its emissions
(Ranganathan et al., 2004). The control approach (subsequently divided into a financial or
operational control) assigns emissions according to the form of control that the reporting
organisation has over the operation. Organisations using a financial control approach include
emissions from activities to which the organisation has the ability to direct financial and operating

policies, with a view to gaining economic benefits (where 100% of the emissions are accounted
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for). Finally, an organisation has operational control over an entity if the organisation has the full

authority to introduce and implement policies governing its operations (Bhatia et al., 2011).

Organisations hire equipment and products and own products that are hired out to other
organisations. The term ‘upstream leased assets’ refers to assets owned by one organisation (‘the
lessor’), leased to other organisations (‘the lessee’). The emissions of the use of the equipment
should be recorded by this organisation. Additionally, the receiving organisation enters into a
contract to use another organisation’s equipment and is also expected to record the footprint of
the use of the equipment as downstream leased assets (British Standards Institute, 2013). A lease
can take a number of different forms which are important to consider for carbon footprinting
purposes. The form that the contract takes depends on the type of object being leased and the
contractual arrangements, which are recorded differently on the company’s balance sheet (which,

in turn, affects the type of control the organisation has over the activity) (Bhatia et al., 2011):

- Financial lease - a long-term lease over the expected life of the equipment (usually three
years or more and quite commonly used for building leases). The lessee can expect to
recover the full cost of the equipment and additional charges over the lease period, whilst
remaining fully responsible for its maintenance. Financial leases are shown on the balance
sheet as a capital item and are thus reported under the ‘capital equipment’ scope 3
category by lessees;

- Operating lease - the term of an operating lease is short in comparison to the operational
lifetime of the equipment and, therefore, the lessee can still make use of it after the
terms of the lease have expired. This is not shown on the balance sheet of the lessee; and

- Contract hire - the shortest-term lease, which is most commonly used for vehicle rentals.
These are also not shown on the balance sheet of the lessee, but this organisation does

take some responsibility for its maintenance and road-worthiness.

The initial organisational boundary setting gives the organisation a clear idea of which
establishments should be included in the footprint. During this process, the legal status of these
establishments is also determined and, therefore, the reporting organisation can identify the
various investments and franchises that they fund and operate. These two entities are treated
separately in carbon footprinting terms and pose a risk for misappropriating or double counting. A
franchise is a business that operates under a licence to sell and distribute goods and services,
using the branding and mode of operation of the parent organisation. The calculation of
franchises, therefore, is fairly straightforward and follows the methodology for organisational
carbon footprinting (just considered in the reporting organisation’s footprint rather than being

reported as a separate entity’s footprint).
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The setting of the organisational boundary using a financial or equity share approach can mean
that the separate accounting of emissions from investments is irrelevant. The reporting
organisation is therefore required to be diligent in this respect, because the risk of double

counting is high.
2.8.2 The operational boundary as a means to avoid double counting

In order for organisations to avoid double counting, emission scopes were developed by the
World Resources Institute (WRI) and the World Business Council for Sustainable Development
(WBCSD) in the 2004 ‘GHG Protocol’. Assigning emissions has long been a contentious issue and is
made harder at lower scales. Primarily, the emissions arising from within the boundary of the
organisation are the easiest to assign and calculate (Bastianoni et al., 2004). As can be seen in
Figure 10, emissions can arise upstream (indirect emissions from purchased/acquired goods and
services) and downstream (indirect emissions from sold/distributed goods and services) of the
reporting organisation, highlighting the different aforementioned perspectives that can be taken

to reporting.
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Figure 10: The emission scopes included in a corporate footprint

Source: Reproduced with permission from Bhatia et al. (2011).
2.9 Identifying and calculating emission sources
2.9.1 Direct greenhouse gas emission releases

Emissions that occur within the organisational boundary (referred to as Scope 1) are divided

among: stationary combustion; mobile combustion; process emissions; land-use; land-use change;
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and forestry (LULUCF). Emissions attributed to the combustion of fossil fuels in immobile
equipment are referred to as ‘stationary combustion emissions’, whilst combustion of fuels in
movable equipment are referred to as ‘mobile combustion emissions’. Stationary combustion is
typically limited to onsite boilers and furnaces, and mobile combustion is performed in moving
vehicles owned and operated by the organisation i.e. fleet vehicles and forklift trucks etc. etc. The
allocation of mobile emissions to the correct emission category is important and explored in

2.9.2.3.

The combustion of fuels in onsite boilers and furnaces are controlled by their thermal efficiency
and the number of ‘degree days’ in which the equipment is operational. The degree day is a unit
which signifies the thermal demand of buildings, by measuring the different between a baseline
building temperature and the outside air temperature. The base temperature used in these
calculations is 15.5°C in the UK since at this temperature no additional heating inputs are required
(DECC, 2016b). The degree day is an average figure and does therefore not account for localised

conditions or diurnal variations.

2.9.1.1 Uncontrolled sources of GHG emissions

The release of emissions may be from either controlled or uncontrolled sources. GHG emissions
that are uncontrolled are called fugitive emissions, and occur as a result of a leak from equipment,
transport systems, and reservoirs (British Standards Institute, 2013). The quantification of fugitive
emissions is inherently difficult, and in many settings, impractical to directly measure ((Chambers
et al., 2008). Although originating from other sources, fugitive emissions are most commonly
associated with the handling and use of refrigerants (Chambers et al., 2008; British Standards
Institute, 2013). Organisations that control these substances have a duty of care to minimise their
release due to their potency (with GWPs often in the order of hundreds or thousands on a 100-
year time horizon). Two estimation methods are commonly used to quantify their releases; the

screening method and the simplified material balance method (SMBM).

The screening method is a proxy method often used to understand the significance of refrigerant
uses on the overall carbon footprint of the organisation. This is also often used if clear records are
not maintained by the organisation, the organisation outsources the maintenance of the
equipment and uses the total capacity and average leak rate of analogous equipment (US
Environmental Protection Agency, 2014). If emissions from this equipment are determined to be
significant when compared with an organisation’s other emission sources (e.g., stationary
combustion, mobile sources), then the SMBM should be applied to calculate emissions with
improved accuracy. A considerable issue with using the screening method is the use of average

leak rates that can differ in reality, in direct relation to the state of repair of the equipment. For
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organisations that maintain their own equipment and keep appropriate records, the SMBM
method uses a comparison of the quantity of gases bought to charge the equipment at the start
and the quantity needed to refill the equipment, again somewhat of a proxy for direct records of

atmospheric losses (Department for Environment Food and Rural Affairs, 2009b).

29.1.2 Land-use, land-use change and forestry

Process-related emissions are the GHG releases associated with activities that do emit GHGs from
combustion or fugitive sources. These occur from within the organisational boundary, making
their scope fairly narrow and can be difficult to capture in practise. These cover a wide range of
sources however, and the variety across different organisational sectors is especially complex.

Examples include (British Standards Institute, 2013):

- Industrial processes i.e. cement production, oil and gas refining;

- Agricultural processes i.e. fermentation, livestock husbandry, use of nitrogen fertilisers
etc.);

- Waste and wastewater treatment; and

- Carbon capture and storage (CCS) processes.

LULUCF emissions are most often omitted in individual organisational footprints, simply due to
the undeveloped nature of research aimed at applying it at the meso-level. A whole research
stream dedicated to quantifying the complex nature of emissions and removals from the
biosphere has emerged, and although somewhat computationally complex, LULUCF accounts are

annually reported nationally to the UNFCCC (Hallsworth & Thomson, 2010).

There are two accepted methods for assessing LULUCF/AFOLU emissions: i) net carbon stock
change over time, or after a special event has occurred; and ii) direct carbon flux rate. The aim of
the former in this instance, as outlined in the 1S014064-1, is to quantify the amount of
above/below ground biomass, dead wood, litter and soil organic carbon (SOC) per unit area
removed/created by the activities of the organisation through direct land-use change (dLUC) or
indirect land-use change (iLUC). As an example, Eqg. (5) shows the calculation required for the

change in soil proportion, as outlined in British Standards Institute (2013):

SOC; = SOC, * LUF, x LMF, % IL,
SOC; = SOC,, * LUF, * LMF, * IL,

where, SOC; = initial soil organic carbon stock of initial land use “1” expressed in t/ha, SOC; = final

soil organic carbon stock of land use “2” (after change) expressed in t/ha, SOC,= primary soil
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organic carbon stock, LUF = land use factor (dimensionless), LMF = land management factor

(dimensionless), and IL = input level factor (dimensionless).

29.13 Electricity generation and energy

The GHG emissions from the consumption of electricity can be accurately measured because
usage is typically metered or estimated on national average figures. The EF is determined by the
energy mix of the host nation (Dragomir, 2012). As this is constantly fluctuating, EFs for electricity
generation are constantly updated (BEIS, 2017) and calculated as an average over a given year
(which replaced a five-year rolling average in 2013) (Defra, 2013). Traditionally, the UK electricity
generation mix is published through the Digest of UK Energy Statistics (DUKES). In 2016, the
energy mix was procured from Gas (37.8%), Renewables i.e. hydro, wind, and solar PV (25%),
Nuclear (19%), Coal (16%), and Qil/other (3%) (Department of Energy and Climate Change, 2016)
and, thus, the grid-based emission factor was 0.5 kgCO,e/kWh.

The distribution and associated losses of electricity (as well as heat and steam purchased through
a physical network) are accounted as scope 3 emissions and occur upstream of the reporting
organisation. This includes the transmission and distribution losses (59.4% of energy in the UK
national grid is lost p.a. (Department of Energy and Climate Change, 2015) which occur due to the
conversion of energy in turbines, electricity transmission (i.e. the increase in voltage for travelling
in high voltage power lines), and electricity distribution through the grid, in addition to fugitive
emissions associated with transportation. Inherently, error in this figure is introduced through the
use of averaging out daily demand fluctuations as registered by automatic meters in industrial and

business units.

Organisations which import energy through a physical network, either as hot water for heating or
cool air for cooling services report the associated emissions separately. The fossil fuels have been

combusted by another organisation, and are thus considered as indirect scope 2 emissions.

In an update to the GHG Protocol in 2015, organisations are now required to report two figures
for Scope 2 emissions, according to a ‘location-based’ method and a ‘market-based’ method. The
former encompasses the conventional reporting technique which applies an emission factor to
the grid-based consumption at the location where consumption occurs (with consideration for
local grid composition). The market-based method is applicable to organisations that receive
product or supplier-specific data for energy that is purposely chosen. Emission factors are derived
most commonly from contractual instruments; either through energy attribute certificates such as

renewable energy certificates (REC) or guarantees of origin (GOs) or direct contracts.
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2.9.2 Indirect greenhouse gas emission releases

2.9.2.1 Embodied carbon

Reporting organisations must also make attempts to quantify the embedded emissions of their
purchased products. Organisations would need to go to considerable lengths in order to obtain
the data required to fulfil each element of Eq. 5. For this reason, many simply apply an emission
factor to financial spend data (Arup et al., 2012). Applying a single blanket factor assumes that
product categories are homogeneous (Biichs & Schnepf, 2013) and that the relationship between
expenditure and consumption is linear. This is rarely ever the case in reality because product

categories vary and their costs tend to fluctuate over time in line with the retail price index.

The necessity to avoid double counting once again becomes clear when considering the inclusion
of including products in integrated organisational carbon footprints. Were organisations to
conduct a full life-cycle assessment of the product itself and report this, those that find
themselves in the middle of the value chain would commit double counting. Because all
organisations are part of the production system (Wiedmann et al., 2009), emissions would be
allocated more than once to multiple organisations in the supply chain. There are examples of
shared producer-consumer responsibility, as outlined by Lenzen et al. (2007), which seek to
overcome such controversies. Lenzen et al. (2007) also argue that extended producer
responsibility (EPR) gives producers significant responsibility for the supply chain emissions (as

well as the use and disposal phases of their products).

Organisations are often expected to publish information on the destination of the products they
sell, as well as paying particular attention to the carbon implications of the use-phase, and
disposal. For these stages of the product life-cycle, organisations have the least control, so
manufacturers are advised to produce a number of scenarios which allow for these considerations
to be made (Choi et al., 2006). Additional to quantifying aggregated purchased goods and services
information, capital goods must also be included. Capital goods are defined as ‘goods that have
an extended life and are used by the company to manufacture a product, provide a service, or
sell/store/deliver merchandise’ (Bhatia et al., 2011). Only the embedded emissions are attributed
to ‘capital equipment emissions’, since emissions associated with operating the equipment are

accounted for in scope 1 and 2.

2.9.2.2 Waste

Varying disposal routes for waste arisings have different burdens on climate, typically attributed

to the method of decomposition the waste undergoes at disposal (Chen and Lin, 2008). The waste
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management sector contributes <5% of global annual anthropogenic, and whilst not the most
significant, is noted for its material role in the release of atmospheric methane (IPCC, 2014).
Typically, the complexity and efficacy of waste management systems is considerably better in
developed economies than developing economies, where disposal routes often favour methods at
the top of the waste hierarchy; prevent, reduce, reuse, recycle, and eventual disposal. This can be
attributed to higher rates of investment (Wilson et al., 2009) as well as better education and

improved sorting of wastes resulting in fewer incidents of cross-contamination.

Organisations can play a role in ensuring waste is collected and sorted effectively to improve the
recycling rate. This can be achieved primarily through the education of their employees and in
providing segregation bins. Recycling waste material results in a net saving of emissions (Manfredi
et al., 2011) because the re-processing of secondary materials displaces the requirement for virgin
materials, often requiring greater energy inputs to produce (Bjérklund & Finnveden, 2005).
Recycling can either be open-loop (where the waste material is reprocessed into a different type
of object after recycling) or closed loop (where the waste material is reprocessed into the same

type of object after recycling) (Lozano, 2012c).

To capture information on waste arisings at organisations, an EF, disaggregated by treatment type
(depending on the waste type it can either be composted, landfilled, incinerated, or recycled) is
applied to a waste type quantity (usually the weight) sent for disposal. The central criticism of
waste-related EFs is their limited range of the materials they cover and the reliability of the
methodology used to derive them. A breadth of research has set about developing reliable factors

(Turner et al., 2015).

Organisations possess a humber of choices to identify total mass of waste arisings. Either the
mass is measured on waste transfer/consignment notes during the transfer to the waste carrier,
or it is estimated through waste audits. Identifying the type of disposal is a little more complex,
since the organisation has to rely on information from the waste contractor. Transportation of
materials to the materials recovery facility (MRF) is also included in emissions from waste arisings,
so obtaining distance through garnering the origin of the waste carrier and mapping the pre-

determined route using GIS is the simplest employable strategy.

2.9.2.3 Travel

The operations of universities rely on a network of infrastructure to support people and goods
moving into and out of the estate boundary. Whilst the development of these infrastructure
networks is not the prerogative of the institution itself, many institutions are situated where

transport links are favourable and historically reliable. Typically, these transport networks are
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powered by petroleum and diesel, whilst LPG, biodiesels and electrically-powered vehicles are

becoming more popular due to their lower financial cost and improved environmental credentials.

A number of perspectives can be taken when calculating emissions from vehicle transportation,
namely either an activity-based approach or an economic-based approach (Raus, 1981). The
alternative combines economic fuel data as an indicator of fuel consumption, but can be a less

effective measure which is prone to underestimation (Van Mierlo et al., 2005).

Business travel occurs when an employee leaves the defined organisational boundary, primarily
for reasons intrinsic to the operations of the organisation. Emissions associated with these
journeys are undertaken in vehicles not owned by the organisation or in personally-owned
vehicles; the term ‘grey fleet’ is the term often used for vehicles that are owned by the individuals
themselves and used for business purposes. Figure 11 shows how organisations decide upon how

journeys are assigned under emissions scopes, or excluded altogether from the carbon footprint

boundary.
Is the mode of travel owned or Yes
controlled by the reporting > Scope 1
organisation?
No
Is the asset owned or controlled by Yes Is the leased asset considered asa Yes
external suppliers, clients or service wholly-owned asset in financial —>| Scope 1
providers and leased by the reporting accounting terms?
organisation?
No

Scope 3

Figure 11: Decision tree used for allocating transport emissions to emission scope.

Source: Adapted from HEFCE (2012b).

The quantification of transport emissions either requires the processing of numerous datasets in
order to produce a picture of detailed information for individual trips, or otherwise appropriate
sample selection and surveying. Analysis of emissions from fuels can be inclusive of well-to-tank
(WTT) emissions or well-to-wheel (WTW) emissions. WTT figures include only the emissions
associated with refining and delivering fuel to the customer, whilst WTW figures include the

emission associated with burning the fuel in an internal combustion engine (ICE).
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Emissions of air quality pollutants (CO, NOx, unburnt hydrocarbons and particulate matter) from
vehicles are dependent on a number of factors, including driving style, conditions, and ambient
temperature (Van Mierlo et al., 2005). Emissions of CO, are governed less by these influences and,
therefore, cannot be regulated through engine design and specification changes (Stone, 2012)).
Fuel efficiency is the relationship between stoichiometric relationship in the air-fuel mix in the ICE
and fuel energy density. Therefore, a reduction in fuel consumption leads directly to a reduction
in emissions. The EU sets emission limits for cars, vans, trucks and buses; Euro V and VI standards

limit the release of air quality pollutants to 80mg/km (Office for Low Emission Vehicles, 2013).

29.24 Water

The water footprint includes three components: the green; blue; and gray water footprints. The
blue water footprint refers to consumption of blue water resources (such as surface- and
groundwater) along the supply chain of a product. ‘Consumption’ refers to loss of water from the
available ground-surface water body in a catchment area, which happens when water evaporates,
is incorporated into a product, or returns to another catchment area or the sea. The green water
footprint refers to consumption of water from rainwater stored in the soil as soil moisture and the
grey water footprint refers to pollution and is defined as the volume of freshwater that is required
to dilute the loading of pollutants based on existing ambient water quality standards (Kuo et al.,

2015).

In the UK, water is distributed in a different way to other utilities such as electricity or natural gas,
which benefit from national distribution networks. Water is instead distributed through a regional
grid-style system with centralised processing, treatment, and supply facilities serviced by a small
number of water supply and sewerage companies. Emissions associated with water are calculated
on an end-user basis, and includes the extraction and processing of water for the supply to
organisations. The metering of water supplies is becoming more widespread in the UK after a

government initiative to reduce consumption and identify wasted water through leaks.

Emissions associated with wastewater treatment are accounted for in the waste-related

emissions category (Bhatia et al., 2011; British Standards Institute, 2013) .
2.9.3 Biogenic emissions

Biogenic emissions are anthropogenic emissions closely related to the natural processes of the
carbon cycle. In the context of organisations, these emissions can originate from the combustion
of biological material (i.e. from forest-derived and agriculture-derived biomass and the solid
fraction of municipal solid waste treatment), the combustion of biogas from decomposition (of

waste) in landfills, wastewater treatment, and anaerobic digestion.
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It is commonly held that biogenic emissions should be treated separately in GHG inventories in
respect to emissions originating from the combustion of fossil-fuel based energy sources
(Intergovernmental Panel on Climate Change, 2006). Convention holds that biogenic emissions
should be assigned a GWP of zero, because an assumption is made that the amount of carbon
released through combustion is equal to the amount sequestered by the vegetation when living
(Guest et al., 2013). Therefore, it is deemed that no net gain in CO, in the atmosphere is
demonstrated. There has been some debate in the literature about the scientific merit of these
assumptions and whether the release of biogenic carbon into the atmosphere still has the same
climate impact as GHG emissions from fossil-fuel derived sources (Bhatia et al., 2011; Manfredi et
al., 2011; Guest et al., 2013). Some authors suggest that there is no distinction and that biogenic
carbon still contributes equally to the enhanced greenhouse effect and should not be accounted

for differently (Haberl et al., 2012).
294 Footprint verification

Verification is an important part of the carbon footprint process and is typically the final step
(though not mandatory) that the organisation will undertake prior to public release. The process
to verify an organisation’s report is simple and involves an assessment against industry standard
principles, normally conducted by an external and independent person or entity (Ranganathan et

al., 2004).

Any business may seek verification of the accuracy and completeness of their reported carbon
footprint as an assurance to their stakeholders and shareholders, showing that their
environmental credentials are credible. This allows organisations to show that their reported data
is to an accepted level of accuracy and conforms with industry standards (Ranganathan et al.,
2004). Typically, HEIs emission reports are internally verified and endorsed by the upper echelons
of the management structure (i.e. the vice chancellor), whilst some institutions will have external
verification from standard-setting bodies, such as the Carbon Trust (though only the former of

these is deemed mandatory by the sector).

The process set out by the 1SO014064-3 standard requires the production of GHG assessment
reports to include eight elements in order to be verified at a reasonable assurance level. These
are: i) the use of baseline scenarios, including legal, financial, operational and geographic
boundaries; ii) the outlining of physical infrastructure, activities and processes included within the
assessment; iii) the GHG sources, sinks or reservoirs determined to be assessed; iv) the types of

GHGs in the assessment; v) the time period(s) covered by the assessment; vi) the frequency of
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subsequent verifications; vii) the intended user of the validation report; and viii) the relative size

of the inventory in CO,e.

The integrity of GHG assessments are evaluated on the basis of:

vii)

viii)

Xii)

Policies that affect GHG information management;

Management's direction and guidance concerning GHG information and reporting;
Management's approach to identifying, monitoring and accepting GHG risks; iv)
management's awareness of GHG reporting;

Documentation and monitoring procedures for boundaries;

Documentation of GHG sources, sinks or reservoirs;

Processes for collecting, processing and reporting GHG information;

Methods to ensure that the equipment associated with the monitoring and
measurement of GHG data is adequately calibrated and maintained,;

Methods for identifying and reporting deficiencies in the performance of the
reporting information and management system;

Methods to ensure the implementation of appropriate corrective actions to identified
deficiencies;

Procedures for access to important records;

Methods to ensure access and updating of current information; and

Methods to ensure that the equipment associated with the information management

system is adequately maintained.

In addition, the procedure followed to collect data is appraised in respect to its transparency,

based on inclusion of 12 key elements:

ii)
iii)
iv)
v)
vi)
vii)

viii)

ix)

The process used to determine the organisational boundary;

The methods used to identify and monitor GHG programme;

The methods used to identify reporting;

The methods used for determining the base year;

The methods used for determining the baseline scenario;

The methods used to select GHG sources, sinks and reservoirs;

The methods of selecting GHGs;

The methods associated with identifying measurement technologies and data
sources;

The selection, justification and application of selected GHG quantification

methodologies;
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X) The selection and application of the processes and tools used for collecting,

processing and reporting GHG information;

Xi) The methods used for assessing the effect of changes to other related systems; and
Xii) The procedures for authorizing, approving and documenting changes to information
systems.

It should be noted, that this is part of the verification process set out by many established
standard-setting organisations prior to organisations submitting carbon-related information (see

Table 10 for verification standards and organisations accepted as appropriate by the CDP).

Table 10: Verification standards and providers accepted by the CDP for verifying CDP disclosures.

Verification standard Certified verification provider
AA1000 Bureau Veritas
California Mandatory GHG Reporting Regulations Lloyds Register LRQA
Carbon Trust Standard Enviro-Mark Solutions
Earthcheck Certified Lucideon
1SO014064-3 NSF

Swiss Climate CO, label

Source: CDP (2016).
2.10 Managing GHG emissions

2.10.1 Disclosing GHG emissions assessment information

Communicating a carbon footprint is central to ensuring the continued performance and
accountability of carbon management-related efforts (Sullivan & Gouldson, 2012). Reporting
allows organisations to be internally accountable to their governors, directors, and externally to
their stakeholders; reasons commonly cited why many organisations release information
voluntarily about their environmental performance (Lozano, 2012c). Best practice was outlined by
the Climate Disclosure Standards Board (CDSB) (CDSB, 2012) and included a number of factors
that organisations should be aware of, including being: i) relevant and capable of informing
decisions; ii) honest and unbiased; iii) comparable; and iv) understandable and verifiable. Ensuring
these conditions are successfully achieved is assisted by the collection of quality data; therefore,
the emergence of guideline methodologies is symptomatic (Sullivan & Gouldson 2012). Disclosure

is useful when it:
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- Connects the information that management uses internally for decision-making purposes
about the company’s strategy, goals and objectives with information that is provided
externally to investors for their decision-making;

- Explains the priorities for action of top management, as well as the timescales involved,
the trends, threats and opportunities that might affect those priorities and the resources
that are required to deliver results;

- Explains how managing climate change-related issues affects sales, costs and costs of
complying with regulation, cash flow and brand value;

- Outlines opportunities for improvement;

- Explains management’s view on not only what has happened, but also why management
believes it has happened and what management believes the implications are to the
organisation; and

- Shows the linkages between corporate climate change strategies, financial performance

and greenhouse gas emissions.

There is a plethora of organisations collecting and disseminating GHG information.. The largest is
the Carbon Disclosure Project climate change questionnaire, to which 5,600 organisations around
the world subscribe (others also disclose to the forestry, water, and supply chain questionnaires
(in 2017)). In fact, 232 of the FTSE 350 organisations report in the UK alone (The Carbon

Disclosure Project & PriceWaterhouseCoopers, 2015).

Despite the number of companies that now report climate change-related information, investors
have consistently criticised companies for not providing information that can be readily used in
investment decision-making (Sullivan & Gouldson, 2012). Reporting frameworks allow customers
and investors to answer questions regarding their environmental credentials, whilst
demonstrating strength in the company’s governance and risk management frameworks (Climate
Disclosure Standards Board, 2012). Typical requests that investors make in relation to the
reporting and presenting of GHG emissions include total greenhouse gas emissions, details of how
the emissions were calculated, the emission factors used, the scope of reporting (i.e. how much of
the business is covered, by reference to the business’ activities and to geography), and whether

the reported data has been verified or assured (Okereke, 2007; Sullivan & Gouldson, 2012).

A number of studies have investigated whether carbon reporting meets investor’s needs. Sullivan
& Gouldson (2012) highlighted two factors that have resulted in the quality of reports not
meeting the standard to effectively drive decision-making. Firstly, they show that whilst investors
themselves have encouraged companies to report, they pay much too little attention to what is

actually reported, making very little of its full potential. Secondly, the quality of organisational
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reporting falls far short of what is required to make decisions meaningful. Therefore, coupled with

comparability issues, reports are broadly unusable by investors anyway.

Once an emission disclosure has been made in the public domain, the task of managing GHG
emissions becomes all the more relevant for a variety of reasons (such as reducing the risk of
reputational damage if emissions increase). The most visible act that an organisation can make to
pledge their commitment to reducing their climate impacts is through setting an organisational
emissions reduction target. Targets can be set either on absolute values or through intensity
ratios (Wing et al., 2006), where an absolute reduction target leads to overall emission
contraction and an intensity reduction target seeks to reduce emissions measured against a
defined ratio or metric. Whether targets are set as absolute or using intensity ratios, it is
imperative that they are set upon a reliable baseline that allows for internal and external

performance tracking to be conducted.

From a climate perspective, there is significant advantages in choosing absolute targets over
intensity targets. Firstly, the importance of actions that lead to emissions contractions should not
be underestimated. It is well documented that significant emissions reductions are needed in
order to avoid the worst impacts of climate change and absolute emissions reductions targets
allows this more readily (the actions required by the HE sector are explored further in Chapter 7).
The disadvantages are that they do not account for significant boundary or structural changes
during the commitment period (which can make achieving targets unattainable) and they do not

allow comparisons of efficiency or changes to GHG intensity.

Intensity ratio targets reflect performance irrespective of economic growth. These tend to foster
comparability between organisations more, because of the way in which they account for
individual organisational setting. These are often more suited by organisations because they can
be tailored to fit with their activities, but in climate terms, do not always lead to an absolute
contraction of emissions. In fact, absolute emissions can increase even if emission intensity
decreases which can slow the progress of decarbonisation; the attributes of intensity and

absolute targets are explored in further detail in Chapter 3.

There is a growing trend amongst organisations to target becoming ‘carbon neutral’. Carbon
neutrality refers to the state of emissions and removals being equal; therefore, the organisation
contributes no net emissions to annual anthropogenic GHG emissions. PAS2060 is the only
standard available to UK organisations for accreditation and relies heavily on having good
knowledge of scope 3 activities (Laurent et al., 2012). Many organisations may, however, declare

themselves carbon neutral on a number of stated areas of the footprint, or make assumptions as
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to the full extent of the footprint. To comply with PAS2060, the carbon credits need to originate
from approved sources and should result in a change that would not have happened anyway. The
difficulty with these schemes is ensuring that offsetting is making a net reduction in emissions and

the importance is that they do not lead to burden shifting (Pattara et al., 2012).

2.10.2 The role of carbon management standards, guidelines and reporting

frameworks in organisational GHG assessments

A wide range of guidance methodologies have emerged in recent years, attempting to standardise
the assessment and reporting of GHG assessments and climate-related disclosures. These, among

others, include:

- The GRI G4 sustainability reporting guidelines (2013);

- The CDP guidance for companies reporting on climate change (2014);

- The Defra guidance on how to measure and report on corporate greenhouse gas
emissions (2009);

- The Greenhouse Gas (GHG) Protocol corporate accounting and reporting standard (2004)
& corporate value chain (Scope 3) accounting and reporting standard (2011); and

- The ISO 14064 series (part I, part Il and part Ill) quantification and reporting of

greenhouse gas emissions for organisations (2013).

Authors such as Plambeck (2012) outline the potential issues with the use of environmental
standard guidelines. Although many are designed to be flexible, it is noted that when flexibility in
built in, significant variations in results occur. Conversely, Stubbs & Downie (2011) extol the
virtues of guidelines in assisting organisations to develop more cost-effective reduction strategies
through a better understanding of emission profiles. They also highlight that industry-specific
guidance would be of huge benefit to organisations, because of their ability at providing
unambiguous information of how activities are accounted for in GHG assessments. Their study
evaluated the GHG assessments of organisations in Australia. They investigated the extent to
which organisations followed published methodologies and found that low uptake of EEIOA was
attributable to a definite absence of the acceptance of the methodologies proposed. In addition,
there was little awareness amongst organisations. Pandey et al. (2011) advocate the use of
standards to further the value of carbon footprinting as a widespread tool that guides

international negotiations and policymaking.
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2.10.3 Barriers to carbon management

Reducing the barriers to carbon management is a priority for environment managers and has
been a focus for research in recent years (Townsend & Barrett, 2015). Inertia in large
organisations, such as universities, is a key component of why changes are often slow-moving.
Changing the culture of the HEI is important for developing low-carbon policies (Barth et al., 2013).
The transient nature of staff and students, and the challenges that arise from this, create a unique

dynamic that must be overcome in order for carbon management to be successfully implemented.

The common focus for carbon management efforts within institutions is in identifying
opportunities for cost reduction through energy efficiency measures. Often, an assessment of the
return benefits and pay back times against capital expenditure costs is made, with estate
managers and budget holders prioritising tasks and allocating appropriate funding. Therefore,
high capital costs are sure to hinder the adoption of expensive technologies; technologies that are
considerably more advanced and effective at reducing emissions. For high cost programmes,
external funding is available from public sector financial bodies such as Salix Finance, which
distributes interest-free capital funding from the Department for Business, Energy and Industrial
Strategy”. There is a perception (and some truth) that low-carbon products are more expensive.
As a result, the longer return-on-investment (ROI) timescale make the business case significantly
less appealing in the current system (which favours quick-wins (Townsend & Barrett, 2015).
Insufficient financial resources will undermine the success of any project and in this regard,

getting the buy-in of both the financial manager(s) and vice chancellor is vital (Correia et al., 2013).

Even when low-carbon technologies are deployed, operator error can lower the efficiency and
reduce any potential savings. In buildings, this is known as the ‘performance gap’,. Real world
operating efficiencies of buildings can be very different to those intended for a number of reasons,
particularly due to habitual practice, not knowing the proper use, or perception (Sunikka-Blank &
Galvin, 2012). Such is the scale of the performance gap that studies have shown that there are
contemporary buildings designed to low-energy standards, which use no less energy than

buildings constructed against normal building codes thirty or more years ago (Parkin et al., 2015).

3 To date, Salix has funded over 16,500 projects with 2,300 public sector bodies, valued at £692 million. This is estimated to have save
the public sector over £158 million and 766,376 tonnes annually of carbon, There are two types of Salix funding programmes:
- The first is the Salix Energy Efficient Loans Scheme, where recipients borrow capital to install energy efficiency equipment.
The cost savings in the first five years of operations are used to pay back the loan. Once this is repaid, the continued savings
enable the recipient to use the capital for other means.
- The second programme available is the Recycling Fund, which is a ring-fenced fund managed by the recipient with money
provided by the organisation and match-funded by Salix. The project loan is repaid into the fund from the financial savings
delivered by the projects, which allows the fund to be continually used for energy efficiency projects.
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It is well established that if a person holds a strong perception that behaviours which contribute
towards carbon-reduction will take more time or effort, then the probability of them engaging in
such behaviours is minimal (Peters et al., 2010). Studies have demonstrated the causal link which
exists between education on environmental issues and a positive environmental attitude which
extends into altered behaviours (Lozano et al., 2013; Zséka et al., 2013). A case study by Meath et
al. (2015) highlighted that a key barrier to successfully implementing reduction strategies (in this
case, in SMEs) was a result of a lack of staff engagement. This is not just limited to SMEs, in fact,
the difficulty and subsequent importance of engaging with staff in larger organisations plays a

significant role (Gray, 2006).

Little research has been conducted to measure the impact that the changes to HE governance and
funding have had on carbon management by universities. However, HEls have needed to become
more accountable to their students (in both financial terms as well as environmentally) and,
therefore, some authors predict a paradigm where good environmental credentials make a
difference to student recruitment (Nicolaides, 2006; Russell Group, 2010). This has the potential
to further the carbon management agenda, although clearly the significant changes that
universities are facing make other factors a higher priority. There has also been a recent trend to
improve the accountability, accessibility, and performance of research programmes, with the

potential to allow for carbon management to take a more central role than previously.
2.10.4 Assessing investment returns

For leaders of organisations, such as universities, societal costs of the release of GHG emissions
and subsequent climate change impacts are likely to affect operating costs. It is increasingly
recognised that individual institutions should implement carbon reduction policies, planned out in
advance with an understanding of the ROI, payback time and carbon savings. Carbon
management in HEIs mostly focusses on the retrofitting of low-carbon technologies on a rolling
basis (as old technology reaches its end-of-life it is replaced with a low-carbon version), building
refurbishment, and behaviour change to encourage carbon reductions (Disterheft et al., 2012). A
criticism of this is that many potential options and available technologies are not considered in a

holistic and strategic way (Lozano, 2013a).

Marginal abatement costs curves (MACC), although mostly applied at country-wide and city-wide
scales (Ibrahim & Kennedy, 2016), have emerged for use by organisations as a way to strategically
plan future carbon projects that promise to deliver predetermined emission reductions (Jackson,
1991). Developed as either top-down models, which show cost-effectiveness relative to
abatement potential, or bottom-up models, which consider mitigation measures in a series of

chronological steps, MACC reflect the cost of reducing emissions per unit (i.e. £ per tonne CO,e)
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and are unique for every setting (Pearce 2003). Technologies may be prioritised differently, but

are commonly set against the total carbon saved over an intervention’s entire life.

2.11 Emission removals

The scientific consensus established on limiting temperature rise above a pre-industrial baseline
to +2°C requires significant progress on GHG emission reduction in the near term, and, from 2030,
some form of carbon removal (IPCC, 2017). Emission removal is the active removal of GHGs from
the atmosphere (leading to negative emissions) and many authors advocate for the global
deployment of technologies and initiatives that will, in the second half of the 21* Century act to
reduce current concentrations of GHGs in the atmosphere by locking away significant quantities in

Earth’s carbon sinks.

There are numerous existing technologies that could achieve negative emissions in 2030, which
get split into two types in the literature: schemes that enhance natural land sinks or schemes that
transfer CO, to geological storage. Particular initiatives include: widespread afforestation; soil
enrichment using biochar; and carbon sequestration, as well as direct air capture (Kriegler et al.,
2013; Hawken, 2017) and bio-energy with carbon capture and storage (BECCS). Currently,
emission removal receives criticism because of a significant risk of relying on meeting future
carbon targets with as yet unproven techniques. There are numerous uncertainties, which have
thus far hindered their widespread adoption, including their scalability, effects on land use,
financial viability, and social acceptability (Kampman et al., 2016). The immediate challenge lies in
developing these technologies to become commercially viable prior to wide-scale rollout and

build the required political momentum.

2.111 Avoided emissions

Avoided emissions are emission reductions that occur outside of the organisational boundary of
the reporting organisation as a direct consequence of a change in the organisation’s activity
(British Standards Institute, 2013). Businesses can play a key role in developing technologies
which avoid emissions through their use (i.e. energy saving lightbulbs, fuel efficient tyres, energy-
star rated electronics etc.). However, currently there is no internationally agreed method of
accounting for, or defining, avoided emissions. Organisations such as HEls are not actively
considering avoided emissions; however, it could be said that by creating a generation of
environmentally-aware and climate conscious graduates, the adoption of low-carbon behaviours

could, in fact, represent avoided emissions attributed to universities in the future (Ranganathan et
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al., 2004; Sullivan & Gouldson, 2012). If avoided emissions are calculated, all methodologies
should be reported as part of the emissions inventory in order to maintain transparency in the

light of a lack of standardised approach.

2.12 Previous studies

As an active research area, the literature on GHG assessment is growing and has a wide reach due
to its interdisciplinary nature. GHG assessments of organisations can take any of the forms
outlined in section 2.7; studies can either be in-line with a wider LCA investigations (Baumann &
Tillman, 2004; Finnveden et al., 2009; Martinez-Blanco et al., 2015) or stand-alone through IOA
(Minx et al., 2009; Peters, 2010) and finally, integrated (Peters, 2010). This section starts by
outlining a number of the most influential articles published on each of these applications. There

are numerous examples in the literature of authors applying these theories to universities.

Table 11 shows the results of published examples for a number of HE case study institutions. The
percentage contribution to the footprint of scope 1, 2, and 3 emissions are calculated and
highlights plainly that published GHG assessments differ significantly from study to study. Two
studies exclude scope 2 emissions, but all have some provision for calculating scope 3 emissions,
which contradicts authors which state that very few studies have tackled the measurement,
monitoring and reporting of HE scope 3 emissions. The proportion of the footprint that is
comprised of scope 3 varies widely between the five studies and supports the finding of Stubbs &
Downie (2011) that the emission sources included in the scope 3 assessment influences the
overall carbon footprint. Generally, this variance means that care must be taken when drawing

conclusions.

Table 11: Results from published examples of HEI carbon footprint studies, grouped by method

Carbon footprint

Case Study Institution Method
Scope 1 Scope 2 % Scope 3 %
(tCO,e) (tCOse) 7 (tCOse) ?
De Montfort University 3065 6% 7662 15 40353 79
Integrated EEIOA-

. . LCA
Yale University 166 060 19% 43700 5 66 4240 76
Norwegian University of EEIOA 17499 19% 0 0 74601 81

Technology and Science

The University of Illinois 176 000 64% 46750 17 52 250 19

LCA
The University of Cape Town 68790 81% 0 0 16 136 19

Source: Adapted from Townsend & Barrett (2013).
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Despite numerous examples of applying existing methodologies to HEls and obtaining resulting
GHG emissions for case study institutional settings, little evidence can be found that investigates
the practicality of these studies. It is clear, that the reliability of these studies varies from case to
case as a result of the variation in methodology used. For HEls, dubious carbon footprints limited
by accuracy and scope will possibly hinder campus greening efforts (Atherton & Giurco, 2011) and

sustainability initiatives (Velazquez et al., 2006).

2.12.1 Examples of life-cycle assessment studies

Whilst LCA was originally conceived to be applicable for the detailed assessment of products,
studies are emerging that extend it for the organisation, although this is only a recent
phenomenon. To put this into context, carbon footprinting grew out of LCA-style assessments as

it was included as one of the impact category indicators (GWP).

The aim of O-LCA studies is to gather information on the multiple life-cycles of product flows
through the organisational value chain. Most organisations are engaged in many product life-
cycles and a large part of environmental impact can reside outside the organisation’s gate,
upstream and downstream of the value chain, making these studies highly complex (Martinez-
Blanco et al. 2015). As such, the value chain of an organisation is unique and involves not only one
chain of suppliers and other partners, but also a network of them, which may be largely complex
in big organisations. Technical Specification 14072:2014 extends the application of both
ISO 14040 and ISO 14044 (Blanco et al., 2015). Encompassing all the activities of the organisation
means that the reporting unit of the system allows coverage of different products and unit
processes of any organisation within the same LCA study. Very few practical examples of a life-

cycle approach to organisations can be found in the literature.

Pelletier et al. (2013) proposed a new methodology for organisational carbon footprinting,
outlining four key criteria: ‘cover the entire life-cycle’ along the supply chain, provide for ‘multi-
criteria environmental assessments’ (incorporate all relevant environmental performance criteria,
not just GHG emissions), ‘increase reproducibility and comparability by emphasising
prescriptiveness over flexibility’ and to ‘maximise the physical representativeness of the study
outcomes.” They identify the control approach as preferable to the “equity share” approach. The
equity share approach it is better suited to financial risk management, whereas the control
approach is better suited to environmental performance measurement because there is greater
potential to make management changes in response to insights derived from environmental

footprint studies where the organisation has direct influence.
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Other notable approaches include assessing emissions using the Compound Method based on
financial accounts as outlined by Alvarez et al. (2014). The method used ensures the ability to
work with easy-to-obtain data (financial). The scope is the assessment of all upstream emissions,
including land-use emissions, and all the waste generated from downstream emissions. Process

mapping is used in order to allocate the correct weight of each product and service released.

2.12.2 Examples of input-output analysis

Carbon footprint analysis has been predominantly based on non-input—output methods and
applied on a large scale. Wiedmann (2009) shows that input—output analysis can contribute to the
practice of carbon footprinting at all levels. Many authors show an advantage to using IOA as a
means of getting environmental metrics into organisations for decision-making, to a greater

extent than LCA has not been able to (Finkbeiner, 2009).

Baboulet & Lenzen (2010) applied IOA and a structural path analysis, to an investigation of the
University of Sydney’s supply chain. They deem the advantages of this method to be the ability of
practitioners to replace economy-wide average input-output path with any information
whatsoever (not only with commercial process databases). Further, practitioners are guided
towards important aspects of their applications, and need not spend resources on following up
minor contributions to their applications’ supply chains. In theory, IOA studies remove system
boundaries and provide assessment of the entire supply chain. Whilst this study did not feature
cut-offs, analysis at the product level was not investigated to demonstrate the reliability of the

1033 financial spend codes used. The potential for unreliability was introduced.

Larsen et al. (2013) explored the case of the Norwegian University of Technology and Science. By
undertaking an EEIO solely relying on institutional spend data they were able to assign emissions
to some 200 different spend categories. This was hybridised with Scope 1 and 2 data that
currently existed. The authors were able to demonstrate that the carbon footprint was fairly
evenly distributed across the categories (although there was a clear weighting on energy), with
buildings and equipment making up a significant proportion of the footprint in front of travel,

consumables and services.

2.12.3 Integrated EEIOA-LCA studies

The integrated studies in the literature primarily couple a simplified I0A that informs one of the
key steps in a broader LCA study. These methods are most favoured by the environmental
standards outlined in section 2.10 because the combination of the two methods ensures full
system coverage unencumbered by aggregation errors or system boundaries. Authors such as

Huang et al. (2009a) make a number of observations about the means of assessing emissions
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through integrated methods, concluding that direct emissions are almost always going to be more
significant than indirect (supply chain) emissions, scope-3 emissions that are ‘close’ to the
organisation in the supply chain will be more significant than those further up the chain and that

it is unrealistic to expect companies to develop a full list of scope 3 emissions.

In reality though, the collection of data focuses primarily on direct emissions (Riddell et al., 2009).
However, certain examples of carbon footprints do exist that tackle scope 3 calculations. Schmidt
(2009) expresses doubts over the scope 2 methodology, stating that the national average
generating conditions for the energy mix portfolio of coal, gas, nuclear power, and hydro-power
cannot be clearly assessed. Lee (2011) states, that without considering Scope 3 and the supply
chain, it is not realistic to identify and calculate carbon emission and carbon footprint at the

corporate and industrial levels.

Many versions of integrated EEIOA-LCA dominate the literature as adapted case studies. For
instance, Lee (2011) assesses the supply chain of Hyundai Motor Company using 10 participating
1st-tier supplier’s scope 1 and 2 emissions. They adopt a direct measurement-based methodology
to identify and measure actual GHG emissions for one component (the bumper of a passenger
car), resulting in a final figure of 2.53 kgCO,e/unit. The National Health Service Sustainable
Development Unit undertakes an annual assessment of the health service’s carbon footprint,
which accounts for energy use, travel and procurement (NHS Sustainable Development Unit,
2016). Procurement emissions are calculated based on IOA, building energy emissions are
calculated from NHS energy consumption data collated by the Estates Return Information

Collection data system and travel emissions are calculated from National Travel Survey data.

There are numerous examples in the literature of authors applying integrated EEIOA-LCA to GHG
emission assessments of HEls. Riddell et al. (2009) assessed the energy usage of Rowan University.
Of the nearly 38,000 tCO,e emitted during the study year (2007 fiscal year), 40% of which was due
to purchased grid electricity. The remaining 60% were due to on-campus generation of steam and
direct combustion of natural gas to completely meet the heat and hot water demands as well as
on-campus generation of electricity to meet the remaining electricity needs. Per capita, the

emissions were approximately 4 tCO,e per full-time equivalent (FTE) student per annum.

A study of De Montfort University (DMU) by Ozawa-Meida et al. (2011) in Leicester, UK, was an
early study into investigating the full carbon footprint of university operations. The scope 3
emissions (found to account for 79% of total emissions) that are included comprise staff and
student commuter travel, business travel and procurement. The supply chain emission factors

derived from a top-down environmentally extended input-output analysis refer to economic
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sectors (in this case, 75 Defra sectors) and not to specific product or processes. Therefore, the use
of national ‘sector-average’ emission factors does not reflect ‘local’ differences in consumption,
such as the purchase of recycled or virgin paper. They acknowledge that it does not reflect
differences in institutional practices related to waste management and recycling either. For
changing practices in the long term towards the consumption of less carbon intensive products
and more resource efficient waste management, more specific methodologies considering the
product carbon footprints of goods and services and life-cycle analysis of waste streams would be

required.

Thurston & Eckelman (2011) undertook a study of Yale University to investigate the influence of
purchases on the footprint using an integrated approach. The study showed that HEls can use
publicly available EIO-LCA software to efficiently estimate indirect emissions resulting from the
procurement of goods and services (used to relate institutional purchase codes with five
economic sectors to GHG emissions). They found that the majority of indirect emissions resulted
from a small component of the university’s expenditure categories, most notably purchased
electricity, construction activities, and natural gas. This inventory demonstrates that indirect
emissions, often an irregular component of campus GHG assessments can be systematically

measured.

Gomez et al. (2016) undertook an assessment through a hybrid environmentally extended input
output model in a multiregional framework. The hybrid model addresses some problems of EEIOA,
in our case by including some regional data that avoids the use of national averages and by
making first-step calculations with a higher sectorial disaggregation, restricting the high
heterogeneity of sectors in EEIOA. The multiregional model increases the accuracy of the results
by avoiding the assumption that domestic technology or technology from another country is

applied to imports, as previous research did.

2.124 Use of assumptions

Assumptions are used throughout the literature to extend the scope of carbon footprints where
data is scarce. Whilst this can afford practitioners greater control over activities directly and
indirectly influenced, the use of assumptions can be misleading unless expressed clearly and
unambiguously. The use of assumptions can have significant effect on the reliability of
calculations due to inherent contraventions built in to existing models. This is no more blatant
that in environmental input—output analysis, which falls down when required to assess

microsystems owing to the assumption of homogeneity at the sector level.
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The study by Ozawa-Meida et al. (2011) used assumptions for a number of emission sources, for
which data is reputably hard to obtain. These included commuting journeys and international
journeys. For staff and students, it was assumed that full time students attended the university 31
weeks per year, while staff commuted 45 weeks per year, before applying to the results of the
travel survey. It was assumed that part-time students made one return journey to the university
each week and part time staff travel 50% less than full time staff (that make 10 trips per week).
For international journeys (for which only full time students were considered due to an
assumption that part-time UK students were local and their travel was included in existing student
commuting data 3 returns), it was assumed that EU nationals made two trips home each year, and
non-EU nationals made one trip. Air travel was assumed to be from London to the capital city of
their country of origin (obtained from internal enrolment records) and coach travel was used to
get to London Airports (Heathrow, Gatwick or Luton). UK students were assumed to take three
trips home per year (one per term), using a 50/50 mixture of car and train travel. Students from
Northern Ireland, Isle of Man and Gibraltar were assumed to travel by air from East Midlands
Airport. Students from England, Wales, Scotland and Northern Ireland were assumed to originate
from London, Cardiff, Edinburgh and Belfast respectively. Arguably, these may be deemed to be
reasonable assumptions for the institution under study since they are based on detailed study of

the student body.
2.13 Research Opportunities

A review of the literature has identified a number of knowledge gaps in EEIOA-LCA and HE GHG

emissions assessments.

A recurring trend is the lack of consistency of reported results. Despite there being numerous
methodological techniques available for selection, significant differences in studies of comparable
activities using analogous techniques points solely to a central reliability issue. This is also an issue
that is not just limited to research related to assessing the GHG emissions of organisations either.
Dias & Arroja (2012) outline the differences in estimations for office paper between 15014040,
PAS 2050 and Confederation of European Paper Industries (CEPI) frameworks at 4.6g, 4.7g, and
4.3g CO,e per A4 sheet respectively, whilst Turner et al. (2015) cite the methodological
considerations made in the calculation of emission factors of waste materials as the predominant

reason for significant discrepancies identified in waste-related studies.

Data uncertainties are compounded by methodological inconsistencies prevalent throughout the
literature. As evidenced in section 2.12, a wide variety of techniques are used in organisational

GHG assessments. Many authors highlight that whilst methodological consistency is vital to
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enabling the credible interpretation of GHG studies, in practice this consistency is lacking and
often influenced by data availability. Advocating a standard methodology for organisations would

foster the greatest progress in this respect (Townsend & Barrett, 2015).

What is also clear from the literature is that an exploration of the virtues of current organisational
GHG assessment methodologies, and their applicability to HEIs, has not been conducted in great
detail. For the majority of literature reviewed where HE has been the focus of study, broad
environmental standards (such as the GHG protocol or I1SO14064-1) have been applied without
much consideration for the specific situational aspects unique to HEls. The extent to which this

impacts the results is little understood and a potential key research opportunity.

Ultimately, there is an absence of full-scale emission assessments of HEIs undertaken in the
literature. Further investigation is required to identify whether the applicability of environmental
standards is the driver behind this. The literature often does not explicitly segregate HEls from
profit-driven organisations, and therefore, little has been explored around the operational
distinctions of HEls. Moreover, this has not been contextualised for GHG assessment and means
that a large area of research is absent. An in-depth analysis of the existing techniques employed
to produce activity data will allow this research to be supported by empirical evidence and a
standardised methodology by sound science; the development of new methods or the
improvement of existing methods, will allow environmental standards to be more easily applied

to HEls.

Beyond assessing the applicability of existing techniques to the HE sector, there is also little clarity
as to the quality and reliability of data currently used in HEI GHG assessments. This is especially
surprising, when data quality is a central concern for GHG assessment studies and that there are
widely known data quality standards set out. Whilst data for direct emission calculations are
generally reliable, the challenge for obtaining necessary data for indirect emissions has long been
discussed. The aforementioned examples show that it is common for practitioners to make ‘best
estimates’ based on assumptions. Using assumptions which are not supported by observations
and experimentation again decreases the robustness and credibility of the outputs. When
uncertainty is introduced in this way, the power of the institution’s decision-makers is severely
weakened. The critical analysis of assumptions, widely prevalent in the published literature,

already conducted earlier in this literature review will help to provide a much-needed sense check.

If emission reporting is to be of any significant use in managing GHG emissions from HEls in the
future, there must also be consideration for the rapidity with which it is changing. An exploration
of the changing nature of HE and the prognosis for the ongoing management of GHG emissions at

institutions is also a significant research opportunity and centrally important once quantification
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has been conducted. Carbon Management Plans (CMPs) developed by HEIs since 2010 have thus
far provided the basis of strategy-setting for individual institutions. Conducting an evaluation of
these is a key initial step in evaluating current efforts on decarbonisation (required by the sector
to keep global temperature increase within +2°C above the pre-industrial baseline). By providing a
projection of the future along with scenarios of potential situations that could arise, the sector
will be as prepared as possible for the future climate challenge. Strategies for Scope 3 emission
reduction in particular, not found in the research evaluated in this literature review, can make a
valuable and unique contribution to the body of research in this area and by using techniques
such as MACC to assess the technologies available to practitioners for the management of
activities upstream and downstream of the value chain, an holistic post-2020 strategy can be

mooted.
2.13.1 Future trends

The research presented in this literature review has focused on the state-of-the-art knowledge
regarding the quantification of GHG emissions at organisations (particularly HEIs) and the options
available to practitioners for their management, reduction, and removal. A number of research
trends have also been identified that will help to focus the trajectory of this research and
underpin its relevance to society for the future transition to a low carbon economy. It is clear that
organisations, especially HEls are becoming more accountable to their actions and that their

stakeholders (as well as direct consumers) no longer condone blatant environmental degradation.

It is also clear that the management of GHG emissions will focus less on the direct emissions in
the future and more on the emissions along the entirety of the value chain. Although not yet
tested or set, sector-wide mandatory scope 3 emission, reduction targets have been postulated.
The consideration of growing estates on these emissions and the increasing internationalisation of
the sector mean that the importance of understanding the indirect proportion of the carbon

footprint has already increased in significance.

The rise in the ‘internet of things’ means an increasing number of systems are becoming
automated, generating data. For carbon footprint calculations, as data becomes more widely
available, the speed it can be disseminated will also continue to improve. As people lead
increasingly connected lives (to online media and the internet) (Perera et al., 2015), the way in
which the communication of, and engagement with the low-carbon agenda, will continue to be

transformed for the better. The need for this is certainly an urgent one.
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2.14  Literature Review Summary

Broadly, the methods required to understand the carbon emissions of organisations are well
established, having been developed over the last 20-30 years as the need for reduction and
pragmatic management of carbon has prevailed. However, less focus has been given to whether
these standards are always applicable, especially in the higher education sector. A number of
standards are available for practitioners in HEIs to choose as a basis in which to work from and
some detailed guidance has arisen from within the sector itself (in the form of guides to good
practice from the HEFCE, mostly developed with the intention of ensuring institutions could
develop a carbon management reduction plan) focused on scope 1 and 2 emissions and a handful

of scope 3 emission sources.

Despite the development of practitioner guidance methodologies aimed at improving the
situation for organisations in undertaking GHG assessments, little evidence can be found that
investigates the virtues of their practical application. This chapter has reviewed the regulatory
framework that universities as organisations find themselves governed by and get steered
towards a low carbon modus operandi. Despite the emergence of research focussed on
developing methods for assessing climate impacts at different scales (as life-cycle assessment at
the micro-scale and input-output analysis at the macro-scale), a comprehensive approach for
organisations at the meso-scale is little explored. The applicability of methods to HEls is not

explored in detail in the literature.

Studies that have focused on HEIs tend to employ a number of assumptions due to the data-
intensive nature of the task. The indirect portion of the footprint, scope 3 emissions, can account
for as much as 80% of the organisation’s emissions, representing the trickiest and costliest of
emission sources to quantify. Although there are some research themes undertaken in
organisations that can be directly applied to HEls (such as fostering behavioural change by
employees to reduce emissions), the complexity and individuality of data collection is such that

particular attention to the methods of data collection should be given.
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The research opportunities presented in the previous chapter established a series of research
questions. The aims and objectives set out in 1.6 were developed after the literature review to
address these in a methodical and scientific way. This chapter now turns to understanding the
area of study (higher education) further and seeks to benchmark its performance on carbon
management against appropriate comparisons. Intended as a supporting chapter that provides
context for the research, this chapter also contributes to objective 1.2 concerned with exploring

the similarities and differences in HEIs with other organisational types.
3.1 Introduction

Thus far, institutions have had more than five years to enact estate changes necessary to meet
their emission reduction targets. The Higher Education Funding Council (HEFCE) established the
sector target in 2010 as a response to the introduction of the Climate Change Act 2008, which
placed the collective responsibility of emissions reductions on the different economic sectors of
the UK. The Climate Change Act itself set down the legal clarity in the long term direction of travel,
and was calculated as the UK’s fair contribution to the international mitigation effort. It was based
on careful modelling and the latest scientific information presented in the Fourth Assessment
Report of the IPCC (IPCC, 2007) derived from an international climate objective of keeping the

increase in global mean temperatures below 2°C with a 50% chance.

It was deemed imperative to the future standing of HE that the sector did its part to contribute to
by reducing the sector’s emissions. The damaging fallout of not contributing was an unnecessary
risk for Vice Chancellors, which was mitigated by the appetite amongst institutions for targets to
be set. Responses to the consultation on HEFCE’s 2008 sustainable development strategy and
action plan demonstrated a high level of support (70%) for a higher education carbon reduction

strategy. Targets were deemed necessary in order to identify the size of the challenge, co-
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ordinate efforts, and demonstrate commitment to meaningful change. This necessitated
institutions developing their own targets as a contribution to the overall sectoral target and an
action plan on how this would be met through the publication of a carbon management plan
(CMP). These targets and associated management plans represented a commitment from
institutions to achieve actual improvements through actions that are appropriate for their
institution. This was an official statement of intent by the HEFCE that it recognised diversity in the

sector.

As a result of the consultation undertaken by the HEFCE, a number of elements were added to
ensure continual improvement and incentivise institutions. Provision of an aspiration to achieve
reductions beyond the sector targets was added along with the establishment of milestones
throughout the course of the commitment period to measure progress and ensures that it was
maintained. These were equivalent to a reduction of 12% by 2012 and 29% by 2017 with a target
of 43% by 2020 against a 2005 baseline. Finally, a commitment was made by HEFCE to undertake
work to assess what is needed to monitor and report scope 3 emissions, which included a
commitment to measure a scope 3 baseline needed for establishing a sector-wide target by 2013

(this subsequently did not happen due to opposition by institutions).

The challenges in meeting targets are not going to be equal or proportionate. With some
institutions better off and others struggling due to the inherent differences in their commitment
and estate setup. As the commitment period advances, few studies have assessed progress and
the potential likelihood of overall success or otherwise. This chapter provides an in-depth

exploration of the performance of institutions against the sector’s targets.

Investigation is carried out by a number of analytical techniques: firstly, a series of emission
baselines is created and comparisons made for the case study institution (the University of
Southampton [UoS]), a subset of institutions (the English Russell Group®®) and aggregated for the
entire sector. The inequality that exists around institutional setting and potential for successful
progress on targets is of particular concern for the Russel Group institutions, who are considered
to be the highest consuming, research-intensive institutions. A rolling average forecast, based on
observed campus growth and recruitment rates is made to 2020. Secondly, emission-generating
behaviours and corresponding attitudes at the case study institution are identified, whilst an
appraisal of institutional CMPs is conducted as the third and final analysis. Special focus is given to

the self-imposed targets of institutions and the likelihood of their success. Similarly, the overall

24

The Russell Group represents 24 UK (England, Wales, Scotland and Northern Ireland) institutions dedicated to world-leading
research and teaching. Member institutions garner 80% of the HEFCE's research funding (Lipsett, 2009), produce over 80,000
graduates and contribute £22.3 billion to the UK economy p.a. (Russell Group, 2011).
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direction of carbon management in the sector, implemented through the HEFCE’s carbon strategy,

is critically reviewed.

When target setting, the perspectives of those dictating the direction of travel can play a big part
in the level of ambition that is achieved. There are also a number of perspectives that can be
taken, even by those that are supportive of the sustainability ethos. Two such perspectives are
defined by Steffen (2011). The ‘dark green’ ideology stipulates that environmental issues are
inherent to industrialised capitalism and the current economically driven political setting that
gives rise to consumerism and resource depletion. The ‘light green’ ideology views
environmentalism as a personal lifestyle choice that exhibits cynicism towards politically-driven
motives. Recognising the different perspectives, that may mean that institutions themselves may
deem to be over performing, when the league tables suggest otherwise. Value can be assigned to

understanding reasons behind the level of ambition and environmental perspectives.

3.1.1 University structure, operations and associations

Despite the number of individual HEIs in the UK, there are a number of comparable characteristics
with which they can be explored in more detail. Universities are commonly led by Vice
Chancellors (as the executive head) who provide strategic leadership, management and act as the
principal representative to the wider world. The governing body (known as the University Council
or Board of Governors) is responsible for the effective management and future development of

the affairs of the institution.

The Education Act 1994 enshrined the rights of Student Unions to democratically represent the
interests of their members (Students) in university affairs and wider issues in which students are
vested. Generally, they are legally separate entities, but are often inextricably linked to the
operations of the institution. Also important to note is that the students who are not members of
their union are still entitled to use the Union’s social and sports facilities provided as these are
often the main or only such facilities available and are constructed for the benefit of all

students of the institution.

The varying specialisms in which HEIs operate makes profiling them a complex undertaking.
However, they tend to be grouped into associations by similar interests or educational direction.
Table 12 shows the three largest associations in England by membership: Million +, the Russell
Group and the University Alliance. In addition, most universities are members of Universities UK,
an advocacy organisation for the entire sector that lobbies the government and funders on behalf

of HEls.
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Table 12: UK University associations

Million +25 The Russell Group26 University AIIiance27
Anglia Ruskin University University of Birmingham Cardiff Metropolitan University
Bath Spa University University of Bristol Coventry University
University of Bedfordshire University of Cambridge Kingston University
University of Sunderland Durham University Liverpool John Moore’s University
University of Bolton University of Exeter Manchester Metropolitan University
Canterbury Christchurch University Imperial College London Nottingham Trent University
London South Bank University King’s College London Oxford Brookes University
University of Cumbria University of Leeds Plymouth University
University of East London University of Liverpool Sheffield Hallam University
Middlesex University London School of Economics & Political Science  Teesside University
Staffordshire University University of Manchester University of Greenwich
London Metropolitan University Newcastle University University of Hertfordshire
University of West London University of Nottingham University of Huddersfield
Southampton Solent University University of Oxford University of Lincoln
University of Sheffield University of Portsmouth
University of Southampton University of Salford
University College London University of the West of England

University of Warwick

University of York

The Russell Group is of particular interest as it comprises institutions that have the greatest
challenge in altering behaviour, being among the UK HE sector's highest-emitting as a result of
energy-intensive research programmes. The 20 institutions in the group consume 40% of the
energy (fuels and electricity) consumed by the entire HE sector (2,900,000 MWh/6,900,000 MWHh).
Table 13 shows the targets proposed by the 19 institutions up to 2020. An average reduction of
35.6% has been pledged, although 14 institutions have proposed targets that fall considerably
short of the overall sector target (34% below a 1990 baseline or 43% below a 2005/06 baseline). A
number of notable examples considerably exceed the HEFCE requirement i.e. London School of
Economics (LSE), Warwick, and York. The remaining three, Durham, Kings College, and Newcastle

proposed targets that will match emissions with the sector.

25
Million + is a group of modern, former polytechnic institutions and a think tank comprising 18 universities aiming to develop and
shape public policy in order to enable people from all walks of life to benefit from access to university (Million+, 2015)

2 The Russell Group represents 24 leading UK institutions (15% of HEIs). Together, they garner 75% of funding from the UK Research
Councils (over £1.1 billion), award 60% of doctorates and contribute £32 billion to the economy p.a. (The Russell Group, 2014)

7 The University Alliance combines representatives from the different regions and cities of the UK and acting to enhance the
capability of the institutions for innovation (University Alliance, 2015)
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Table 13: Targets pledged by the 20 English Russell Group Institutions to be met by 2020.

Higher Education Institution Carbon Reduction Target 2020/21  Baseline Year Notes
University of Warwick 60% 2005/06
London School of Economics 57% 2005/06
University of York 48% 2005/06
University of Durham 43% 2005/06
King's College London 43% 2005/06
University of Newcastle upon Tyne 43% 2005/06
University of Manchester 40% 2009
University of Bristol 35% 2005/06
University of Leeds 35% 2005/06
University of Cambridge 34% 2005/06
University of Nottingham 34% 2005/06
Queen Mary, University of London 34% 2005/06
University College London 34% 2005/06
University of Oxford 33% 2005/06
University of Liverpool 30% 2006/07
University of Exeter 28% 2005/06
University of Birmingham 20% 2005/06
Imperial College London 20% 2008/09 30.0% incl. growth
University of Sheffield 20% 2005/06 by 2016/17
University of Southampton 20% 2005/06
Mean * Standard Deviation 35.55% +11.4%

3.2 Methodology

3.2.1 Russell Group Benchmarking

A benchmarking exercise was carried out, comparing the carbon performance (scope 1 and 2
emissions) of the English Russell Group Institutions (by creating an emission baseline) with the
UoS. The estates management Record (EMR) data was collected for the chosen period 2005-2010,
i) to show how emissions have changed since 2005 (the baseline year for which targets were set)

and ii) to investigate the progress made on 2020 targets.

This chapter also critically reviews the HEFCE’s carbon strategy and its likely effectiveness as a way
to initiate carbon reduction in the HE sector and appraises institutional CMPs with a special focus
on their self-imposed targets and the likelihood of success. Three key performance indicators
(KPIs): gross internal area, full-time equivalent staff and student numbers, and institutional
income, were utilised to compare normalised emissions, as per the Department for Environment,

Food and Rural Affairs (Defra) guidance (Defra, 2009b).

In terms of testing the success of the individual CMPs, a set of 10 questions was developed to
analyse the CMPs for their environmental credentials (see Table 14). In order to identify
appropriate target-setting, the analysis needed to assign scores to: the institutional target,

whether normalised or absolute data has been used, whether interim targets and monitoring has
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been proposed, agreement with sector targets and if commitment is shown by high-level

management.

Table 14: Questions used to appraise the institutional carbon management plans

Number Question

1 Percentage reduction?

2 Year of emissions baseline?

3 Absolute or normalised data used to calculate emissions?

4 Any interim targets proposed?

5 Will strategies outline in CMP result in a net carbon reduction?

6 How does this target compare with the HEFCE's?

7 Pledge to reduce scope 3 emissions?

8 Full responsibility assigned to a relevant and qualified member of staff?

9 Is the CMP agreed by top management (i.e. Chancellor, Vice Chancellor) of the institution?

[
o

Is continual monitoring of emissions proposed?

A rank of carbon targets was produced by defining outcomes to the questions above and
assigning scores using definitions of ‘light’ and ‘dark’ green environmentalism? defined by Steffen
(2011) and explored at the start of this Chapter; see Table 15. Scores were intended to represent
the closest fit to the light/dark green definitions as possible and explains the subtle differences in
the assigned score. This method assumed that all Russell Group institutions would be able to
meet their intended target by 2020 (a view that is shared by the institutions themselves) and for
this reason a ‘reality check’ was applied to identify how realistic the targets were. A more realistic
target of 10% reduction in absolute emissions by 2020 was proposed, with the expression x-10

being applied to check alignment.

28 Dark green ideology stipulates that environmental issues are inherent to industrialised capitalism and the current economically
driven political setting that gives rise to consumerism and resource depletion. Consequently, targets claiming a greater overall
emissions reduction were assigned higher scores, despite the uncertainty in using 1990 data (Ellerman & Joskow, 2008) and growth
omitted in absolute targets. Light green ideology views environmentalism as a personal lifestyle choice that exhibits cynicism towards
politically-driven motives. Higher scores were thus assigned to targets that aligned with the HEFCE and those beyond were lower as
the ideology stipulates that personal carbon management should drive emissions down (Steffen, 2011).
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Table 15: Answers and assigned scores for CMP appraisal for dark and light green viewpoints.

Dark Green Environmentalism

Light Green Environmentalism

Question Answer/Outcome Asssclg:meed Answer/Outcome Asssclg:meed
1 71.0-100.0% 10.0 31.0-50.0% 10.0
51.0-70.0% 8.0 71.0-100% 8.0
31.0-50.0% 6.0 51-70% 6.0
16.0-30.0% 4.0 16-30% 4.0
1.0-15.0% 2.0 1-15% 2.0
0.0% 0.0 0.0% 0.0
2 1990 10.0 2011 10.0
1991-2000 7.0 2001-2010 7.0
2001-2010 4.0 1991-2000 4.0
2011 1.0 1990 1.0
3 Absolute 10.0 Use of both absolute and KPIs 10.0
Use of both absolute and KPls 7.0 Normalised (KPIs) 7.0
Normalised (KPIs) 4.0 Absolute 4.0
4 4 or more interim targets 10.0 4 or more interim targets 10.0
3 interim targets 8.0 3 interim targets 8.0
2 interim targets 6.0 2 interim targets 6.0
1interim target 4.0 1interim target 4.0
No Interim targets 0.0 No Interim targets 0.0
5 Net Carbon Reduction 10.0 Net Carbon Reduction 10.0
No change 5.0 No change 5.0
Net Carbon Gain 0.0 Net Carbon Gain 0.0
6 Surpasses the HEFCE Target 10.0 Meets the HEFCE target 10.0
Meets the HEFCE target 5.0 Surpasses the HEFCE Target 5.0
Fails to meet the HEFCE target 0.0 Fails to meet the HEFCE target 0.0
7 Yes 10. Yes 10.0
No 0.0 No 0.0
8 Yes 10.0 Yes 10.0
No 0.0 No 0.0
9 Yes 10.0 Yes 10.0
No 0.0 No 0.0
10 Yes 10.0 Yes 10.0
No 0.0 No 0.0
Maximum Total 100.0 Maximum Total 100.0
3.2.2 Emission-related behaviours and attitudes

An online snapshot questionnaire was also administered to FT staff and students at the UoS (via

www.isurvey.soton.ac.uk, the university’s online surveying tool developed by the School of

Psychology) and accessed through the Southampton University Staff/student Social & Educational

Directory [SUSSED]) in order to gain a picture of self-reported behaviour that generated emissions.

A copy of the questionnaire can be found in Appendix A. This commenced for two weeks in term-
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time in February to maximise the response rate and vary the demographic of the respondents. A
preliminary trial was undertaken with a group of 10 staff and students in October/ November
2011 with questions altered to reduce the risk of bias and misinterpretation; an important

consideration when surveying (Oppenheim, 1992).

3.3 Results

331 Carbon emissions and targets

The rank order of institutions for both methods outlined in 2.1 is shown in Table 16. Newcastle
and York were consistently high for both tests in the light/dark green analysis, with Nottingham
and Bristol scoring consistently low. The difference between the two tests is apparent; institutions
that scored highly in the light green and dark green appraisal ranked lowly when the “realistic”
scenario was applied. In the latter case, the UoS is ranked joint first, along with a number of
institutions that ranked in the mid-ranges for the light/dark green tests i.e. Birmingham, Imperial

College and Sheffield. LSE and the University of Warwick were ranked 19th and 20th respectively.

The overall emissions of each institution were compared in order to review performance against
their 2020 targets. In Figure 12 (a) it is clear that Imperial College had by far the highest overall
emissions at 84,437 tonnes CO, p.a. in the baseline year and was one of only two institutions
where emissions decreased over the study period (-0.7% to a level of 83,836 tonnes CO, p.a. by

2009/10); the University of Birmingham being the other.

Large increases in emissions to 2009/10 were experienced by a number of institutions i.e.
Manchester, Nottingham, LSE, and UCL posted rises of 17.7%, 40%, 143% and 91% respectively.
Manchester increased sufficiently to overtake Imperial College as the Russell Group's largest
emitter of absolute emissions. The emissions baseline for the UoS in 2005/06 was 31,983 tonnes
CO, p.a. and like a number of institutions rose significantly by 2010; up 13.3% to 36,228 tonnes
CO, p.a. A consequential reduction of 29% would be needed to meet their 2020 target, which

amounts to 25,586 tonnes CO; p.a.
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x-10
10
25
24
33
18
10
33
25
20
47
30
33
24
23
24
10
10
24
50
38

Rank
15
20
18
14
13
19

=11
=11
=15
=15

Dark Green
58
40
74
69
55
64
65
64
59
71
60
75
41
61
61
58
58
74
72
73

16
20
=14
=14
19
17
=17
13

Carbon Management Plan Appraisal Method

Rank

Light Green
58
41
65
75
61
65
71
65
65
77
61
81
51
71
71
55
55
75
64
78

Table 16: Outcomes of the carbon management plan appraisal and application of a ‘reality check’.
Higher Education Institution

Queen Mary, University of London

University of Newcastle upon Tyne
University of Sheffield

University of Birmingham
University of Bristol
University of Cambridge
University of Durham
University of Exeter
Imperial College London
King's College London
University of Leeds
University of Liverpool
London School of Economics
University of Manchester
University of Nottingham
University of Oxford
University of Southampton
University College London
University of Warwick
University of York
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Figure 12: Comparison of English Russell Group emissions in 2005/06-2009/10 (a) absolute
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The implication of these increases in the group's total emissions is shown in Figure 12(b),
compared against the 2020 target level. Emissions increased from 856,560 tonnes CO; p.a. in
2005/06 to 1,043,824 tonnes CO; p.a. in 2009/10; the 2020 target would bring emissions to
484,959 tonnes CO; p.a. (based on 43 % reduction below 2005/06 levels for the group's total
emissions). The pledged reductions, based on the institution's own self-imposed targets would
bring the Russell Group's emissions to 570,484 tonnes CO; p.a., meaning that the reductions
pledged by the individual institutions will significantly fail to meet the collective target. To put this
into perspective, the overall sector aim is to reach emissions of 690,000 tonnes CO, by 2020, thus
the Russell Group contributes a significant proportion of the HE sector's emissions. The 20
institutions comprising the English Russell Group alone exceeded the 2020 sector target

considerably in 2010.

Projecting the sector’s emissions on the trajectory seen since 2005 reveals this finding to be part
of a systemic issue. All weighted average projections suggest that emissions may stagnate

between the present and 2020, but will be remain elevated above the baseline and target level

(Figure 13).
1,100,000
1,000,000
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8 800,000 - 2020 Target
(%]
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= \ BAU forecast =0.1
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500,000 N BAU forecast =0.8
400,000 T T ]
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Figure 13: Weighted average moving forecast of sectoral emissions to 2020. An exponential

weighting smoothing constant of a =0.1, a=0.3 and a=0.8 are applied.

Figure 12 (c) shows the normalised emissions of each institution by staff and student numbers.
Imperial College emitted by far the most per staff and student of any institution in the group.
Some institutions reduced their normalised emissions, whilst increasing absolute levels over the
time period e.g. Exeter and Queen Mary, University of London. Only two institutions had fewer

emissions per staff and student than the UoS in 2009/10 (accounted for 1.37 tonnes per person in
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2005/06, rising slightly to 1.4 tonnes in 2009/10), which was Exeter and Sheffield at 1.3 and 1.4

tonnes CO; emitted p.a. per staff and student respectively.

Linear regression analysis was carried out to identify the relationship between income and
emissions at the UoS. In 2005/06, the UoS emitted 0.103 tonnes CO, per million pounds of income,
which declined to 0.1 tonnes CO, per million pound of income by 2009/10 (09/10 value corrected
for the retail prices index) (RPI); found to be highly significant at p < 0.001. The independent
variable, income was perhaps unsurprisingly significant in determining CO, emissions. Nottingham
featured top with an emission of 0.134 tonnes CO, per million pounds of income in 2009/10,
having reduced from 0.142 tonnes CO, per million pounds of income in 2005/06. In fact, most
institutions reduced their normalised emissions by income, with only a few exceptions (Leeds, LSE,

and UCL).

At the UoS, emissions per gross internal area were among the lowest of the Russell Group at 0.07
tonnes per m?in 2005/06, but rose to 0.09 tonnes per mZin 2009/10. Over the study period, the
UoS's income increased, whilst internal area decreased and staff and student numbers were
roughly equal (as demonstrated in Table 17). This meant that emissions per income decreased

and emissions per internal area and staff and student increased.

Table 17: 2009/10 HE sector characteristics compared to the University of Southampton

English HE sector UoS UoS/English HE sector

Students [FTE] 1416 620 20897 1.5%
Staff [FTE] 253 905 4710 1.9%
Gross internal area (GIA) [m?] 21007 593 388976 1.9%
Energy consumption — oil [MWHh] 61922 0 0%

Energy consumption — coal [MWh] 13 0 0%

Energy consumption — gas [MWh] 3165689 97 676 3.1%
Energy consumption — steam/hot water [MWh] 45270 0 0%

Energy consumption — other fuels [MWh] 19 892 0 0%

Energy consumption — electricity [MWh] 2 664 085 37704 1.4%
Energy consumption — total [MWh] 6361478 135379 2.1%
Energy consumption — vehicles total [Litres] 5107 982 72 157 1.4%
Water consumption [m?] 20420148 569 540 2.8%
Waste — total [Tonnes] 1394322 33300 2.4%

Whilst many reporting disclosures are optional reporting items (the entire record totals some 620
entries), there are 94 mandatory categories, which cover all manner of activities from
consumption of energy and subsequent emission of GHGs to waste mass per treatment and water
consumption. Table 18 details the mandatory items which institutions are expected to obtain

information and return to the Higher Education Statistics Agency (HESA).
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Table 18: Mandatory data items for the Estates Management Statistics reporting system delivered

by the higher education statistics agency

Non-residential assessment
definition condition A (BNRADCA)

Non-residential assessment
definition condition B (BNRADCB)

Non-residential assessment
definition condition C (BNRADCC)

Non-residential assessment
definition condition D (BNRADCD)

Non-residential assessment
upgrade cost definition C to B
(BNRAUCB)

Non-residential assessment
upgrade cost definition D to B
(BNRAUDB)

Non-residential insurance
replacement value (BNRIRV)

Energy consumption grid electricity
(EEGELEC)

Energy consumption biofuels
(EECBIOFU)

Energy consumption burning oil
(EECBUOIL)

Energy consumption compressed
natural gas (EECCNGAS)

Energy consumption coal
(industrial) (EECCOALI)

Energy consumption fuel oil
(EECFUOIL)

Energy consumption gas oil
(EECGAOIL)

Energy consumption liquefied
natural gas (EECLNGAS)

Energy consumption liquefied
petroleum gas (EECLPGAS)

Energy consumption lubricants
(EECLUBRI)

Energy consumption natural gas
excluding that used as input for a
CHP unit (EECNGSEX)

Energy consumption natural gas
used as input for a CHP unit
(EECNGCHP)

Energy consumption heat
consumed from onsite CHP
(EECHECHP)

Energy consumption electricity
consumed from onsite CHP
(EECELCHP)

Energy consumption other
petroleum gas (EECOPGAS)

Energy consumption petroleum
coke (EECPCOKE)

Energy consumption biomass
(EECBIOMA)

Energy consumption onsite
photovoltaic (EECONPHO)

Energy consumption onsite wind
(EECONWIN)

Energy consumption steam and hot
water (EECSHWAT)

Energy consumption other onsite
renewables (EECOTONR)

Non-residential energy
consumption total (ENRECT)

Residential energy consumption
total (ERECTOT)

Total energy consumption
(EECTOT)

Total generation of electricity
exported to grid (EEEXPGDT)

Fuel used in HEP owned vehicles
aviation spirit (EFUVAVSP)

Fuel used in HEP owned vehicles
aviation turbine fuel (EFUVAVTF)

Fuel used in HEP owned vehicles
biofuels (EFUVBIOF)

Fuel used in HEP owned vehicles
diesel (EFUVDIES)

Fuel used in HEP owned vehicles
liquefied petroleum gas
(EFUVLPGA)

Fuel used in HEP owned vehicles
petrol (EFUVPETR)

Total fuel used in HEP owned
vehicles (EFUVTOT)

Non-residential water consumption
(ENRWCON)

Residential water consumption
(ERWCON)

Total water consumption
(EWCONTOT)

Scope 1 and 2 carbon emissions
grid electricity (E12CEGE)

Scope 1 and 2 carbon emissions
biofuels (E12CEBF)

Scope 1 and 2 carbon emissions
burning oil (E12CEBO)

Scope 1 and 2 carbon emissions
compressed natural gas
(E12CECNG)

Scope 1 and 2 carbon emissions
coal (industrial) (E12CECIN)

Scope 1 and 2 carbon emissions
fuel oil (E12CEFOI)

Scope 1 and 2 carbon emissions gas

oil (E12CEGOI)

Scope 1 and 2 carbon emissions
liquefied natural gas (E12CELNG)

Scope 1 and 2 carbon emissions
liquefied petroleum gas
(E12CELPG)

Scope 1 and 2 carbon emissions
lubricants (E12CELUB)

Scope 1 and 2 carbon emissions
natural gas (E12CENGAS)

Scope 1 and 2 carbon emissions
other petroleum gas (E12CEOPG)

Scope 1 and 2 carbon emissions
petroleum coke (E12CEPCO)

Scope 1 and 2 carbon emissions
biomass (E12CEBM)

Scope 1 and 2 carbon emissions
onsite photovoltaic (E12CEOPH)

Scope 1 and 2 carbon emissions
onsite wind (E12CEOW)

Scope 1 and 2 carbon emissions
steam and hot water (E12CESHW)

Scope 1 and 2 carbon emissions
other onsite renewables
(E12CEORO)

Scope 1 and 2 carbon emissions
vehicles aviation spirit (E12CEVAS)

Scope 1 and 2 carbon emissions
vehicles aviation turbine fuel
(E12CEVAT)

Scope 1 and 2 carbon emissions
vehicles biofuels (E12CEVB)

Scope 1 and 2 carbon emissions
vehicles diesel (E12CEVD)

Scope 1 and 2 carbon emissions
vehicles liquefied petroleum gas
(E12CEVLG)

Scope 1 and 2 carbon emissions
vehicles petrol (EL2CEVPE)

Non-residential scope 1 and 2
carbon emissions total (E12CENRT)

Residential scope 1 and 2 carbon
emissions total (E12CERT)

Total scope 1 and 2 carbon
emissions (E12CET)

Non-residential volume of
wastewater (ENRVWW)

Residential volume of wastewater
(ERVWW)

Total volume of wastewater
(EVWWT)

Non-residential scope 3 carbon
emissions from water supply
(E3NRCEWS)

Residential scope 3 carbon
emissions from water supply
(E3RCEWS)

Total scope 3 carbon emissions
from water supply (E3CEWST)

Total scope 3 carbon emissions
from wastewater treatment
(E3CEWWTT)

Total waste mass recycled
(EWMRECT)

Total waste mass incineration
(EWMINCT)

Total waste mass composting
(EWMCOMT)

Total waste mass anaerobic
digestion (EWMADIT)

Total waste mass landfill
(EWMLANT)

Total waste mass energy
(EWMENET)

Total waste mass other
(EWMOTHT)

Total waste mass (EWMT)

Non-residential GIA (SMGIANR)

Residential GIA (SMGIAR)

Total GIA (SMGIAT)

Non-residential NIA total
(SMNIANRT)

Residential space total (SRESPT)

Non-residential
suitability grade 1 (BNRFSG1)

Non-residential
suitability grade 2 (BNRFSG2)

Non-residential
suitability grade 3 (BNRFSG3)

Non-residential
suitability grade 4 (BNRFSG4)

Total carbon reduction

(ECARRTT)

Total scope 1 and scope 2 emission

baseline for 2005 (E12E2005)
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3.3.2 Staff and student behavior

A total of 155 responses were recorded for both staff and student individuals (students: 85% 18-
24 years old, 66% female; staff: 75% 25-54 years old, 58% female). This represented 0.67% of the
total student body. Staff reported spending more time at university than students, 60% spending
31-40 h there. The responses were more evenly spread for students, with the majority (30%)
spending 11-20 h at university per week. Staff also reported using computers for a longer duration
each week than students; 81% using them for longer than 20 h per week as opposed to 38% of
students using computers for the same period. Mobile phone and laptop charging accounted for

the majority of personal energy consumption (Figure 14).
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Figure 14: Equipment used by staff and students at the University of Southampton; results from

the snapshot questionnaire.

Simple strategies, such as turning lights off when leaving rooms and taking the stairs instead of
the elevator were reported by respondents to reduce their energy consumption. For student
respondents in halls of residence, 35% reported spending >41 h at their halls. 100% of
respondents used a computer or laptop for longer than five hours per week, with two

respondents in particular exceeding 41 h per week of computer use.

When asked about the UoS's carbon emission target, 40% of staff and 47% of students knew the

correct target for 2020. On whether this target would actually be met (i.e. yes/no/maybe) there
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was no significant difference found between the difference in staff and student opinions (35% of
staff and 40% of students agreed). A Wilcoxon Rank Sum Test was performed to identify
significant differences between staff and students' views of carbon emissions and climate change
which was found to be not significant; a large proportion of respondents in both categories held
the opinion that climate change was undeniable and occurring. Environmental issues did not rate
very highly for either staff or students when individuals were asked to rate the greatest issues
faced by HE institutions with institutional funding ranked number one by respondents the most
frequently (42% of staff and 33.5% of students). “Tuition fees”, “student experience”, and

“standard of scientific research and teaching” were also among the top rated.

3.4 Discussion

3.4.1 Target-setting culture

In recent years, a target-setting culture has become prevalent in the UK. Whilst this has become a
common-place mechanism to direct change and bring about improvements in organisations
during a specific time period (O’Neill & Drillings, 1994) and is often seen as a positive first step
towards addressing environmental issues, target-setting is not always appropriate. Targets should
not be set in circumstances when e.g. an organisation has limited ability to affect an outcome,
when achieving the target is not a real priority, when the cost of measurement outweighs the
benefit, or when there are no resources for delivering it. Simply setting a target does not
guarantee that a positive change will occur (Harris & Crane 2002); rhetoric is no substitute for
real action. It could be argued from the results in this paper that target-setting in the UK HE sector
is incentivised (through high league table results) and praised, sometimes to the detriment of
realistic activities by individual HEls and to the benefit of those who have placed words before

actions. This is evidenced by the results of the analysis of CMPs.

The publication of CMPs has galvanised the sector to take the carbon issue seriously; HEIs are
considered important facilitators of change (Sedlacek, 2013), however a danger is that having
unachievable targets, senior decision makers will lose interest and support for their hard-pressed
energy and environment managers. In terms of environmental management, high targets often
have a low likelihood of success. A paradox for HEls that set realistic but relatively low targets is
that they can be penalised in league tables and lambasted by critics for an apparent lack of
ambition when in fact they may be more likely to succeed in delivering regular, incremental
environmental improvements than those who set wildly unrealistic targets (Lozano, 2006;

Velazquez et al., 2006). Setting high targets for emissions reduction and then not making a
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realistic attempt to achieve them should be dismissed as “greenwash®”. It could be embarrassing
for individual HElIs if their approach to target-setting turns out to be either i) a cynical, short-term
strategy devised to improve upon league table positions in order to e.g. improve recruitment or ii)

simply ill-considered and poorly thought out.

The results suggest that many of the targets set by Russell Group institutions are extremely
ambitious and almost certainly unachievable; compare the University of Warwick's target of 60%
reduction with the UoS's 20% target for example. It is anticipated that this will take a significant,
sustained and concerted effort to achieve a 20% reduction at the UoS and regard the target as
optimistic at current rates of energy consumption and estate growth. Arguably, to retain
credibility, the HEFCE must ensure that institutions, which set realistic and proactive targets, are

rewarded with greenwash being actively discouraged.

The HEFCE have proactively taken a lead on carbon management in the UK HE sector, raising the
profile of carbon reduction and placing it, and ESD in general, firmly on the agendas of HEls across
the country (Karatzoglou, 2013). Many institutions have responded well to instructions so far, as
demonstrated by the publication of CMPs, even if this is as a result of the threat of penalties. It
should be noted that the HEFCE's remit, following the 2010 general election and subsequent
changes to tuition fees has changed since the adoption of carbon targets. From being a HE
regulator and funder, the focus is now on becoming a ‘champion of the student’. As a result, the
future of directly linked funding and emission reduction is in doubt, with wider connotations for
the sector as a result of limited impetus to meet targets in 2020. Now there is no ‘stick’ that will
drive HEIs towards reduction and so the ‘carrot’ (financial savings etc.) must be prioritised. Once
aware of this, the delivery of targets will most certainly become a lower priority business activity

for senior personnel.

Even though the drivers for carbon management in the HE sector seem clear, the details in the
delivery of this plan are becoming lost; unrealistic target-setting and environmental rhetoric is
being rewarded in practice to the detriment of real action and leadership. This problem could be
addressed through the use of more appropriate KPIs. Further, interim targets should be included
as a requirement of the HEFCE guidelines, which will allow institutions to identify future

difficulties in reaching their target, allowing early action to be taken.

29

Greenwash occurs when an organisation promotes pro-environmental initiatives but actually operates in a fashion that may be
damaging to the environment or in an opposite way to the goal of stated initiatives (Banerjee, 2004). It can also include misleading
people about environmental benefits and unsubstantiated claims.
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3.4.2 Key performance indicators and institutional growth

Targets should be based on appropriate KPIls in order to ensure fairness across different
institutional settings (Weber, 2008) and to allow comparisons between institutions for the sector
to collaborate on future reductions. Significantly, many institutions are expanding in terms of
student and estate size and this is seldom taken into account. A number of HEls lacked
consideration of their emissions at the time their targets were set and HEIs that have posted an
emissions increase of more than 1% between 2005 and 2012 are at risk of missing the 2020 target
altogether unless drastic action is taken (Higher Education Funding Council for England, 2010b);

this is a reality check for 90% of Russel Group institutions in this study.

Reducing normalised emissions so far has worked to the benefit of institutions, with a recent
example being financial incentives from the HEFCE Capital Investment Framework (CIF),* which
supports one-off expenditures in institutions. This is the same fund from which institutions would
have been penalised if not having prepared a CMP by 2011 (CIF round one). CIF round two has
imposed penalties on four institutions for failing to reduce normalised emissions (Leeds, LSE,

Sheffield, and UCL) during this round’s commitment period.

Internationally, organisations set targets through corporate social responsibility (CSR) policies
using both KPIs and specific, measurable, attainable, relevant, and time-sensitive (SMART) targets
(Doran, 1981). These are meant to be manageable, comparable, and attainable, allowing
continuing progress and further targets to be set. The HEFCE may have created an unintentional
barrier to carbon management as a result of stipulating that targets should be set on absolute
reductions, rather than reductions based on KPIs. Normalised emissions are useful in order to find
out the intensity of emissions per KPI (Department for Environment Food and Rural Affairs,
2009b), which is a more practical method of target-setting due to institutional inertia which masks

progress (Samarasekera, 2009).
3.4.3 Electricity usage

Electricity usage has the greatest effect on direct emissions at university institutions and is likely
to increase in future as the demand for power increases, which supports findings by Ang (1999)

and Soytas et al. (2007). ICT consumption has rapidly increased (Levy & Arce, 2003; Sadorsky,

30
The Capital Investment Framework was introduced by the HEFCE in 2008 to foster academic excellence in universities through good
quality infrastructure, equipment and information communication technology (ICT) and has so far allocated £598 Million in funding for

2011/12-2014/15 ((Higher Education Funding Council for England, 2012a).
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2012) with personal ‘gadgets’ now being ubiquitously used daily. Changes to the way HE is
delivered, with a shift away from the traditional forms of education and research and turning to
online and remote forms of teaching (Roy et al., 2007) has a direct impact on the emissions arising
from operations; moving towards reassigned, or even better, avoided emissions. The rise in the
number of students enrolled on MOOCs (Massive Open Online Course) is demonstrative of this
shifting pattern (Barber et al., 2013). The results here have shown that electricity usage is a large
part of the emission-generating activities of a university. Although the results of the questionnaire
suggests that computer usage is a significant activity as a proportion of time spent by staff and
students (with 81% of staff and 38% of students at the UoS using a computer for longer than 20 h
per week), when considered against total energy consumption the impact is less significant; only

3% of the energy consumption of the institution can be attributed to computer usage:

Wh = 25,000 (40) 365 * 50W (20)
= X | — | * * *

’ 52 168
kWh = 25 (40) 365 * 50W (20)
= x| — | * * *

52 168
MWh = 1300
( 1300 ) 100
*
38,000
~3%

Where, total consumption of the UoS is estimated at 38,000 MWh, the number of students is
estimated at 25,000 and all staff use a computer, 50W power is used per week (to power
computer for 20 hours per week), 40 weeks per year are spent at work and there are 168 hours in

a week.

Little consideration is made for institutions with differing electricity base loads, which is where
significant emission reductions can be made whilst being noted that engineering and sciences-
based institutions have higher energy than humanities-dominated institutions (Klein-Banai &
Theis, 2013; Larsen et al., 2013). Inefficient infrastructure is a major cause even though simple
actions can be taken to address this. For example, significant savings have been made through the
installation of a swimming pool cover to reduce heat loss and a combined heat and power (CHP)
system to the base load at the UoS. Studies have shown that in the School of Chemistry, a
particularly energy intensive department, the base load (overnight measurements) can be as high
as 50% of daytime peak electricity usage. This is predominantly due to the overnight use of

laboratory fume cupboards.
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To demonstrate the importance of electricity usage on carbon emissions, energy savings potential
and generate awareness, the UoS undertook the first annual ‘Blackout’ in 2012. This engaged staff
and students in a mass-switch off of all non-essential electrical equipment in order to raise
awareness of the amount of electricity wasted as a result of leaving equipment switched on
unnecessarily. The UoS Blackout in 2012 demonstrated the savings that can be made through
changing behaviour and regularly switching off non-essential equipment. The switch-off reduced
weekend electricity consumption by 6%, saving 16,000 kWh of electricity and seven tonnes of CO,
as well as £1600 in electricity cost (Figure 15) (University of Southampton, 2012). Subsequent
blackouts have engaged greater numbers of staff and students, and even additional universities.
At its peak in 2015, 11 institutions across the UK took part and more than 350 students switched

off 10,300 pieces of equipment.
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Figure 15: Headline results of the ‘Blackout’ undertaken at the University of Southampton in 2012.

Source: Reproduced with permission from University of Southampton (2012).
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3.4.4 Staff and student engagement/awareness

Activities such as the UoS Blackout demonstrate that staff and student engagement is a very
important and effective way to permanently change the culture of an institution (Barth et al,,
2013). Student societies are an important way to increase engagement across the student
population, with national groups such as Transition and initiatives like Student Switch Off
representing fun and interactive activities that all students can participate in. Student Switch Off
in particular focusses on students in their halls of residences; providing incentives for students to
reduce their electricity usage, usually extremely problematic due to electricity being essential,
free, and unsupervised. Additionally, when on campus, staff and students may over-consume

electricity for the same reason; it is “free” and (apparently) inconsequential to do so.

To this end, improving awareness of sustainability issues is needed to address personal carbon
management on the university premises. Raising awareness on the impacts of electricity usage
should be made more apparent to staff and students alike, in order for the increased participation
of energy efficient activities (i.e. switching lights off, appliances on standby etc.) (Wilk, 2002;
Savageau, 2013). This will also highlight the need to reduce the charging of peripheral appliances
(smart phones etc.). Raising awareness of the carbon reduction targets by means of advertising,
to promote community-based involvement is the key to develop a holistic approach to carbon
management (Disterheft et al., 2012), which are much more likely to be met through a joint
bottom-up approach than a disjointed, expensive top-down strategy (Lozano, 2006; Stephens &
Graham, 2010). Increased staff engagement is also important since the staff population is less
transient than the student population (Saks, 2006), whilst praise and encouragement is needed
for those already undertaking strategies to reduce emissions, as well as incentives for those

currently not undertaking such activities to alter behaviour.

Increasing awareness and education on the potential impacts of climate change will also assist in
boosting the profile of the environment as a major issue affecting HEls in the 21st Century (Fien,
2002); issues that were not rated very highly in the snapshot questionnaire, although they are
generally understood to be matters that students want to learn about (Drayson et al., 2013). The
removal of individual (increasing individual knowledge) and social barriers (i.e. distrust among
social groups of politicians and climate change evidence) is seen to improve awareness (Lorenzoni
et al., 2007). Communication must be clear and understandable; otherwise those targeted will not
act on the information and enact a substantial and everlasting change (Polonsky et al., 2011).
Efforts should be directed to sustained awareness campaigns that force behaviour through
choices staff and students make. The agents of change should be focused on in order to produce

long-term change. Staff and student behaviours are complex, with more interdependent factors
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than wider sector policy, it still promises to deliver the biggest gains in terms of actual carbon

reductions.

The results here suggest that the majority of staff and students feel that issues other than
environmental matters currently take priority at the UoS (42% and 33.5% respectively selected
institutional funding). Whilst this is understandable, institutions must ensure that environmental
issues do not fall far down the agenda since future impacts are potentially devastating for the
sector as a whole, the UK and the World. Climate change awareness however, is particularly

positive (100% of respondents had heard of climate change).

3.4.5 Measurable is manageable

The activities and funding methods for HE are changing and so this will inevitably bring greater
challenges in the future of carbon management at HEls (Barber et al., 2013; Higher Education
Funding Council for England, 2013). What is certain however is that the issue of carbon
management is becoming more important, with the HE sector looking to academia for more
answers. Although studies have traditionally focused on scope 1 and 2 emissions, methods for
assessing Scope 3 emissions urgently need refining and standardizing given they are likely to the
most significant portion of a typical university's carbon footprint. The scale of the issues relating
to carbon management will only ever be tackled once the true scale is identified: ‘what is
measurable is manageable’. HEIs must work hard to reduce errors when quantifying their
emissions, at which point reduction can take place. For this reason, the methods that are
currently carried out to obtain data required for carbon footprinting, as well as the footprinting
methods themselves need adapting in order to become truly effective and uniformly

implemented (Turner et al., 2012).

Further collaboration is needed to ensure that HE carbon management is addressed ubiquitously
so that the targets adopted by the HEFCE are attainable for the entire sector. Whilst it seems that
time is running out for institutions to meet their targets within a decade, this is still enough time

for concerted, collaborative and holistic actions to be taken.

3.5 Conclusions

Some English HEIs have set very high targets for carbon reduction, the result of an ambitious
sector target set by the HEFCE, governmental and external pressures. We have demonstrated for
the first time that current CMPs are not a good indicator of future carbon management
performance and represent a clear underestimate of the challenge of carbon emissions reduction
by all institutions, the degree to which has been demonstrated through a ‘reality check’. This is

supported by the trends in institutional emissions which are fast-growing, not only hindering the
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institutions in delivering higher education in the future as they confront the inevitable
environmental costs, but this also stands to jeopardise the competitiveness of the English HE
sector on the global stage if it is not addressed (Ellis, 2013). This issue is likely to become

exacerbated since there is little evidence of this slowing at the present.

To this end it certainly remains to be seen if such targets will be accomplished within the set time
frame to 2020. Despite this, pledged targets are calculated to significantly fall short of the sector-
set targets and represents an issue that must be addressed before the time for action has passed.
The HEFCE and HEls alike have made little provision to account for individual institutional setting
in target guidelines and CMPs. By utilizing three KPls; FTE staff and student numbers, gross
internal area, and income, simple comparisons can be made regardless of institutional size and
scope which means the HE sector could better monitor progress on emissions reduction in the
future. These findings can also benefit the strategies used in carbon management practices at all
organisations, which has fallen victim to a target-setting culture that has little regard for the
semantics of achieving targets. This Chapter has highlighted the disparate nature of target setting
on paper against real-life applications of emission reduction strategies. Understanding that
emission reduction must be achieved without hindering the business-critical practices of the

university makes it all the more difficult to see how targets will be reached.

Electricity consumption contributes to a significant proportion of emissions. Whilst computer
usage occupies a large amount of time for staff and students and is without question the greatest
source of individually controlled contributions, the overall impact is low (~¥3% of the institution’s
energy consumption. More specific factors, such as lecture hall usage, wind tunnel, and research
machinery i.e. ‘shared activities’ have not been investigated and could provide greater
understanding of energy use. By reducing overnight power usage and the electricity base load, it
has been demonstrated that electricity consumption reduction, coupled with emissions reduction
can be achieved in a short timescale. An increased awareness of staff and students to the impacts
of electricity usage at university is needed in order to achieve a culture change in HEls.
Furthermore, greater engagement will act to completely change the way HE is delivered in the

future.

The implications of these findings can have contributions to institutions across Europe and the
world as HE carbon management is a pressing issue for leaders in HEIs globally. It is also vital to
maintain dialogue on the strategy of institutional carbon management so that complacency is
avoided and continual improvement is fostered. Understanding the role that staff and students
have in carbon management is important, but further than this; institutions should take lessons

from the carbon-management-through-target-setting culture that is prevalent in the UK.
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The previous chapter sought to explore the HE sector specific target and the ambition of
individual institutions. The results demonstrated the low probability of the sector collectively
reaching the target in 2020 without drastic and immediate action being taken. This highlighted a
culture of target setting introduced by the HEFCE where an apparent lack of action on making
steps towards significant emission reductions has sullied the ambition of the sector. The limitation
of the target and its prioritising Scope 1 and 2 emissions, highlights the challenge for institutions,

which are only now beginning to measure and manage indirect Scope 3 emissions.

The literature review in Chapter 2 summarised a number of active research areas for further
development in this thesis. Having established a view on the collective efforts to prioritise carbon
management practices in higher education, this chapter now turns to addressing the second aim
outlined in 1.6 in order to explore improving reporting of greenhouse gas emissions data. This is
done through building on available tools and environmental standards in order to develop a
practical and realistically applicable method to calculate the carbon footprint. More specifically,
this chapter also addresses objective 2.1 by identifying the essential requirements for a university

standard methodology of organisational carbon footprinting directly applicable to HE.
4.1 Introduction

A global research agenda towards identifying sources and sinks of greenhouse gas (GHG)
emissions across a breadth of scales has fostered the development of specialised methodologies.
Many examples have emerged that aim to understand emission profiles, for products (i.e. Publicly
Available Specification (PAS) 2050/GHG protocol product life-cycle standard), individuals, urban

areas (e.g. PAS 2070), and entire nations (i.e. Intergovernmental Panel on Climate Change (IPCC)

105



Chapter 4

national greenhouse gas inventory), which differ by the sources of emissions encompassed in
them. Guidance for generating organisational carbon footprints is less developed than that for
other forms, as identified by Pelletier et al. (2013) due to the complexity of organisational

operations and interactions, and the many competing interpretations of theory.

The need for addressing this issue is pressing; organisations of all types are significant
contributors to global GHG emissions but assigning and accounting for the entire range of
emissions attributable to an organisation’s activities is difficult (Bastianoni et al., 2004). Guidance
has often favoured the emission sources for which data is readily available, despite a compelling
case for quantifying Scope 3 emissions and is compounded by the varying scales in which
organisations operate (Williams et al., 2012). To mitigate the issues experienced by practitioners,
environmental standards are developed. These interpret highly theoretical peer-reviewed
literature into readily accessible technical notes (Auger, 1994). The number and variety of
competing methodologies has the potential to introduce an unacceptable degree of discrepancy;
organisations operating under one system are incomparable and may perform better than those

favouring a different system.

Ensuring data are collected using analogous methodologies means that footprints are comparable
(Rypdal & Winiwarter, 2001), reliable (Dragomir, 2012) (referring as much to the conclusions that
can be drawn as the potency of the procedures in place to collect information), and robust (Kasah,
2013). Despite challenges, the business sector is beginning to capitalise on the low carbon
economy emerging as carbon management tools and methods improve (Chakraborty & Roy, 2013)
(in regards to their access/ubiquity, their value to consumers, and their overall accuracy). These
improvements are measured in the value to the consumer, in addition to their improving

resolution.

The Higher Education Funding Council for England (HEFCE) published a number of guides in 2012
with the aim of assisting institutions to report and reduce emissions. These focused primarily on
direct emissions or on a limited number of Scope 3 sources (i.e. water and waste (HEFCE 2012c),
transport (HEFCE 2012b) and procurement [Arup et al. 2012]). Although no specific international
standard for HE carbon footprinting exists, it is common for practitioners to adapt methodologies
from those designed predominantly for profit-making enterprises. This is often conducted with
limited success alongside the unrestricted use of assumptions and caveats to complicate their
interpretation (Almeida et al., 2014). The integration of input-output analysis and life-cycle
assessment theories (EEIOA-LCA) (Peters, 2010) are favoured here because they generate
assessments in greater detail, absent of aggregation errors (Berners-Lee et al., 2011; Ozawa-

Meida et al., 2011). Baboulet and Lenzen, (2010) used input-output analysis (IOA) informed with
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readily-available financial expenditure information of an Australian university as a means of
assessing supply chain emissions of universities without any addition informational inputs. These
can measure total environmental impacts of institution’s activities (Mattila et al., 2010), whilst

broadly hot-spotting areas for improvement along the supply chain.

Explored in Chapter 2, there is a notable absence of empirically supported full-scale institutional
footprints in the literature. Growing sectoral scope 1 and 2 emissions, coupled with a
considerable funding challenge to make emission cuts means that institutions are under growing
pressure to reduce emissions and are in danger of falling behind on pledged targets for direct
emissions; see Chapter 3 (Robinson et al., 2015). This preoccupation means that the probability of
successfully managing and reducing Scope 3 emissions is somewhat lessened (Jackson & Knight,
2011). The priorities favoured by universities in promoting growth and economic fortune can
conflict with the importance they assign to carbon management (Lozano, 2013b); estate growth
disproportionately magnifies scope 3 emissions occurring upstream and downstream of the

organisational boundary (Sharp, 2009).

Universities serve a number of functions, influencing the activities they undertake and the GHG
emission releases for which they are responsible. Specifically, the four major functions which
universities serve (and from which, all other activities emanate) are in education, research,
governance (Stephens et al., 2008; Sedlacek, 2013), and enterprise (Rae, 2010). Teaching perhaps
influences the greatest number of activities and as a result, HEls need not only be providers of
physical learning facilities (such as lecture theatres, libraries, ICT equipment etc.), but a whole
host of other amenities in order for students to thrive (such as health and wellbeing services;
sports and social services; and, retail, food, and drink outlets). For this reason, a comparison with
small towns is often made (Zhang et al., 2011). The concentration of these amenities is highly
disparate, with some universities based on a single location (a campus), multiple sites, or
scattered around cities. A rise in internet access means that the traditional means of delivering HE
in a classroom has evolved and migrated online (Roy et al., 2007) (examples include, Coursera and
Kahn Academy); the Open University has been a distance-learning institution since its founding in

1969.

Diverse infrastructure plays a key role in the delivery of degree programmes, which adds to the
complexity of HEI carbon footprinting. The nature of research programmes has also been seen to
have a direct correlation with the energy-intensity of activities, often being cited as one of the
primary reasons for contention when research-intensive institutions are compared to teaching-
intensive institutions (Klein-Banai & Theis, 2013) and vice versa. The varying specialisms of

universities highlight the incongruent nature of the activities that are performed. An increasingly
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international outlook is seeing many institutions establishing campuses in emerging markets, such
as in South East Asia, to cater for the demand in HE around the world (Universities UK, 2012). For
instance, in the year 2000, the University of Nottingham established a campus in Malaysia and in
the last five years, the universities of Southampton, Reading, and Newcastle have all followed suit

(UK Trade & Investment Malaysia, 2013).

The reason for examining university carbon management is to continue the debate of the role of
HE on sustainability over the 21* Century, whilst allowing institutions to position themselves
favourably in tackling the future challenges associated with a changing climate (Barber et al.,
2013). Universities play an increasingly influential role in providing technical solutions to climate-
related issues (Sedlacek, 2013). The chapter delves more specifically into whether universities are
distinct enough to require a specific carbon footprint standard and critically challenges current

thinking in this space.

This Chapter aims to make three key contributions to the literature: first, through highlighting the
considerable disparities between carbon management standards designed for organisations;
second, by identifying the key of industrial practitioners tasked with interpreting these standards
and third, by proposing a universal standard methodology (USM) for universities that overcomes
data collection issues in HEls. This research focusses on UK HEIs but can be used as a barometer

for present issues in campus sustainability departments in institutions across the world.

A qualitative comparative analysis (QCA) (Gao et al., 2013) is conducted using a selection of
frequently used organisational carbon footprinting standards, in-turn evaluated for their relation
to the published literature through a systematic review. By combining these results with the
results of a practitioner consultation, a framework for conducting organisational carbon footprints
for universities is proposed. By considering the needs of university environmental practitioners
themselves, a series of recommendations are made which are sympathetic to the role that

universities play and the activities they conduct.
4.2 Materials and Methods

4.2.1 Systematic review: inclusion criteria

A systematic review was carried out using Google Scholar and Science Direct, to identify the
theoretical underpinning of key ideas. Research papers were selected following a pre-determined
set of criteria which amounted to (i) being written in English; (ii) featuring state-of-the-art
knowledge, i.e. published on or after 1* January 2010 and not superseded by additional research;
and (iii) being specific to the carbon footprint of organisations and/or HEls. The year 2010 was

deemed to be the appropriate timescale for research to remain state-of-the-art. Often, elements
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of organisational carbon footprinting are research streams in their own right and are only applied
to organisations retrospectively. In these instances, inclusion of papers was based on the

importance of all search terms being present.

Search criteria were based on selecting papers that exhibited the terms ‘organis(z)ation’, ‘carbor’,
‘footprint’, and a selected additional ‘search term’. Here, the ‘search term’ refers to any one of
the 55 phrases outlined in Table 19 that describe procedural elements categorised by individual
actions. The development of these used a methodology founded in Grounded Theory (GT); the
individual constituent elements of pre-existing carbon management standards were coded and
categorised into these phrases (Corbin & Strauss, 1998). This highlights the interconnectedness of
the systematic review with latter sections of this paper, in particular the review of grey literature
outlined in the proceeding section (2.2). Papers included in this research study were full research

articles; therefore, conference proceedings, reviews, and editorials were discarded.
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Table 19: Carbon footprinting ‘principles’; key words included in the systematic review.

Emission baseline

(benchmark/base year)

Equity share or control
boundary-setting

(organisational boundary)

Temporal boundary

Emission Scopes: 1, 2 and

3

Up/downstream

Direct emissions from
stationary combustion (on-

site energy production)

Direct emissions from
mobile combustion (vehicle

fleet)

Direct process-related

emissions

Direct fugitive emissions

Direct
emissions/removals from
Land-use, Land-use

Change and Forestry

Indirect emissions from
imported electricity

consumed (purchased

Indirect emissions from
consumed energy imported

through physical network

Energy-related activities
not included in direct &

energy indirect emissions

Upstream emissions of
purchased fuels

Upstream emissions of

Transport/distribution
losses
Generation of purchased

electricity sold to end

electricity) purchased electricity
users
Purchased/procured
products Production-related Non-production-related Capital equipment Waste generated from
(Product cradle-to-gate procurement procurement (goods) organisational activities
emissions)
Upstream

transport/distribution
Transport and distribution of

purchased products

Business travel (staff travel)

Emissions from business

travellers in hotels

Upstream leased assets

Investments

Client and visitor transport

Downstream transport and

distribution

Emissions from retail and

storage

Use stage of sold product
Direct/indirect use-phase

emissions

Maintenance of sold

products

End-of-life (disposal) of sold

product

Downstream franchises

Downstream leased assets

Employee commuting

Land-use

Emission calculation (activity

data x emission factor)

Carbon dioxide only

Kyoto Basket GHGs
(six: CHa, N2O, HFC, PFC,
SFe)

Air pollutants

Published emission
factors (i.e. not from a

national database)

National emission factors
[Defra, Bilan Carbone, IPCC,
IEA)

Organisation-specific factors

Use of data scenarios (best,

inter, min)

Centralised [data

collection] approach

Decentralised [data

collection] approach

[Reporting]
Acknowledgement of

significant emissions changes

[Reporting] Assumptions
(Standards and

methodologies used)

Intensity ratios

(normalised)

Disaggregated emissions

[Report] Excluded

emission sources

Uncertainty analysis

Base year recalculation

policy

Internal performance

tracking

Scope 1 and 2 emissions
independent of GHG
trades, sales, purchases,
transfers, banking

allowances

Emissions data separate
for each Scope and Scope

category

Metric tonnes and in tonnes

of CO, equivalent

Emissions data for direct CO,
emissions from biologically
sequestered carbon (e.g.
CO, from biomass/biofuels)

reported separately

Set targets/guidelines for

target-setting (SMART)
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4.2.2 Review of grey literature

To analyse the uniformity of existing standard guidelines, five of the most widely-used
methodologies were chosen using the results from the annual Carbon Disclosure Project (CDP)
survey on carbon strategies, as outlined in Matisoff et al. (2013). These findings show the
respective proportion of reporting organisations using carbon footprinting standards (Table 20).
The five selected methodologies include the GRI** G4 sustainability reporting guidelines (2013),
the Carbon Disclosure Project (CDP)3 guidance for companies reporting on climate change (2014),
the Department for Environment, Food and Rural Affairs (Defra)*® guidance on how to measure
and report on corporate greenhouse gas emissions (2009), the Greenhouse Gas (GHG) Protocol®
corporate accounting and reporting standard (2004) & corporate value chain (Scope 3) accounting
and reporting standard and the 1SO*® 14064-1 quantification and reporting of greenhouse gas

emissions for organisations (2013). The HEFCE®® guides to good carbon management practice

(2012) were selected as a matter of course.

31 . . . . N . .

The non-profit GRI promotes the use of sustainability reporting as a way for organisations to contribute to sustainable development;
the GHG emissions working group produces reporting guidelines that are included in the sustainability reporting guidelines. These use
the fundamental theories outlined in the GHG protocol corporate accounting standard as their basis.

32
The CDP is an organisation that works with shareholders and corporations to disclose the GHGs of major corporations.

33 Defra is a government department responsible for environmental protection, food products and standards, agriculture, fisheries
and rural communities in the UK. Largely based on the GHG protocol corporate standard, their guidelines for business set minimum for
what companies should report (reporting Scope 3 emissions are discretionary but encouraged); a separate version is available for SMEs.
3 The GHG protocol was developed by the WRI and WBCSD and The WRI is a global research organisation that works to turn big ideas
into action to sustain a healthy environment and the WBCSD is a CEO-led organisation of forward thinking companies that galvanises
the business community to create a sustainable future for business, society and environment.

» The ISO is an international standard-setting body composed of representatives from various national standards organisations. The
ISO international standard is published in three parts, 1S014064-1 deals with the accounting of corporate/organisational carbon
footprints whilst 1ISO14064-2 focusses on the accounting of projects. ISO14064-3 is concerned with the verification of assertions made
in accounts compiled using part 1 and 2 methodologies. A verification plan is outlined which shall be formulated to set out objectives,
data collection approach, sampling plan, schedule for performance tests and a system maintaining test records.

3 The HEFCE is a non-departmental public body of the Department for Business, Innovation and Skills (BIS) that distributes public
money for higher education to universities and colleges in England and ensures that this money is used to deliver the greatest benefit
to students and the wider public.
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Table 20: Implementation of standards by firms tested by the Carbon Disclosure Project.

WBCSD/WRI*  Defra®> I1SO® IPCC* GRI° EUETS® IPIECA’ EPA® CCAR®

Year

Implementation by UK organisations
2007 41% 11% 1% 4% 2% 4% 1% 0% 0%
2008 48% 13% 4% 6% 3% 4% 2% 0% 0.4
2009 55% 20% 10% 10% 7% 6% 2% 0% 1%
2010 67% 24% 8% 9% 6% 5% 2% 1% 0S

"WBCSD/WRI — World Business Council for Sustainable Development/World Resources Institute; ’Defra— Department for Environment,
Food and Rural Affairs; *ISO — International Standardisation Organisation; ‘IPCC — Intergovernmental Panel on Climate Change; *GRI —
Global Reporting Initiative; °EU ETS — European Union Emissions Trading Scheme; ’IPIECA — International Petroleum Industry

Environmental Conservation Association; °EPA — Environmental Protection Agency; °CCAR — Californian Climate Action Registry.

Source: Adapted from Matisoff et al. (2013).

These methodologies were selected on the basis that they all have origins in the GHG Protocol
methodology developed by the World Resources Institute (WRI) and World Business Council for
Sustainable Development (WBCSD) in 2004. This is regarded as the de facto standard for carbon
accounting for organisations (Ascui & Lovell, 2012). Each has been somewhat successful in
fostering action on emission reporting for corporate profit-driven organisations in its own right.
For instance, the CDP is now the world’s largest repository solely for carbon reporting, annually
collating information for more than 2000 companies which contribute 26% of global

anthropogenic emissions (Tang & Demeritt, 2017).
4.2.3 Consultation: UK university environmental practitioners

A workshop was undertaken at the 19" annual Environmental Association of Universities and
Colleges (EAUC) conference at the University of Leeds in March 2015. A focus group was deemed
the most direct method for collecting information about practitioner experiences of carbon
management. Time pressures and venue limitations were among the push factors in preferring
this method (since conference slots were allocated at 45-minute intervals), whilst relative
simplicity and the potential for shared-learning (Krueger, 1998) were significant pull factors. The
aim of the session was to understand the apparent gap between the theoretical application of
carbon standards and the real-world issues faced by staff at universities; participants were
conference delegates and therefore, self-selected. The reason that participants were not directly
selected or sought after was that the conference enabled a wide variety of institutions already

engaged on sustainability-related issues to opt in and involve themselves in the study. It was
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anticipated that those participating in the focus group were to become the study group in follow-
up studies. Therefore, due to the long-term commitment that participating in latter studies
required, having participants that were engaged and committed early was imperative to future

success.

For many institutions, issues arise as a result of attempting to complete the annual Estates
Management Record (EMR) returns to the Higher Education Statistics Agency (HESA). Further
investigation of these issues allowed for the identification of key requirements for a universal
carbon footprinting standard for HEIs (known as user-sensitive inclusive design; Newell and
Gregor, 2000). A 40-minute focus group discussion aimed at highlighting a series of broad-scale
issues was followed by the administering of an individual questionnaire to focus group attendants,
designed with a series of Likert and semantic differential scale questions for classifying attitudinal

attributes. The aim of both questioning methods was to answer four research questions:

Q1. Which emission sources are the best understood in higher education institutions?

Q2. Have difficulties been experienced to calculate data needed for the carbon footprint
and if so, what can be improved?

Q3. Do you think sector targets should be introduced which push institutions to calculate
and subsequently reduce Scope 3 emissions?

Q4. Would a universal standard methodology lead the sector closer in reaching carbon

management goals?

4.3 Results

43.1 Appraisal of standards

Appendix B shows the results of the systematic review and Appendix C shows the results of the
comparative analysis. In total, 57 publications were interrogated, highlighting the considerable
academic interest in organisational carbon footprinting methods since 2010. Organised by the
four main principles of carbon footprinting identified in the peer-reviewed literature (boundary-
setting, identification of activities, collecting of data and reporting/verification), these are further
categorised into 32 broad groupings (‘variables’) and are in-turn disaggregated into 180
‘constituents’, defined as a discrete methodological step or action. The grey scale coding
represents the degree of coverage exhibited by each constituent across all standards, ranging

from 22% for the CDP standard to 60% for the I1SO standard (Table 21).
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Table 21: Coverage of constituents from the six standard methodologies tested.
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No. of constituents 51 98 107 47 45 39
Total constituents 180
Coverage 28% 54% 59% 26% 25% 22%
4.3.2 Results of the consultation

The questionnaire yielded 35 respondents from 31 individual institutions, representing a response
rate of 66% (n=53) of focus group attendees; an example can be found in Appendix D. The sample
is deemed sufficiently representative because 19% of the HEls in the UK were represented
(corresponding to a combined student population of 323,000). Typically, respondents were those
responsible for the sustainability or energy management brief at their respective institutions.

Questioning provided supporting information for the four original research questions:
Q1. Which emission sources are best understood?

The emissions categories reportedly calculated by each respondent can be seen in Figure 16.
Respondents were able to rate each emission source (as outlined in the 1SO14064 standard) to
reflect their institution’s ability to fully quantify them with reliable data. This was based on four
options: ‘reliable data, calculated fully’, ‘improved reliability but incomplete’, ‘basic understanding,
some data collected but unreliable’, and ‘not currently calculated’. In the figure, data are arranged
in descending order by emission sources rated as ‘not currently calculated’ by the respondent. As
can be seen, stationary combustion, mobile combustion, imported electricity, imported energy,
and waste were the most commonly fully calculated with the most reliable data (supported by
more than half of respondents). Of these, stationary combustion and imported electricity (Scope 1
and Scope 2 emission sources) were found to be the best understood with the highest number

(77%, n=27) of responses.
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Figure 16: The frequency of emissions sources calculated at the institutions represented by
respondents. Emission source categories available for selection were based upon those in the

1ISO14064-1 standard.

The majority of Scope 3 emission sources were not quantified with any certainty. For many, these
sources have yet to be tackled and for reliable data to be obtained. For 91.4% (n=32) of the
respondents, both in-use stage of sold products and downstream leased assets were the least
understood. In fact, responses for 10 of the Scope 3 categories reflected the inability for
practitioners to quantify the impact of activities ranging from in-use emissions (from sold
products) to upstream/downstream leased assets by more than 50% of respondents. This was
only typical for two Scope 2 sources and for zero Scope 1 sources. The Scope 3 sources found to
have been quantified with more reliability were generated waste, business travel, and employee

commuting. These received the fewest ‘not currently calculated’ responses.
Q2. Have difficulties been experienced and if so, what can be improved?

Figure 17 shows the results of a semantic differential question posed about attitudes towards the
carbon footprint of the respondent’s institution. The mean respondent’s score is shown for each

of the bipolar adjective pairs: adequate-inadequate; chaotic-ordered; open-secretive; complex-
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simple; old-fashioned-modern; ineffective-effective; and innovative-non-innovative. From this
analysis, respondents exhibited a somewhat optimistic view of their institution’s carbon footprint
with a slight skew towards ‘ordered’ and ‘effective’. The strongest attitude overall was identified
in the open-closed pairing which fell significantly in favour of ‘closed’. Although fewer negative

connotations were identified, respondents also favoured ‘inadequate’ over the more positive

alternative.
Adequate Q\ Inadequate
Chaotic Ordered
Open Closed
Complex Simple
Old-fashioned ; Contemporary
Ineffective Effective
Innovative Non-innovative
1 2 3 4 5
Mean score

Figure 17: Results of the semantic differential questions; respondents were asked to rate where

their attitude placed along a continuum of adjective pairs.

Respondents were asked to rate the factors that most influenced the accuracy of the carbon
footprint (see Figure 18). Data reliability, staff resources, and time constraints had the highest
rate of high impact responses, with the former two receiving 16 responses apiece. Whilst a mixed
spread of responses was recorded, four of the eight factors recorded a response for ‘no impact’;
namely budget constraints, staff training, top management support, and technical support (albeit
from between one and three respondents only). Negative impacts, such as budget constraints and

staff training were less influential and received most responses in the ‘medium impact’ categories.

A number of specific issues were identified during the verbal questioning and written open
questions about data collection and reporting. Respondents expressed the view that they were
often left to ‘fend for themselves’ when identifying the correct type of data sources. By following

the guidance set by industrial bodies, respondents found the detail for data collection lacking.
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Figure 18: Impact rating of factors influencing the full-scale calculation of the carbon footprint at

the institutions represented by respondents.

Where it was sufficient, this was limited to emissions sources where reliable data was already
obtained (such as energy data), making the guidance somewhat irrelevant in places and directly

attributable to their omission in returns to the HESA.

Often, practical limitations caused data reliability issues. Access to data was restricted because of
the complicated and external nature of some calculations. For instance, some institutions
attempted to collect environmental information regarding purchased products directly from
suppliers (citing the methodology which utilised financial spend data to be insufficient) but

struggled to identify them or receive the information:

“..Getting data from suppliers is the most difficult for us...”

“Scope 3 calculation for procurement is very difficult to calculate as we purchase from tier 1, 2 and

3 suppliers. We don’t always know where products are manufactured.”

Doubt was expressed about the ability to quantify emission sources accurately. Individuals
sometimes have to physically measure and/or obtain data from other employees across the
estate and supply this to environment managers who are typically the focal point for data and
responsible for compiling reports. Respondents felt they had to scrutinise information from these
sources particularly closely, citing the absence of a vested interest in ensuring the data supplied

was authoritative and consistent.

“...The sources of information need to be managed better.”
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Often miscommunication between these employees was experienced due to the number of
people involved. In addition, respondents found that besides the lack of reliability in data

discouraging the ability of HEIs to compare between peers, gaps in data exacerbated this problem:
“Simplify data collection to minimise gaps so that everyone has comparable data.”

As a result, practitioners exhibited desire for a simplified process, in which obtaining a full data set
was more likely. The practical-focus of responses meant that no respondents provided contrary

answers regarding extending the current scope of mandatory reporting metrics.
Q3. Do you think sector Scope 3 reduction targets should be introduced?

It was clear that the level of preparedness required for pragmatic reduction targets was not yet in
place. Respondents saw the current lack of scope 3 emissions reporting to be a barrier to
implementing targets in the short-term. Without good baseline years to inform targets, the
strength of future reduction efforts was perceived to weaken. Time would be needed for
institutions to produce reliable datasets, whilst further consultation and research would result in a

more carefully designed set of objectives supportive of the needs of all institutions.

“If targets are based on years of high-volume construction or ‘acts of god’ then targets become

irrelevant and lose the support of institutions.”

Respondents were concerned with the probability of being portrayed unfairly as a result of
differential reporting. The heterogeneity of the data reported by institutions was deemed
significant enough to deter them from wanting performance-based targets associated with scope
3 emissions. Whilst an institution might have taken responsibility for, and reported all indirect
emission sources, respondents foresaw the potential for their institution to receive negative
publicity. This forms a paradox when comparing institutions with those reporting lower emissions
(as a result of understanding fewer emission sources across the estate); on the surface, the latter
institution ‘performs’ better in the eyes of the media, funders, and peers. As a result, these

actions were predicted to lead to potential reputational damage:
“Institutions would only report on Scope 3 emissions if everyone else was doing it!”

Respondents also suggested the lack of control over emission sources was a factor in not
supporting Scope 3 targets. Ultimately, if such targets were necessary, then being disaggregated
by activity type was favoured. An all-encompassing target was criticised because it would be
impractical for the majority of institutions; even the most experienced institutions would struggle
to manage the full breadth of activities in the short term. Indirect targets, based on behavioural

change, were deemed highly favourable to influence emission reduction. Institutions already
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manage their waste, had a travel plan, and a procurement policy, and so focussing on areas where
institutions already directed efforts through sustainability measures was regarded as more

sensible.

“In reality, if this was to be introduced, it would have to be a target broken down for each of the

emission sources in order to be meaningful and attainable.”

Despite a general feeling against the introduction of Scope 3 targets, it was clear that all
respondents shared a desire to manage emissions arising from indirect activities. In addition, all
respondents supported the notion that the reporting of these sources should be mandatory and

coupled with a published management plan:

III

“Reporting and having a plan to manage Scope 3 should be mandatory, but not carbon targets

“It is important that reporting is mandatory.”

This is somewhat contradictory of answers gleaned from Q2 and evidently, a fine balance
between oversimplifying the GHG assessment process and dismissing ethical and altruistic

responsibilities and the abilities of overstretched environmental practitioners was highlighted.

Q4. Would a universal methodology improve the status quo?

Practitioners reported a desire to prioritise carbon management as it was “seen as the right thing
to do for responsible organisations”. The respondents demonstrated a general positive reaction to
the idea for a USM, believing that this would lead to an increased number of institutions fully
reporting emissions for the full breadth of activities. Forty % (n=14) agreed that a universal,
comprehensive standard would be beneficial to their home institution. Thirty-one % (n=11)
strongly agreed that the number of institutions undertaking full-scale carbon footprints would
increase, as there was a perception that if all institutions followed the same method, better

comparability would instil the confidence to report emissions.

A number of points were outlined that advocated a USM for reducing the influence of a number
of perceived issues. For instance, many practitioners found that prescriptive and standardised
guidance could reduce the loss of knowledge that can occur when individual staff members

depart the institution:

“A universal standard for HEIs would go a long way to solving issues around members of staff

leaving and taking certain methodologies that have taken years to produce with them...”

For institutions with very small environment and sustainability teams, this was found to be an

even more significant consideration. However, the key to switching current approaches and

119



Chapter 4

adopting any of the proposals outlined was university leaders seeing the financial benefits,

suggesting that the decision was not theirs to take:

“The number of institutions using a universal carbon footprint would depend on the financial

situation of the HEL.”

When asked about the likelihood of their institution using a USM, a skew towards ‘very likely’ was
evident (34% (n=12), the highest proportion of respondents made that selection), whilst the
remaining 66% were split between the other options (likely to very unlikely, or were undecided).
In addition, there were calls for this methodology to be used in urging the HEFCE to change its

stance on carbon management in favour of something designed ‘by the sector, for the sector’.

4.4 Discussion

44.1 The organisational carbon footprinting process

Organisational carbon footprinting is typically a four-step process (Gao et al., 2013), characterised
by: (i) setting the organisational boundary (identifying the facilities that should be accounted for);
(ii) establishing the operational boundary (the activities for which the organisation deems itself to
be responsible for); (iii) quantifying the carbon footprint (through collection of appropriate
activity data); and (iv) reporting and verifying the result (Dragomir, 2012; Pelletier et al., 2013;
Gao et al., 2013). The methodologies involve the practitioner identifying the activities they are
responsible for in separate emission Scope categories upstream and downstream of their
organisation’s operations. This is based upon the integration of methods used in
[environmentally-extended] input-output analysis and life-cycle assessment (EEIOA-LCA) (Peters,

2010); two well-established fields of carbon assessment at opposite scales.

A number of key pieces of literature identified in the systematic review have highlighted recent
augmentations to the organisational carbon footprinting process, fully explored in Chapter 2. For
example, Pelletier et al. (2013) attempted to develop a new methodology for the European
Commission (EC) based on a number of criteria, aiming for a new method which was: inclusive of
the life-cycle emissions across the supply chain; reproducible; comparable (as opposed to flexible);
and physically realistic. Others, have vocalised the need for Scope 3 methodologies (Stubbs &
Downie, 2011) and established preliminary research that can be taken forward in making this a
reality. A few examples of full-scale Scope 3 carbon footprints have arisen, but these changes
have not yet proved radical enough to increase the number of organisations reporting Scope 1, 2
& 3 carbon footprints; our search criteria identified only three examples (see: Larsen & Hertwich
2009; Letete & Marquard 2011; Ozawa-Meida et al. 2011). Often, the choices that make such

methodologies applicable to a wide audience are removed in the hope of achieving simplicity
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(Pandey et al., 2011). However, in the process, truncation errors are introduced and the Scope is

narrowed without sufficient explanation.

Some would argue that little progress has been made since the publication of the first GHG
protocol in 2001, which had been hailed as a major breakthrough in environmental advocacy and
widely adopted and accepted since (Green, 2010). There has been little in the way of developing
this methodology to account for the changing need of carbon reporting in the intervening 15
years; a time of rapid adoption of environmental legislation (Tews et al., 2003; Jordan et al., 2013).
As a consequence, the scope for change is equally and simultaneously, significant in its potential,

but encumbered by well-established methodologies.

By clearly delineating the steps required in conducting an organisational carbon footprint, the
process can be understood in its entirety and evaluated for its functionality. The commonalities

identified as a result of our analysis means that we can build upon this relationship to propose

Figure 19 as a more complete description of the organisational carbon footprinting process. These
four steps are supported by the themes ‘scoping’, ‘conceptualising’, and ‘communicating’, which
help to distinguish the individual actions required of the environmental practitioner. ‘Scoping’
incorporates two steps: the setting of the organisational boundary and the identification of the
organisation’s activities (conducted using a control approach or equity share approach).
‘Conceptualising’ refers to the collection of activity data (itself categorised into operational® and
non-operational® data) and the application of the carbon equation. ‘Communicating’ describes
the reporting of carbon information to key stakeholders in an understandable format, which is
externally verified, to ensure reliability and maintain rigour. Additionally, an initial theoretical
reconciliation is made to the constituents by accepting those with coverage greater than 66.6%
(as can be seen in the column in Appendix C marked ‘Reconciled’); this captures 24 of the 180

constituents (13.3%) i.e. ‘setting an emission baseline’ and ‘defining the organisational boundary’.

37 ) . ) - . - ’ .
Operational data is defined by the author as data that is directly transposable into the organisation’s carbon footprint without much
required processing

Non-operational data is defined by the author as data that requires manipulation in order to obtain an emissions profile
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Set
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Financial control Scope 1 ‘operational data’
Operational control Scope 2 ‘non-operational data’
Equity share Scope 3

“scoping” “conceptualising” | “communicating”

> Collect - Report &
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Figure 19: The relationship between the seven principles of organisational carbon footprinting.

Combining these initial changes with the results of the analysis, a number of interrelated issues

are identified. These are listed below alongside simple corresponding improvement solutions:

iia

i b.

i a

i b.

There is no guidance on clearly deciding whether activities are to be included or
excluded, leading ultimately to a high level of double counting. When EEIOA-LCA
footprints are reported, double counting is unavoidable since these activities overlap
with many other organisations;

Potential solution: The implementation of simple cut-off criteria would allow the user

to make a definitive in-out decision of activities along the supply chain.

%k k%

There are deficiencies in time, cost, and staff resources in organisations, which
means that the process cannot be conducted to the ‘end’ (defined by the published
standards or the reporting organisation);

Potential solution: Minimise the number of actions required by environmental

practitioners.

* kk ok
The description of data collection methods is not clear nor prescriptive, making
reliable or useful inferences from data impossible;

Potential solution: Introduce guidance outlining methods for the robust activity data

collection, which is appropriate for the resolution and aim of the footprint.
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* % % %

iva The GHGs included are inconsistent, potentially leading to false reporting and high
margins of error.

iv b. Potential solution: Standardise the GHGs included in the footprint.

A second column is added to the Table in Appendix C labelled ‘Robinson et al. proposed’. This
incorporates reconciled constituents with additional ones that are deemed imperative to the
functioning of the methodology (n=77). Sixteen constituents are made ‘dependent’, where their
inclusion is subject to certain considerations, and dismissing them outright would be
inappropriate. For example, constituents referring to the manufacture or use of products for sale
or the operations of franchises may not be applicable to all universities but the scope for their
inclusion cannot be disputed, when considering that the activities of universities are highly

variable.

A number of constituents have been omitted, following decisions to ensure parity with the
suggested improvements (supported by the systematic review); three instances can be
highlighted. Previously, practitioners had been given the option to choose which approach they
took to setting the organisational boundary. Now, only the entities through which the
organisation can enact meaningful carbon reduction measures are considered (through the
allocation approach based on financial or operational control) (Pelletier et al., 2013). Secondly,
through the use of data scenarios, an illustration of the best, minimum, and intermediate quality
data is provided (British Standards Institute, 2013). Ensuring all footprints conform to an
acceptable degree of accuracy has become a central idea, controlled much more closely through
the verification process. Finally, the GHGs included are aligned with those outlined in Wright et al.
(2011), who formed a definition inclusive of only two GHGs (CO, and CH,) based on their
contribution to global anthropogenic emissions. This standardisation is important owing to the
variability found in all standards and the literature; with authors favouring solely the accounting
of CO, (such as Recker et al., 2011; Chakraborty & Roy, 2013 and Rietbergen et al., 2014), or the
seven Kyoto basket GHGs (referred to as a ‘climate footprint’) (Dragomir, 2012; Matisoff et al.,

2013).
4.4.2 Cut-off criteria

The difficulty in assigning responsibility for emissions has been well documented and still remains
a highly divisive topic in the literature (Stubbs & Downie, 2011; Bastianoni et al., 2004). For
internal use, carbon footprints that detail the emissions arising from all activities under the

influence of the reporting organisation are a highly useful decision making tool (Lenzen, 2008)
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that allow organisations to exert a greater degree of control over their activities which impact on
the environment (Dragomir, 2012). Upon aggregation of multiple organisations comprising a
sector, the resulting figure is artificially inflated and the accuracy undermined (Dragomir, 2012),
therefore proving to be less effective for carbon management on a sector-wide scale (Andrew &
Cortese, 2011). Cut-off criteria establish a set of rules that assist the environmental practitioner in
deciding which activities should be included and which should be excluded in their footprint (after
organisational and operational boundaries are set; Dias & Arroja, 2012). Thus, they offer a
potential way of improving the accuracy and usability of reported figures and assist in addressing

[i a] and [ii a] in the list of issues outlined above.

Simple criteria comprise: i) the exclusion of paid-for Scope 3 products and services (as these are
the Scope 1 or 2 emissions of another organisation); ii) the exclusion of activities with any
potential to be counted elsewhere and iii) include the business-critical and geographically
significant activities (i.e. Scope 1 and 2)*. The potential for double counting is eradicated because
only emission-releases arising from production-related *° activities would be reported by
organisations and aggregated by sector. Activities along the supply chain are assigned to the
producer, meaning that time and financial savings can also be realised for the reporting
organisation. The consequences of introducing cut-offs can be seen in the final column in the
Table in Appendix C; the number of constituents now equals 90. Yet, fully removing the ability for
organisations to understand GHG emissions at this scale would be counter-productive due to their
usefulness in aiding policymaking decisions. Therefore, it is proposed that two figures should be
produced by organisations: i) a ‘catch-all’ figure that is used for internal strategic carbon
management planning; and ii) a ‘minimum standard’ that details emissions through the

employment of simple cut-off criteria.

Certainly, the use of cut-off criteria isn’t without controversy and have been dismissed in the past
for their tendency of being arbitrary and for producing inconsistencies (Huang et al. 20093;
Pelletier et al. 2013). Whilst this isn’t the only proposed solution to double counting of aggregated
organisation emissions (shared responsibility, has been shown to be an effective compromise;
Gallego and Lenzen, 2005 & Lenzen et al., 2007), the proposal for three well-defined instructions
(see previous paragraph) addresses assumptions and streamlines the process from beginning to

end. This is advantageous because often, the greater the time spent collecting and preparing

39 ) - ) ’ . .
These are included as default, due to a robust assigning methodology being already widely accepted by the academic community.
40
Production-based emissions are allocated to the organisation that generated them, whilst consumption-based emissions are
allocated to the organisation whose consumption caused the emission (Hoornweg et al., 2011). The virtues of both of these methods
have been greatly studied in detail, and there has generally been a move from reporting a production-based footprint (following the
guidelines set by the IPCC) to a more consumption-based approach (Larsen & Hertwich, 2009; Ozawa-Meida et al., 2011) in recent
years.

124



Chapter 4

information for organisational carbon footprints, the costlier the process becomes (whilst
improvements to accuracy are negligible) and the less accessible it is (Plambeck, 2012). Eventually,
a threshold is reached beyond which the cost to the organisation exceeds the exploitable benefits
(“the law of diminishing returns’ [Shephard and Fare, 1974]). Therefore, this methodology, which
prioritises directly influenced and production-based emissions, removes barriers to carbon

footprinting by ensuring organisations remain far removed from any threshold.

With the number of environmental carbon standards growing, the introduction of a new
methodology could ‘muddy the water’ of an already complex field. Despite this, the importance of
developing new academic ideas should not be underestimated. Beyond the more immediate
regulatory measures which organisations are governed by, the better understood environmental
impacts are, the more security organisations can assure for their future (Hoornweg et al., 2011).
After all, the world is growing ever more uncertain as a result of climate change (IPCC, 2014). This
allows organisations to be better placed in contributing to society’s adaptation in the coming
decades (Hulme, 2003; Linnenluecke & Griffiths, 2010), whilst facing up to the increasing
significance placed on business resilience through good carbon management (Williams et al.,
2012). The appetite for honest environmental claims has never been greater, coupled with a
growing popularity of conscious consumerism (Sullivan & Gouldson, 2012). Organisations fail to
engage on this agenda at their peril, as failing to do so would mean missing out on a vast swathe

of potential customers and revenues.
44.3 University carbon footprints: practical realities

In the context of a university, the activities considered on a production perspective (the
downstream activities in Figure 20) are minimal due to the nature of their operations, whilst the
activities considered on a consumption perspective (the upstream activities in Figure 20) are
considerable. To allow for strategic emission reduction policies to be implemented,
commentators have customarily preferred a consumption-based perspective to be developed
(Ozawa-Meida et al., 2011). Ultimately, the decision upon which approach is taken rests on the
environmental practitioner and the intended use of the footprint, though a consideration should
be highlighted: predictions suggest this problem will worsen as more organisations report carbon

data (Matthews et al., 2008).
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Figure 20: Examples of activities of universities as sources of GHG emissions.

Evidently, a ‘one-size-fits-all’ approach is common across all of the environmental standards
interrogated. However, it remains to be seen how suitable this attitude is in promoting pragmatic
carbon management in the real world. Arguably, the lack of GHG reporting of scope 3 activities by
organisations is indicative of deficiencies in the methodology. For Universities in particular,
funding pressures and time constraints are the reasons most cited for avoiding or
underperforming on carbon management, which is exacerbated by the changing influence of
policymakers. Currently, the sector is facing a lack of direction on carbon-related policies,
especially in regards to the management of Scope 3 emissions. The issues arising from this as a
result are only just starting to be realised. For instance, there are early indications that predict a
collective failure on targets enacted in 2010 to reduce Scope 1 and 2 emissions by 2020 (where
2015 represented the halfway point) (Robinson et al., 2015). The lack of cohesion and clear
direction is having tangible and potentially damaging consequences, whilst the bodies that control
both the direction and pace of progress, have seen their influence wax and wane through

concurrent government shake-ups over the last decade (Universities UK, 2015).

A streamlined and prescriptive methodology, based on empirical evidence, emerging out of a
sector-wide collaboration is a logical first step in addressing these issues. Whilst it cannot be said
that scientific expertise is lacking or governments have been inactive in this field (in fact, Defra
itself commissioned an input-output assessment of UK emissions (Wiedmann et al., 2009); data
which organisations can use to support IOA-based footprints), the knowledge within universities

needs nurturing. Similarly, a perception that collecting data (internally and from external
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suppliers/organisations) is an obstacle to developing reliable GHG assessment has emerged,
despite readily accessible financial accounts, with which detailed upstream footprints can be
calculated (Wiedmann et al., 2009; Townsend and Barrett, 2013). Now more than ever, there is a
requirement for clarity in a time of significant change for carbon management in the sector. With
the introduction of new funding policies and universities playing an increasingly key role in local
and national policymaking, the traditional outputs of universities (the intellectual ‘assets’; Collini,
2012) are being tested and developed. HEIs are under increasing demands to demonstrate their
direct financial contributions to the economy (Etzkowitz et al., 2000) and as a result, growth and
expansion have been inevitable. Although wholly welcome by those responsible, the impact on
indirectly influenced emissions is unknown and for these reasons, the future for Scope 3 carbon

management in particular remains uncertain.

Universities act to transfer knowledge between industry, government, and the public (described
by Etzkowitz, (1998) as the triple helix model) and for this reason, can also act as good influencers
of carbon management in wider society and other organisations (Lozano et al., 2013). Rapidly
changing estates, transient populations, and different academic specialisms mean that the variety
and intensity of activities are in constant flux (with timings dictated by the structure of the
academic year) (Flint, 2001). As a result, the study of universities is extremely insightful due to the
considerable challenge carbon management represents. Critically, they find themselves needing
to fulfil certain mandatory responsibilities and activities, which are driven by their research,
teaching, and innovation-based agendas. Consumption-based activities dominate the emission
profile, whilst activities such as travel, procurement or construction are inherently strategic,
important and thus, unavoidable (Ozawa-Meida et al., 2011). Those that work and study at
university will spend a large majority of their lives there and so, investing in sustainability
initiatives at the grassroots level through HE, can and will have wide reaching benefits to students

and staff for the rest of their lives (Zsdka et al., 2013); and not forgetting the societal benefits too.

44.4 University carbon footprints: scoped-out activities

Appendix E shows site-specific activities listed under each of the ISO-designated emission
categories and the treatment applied under the proposed methodology. Some may argue that the
treatment of these activities could provide a case for universities to abstain on carbon
management because the majority of Scope 3 sources are excluded. Likewise, the shifting
responsibility of emissions from the HEI to their suppliers could enable institutions to continue
their current trajectory of growth and increasing consumption without due regard for
environmental consequences (Jackson & Knight, 2011). Whilst there may be truth here, the

methodology outlined here considers these issues in a number of ways and allows institutions to
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address them individually. Firstly, universities are still held to account because of the emphasised
importance of developing full-scope carbon footprints for internal use (to aid carbon management)

and secondly, the reporting has been made easier for GHGs within their organisational boundary.

A responsibility now falls onto the various agencies that govern the HE sector to foster
collaboration on understanding individual institutions’ carbon management needs. Ensuring that
institutions are able to report data (currently controlled by the HESA using the Higher Education
Information Database for Institutions (HEIDI) and are compared fairly (by using carbon intensities
to compare similar-sized institutions) removes the many unwanted barriers that can pose a threat.
In addition, this research should serve as a wakeup call to policymakers and institutions that more
work needs to be done to decouple growth from emissions (Pelletier et al., 2013). This is a call
that joins a host of academic research and grassroots movements building the momentum (such
as the global divestment movement and rootAbility’s Green Office initiative). Whilst universities
should retain the right to grow nationally and internationally, new ways of delivering HE with a
lower environmental impact must be a priority, be it managing the estate more efficiently or
challenging the traditional methods of teaching to favouring distance-learning and offsite degree

courses (Roy et al., 2007; Barber et al., 2013).

The use of carbon footprinting can assist in creating better ownership by individuals in
organisation like HEIs (Paterson & Stripple, 2010). As individual stakeholders of HEls, getting staff
and students to take a more central role in contributing to carbon management is important in
fostering significant reductions. A cost for carbon, in-line with the published figure of the social
cost of carbon (the cost to society as a result of environmental damage caused by anthropogenic
GHG emissions) should be introduced by manufacturers and purveyors of services. Consequently,
the cost of emissions would be borne by the consumer and so a potential win-win scenario is
presented. This influences the behaviour of the consumer through selecting products and services
with the least environmentally damaging credentials. In-turn, the provider adapts favourably to
remain competitive and maintain market-share; Grote et al. (2014) considered this in an example
of the aviation industry. By increasing ticket prices for flights as a means to reduce aviation
emissions, considerable emissions savings could be predicted. However, the low probability that
strong policy decisions will be taken like this, offers little certainty about the future trajectory of

carbon reduction.

4.5 Limitations

Limitations of this work and the other chapters are more fully assessed later in this thesis in

section 7.5.
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4.6 Conclusions

Scope 3 emissions typically represent the largest proportion of the organisational carbon footprint
(see Table 11), but are seldom the priority in carbon management policies (Ozawa-Meida et al.,
2011). The three most influential barriers to assessing and reporting indirect GHG emissions from
upstream and downstream of the organisational boundary of HEIs have been identified as time,
cost, and data reliability. HEIs transpose key theories from guidance notes, intended to be
suitable for all organisation types. Along with inconsistencies in the grey literature, a limited
number of institutions have a detailed understanding of GHG emissions associated with all of their

directly and indirectly influenced activities.

A USM for assessing the carbon footprint of HEIs in the HE sector is proposed and supported by
university environmental practitioners. It has been shown that whilst the virtues of understanding
all emissions for which an organisation is responsible are clear for implementing appropriate
sustainability initiatives, when reported, inherent double counting undermines conclusions that
can be made about entire economic sectors. Therefore, the use of full-scale footprints for internal
purposes and the external reporting of production-based emissions are proposed. With the latter,
cut-offs that exclude paid for services are outlined to reduce the financial and temporal cost

associated with reporting and data collection.

The year 2015 represented the halfway point between the setting of institutional targets in 2010
to reduce Scope 1 and 2 emissions by 2020 (HEFCE, 2010). The interest and desire to manage
indirect GHG emissions exists in the HE sector today, but the tools in order to do this are yet to be
put in place. Carbon management will be a cornerstone for institutions aspiring to grow
internationally at a time when advocating sustainability and low-carbon production is high on the

list of priorities (Lozano et al., 2013). Clearly, the time to act is now.

This Chapter forms the basis of efforts to improve Scope 3 GHG emission reporting rates for HEls.
Future work aims to investigate the current practices that HEls undertake to assess their GHG
emissions using these techniques in order to build upon the findings presented here. ldentifying
exactly which of the barriers recognised by practitioners can be addressed through employing a
streamlined carbon footprint methodology will extend the scope of this research. In particular,
the degree to which this method fosters more efficient use of the time and financial resources
available to non-technical personnel (such as the university environment managers that formed

the basis of this research) will be the subject of further study.
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Chapter 5: Appraising the proposed universal
standard methodology on a subset of

institutions

The proposal of a universal standard methodology (USM) in the previous chapter established the
idea that challenges the current status quo on calculating and reporting campus greenhouse gas
(GHG) emissions data in the higher education (HE) sector. A status quo, which means that 70% of
UK institutions fail to report emissions data from indirect (scope 3) activities to the Higher
Education Statistics Agency (HESA) on an annual basis. Chapter 4 has shown that a streamlined
methodology is not only practical, but desirable (as attested by HEI environmental practitioners
through consultation). With the knowledge of a possible new methodology, the scope of the
research now narrows to build on applying this theoretical idea practically on real world

institutions.

This chapter appraises both the positive, and negative attributes of the methodology and its role
in influencing and simplifying GHG reporting. The most and least significant emission sources in a
HEI GHG assessment are used to identify a suite of reliable environmental performance indicators.
The results of the initial test on a subset of HEls are presented and its suitability explored in depth.
In particular, exploration of whether the methodology is open to all institution types is
undertaken, as well as its propensity to align with pre-existing audit and verification practices

already in widespread use in the industry.

This research continues the work of the previous chapter in addressing the second research aim

outlined in 1.6. Objective 2.3 is also addressed.

5.1 Key implications from the previous chapter

Highlighting the disparities between the published environmental standards and methodologies
most frequently used by practitioners in the assessment of organisational GHG emissions, a
number of proposals were outlined in Chapter 4. These sought to overcome four key issues,

including:

i) The lack of guidance on clearly deciding whether activities should be included or
excluded from assessment and the inherent double counting this leads to upon

aggregation at a sector level;
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i)

i)

iv)

Time, cost and staff resources are limiting factors in whether GHG assessments are
prioritised and conducted fully;

The description of data collection methods is not clear nor prescriptive, making
reliable and useful inferences from data impossible; and

The inconsistent use of GHGs, potentially leading to inconsistent and misleading

reporting and high margins of error.

The proposals represent a streamlined methodology that possesses four key features designed to

directly address these issues, including:

i)

i)

iv)

The implementation of cut-off criteria to allow the user to make definitive in-out
decisions of activities along the supply chain to reduce the time spent collating data
and eradicate double counting when aggregated at a sector level;

An approach which requires the smallest number of actions to secure a consistent,
robust and accurate outcome, to make the activity more cost and resource-effective;
Guidance on the robust and uniform collection of activity data rated by preference in
order to assure the accuracy of data inputs; and

Standardised GHGs (CO, and CH,) to improve comparability and capture the majority

of climate impacts without need for further detailed study of individual activities.

By also considering the experiences of practitioners in conducting GHG assessments, the

proposed methodology was carefully tailored for practical use. Three overarching factors that

were identified through consultation with university environmental practitioners were found to

hinder progress most of all (Table 22). The discovery of these three factors is central to enabling

the proposed USM to be designed as a pragmatic and realistic approach that it is sympathetic to

the needs of the industrial practitioners who will use it. The identified factors were time, financial

cost, and reliability [of data inputs].

Table 22: The highest-rated factors selected by practitioners as hindrances of conducting HEI GHG

assessments.

Factor Description of issue

Time Time constraints due to multiple priorities experienced by environment
managers in their daily roles.

Financial cost Closely related to the temporal factor, an environment manager’s time is
economically valuable. Decreasing the time spent compiling GHG
assessments has a direct influence on the cost required.

Data reliability Data reliability is the propensity for an experiment or study to repeated and

yield identical results. This relies on good experimental design.
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5.1.1 The development of environmental performance indicators for corporate

reporting by Higher Education Institutions

The use of environmental performance indicators has enabled organisations to generate and
disseminate environmental information in a scientifically robust and transparent manner to non-
scientists. The increasing importance of these disclosures is due in part, to stakeholders
demanding greater environmental stewardship (Sullivan & Gouldson, 2012). Additionally,
organisations are under statutory requirements to report environmental metrics (i.e. as a result of
the Companies Act 2006 (Strategic and Directors' Reports) Regulations 2013, which made carbon
reporting mandatory in the England and Wales). Indicators can be used for environment reporting,
measurement of environmental performance and reporting on progress towards sustainable
development. They can further be used in planning, clarifying policy objectives and setting
priorities. The need for an integrated framework for environmental performance indicators has

been well researched (Azzone & Noci, 1996).

In order to guide the development of the USM, it is the intention that the results of the qualitative
comparative analysis (QCA) and use of simple cut off criteria in the previous chapter will develop
into a series of environmental performance indicators to be carried forward by the sector. For
environmental performance indicators to be widely accepted, they must follow a number of
principles. These principles are outlined in the 1S014031:2013 standard on Environmental

Performance Evaluation, which includes:

- Comparability: the indicators must be comparable and reflect changes in environmental
performance;

- Target-orientated: the selected indicators must be chosen so they can act towards goals
which are able to be influenced by the firm;

- Balanced: the indicators must reflect environmental performance in a concise manner,
and display problem areas as well as benefits in a balanced manner;

- Continuity: for sake of comparison, the indicators must be derived by the same criteria
and relate to each other through corresponding time series and units;

- Frequency: indicators must be derived frequently enough (monthly, quarterly, yearly) so
that action can be taken in due time; and

- Comprehensibility: the indicators must be understandable for the user and correspond to
informational needs. The system has to be lucid and concentrate on the most important

figures.
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5.2 Materials and Methods

5.2.1 Environment manager semi-structured interviews

The semi-structured interview was chosen to capture information about an institution’s data
collection procedures because it affords a great deal of freedom to ask in-depth and the use of
spontaneous questions (Whiting, 2008). Open questioning, coupled with detailed transcribed
recording, allowed more information to be revealed than could be gleaned from interrogating
written publications or other interviewing techniques. Publicly available documents regarding
carbon management at these institutions were interrogated to gain further insight into chosen
methods. These included documents such as Carbon Management Plans (CMPs), published

methodologies, travel plans, and funding documents.

The interviews were conducted with HEI environment managers, as these were deemed most
appropriate due to their expertise in this domain, often responsible for collating and reporting on
an estate’s environmental credentials. Participants were briefed via email and decided to take
part in the study via a follow-up telephone conversation. Questions and the basis of question

structuring are outlined in Table 23.
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Table 23: Data methodology interview questions posed to university environment managers.

Main question

Clarifying

Additional questions .
questions

How many staff members
comprise your
environment/sustainability
team?

Can you give a succinct
explanation about the
methods used to obtain
activity data?

How are the Estates
Management Reports
compiled?

How ready are you for
scope 3 reduction targets?

Barriers to carbon
footprinting which
environmental practitioners
commonly rate as most
influential are cost and staff
resources. Would you agree
with this?

Does the environment team collect all the data,
or are there other members of staff in the
institution working on it?

Can you expand
a little on this?
Can you tell me
anything else?
Can you give me
some
examples?

What guidelines have you used?

Are there activities for which you knowingly do
not have confident data available for?

What organisational boundary is used?

Which sites are included and excluded from the
footprint?

For emission sources you do not already have
data for, are there those that you do see benefit
in understanding and are there those you do
not see benefit in understanding?

Have you made any changes to the way the
reports are produced?

Do you have any criticisms of the process?
How do you think should be done to make the
process more efficient?

Are all the categories relevant?

Do you report on an annual basis?

Has the institution set any targets to reduce
Scope 3 emissions already?

If so, is this an aggregate target, or categorised
by activity?

How vital is the EAUC network to fostering
change in HEIls and supporting their actions?
What commitment to carbon management has
been pledged by the management team of the
University to address these issues?

Which team is responsible for setting this
agenda?

Are there any other issues that you have
experienced you could share?

The interviews were carried out at the initial phase of the project at a location convenient to the

participant (in total, 10 interviews were conducted and only one of these was not at the home

institution of the interviewee). On average, each interview lasted one hour and featured a

number of phases (adapted from Whiting, 2008):

- Building rapport - The importance of building a rapport with the participant has been

emphasised and that it occurs in stages throughout the interview;

- Exploration - The initial stage of the interview displays elements of strangeness and

uncertainty. In view of the potential discomfort that the participant can feel, the wording

of the opening question is important. As the interview progresses, the participant should

begin to engage in more in-depth descriptions;
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- Co-operation - At this stage a comfort level is reached and there is the potential for more

free discussion. For example, the interviewer and participant show signs of enjoying the

process and are less worried about offending each other;

- Participation - It is during the participation phase that the greatest rapport is developed,

success is indicated by the interviewee ‘guiding and teaching the interviewer’; and

- Conclusion.

Observations and thoughts were noted prior, during, and after the interviews, whilst a number of

probing techniques were performed during, including ‘verbal agreement’, ‘silence’, ‘baiting’, and

‘echoing’ as defined in Table 24. The semi-structured interview was chosen over other forms of

interview due to the degree of flexibility in questioning. Semi-structured interviews are often

viewed more as a purposeful conversation around a certain subject, which the interviewer guides.

Due to the flexibility, the interviewee is often encouraged to reflect, ask questions and drive the

direction of the conversation also.

Table 24: Examples of probing techniques used during semi-structure interviews

Type of probing technique

Description

Silent
Echo

Verbal agreement
‘Tell me more’
Long question
Leading

‘Baiting’

Interviewer remains silent and allows the participant to think aloud.
Interviewer repeats the participant’s point, encouraging them to
develop ideas further.

The interviewer expresses interest in the participant’s views with
the use of phrases such as ‘yes’, ‘okay’ or ‘uh-huh’.

The interviewer clearly asks the participant to expand on a
particular point or issue, without the use of echoing.

The interviewer asks a lengthier question that suggests a more
detailed response is sought.

The interviewer asks a question that encourages the participant to
explain his or her reasoning.

The interviewer gives the impression of being aware of certain
information, which might prompt the participant to explain further.

Source: Adapted from Whiting (2008).

5.2.2 Methodology testing

To evaluate the practical attributes of the developed methodology, a data management tool,

henceforth referred to as the ‘Higher Education Institution Carbon Calculator’ (HEICC), was

developed using visual basic for applications (VBA). Remaining as close to the conventions used in

the Estates Management Record (EMR) record as possible, the tool was developed in-line with the

methodological points proposed under the universal standard. The EMR system was chosen

because it is well-established, popular amongst environment managers, and easy to use.
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A briefing document was provided to participants during initial consultation, which provided a
succinct description of the data for each data source. In these instructions were the details for the
collection of data at their home institutions to ensure that a dataset was returned using uniform
and standardised collection methods. The methods followed an integrated version of those found
in a number of guidance documents: the GHG Protocol developed by the World Business Council
for Sustainable Development (WBCSD) and the World Resources Institute (WRI); the International
Standardisation Organisation (ISO) 14064-1 standard; and the UK Government Department for
Environment, Food and Rural Affairs (Defra) guidance on measuring organisation emissions and
the Global Reporting Initiative (GRI) sustainability guidelines. Participants were expected to report
data quarterly (January 2016, April 2016, July 2016, and October 2016) in order to mitigate any
developing issues. In reality this was not always practicable for respondents, so annual reporting

was conducted where data streams did not lend themselves to shorter reporting intervals.

Accompanying the final return, participants were asked to complete a system usability score
(SUS)* questionnaire (following the procedure set out in Brooke, 1996) and a detailed record of
their time spent compiling data to input into the HEICC. This type of questioning, which consists of
10 Likert-scale questions, was used to evaluate the psychometric factors of the respondents and
allows the system developer to effectively understand user thoughts to distinguish between
unusable and usable systems. Some additional information was also obtained which helped

identify areas of the system that could be improved.

5.2.2.1 Data sources

The overall carbon footprint was calculated for the academic year 2015-2016 for each of the case
study institutions. Data was collected for each of the 13 USM emission categories, across the

following Scope 1, 2, and 3 emission categories:

Scope 1:
- Direct emissions from stationary combustion;
- Direct emissions from mobile combustion;
- Direct process-related emissions;
- Direct fugitive emissions; and
- Direct emissions and removals from Land use/land-use change and forestry (excluding

combustion).

41
Bevan (1995) states that the objective of usability is to achieve ‘quality of use’.
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Scope 2:
- Indirect emissions from imported electricity consumed; and

- Indirect emissions from consumed energy through a physical network.

Scope 3:
- Energy-related activities not included in direct emissions and energy indirect emissions;
- Waste generated from organisational activities;
- Grey fleet emissions;
- Investments;
- Downstream leased assets; and

- Commuter car emissions.

Both primary and secondary data was collected. Primary data was obtained through the act of
direct monitoring, collected through in-situ physical monitoring equipment; in the case of energy
usage data, this took the form of energy meters used to measure natural gas consumption and
electricity usage. Secondary data was obtained from a number of different sources where best
estimates based on rigorous calculation methodologies were used in lieu of reliable primary data.
The carbon footprint definition chosen for this study was adapted by Wright et al. (2011) as
defined in chapter 2. This definition expressed all GHG calculations using the equivalency metric
‘CO,e’, which included two GHGs, CO,, and CH,and the Global Warming Potential (GWP) of CH,

based upon a 100-year period.

Data for refrigerant F-gas fugitive emissions were excluded. Table 25 highlights the emission
sources included in this study and the following sections provide a summary of the underlying
theory used in the accompanying methodology document given to study participants at the start

of this particular research project.
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Table 25: Emission sources associated with activities undertaken by higher education institutions

participating in this study.

Emission source Scope

Direct energy  Stationary combustion: natural gas consumption in boilers in Scope 1
emissions university-owned buildings
Stationary combustion: natural gas consumption in combined heat Scope 1
and power (CHP)

Stationary combustion: burning oil consumption Scope 1
Stationary combustion: fuel and gas oil consumption Scope 1
Stationary combustion: LPG, LNG Scope 1
Mobile combustion: fleet vehicles fuel consumption (petrol, diesel, Scope 1
LPG, CNG)
Consumption of biofuels Scope 1
Consumption of biomass Scope 1
Land-use Landscaping activities Scope 1
changes Agricultural activities Scope 1
Indirect energy Electricity consumption Scope 2
emissions Consumption of heat/steam through a physical network Scope 2
Energy-related Well-to-gate emissions from natural gas supply Scope 3
activities Well-to-wheel emissions from fuel supply Scope 3
Well-to-gate emission from electricity generation Scope 3
Well-to-gate emissions from heat/steam generation Scope 3
Well-to-gate emissions from biofuels Scope 3
Well-to-gate emissions from biomass Scope 3
Travel Business travel grey fleet Scope 3
Commuter journeys by car Scope 3
Waste Waste fraction emissions by treatment type Scope 3
Wastewater Scope 3

Downstream Stationary combustion: natural gas consumption in boilers in Scope 3
leased assets  university-owned buildings
Stationary combustion: natural gas consumption in combined heat Scope 3
and power (CHP)

Electricity consumption Scope 3
Consumption of heat/steam through a physical network Scope 3
5.2.2.2 Energy emissions

Total energy demand was quantified from a number of sources; from the consumption of
electricity, natural gas, and other fuels (e.g. coal, wood, biomass, steam). Due to the differences in
grid energy mix and energy intensity, where applicable, country-specific grid emission factors
were taken from the dataset compiled by the IEA (International Energy Agency, 2017b). In most
instances, operations were UK-based and therefore country-specific factors were not needed,
however a small proportion of institutions included their overseas operations in their
organisational boundary. Data from AMS systems was used as the primary information source for
electricity (in kWh) and natural gas usages (typically in cubic metres or converted using the
standard government natural gas conversion methodology) since institutions were typically

supplied by half-hourly meter readings. Indirect fuel and energy-related emissions associated with
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upstream production were quantified using published emission factors, as were emissions from
purchased heat and steam where quantities could be obtained through energy bill consumption

data.

Emissions related to the combustion of fuel in mobile sources (such as fleet vehicles) were
quantified using fuel card information. Data entry of fuel usage information captured the total
spend and the volume of fuel consumed, allowing very accurate figures to be obtained.

Institutions kept a list of all university-owned vehicles.

For ease, electricity produced from the incineration of waste materials was accounted for in the
waste-related emissions category. Emissions from local generation and renewable ‘offsets’ was
assumed to be based on inputs to the national grid, and was therefore calculated using an

identical national grid emissions factor used for electricity-based calculations.

Indirect energy-related activities, namely, well-to-grid emissions (associated with electricity) and
well-to-tank emissions (associated with fuels) were calculated using readily available emission
factors published annually by Defra. These factors account for the upstream emissions from the
extraction and production of fuels, as well as the losses throughout the national grid associated

with the transmission and distribution of electricity.

5.2.2.3 Land use, land-use change and forestry

Changes to land use i.e. from a vegetated state to an urbanised state, can significantly alter
natural ecosystem processes that influence GHG fluxes in the carbon cycle (e.g. decomposition,
photosynthesis etc.) and on a global scale is of utmost importance to climate change management.
In some respects, the significance of carbon fluxes associated with LULUCF or agriculture, forestry,
and other land-use (AFOLU) may be deemed too low for inclusion in the organisational carbon
footprint. However, in regards to the study sector used in this research project, the suggestion
that land use changes are insignificant would be inappropriate for a number of reasons outlined

below.

Many institutions are owners and managers of considerable mixed-use land estates, which act as
both a source and sink of carbon. For instance, forestry biomass absorbs atmospheric carbon,
whilst agricultural land can be classed as either a net emitter of carbon or net sink for carbon
depending on the time of year, the agricultural practices taking place, and their intensity. There
are particular examples of institutions dealing heavily in large scale forestry or agricultural
practices (and also deforesting or afforesting practices), and for those that don’t, campus-level
activities can also be significant, i.e. biomass burning, landscaping, grass cutting, and composting.

These can all influence the emission releases and removals associated with LULUCF and AFOLU
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categories. Perhaps most importantly, many institutions are known to have large estates
comprised of investments in land, as reported by Shrubsole (2018). Institutions will invest in rural
or forested areas, and a beneficial consequence is the offsetting and sequestering of emission
releases (most commonly for Scope 1 and 2 emissions). More frequently, private companies are
investing in emission offsets as the demand for environmentally-conscious business practices

becomes standard as explored in chapter 2 and chapter 7.

Due to its simplicity and high-level resolution, the direct carbon flux approach was selected for
calculating LULUCF and AFOLU emissions and removals. This approach was found to suit the
majority of institutions. The aim for this research project, was for a baseline to be created, from
which future emissions and/or removals could be quantified. For this reason, the net carbon stock
change method was not possible (and is not possible until a dataset is established containing two

or more years of data).

Calculated for each institution in-turn, the Rothampstead Roth-C carbon flux model was chosen.
Having been published in ca. 90 published land-use and soil carbon studies in the last five years,
the model was deemed the most reliable and readily available method for this study. Firstly,
meteorological data was inputted into the model for each institutional site, which included details
of the average monthly temperature (°C), rainfall (mm), monthly open pan evaporation rate (mm),
and soil clay content (%) for each study site (Coleman & Jenkinson, 2014). GIS software and aerial
photographs were utilised to create a land use profile for extrapolation of the model’s results. The
model was run over a year and represents the baseline from which future comparisons can be
made with additional land-use change data inputs. Using Eq. (5) in 2.9. SOC was calculated for

each land cover category (Table 26).

Table 26: Land cover categories used to model soil organic carbon and examples.

Land cover category Activities/examples

Forestry Coniferous trees, non-coniferous trees

Agricultural land Arable land, ploughed soil, fallow open soil
Improved or unimproved grasslands

Grassland P P grass’ ’
meadows, rough grass, perennials

Marsh/Wetland Saltmarsh, peat bogs, inland water, tidal water

Impervious surfaces Roads, buildings, car parks, tracks,

Source: Adapted from IPCC (2006).

5.2.24 Grey fleet

Emissions from the use of the Grey fleet (vehicles privately owned by employees used for

business purposes), required information on the total distance travelled by vehicles attributed to
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the study organisation, combined with fuel efficiency, fleet composition, and journey
characteristics. This concept focusses on the relationship of the mass of fuel consumed in the

distance travelled (when aggregated data is unavailable).

Approved Mileage Allowance Payments rates are used to reimburse drivers and also assist in GHG
calculations by providing distance (if not recorded appropriately). These rates include estimates
for all vehicle purchase and running costs, such as fuel, maintenance, insurance, and depreciation
and are currently set by the government at 45 pence per mile for the first 10,000 miles, and 25
pence per mile thereafter (HM Revenue and Customs, 2017). Grey fleet mileage re-imbursement
rates are normally considerably higher than alternative modes of travel and a focus on grey fleet
vehicles helps employees make conscious decisions about the journeys they make. The Grey fleet
is typically older than the company-owned fleet and is known to contribute to the bulk of the road
transport GHG emissions in some organisations (Department for Transport & Department for

Environment Food and Rural Affairs, 2011). .

5.2.2.5 Commuter car emissions

Quantifying commuter car journeys could be undertaken by a number of different means. Due to
the existence of these numerous methodologies and variable data streams available amongst
institutions, the HEICC was able to accept a number of different inputs. Data were converted into
a standardised unit for undertaking the carbon calculation (passenger.km) These inputs included: i)
the number of daily commuter trips; ii) the number of days completing the trip per year; iii) trip
distance; iv) the percentage who car shared; and v) the percentage who drove alone. The average
vehicle occupancy rate of 1.4 was used and an average emission factor was used when vehicle
details were not given by the user. It was intended that data from annual travel surveys would be
used to calculate travel frequency from the transportation survey responses regarding the
number of days per week and weeks per year that an individual commuted to the respective
university campus. Although the instructions stated this as the intended data source, theoretically,
participants could input data from a number of sources or assumptions. The participant was

encouraged to record all assumptions that were made in the course of the data collection.

5.2.2.6 Waste arisings

The treatment of waste represents a significant transboundary emissions source, where transport
and treatment facilities lay outside of the organisational boundary. Often, the influence of waste
arising from within the organisational boundary means that significant emission savings can be
made through engagement and behavioural change. Once waste is destined for disposal, direct

control is lost by the producer and waste becomes harder to track since it is mostly undertaken by
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third party organisations at a remote location (either domestically or internationally). Often,
organisations specify the means of disposal in the waste contract, which ensures there is full
transparency over disposal methods; improving visibility for reporting purposes. Emissions from
waste can overlap with other emission sources through electricity generation (i.e. incineration to
produce energy-from-waste) or AFOLU-related emissions (i.e. changes to carbon stocks on land

due to landfilling).

A clear understanding of the composition of waste streams is required in the first instance in
order to succeed in modelling emissions arising from waste disposal by treatment type.
Alterations to the composition or treatment method selected will alter the mass balance and
carbon flux. Data on waste arisings was supplied by waste carriers as the mass disposed of by
each waste type; the composition of each waste stream was assumed to be homogenous i.e.
there was no contamination of wastes, or inadvertent crossover of waste streams. Less
information was collected regarding the disposal treatment of the waste, although despite this
five accepted treatment methods were considered namely: i) landfill disposal; ii) incineration; iii)

recovery and recycling; iv) composting; and v) anaerobic digestion.

Landfilling is the most popular method of waste disposal globally and represents one of the
largest source of anthropogenic emissions of methane (Powell et al., 2015). In this study, it is
assumed that when biogenic materials in landfills degrade, CO, and CH, are generated in
anaerobic conditions; CH, is the predominant GHG generated. Nowadays, technology can assist in
ensuring that releases of CH, are minimised and used for energy production (known as landfill gas)
via gas capture systems. The climate benefits of converting CH, from landfill to CO, are well
understood. Constants for methane generation rates were taken from IPCC (2006) (these are not
changed since they were first published) and landfill emission rates were calculated using the

WRATE tool (Environment Agency, 2010).

Despite its popularity, many organisations now choose to divert waste from landfills and
implement waste disposal methods higher up the waste hierarchy (reduce, reuse and recovery,
recycle, and disposal). Carbon contained in organic materials that do not degrade during the 100
year time period considered is assumed stored within the landfill indefinitely, effectively removing
it from the global carbon cycle. As this process would not occur naturally, landfills constitute as an

anthropogenic carbon ‘sink’.

Incineration is an increasingly popular method for disposing of vast quantities of waste as it can
involve recovery of energy. This can also be carried out for a wide range of materials, depending
on their combustibility. Energy is released as heat during thermal treatment, which can be used to

generate electricity and heat (known as energy-from-waste). Energy is typically recovered by
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means of a boiler and a fully-condensing turbine and transformed to electrical energy by an
electrical generator. Electrical energy generation efficiencies at incinerators vary widely between

technologies have been reported to range from between 1-34% (Astrup et al., 2015).

Recovery and recycling are both common methods used in waste management and are important
for reducing the reliance upon virgin materials and new products. A significant proportion of the
dry component of the municipal solid waste (MSW) stream can potentially be recycled, with the
most commonly recovered materials being paper, cardboard, metals (ferrous and non-ferrous),
plastics, textiles, and glass. These materials can be segregated at their source by the waste
producers or they can be collected commingled and sent to a material recovery facility (MRF)
where materials are sorted, either manually or mechanically, to reclaim the recyclable fractions.
There are two main types of MRF that have been designed to deal with different waste streams:
residual waste MRFs accept a mixed, residual waste stream; whilst commingled MRFs (either
single-stream or two-stream) sort a commingled dry recyclate waste stream containing more than

one recyclable fraction.

The main source of emissions from waste processing, recovery, and recycling are a result of
energy use (e.g. diesel and electricity for the operation of MRF plant equipment). Reprocessing
facilities remanufacture waste materials in one of two forms of recycling: ‘closed-loop recycling’,
in which recovered waste materials are reprocessed to produce a functionally-equivalent product
(e.g., waste paper recycled to produce a recycled paper product); or ‘open-loop recycling’, in
which the recycled materials are reprocessed and used to manufacture a product that is

inherently different in nature to that of the original waste material.

Composting is an aerobic process whereby organic waste with high carbon content is degraded in
the presence of oxygen. Material is predominantly converted to CO,, whilst some CH, is formed in
anaerobic sections of the compost matrix but is oxidised in well-aerated parts of the pile.
Composting produces an organic solid residue, known as compost that can be used (non-
exclusively) in agricultural land-spreading, gardening, and horticulture, or for the preparation of

growth media.

Anaerobic digestion (AD) refers to the natural process in which organic waste is degraded in
anaerobic conditions to produce a CH,4-rich biogas and a liquid and/or solid effluent (digestate).
Whilst the use of AD to treat wastewater and agricultural slurries is widely established in the UK,
its use to treat biodegradable municipal waste (BMW), such as food and garden waste is being
strongly promoted by the UK government and the number of operational AD facilities in the UK

that treat BMW has rapidly increased in recent years. AD is widely recognised as often being the
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best treatment option for food waste in terms of its potential climate impact, principally due to

the utilisation of biogas to generate electricity.

5.2.2.7 Downstream Leased Assets

Emissions from downstream leased assets originate from the operation of assets that are owned
by the reporting company (acting as lessor) and leased to other entities in the reporting year that
are not already included in scope 1 or scope 2 (Sotos et al., 2015). Using the equity share or
financial control approach, the lessee only accounts for emissions from leased assets that are
treated as wholly owned assets in financial accounting and are recorded as such on the balance
sheet (i.e., finance or capital leases) (Bhatia et al., 2011). Using the operational control approach,
the lessee only accounts for emissions from leased assets that it operates. Because institutions
were encouraged to use the operational control approach when setting their organisational
boundary in this study, scope 1 and 2 data for operating leases was expected. When requesting
scope 1 and scope 2 data from lessees using the asset-specific method in category 8 (Upstream
leased assets), additional information may be required from the lessee in order to properly
allocate emissions to the reporting company’s leased assets. If data were not available, emissions

could be allocated using average emissions per floor area.

Guidance on which leased assets are operating and which are finance leases should be obtained
from an organisation’s accountant. In general, in a finance lease, an organisation assumes all
rewards and risks from the leased asset, and the asset is treated as wholly owned and is recorded
as such on the balance sheet. All leased assets that do not meet those criteria are operating

leases.

5.2.3 Participant selection and sample

In a similar approach to that described in Chapter 4, member institutions of the Environmental
Association of Universities and Colleges (EAUC) network were again approached to participate in
this study. Institutions that had been involved with the focus group presented in the foregoing
chapter were targeted first. No formal selection criteria were applied beyond being public
institutions with an energy consumption of greater than 2000MWh, which was established to
entice larger institutions with stable supply chains. This was due to the desire to obtain a broad
and representative sample of UK HEls, however should there have been a larger number of
institutions wishing to take part, then a more selective approach would have been taken. A
representative sample of institutions from all regions of the United Kingdom and educational
specialisms was obtained, comprising nine institutions (Table 27); the tenth institution was the

primary case study, the University of Southampton (UoS).
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Participant institutions volunteered themselves. Although the benefits of participating in this
study were not directly financial, numerous benefits were acknowledged by participants, such as
securing greater insight of scope 3-related carbon footprints and identifying previously
unrecognised data streams. Institutions just starting out on managing Scope 3 emissions could

expect to exploit these benefits in particular.

5.2.3.1 HEIl institutional profiles

Table 27 shows key information about the institutions included in this study i.e. region, campus
information, and their baseline emissions on which their 2020 targets are based. In total, the
group represent more than 30,000 staff (7% of total HE staff in the UK n=410,130), 129,000
students (6% n=2,280,830), and garner more than £3 billion annually in research income and fees
(Higher Education Statistics Agency (HESA), 2015). There are clear differences in the location, size
(in terms of occupied area and personnel), and wealth of the institutions sampled. For example,
the University of Oxford is by far the largest HEl on income, area, and staffing, whilst on the same

metrics, the University of Winchester is the smallest.

Table 28 shows the environmental advocacy and procurement consortia groupings for each of the
institutions. The power of purchasing consortia, to pool the resources of institutions, obtain deals
for large-scale materials and tender contracts means that these organisations can have a key role
in the emissions along the university supply chain. In fact, sustainable procurement is a key driver
for consortia, who operate sustainable advisory groups and provide scope 3 carbon assessments

to the Higher Education Funding Council for England (HEFCE) on an annual basis.
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Table 27: Basic information about the institutions included in the standardised data collection study:

staff/student and income in 2014/15.

Name of Institution Region FTE Staff/FTE ~ Total Income (£) Gross Internal 2005 Scope 1 and 2 2020 target
students Area (m?) emission baseline (t) emission level (t)
Aston University W. Midlands 1460 / 8360 124 874 000 106 847 16453 8720
Birmingham City University W. Midlands 2075/ 18 445 187 461 000 175003 17480* 9090
Canterbury Christchurch South East 1635/ 11440 126 386 000 115 087 9407 4045
De Montfort University E. Midlands 1895/ 15 305 168 025 000 156 368 13217 7533
Glasgow Caledonian University ~ Scotland 1445 /13 275 122 423 000 102 328 10952 9857
University of Keele W. Midlands 1680/ 7800 134 343 000 159 365 13 803 8558
University of Oxford South East 11935/19180 1429389000 650 412 65 980 44207
University of Salford North West 1830/ 15510 187 864 000 166 251 20 000 11400
University of Winchester South East 700 / 6165 64 876 000 69 834 4207 2398
University of Southampton South East 5635 /21260 526 901 000 425311 51878 41502
Total 30308 /129720 3072542 000 2126 806 223377 147 310

*Includes emissions from energy and water consumption in buildings, business travel in fleet vehicles, waste management and paper

consumption.

Source: HESA (2015)

Table 28: The environmental advocacy group memberships of the study sample

Institution ID supC® NWUPC®  NEUPC®  HEPCW® LUPC® APUC’ ACUE EAUC"
Aston University v v
Birmingham City University v v
Canterbury Christchurch v v v
De Montfort University v v
Glasgow Caledonian v v v
University of Keele v v
University of Oxford v v v
University of Salford v v
University of Winchester v v
University of Southampton v v

? Southern Universities Purchasing Consortium. ® North Western Universities Purchasing Consortium. “North Eastern Universities
Purchasing Consortium. d Higher Education Purchasing Consortium, Wales. ¢ London Universities Purchasing Consortium. f Advanced
Procurement for Universities and Colleges. & Association of Commonwealth Universities. " Environmental Association of Universities

and Colleges.

(1) Aston University occupies a 60-acre campus in the centre of Birmingham (Gosta Green)
composed of 33 mixed-use buildings. Sandwiched by the A38 expressway (a major trunk road
approaching the M6 motorway at Gravelly Hill - ‘Spaghetti Junction’) and the Digbeth Branch
Canal, the campus comprises accommodation blocks, leisure facilities, lecture theatres and
laboratories. A series of upgrades across the estate were completed in 2016 and the

construction of a medical school was completed in 2015.
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(2)

(5)

(7)

Birmingham City University (BCU) is serviced by three campuses spread across Birmingham:
Perry Bar (North), Eastside (Central), and Edgbaston (South). The central campus, less than a
mile from Birmingham’s geographic centre is part of the £6-8 billion Eastside Development
which opened in 2015; it is bordered to the East by the Digbeth Branch Canal. The estate
encompasses other locations including International College (Bourneville) and the
Birmingham Conservatoire (Central). BCU was awarded EcoCampus™ platinum in 2013.
Canterbury Christchurch University (CCCU) comprises three campuses and a number of other
locations across Canterbury and Kent. The North Holmes Campus encompasses only a small
part of the university’s presence in Canterbury, which has expanded across the city with a
newly built library, student accommodation and student services building in the Southern
quarter. The institution also delivers services from sites located in Broadstairs (on the East
Kent coast) and Medway, as a part of the ‘Universities at Medway’ collaboration with the
Universities of Greenwich and Kent (situated at the mouth of the River Medway).

De Montfort University (DMU) has consolidated its estate in recent years following a period
of expansion across the South East of Leicester. As a result many outlying properties have
been sold and operations are now focused on a campus in Leicester City Centre. A number of
significant construction projects have been completed in recent years, including a performing
arts building at the centre of a £136 million campus development plan (completed in 2015).
The campus is bounded in the West by the River Sour and Leicester City centre in the East.
Glasgow Caledonian University’s (GCU) main campus is situated in the centre of the city of
Glasgow, Scotland’s second largest city. The hub of the campus is the Saltire Centre,
completed in 2006, adjacent to the institution’s main halls of residence, Caledonian Court.
The institution has recently established itself in a number of additional locations, in East
London (as the British School of Fashion) and the SoHo district of Manhattan, New York.

The University of Keele is situated on a single campus set in 600 acres of the North
Staffordshire countryside. It is the largest main university campus in the UK, with 35
academic buildings, six halls of residence, a science park and a conference centre. A
programme of redevelopment and expansion of halls of residence was completed in 2017
and it has had an energy management system certified to ISO50001 standards since 2013.
The University of Oxford, the oldest university in the English-speaking world (ca. 1096) is a
collegiate university comprised of 38 self-governing colleges governed by a federal system.
The functional estate comprises 235 buildings and 140 commercially managed properties
across the city of Oxford (including the Bodleian Library, Radcliffe Camera, Sheldonian
Theatre, and Ashmolean Museum). Some 25% of the buildings on the estate are listed, with

the oldest dating to 1424. The current estate development strategy proceeds to 2018.
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(8) The University of Salford has facilities spread over a number of sites in Salford, a borough of
Greater Manchester. The main campus, Peel Park is located on the banks of the River Irwell
two miles west of Manchester city centre. The institution occupies building space across
Manchester, most notably since 2011 at MediaCityUK™ (Salford Quays). The institution
constructed and opened a new £55 million theatre and media centre in 2016. In 2012 Salford
was awarded EcoCampus™ Silver.

(9) The University of Winchester is located near the centre of the city of Winchester, Hampshire.
King Alfred Campus, the university’s main site has undergone significant development in
recent years including construction of a new university hub (featuring a Student’s union,
reception, bookshop and café) and more recently in 2013, a new art and teaching facility.
Facilities are also situated at the West Downs campus (300 metres from King Alfred Campus);
the predominant location for self-catered accommodation. Just over a mile away are the
sports facilities at Bar End, South East of the main campus.

(10)The University of Southampton is located in the north of the City of Southampton. As a multi-
campus institution, there are clusters of university buildings and operations spread out
around the city of Southampton and the wider area of South Hampshire. The hub of activities
and main administrative centre is Highfield Campus, located to the north of the suburb of
Portswood. The surrounding satellite campuses of the Avenue Campus, Boldrewood,
National Oceanography Centre and Southampton General Hospital are serviced by a number
of halls of residence ranging in size, from those housing only a handful of students
(Shaftesbury Avenue) to over 1,900 (Glen Eyre Halls). Further halls complexes are dotted

around the city with capacity for over 5000 students.

Table 29 shows the emission sources that are reported in the EMR by the 10 institutions. Records
for the consumption of natural gas, fuels, and water are submitted to the HESA for each of the
institutions. During reporting, the HESA undertakes sense-checks of the data, which results in a
record of significant reliability. This is conducted using a series of techniques, including standard
data-cleansing practices and checking for data validity, completeness, and consistency across
years in the record. Due to the longstanding record in the EMR, covering many concurrent years,

reporting of exceptions is possible and assists in providing validation.

These practices afford practitioners the confidence in the recorded data, which can be used as an
important open-source resource for the sector as a whole. For the purposes of this study, due to
the stringent data quality requirements, data obtained from this record were assumed to be of
such quality that little or no data processing was required to improve it. What is unclear from this
analysis is testimony of the data’s confidence, or the prevalence of data gaps, impossible for the

researcher to identify due to the EMR being a secondary data source; raw data does not
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accompany the HESA data download. Interestingly, many environmental performance indicators
proposed in the USM methodology are missing from the EMR record, including well-to-tank, well-

to-grid emissions, and visitor journey emissions.

Table 29: Emissions sources reported to the estates management record in the academic year 2015/16.

Institution ID
Emission source

AU BCU CCU DMU GCU UoK UoO US UoW UoS

Natural gas consumption v v v v v v v v v/
Fuel and gas oil consumption v

Fleet vehicles fuel consumption v v v v v v v vV v/
Consumption of heat/steam v

Consumption of biofuels v

AN

Consumption of biomass

AN
AN

Business travel by mode
Commuter travel by mode
Multimedia Supplies

Library and written supplies
Catering supplies
Medical/surgical supplies
Agricultural/horticultural supplies
Furniture and textiles

Janitorial supplies

Water consumption
Computer/ICT equipment
Laboratory supplies

Workshop supplies

Printing

Telecommunications

Stationary

Security equipment

Vehicles

Estates — building/construction materials
Estates — plant purchase

Estates — grounds maintenance equipment
Capital equipment

Waste fraction emissions by treatment type

S N N N N N N T N N N N N N N N N N N NN
NN N N N N T N N N N N N N Y N N N N NN

S N N N N S N N N N T N N N N N N N N N N NN
AN N N N N N T N N N Y N N N N N NN
AN N N N N T N N N N N N N N N T N U N NN

Wastewater v v v v /

AU, Aston University; BCU, Birmingham City University; CCU, Canterbury Christchurch University; DMU, De Montfort University; GCU,
Glasgow Caledonian University; UoK, University of Keele; UoO, University of Oxford; US, University of Salford; UoW, University of

Winchester; UoS, University of Southampton.
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5.24 Test Parameters

The performance of the developed universal methodology was examined against a series of test
parameters. These parameters, taken from published studies, represent baseline scenarios for

each of the three key hindrance factors outlined in Table 22. The factors are defined in Table 30.

Table 30: Baseline test parameters used to measure the performance of the universal higher

education carbon footprinting methodology.

Proposed methodological

Factor Issue descriptor Performance Measure .
solution
Time constraints (P1)
Due to the multiple A baseline unit of 150 Limit the methodological

priorities of HEl environ-
ment managers.

hours (per annum)
based on a fully costed
finance model*.

steps and avoid the necessity
to collect third party data.

Financial limitations (P2)

Decreasing the time spent
compiling GHG assessments

£1210 per day or £160 Limit the methodological

has a direct influence on
the cost required and
preserves valuable time.

Data reliability (P3)

The propensity for an
experiment or study to be
repeated and yield identical
results relies on good
experimental design.

per hour**. Total cost
of £24,200, based on a

fully costed finance
model.

Satisfy the requirem-
ents for external

verification to the
ISO14064-part 3 stan-
dard.

steps and avoid the necessity
to collect third party data.

Standardise the data
collection approach and
provide data collection
scenarios.

* Based on a comparative estimate of the time taken to produce GHG reports, reported by the Environment Manager of the UoS and
in consultation with industry consultants Carbon Credentials Energy Services Ltd.

*x Hourly price is based on the average industry consultant rate, from four industrial consultancies: Carbon Credentials Energy
Services Ltd; Carbon Footprint Ltd; Arup Group Ltd; and Ricardo Plc.

The amount of time spent on collecting data and inputting into the HEICC was recorded and
compared against P1; a baseline time of 150 hours. This baseline was taken as the average time a
dedicated consultancy team (at ‘consultant’ grade) would require to complete a comparable GHG
reporting project. A test was set to see which of the respondents could complete their HEICC tools
with a full dataset in 150 hours or less. This duration was determined from gathering information
on the estimated time taken to produce GHG reports by the environmental manager of the UoS,
consultancy partners Carbon Credentials Energy Services Ltd and other industrial contacts in HE. If
this could be achieved, the USM was considered to have performed positively against the baseline

of existing methodologies.
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Temporal performance was deemed to be directly related to financial performance. Thus, P2 was
an average hourly consultancy rate of £160 per hour (once again, at ‘consultant’ grade) applied to
the baseline temporal parameter (P1). This was the cost of the consultant; though it is
acknowledged that the cost to the institution may be higher if completed internally, primarily due
to the cost of overheads, including: associated energy consumption and payroll (plus national
insurance and pension contributions). A 150 hour project resulted in a total estimated project cost
of £24,200 based on this costing model; the fewer hours needed to conduct the work, the fewer

costs involved in using the USM to assess GHG emissions.

5.24.1 1ISO14064-part 3 Verification

Data reliability could not be measured directly, but was instead inferred using a proxy. The act of
external verification was the measure chosen to demonstrate good data reliability; whether the
requirements of external verification could be satisfied would mean data were of significant
quality to use in GHG assessments. Although numerous standards by which GHG assessments can
be verified exist, 1SO14064-part 3 was chosen for this study, due to its widespread use
internationally for assessing the provenance of GHG assertions; as evidenced by its inclusion on
the list of verification standards accepted by the Carbon Disclosure Project (CDP). For this reason

it was therefore deemed of sufficient scope and robustness for use in this study.

In practice, verification ensures that carbon disclosures meet established standards of quality,
confidence and completeness and in addition, is a useful mechanism for establishing the eligibility
of data for reporting. A number of approaches can be taken to assess the quality of data that
informs an organisational carbon footprint. In many instances, this is a simple numerical sense-
check to ensure that values are within expected limits. For readily available data and where data
is comprised over multiple years, assessing the quality of data involves straight-forward

procedures and conducting an assessment via this method is appropriate.

Often discrepancies within 5% are deemed immaterial (‘de minimis’) and such errors are
discounted and attributed to scientific uncertainty. In GHG accounting, emissions from de minimis
sources can be approximated, rather than through careful quantification or excluded from
reporting altogether (Busch, 2011). This helps organisations to prioritise their efforts with regard

to GHG record-keeping.

In practice, verification is conducted by independent and accredited third-party organisations,
which offer two assurance levels; "reasonable assurance engagements” or "limited assurance
engagements" (International Organization for Standardization, 2006). These describe the user’s

intentions for verification where the former refers to whether the information contained in the
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GHG assessment is ‘materially correct and is a fair representation of GHG data prepared in
accordance with the related International Standard on GHG quantification, monitoring and

reporting’. The latter does not conform to these statements.

In this study, data were assessed for: i) completeness, consistency, accuracy, transparency,
relevance, and (as appropriate) conservativeness of the GHG information, including origins of the
raw data; ii) appropriateness of selected baseline scenarios and GHG baseline quantification
methodologies; iii) uniformity in approaches to collate, transfer, process, analyse, aggregate,
disaggregate, adjust, and store information across the organisation’s facilities; iv) crosschecking of
the GHG information through other quantification methodologies; v) uncertainties in the GHG
information arising from different data sources or GHG quantification; vi) the accuracy of
equipment to meet the required accuracy of reporting; vii) any other factors that are likely to
significantly affect the GHG information; and viii) the appropriateness of selected GHG estimation

and quantification methodologies.

The verification process is designed to ensure the appropriateness of organisational carbon
disclosures and generally takes a qualitative approach to data quality assessment. In other
instances, widespread verification of numerical data is conducted using quantitative means e.g. in
post-LCA studies. Further quantitative assessment of the data quality was performed using a data

quality rating (see below).

5.24.2 Data quality rating

In conjunction with methodological verification, the qualities of submitted data were qualitatively
assessed using a pedigree matrix. Data were assessed on a five point scale (1, best quality; 5,
worst quality) against five data quality indicators (reliability, completeness, temporal correlation,
geographical correlation, and further technological correlation) (Weidema & Wesnaes, 1996).
Descriptors for each of these indicators can be found in Table 31, used to calculate a data quality
rating (DQR) for each data point calculated for each institution. Eq. 6 shows the method used to

calculate DQR by summing the pedigree matrix scores:

R+ Co+TeC+GC+TC+Wix4
boR = i+4 te)

where, R, Co, TeC, GC and TC are the scores assigned to the data quality criteria.
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Table 31: Data quality descriptors in a pedigree matrix for deriving DQR, adapted from Weidema

& Wesnaes, 1996.

Indicator Score 1 2 3 4 5
. - Non-verified ualified
Verified data Verified data Q . -
N data partly estimate (e.g. Non-qualified
Reliability (R) based on partly based on . . .
. based on by industrial estimate
measurements assumptions .
assumptions experts)

Completeness
(Co)

Temporal
correlation
(TeC)

Geographical
correlation
(GC)

Technological

Representative
data from
sufficient
sample of sites
over an
adequate
period

Less than three
years of
difference to
year of study

Data from area
under study

Data from
enterprises,

Representative
data from a
smaller number
of sites but for
adequate
periods

Less than six
years difference

Average data
from larger area
than that under
study

Data from
processes and
materials under

Representative
data from an
adequate
number of sites
but from
shorter periods

Less than 10
years difference

Data from area
with similar
production
conditions

Data from
processes and
materials under

Representative
data but from a
smaller number
of sites and
sorter periods
or incomplete
from an
adequate
number of sites

Less than 15
years difference

Data from area
with slightly
different
production
conditions

Data on related
processes or

Representative
ness unknown
or incomplete
data from a
smaller
number of
sites

Age of data
unknown or
more than 15
years of
difference

Data from
unknown area
with different
production
conditions

Data on
related
processes or

correlation process and materials but .
) study but from study but from materials but
(TC) materials under . . same .
different different different
study . technology
enterprises technology technology
5.2.5 Beta test of the data collection tool

Prior to commencing data collection, the HEICC system was externally beta-tested (also known as

user-acceptance testing). As per established rules of beta-testing, a sample of the intended

audience (in this case, HEl environment managers) tried out the tool and provided generalised

feedback based on a series of pre-prepared questions sent via email. This was conducted after the

alpha test, performed on colleagues in the UoS’s Centre for Environmental Sciences and the

Estates and Facilities Department in autumn 2015. Local independent university environment

managers were chosen to conduct the beta-test. Respondents were: i) local, because they were

from the Universities of Winchester, Southampton Solent, Bournemouth, and Portsmouth); and ii)

independent because they were not expected to take part in the full study to maintain

impartiality. Feedback was required on open questioning in three key areas:
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“Usability” - defined as the ease by which the tool could be navigated and completed.
- How simple did you find the tool to use?
- Did you know what you needed to do?
- Did you understand what was being asked of you?
- Have you used a tool like this before?
- What could be improved?
- Was the tool presented in a logical structure?
- Would you like some instant analysis of your input data?
- How would this analysis improve your understanding of the tool?

- What form of analysis would you find most useful?

“Complexity” - defined as the ease by which accompanying guidance notes and built-in prompts
could be understood.

- Were the instructions prescriptive?

- Did the instructions provide enough relevant information to complete the exercise?

- Was the language easy to understand?

- Were technical terms explained?

- How useful were the built-in prompts?

- Was there any additional information/guidance you required?

“Accessibility” — defined as the ability to access, edit and select sensitive content in the tool.
- Would you have liked the tool to have given you more permission to make amendments?
- Would you have liked the tool to have given you less permission to make amendments?
- Did seeing the formulae detract from what you were being asked to do?
- Did viewing the emission factors used in the calculations help you to use the tool?

- Would you have liked to have been able to access more of the tool?

5.3 Results

5.3.1 Results of the HEICC beta test

5.3.1.1 Usability

The HEICC tool was deemed by the beta test sample of institutions to be suitable for gathering
and analysing GHG data, collected in-line with the UM. However, numerous suggested
improvements were identified that were either incorporated into the tool in order to make it
more user-friendly. Where suggestions were rejected, they were disregarded with a suitable

justification. The usability of the tool and the user interface that respondents were presented
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with was a particular source of interest and was where many changes to the tool were made for

version 2.0.

Firstly, the use of an excel-based tool was not contested by respondents, however changes to the
structure of the tool were made, based on the suggestions that real-time data analysis of data
inputs was more beneficial to the user. This entailed the addition of emission factor tabs,
calculation lookups, and validation lists which overly improved the quality of the interface.
Analysis was focused on providing headline results on Scopes 1, 2, and 3, as well as normalised
against the three HE-relevant KPIs previously considered in Chapter 3 of this thesis (staff and

student full-time equivalent (FTE) numbers, gross internal area, and spend).

5.3.1.2 Complexity

Few changes were made to the instruction sheets provided to study participants, as the majority
of respondents in this initial test found the instructions prescriptive and sufficiently containing
enough information for the data sources relevant to them. Many of the hints and tips were
amended and a summary sheet was added which provided explicit guidance on the expectations
of the respondent in using and completing the tool. This helped to explain more of the technical
jargon, highlight the means by which the data were being analysed in real time, and consequently,

improve overall usability.

5.3.1.3 Accessibility

Due to the addition of an analysis tab, the need arose for complex formulae to be written, which
therefore needed locking to prevent the user from inadvertently breaking the tool. Formulae and
superfluous pages were hidden and non-editable cells were locked, whilst all effort was made to
avoid compromising on the level of access the respondents desired. This was achieved by making
it extremely evident where cells could and could not be edited. This did affect the accessibility of
the tool, but this was not deemed to be a significant issue by respondents, because the real-time
information was of greater value than tool accessibility. The locking of cells hides formulae, which
had a number of benefits for improving accessibility, since it would reduce the likelihood of

overall confusion and show the editable cells more clearly.

5.3.2 Prevailing methodologies

The results outlined here are taken from the semi-structured interviews conducted at the
beginning of the study and are combined with an interrogation of their publicly-available
documents, primarily the institutions’ sustainable travel plan, sustainable procurement plan,

annual report, and corporate governance report (if available). Transcripts for each of the semi-
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structured interviews accompany this thesis are available from the University of Southampton’s
research repository. Table 34 is the output from these interviews, and shows a comparison of the

attributes of data collection procedures at the 10 institutions.

Generally, confidence in reported data was found to be highest for Scope 1 and 2 emission
calculations. As expected, this was in direct support of the findings in Chapter 3. All institutions
sampled had automatic metering systems (AMS) which provided high quality electricity and
natural gas data for use in carbon footprint calculations (either half hourly or invoices based on
(typically) actual reads). More variation in Scope 1 fuel usage data was evident; either calculated
using mileage data obtained from fuel card receipts, internal account systems and through the
finance department records or mileage on MOT certificates. The UoS rated Scope 1 emission
methodology more conservatively than the rest of the sample, rating the source originating from
the consumption of natural gas as ‘medium-high’ confidence. Scope 2 emission sources were
consistently rated as ‘High’. Only the University of Winchester rated medium confidence in Scope
1 and 2 calculations. This would correspond with the concept of data tiers introduced in 2.7.9,

which stated that there is more certainty with directly measured data.

The data confidence for emissions from water consumption was rated ‘high’ by all 10 institutions,
however Scope 3 emission sources were rated consistently low. Sources rated a ‘low’ confidence
level most frequently were i) business travel and ii) procurement; the former being applicable to
four institutions and the latter to six institutions. These particular emissions sources did not have
well-established data collection processes and the means by which data were identified and
collected differed the most out of any other emission source interrogated. This was also to be
expected, once again in direct support of previous assertions made in Chapter 3 of this thesis. For
Scope 3 targets, the majority of institutions prioritised activity-led targets (for example, reducing
the number of single occupancy commuter cars, decreasing waste arisings, or promoting
sustainable procurement. This was found to be contrary to the method of setting scope 1 and 2
emissions targets, usually based on absolute emissions reductions (or intensity metrics that led to

absolute emissions reductions).

Two predominant environmental standards could be seen as the preferred choice of methodology;
the GHG protocol and the HEFCE guidelines. The latter borrowed heavily from the GHG protocol
in many of its characteristics. The time boundary was found to be identical and followed an
annual reporting period, which began at the start of the academic year (officially September in
the United Kingdom) with a small difference from institution to institution distributed across late

summer and early autumn.
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A disparity in the number of personnel tasked with collecting data and compiling reports was also
identified. The ratio of these individuals against the number of FTE staff and students is revealed
in Table 32. Institutions with the lowest ratio of personnel include Glasgow Caledonian and the
University of Salford at 1:14720 FTE staff/students and 1:17340 FTE staff/students respectively. In

compiling assessments, responsibility is broadly held by estates and facilities departments,

sustainability teams or dedicated strategic management groups.

Table 32: The ratio between staff & students and personnel compiling GHG emission assessments

at the participant institutions.

Institution ID Personnel > ETE Staff and Student Ratio
Aston University 4 9820 1:2455
Birmingham City University 5 20520 1:4104
Canterbury Christchurch 10 13075 1:1308
De Montfort University 9 17200 1:19111
Glasgow Caledonian University 1 14720 1:14720
University of Keele 1 9480 1:9480
University of Oxford 9 31115 1:3457
University of Surrey 1 17340 1:17340
University of Winchester 2 6865 1:3433
University of Southampton 5 26895 1:5379
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Chapter 5

533 GHG contribution analysis

The emission sources for which data was returned by respondents during methodology testing
are presented in Table 34. Typically, full data coverage for the reporting period was received for
Scope 1 and 2 emissions sources; where activity data was missing, consumption was pro-rated
using established pro-rating techniques for missing data (see: Environment Agency, 2014). Only
ten emission sources were quantified by all institutions. No data was received on downstream
leased assets for any institution. It is important to note that numerous other emission sources
were irrelevant for some institutions (such as the consumption of burning oil, LPG, or biofuels)
since the activity was not carried out on their estate and thus not included in their operational
boundary. In these instances, data from these sources was not considered to be purposefully

absent.

Table 34: Data reported through the HEICC tool by emission source by study participants, with
associated aggregated DQR score, descriptor (poor, fair, or high quality), and associated data

coverage.

o DQR Institution ID
Emission source

Score Descriptor Coverage AU BCU CCU DMU GCU UoK 0OoO US UoW UoS

Natural gas consumption 1 High quality 10 v v v v v v v v v /
Burning oil consumption No Data
Direct energy Fuel and gas oil consumption 1 High quality 10 v
emissions LPG and LNG consumption No Data
Fleet vehicles fuel consumption 1 High quality 10 v v v v v v v v v /
Consumption of biofuels 1 High quality 10 v
Consumption of biomass 1 High quality 10 v v v
Land use Landscaping activities 1 High Quality 10 v v v v v v v vV vV /
changes Agricultural activities No Data
Indirect energy  Electricity consumption 1 High quality 10 v v v v v v v v vV /
emissions Consumption of heat/steam 1 High quality 10 v
Well-to-gate emission - natural gas 3.2 Poor quality 10 v v v v v v v v v /
Well-to-wheel emissions - fuels 3.2 Poor quality 10 v v v v v v v v vV /
Energy-related  Well-to-gate emission - electricity 3.2 Poor quality 10 v v v v v v v v v /
activities Well-to-gate emissions - steam 3.2 Poor quality 10 v v v v v v v v v /
Well-to-gate emissions - biofuels 3.2 Poor quality 10 v
Well-to-gate emissions - biomass 3.2 Poor quality 10 v v v
Business travel grey fleet 3 Fair quality 5 v v v
Travel
Commuter journeys by car 2.3 Fair quality 4 v / v v
Waste fraction emissions 2.7 Fair quality 5 v v v v v v v v vV /
Waste
Wastewater 2.6 Fair quality 10 v v v v v v v v vV /
Natural gas consumption No Data
Downstream . .
Electricity consumption No Data
leased assets
Consumption of heat/steam No Data

DQR, data quality rating; LPG, liquid petroleum gas, LNG, liquid natural gas.

AU, Aston University; BCU, Birmingham City University; CCU, Canterbury Christchurch University; DMU, De
Montfort University; GCU, Glasgow Caledonian University; UoK, University of Keele; UoO, University of
Oxford; US, University of Salford; UoW, University of Winchester; UoS, University of Southampton.
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Each data source was rated using the DQR criteria outlined in the pedigree matrix (Table 31). Data
that were consistently rated as high quality included the Scope 1 sources (natural gas
consumption, fuel, and gas oil consumption, fleet vehicles fuel consumption) and scope 2 sources
(electricity consumption). Travel (business grey fleet travel and commuter car journeys) was
regarded as fair quality, whilst well-to-gate emissions data was rated as poor. Since no data was

collected for downstream leased assets or LPG consumption, the DQR was not calculated.

Annual GHG emissions from the Scope 1-3 sources in Table 34 for the participant institutions are
summarised in Figure 21. The most significant emission sources across institutions were
stationary combustion, purchased electricity and commuter car emissions. On average, Scope 1
emissions contributed 40% to the institutional GHG emissions, whilst Scope 2 contributed 49%.
On average, the six Scope 3 emission sources included in the USM accounted 11% of the footprint
of the institutions on average (ranging from 25.6% to 6.5%). The remaining sources (process
emissions, fugitive emissions, and purchased heat/steam) collectively contribute less than 5% of
total scope 1-3 emissions and can therefore be classified as de minimis. Stationary combustion
typically contributed 99% of Scope 1 emissions, purchased electricity 99% of Scope 2 emissions

and energy-related emissions 90 % of the Scope 3 sources considered.

80,000,000

70,000,000

60,000,000

50,000,000

40,000,000 —  [@Scope 3

30,000,000 —1—  [Scope?2
OScope 1

GHG Emissions (kgCO,e)
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10,000,000 = T :‘— —li -
] ﬁ e N =

AU BCU CCU DMU GCU UoK UoO US UoW UoS
Institution

Figure 21: 2015-2016 GHG emissions of the 10 participant institutions quantified in accordance
with the proposed USM.

AU, Aston University; BCU, Birmingham City University; CCU, Canterbury Christchurch University;
DMU, De Montfort University; GCU, Glasgow Caledonian University; UoK, University of Keele;
UoO, University of Oxford; US, University of Salford; UoW, University of Winchester; UoS,
University of Southampton.
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5.3.4 Participant experience

After the study, participants were asked once again to rate their attitude towards the carbon
footprint and the status of their data collection systems. This echoed (and can be compared to)
the rating presented in Figure 17 in Chapter 4 where respondents were asked to rate where their
attitude placed along a continuum of seven adjective pairs: adequate-inadequate; chaotic-
ordered; open-sensitive; complex-simple; old-fashioned-modern; ineffective-effective, and
innovative-non-innovative. It was evident that respondents found a number of improvements
using this methodology over their previous methodology in a number of categories, including
‘adequate’, ‘open’, and ‘innovative’. Conversely, the mean score given to a number of other
categories was skewed to a more negative outlook; including the ‘chaotic’, ‘old-fashioned’, and

‘ineffective’ categories. Figure 22 shows the pre-study and post-study attitudinal responses

recorded.
Adequate \ Inadequate
Chaotic Ordered
Open Closed
Complex Simple
Old-fashioned ; Contemporary
Ineffective Effective
Innovative Non-innovative
1 2 3 4 5
Mean score Post-study
—@— Pre-study

Figure 22: Study participant attitudes pre- and post-study; adjective pairs rated through semantic

differential questions.

5.34.1 System usability score results

When asked to rate the system based on its usability, respondents were broadly positive. The SUS
score was calculated by converting responses (total n =50) to a score out of 100, following the
methodology set out in Bangor et al., 2008. The SUS is a ‘quick and dirty’ survey scale for allowing

an easy assessment of the usability of a product or service. The SUS is composed of 10 statements

162



Chapter 5

score on a five-point scale based on strength of agreement. The higher the score, the more usable
the product or service is deemed to be. The average SUS score across all 10 respondents was 69.3;
narrowly above the average published SUS score for usability (based on the percentile grading of
scores where 80.3 or higher is rated an A, 68 is a C, and 51 or under is an F rating. Higher scores
demonstrate greater usability, ease of learnability, and an increased proclivity for users to

recommend the system to others; results can be seen in Table 35.

Additionally, questions about the ease of reporting data for each emission scope revealed a
degree of ambivalence; when asked about the amount of time required to complete the work, the
responses were predominantly for ‘neither strongly agree or strongly disagree’ for Scope 1 and 2
emission sources. Of particular interest were the responses that were skewed towards ‘disagree’
for Scope 3 emission sources; evidently despite the streamlined process, for some, the Scope 3
requirements were still rather time consuming. When asked how satisfied respondents were
about the ease of collecting Scope 1, 2, and 3 emission data responses were more frequently
‘strongly agree’. The support and guidance received during the study was reported positive and
was evidently well received. Six respondents advocated the need for additional assistance in

completing the tool with the data requested.

Table 35: System Usability Scores assigned by participating institutions, rating the HEICC tool

developed to collect GHG data in-accordance with the USM.

Institution ID SUS Score

Aston University 63
Birmingham City University 65
Canterbury Christchurch 45
DeMontfort University 75
Glasgow Caledonian 88
University of Keele 63
University of Oxford 48
University of Salford 63
University of Winchester 93
University of Southampton 93
x 69

5.3.4.2 Test parameter performance

With regards to the performance of the system, it is once again pertinent to consider the test
parameters (Table 30) on page 148. Whilst the study participants described the HEICC and USM as
usable (as revealed by the SUS), or somewhat usable to a certain degree, the test parameters

guantitatively defined a baseline against which the system’s performance could be measured to
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reveal significant advantages (or conversely, disadvantages) over the status-quo of existing

methodologies.

For all participants, the USM considerably reduced the time required to identify and collect GHG
information, out-performing the defined parameter by a significant margin. This demonstrated
that using the UM, on average could save environment managers 81.2 hours, with a standard
deviation of 25.6 hours and a range of 75 hours (the shortest duration recorded was 35 hours
against the longest duration recorded which was 110 hours). The number of hours saved equates
to savings of £12,992 per institution over the proposed test parameter. These results are directly
comparable because all study participants were expected to identify, collect, and report identical
GHG-related information on their own estates and thus, quantifiably demonstrated the first

advantage the USM had over existing methodologies.

Since the linear relationship between cost and time was assumed, the time reductions already
identified translated directly into significant financial savings for the participant institutions when
recalculated. This demonstrated the second advantage the USM had over existing methodologies;

full temporal and financial results can be seen in Table 36.

Table 36: The total time and cost results associated with participants conducting the

methodological test.

Institution ID > Time > cost
Aston University 75 12,000
Birmingham City University 40 6,400
Canterbury Christchurch 60 9,600
DeMontfort University 95 15,200
Glasgow Caledonian 82 13,120
University of Keele 43 6,880
University of Oxford 110 17,600
University of Salford 35 5,600
University of Winchester 58 9,280
University of Southampton 90 14,400
X 69 11,008

SD 26 4089

The third and final parameter was data reliability, defined as the potential for the data reported
to satisfy the requirements of 1SO14064-3 verification. Simply, this was evaluated through
conducting an independent verification of the calculations of the HEICC using the raw data

supplied by the respondent. The process began with setting out the level of assurance and the
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verification’s objectives; in this instance ‘reasonable assurance’ was chosen and the primary

objective was to ensure that GHG assertions were verifiable to the ISO standard and within

defined materiality limits of the verified GHG value. Secondly, the criteria of the verification were

agreed against which, the reported data was measured; the ISO14064-3 criteria are presented in

Table 37. Subsequently, the scope of the verification was defined, which included the

organisational and operational reporting boundaries, sources of emissions, time periods, and

GHGs. Materiality was once again set at a threshold of 5%; results of the verification are

presented in Table 38.

Table 37: Verification criteria defined in the 1ISO14064-3 standard, against which the GHG

assertions of the participant institutions were tested.

Principle

Definition

Comments

Relevance

Completeness

Consistency

Transparency

Accuracy

Ensure the GHG inventory appropriately reflects the
GHG emissions of the company and serves the decision-
making needs of users — both internal and external to
the company.

Account for and report on all GHG emission sources and
activities within the chosen

inventory boundary.

Disclose and justify any specific exclusion.

Use consistent methodologies to allow for meaningful
comparisons of emissions over time. Transparently
document any changes to the data, inventory boundary,
methods, or any other relevant factors in the time
series.

Address all relevant issues in a factual and coherent
manner, based on a clear audit trail. Disclose any
relevant assumptions and make appropriate reference
to accounting/calculation methodologies and data
sources used.

Ensure the quantification of GHG emissions is
systematically neither over/under actual emissions, as
far as can be judged. Reduce uncertainties to achieve
sufficient accuracy, enabling users to make decisions
with reasonable assurance as to the integrity of the

reported information.

Selected GHG sources, data & methodologies
are applicable to the organisation. Appropriate
boundary is selected (organisational &
operational).

All relevant sources are accounted for; where
actual quantification is not technically, or
economically feasible, the organisation may opt
to apply estimates.

To enable meaningful comparisons year on year.

Changes shall be documented and justified

Sufficient information should be available to
enable a third part to recalculate & reproduce
the same results if given the same source data.
Audit trails are clear, and available upon request
Where

reasonable, uncertainty and known

misreporting will be reduced as far as possible.
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Table 38: Results of the independent verification to the 1ISO14064-3 standard, showing reported

aggregated emissions against independently verified emissions.

Institution ID Reported cumulative Independently Difference +/-  Materiality
aggregated GHG verified GHG (kgCO,e) threshold
emissions (kgCO,e) emissions (kgCO,e)
1 9331354 9331355 0.05 5%
2 12180913 12 180920 0.05 5%
3 7 243 223 7 243 500 0.05 5%
4 9292510 9293 000 0.1 5%
5 10014 362 10017 500 0.1 5%
6 10590 269 10590 010 0.1 5%
7 75277 059 75285100 0.2 5%
8 12 023 282 12 023 282 0 5%
9 3292 300 3292 300 0.1 5%
10 47 695 226 47 695 226 0 5%

As can be seen, only minor discrepancies between the reported and verified emissions were
found (n.b. the primary researcher conducted the GHG assessment for the University of
Southampton, and therefore there was no discrepancy with the verified consumption). The data
repeatedly holds up strongly against the verification criteria. Appropriate boundaries are selected
by each of the institutions. As was evident from the contribution analysis, all relevant sources are
accounted for; where actual quantification was not feasible, the use of data scenarios became
relevant and institutions were able to apply estimates based on long-established techniques (for
instance, business travel-related emissions from grey fleet could be estimated using data based
on the number of journeys multiplied by the average distance between the organisation’s location
and the destination if recorded information wasn’t available). Relevant assumptions were
disclosed in the tool’s open text boxes and data sources were sent alongside the reported
information. Finally, the quantification of GHG emissions was ensured to be neither systematically

over/under actual emissions through the vouching of GHG assertions presented in Table 38.

5.4 Discussion

54.1 Proposed methodological amendments

The experiences of the participant environment managers during the study period are an

invaluable record, which demonstrate that common difficulties are still experienced when
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completing the GHG assessment process using the technique. Whilst the proposed USM improves
the current paradigm, the focus must now be on considering the operational realities which
hinders its use. The first key improvement identified by the participants during testing was for the
inclusion of market-based GHG reporting, in order to align it with current trends established by
the GHG Protocol update in 2015 (Sotos et al., 2015) and their own reporting procedures. More
than ever, institutions are procuring low-carbon energy (through renewable energy guarantees of
origin-backed (REGO) supplies) to mitigate the climate impacts of their need to consume
electricity. Even for institutions operating internationally, there is now more choice on sourcing
low-carbon energy. Prior to this methodological change however, these purchase agreements
were not reflected in their reported Scope 2 figures and accounted mostly for total consumption.
The simplest way this can be accommodated is by giving the practitioner the ability to manually
input supplier-specific emission factors into the HEICC based on their electricity supply

contracts/instruments.

Another issue was that some participants required additional guidance in order to satisfy all
requirements of the test, despite the accompanying briefing document being written in simple
terms. This included site visits and telephone calls to instruct and advise on the correct course of
action regarding data collection and emission calculation. As is commonplace in this research area,
there was an expectation of some assumed knowledge. Further guidance notes can be added,
however, it does beg the question about the competencies of environment managers and the
level to which they are trained in matters of GHG assessment. Whilst the sharing of best practice
has been commonplace in the sector through networks like the EAUC, a shortfall in detailed
subject knowledge is evident. Sectoral training, whether through workshops or remote webinars,
provided by the HEFCE, the EAUC or other industry bodies should be explored. Internally at
institutions, environment managers should be encouraged to gain the required knowledge. The
urgency in HE to change this situation is somewhat lacking; because this is a common issue,
collective inertia preserves the status quo. The evident shortfall in skills and knowledge is one
possible suggestion for participants diverting from the proposed methodology, the other being
that alternative methods were deemed to be more efficient (or were repeated from previous

times the GHG assessment was conducted).

The inertia that is often experienced when proposing new methods of working means that for
some environment managers, changing the processes they use to conduct GHG assessments will
be challenging. Although the proposed USM is at its heart, sympathetic to the current internally
engrained processes of institutions, further development of the means in which data is inputted
would allow even greater autonomy by the participant. A number of issues were taken over the

requirement for data to be formatted in a certain rigid manner; a change to this, through the
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allowing of data to be inputted in a number of different fashions was made to suit the individual.
In particular, due to the use of excel and the functional abilities therein, participants were able if

they so desired to link to their own documents with the in-built GHG calculations.

A series of additional useful features were incorporated to increase the usability of the HEICC tool
and afforded the ability for participants to update the tool when required. For instance, the
construction of the tool, using Microsoft Excel’s ‘SUMIFS’ and ‘VLOOKUP’ functions to look up and
calculate GHG emissions from a dedicated emissions factor tab, allowed the user the freedom to
annually update the tool with the most current emission factors (published in the UK by Defra
around June/July). This ensured that the outputs from the tool are always current and avoid the
need to redesign the tool in any way. This design also assists the auditor, because the calculation
methodology is transparent and traceable throughout the tool. This means verifications can be
conducted with greater ease and fosters ‘standardisation’ which has become a key theme
throughout the development of the UM. Not only this, but the user is also able to follow the
calculations; in the past, calculations tools have been victim to a lack of transparency (primarily in
order to protect intellectual property among other reasons), but have alienated the user as a
result. The resultant ‘black-box syndrome’ considerably reduces the confidence the user has in

the data outputs and its frequency of use.

5.4.2 A usable and verifiable methodology

The results presented here vindicate the development of a streamlined methodology for
assessing the GHG emissions of universities for a number of reasons. The three test parameters,
devised by institutional environment managers themselves, to some degree are improved under
the conditions of the test as a result of choosing to employ the USM over other methodologies.
This chapter has shown that this theoretical proposal, when practically tested on a subset of UK
HEls, overcomes many of the most significant barriers to carbon management in the HE sector
identified in this research. Fewer data points means quicker data collection procedures, which
rely less on external third parties to provide information, which in-turn saves considerable money
for the institution; fewer resources are consumed, yet the sustainability benefits of carbon

management are preserved and can even be enhanced.

The inclusion of institutions from varying locations and specialisms shows that the methodology
can be amended to suit all institution types. This diversity demonstrates the ubiquitous potential
and appeal for a sympathetic GHG assessment methodology which will enable HEls across the

sector to improve their GHG assessments in the future.
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Furthermore, the data obtained in-line with the methodology is verifiable to external GHG
standards most commonly used by industry auditors (regardless of which emission sources are
included or how cut-off criteria are defined). This represents a key consideration for the potential
adoption of a new GHG assessment methodology, since independent GHG verification is
mandatory for many existing sustainability reporting programmes (such as the CDP). External
verification adds an added element of reassurance that the data and the assertions used are

legitimate and truly representative.

The ease by which existing methodologies can be transposed into the USM cannot also be
underestimated. The reconciliation of the methodological steps conducted initially when
developing the methodology means that many commonalities still exist. Therefore, in many cases,
switching from one methodology to the other does not involve any lengthy research or learning to
be able to do. Often, significantly changing the way procedures are followed, especially if they are
deeply entrenched, can be viewed negatively because of beliefs that are held that the traditional
way of working is the best way of working. This is often a noteworthy hindrance which stops
institutions adopting improved procedures. The advantage of the USM is that significant changes
are not required, with the more consequential changes being the exclusion of certain GHG

emission sources.

Appendix F presents the HEICC and details of the USM in their final iterations, based on the

proposed changes and experiential feedback by study participants.

543 Study limitations

The GHG emissions presented in this chapter were based on a number of subjective choices and
methodological assumptions. This study was fundamentally limited by the availability of data and
the associated quality of data due to the reliance on colleagues in external institutions. Although
regular contact was maintained with study participants, there was an expectation that study
participants would be self-sufficient following the initial project briefing. Due to the differences in
experience at conducting GHG assessment of study participants, it should be acknowledged that
not all issues or difficulties could be rectified or were indeed highlighted by the participants and

therefore there is a degree of uncertainty is associated with data returns.

All efforts to minimise, quantify, or explain limitations have been made as far as practicably
possible, however additional work is required to better address these limitations. In doing so, this
will enable more informed and less uncertain decision-making pertaining to the outputs of the
USM. Further exploration of the limitations in this study and of the research conducted in this

thesis can be found in Chapter 7.
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5.4.4 Significance of findings

The ability to measure quantifiably the environmental impact of organisations relies on compiling
broad datasets from external organisations and sources along the corporate value chain (Tukker
et al., 2006). Understanding these activities is vital in making the case for adopting cleaner
methods of production and using data to monitor changes in near real-time. The generation of
environmental data has grown exponentially year-on-year in recent decades due to rapid
technological developments (the amount of scientific data is oft quoted as doubling every year
(Szalay & Gray, 2006; Hashem et al., 2015). Often, a greater onus is placed upon the user to cast a
critical eye over data they are selecting and fully disclosing this procedure when it is presented.
This is particularly important in instances where information may be garnered from a multitude of

secondary sources, and the user has waived control over the method of collection.

GHG information is used by a wide range of individuals from across the social and economic
spectrum for a plethora of reasons. Policymakers consider it in the process of creating new
legislation (Holmes & Clark, 2008); advocacy groups use it in environmental campaigns, financial
analysts are increasingly accounting for it in risk evaluations (Pfeifer & Sullivan, 2008), and the
public act upon it when adopting pro-environmental behaviour (Shaw, 2011). For organisations,
technology allows for challenges to be modelled in detail and for future-proof solutions to be

adopted through the operations of the organisation by its decision making body.

This methodology is developed for universities, by universities. The proposed methodology is
designed with the activities of universities at its heart. Key features, which support this statement
include: i) the development of a tool that can inform the EMR record; ii) the use of turnover,
internal area and staff and student-related KPIs to normalise data; and/or iii) its interrelatedness
against commonly used GHG assessment standards from which, transposition can be readily
effected. Evidently, GHG assessments are possible with readily available data and a structured
data collection methodology and data tool. For internal purposes, assessing emission sources that
lay outside the boundary of the cut-off criteria still hold an invaluable place in pragmatic HE

carbon management programmes.

The development of a methodology which: i) is sympathetic to its users’ experiences and daily
workload pressures; ii) standardises and streamlines approaches to the collection of
environmental estate data; and iii) enables emissions to be aggregated at the sectoral level
without the potential for double counting, has numerous advantages for sector-wide carbon
management over the status quo. Its utility across an entire sector enables consistency of
reporting and enables similar types of institutions to be easily compared. The discovery that

despite similarities, diverse differences remain, demonstrates the urgent need for reform in
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current GHG assessment procedures employed by UK HEls. This is something that could happen
immediately with a holistic, multilaterally agreed and forward-thinking plan. Coordination of this
plan could come from the many actors at play in the governing of the HE sector’s purely carbon
management-related activities or general sustainability-related activities i.e. the HEFCE, the EAUC

or governing groups such as the Russel Group or the Million+ think-tank.

What is clear is that there is a need for a universal adoption of a single methodology. Adopting
the proposed USM (or not) is left for debate by the sector. Although, it is difficult to identify any
closely competing methodologies which are designed specifically for the HE sector and therefore,
adopting this methodology has significant advantages. Even if adoption is not possible, increasing
the transparency of tools and methodologies currently available to environment managers will
also allow institutions to make significant strides towards better accountability and confidence in
data inputs. This directly affects the confidence in data outputs, and therefore fosters more

forthright decision-making by institutional leaders.

Whilst there may be a need for a multilateral agreement on the HE sector’s ‘official’ GHG
assessment methodology, a more pressing issue is the evident skills gap in undertaking GHG
assessments. To this end, a national programme of training and best practice knowledge transfer
should be introduced. This should be a continual process, perhaps adopted in-line with continuing
professional development programmes administered by most professional environmental bodies
to which environment managers are encouraged to join. This will eradicate the apparent skills
shortfall, whilst enabling environment managers to feel continually supported, share problems,

and have their questions answered.

Reporting of GHG information, based on the cut-off criteria, is made easier with the use of a data
collection system that is closely aligned with current data reporting processes. Results here show
that integrating data collection with prescriptive instructions and a standardised tool may
facilitate the collection of effective and verifiable data. The USM saves time and has the potential
for reallocating precious financial resources away from administrative tasks (data collection, data

cleansing and processing, and GHG analysis) to more pressing emission reduction initiatives.

Whilst the costs quoted in this chapter may be small against the multi-million pound research
budgets of the institutions featured here, the impacts should not be underestimated. Greater
capital funding enables and empowers institutions to drive deeper savings against emission
reduction pledges. In addition to this, research and teaching standards may also benefit, creating
positive multiplier effects through increased student recruitment, staff retention and
interminable growth. A streamlined and cost-effective assessment methodology means that the

speed with which policies can be planned and deployed is increased exponentially. The role of the
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environment manager can shift to where greater impact can be made (considering also, the

varied and time-pressured role they lead).

As political momentum on sustainability issues increases, universities should be committing more
capital funding to ambitious GHG reduction initiatives. However, in a time where budgets are
being significantly squeezed, in reality the situation is vastly different. Universities right now have
an opportunity to ensure lasting progress is made against the Paris Climate Agreement’s
ambitions, whilst also having influence on a wider national move to sustainable development. The
agenda set by the updated Sustainable Development Goals (SDGs), adopted in 2015, aims to ‘end
poverty, protect the planet and ensure prosperity for all’ by 2030 (United Nations, 2015). The
quantification and eventual reduction of GHG emissions (and by extension, emissions of
substances that result in poor air quality) contributes directly to a number of the thematic aims of
the 17 SDGs. Namely, (4) — quality education, (9) - industry, innovation and infrastructure, (11) —
sustainable cities and communities, (12) — responsible consumption and production, (13) -
climate action, and (15) — life on land. This alone demonstrates the potential that responsible and

pragmatic carbon management has on the wider sustainable development agenda.

Due to their ability in shifting world paradigms, universities have for some time been a driving
force on sustainable development, through their actions in conducting leading research and
nurturing the minds of graduates. Through their spheres of influence, they are able to drive the
agenda, embodying the ‘responsible organisation’ ideal and encouraging others to follow their
example. Though some would argue that institutional fortunes and funding are at the behest of
the incumbent government and that as a result, institutional allegiances are malleable, in the
main institutions remain independent and non-partisan. Due to this strong position, and in
alliance with funding networks and unique governance structures, universities can often be much
more ambitious than private organisations in this field, which is disproportionate to their
comparably diminutive size. It is clear that institutions do not often exploit this unique and

privileged position.

5.5 Conclusions

Presented in this chapter are the results of a year-long data collection study, based on a subset of
10 UK HElIs with varying characteristics (i.e. location, education specialism, sources of funding, and
staff and student population etc.). These differing characteristics demonstrate the diversity within
the HE sector and highlight the vastly different priorities that institutions have. The results show
that adoption of a universal GHG assessment methodology that streamlines onerous reporting

requirements has numerous advantages, namely, that it is more cost-effective, timely, and
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eradicates double counting risk (when aggregated at the sector level). The time spent compiling
data through a streamlined process, which requires the user to quantify and report on eight
emission sources (two Scope 1, two Scope 2, and four Scope 3 sources), can be significantly
reduced. This has a direct consequence on reducing the financial burden required by the
institution, which can be diverted to core research and teaching activities or in implementing
carbon reduction projects. Significantly, this methodology has the potential to create reliable and
comparable assessments of institutions against their peers because of the means by which
emission sources are included and excluded. The need for decisions to be made by environment
managers over whether data sources should be included or excluded from reporting due to data
uncertainty (which is currently commonplace) has been reduced and is now supported by formal
cut-off criteria. Removing the need to disclose data with spurious origins increases certainty of

reported data and reduces the reputational risk to the institution.

The appeal of this methodology is predicated on the basis of its universal adoption, but inherently,
this is going to be a challenge. Inertia in the sector is inherently likely, due to its size and the
competing priorities of its constituent institutions (Robinson et al., 2015). Therefore, there is work
to be done on securing consensus on the forward direction of travel. The design of the
methodology is such that it allows easy transposition from existing methodologies, whilst
permitting external verification (tested in this chapter to the 1SO014064-3 standard); it is clear to
see that beyond individual issues, the barriers to implementation are minimal. A data tool,
considerate of its usability, transparency, and robustness has been developed to accompany the
USM and has been shown to benefit environment managers with useful guidance and aide-
memoires. The design, developed in collaboration with university environment managers, means
that the ability to drive continual improvements to the methodology and associated tools are in

easy reach.

Institutions are traditionally seen as leaders on sustainability; they are often very effective at
rolling out successful staff and student engagement programmes, incubating profitable low-
carbon business ideas and conducting innovative research. Historically though, the same cannot
be said on their reporting of GHG information. The ability to continue to lead the way on the
sustainability agenda is in jeopardy if the HE sector fails to act on the quality of information that it
reports; the opportunity now falls with individual institutions to become a catalyst for change and

on the sector’s leaders to listen and take action.
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Chapter 6: Production-based university GHG
assessments: The case of the University of

Southampton

The previous chapters have sought to propose and test a universal methodology for HEI carbon
footprinting on a subset of UK institutions including the primary institution, the University of
Southampton (UoS). When applying this methodology to the UoS, a number of challenges were
experienced and decisions made in order to obtain the high level data presented in the previous
chapter. In this chapter, further detail is provided on these decisions and what influence (if any)
these had on the reported results. The reporting of key methodological considerations alongside
the organisational carbon footprint is imperative in aiding the understanding and interpretation of

the stakeholder using the information.

This chapter explores a number of detailed elements of the full environmentally-extended input-
output analysis and life-cycle assessment (EEIOA-LCA) footprint that, although out-of-scope of the
universal methodology, provide additional insights to this research project. This work was
conducted to further the existing work undertaken by the UoS and demonstrates the intricacy and

complexity of such studies.
6.1 Introduction to the case study institution

6.1.1 Location

The UoS is located in the north of the City of Southampton. Southampton is predominantly a port
city and the largest city in the county of Hampshire, with a population of 250,000 (of which 39,000
(15.6%) belong to the two universities; the UoS and Southampton Solent University).
Southampton is part of the wider South Hampshire conurbation, which joins Southampton in the
west with Portsmouth in the east. The Solent Local Enterprise Partnership oversees the
development of the region which has a total population of over 1.3 million people and 50,000
businesses (Solent Local Enterprise Partnership, 2017). Situated at the confluence of the rivers
Test and ltchen, Southampton occupies a unique position; bounded in the north by the South
Downs (a range of chalk downlands) and the New Forest in the southwest (one of the largest
remaining areas of lowland pasture and heathland in the UK). As a result of its positioning, the
growth of the region is geographically limited by wild areas of particular local, national and

international importance.
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The UoS is one of only 60 institutions in the UK that houses research and teaching operations on a
dedicated campus and one of only five multi-campus institutions (the others include Edinburgh
Napier University, Heriot-Watt University, Nottingham University, University of Reading, and the
University of the West of England). These campuses are spread out around the city of
Southampton and the wider area of South Hampshire. The hub of activities and administration is
Highfield Campus, located to the north of the suburb of Portswood. The Highfield campus is
situated adjacent to Southampton Common; an internationally important Site of Special Scientific
Interest (SSSI) occupying 365 hectares of mixed deciduous woodland, grassland, and ponds

(Newton, 2010).

The surrounding satellite campuses of the Avenue Campus, Boldrewood, National Oceanography
Centre, and Southampton General Hospital are serviced by a number of halls of residence ranging
in size, from those housing only a handful of students (Shaftesbury Avenue) to over 1,900 (Glen
Eyre Halls). Further halls complexes are dotted around the city and include Archers Road Halls
(central Southampton, 510 students), Highfield Halls (north, 160 students), Bencraft Halls (north,
130 students), Wessex Lane halls (north, 1,700 students), Liberty Point (central, 310 students),
Mayflower halls (central, 1,000 students), and City Gateway (north, 350 students). Additionally,
the UoS has a campus and halls of residence in Winchester (the Winchester School of Art,

Erasmus Park halls of residence, 380 students) and a newly-opened campus in Johor, Malaysia.
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Figure 2: The campuses of the University of Southampton included in the scope of the Eco Campus certification and those considered in this research
project. Row 1, left to right: Highfield Campus, Boldrewood Campus and Glen Eyre halls complex. Row 2, left to right: Wide Lane Sports complex,

Wessex Lane halls of residence and university boatyard. Row 3, left to right: Winchester School of Art and Erasmus halls of residence, Avenue Campus.
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6.1.2 Policy and organisational setting

The governance structure of the UoS is shown in Appendix G. The University is governed by a
Council and a Senate that yield power over separately defined institutional operations. The
Council governs the general functional operations of the institution and is the executive and
principal policy-making body (as stipulated in the University’s Royal Charter), whilst the Senate is
the primary authority on academic matters and oversees the direction and regulation of
education, examinations, as well as the awarding of degrees and the promotion of research.
Membership of the Council includes academics, external stakeholders, representatives of the
Students’ Union, and members of the Executive Team. The Senate, meanwhile, comprises 150
members including: the President and Vice Chancellor; Deans and Associate Deans of Faculty;
academic staff representative and research staff representatives, as well as student
representatives (including the President of the Students’ Union. The Chancellor is the official head
and primary spokesperson for the University, whilst the Vice Chancellor is the principal academic
and administrative officer; the Executive advises the Vice Chancellor on matters regarding the

day-to-day management of the institution and acts as counsel for strategic decision-making.

The strategic direction of the UoS, as agreed by both the Senate and Council and promoted by the
Vice Chancellor formalises the institution’s ambitions of being a world-class research institution.
Already recognised as one of the leading research universities in the UK, this builds upon many
years of strong research and education performance. For instance, in the 2014 Research
Excellence Framework, the UoS was ranked 8th for research intensity and consistently scores
highly on teaching and learning assessments. As an institution with one of the highest proportions
of income derived from research activities in the UK (exceeding £100 million) it is annually ranked

in the top 100 universities in the world.

Managing an ever-changing estate can be a considerable challenge for campus facilities managers.
Setting campus-wide policies is a commonly used method of managing the estate on a wide
number of issues. The enforcement of these policies can often be the most time consuming and
controversial aspect of campus management and thus, detailed implementation plans are
required to ensure the programme’s success. The following section outlines a comprehensive list

of policies instituted across the estate relevant to carbon management.

6.1.2.1 Sustainable travel plan

The UoS instituted a travel plan which facilitates the transportation activities of staff, student, and

visitors to and from its campuses. The second travel plan period 2015-2020 builds upon the first
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travel plan period 2010-2015 and focusses primarily on connecting Highfield Campus (as the hub
of institutional operations) to satellite campuses and halls of residences elsewhere in
Southampton. The commitments which the university has made through the adoption of the
travel plan are fourfold:

1) Reduce transport-related emissions and wider environmental impacts of transport by

raising awareness amongst staff and students;
2) Provide low carbon alternatives to the car and improve the choice of alternatives;
3) Promote the smarter ways of working to reduce the need to travel; and

4) Maximise the use of land.

The travel plan is continuously supported by the inputs of both staff and students via surveys and
also includes a plethora of deliverable objectives. In meeting these objectives, the institution can

expect to deliver on these four commitments.

A number of these have already been achieved successfully, including improvements to the
interchange for bus services, the renegotiation of the contract for the university’s bus service
(‘Uni-Link’), and a reduction in the overall number of parking spaces. There are also a number of
outstanding objectives, which the institution aims to achieve before the end of the second period,
under a number of broad KPIs: measurement, reduce the need to travel, active travel, public
transport, cars, business travel, and the optimisation of supplier deliveries. Objectives include the
introduction of a bike rental scheme, recording of business-travel related carbon emissions, a
cycle to work scheme, review timetabling to avoid peak-hour journeys, and the promotion of
existing showering facilities. The institution aims to implement flexible working arrangements that
enable staff and students to reduce their need to travel, providing improved walking and cycling
facilities on campuses and halls, work in partnership with other stakeholders to provide improved
walking and cycling routes and other transport initiatives and Implementing a car parking policy to

encourage car users to seek alternatives or car share.

The institution has invested in research to identify how best to employ a centralised
sustainability-focused booking system for staff travel for business purposes. A centralised method
offers a number of additional significant benefits as a result of business-to-business booking
agreements and bulk ordering, including cost saving and increased flexibility (Guizzardi et al.,
2016). There are many examples of institutions already deploying this technology to manage
travel booking. For example, the Universities of Exeter and Lancaster employ the services of a
third party travel organisation with an online software platform that all budget holders across the

institution can access.
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6.1.2.2 Sustainable procurement

Institutions engaging in sustainable procurement place themselves in two roles. Whilst
participating in the market as a buyer/purchaser they can simultaneously yield power over
purchasing decisions to promote social, economic and environmental values extending beyond
the estate. The UoS’ procurement policy stipulates that a list of approved suppliers is kept, from
which resources are ordered. A tendering process is used for individual purchases and works
exceeding the EU’s threshold for public procurement; >£164,176 for supply and service

contracts, >£4,104,394 for works contracts and >£589,148 for social services (OJEC, 2016).

The university’s sustainable procurement policy is informed by the priorities and agenda set by
Procurement England Ltd (a key alliance vehicle for regional English HE purchasing consortia®?).
This group aims to support member institutions in achieving value for money on a whole life cost
basis. This means that wider economic, social, and environmental benefits must be taken into
account when purchases are made. As a member of the SUPC, the UoS receives a wide variety of

benefits including access to free cost-based Scope 3 procurement assessments.

Typically, institutional approaches to sustainable procurement should act to support counterpart
environmental and ethical policies. Whilst the institution is yet to implement its own bespoke
sustainable procurement policy, broadly, the institution can follow the aims of Procurement

England, whose aims are to:

1) Ensure that environmental, social and whole life cost impacts are appropriately
considered in the assessment of ‘value for money’. This means committing to undertaking
regular assessments of the life-cycle impact of products, services and works procured by
universities;

2) Manage the procurement of goods and services to support members in achieving supply
chain carbon emission reduction targets. Encourage staff to review their consumption of
goods and services;

3) Broaden the awareness of sustainable procurement principles and ensure procurement
processes are open, transparent. Ensure that staff, students and suppliers understand the
aims and objectives of the policy, continually improve and develop it;

4) Embed good practice in day-to-day procurement activities;

42 There are six main regional purchasing consortia in the UK: the London Universities Purchasing Consortia, the North Eastern
Universities Purchasing Consortia, the North West Universities Purchasing Consortia, the Southern Universities Purchasing Consortia,
Advanced Procurement for Universities and Colleges in Scotland and the Higher Education Purchasing Consortium, Wales. These
organisations perform a central purchasing role for member institutions in their jurisdictions, existing to foster value-for-money
collaborative procurement.
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Undertake sustainability risk/impact assessments of products & services and supply
chains;

Engage suppliers to improve supply chain management i.e. by working with key vendors,
educating them on sustainable procurement and, as appropriate, persuading them to
offer more sustainable products, utilise more sustainable working practices, and
encouraging them to propose innovations which improve the sustainability of their tender
responses;

Promote the sustainable purchasing policy, strategy, objectives and activities to members,
suppliers and students;

Manage tendering strategies that ensure fair access to contracting opportunities for
businesses of all sizes and types; and

Collaborate with other organisations to improve knowledge and understanding of
sustainable procurement and not knowingly deal with companies whose activities include
practices which directly pose a risk of serious harm to individuals or groups, or are

inconsistent with the mission and values of the institution.

At a more local level, the UoS engages with the SUPC for most of its tendering contracts and

procurement activities. The SUPC also have a range of policies for ensuring that procurement is

conducted sustainably, by aiming to:

1)

2)

3)

4)

Comply with all applicable local and national environmental laws, regulations and
directives of the countries working in, manufacturing in or trading with;

Actively avoid causing environmental damage and/or negative environmental impact
through manufacture and supply of the goods or services and disposal of supply chain
waste;

Have a business plan in place to minimise environmental impact year-on-year and
adopting or working towards internationally recognised environmental standards and/or
behaviours; and

Encourage the development and use of environmentally-sensitive technologies.

The UoS is also a member of the ‘Warp-It’ scheme; an online network where institutional

members can share unwanted resources (such as furniture and office equipment), seeking to

reduce spend on new equipment and its wastage. This is used as a means of procurement on an

ad-hoc basis when goods become available.

6.1.2.3

Sustainability action and engagement

The UoS’ Sustainability Action initiative is dedicated to providing opportunities to all staff and

students across the institution to take part in sustainability events throughout the year. Many of
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the initiatives have been world firsts for a university and demonstrate an innovative approach to
engagement (often the success of sustainability policies relies on the level of engagement that
often can be seen as a significant challenge when attempting to enact strategic change). This
initiative has enabled the university to host a variety of engagement events, including the

‘Blackout’, ‘Waste Wars’, ‘Swap Shop’, and ‘Shift Your Stuff’

Blackout is the centrepiece of this initiative, where a large number of students are trained in
energy auditing and measure the change in energy consumption against baseline weekends
throughout the year. Twice a year, in partnership with the Student’s Union, the swap shop
provides the opportunity for staff and students to exchange their unwanted clothes for new items
for free, with the aim of decreasing the reliance on newly bought fast fashion items. The third
programme led by Sustainability Action is ‘BioBlitz’, which is an outdoor community event where
expert naturalists and the public work undertake a survey to identify of all forms of life in the local
vicinity. Finally, Waste Wars allows staff and students to work together to calculate the recycling

rate at the university by undertaking an audit of the university’s waste streams.

6.1.3 The organisational boundary of the University of Southampton

The organisational composition of the UoS is set out in Table 39, which shows the ownership
status of the UoS and related entities outlined in the 2015/16 financial statement. The institution
receives financial remuneration from these entities (except those that are currently dormant) as
part of its investment portfolio. Although they are distinct legal persons, they are within the
jurisdiction of the UoS’ university leaders (in particular, the Vice-President for Research and
Enterprise) and the Director of Finance. The UoS itself comprises eight faculties and three
administrative units; Business and Law, Engineering and the Environment, Health Science,

Humanities, Medicine, Natural Sciences, Social, and Human Sciences and Physical Science. These

operational units can be found in Appendix G.

The Southampton University Students’ Union (SUSU) is of notable importance for understanding
the organisational boundary of the institution. Because it is a separate legal person, the financial
affairs of SUSU are not listed in the financial statements of the UoS. The SUSU occupies facilities
on campus (leased from the UoS) and receives some university funding (in addition to its own
fundraising activities). Although the activities of the SUSU are excluded from study here, there is a
probability that some activities are included, such as the consumption of electricity. This is

because the AMS record flows to the central estates department and is recharged to SUSU.
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Table 39: Investments held by the University of Southampton, adapted from the UoS 2015/16

financial statement

Holding Nature of Activity

Investments held by the University of Southampton

ECS Partners Ltd 100% Consultancy
IT Innovation Ltd 100% Dormant
IT Innovation Centre Ltd 100% Dormant
Photonic Innovations Ltd 50% Investment Company
Southampton Asset Management Ltd 80% Investment Company
Southampton Innovations Ltd (Sl Ltd) 100% Investment Company
Southampton International Singapore Limited 100% Research
USMC Sdn Bhd (Malaysia) 100% Education
University of Southampton Holdings Ltd (USH Ltd) 100% Holding Company
Science Park
The University of Southampton Science Park Ltd 100%
Management
Investments held by USH Limited
The University of Southampton Consulting Ltd 100% Consultancy
Investments held by Sl Limited
Photonic Innovations Ltd (Pl Ltd) 50% Optoelectronics

Initial work to set the organisational boundary concluded that an operational control approach
was the most appropriate. Although the institution is composed of several entities, the secondary

or tertiary entities listed in Table 39 were excluded due to their immateriality:

1) Firstly, these entities are typically holding companies with very few physical assets;

therefore they contribute little to the GHG profile of the institution;

2) Secondly, many of these entities use the physical infrastructure of the UoS’ estate and
would therefore be difficult to apportion out, or would already be included in Scope 1 and

2 emissions; and

3) Thirdly, the importance of maintaining consistency with work previously undertaken
meant that the boundary used in the Carbon Reduction Commitment (CRC) and
EcoCampus was sufficient for this study as the institution has already set a well-

established boundary.

Therefore, only the sites in Table 40 were included in the scope of this study.
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Table 40: Sites occupied by the UoS included in the GHG assessment.

No. of residential No. of non- Total Gross Internal
Site Description Post Code
buildings residential buildings Area (m?)

Highfield Campus 45 82 193 989 S0O17 1BlJ
Avenue Campus 1 4 10 537 SO17 1BF
Boldrewood Campus 1 5 62 168 S016 7PX
Winchester School of Art 43 6 19510 S023 8DL
Wide Lane 0 7 2221 SO50 5PE
Water sports Centre 1 15 889 SO18 2JL
Glen Eyre Halls 41 1 49 051 SO16 3ZE
Wessex Lane Halls 45 3 39 960 SO18 2NS
Bencraft Halls 5 0 4695 SO16 30B
Archers Road Halls 7 0 11 863 SO15 2WF
Astro House Data Centre 0 1 2622 PO15 5TX

A number of other sites are also excluded including the laboratories at Chilworth, units on the
Belgrave industrial estate, College Keep, offices and research space at the hospitals: North

Hampshire, Royal Hampshire, Southampton General, and St Mary’s.

6.1.4 Campus developments and special events 2005-present

The developments seen at the UoS are highly indicative of the fast pace of growth experienced by
the UK HE sector in the last decade. Despite being good for business, the wider implications for
carbon management are often under-considered and are not a significant factor for campus
planners and developers. In addition, the importance of maintaining steady growth which enables
planners to lessen the carbon intensity of operations gradually; it is widely held that the potential
for succeeding on emission reduction targets (especially absolute targets) is highly dependent on
carefully considered low-carbon growth. The emissions baseline set by the UoS in 2010 was based
on the academic year 2005-06. In practical terms, a number of matters (described in paragraph
6.1.4.1) occurred in 2005 which made the baseline year abnormal; this has left a legacy which has
created a challenge for carbon management and is worth noting when assessing the GHG

emissions of the organisation.

6.1.4.1 Special events during the baseline year

During the baseline year, the UoS estate experienced a catastrophic fire which saw 10,000 sg. m
of floor space taken offline and subsequently demolished. The infrastructure in question at the
time was home to the UoS’ Computer Science and Optoelectronics departments and accounted

for a significant proportion of the UoS’ energy consumption due to the intensive use of computers,
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clean rooms and other equipment in the building. This represented an artificial lowering of the
baseline and consequently skewed the rate of growth in the intervening time to be much faster
than would otherwise have been expected due to the construction of replacement buildings. The
construction of the replacement building was completed in 2008, which saw a state-of-the-art

£55 million building add 10,000 sg. m back to the university portfolio.

Also in 2005, the Highfield campus library was extended and redesigned to create 3200m? of
additional study space and the student services building refurbished with a new glass atrium
installation which joined two pre-existing buildings together. The latter scheme was lauded as an
extremely sustainable construction, making use of natural light, ventilation and grey water and
features a photovoltaic (PV) array on the roof. The 25° west of south-facing array is pitched at 30°
to enable self-cleaning and yields a nominal power of 12 kWp. The academic year 2005 also saw
the UoS’ CHP plant brought online, providing localised heat and power to the campus for a period

of at least 25 years.

6.1.4.2 Timeline of constructions and special events, post-baseline year

The year 2005 was selected as the baseline for Scope 1 and 2 emissions reduction targets in order
to comply with the sector-set targets explored in Chapter 3. The Higher Education Funding Council
for England (HEFCE) assumed that individual institutions would follow the same emission growth
trajectory (1.6% per annum) as the aggregated target between these years, without accelerating
or slowing their rate of ascent. The evidence demonstrated by the UoS shows that this trajectory

was much steeper and sustained throughout the intervening period.

The occurrence of a number of irregular events during the baseline year possibly suggests that the
particular year upon which the UoS now measures emissions reduction performance was atypical.
Subsequent to the baseline year, a number of changes have occurred which have affected the
UoS’ performance and offer an insight into why the growth trajectory since the baseline year has
been so considerable. It is pertinent to consider this impact in order to learn the most pragmatic

way of striving to set Scope 3 emission reduction targets (to be explored in latter chapters).

Table 41 shows the fluctuation in gross internal area (GIA) over the period since the baseline year.
Although total area marginally declined during the period, a considerable reduction in 2007/08 is

followed by a period of continual growth and expansion.
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Table 41: The gross internal area of the UoS between 2005/06-2015/16.

Academic Year Non-residential (m?) Residential (m?) Total (m?)
2005/06 279 862 147 567 427 429
2006/07 264 438 151 650 416 088
2007/08 271783 151 650 423433
2008/09 250 495 129 043 379539
2009/10 250 585 138 391 388 976
2010/11 276 028 137 112 413 140
2011/12 252 871 132 440 385 311
2012/13 260 740 125 365 386 105
2013/14 266 876 125015 391 891
2014/15 273 689 151 622 425 311

Interrogating staff and student numbers, the rate of growth is more evident than can be seen in
the change in gross internal area. Between 1994 and 2001, the UoS almost doubled in size from
9,000 full-time equivalent (FTE) students to 15,500 in 2001 (Nash and Sherwood, 2002) and
increased again to 18,700 in 2015 and 20,500 in 2012 respectively (HESA, 2012).

A number of singular developments between 2006/07-2015/16 are worth noting. A number of
campus extensions were made, such as in 2006, when the Archaeology department relocated to a
£2.8 million building on the Avenue Campus (purchased by the university in 1993 to facilitate
expansion, bypassing restrictive planning laws at the time that would have required a large
number of parking spaces in the form of three multi-storey car parks to be incorporated in the
Highfield campus expansion plans). In 2013, a new off-site data centre was also developed and
brought online to cope with the advancing computing requirements of the university and in 2015,
the university constructed a series of halls of residence to increase capacity dramatically.
Southampton City Gateway in Swaythling, a 15-storey tower built at a cost of £23.5m is able to
house >360 students and includes local amenities such as a pharmacy and GP surgery. Also, halls
were constructed nearer the centre of Southampton; Mayflower plaza is a £70m development of

three, 8-16 storey accommodation blocks and features space for 1100 students.

Development has been particularly centred on the Highfield and Boldrewood campuses. Figure 24
depicts Highfield Campus and Boldrewood Campus and highlights where significant additions to
the campuses have been made. Large areas of land on the Highfield site have been purchased in
the northeast corner (where residential houses have been demolished), whilst the Boldrewood

site has undergone a complete redevelopment programme.
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Highfield campus, ca. 2005 Highfield campus, ca. 2015

Figure 24: Aerial imagery highlighting the changing and expanding estate footprint. Top row left to
right: Highfield Campus in 2005 and 2015. Bottom row left to right: Boldrewood Campus in 2005
and 2015.

In 2007, the £18 million Electronics, Education and Engineering (EEE) building was constructed,
which features the UoS’ largest lecture theatre with 430 seats. The building features a glass street
front to provide natural lighting and ventilation. The Institute of Development Sciences at the
Southampton General Hospital and the Institute for Sound and Vibration Research (ISVR) building,
incorporating a green roof, were also constructed in the year. In 2008, a temporary building,
housing the School of Civil Engineering was erected in the university’s ‘engineering square’ due to
the 1960‘s Faraday Tower being deemed structurally unsafe. In 2010, a £50 million life sciences

building was constructed, utilising previously unused space and requiring the demolition of an
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existing university building and residential housing. The decommissioning and demolition of the
Boldrewood campus was also initiated. In 2011, the campus bus interchange, operated and used
by ‘Uni-link’, a bus service funded by the UoS, was rebuilt at a cost of £1.5 million. A refreshments
kiosk was installed, along with real-time bus information. In 2014, the construction of a maritime
centre of excellence, a £116m redevelopment of the pre-existing Boldrewood Campus, was
completed. This is a state-of-the-art facility which is used for maritime research by both the UoS
and the Lloyds Register (which has transferred marine activities from London to Southampton). A
32,000m’ gross external area facility, its features include a 186m towing tank and anechoic
chamber, as well as space to house over 400 university academics and an equal number of Lloyds
Register professionals. The campus is serviced by a centralised power and heat unit. Additionally,
construction of an atrium extension of the R.J Mitchell wind tunnel and the refurbishment of the
ship sciences building following the transfer of staff and students to the newly opened
Boldrewood campus were also completed. In June 2015, the temporary building housing the
Environmental Sciences department was demolished and a landscaped seating area with bike
storing facilities was installed. The university also replaced the Chamberlain halls of residence,
adjacent to the Glen Eyre halls complex, beginning by demolishing existing halls in 2012;

construction was completed in 2015.

6.1.4.3 Future developments

The UoS will continue to grow in the future and a number of large construction and development
projects are planned for the near-term. These include the completion of the redevelopment of
the Glen Eyre Halls of Residence, the construction of the National Infrastructure Laboratory at the
Boldrewood Campus and the construction of the Cancer Immunology Centre, a £25 million
development at the University Hospital Southampton NHS Foundation trust site. The UoS has also
commenced works to build a new centre for learning and teaching at its Highfield Campus. The
building will be located on Salisbury Road, on the combined site of the current Visitors' car park
and Building 58a. The new building will include a 250 seat lecture theatre, a range of seminar and

teaching rooms, independent study space, a computer suite and a café.

6.1.5 Operational boundary

Auditing the operations of the UoS to establish fully the operational boundary highlights the
diverse mix of activities which the institution directly and indirectly influences. The organisational
structure was used as the basis for this since it afforded a good understanding of the discrete staff
and student groupings and their associated contribution to organisational output. Here, a broad

description of the activities identified is given. Building use at the UoS is very mixed and features
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spaces such as offices, workshops, laboratories, common meeting areas, meeting rooms,

computer rooms, libraries, storage/cleaning cupboards and lecture theatres.

6.1.5.1 Campus-based research and teaching

Activities for delivering research and teaching activities on the estate rely on the provision of
physical infrastructure and the continual maintenance of this infrastructure. Installed boilers and
chillers are required for heating and cooling services. On Highfield campus, this is primarily
supplied by two gas turbines in the CHP plant and localised air conditioning units (ACUs). This
scheme, installed in 2006, merged two existing campus district energy schemes whilst other
buildings were linked and their old local boilers were retired. For instance, linked to this system is
the EEE building which contains a 600kW absorption chiller. This utilises the hot water from the
CHP plant to provide cooling by generating cold water for circulation through chilled ceilings in
the offices, and through a displacement ventilation system in the main lecture theatre (Turner,

2017).

As a mixed-use campus, much of the infrastructure is designed to be multi-functional and adapt
to the uses of multiple groups. As a result, the estate is comprised of a wide variety of space in
which teaching and research activities are undertaken; from high performance laboratories, to
office spaces, performing arts spaces and domestic residences. Table 42 shows an example of
some of the largest pieces of equipment listed on-site and their specifications (with data from the
UK HE research equipment database funded by the EPSRC). This supports conclusions often made
about the energy-intensity of some departments over others (i.e. computer science, chemistry

and engineering).
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Table 42: Examples of large equipment operated by the University of Southampton’s researchers.

Building/equipment name Equipment specification

RJ Mitchell Wind Tunnel Wind tunnel (3.6m x 2.4m) with an overhead 6-
component balance, surface pressure scanner

and PIV system.

Facscanto Laser 488nm and 633nm benchtop 6-colour

Coral Reef Laboratory Multi-compartment aquarium system
circulating more than 4200 litres of artificial
seawater. Accompanied with a coral reef

display tank.

Clean Rooms Contains equipment for performing focused ion
beam (FIB) procedures and field emission

scanning electron microscopy.

Doak - Jet facility Anechoic Laboratory facility, 15m x 7m x 5m
and down to 400 Hz. It is used for jet and valve
noise and is equipped with an air supply that

achieves up to 20 bar pressure.

Not only does the campus serve as a hub for academic activities, but it is also a hub for social
activities, sports facilities, and other miscellaneous amenities. In addition to day-to-day
operations, the campus hosts many events throughout the year, including public open days,

enrolment activities (including inductions and interviews), examinations, and graduations.

The UoS owns an extensive vehicle fleet including four Kubota diesel tractors, one Honda Petrol
Quad bike, one Ezgo Petrol Golf buggy, multiple electric adapted milk floats, a Toro petrol lawn
mower, more than 40 Diesel Ford/Peugeot/minibuses and vans (up to 3.5 tonnes), and an even
greater number of petrol/diesel multi-size passenger vehicles. The latter are used for the
transportation of staff and students during field courses, research activities, and Sports club
activities (although these tend to be undertaken under the auspices of the Student’s Union and

therefore these journeys for the purposes of GHG assessment are excludable).

6.1.5.2 Off-campus research and teaching activities

Activities dedicated to the provision of research and teaching activities off-site are numerous and

seldom recorded formally. For this reason, understanding which activities are influenced and
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where data collection efforts should be targeted is a considerable challenge (and one which is
characteristic of full GHG assessments). In taking a methodical approach by interrogating the list
of courses on offer and the resultant activity types that these generate, a picture of the nature of
activities undertaken by and for the institution can be produced The following information

sources were interrogated:

- Subject/course list;
- Course programmes;
- UK Quality Code for Higher Education; and

- Enrolment data.

During the course of undergraduate study, many courses may offer off-site fieldtrips, in the UK
and internationally. Many subjects also require students to undergo fieldwork or training at
external facilities and outdoor sites. During the course of postgraduate research, students will
also conduct field investigations; these excursions typically occur on an ad-hoc basis reliant upon
the field of study and the individual research project scope. The UoS is also largely involved in

public outreach activities nationally as part of a drive to ensure research is of high impact.

The types of staff that are employed by the UoS can be categorised as being either ‘administrative
and support’ staff or ‘academic’ staff. Both of these groups may attend conferences, workshops
and meetings off-site; multi-day off-site excursions typically result in hotel stays. Academic staff
are more likely to undertake external business trips and to attend conferences and other

institutions, whilst support staff attend meetings and events off-site for shorter periods.

6.1.5.3 Administration activities

The support staff function allows the UoS to conduct its business efficiently. This includes a
plethora of activities on-campus including the distribution of mail and ICT support services
(covering the operation of the data centre, the installation of hardware, the troubleshooting of

ICT issues and the provision of ICT across the institution).

6.1.5.4 Construction, infrastructure and land-based activities

Construction activities are outsourced to contractors. This means that the emissions burden is
borne by the contractors themselves during the construction phase. The procurement of
materials for construction is conducted through the procurement office. Small building
maintenance works are mostly conducted by teams within the institution, unless specialist
equipment or expertise is required. Ground maintenance, landscaping, and gardening are all done

in-house using university-owned equipment.
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6.1.5.5 Off-site non-research and teaching activities

In addition to research and teaching activities which occur off-site, a plethora of other activities
are influenced by the institution off-site from the disposal of waste at material recovery facilities

(MRFs) to the delivery of procured goods. The UoS also leases external storage facilities.

A specific consideration for institutions when assessing GHG emissions is the role that student
domestic-related emissions have on the footprint. Student-related domestic emissions are
included in the footprint from institution-owned and operated halls of residence, but are
excluded once they (typically) move to privately-rented accommodation. It is important to note
that at some institutions, students can expect to be accommodated in university-managed halls
for the entire duration of their degree programme. Although a lesser cited issue in the literature,
it could be argued that the reason why students require accommodation in the host city is due to
the presence of the institution there; there is an interesting debate to be had on whether these
emissions should be excluded. Due to considerable data restrictions these emissions are excluded

in this research project.

6.2 Pre-study carbon footprint data

Prior to this research project, the UoS undertook a baseline carbon footprinting study based on
the HEFCE methodology. Total emissions were found to amount to 144,000 tCO,e, with scope 3

emissions contributing 110,250 tCO,e (~76.6%) to the overall footprint (Figure 25).

The assessment focused on collating information regarding procurement emissions, commuter
transport, waste and water and was not released publicly at the time due to poor confidence in

the methodology used. See Table 43 for the data sources and associated confidence levels.

The notable issues with the output from the emissions assessment that inspired this research
project are numerous. The means by which emissions are disaggregated does not follow
published conventions: for instance, emissions associated with the consumption of water are: i)
reported in a separate category, despite being a constituent of the ‘purchased products’ category;
and ii) include emissions from wastewater treatment, despite this being a constituent of the

‘waste’ category.

The procurement emissions, which clearly represent the greatest proportion of this footprint and
therefore an important element to calculate sufficiently, are calculated using cost code categories
to assign conversion factors. This was based on a published methodology developed by the
consultancy ARUP for the HEFCE in 2012. Under interrogation, it is evident that the methodology

uses a series of concordance matrices to apportion known material emission factors (previously
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published by the Department Environment, Food and Rural Affairs (Defra) but discontinued in
2014) to a broad (ProcHE) cost code description. There is also a considerable double counting risk;
whilst fuel and electricity consumption are rightfully reported as Scope 1 and 2 emissions, the
ProcHE codes associated with utilities (fuel, electricity, and water) are included in the

procurement spend calculation.

100% - 75371
90% - 21,824
Scope 3 sources
80% - 753 Scope 2 sources
Scope 1 sources
70% 1 E Employee Commuting
60% - B Business Travel
S0% 85.093 O Waste
° [ Purchased Products
40% - OImported Electricity
@ Mobile Combustion
30% -
@ Stationary Combustion
0, -
20% 15,858
10% - 185
17,852
0% +——m—— I

Emissions (t CO.)

Figure 25: Results of the preliminary GHG assessment undertaken by the University of

Southampton Estates and Facilities department in 2013.
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Table 43: Origin information of activity data collected to inform the University of Southampton’s

carbon footprint in 2013.

Emission source Confidence Origin

Energy — Gas/Electricity Good University Automatic Metering System (AMS) Half-
hour metering — reported in EMR

Water Good University AMS water data. Includes wastewater (90%
of water consumed)

Procurement Low Procurement spend from finance department,
calculation conducted by the Southern Universities
Purchasing Consortium (SUPC)

Waste Low Waste mass data, low confidence is attributed to Defra
emission factors being the same for most waste
treatments

Commuting Medium Biennial voluntary transport surveys, determining
modal split and trip origin

Business Travel Low Travel spend data provided by finance department

Vehicle Fleet Medium Fuel card spend provided by finance department

The 2013 GHG assessment allowed for rapid identification and establishment of data streams for

the research study presented in this thesis.

6.3 Universal standardised methodology data

Data for use in the study outlined in Chapter 5 were collected as per the methodology outlined in
that same chapter. The following section explores further the strengths and weaknesses of the
procedure that was followed and provides a greater depth to the somewhat high level analysis

already presented for the primary case study institution.
6.3.1 Energy emissions

The UoS has good confidence in the source and supply of energy-related data. As an organisation
which consumes greater than 6000 MWh of electricity annually, all electricity and natural gas data
is collected through a campus-wide AMS network and reported through the governmental Carbon

Reduction Commitment (CRC) scheme.

Energy intensity can vary significantly across the institution’s building portfolio due to the intrinsic

differences in research and teaching activities that occur there. Interrogation of the raw data for
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each building meter point administration number (MPAN) for electricity and natural gas reveals
that the buildings which accommodate the Chemistry Department, the Computer Sciences
Department, and the RJ Mitchell Wind Tunnel are those with the highest energy intensities across
the institution. Intensities are calculated by normalising natural gas and electricity usage by the
gross internal area (GIA) of the building and made comparable through the use of degree days (to
eradicate meteorological bias for natural gas usage). The buildings with the lowest energy
intensities include predominantly administrative buildings, Student Services, and smaller outlying

buildings in the southeast corner of the campus.

6.3.2 LULUCF/AFOLU emissions and removals

The Rothampstead institute’s RothC-26.3 model was used to investigate the influence of
agriculture, forestry and other land-use (AFOLU) processes undertaken by the UoS. RothC-26.3 is
a model for the turnover of organic carbon in non-waterlogged topsoils that allows for the effects
of soil type, temperature, moisture content and plant cover on the turnover process. By creating a
baseline calculation of organic carbon stored in biomass and the soil, in the future the institution
can use the results to inform future land use management practices and explore the means to
offset its emissions through pragmatic use of the estate. Published physical characteristics,
including, soil type, open pan evaporation rate, mean air temperature, and the decomposability
of incoming plant material (DPM/RPM) ratio were also determined for use in the model: Table 44

shows typical data inputs for the model.

Once soil organic carbon (SOC) was determined, the current store of carbon in biomass (biogenic
carbon) in addition to the rate of uptake of carbon were calculated using published rates for UK
habitat types, identified on the UoS’ estate through aerial survey. A habitat survey was conducted
using aerial photography for each of the institution’s sites to determine the proportion of the

estate by each land use type: see Figure 26.
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Table 44: Example data inputs for the Roth-C26.3 model, for improved grassland at the Highfield

Campus
Southampton - Improved grassland/agriculture
Monthly Bare/ Soil
Rainfall openpan Mean Clay soil DPM/RPM vegetated depth
Year Month (mm) (mm) airtemp content ratio soil (cm)

1 January 81.4 14.05 5.65 20% 1.44 Vegetated 25
1 February 58.3 20.55 5.6 20% 1.44 Vegetated 25
1 March 60.0 42.47 7.6 20% 1.44 Vegetated 25
1 April 50.7 70.02 9.85 20% 1.44 Vegetated 25
1 May 49.0 110.05 13.25 20% 1.44 Vegetated 25
1 June 50.4 135.71 15.95 20% 1.44 Vegetated 25
1 July 42.0 148.02 18.05 20% 1.44 Vegetated 25
1 August 50.4 124.21 18.0 20% 1.44 Vegetated 25
1 September 60.4 80.60 15.6 20% 1.44 Vegetated 25
1 October 93.8 45.62 12.25 20% 1.44 Vegetated 25
1 November 94.0 20.03 8.55 20% 1.44 Vegetated 25
1 December 89.2 12.76 6.05 20% 1.44 Vegetated 25

I:l Impermeable surface
[ peciduous woodland
EI Improved grassland

[ Bare soil

— Pond/watercourse

Figure 26: Land-use types on the University of Southampton’s estate, determined through habitat

survey using aerial footage.
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6.3.3 Commuter car travel

Further detail is provided in latter sections of this thesis on the approach taken to determine
emissions from commuter car journeys. The results of an online travel survey, administered with a
representative self-selected sample of the staff and student population, were applied to average
emission factors and extrapolated in line with the current size and composition of the UoS’ staff

and student population.

6.3.4 Waste and waste transfers

The management of waste is a key issue for the estate team at the UoS, managed centrally by the
waste manager and in close contact with waste contractors and faculty facilities managers. Waste
is collected from the campus via numerous streams; in office and shared spaces waste is collected
predominantly as mixed municipal waste, comingled recycling, and food waste and additionally

from service areas as metals, aggregates, and WEEE.

Some 20 separate licensees operate the waste transfers from the Highfield Campus site alone.
Table 45 shows the contractors responsible for the different waste stream and the next-step
destination of the waste (in Hampshire this is often an MRF for recyclable materials and an MSW

plant for municipal waste).

Table 45: Waste contractors by waste stream: the organisations responsible for disposing of

waste arising from the University of Southampton’s Highfield Campus.

Waste Stream Contractor/destination
Mixed Municipal Waste Sita UK/Wallington Depot, Fareham
Mixed Recyclables Sita UK/Wallington Depot, Fareham
Metal Southampton Steel/Timsbury, Romsey
Cooking oil Wimborne Cooking Oils/ Wimbourne, Dorset
Clinical waste/sharps SRCL Clinical Services/ Bournemouth waste to

energy facility, Bournemouth, Dorset

Garden waste Veolia E S Hampshire/Stockbridge, Winchester
Batteries End of Line Services/Maldon, Essex

WEEE End of Line Services/Maldon, Essex

Food Eco Food Recycling/Piddlehinton, Dorchester
Hazardous Waste B&W Waste Management Services, Bedford
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Details from waste transfer notes are recorded locally and reported to the UoS’ waste manager
on an annual basis; the cumulative amount of waste disposed by waste type and treatment type
is centrally collated through manual internal reporting practices. Waste transfer notes use the
European Waste Catalogue (EWC) coding system to distinguish the waste being sent for disposal
which organisations can use as a record (Wilson, 2011). This central database was the primary
source of data for the waste calculations, supplemented by the university’s waste collection
schedule. The waste collection schedule details the planned waste lifts for the 57 waste
compounds across the estate. Regular schedules are set for municipal waste, mixed recycling,

glass, and food waste, whilst the other waste streams are collected on a demand-basis.

The producers of waste are legally mandated to ensure that their waste carrier is registered to
transfer waste and that waste is disposed of responsibly (HM Government, 2017). Beyond this
stipulation and an effort to ensure that as much is recycled as possible, the producers of waste
have little control over the method of disposal. This is often determined by the waste carrier as
the most profitable method. For this reason, the recording of waste treatment is seldom
performed. Additionally, existing published emission factors are only released for certain
treatment types and materials, thus limiting the resolution with which waste emissions can be
investigated. Total derived emissions from the disposal of waste were 3146.50 tCO,e (as an
annual aggregated figure). In total, 56,680 bin lifts were recorded, amounting to 1,087 tonnes of
mixed municipal waste and 1,080 tonnes of mixed recycling (a recycling rate of 49.8%). 280
tonnes of compostable food waste, 20 tonnes of wood, 19 tonnes of cardboard, and 72 tonnes of

WEEE were generated.

Hazardous and clinical waste is disposed of using a dedicated disposal route direct to the waste
treatment facility on an ad-hoc basis. The GHG impacts of the hazardous waste stream are
difficult to assess reliably and are thus excluded from the assessment of waste-related GHG

emissions for the UoS.

Eq. 7 shows the derivation for the number of journeys made by waste collection vehicles to the
UoS for the two major waste streams (mixed municipal waste and mixed recycling) over a single
year period. The bins used were standard, 1100 litres, whilst the waste collection vehicles used by
the UoS’ mixed municipal waste have a gross volume of 15,000 litres. It was also assumed that
vehicles will on average fill to 75% capacity before returning to the depot, based on average

published figures (Defra, 2013).

VVehicles

Ztransfers = V— * 1.25 (7)
Schedules
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VSchedules = (VBin * nBin) * nCompounds

where, 3 ansrers is the number of waste transfers undertaken in a year, Vienices is the total volume
of the waste collection vehicles and Vsgeques is the function of bin size, number of bins, and

number of waste compounds on the university estate.

Table 46: Total scheduled waste volume and associated waste transfers for mixed municipal

waste collection at the University of Southampton.

Non-Residential Residential Sport

Vschedutes (litres) ¥ ccers  Vscneautes(litres) ¥ 0 e Vscneautes(litres) w0 ccor
Monday 123 200 8.2 59 400 4.0 3300 0.2
Tuesday 77 000 5.1 42 900 2.9 0 0
Wednesday 123920 8.3 33 000 2.2 2200 0.2
Thursday 19 800 1.3 46 200 3.1 0 0
Friday 55 000 3.7 59400 4.0 0 0
Saturday 5500 0.4 9900 0.7 0 0
Total 404 420 27.0 250 800 16.7 5500 0.4

Table 47: Total scheduled waste volume and associated waste transfers for mixed recycling

collection at the University of Southampton.

Non-Residential Residential Sport

Vscnedutes (litres) 3 crers  Vschedutes (itres) Yo ccono Vschedutes (itres) 3 ccor o
Monday 119900 8.0 115 500 7.7 3300 0.22
Tuesday 77 000 5.1 89 100 5.94 0 0
Wednesday 121720 8.1 69 300 4.62 2200 0.15
Thursday 64 900 4.3 89 100 5.94 0 0
Friday 130900 8.7 118 800 7.92 0 0
Saturday 81 400 54 9900 0.66 0 0
Total 595 820 39.7 491700 32.8 5500 0.4

The calculated cumulative distance was found to be 2,099,670 km. For waste streams without
directly measured data (including battery collections, hazardous waste, and radioactive waste) a
factor of 48 was used, calculated as one ‘lift’ per waste stream, per year for each institutional site.
A ‘lift’ is taken literally here and defined as the instance whereby the waste collection vehicle lifts
the bin or container containing the waste material. Technology-specific emission factors were

used for calculating emissions from waste disposal vehicles for both recycling and mixed
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municipal waste streams. Where information about the vehicle type was absent, an average
emission for factor for a van was used instead. Cumulatively, emissions from waste transfers

amounted to 2774 tCO,e.

Tables 45 and 46 above demonstrate the number of waste vehicles that would theoretically be
needed to dispose of the volume of waste in a single week if all of the scheduled collections were
honoured. However, a comparison with the total mass of waste sent for disposal would enable
these theoretical calculations to be sense checked. To do this, the measure used for the bins and
vehicles (a volumetric value, which in this case is litres) must be converted to mass (often, the
information recorded by waste carriers for billing purposes) for both the mixed municipal waste

and recycling waste streams.

Using published conversion factors, obtained from Defra (2016a) the calculated volume would
account for 3,146.29 tonnes of mixed municipal waste and 5,204.86 tonnes of mixed recycling. In
reality, only 1,087 tonnes of mixed municipal waste and 1,080 tonnes of mixed recycling were
collected from the institution in the study year. Evidently, this can be attributed to a combination
of two influences: i) the full waste schedule is never realised; and/or ii) the collection of waste
from the university is not conducted by waste vehicles taking a full load from the campus before
returning to the waste facility (even despite the 75% fill rate used in the calculations). In GHG
terms, this means emissions attributable to the UoS are undoubtedly exacerbated by the
inefficiency of the waste schedule and the frequently half-loaded vehicles. This also means that, in
reality, the emissions attributed to the UoS for these journeys could be many orders of magnitude
larger than those estimated here (when attributing a single trip from the waste transfer depot to
the campus and assuming the vehicles move immediately on to the next customer who at that

point becomes responsible for the emissions).

With this information, emissions associated with waste transfers could be reduced by an average
of 72.35% for the largest two waste streams alone by optimising waste schedules and increasing

the fill rate of vehicles.

6.3.5 2015-16 aggregated GHG emission results

In line with the proposed UM, the total calculated GHG emissions of the UoS found in this study
were 47,695 tCO,e. Scope 1 emissions accounted for 38.3%, Scope 2 28.3% and Scope 3 emissions
33.4% of the overall carbon footprint. Figure 27 shows the results of the study and ranks the
emission sources in order of their importance through contribution analysis. Despite the proposed
universal standard methodology (USM) excluding the majority of Scope 3 sources, in certain cases,

data were collected and the associated emission sources were quantified. For instance, the travel
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survey contains a swathe of data on the commuting habits of the staff and student population on
public and private modes of transport that would not be accounted for by the proposed USM. For
completeness, these are also shown in the Figure alongside the methodology used to gather the

data is detailed in the following sections.
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Figure 27: Results of the GHG assessment of the University of Southampton disaggregated by

emission source under the proposed USM.

6.4  Assumptions and sources of uncertainty

Whilst the need for assumptions was minimised through the proposed USM, a number of
assumptions were still needed during the undertaking to collect activity data to inform the UoS’s
GHG assessment calculations. The use of assumptions (often an integral part of any GHG
assessment), were used in the absence of all required activity data. Whilst the data hierarchy was
followed where possible, in many instances caveats and ‘rules-of-thumb’ were used to
extrapolate the raw activity data. This ensured that it was relevant to the characteristics of the
institutions. Table 48 records the most common assumptions used. Where assumptions were
used, these broadly followed two types: those that supplement empirical data (or used solely for

extrapolation purposes) and those used in place of missing or unobtainable empirical data.

N
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Table 48: Assumptions used during the data collection procedure at the University of

Southampton and associated citation, arranged by emission source.

Emission Source Common general assumption Literature source

Stationary combustion Baggott et al. (2004)

Constant calorific value of fuels

Mobile combustion Constant calorific value of fuels Baggott et al. (2004)

LULUCF/AFOLU Constant rate of soil turnover Coleman & Jenkinson
Various model assumptions in the Roth-C model (2014)

Imported electricity Department for
Average CO, emissions from the UK national grid. Assumes fuel mix is Business Energy and
constant throughout the year. Indsutrial Strategy

(2017)

Waste Waste categories are homogenous, and analogous to real world waste Clavreul et al, (2012)

composition

Limited by emission factor resolution
Commuter car journeys With the exception of the data captured by surveys, it was assumed that all
employees and students commenced all journeys from, and returned directly

to, their own homes.

The USM reduces the role that assumptions play in the calculation methodology. However, as is
evident, a number of assumptions must still be used to supplement the data collection. Whilst it is
clear that there is a case for the use of assumptions, they should be used sparingly, and with
purpose. In any case, by clearly stating the assumptions (as they have been here), assumptions

can be used without significantly reducing data quality.

6.5 Standalone studies

During the course of this research project, there were numerous opportunities to delve further
into certain subject areas due to the interdisciplinary and somewhat under-researched nature of
the research topic. As a result, a series of standalone studies were undertaken which add flavour
to the overall research, albeit without contributing directly to the aims and objectives. Two such
projects are outlined in the following section. The data presented in sections 6.4.1 and 6.4.2 was
obtained through collaboration with undergraduate students in the Faculty of Engineering and
the Environment at the UoS. The questionnaire data in 6.4.1 was collected by Eleni Zardeli under
the co-supervision of Oliver Robinson and Professor lan Williams and the results of which are
presented in Table 53, whilst the goods delivery data in 6.4.2 was undertaken by a group
completing a design project under the supervision of Professor Tom Cherrett. Whist secondary

data is used, the interpretations are that solely Oliver Robinson’s.
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6.5.1 Targeting commuter travel

6.5.1.1 UoS travel survey

The most recent travel plan published by the Estates and Facilities Department at the UoS
announced detailed targets for the modal share of commuter travel modes in 2020 (see Table 49
and Table 50). In order to reach these targets, the UoS, as with all HEls, understands that
continual monitoring of the travel habits of staff and students is required if behavioural change
and model shift is to happen. As with most universities, the UoS relies on undertaking a biennial
travel survey in order to obtain data about the travel habits of staff and students. Administered
via an online survey, biennially and in alternating years the travel survey focusses primarily on
those staff and students that travel to and from the Highfield Campus as a commuter journey.
This section outlines a study that sought to evaluate the attributes of a good travel survey,
standardise it for use across the HE sector and explore the means by which the institutions can

use it to achieve its 2020 travel targets.

Table 49: Undergraduate student commuting travel mode targets published in the UoS Travel Plan

Mode 2010-2015 Baseline Data 2015-2020 Baseline Survey 2015  Target 2020
Single occupancy car 46.5% 35.8% 37.5% 30.0%
Car share 10.0% 11.3% 11.2% 12.0%
Uni-link 4.8% 7.0% 8.4% 8.0%
Bus (other) 1.9% 2.3% 2.8% 3.0%
Walk 17.9% 19.3% 19.6% 20.0%
Cycle 14.2% 15.6% 12.8% 17.0%
Motorcycle 1.0% 1.0% 1.1% 1.5%
Train 3.6% 6.9% 5.7% 7.5%
Other (e.g. taxi, ferry) 1.0% 0.8% 0.9% 1.0%

Table 50: Staff and postgraduate student commuting travel mode targets published in the UoS

Travel Plan
Mode 2010-2015 Baseline Data 2015-2020 Baseline Target 2020

Single occupancy car 10.1% 4.6% 3%
Car Share 6.0% 2.1% 1.5%
Uni-link 22.3% 23.8% 24%
Bus (other) 1.0% 0.8% 1.0%
Walk 47.5% 36.1% 36.5%
Cycle 10.6% 29.1% 29.5%
Motorcycle 0.3% 0.2% 0.5%
Train 1.5% 3.1% 3.5%
Other (e.g. taxi, ferry) 0.4% 0.3% 0.5%

Figure 28 shows the results of the 2015 staff survey and the 2016 student survey. A total of 2003

(40%) staff, 1244 (7%) undergraduate, and 501 (7%) postgraduate responses was recorded.
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Extrapolated to account for the entire institutional population, the survey determined that 6416
tCO,e were attributed to the commuting habits of staff, 5881 tCO,e to postgraduate students and
6522.36 tCO,e to the undergraduate students. When normalised against the populations of those
groupings (staff n=5635, postgraduate n = 7390 and undergraduate n = 17485) it can be seen that
staff possess the highest average carbon footprint at 1.1 tCO,e per person per annum.
Postgraduate students choose more energy intensive modes of travel, on average producing 0.2

kgCO,e per kilometre.
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Figure 28: Results of the 2015 staff travel survey and the 2016 student travel survey, administered
online for 30 days. Top left: pie chart showing staff modal split in kilometres; top right: quantified
extrapolated GHG emissions by staff transport mode. Top left: pie chart showing student modal

split in kilometres; bottom right: quantified extrapolated GHG emissions by transport mode.
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6.5.1.2 Meeting modal shift targets

The travel survey contributes meaningful information which aids the delivery of the travel plan.
Not only for the UoS to be able to meet its 2020 modal split targets, but with the carbon
calculations that can be performed with the data that it yields, potentially, future carbon
reduction targets can also be introduced. Not only would this have significant benefits to reduce
Scope 3 emissions of the institution, but also will have wider implications on the broader
economy. Where modal shift may improve local transport-related issues (such as congestion), by
quantifying the emissions associated with this emission source, the UoS is able to make tangible
improvements to national 2050 CCA target and even non-climate related issues such as local air
quality. The generic nature of the proposed travel survey also allows these impacts to be

compared amongst institutions.

The implications on the modal split targets on the GHG emissions arising from the act of
commuting can be seen in Table 51. The shift to fewer single occupancy cars, a greater number of
carbon-neutral NMT journeys (walking or cycling) and increased use of public transport (primarily
bus and rail), emissions from the undergraduate cohort will increase 57%. The projection for
undergraduates is that reducing the number of car movements is challenging (compared with that
for staff) and so the tendency is for a shift from single occupancy cars to multiple occupancy. The
increased penetration of public transport by students also contributes to the increased emissions.
Conversely, the modal split targets for postgraduates and staff is expected to lead to an emissions
decrease of -18%, though both of these predictions exclude the absolute increase in the staff and

student population.

Further evaluation of these modal shift targets, with the expected connotations for GHG
emissions, will allow the UoS to target specific policies to make significant emission reductions.
Whilst there are tangible benefits to promoting the use of public transport and increasing car

sharing, currently, the UoS’ travel policy advocates an overall increase in emissions of 50%.
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Table 51: Implications to commuter-based GHG emissions by 2020 modal split target

Undergraduate
2010- - - - .
Mode 2015 Emissions  2015-2020  Emissions Target Emissions Difference
Baseline (tCO4e) Baseline (tCO,e) 2020 (tCO4e) (emissions)
i;‘f'e oceup: 46.5% 3033 35.8% 2335 30% 1958 -35%
Car share 10% 652 11% 737 12% 783 +20%
Bus 6.7% 43 700 9% 60 658 11% 71747 +64%
Walk 18% 0 19% 0 20% 0 -
Cycle 14% 0 16% 0 17% 0 -
Motorcycle 1% 65 1% 65 1.5% 98 +50%
Train 3.6% 235 6.9% 450 7.5% 489 +108%
Other
19 65 0.89 52 19 65 -
(Taxi/Ferry) % % %
Total 47 750.16 64 297.38 75 137.53 +57.0%
Staff and Postgraduate
i;r;g'e oceup: 10.1% 1242 4.6% 566 3% 369 -70%
Car Share 6.0% 738 2.1% 258 1.5% 184 -75%
Bus 23.3% 2865 24.6% 3025 25% 3074 +7%
Walk 47.5% 0 36.1% 0 36.5% 0 -
Cycle 10.6% 0 29.1% 0 29.5% 0 -
Motorcycle 0.3% 37 0.2% 25 0.5% 61 +67%
Train 1.5% 184 3.1% 381 3.5% 430 +133%
Oth
er 0.4% 49 0.3% 37 0.5% 61 +25%
(Taxi/Ferry)
Total 5116 4292 4181 -18%

A number of limitations to the use of travel surveys can be noted and in particular, the resolution

of data obtained from them, which can be affected by a number of factors:

1. Question design — open or closed questions, whether they lead the respondent towards

an answer,

2. The volume of questions and their order; and

3. The influence of responder fatigue; the tendency for responders to end the questionnaire

prematurely, thus avoiding the latter questions.

In many respects, each of these factors is equally important and in considering them mutually, the

quality of the survey can be markedly improved. The third point is perhaps the most evident to

demonstrate, however, and can be seen in Table 52, the response rate from the UoS’ own travel

survey. A pro forma questionnaire can be found in Appendix H. As the survey progresses,

response rates drop off rapidly. This is somewhat mitigated by the front-loading of the questions

deemed more important for influencing travel policies and carbon calculations (primarily,

demographic information and the origin and destination of the respondent). Due to the complex

nature of transport management at the UoS and the importance of having campuses connected
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(which in itself places the UoS in a unique situation), a large number of questions are asked and
many of these are not central to the emissions calculation; the broad aim of the questionnaire
belies the complex and spontaneous nature of individuals, but also the simplicity required of a

guestionnaire to avoid responder bias.

Table 52: Response rates given for each individual component question in the University of

Southampton’s 2016 student travel survey.

Question number No. of respondents No. of respondents % skipped
answered question skipped question
1 1244 0 0%
2 1244 0 0%
3 1087 157 14%
4 0 0 0%
5 1218 26 2%
6 1218 26 2%
7 1216 28 2%
8 1190 54 5%
9 0 0 0%
10 1176 68 6%
11 0 0 0%
12 1161 83 7%
13 0 0 0%
14 0 0 0%
15 1003 241 24%
16 1153 91 8%
17 1153 91 8%
18 1153 91 8%
19 1153 91 8%
20 343 901 62%
21 12 1232 99%
22 12 1232 99%
23 0 0 0%
24 0 0 0%
25 61 1183 95%
26 61 1183 95%
27 0 0 0%
28 698 546 78%
29 394 850 54%
30 0 0 0%

w
=

396

848

53%
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6.5.1.3 Standardising the travel survey

The websites of 142 universities were interrogated to obtain travel survey questionnaires or
travel reports (from which questions could be inferred). Six fundamental themes were obtained

from the questionnaires:

1) Distance: Often in km, travel surveys must be able to quantify the distance the
respondent lives from their destination;

2) Post code: In lieu of distance information being provided by the respondent, post code
information can be used to enable the calculation of journey distance;

3) Frequency: The frequency in the week the trip is made, as well as the number of weeks in
the year the trip is made;

4) Duration: The amount of time the journey takes, which allows further analysis of the
routing of the journey and any traffic encountered;

5) Opinions: Information pertaining to the respondent’s opinion of the institution’s travel
provision, in order to better assist in travel management; and

6) Demographics: Information about the age, gender, faculty, and position at the institution

in order to understand who is answering the questionnaire.

When designing a questionnaire that could be used by the entire sector and which also yields high
quality information with limited responder bias, it was necessary to revert to first principles. From
this, a number of basic functions that a travel questionnaire must fulfil were derived. The primary
function that the travel questionnaire should fulfil is the ability for the assessor to quantify the
carbon emissions of the respondents, and second, for them to be able (where understanding of
demographic is good) to extrapolate this to derive emissions for the entire institution. Thirdly, the
guestionnaire should provide a way to act as a tool for fostering a sustainable modal shift in order
to meet the targets of the institution, at the same time as staff and students can communicate
their thoughts and ideas about the provision and management of travel services, infrastructure,

and/or policies at the institution.

The designed questionnaire can be found in Appendix H and consists of eight questions separated
into two sections: i) weekly travel patterns; and ii) demographic information. A preliminary study
was conducted to test the questionnaire via three ways:
- Contact was established with the Environmental Association of Universities and Colleges
(EAUC) network of transport managers for open-ended feedback;
- Reviewed by the UoS transport manager and adjusted to suit the UoS-designed travel
survey where appropriate; and

- A planned preliminary trial was undertaken by distributing the questionnaire to 15
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students and staff members across faculties.

This final questionnaire was administered online via the internal Southampton University
Staff/student Social & Educational Directory (SUSSED) portal for 25 working days for the staff and
student body to access. In addition and due to low uptake by staff 200 targeted emails were sent
to staff and students in the Faculty of Engineering and the Environment, as well as further

reminder emails; 108 student responses and 58 staff responses were recorded.

Cumulative emissions attributed to commuter travel indirectly influenced by the institution were
calculated from the results of the questionnaire; Table 53 shows the results as the cumulative
distance and corresponding GHG emissions by vehicle mode. The column marked ‘extrapolated
distance’ shows the products of the annual distance results of the questionnaire and the
demographic results of the UoS’ own travel survey. Extrapolated distance is calculated using Eq. (8)

and Eq. (9):

Dsearr * BV o635
n

CF. =
Staff ( (8)

DStaff = Z]ourneys, Frequencies * 45

Dseua * EF
CFopng = (%) x 17485

(9)

DStud = Z}ourneys, Frequencies * 31

where, CFgq5s are the GHG emissions of the university employees from commuting, Dsyy is the
distance travelled by staff per annum as a function of the distance, number of journeys and
journey frequency. CFg;,4 are the GHG emissions of students and Ds;,, is the distance travelled by

students per annum. n is the number of survey respondents.
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Table 53: Calculated GHG emissions from the administered questionnaire and extrapolation based

on institutional demographics.

Mode Cumulative distance travelled ) ) Cumulative GHG
Annual distance (km) Extrapolated distance (km)
in a single journey (km) Emissions (tCO,e)
Staff Students Staff Students Staff Students Staff Students
Bus 64 161 28 832 49789 2801129 8 060 763 336 966
Bicycle 65 21 29 385 6603 2 854 905 1069 014 0 0
Walk 15 60 6809 18 631 661 481 3016324 0 0
Car 619 109 278 640 33 666 27 071 317 5450 463 4956 998
Rail 597 79 26 8776 24 341 26 112 979 3940795 1276 193
Total 1361 429 612 441 133030 59501 811 21537359 6567 2157

An emission factor of zero was applied to non-motorised transportation (NMT) (walking and
cycling) since these are considered modes of zero emissions (Massink et al., 2011). Some authors
do apply an emission factor for cycling to account for the extra calorie intake associated with the
physical exertion needed for cycling and the embodied carbon of the metal frame and fixtures

(European Cyclists’ Federation, 2011); however, this was deemed here to be out of scope.

A clear understanding of emissions of university students’ travel behaviour is crucial in order to
implement targeted behavioural change policies. Students form an autonomous group which has
a considerable freedom in undertaking daily activities such as attending lectures, seminars, social,
and physical activities. Due to their fairly complex lifestyle patterns, it is challenging to study and
understand their travel behaviour directly. Consequently, institutions undertake annual or
biennial travel surveys to obtain a snapshot of student travel habits. The results of this discrete
study, casts a different perspective on current strategies at the UoS and highlights a number of

areas for improvement.

6.5.2 Quantifying goods inwards deliveries for Highfield Campus

A second standalone study was conducted, which attempted to quantify the number and
frequency of goods deliveries at the UoS. This was of particular interest due to the suspected
frequency of deliveries, associated inefficiencies in delivery, and therefore, suspected to be a
significant contributor of greenhouse gas emissions from the institution. This study is included
here despite emissions associated with purchased goods and services having not been included in
the USM methodology and therefore excluded from reporting in the results presented earlier in
this chapter. The decision to include this study was taken so that it could be presented to the
estates and facilities department at the UoS in order to be considered in future policy decisions

and to highlight an example of another emission sources that the UoS is indirectly responsible for.
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A complex undertaking, the Highfield Campus was chosen as the sole focus of study for a number
of significant reasons, including an assumption that since university operations were concentrated
there it could be appropriately deemed that deliveries there would be most numerous and would

contribute most significantly to the overall institutional carbon footprint.

6.5.2.1 UoS’ goods ordering system

The process of ordering goods at Highfield Campus is decentralised, lacks automation, and is only
generally lightly controlled by financial checks throughout the entire institution. For large capital
expenditures, goods are ordered through a dedicated procurement team. For items of lower
value, individual budget holders are able to order goods direct from suppliers or commercial
outlets. Goods are only recorded once an order has been made and budget is required from an
allocation, identified by a unique code identifier created by Unit 4’s Agresso software. Budgets are
either held by the faculty or personally; requisitions are raised and must be authorised by the
budget holder. BMC Remedy is an IT Management System which facilitates organisation through
online record keeping. Agresso, which has been used by the UoS since 2007, offers a range of
services such as financial management, human resources and payroll management, fiscal
budgeting and forecasting. Employing this software has considerably improved the record-

keeping associated with ordering goods at the UoS.

The receipt of goods is also unregulated and decentralised with no strict process. The campus
utilises a number of ‘goods in’ delivery points, which handle goods for multiple departments or
buildings. Records are kept locally, although the store which handles the largest volume of goods,
Hartley Stores, employs the use of ‘Planon’ software (facilities management software) to record
information specific to an incoming parcel; this is only recorded for deliveries for the Faculty of
Engineering and the Environment. Other systems used by the subsidiary stores include
handwritten log-books or local spreadsheets. Historically the only goods inwards point serving the
entire university, Hartley Stores, now serves most faculties and administrative groups on Highfield
campus, along with the ‘satellite’ campuses in Southampton and Winchester, but is supported by
a number of other goods inwards points on Highfield, as can be seen in Figure 29. It still remains

the sole point for Royal Mail postal deliveries.
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Figure 29: Goods inwards locations at Highfield Campus, University of Southampton: a)
Engineering and Design Manufacturing; b) Electronics and Computer Science; c) Optoelectronics;
d) Institute of Sound and Vibration Research; e) Physics; f) Chemistry; g) Building 33; h) Building

85; i) Hartley Library; j) Konica Minolta Printing; k) Hartley Stores.

A highly relevant point to consider here is that the delivery of personal mail at university-owned
and operated halls of residences is excluded. With more than 6,000 students located in 20
different halls, the potential for many thousands of courier journeys being unaccounted for is
highly likely. If each student made a single order, on average once a fortnight, it would result in
the generation of 99,000 courier items. A conservative estimate of the number of courier
deliveries, assuming that orders would be grouped and efficiencies would be borne by the courier,
there could be more than 9,900 movements associated with deliveries to the halls of residences

throughout the academic year.
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6.5.2.2 Surveying technique and results

A detailed survey on all incoming deliveries was carried out at Hartley Stores over the period of
one week in December 2013. The driver survey was created by closely following the methods
used in the Regent Street consolidation centre survey example (Transport for London, 2011), in
order to collect delivery data of the vehicles and the nature of the consignments at Hartley Store.
All of the information regarding the route taken by the vehicle was attained by speaking to the
driver on arrival at the stores. To account for the potential to misappropriate the allocation of
emissions to the institution as a result of the courier visiting multiple recipients along the route,
drivers were also asked about previous drops they had conducted. Future drops were not
considered unless they were found to be destined for another UoS goods inward point. Results
(Table 54) show the times deliveries were recorded, the average distance travelled by the courier

and details of the next drop.

Table 54: Delivery frequency: results of the five-day deliveries survey at the Hartley Stores of the

University of Southampton’s Highfield Campus.

Time period Number of deliveries recorded
0700-0800 8
0800-0900 9
0900-1000 20
1000-1100 18
1100-1200 12
1200-1300 12
1300-1400 4
1400-1500 4
1500-1600 8
1600-1700 0

Total 95
Average depot origin distance (km) 36

A total of 1073 items were delivered in 95 separate freight movements during the five-day survey;
a slightly higher number of delivery vehicles were recorded on a Friday. This equals an average of
215 items and 19 vehicles per day. There were 19 different depot locations recorded and the
majority of the delivery vehicles were from Fareham (26.7km away) and Eastleigh (4.5 km away).

The furthest depot was found to be located in Loughborough; a distance of 246 km.

Since the information recorded during the survey was only indicative of activity at the Hartley
Stores, extrapolation was required of the data to provide a best estimate of delivery frequencies

for the entire campus. Additional datasets were interrogated since a direct extrapolation was not
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possible without first understanding the percentage of the total freight movements represented
by the Hartley Stores. Planon data was used to convert the number of deliveries for the Hartley
Stores to an appropriate quantity representative of the Faculty of Engineering and the
Environment, for which a factor was derived: see Table 55. For extrapolation, deliveries by Royal
Mail were excluded, since the Hartley Stores was the only inward point for daily postal deliveries.
Deliveries from Royal Mail arrived between once and twice a day, from one of two depots in

Southampton.

Table 55: Delivery records from Planon facilities management software for the Hartley Stores,

Highfield Campus.

Week no. (academic calendar) Quantity of deliveries Cumulative deliveries
1 51 51
2 53 104
3 41 145
4 48 193
5 48 241
6 54 295
7 62 357
8 60 417
9 46 463
10 No data 463
11 57 520
Average/week 52

Due to the discrepancy between surveyed data and Planon data, an adjustment was made to
ensure that the survey data was representative of the Faculty of Engineering and the Environment,
from which the conversion was derived. The reason for the discrepancy is explained by the
Hartley Stores accepting deliveries for many other groups on the campus, which are not recorded
in Planon. The data was adjusted based on the discrepancy between Planon and survey data, as in

Eq. 10.
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Npianon

FAdjusted = (10)

nSurvey
=52/95
= 0.60

where, Fagusted IS the ratio between Planon and survey data, npjgnon is the number of deliveries

recorded in Planon and ngy ey is the number of deliveries recorded in the survey.

With the adjusted number of deliveries representing the FEE, Agresso information was used to
estimate the total the deliveries for the UoS. This was achieved using an index for each faculty, as
a proportional value of Hartley Stores. The dataset obtained was a subset of all Agresso financial
data, and included all financial outgoings for equipment, consumables and lab expenses, office
expenses and professional fees, and books and periodicals. These four criteria were selected
because they were related to the procurement of physical goods which could be delivered to the

campus, and would thus give an estimate of proportions of goods arriving for each faculty.
FScaled =1:3.067

Using the average dimensions for each category as presented in Transport for London (2011), an

estimation of the volume of deliveries coming into Hartley Stores was made:
VHamey(m?’) = (0.0015 = total small) + (0.014 = total medium) + ( 0.129 * total large)

Hence, the estimated total volume of freight arriving at Hartley Stores was 35.87m> each week,
excluding Royal Mail. From this value, another estimation for the total volume of freight delivered
to the UoS as a whole could be made. The estimated volume was calculated under the
assumption that number of goods being received by a department was proportional to its
spending on physical goods, in the absence of any more useful information about delivery

patterns. Hence, the scaled estimation for total University packages was calculated using Eq. (11):
Vuniversity = Fadjusted * Fscalea * Vhartiey (11)
= (0.547 = 3.067) * 35.87
= 60.22m3 per week

where, Viniersity is the volume of deliveries received by the university as a function of the adjusted
ratio between Planon and survey data (Fagusteq), the ratio of deliveries earmarked for each faculty

(Fscalea) and the Volume of freight arriving in Hartley Store (Viartey).-
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Similarly, the number of deliveries arriving at Hartley Stores was scaled to estimate the total
number of vehicles arriving on campus each week. The estimation assumed that the relationship
between vehicle number and deliveries was linear (rather than an increased vehicle load) and this

was calculated using Eq. (12), hence:

Dyniversity = Faajustea * Fscated * Dhartiey (12)
= 0.547 * 3.067 * Vehicles [Hartley]
=1.678%79
= 132.5 vehicles/week
where, Dypiversity IS the total number of deliveries received across the university in a given week.

For the emission calculation, journey distance modelled in ArcMap was applied to an emission
factor for the different vehicle characteristics recorded. Vehicle categories were split into either
vans distinguished by class (i.e. class |, up to 1.3 tonnes; class Il 1.3-1.74 tonnes, and class Il 1.74-
3.5 tonnes) or heavy goods vehicles (HGVs) distinguished between rigid or articulated HGV by
weight (>3.5-7.5 tonnes, >7.5-17 tonnes, and >17 tonnes). Emission factors are based on an

industrial average payload weight of 50% (Defra, 2013).

In extrapolating the figures for the entire year, a modest estimate was made; since the survey was
conducted during a ‘business-as-usual’ (BAU) date in term-time, consideration must be made that
this is not indicative of the non-term time. For this reason, emissions were only calculated for the
31 weeks that the UoS could be considered to be operating at ‘BAU’. The results of the GHG
assessment show that total CO,e emissions for the institution from deliveries equals 80,373
kgCO,e. Using this information can be a powerful tool for future traffic management and carbon
management at the institution. With more than 130 vehicle movements per week at the campus,
the logistical challenges of receiving these goods is evident especially when considering the

setting of the Highfield Campus; surrounded by suburban residential housing adjacent to an SSSI.

A softer option for managing freight movements is route optimisation (Hughes, 1992). As the
results affirm, deliveries by couriers are most often not only destined for the institution, but the
campus is one feature along a predetermined route from a central depot. Emissions are
apportioned by the recipients along the route (Suzuki, 2011), minimising the duration the vehicle
is operating over the course of the route yields benefits for all recipients. By ensuring that freight
takes the shortest route, which avoids obstacles (either reactionary obstacles such as traffic lights

or geographic obstacles such as hills), fuel efficiency is improved and emissions are decreased. In
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addition, optimising the return journeys of vehicles wherever possible and allowing goods to be

back-hauled ensure that the greatest efficiency is achieved in essential journeys.

A number of studies have been conducted on sites in urban settings whereby freight
consolidation is a viable option to reduce freight movements, reduce local congestion and in-turn
influence emission reduction. Consolidating freight can be considered in a number of forms,
including localised consolidation points or through freight consolidation centres and most often
consist of strategically located warehouses where freight from multiple suppliers is stored (often
out of town) until it can fully load a single vehicle (Allen et al., 2012). Freight consolidation is most

effective and commonly employed for ‘last mile’ movements (Allen et al., 2012; Plambeck, 2012).

6.6 Conclusions

This chapter has sought to present in-depth the results of the GHG assessment conducted at the
UoS, the research’s primary case study institution. Whilst a description of methodological
approaches accompanied the results returned by the participating institutions, the detailed study
of the UoS has revealed more about the likely approaches taken by the nine other participant
institutions to collate and report data required for the long-term research study presented
in Chapter 5. Whilst the details recounted in this chapter go slightly beyond the scope of the USM,
a number of important conclusions assist in improving and contextualising the findings presented

in Chapter 6, the results of the USM test.

Much of the data collected by institutions for use in GHG assessments is collected through
activities or programmes that inform other estate processes. For instance, the example presented
here is the commuter travel survey which aids university travel managers in prioritising nearby
travel interventions and on-campus transport policies. Travel surveys are a staple tool used for
quantifying GHG emissions and allow practitioners to collect information about the habits of staff
and students, including journeys for all common transport modes. The USM now only requires
that data on commuter car journeys, which would otherwise involve a need for a redesign, if the

information already contained in the travel survey were not highly useful to the institution.

To this end, data collection may remain considerably complex despite the efforts to simplify it.
This may also involve further processing than would otherwise be necessary, as additional steps
may need to be taken in order to extract it from the superfluous data no longer required by the
USM methodology. Despite this, the chapter demonstrates that data collection is relatively
straightforward for data sources required for the USM. Additionally, a number of simple methods
have been demonstrated here where data can be obtained for calculating emission sources not

required under the USM, including emissions from upstream transportation.
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The management of Scope 3 sources that no longer require quantifying under the USM can still
have significant uses for carbon management at the institution and existing policies. The UoS is
still committed to commuter-based modal targets as outlined in its 2015-2020 travel plan and the
qguantification of the GHGs arising from transport, as demonstrated in this chapter, reveals
surprising conclusions about the policy that has been implemented. Whilst emission savings are
expected for staff and postgraduate modal targets, undergraduate modal targets are expected to
result in an increase in emissions by 2020 (without also accounting for student population growth).
Closer consideration of the GHG-related impacts of modal shift targets at the time they were
mooted would have altered the course of policy setting and ensure that the institution is
responsible for lasting GHG reduction. This highlights the importance of quantifying GHG
emissions and the breadth of their use as a policy tool which goes beyond simple reporting and

peer benchmarking.
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Chapter 7: Carbon management at universities:

future trends and shared opportunities

The previous two chapters explored the results of the year-long study undertaken to test the
proposed universal standard methodology (USM), as outlined in chapter 4. This chapter now
turns attention to address the third research aim outlined in 1.6 concerned with assessing the
future of carbon management in HE, under the scenario of a sector-wide adoption of a universal
standardised GHG assessment methodology. More specifically, this chapter now addresses
objective 3.1 by assessing the HE sector’s climate vulnerability and by understanding how this
could be improved by adopting a universal methodology. Secondly, it addresses objective 3.2 as it
investigates the potential for the decarbonisation of the HE sector to 2050 using best available

technologies.

The UK is in transition; the currency by which international success is now measured in this
transition is knowledge. Therefore, the UK must prioritise the development of new knowledge
and the training of highly technically skilled people in order to maintain its competitive position in
the global economy. The third ‘digital’ industrial revolution, since the late-20™ Century, has seen
the desire for knowledge grow insatiably, facilitated by the rise of modern forms of
communication: mobile telephones, satellite communication and the internet (Barber et al., 2013).
Consequently, the HE sector is simultaneously undergoing rapid change to ensure that the

workforce needed in this transition is equipped to prepare for, and confront, unknown challenges.

Ever-increasingly, UK HEls are looking to the world for new talent, often for reasons that go
beyond simple financial returns. There is also a growing recognition of the need to expand the
reach and influence of research and teaching through growth. The impact of this growth on the
environment is yet to be understood and quantified, but it is certain that growth must be
decoupled from GHG emissions if the sector is to contribute to the decarbonisation required to
maintain average surface increases above pre-industrial levels at +2°C (as agreed at the United
Nations Framework Convention on Climate Change (UNFCCC) COP in Paris in 2015). There is a
dichotomy between an increasing international outlook supported by a broad goal for rapid
growth and uncertainty of the climate impacts at home. If there is a solution to be found to this
issue, then, in the context of this research, it starts with the concept introduced in Chapter 3

managing what is measured and therefore needing to measure in order to manage.

Once an institution holds itself to higher environmental standards, its global competitiveness is

improved and resilience against future challenges strengthened. Thus, in the context of carbon
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management, following best practice delivers positive multipliers that transcend international

borders (CDP & IBM, 2008).

As highlighted in the earlier chapters of this thesis, following best practice is an often imperfect
and unattainable goal for many, which hinders the progress of the collective. In the context of
carbon management in universities, a sense of best practice is garnered from generalised
environmental reporting standards, which are amended and transposed to fit the setting of the
institution (Robinson et al., 2018). Despite the absence of clear reporting methodologies however,
progress is being made (but it should be noted that there are other factors that influence carbon
management beyond clear and standardised reporting methodologies). Three key factors have
contributed towards the improving standardisation and reliability of data associated with campus

energy emissions, which have galvanised the UK HE sector in recent years, including:

i) The introduction of Carbon Management Plans (CMPs) (institutions were threatened with
funding reductions if CMPs were not completed on time);

i) The publication of sectoral guidance; and

iii) The development of the Estates Management Record (EMR)* (and associated reporting

mechanism) administered by the Higher Education Statistics Agency (HESA).

This has been an important coming together, for HE is a sector that has felt governmental
pressure to decarbonise since the introduction of the Climate Change Act (CCA) in 2008. This
difficult task has been intensified at a time when funding has been significantly altered and
student recruitment has become particularly competitive. Ambitious reduction targets were set to
create positive momentum, but these have thus far achieved little progress, except perhaps in the
short term with the adoption of CMPs. It is clear that the current paradigm favours prioritising
carbon management initiatives on low-hanging fruits over deeper systemic changes. These are
prioritised on their economic credentials, as the activities that promise to yield the fastest return-
on-investment (ROI) and expose the institution to the least amount of risk. On most governance
metrics these can only be lauded as sensible prioritisations. However, a degree more of risk
should be promoted by institutions in order to ensure that meaningful and lasting actions are

implemented to maintain the level of ambition committed in Paris.

The following section explores the options available to institutions for going beyond superficial

savings. Without a clear strategy for the future, the UK HE sector risks exposing itself unduly to

43 Initiated by the Association of University Directors of Estates (AUDE), the EMR covers a wide range of statistics on the attributes of
the university estate. Institutions are expected to report information on 95 mandatory items on an annual basis during a reporting year
from 1% August to 31% July. Data are submitted following detailed guidance and using an excel template via an online portal
(submit.hesa.ac.uk)
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vulnerability caused by climate change and climate-related impacts. Whether deep enough
reductions can be made to contribute meaningfully towards society’s Paris Agreement obligations
remains to be seen. The options presented highlight the numerous opportunities awaiting the
sector through delivering best practice carbon management. A thorough assessment of the
required efforts needed to meet these obligations is contrasted against likely achievable actions
using current technologies and the willingness of the sector. Firstly, a sectoral vulnerability
assessment is conducted, which gives perspective to the immediate urgency with which to
address impending climate change. This is framed by the adoption of a universally applicable

methodology for assessing the carbon emissions of universities.

7.1 Assessing vulnerability of the UK HE sector to climate change

Vulnerability assessments help environmental practitioners to identify, quantify, and prioritise an
organisation’s vulnerabilities to climate change. This can be done for a number of reasons that
allow leaders to understand future scenarios on: i) the attractiveness of investment, ii) the long
term and short term financial costs; and, iii) the potential for asset-stranding of the investment
portfolio (where the value of a fossil-fuel based commodity or climate-sensitive asset becomes
worthless) amongst others (Smit & Wandel, 2006). In the context of preparing for a changing
climate, vulnerability is defined as: ‘the extent to which a system is susceptible to, or unable to
cope with, adverse effects of climate change, including climate variability and extremes’ (Adger,
2006). The University of Southampton (UoS) is used as an indicator of the HE sector’s climate

vulnerability: the assessment criteria are presented in Table 56.
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Table 56: Criteria descriptors used to calculate vulnerability score for the University of

Southampton .
Indicator Weight Value Description
Exposure 25%

Ave. temperature:

Temp. changes

Water availability

Extreme events
Change in

extreme events

Average °C 2001-2010

% change 1991-2000 to 2000-2010

% from 1997-2008

Land adjusted number of events

% change 1991-2000 to 2000-2010

A higher starting average temperature indicates a greater
vulnerability

A higher rate of increase in average temperature suggests
a higher vulnerability to changing weather factors

A lower water availability per capita value indicates a
greater vulnerability to climate change factors.

A higher negative percentage change of renewable water
per capita indicates a greater vulnerability

A high level of extreme events indicates a higher exposure
A higher rate of change of event indicates an increasing

magnitude of climate risk

Impact Sensitivity

25%

People affected
Deaths

Damage costs

Number affected by weather events
Number killed by weather events

USD as a proportion of GDP

More people affected reflects a higher vulnerability
More people affected reflects a higher vulnerability
Higher damage costs as a proportion of the economy
reflect a higher vulnerability to climate change driven

weather events

Adaptive potential

25%

Wealth

Budget

Income per capita (USDm)

Debt to GDP ratio

A lower GDP per capita indicates a higher vulnerability
because of the lower ability to invest to adapt
Higher debt indicates a lower capacity to pay for

infrastructure build

Adaptive capacity

25%

Rule of law

Corruption

Education

Index to denote perception of
confidence in rule of law

Index to denote perception of
control of governance

Ratio of total enrolment to the

population officially correspond-

ding to tertiary education age

Higher rule of law indicates better governance which
demonstrates an ability to implement change

Better control of corruption indicates a greater likelihood
of proper allocation of funds for adaptation

Higher education indicates a higher skills base to change

Source: Adapted from Knight et al. (2013).

Each of these indicators is scored on a 1-5 rating system (one describing ‘no change’ and five

describing a ‘severe’ change, or equivalent):

- Exposure captures the likelihood of vulnerability to climate change impacts, based on

current metrics. While it is distinct from vulnerability, exposure is an important

precondition for considering a specific vulnerability as key. If a system is neither at
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present nor in the future exposed to hazardous climatic trends or events, its vulnerability
to such hazards is not relevant in the current context. Exposure can be assessed based on
spatial and temporal dimensions;

- Impact sensitivity demonstrates the magnitude of disruption from these impacts.
Vulnerabilities are considered key when they are persistent and difficult to alter. This is
particularly the case when the susceptibility is high and coping and adaptive capacities are
very low as a result of conditions that are hard to change;

- Adaptive potential measures the economic resources available to build infrastructure
needed to reduce or limit the consequences of climate-related hazards (Birkmann et al.,
2013). Adaptation is a continuous process that encompasses learning and change of the
system exposed, including changes of the rules or modes of governance. Inability to
replace losses in the system (or compensate for potential and actual losses and damages
i.e., irreversibility) is a critical criterion for determining what is “key”. From a financial
perspective, organisations with greater cash levels and operating profits should be in
better positions to take pre-emptive action to avoid and react to adverse external stimuli;
and

- Adaptive capacity defines the capacity of the system to adapt if the environment where
the system exists is changing. Conditions that make communities or social-ecological
systems highly susceptible to climatic-related hazards such as violent conflict are
considered. The methodology considers three indicators here: the rule of law, corruption

and education.

The UoS’ vulnerability score can be seen in Table 57; an overall score of 2.5 means that whilst the
institution is somewhat exposed to the risks of a changing climate, future vulnerability is deemed
to be low. For comparison, the results of the vulnerability assessment conducted by Knight et a/ (
2013) on the UK’s climate vulnerability places the UK 16" in the G20 with a score of 4.1. The
strength of the UoS’ position regarding climate change is attributed to its strong financial position,
it's positioning in an economically prosperous and politically stable region of the UK and its
foundations in research with personnel able to devise the solutions to the future climate-related

challenges it faces.
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Table 57: The University of Southampton’s vulnerability score results, out of 20, the higher the
vulnerability score is across each of the vulnerability indicators the more acute the exposure to

potential climate change risk.

Vulnerability Indicator Score (out of 20)
Exposure 4
Impact sensitivity 2
Adaptive potential 2
Adaptive capacity 2
Score 25

The favourable position that UK-based institutions, such as the UoS, are in (where vulnerabilities
to climate-related impacts are low) may support why the sector’s progress to-date has been so
limited. This may also add weight to the reasoning that institutions find themselves limiting their
ambition, because they simply do not need to take undue risks under current conditions. A note
of caution, the security afforded to institutions operating in the UK is not the same in markets
around the world in which they operate. Therefore, institutions are increasingly and inadvertently
exposing themselves to enhanced climate vulnerability. The adoption by universities of a universal
approach to quantifying and reporting GHG emissions will contribute to improving the
preparedness of institutions to a changing climate as international growth priorities take

precedence over the early decades of the 21* Century.

The UK’s ratification of the Paris Agreement represents a move towards aiming for net zero
carbon emissions from the 2050s onwards™ (Committee on Climate Change (CCC), 2016).
Referring again to the existing carbon budgets published by the CCC (presented in Table 1), the UK
is on a self-committed trajectory to make an 80% reduction in emissions by 2050 (in-line with the
CCA). These represent a least-cost trajectory towards the global goal of keeping temperature to
around 2°C. The UK’s own intended nationally-determined contribution (INDC) committed it to a
binding target of at least a 40% domestic reduction in greenhouse gas emissions by 2030

compared to 1990. This means that the UK’s domestic climate goals are more ambitious than

a“ In accordance with this pledge, each party is required to submit carbon budgets during global stocktakes occurring every five years
designed to assess the collective progress towards achieving the purpose of the Agreement and to inform further individual actions.
During the stocktake, INDCs are reviewed and redrawn in-line with the individual party’s recognised climate ambition and adaptive
capacity (Smit & Wandel, 2006).
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those set down in the EU’s Paris Agreement INDC (though subject to review from 2020). Despite
this, the UK’s 2050 commitments fall short of the Paris Agreement’s upper ambition to keep
global temperatures at or close to 1.5°C. This would require the UK to commit to reduction of a
least 90% below 1990 levels by 2050 and potentially more ambitious efforts over the timescale of

existing carbon budgets.

The CCC has recommended that despite this performance gap, the carbon budgets and targets
remain, as they are already stretching and relatively ambitious compared to pledges from other
countries. Meeting them cost-effectively will require deployment to begin at scale by 2030 for
some key measures that enable net zero emissions (e.g. carbon capture and storage, electric
vehicles, low-carbon heat). In theory these measures could allow deeper reductions by 2050 if
actions were ramped up quickly”. The different sectors of the UK, such as HE, can directly
contribute to meeting this target by aligning emission reductions targets with the carbon budget.
It is this rationale that spurred the HE sector to set its absolute (combined) Scope 1 and Scope 2

target in 2010.

7.2 A bespoke university carbon management strategy to 2020, and

beyond

A universal methodology, which provides a structured and bespoke basis for reporting,
establishes a level playing field where GHG information can be calculated and reported in a
relatable and traceable way. With an approach that is tailorable to the individual institution,
sympathetic to their activities and which recognises competing priorities, a firm basis for GHG
emission assessments is established. The benefits of which are described throughout this thesis.
Beyond calculation though, the measurement and subsequent reduction of GHG emissions is a

considerable ongoing challenge with often high operating costs.

45 There will be several opportunities to revisit the UK’s targets in future as low-carbon technologies and options for greenhouse gas
removals are developed, and as more is learnt about the ambition of other countries. In 2018 the IPCC will publish a Special Report on
1.5°C, and there will be an international dialogue to take stock of national actions. In 2020: the CCC will provide its advice on the UK’s
sixth carbon budget, including a review of progress to date, and nations will publish mid-Century greenhouse gas development plans
and in 2023 the first formal global stocktake of submitted pledges will take place.
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7.2.1 Decarbonisation of a university in-line with the Paris Agreement: the case of

the University of Southampton

Instituting a clear strategy, which outlines the pathway to decarbonisation, is an imperative that
institutions should develop without delay. Further delay would act to stall progress even more
and worsen the current climate change threat; consensus follows that fewer of the worst climate
impacts are expected if immediate action is taken to curtail GHG emissions from 2020, begin

carbon removal from 2030 and fully decarbonise around 2050-2060 (UNFCCC, 2015).

It was shown in chapter 3 that a target-setting culture can hinder meaningful emissions
reductions if rhetoric is favoured over action. In chapter 4, a scope 3 sectoral target was found to
be unfavourable to practitioners over activity-based performance-based targets and strategies*®
(Robinson et al., 2016). This does not detract however from the urgent need for a collaborative
and universal goal to be set on emissions reduction as a sector in order to meet the Paris

Agreement commitment.

The more pragmatic of methodologies used to develop sectoral decarbonisation strategies takes a
‘sectoral contribution’ approach. This advocates the setting of a collective GHG reduction target
for a discrete economic sector, whilst its constituent organisations calculate their own reduction
contributory emission reduction ‘wedge’. Individual targets are a function of emissions baseline,

size, and growth trajectory of the organisation or institution.

The Sectoral Decarbonisation Approach (SDA) *is one such example and is a subsector-level
methodology designed to allow simple medium- and long-term scenario modelling of the
decarbonisation pathway. This methodology is based on the 2°C scenario from the IEA’s 2014
Energy Technology Perspectives report (IEA, 2014), which uses the least-cost technology mix
available to meet final demand for industry, transport, and buildings services to budget to the
year 2100. The budget used is consistent with the representative concentration pathway (RCP) 2.6
scenario from AR5 (IPCC, 2013), which gives the highest likelihood of staying within the global
target temperature of less than 2°C in the year 2100 (p = 0.66) estimated at 1,055 GtCO,e up to
2050. The SDA is intended to help companies in homogenous, energy intensive sectors with well-

defined activity and physical intensity data, including: electricity generation; iron and steel;

% The most common reasons cited for low turnout in submitting data returns for indirect emissions categories include data reliability,
data quality issues, and the quality of available guidance. Reporting is currently not mandatory despite an increasing number of
reporting items being required in the estates management record; discussion by sector leaders cannot rule out any changes to this
situation in the near future, or post-2020.

47 This is governed and approved by the Science Based Targets Initiative (SBTI), a partnership of global governance bodies including
the CDP, UN Global Compact, WRI and WWF.
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chemicals; aluminium; cement; pulp and paper; road, rail, and air transport; and commercial

buildings. Education is included in the services/commercial buildings subsector.

Based on the baseline emissions results presented in Chapter 5 (a combined Scope 1 and 2
baseline of 31,769 tCO,e for the academic year 2015), the outputs of the model can be seen in
Table 58 and Table 59. The growth of the institution is projected under a number of forecasting
procedures which can be seen in Figure 30; the average year-on-year growth projection was
chosen for the SDA calculations. The UoS should set an absolute Scope 1 and 2 reduction target of
-46% by 2030 and -84% by 2050 below a 2015 baseline. Due to projected estate growth of only
1% vyear-on-year, significant reductions made to the intensity baseline will also equate to

significant absolute savings.

Table 58: Absolute and Intensity GHG emissions reductions in the medium term (to 2030) and
long-term (to 2050) required for the University of Southampton to level with sectoral

decarbonisation efforts on a 2°C trajectory.

Scope 1 & 2 target emissions

Year (tCOLe) Variance
2015 (baseline) 31,769 N/A

2030 17,005 -46%

2050 5,025 -84%

Table 59: Intensity GHG emissions reductions in the medium term (to 2030) and long-term (to
2050) required for the University of Southampton to level with sectoral decarbonisation efforts on

a 2°C trajectory.

Scope 1 & 2 intensity target

Year (tCOze/mz GIA) Variance
2015 (baseline) 0.075 N/A

2030 0.040 -46%

2050 0.011 -85%
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Figure 30: Estate growth projections of the University of Southampton’s gross internal area for
2015-2050 under: i) a five-year moving average forecast; ii) a three-year moving average forecast;
iii) a linear forecast; iv) the average year-on-year growth from 2005-2015; v) an assumed 1% year-
on-year growth; vi) an assumed 3% year-on-year growth; and vii) an assumed 5% year-on-year

growth.

Ambitious, long-term Scope 1 and 2 trajectories must be set. Scope 3 trajectories are much harder
to project and, in this way, are controlled at the national scale by the UK’s GHG inventory. It is
clear that there is a role institutions must play in reducing indirect Scope 3 emissions. In using the
environmental performance indicators to monitor emissions, many of the significant Scope 3
emission sources are managed by respective institutions (and their supplier organisations). The
inclusive Scope 3 environmental performance indicators can also have targets associated with
them and in the case of commuter travel, at the UoS, many already do; this is an additional

nascent benefit to the adoption of the universal standard methodology (USM).

Notwithstanding the desire for institutions to reduce emissions through energy efficiency
measures, behavioural change through engagement, and innovative technological solutions over
the course of the next Century, emissions may also be offset sooner through pledges made to be
‘carbon neutral’. Currently, PAS2060 is the only standard available to UK organisations in
accrediting carbon neutrality (although consultancies do award their own certifications). This
relies on possessing good knowledge of all activities, including Scope 3 activities (though there are
notable exceptions to this i.e. Marks and Spencer) or of the stated portfolio. To comply with
PAS2060, the carbon credits need to originate from approved sources and should result in
emission removals that wouldn’t have happened anyway. Ensuring that offsetting is making a net

reduction in emissions, rather than shifting the burden is central to pragmatic carbon neutrality.
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To offset emissions and become carbon neutral, institutions would need to purchase carbon
credits from a PAS2060 approved scheme i.e. the Clean Development Mechanism (CDM) or Joint

Implementation (JI).

A high profile example of a large multi-national corporation investing in emissions offsets is
Microsoft. Amongst the 23 projects across 15 countries, Microsoft invests in a community
reforestation project in Kenya, which aims to offset the emission of releases that are deemed
unavoidable, (DiCaprio, 2015). The other projects are focused on myriad land-use issues, such as
deforestation of virgin rainforest for the development of palm oil plantations (for instance, in
Borneo). Additionally, the company has instituted an internal carbon price to deter influencing

greatly emitting activities.

7.2.2 Management options

Marginal abatement cost curves (MACC)*® can assist the practitioner in deciding which policy
implementation or technology is the most appropriate, affordable and most likely to assist them
in reaching their emission pledge. Well-established in guiding national policies for adapting to
climate change, MACC are increasingly being used by the HE sector to prioritise, in-detail, the
intended management options for delivering proposed emission reductions. Often composed
using a range of technologies, they allow environment managers to select least-cost options and

tailor programmes according to the financial abilities of the institution.

Based on the current political momentum aimed at limiting climate change based on direct
energy usage emission reductions, sectoral projections to 2050 would see the sector limiting
climate change by significantly reducing direct energy usage or switching to zero emission tariffs.
Whilst Chapter 5 of this thesis still advocates the quantification of emissions from indirect
emissions along the value chain for internal management purposes, in practice, due to the
relaxation of the demands for reporting such information, the onus to manage indirect emissions
lessens. Should all organisations operate under best practice, this does not represent a significant
threat to the wider carbon management agenda. What emerges is the need to improve the
operating efficiencies of the buildings occupied by institutions and the wider estate instead.

Figure 31 shows MACC curves for residential assets and non-residential assets under a Business-

8 There are two types of MAC curves: expert-based MACC curves may be used to assess the cost and reduction potential of each
single abatement measure based on educated opinions, while model-derived curves are based on the calculation of energy models.
Abatement curves based on a societal perspective are recommended by the Green Book (Lowe, 2008) to use a discount rate of 3.5% in
the first 30 years of a programme, followed by a schedule of declining discount rates thereafter to reflect society’s preference over
time, while curves from a private perspective integrate subsidies, taxes and higher interest rates up to 10% and higher to measure the
costs faced by private individuals when making investment decisions.
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as-usual (BAU) scenario in 2020, published by the UK Government in 2008 as an example of

potential campus-based management options available to practitioners.

a)

EACO,
1,200 A
400 :
as0
m B
250 4
200 -
150
100 o
50 o
o - MmCco,
-50 20 25 30 35 40 45 S0) 55 B0 B5 V0 7S B0 85 |90 95 100|105 110
=100
=150 g Solar water heating
Residential biomass (of-gas grid)
=200 Photovoltaic genaration
250 Reduced household haating by 1°C
Electronic products
Lilestyle Meusur&& (E.g. Tum - Renewable H.sal and ' - Heating mue!.tE.g.
unnecassary lights off) Microgeneration (E.g. PV, Biomass) Energy efficient boilers)
- Lights and Appliances (E.g. - Insulation Measures (E.g
Elactronic products) Salid wall insulation)
b)

Heat
Solar thermal heating

Renewable Heat and
Microgeneration (E.g. PV,

Enargy Management (E.g.

. Efficiancy Measuras (E.g. More
efficiant heating and cooling)

Turning off lights for an extra
Thowr)

Lights and Appliances (E.g.
Electronic products)

Biomass)

Process Eficiency (E.g.
Variable spead drives)

Figure 31: a) marginal abatement cost curves in UK residential buildings; b): for UK non-residential

buildings in 2020, under a BAU scenario and a discount rate of 3.5% per annum.

Source: Reproduced with permission from Higher Education Funding Council for England (HEFCE),

2010b.

Industrial sector abatement technologies are generally divided into two distinct categories; End of
Pipe (EOP) and Change in Process (CIP). EOP technologies are based upon the treatment of waste,
whereas CIP technologies tend to be based upon the prevention of waste production, for example
changing raw materials to reduce waste outputs. The CIP measures are generally the most
effective and efficient as they prevent the production of potential pollutants, and often save
resources, however, they do tend to require significantly more development. The EOP measures

are often immediately applicable and cheaper in the short term, but rarely have beneficial
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financial effects and generally do not prevent the production of waste. The most significant

factors affecting the technology applied tend to be capital cost and ease of application.

7.2.3 The realities of ambitious carbon management

As MACC are formulated for the future and cover many technologies, they can be deemed highly
uncertain. Although a number of scenarios can be modelled, the assumptions typically embody a
particular subjective world view, whilst the available technologies are limited by the practitioner’s
knowledge of future breakthroughs. Presently, practitioners may not possess the ability to be able
to take such long-term views of their institution’s carbon management activities. This may be due
to a number of reasons: their role does not involve them in new build or refurbishment projects,

or that they are occupied in more urgent matters, such as energy management or travel planning.

Invariably, institutional decision makers tend not to be environment managers, whose roles
typically occupy the middle of the organisational structure. It must be remembered that the
championing of sustainability-related issues may not only come from the estates or environment
teams, and as has already been explored in the thesis, Vice Chancellors and decision makers are
welcoming the benefits of sustainability. Often however, economic factors will prevail and so
developments favoured by Vice Chancellors will tend to be less expensive and more inefficient,
instead of low carbon. This happens unless environment managers are able to extoll the virtues of
the low carbon alternative through transparent costings and well thought out strategies, of which
there are many well-known examples. The UoS itself has been able to make significant
improvements across the estate as a result of championing this agenda; including a number of
these examples, which featured in their CMP published in 2010. These were short term projects,
often standalone developed in order for the institution to meet its 2020 carbon target and

included:

1. The installation of a swimming pool cover and appropriate upgrades to air handling plant
controls of the sports centre,

2. The installation of energy efficient gas burners to the main district heating boilers to
deliver annual carbon savings of 1,134 tonnes and pay back in 4.5 years,

3. New electricity sub meters installed at halls of residences and water meters installed at
the main Highfield Campus; and

4. A computer switch-off in conjunction with the implementation of a power management

policy.
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These examples demonstrate success is possible when projects are assessed and prioritised for
their wider sustainability credentials (and this means also developing projects that incorporate

social benefits and go beyond carbon and financial savings).

7.3 A future for sustainability in higher education

As has been a recurring theme throughout this thesis, HEls are stronger and better equipped to
face future challenges if carbon management is prioritised alongside all other sustainability
activities. As sustainability (and broader, sustainable development) is recognised as business-
critical, as is evident in the example of the UoS, the reality of an equitable and environmentally-

conscious reality becomes ever more probable.

Different studies have attempted to articulate systematically scenarios for the future of
sustainability in higher education, each with distinct approaches. Table 60 shows a summary of
studies and details of their future scenarios of sustainability in the HE Sector. Beynaghi et al.
(2016) outlines three future scenarios for HEls in regards to the wider ESD context: the socially-
oriented university will be an institution committed to advancing equitable and sustainable social
and economic development in partnership with its surrounding community and region. The
environmentally-oriented universities will be solely devoted to the co-creation of strategies and
tools for environmental transformations and the pursuit of sustainability through environmental
improvement. The economically-oriented universities will promote sustainability through

economic development and entrepreneurialism.
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Table 60: Summary of key studies proposing future scenarios for sustainability in higher education

institutions.
Author(s) Format Scope Description/focus
McNay, 1992 Book Global Diversity and eguity, individual. and coll.ective identity, freedom and
trust, collaboration and community commitment
- Education, societal values and expectations, local demographic issues,
. Individual N . ) s
Conway, 2003 Article institution globalization, information technology, financial issues and market needs,
environmental issues, government policy
Miller, 2003 Report OECD countries Lifelong learning, networking, diversity, tradition and entrepreneurship
Vincent-Lancrin, 2004 Article OECD countries Tradlt!on, entrep.reneurshlp, the market, lifelong learning, networks and
diversity of learning
Avila & Leger, 2005 Book Global Polit.ics, the labour market, the value of education, social demands, and
quality
Hashimshony & Haina, 2001 Article Global Physical and organisational structures of universities
Ritzen, 2006 Article Global Demand for higher education: international talents, lifelong learning
Snyder, 2006 Article Global Time in education, fuller education and further education
Vincent-Lancrin, 2006 Article OECD countries Funding, administration and market force, national and international
trends
Amatariyakul & Tesaputa, Article Individual Learning and teaching management, research, academic services, art
2009 institution and cultural maintenance
Azman et al,, 2010 Article Natlona! Economlc. drlver.s, democratisation of knowledge, corporatization and
(Malaysia) the learning environment
Blass et al., 2010 Article National (UK) Glol:?allization and inte{rr?ati'()na'I students, de'mo.graphic trends and non-
traditional students, digitalization, democratization
Barth et al., 2011 Article Global Sustainable universities
. National . .
Stephens, 2011 Article (Ireland) Access, curriculum, management, external environment and assessment
Knowledge economy, diversity, technological change, globalisation,
Duderstadt, 2012 Article Global demographic change, global sustainability, lifelong learning, market,
access
. Asian-Pacific N . . o . .
Inayatullah, 2012 Article . Globalisation, Virtualisation, democratisation, multiculturalism
countries
. Individual Curriculum, learnin rocess, technological change, organisational
Inayatullah et al., 2013 Article S ) &P & & &
institution structure, leadership, campus
. . Individual . .
Nasruddin et al., 2012 Article L Intellectual freedom, learning environment
institution

More often than not, the past is not a good indicator of the future. However, for the HE sector,

the past should stand to act as inspiration for the future of sustainability, and by wider definition,

sustainable development. The decade 2005-2014 was dedicated by the UN as the international

Decade of Education for Sustainable Development. In this time HEls increased their efforts to

support sustainable development in a number of areas. Not only have they significantly improved

the provision of campus greening initiatives, they have also acted to embed sustainability in the

taught curriculum and research programmes. Additionally, numerous networks have been

established in all regions of the world, including: Mainstreaming Environment for Security in

Africa, Promotion of Sustainability in Postgraduate Education and Research in Asia-Pacific,

COPERNICUS in Europe and Alianza de Redes Iberoamericanas de Universidades por la
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Sustentabilidad y el Ambiente (Alliance of Ibero-American Networks of Universities for
Sustainability and the Environment) in Latin America. More recently, UNEP created the Global

Universities Partnership on Environment for Sustainability.

Under the current capacity-building trajectory and with clear foresight to the growing importance

of sustainability in HE certainly has a promising future, should momentum continue.

7.4 Main research findings and original contribution

There are significant future risks to business affecting the HE sector in the future as a result of a
changing climate. Yet, despite this, the HE sector is falling behind on its own commitment of
emissions reduction (as demonstrated in Chapter 3). This is as a direct result of the policy decision
that have been taken and the response by the sector to promote a target-setting culture over
meaningful and deep emission cuts. In 2016, the UK government released a white paper on the
future of policy in HE, which was focussed on funding and provision of facilities and did not

mention sustainability issues at all (Department for Business Innovation & Skills, 2016).

Put simply, to be able to manage GHG emission releases in a manner that is supported by
evidence, Vice Chancellors, institutional policymakers and sustainability teams require the
political willpower, collective momentum, and the tools to put GHG emissions at the top of the
agenda. These tools in particular must enable them to compare progress against their peers.
Often, the carbon footprint is a tool used by non-experts and must thus be designed for

interpretation by a wide audience.

Whilst GHG emissions are inherent to the operations of HEls, the contribution that UK HE can
make to national carbon reduction efforts is noteworthy and gaining momentum. In quantifying
carbon emission releases, institutions are able to understand the ‘size of the prize’ regarding
emission savings (which is collectively often cited as 11% of public sector emissions) and plan their
efforts accordingly. This thesis addressed a number of methods of quantitatively evaluating GHG
emissions from the activities inherent to HEls for supporting decision-making and strategic carbon

management.

The existing approaches used to quantitatively assess GHG emissions of HE activities have been
critically reviewed (objective 1.1) and a rationale provided for giving prominent study to the HEls
as organisations (objective 1.2). Together, these fulfil research aim one on investigating the extent
to which existing greenhouse gas emission methodologies are applicable to HEIs and can be found
in Chapter 2, Chapter 3, and Chapter 4. The critical challenges and essential requirements of

industrial environmental practitioners have been identified through a long-term institutional

236



Chapter 7

study (objective 2.1), which has also revealed the status of data collection systems in HE
institutions (objective 2.3). Chapter 5 outlines this research, which also addressed aim two, which
sought to develop a practical and realistically applicable method of calculating GHG emissions

from the activities of HEIs. Objective 2.3 is addressed throughout Chapter 5 and 6.

Chapter 6 presented an in-depth study of the case study institution, the UoS. The implications of
these findings on the proposed universal methodology are also presented. Chapter 7 fulfils
objectives 3.1 and 3.2 explores the management options available to UK institutions through a

scenario-led analysis to 2020.

The original contribution and significance of this research can be summarised as follows:

- This research represents the first in-depth critical review of the current paradigm for
assessing the GHG emissions of HEls;

- This can be divided into the critical assessment of environmental standards commonly
used by environmental practitioners and their subsequent standardisation into an
applicable methodology for universities and the review of current methods for collecting
and reporting GHG-related information in universities;

- The most extensive collection of GHG-related information of HEIs, conducted using a
unique data collection tool over a long time period;

- The development of a series of Environmental Performance Indicators, with which
environment managers can use to identify GHG emissions of their activities along the
value chain which sympathises with the time and financial cost of traditional GHG
assessments, whilst simultaneously ensures high quality and independently verifiable
data; and

- An assessment of the future of HE from a carbon management perspective and explores

examples of the available pathways to decarbonisation.

This thesis focused on evaluating existing methods and proposing a simplified and pragmatic
method for the quantitative evaluation of GHG emissions from the activities of HEls. With an
emphasis on the UK situation and the primary case study, the UoS, the main research findings are

summarised:

- Some English HEIs have set very high targets for carbon reduction, the result of an
ambitious sector target set by the HEFCE;
- It remains to be seen if self-set Scope 1 and 2 carbon reduction targets will be

accomplished within the set time frame to 2020;
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- The three most influential barriers to assessing and reporting indirect GHG emissions
from upstream and downstream of the organisational boundary of HEls have been
identified as time, cost and data reliability;

- A limited number of institutions have a detailed understanding of GHG emissions
associated with all of their directly and indirectly influenced activities;

- The transposition of environmental standards designed to be suitable for all organisation
types stifles the reporting of GHG-related information in the HE sector;

- Whilst the virtues of understanding all emissions for which an organisation is responsible
are clear for implementing appropriate sustainability initiatives, when reported, inherent
double counting undermines conclusions that can be made about entire economic
sectors;

- The use of full-scale footprints for internal purposes and the external reporting of
production-based emissions overcome all barriers and double counting issues;

- It is possible to reconcile existing emission standards, make a theoretical proposal about
what improvements can be made to improve institutional reporting (based on defined
parameters) and practically apply it to develop an externally-verifiable universal
methodology;

- The UK HE sector is unprepared to make the necessary adaptions required against a
changing climate and must begin now to address significant vulnerabilities; and

- Preparations should start with long-term horizon scanning to set an emission reduction
trajectory for each institution in-line with sectoral decarbonisation required to meet the

terms of the Paris Climate Agreement.

7.5 Research limitations

75.1 EEIOA-LCA model limitations

This study has employed the use of various research methods. Primarily, the prevailing method to
assess the GHG emissions from activities of organisations and the method chosen in this research
study is EEIOA-LCA. Although such techniques are implemented to facilitate meso-scale
applicability and overcome the limitations of applying macro-scale EEIOA techniques and micro-

scale LCA techniques at this scale, its use does come with certain limitations.

The integrated EEIOA-LCA approach is often lauded for its ability to combine large datasets on
micro- and macro-scales to be used at the meso-level. However this means that the detail
provided by the former is lost, whilst truncation errors are introduced by the latter. The wide

choice of approaches available and the different results that can be garnered from studies of the
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same activity, process, or product highlights the limitation of integrated EEIOA-LCA. This also
demonstrates the innate limitations that are recognised by the research community with
conducting GHG assessments, by any means, at any scale. The limitations of the published

approaches were detailed in Chapter 2 and carefully considered during the design of the study.

7.5.2 Chapter 3 limitations: Benchmarking performance in higher education

Chapter 3 began by selecting the UK Russell Group institutions as the grouping of universities
under study for benchmarking. The reason for choosing the Russell Group institution was
outlined; the consideration that research intensive universities are the most energy intensive due
to significant energy consumption required for ‘research’ i.e. equipment in laboratories and
workshops. This premise does not always stand when considering some of the institutions that
comprise the Russell Group. The most notable example is the London School of Economics and
Political Science (LSE), which is a specialist in social sciences based across a number of buildings in
central London. The number of full-time equivalent (FTE) students at LSE exceeds no more than
ca. 15,000 and meant LSE was the smallest institution in the study by population. Other examples
include the ancient universities of Oxford and Cambridge, which together own property worth in
excess of ca. £3.5 billion. These institutions are by far the largest occupiers and owners of land in
the entire HE sector. Additionally, there are as many cases of non-Russell group institutions of
high energy-intensity as there are in the Russell Group; oddities such as these highlight the
limitations with focussing just on the Russell Group and assuming homogeneity/comparability

between institutions.

The chapter moved onto assessing the carbon management plans (CMPs) of the case study
institutions using two developed scoring methodologies. The methodologies took two
environmental viewpoints that were intended to highlight the disparities between CMPs between
institutions and the effect on performance of different perspectives. The chosen perspectives,
defined as ‘light green’ and ‘dark green’ have not been cited many times in peer-reviewed
publication, and were based on the subjective view of the author (Steffen). Therefore it could be
argued that these methodologies were unreliable for use in this study. Although that may have
been the case, this specific investigation was not central to the argument set out in the chapter,

or more broadly, in this thesis.

The questionnaire undertaken to assess the behaviours of staff and students at the UoS was
limited by the number of respondents. This meant that it was not necessarily representative of
the entire population of the institution (150 respondents were received, which represented 0.67%

of the institution’s combined FTE staff and student population). The means by which the
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guestionnaire was administered (online) meant that it could be easily overlooked. There was also
no financial (or other) incentive to entice staff and students to complete it, which certainly
hindered the response rate. Administering the questionnaire for longer, at different times in the
year and by additional means than the approach selected may have improved the response rate

and generally improved the robustness of the chapter.

An additional suggested improvement to the chapter is the exploration of additional KPIs to those
selected to present intensity-based metrics (i.e. staff and student FTE, gross internal area, and

income). Research into other potential KPls would extend the scope of the research.

753 Chapter 4 limitations: Developing a framework for higher education

Although six of the most popular carbon management standards available in the grey literature
were selected for comparison and standardisation in Chapter 4, it should be noted that the
choices which practitioners have were not limited just to these. Certainly, the inclusion of
standards here was by no means intended as a way to positively ‘rate’ their effectiveness at
calculating and reporting GHG emissions. A fraction of the literature is excluded from comparisons
because the focus is on meso-scale models (integrated EEIOA-LCA). These models are somewhat
more reliant on data inputs than say, macro-scale models, but offer the practitioner greater

insight into process-level emissions.

The focus here was on engaging environmental practitioners at UK-based institutions. It could be
argued that their broad role on many aspects of campus sustainability does not allow for building
an in-depth knowledge on the academic underpinning of carbon management. Despite this, these
personnel were deemed to be a vital resource and the expert on their own institution’s reporting
structures. The limited geographical spread of institutions as a result of the UK-focused nature of
the event which hosted the consultation (the EAUC annual conference at the University of Leeds)
can be extended. Consultation results suffered little from induced or preconceived response bias
because of the variety of opinions received by respondents and the questionnaire design based

on a variety of open- and closed-style questions.

7.5.4 Chapter 5 limitations: Appraising the proposed universal standard

methodology

Chapter 5 was fundamentally limited by the availability of data and the associated quality of data
due to the reliance on colleagues in external institutions. Although regular contact was
maintained with study participants, there was an expectation that study participants would be

self-sufficient following the initial project briefing. Following direct contact with the participants,
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it was clear that data availability was a major issue. This was also despite the guidance that was
provided and the availability of assistance throughout the year for problem troubleshooting.
Often, there was a lack of willingness to ask for help, which was exacerbated by the varied nature

of their roles and the many issues competing for their time.

For many institutions, data streams simply did not exist for some emissions sources, making
collation almost impossible or requiring long and costly lead-in times (which was unavailable at
the time of the study, due to time constraints). Due to the differences in experience at conducting
GHG assessment of study participants, it should be acknowledged that not all issues or difficulties
could be rectified or were indeed highlighted by the participants. Due to these concerns, the
potential was introduced for participants to delimit the organisational boundary to exclude
certain entities or activities for which data would be difficult to obtain. In instances where this
was a suspected issue, the stated reason for its exclusion was interrogated and agreed upon or

disputed.

Although the study was offered to institutions as a means of assisting them develop their carbon
management programme, some participants reported that to collect all the information required
would be counter-productive and unsupported by staff members internally. Not all institutions
had automatic metering systems and relied on more manual methods of data collection; instances
like this only compounded the data availability issue but were broadly overcome and simply
rectifiable through trial and error. Ultimately, all efforts to minimise, quantify, or explain
limitations have been made as far as practicably possible. However, additional work is required to
better address these limitations and, thereby, enhance the study’s robustness. In doing so, this
will enable more informed and less uncertain decision-making pertaining to the outputs of the

USM.

It is worth exploring whether the sample size and type of institutions featured in this research
study act was representative of the wider UK HE sector. For a number of reasons it was deemed
to be representative for a number of reasons that can be explored. Firstly, the sample
represented 7% of HE staff (30,000/410,130) and 6% of HE Students (129,000/2,280,830).
Secondly, the types of institutions were varied (i.e. research-focused, teaching-focused, and

vocation-focused) and originated from a variety of UK locations.

7.5.5 Chapter 6 limitations: Production-based university GHG assessments

The limitations of Chapter 6 were mostly attributed to methodological approaches of the

standalone studies.
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In quantifying emissions from upstream transportation and distribution, a significant source of
uncertainty was introduced through the use of Hartley Stores as a proxy for the other campus
stores. It was assumed that there is no variation between the nature of the goods received and
their relative frequency at this store, however examples were found that showed this not to be
the case all the time. For instance, the Institute of Sound and Vibration Research store typically
receives a low volume of high value goods whilst the Engineering Design and Manufacturing

Centre typically receiving a higher volume of lower value goods.

There is some underestimation of the figures calculated here. Although uncertainty with records
made in Agresso is low, Agresso does not exclusively capture all orders made on behalf of the
institutional faculties. Some are expensed, whilst personal orders are placed through altogether
different routes, delivered to the institution and become assimilated into the internal postal
handling system; an estimate puts personal orders at 25% of delivery volume. The ad-hoc nature
of ordering goods is exacerbated by the lack of inventory control in Agresso. Optimising the
central purchasing of goods internally at a time when a critical stock threshold is reached would
ensure that duplicate orders are not placed by different departments at the same time. In
addition, the arrival of vehicles sub-optimally loaded with deliveries intended for the institution

could be avoided by better ordering policies.

The travel survey study was limited by the survey design limitations and may also have been the
subject of unintended bias. Firstly, a number of transport modes were not available for selection
in the questionnaire as these were deemed to be immaterial or considered to be a tertiary mode
of transport (i.e. ferry journeys). Primary and secondary modes of transport were considered
(modes of transport used on exclusive journeys), however due to the complexity of questionnaire
design required, only primary journeys were considered (the mode of transport chosen on the
final leg closest to the final destination). Therefore, were members of staff to originate on the Isle

of Wight then only journeys from the ferry terminal were captured.

An inherent underestimate is acknowledged in the survey results, exacerbated by the small
sample size and the potential introduction of responder bias (from the advertising campaign used

to encourage people to take part in the study).

The calculations made to the waste data provided a best-case scenario for the efficiency of waste
collections, but there were real world considerations which could not be so easily modelled.
Apportioning the waste arising at Highfield to the waste collection vehicle was conducted using
figures on the volume of the bins used in the campus’ waste compounds. This was used alongside
the assumption that the waste collection vehicle would continue its round at university-owned

waste compounds until it reached capacity. Therefore, it could collect multiple bins with only
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making one trip to the university. A further stipulation, that the waste collection vehicle would
only empty bins containing comparable waste types was made. This was conducted for mixed
municipal waste and mixed recycling; the other waste streams were considered to be collected on
an ad-hoc basis, with a vehicle travelling to the campus for the specific purpose; return journeys
were excluded as the assumption was made that these vehicles would move on to another

collection elsewhere.

7.6 Recommendations

It is anticipated that the development of a universal method for assessing the GHG emissions of
HEIs will help to galvanise the sector in order for it to position itself on a trajectory towards
decarbonisation. Based on the main research findings, the following section outlines a number of
key recommendations for this to be able to happen. These recommendations are intended to
apply not only to the case study institution or the study participant institutions, but should serve
to be identifiable across the entire sector. The nature of the research presented in this thesis is
such that it provides a much-needed critical analysis of the current state of GHG assessment and
provides a pragmatic viewpoint on the long-term prognosis for carbon management to 2020 and

beyond.

Chapter 3 recommends for caution and pragmatism on GHG reduction targets. If targets are to be
set, they must be achievable, use reliable emissions baselines, and take consideration of the
individual setting of the institution (through the use of relevant KPIs); these conclusions are very
simple, and are almost a given. However, they are worth stating here again since this is one of the
most significant fears reported by practitioners (see Chapter 4). The sector must address the
impending perfect storm, associated with a collective failure to meet GHG reduction targets. This
should help to influence the debate on whether institutions are serious about carbon

management and demonstrating leadership in the current difficult socio-economic environment.

The use of the information gathered by institutions to inform these targets and their carbon
management policies should be improved (through tougher requirements of disclosures to the
EMR record) and this information should be put to better use for their stakeholders and the public
alike to use. In this vain, institutions should be encouraged to register on voluntary platforms such
as the Carbon Disclosure Project (CDP) to publicly disclose their activities on reducing climate-
related impacts; in the commercial sector, investors and customers are demanding organisations

make such disclosures, so there is no reason why the HE sector should act any differently.

Reporting of GHG information, based on the proposed cut-off criteria, can also happen rapidly

without any considerable difficulty. Changes to the way data are presented, making effective use
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of the ability to aggregate at the sector level without significant double counting issues means
that the HE sector can begin to look strategically together at the means by which emission

reductions will be brought about in the future decades.

The proposing of a theoretical USM in Chapter 4 and the critique of existing environmental
standard methodologies embodies recommendations for improving the assessing and reporting
of GHG-related information in the HE sector. What this research shows is that HEls should
internally manage Scope 3 emissions, but not report on sub-par information which leads to
inherent double counting. Multilateral agreement on this an ‘official’ GHG assessment

methodology for the HE sector should now be considered.

In addition, the conclusions of study presented in Chapter 5 advocates a national programme of
training and best practice knowledge transfer (for undertaking GHG assessments) should be
introduced. This should be a continual process, perhaps adopted in-line with continuing
professional development programmes administered by most professional environmental bodies
to which environment managers are encouraged to join. If this is not possible within institutions,
then this could be contracted out to third parties to provide; whether this would happen in times
of financial austerity would be a difficult argument to make. This will eradicate the apparent skills
shortfall, whilst enabling environment managers to feel continually supported, share problems
and have their questions answered during the annual GHG assessment process currently

timetabled (through the EMR record).

Chapter 7 provides the necessary basis for the HE sector, together, to understand and prioritise
carbon management efforts at the institutional level. Developing a holistic plan for each
institution to 2020 and beyond is critical at this juncture to transition to a trajectory that is in-line
with decarbonisation required to comply with the Paris Climate Agreement and the UK CCA. The
inherent shortcomings of the current state of carbon management practices (through GHG
calculation and project-based carbon reduction) are highlighted. It is concluded that only the
individual institutions comprising the sector can apply enough pressure on the relevant governing
bodies (i.e. the HEFCE and the Department for Business, Energy and Industrial Strategy (BEIS)) and

their own internal governing structures for long-lasting grassroots change.

Ultimately, environment managers should engage with those that control the data; either third
parties or internal stakeholders. The more assistance there is, the less time and financial
resources these activities take to complete. Identifying key stakeholders and setting up
automated data return processes with an emphasis on the data that is to be reported should be a

priority, but data that isn’t reported should also be important.

244



Chapter 7

In addition to this, disclosures on such actions should be prioritised. Just as corporate Chief
Executive Officers (CEOs) are beginning to release climate-related disclosures to demonstrate to
private investors their degree of future climate-change risk (TCFD, 2017), HE institutions should
be planning far in advance of the changes that are projected to occur. This is an area in which

institutions are considerably underperforming.
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Chapter 8: Conclusions and further work

8.1 The governance of carbon management in the HE sector

Changes to the value of UK tuition fees in 2010 and the influence that the post-2008 economic
downturn has had on budgets and research funding, means that institutions must be more
accountable to their students and think of novel ways to stand out in a vastly competitive
environment (Dobson et al, 2010). Since the publication of the Browne Review, HE has traversed
the political maelstrom. The view that HE is a ‘public good’ (articulated through educational
judgement and financed by public funds) has softened, and now HE is a lightly regulated market
where consumer demand (in this instance in the form of student choice) determines the direction
of travel. The Browne Reviews instituted a fundamental change to the financing model for HE,
which set a paradigm shift towards students as consumers and the state as the emboldened
moderator and regulator (Barber et al., 2013)). Under this system, quality (measured by

satisfaction) is expected to improve through inter-institution competition (Collini, 2012).

Notwithstanding the issues around funding disparities and student recruitment, institutional
sustainability priorities vary widely between institutions. Despite sustainability being regarded as
a central issue to the future of HE, there is a risk that this is not the case and therefore there is a
tendency for it to fall down on the agenda. Politically, due to the vote in 2016 to leave the
European Union, government appetite for pushing carbon management forward is currently

lukewarm (Smith et al., 2016).

Carbon management could potentially become the first issue neglected should the need for short-
term cost reduction be great enough and the long-term view of savings not favoured. Ensuring
that fostering sustainable practices remain high on the agenda offers a pragmatic and lucrative
opportunity. Those involved with university governance understand the rewards that can be
garnered from such activities: namely efficiency savings which result in financial benefits following
some initial capital investment, an enhanced external reputation, and a beneficial shift in internal
culture. Some English HEIs have set very high targets for carbon reduction, which is the result of
an ambitious sector target set by the Higher Education Funding Council for England (HEFCE) in
2010. It remains to be seen if self-set Scope 1 and 2 carbon reduction targets will be accomplished
within the set time frame to 2020. A limited number of institutions have a detailed understanding

of GHG emissions associated with all of their directly and indirectly influenced activities.

What has not been touched on in great depth is the preparedness of the UK HE sector to make

the necessary adaptions required against a changing climate. Whilst the UK HE sector is deemed
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to be somewhat immune to the potential impacts of a shifting climate (see chapter 7 on the HE
sector’s climate vulnerability score), futureproofing HE is essential for a number of reasons.
Namely, the unpredictability of the future under climate change and the importance placed on HE
in maintaining and expanding its strong presence internationally, beside others. Preparations
should start with long-term horizon scanning to set an emission reduction trajectory for each
institution in-line with sectoral decarbonisation required to meet the terms of the Paris Climate

Agreement.

HEI environment managers are preoccupied with the 2020 emissions reduction target that the
necessary plan for scope 3 emissions reduction has not yet been developed. There is a fear that
institutions will be portrayed poorly if they fail to deliver on direct emission reductions given the
wider issues associated with expanding campus estates, increasing student recruitment and
persistent political pressure. In reality, the impacts are likely to be short-lived reputational
impacts instead of anything more severe (Lang, 2016). The likelihood of prosecutions arising as a
result of failing to comply with non-legally binding sectoral target is considerably small. An
important example of this is the Energy Performance of Buildings Regulations, which formally
introduced Display Energy Certificates (DECs) in 2007. It made it mandatory for public buildings to
display a DEC, yet no one has ever been prosecuted for not complying with this piece of

legislation. This proves that policy without enforcement is debased and powerless (Warren, 2016).

8.2 Practical applications for theoretical carbon assessment

methodologies

Managing activities indirectly attributed to the HEIl upstream and downstream along the value
chain is a particular challenge for HEls. The size and complexity of the organisation, varying
financial regimes, and devolved purchasing departments are just some of the difficulties
associated with understanding all indirectly influenced activities (Epstein & Roy, 2003). The use of
full-scale footprints for internal purposes and the external reporting of production-based
emissions overcome all barriers and double counting issues. The three most influential barriers to
assessing and reporting indirect GHG emissions from upstream and downstream of the
organisational boundary of HEIs have been identified as time, cost, and data reliability. The
transposition of environmental standards designed to be suitable for all organisation types stifles

the reporting of GHG-related information in the HE sector.

It is possible to reconcile existing emission standards, make a theoretical proposal about what
improvements can be made to improve institutional reporting (based on defined parameters),

and practically apply it to develop an externally-verifiable universal methodology. By streamlining
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the carbon footprint, that is to say, shortening the boundary and only including the most
significant emission sources, the need for obtaining externally-held and non-transparent data is
lessened (Lenzen & Murray, 2010). A number of studies that have investigated the significance of
emissions along organisational supply chains have found that up to 70% of upstream emissions
can be captured from just the top 10 industry suppliers and employee commuting (Huang, Weber,
et al., 2009). The release of GHGs along the university supply chain has not been studied in any
great detail (Baboulet & Lenzen, 2010). Indeed, individual institutional specialisms mark HEI

operations as difficult to generalise.

The level of technical expertise required is no longer a hindrance to producing high quality reports
of robust science which are simply interpreted. Also addressed is the concept of double counting
and employing cut-offs to ensure that emissions are not unduly inflated once aggregated at the
sectoral level. Combined, these criteria transpose full EEIOA-LCA based guidance used by the
sector at the current time into production-based EEIOA guidelines. It becomes production-based
due to the “exclusion of paid-for Scope 3 products and services” as these are assigned to the
producer. This institutes an official recognition by institutions that they deem their wider
influence to be of significant importance, whilst avoiding double counting issues and frees up

much needed resources for implementing impactful carbon management projects.

8.3 Benefits of a universal standardised methodology

Standardisation of data collection procedures results in comparable conclusions. Developing a
methodology that is to the activities and priorities of HEls, the most to assessing GHGs can be.
Whilst some would see this as a positive shift that may galvanise the sector further, this may be
derided by the energy intensive and high consuming institutions that may suffer reputational
damage as a result. Whilst the adoption of the universal standard methodology (USM) as a sector
standard would require unanimous multilateral support, it is for these reasons that

acknowledgement must be made that ubiquitous support may not be forthcoming.

By implementing a universal standard methodology though, wider issues are overcome; for
instance, emissions double counting is eradicated. This means, at a meso-level, the full climate
contribution of HEls (and by extension their supplier organisations) as discrete entities can be
understood. This knowledge is powerful in informing the development of future decarbonisation
pathways and allows institutions themselves an understanding of their vulnerability before
expanding their operations internationally. The necessity to combine empirical data with
modelled economic data creates certain challenges for environmental practitioners in HEIs, which

are broadly overcome by the adoption of the USM. Although there are certain advantages to this
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method, such as extending the resolution of otherwise data-limited studies and reducing reliance
on manual data collection, practitioners should be cautious of potential discrepancies and
idiosyncrasies that occur when liberal and interpretive methodologies are prescribed. These
considerations are well described in the literature (Townsend & Barrett, 2015). Environment

managers are required to collect and report data for fewer emission sources under the USM.

Developing reliable data streams within the institution to enhance the coverage and accuracy of
the data they need to report should be a high priority. Identifying and setting up streams to
collect good quality, consistent and reliable data that is placed high on the data hierarchy would
benefit an institution by saving time and money once initial setup has taken place as dataflow
would be consistent. Equally, favouring automatic metering, or methods with little need for
human inputs, means that high quality data can be collected with little potential for human error.
Resources can instead be diverted to research or teaching activities when fewer human inputs are
needed. The USM provides a direction for the development of these data streams; what is needed
now is for institutions to invest in systems and infrastructure. Management systems are a
pragmatic means of managing these data streams and allow institutions to better monitor
continual progression. Energy Management Systems such as [SO50001:2011 specify the
requirements for establishing, implementing, maintaining and improving an energy management
system, whose purpose is to enable an organisation to follow a systematic approach to achieving
continual improvement of energy performance, including energy efficiency, energy security,

energy use, and consumption.

At an asset-level, Building Management Systems (BMS) are control systems that are being used
increasingly to control and monitor building systems for optimising energy efficiency (by bringing
together the building’s mechanical and electrical equipment such as ventilation, lighting, power
systems, fire systems, and security systems). Implementing BMS systems would allow estates
managers to automatically retrieve information about an estate’s operations to directly inform
GHG calculations. Even data streams typically seen as collected on an ad-hoc basis could be made
compatible with a management system. For instance, either the regular travel survey procedure
could be continued and data fed into the management system, or automated data collection
could be developed that could require all staff and students to return data on a more regular basis
through online portals. This would require a significant level of engagement of both staff and

students in order to prove successful.

Yet to be addressed is a post-2020 framework for institutions to take institutions on a path to
decarbonisation. Uncertainty caused by the UK voting to leave the EU by the end of 2019 has

drastically shifted political momentum (Smith et al., 2016). However, it is clear that planning and
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foresight are required now more than ever by the sector’s leaders to futureproof climate
vulnerabilities and position the sector favourably. The desire for this to be so has been
demonstrated through this research. Because of a lack of momentum and pressure from the top,
the time for institutions to plan carbon management activities post-2020 is ever-decreasing. For
this reason, institutions should be beginning to develop individual medium- and long-term plans

now in order to establish a multilateral sectoral agreement.

8.4 Further work

The research presented in this thesis is by no means a final oratory on the future of carbon
management in the HE sector. Far from this, this thesis provides the basis for further work needed
to position the HE sector favourably to confront the challenges ahead over the coming decades
and into the second half of the 21% Century (where sectoral decarbonisation is required to limit

the greatest of the climate impacts).

8.4.1 Geographic extension of the scope of work

The development and application of the USM and the Higher Education Institution Carbon
Calculator (HEICC) tool was conducted on case study institutions from the UK. Therefore, little
regard for its international application has been made or indeed tested. The credibility of the
conclusions presented in this thesis could be improved by extension the work, to encompass

additional institutions from countries around the world.

The literature highlights large disparities in higher education systems around the world, most
notably in the way they are funded®. It is these types of nuances that disparately contribute to
the overall nature of the institution’s activities and thus, climate impact. Therefore, further

exploration in this sphere would usefully extend the scope of the research.

8.4.2 Investigation into production and consumption perspectives

The cut-off criteria introduced in Chapter 3 no longer requires environment managers to embark

on costly and time consuming full GHG assessments. Little research has been conducted into

49 In many Scandinavian countries (such as Norway or Finland), where tax structures are more progressive, students pay very little fee
toward their tuition. However, this is often countered by high living costs and income tax. Students studying in countries where tuition
fees are high (such as Australia or the Unites States) have almost universal access to financial support (through loans, scholarships and
public subsidies), with the exception of Switzerland where very little financial support is available. Despite high fees, the countries with
particularly well-funded and advanced financial aid systems (such as the US or UK) have the highest participation rates of any other
countries in the OECD (OECD, 2012).
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exploring the relationship between production-based and consumption-based methodologies.
How representative the production-based EEIOA-LCA assessment perspective is to the
consumption-based EEIOA-LCA assessment perspective would be an important addition to this
research. Obtaining a ‘rule-of-thumb’ which would allow institutions to translate production-
based footprints into full EEIOA-LCA assessments would also provide streamlined capabilities for
internal carbon management purposes and allow environment managers the ability to tailor their

external reporting activities to their needs.

8.4.3 HEICC tool development

In terms of the features of the HEICC tool in particular, numerous desirable features could be
considered in the future. The version that was used in this research study was fairly ‘rough and
ready’, based on simple VBA functions and solely intended to be good enough for the
requirements of the study. However, this means there is scope for improvement. For instance,
moving the tool online would enable countless other features to be considered. Users could
upload information or documents in the front end which could populate through the tool
automatically. Users could store their estates information here (i.e. the tool would represent the
front end of a complex database) and even configure their own AMS systems to collect the data
automatically through data flows. The benefit of an online system would mean that data issues,
data coverage and other issues would be transparently identified by the user or the administrator
(automatic warning systems could also be built in). The fewer inputs required by human users, the

less potential there would be for human error.
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Appendix A Online behavioural snapshot questionnaire

Gurvey = Omline Questicnnalre Generation from the Unisersity of Southanspton 270473012 0929

Staff Behaviours contributing to the University of
Southampton's Carbon Emissions

Section 1. Section 1: About You
Question 1.1

(71 Male
i) Female

Bittpes: oo Dsm vy, soton.ac. ko fadm ngdata fprint phpfsurveyi e 3228 Fage 1of 8
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funvey - Online Questionnaire Generation from the University of Southampeon 27042012 09:29
Question 1.2
Please select which age category you fall into:
' Under 13
1 18-24
1 25-34
1 3544
1 45-54
| 55-64
L5+
Question 1.3

‘What is your position at the Institiion? 1.e. Lecturer in Environmental Science, financial administrator
etc.

Section 2. Section 2: Activity at University
Question 2.1
How many hours do you spend at umversity per week?
1 = 5 Hours
1 6 - 10 Hours
' 11 - 20 Hours
1 21 - 30 Hours
1 31 - 40 Hours
=41 Hours
Question 2 2
How many hours do you spend at a computer or laptop at university per week?
' I do not use a computer or laptop at university
1 <5 Hours
1 6 - 10 Hours
i 11 - 20 Hours
1 21 - 30 Hours

[ritpes: § e Isurvey. soton.ac wicf adminf datafprint. phpfs ureeyiD=3 228 Fage 2 of 8

254



Appendix A

Bunvey = Online Questionnaire Generation from the University of Southampton 27 04 2012 0929
L4 31 - 40 Hours
=41 Hours
Question 2 3
"When at university, I use electricity for" .. (Please select those that apply)
Charging Smartphone/mobile phone
Charging iPod
Charging Laptop/iPad/Tablet
Charging Camera
Listening to the radio/stereo
None of the above
Other
Question X.3b

Please state 'other':

Question 2 4
Which of the following measures have you taken to reduce your personal electricity usage at the
university? (On personal appliances ie. lamps)
Do not leave appliances charging ovemnight
Enable standby/sleep fumction on computer/laptop
Energy saving light bulbs
Personal Computer or Laptop shutdown when not in use
Reduce bnghtness of sereen on LCD monitor/laptop
Turm lights off when leaving a room
Take stairs instead of elevator
None of the above
Other
Question 2.4b
Please specify 'other':
Question 2 5
Which mode of transport do you most commonly use to travel to and from university? (Please select one)

! Aeroplane

[ritpes: § e Isurvey. soton.ac wicf adminf datafprint. phpfs ureeyiD=3 228 Fage 3 of 8
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Bunvey = Online Questionnaire Generation from the University of Southampton 27 04 2012 0929

) Bicycle

" Bus
O Car
O Walk
" Other
Question 2.5b

Please specify 'other':

Question 2.6
How many hours per week do you spend travellmg on University busmess?

~) I do not travel on university business
! = 5 Hours

1 6 - 10 Hours

= 11 - 20 Hours

21 - 30 Hours

) 31 - 40 Hours

=41 Hours

Which mode of transport do you most commonly use when travelling on university business? (Please
select one)

' Bicycle
) Bus
. Car
0 Walk
) Other
Question 2.6b
Which mode of transport do you most commonly use when travelling on university business? (Please
select one)

[ritpes: § e Isurvey. soton.ac wicf adminf datafprint. phpfs ureeyiD=3 228 Fage 4 of 8
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Bunvey = Online Questionnaire Generation from the University of Southampton 27 04 2012 0929

agreement of this statement.

' Strongly Agree
- Agree
! Niether Apree or Disagree
_ Strongly Disagree
) Don't Enow
Question 3.2
Which statement best describes your opinion on climate change?
' There is undeniable evidence to suggest climate change is ocourring due to anthropogenic carbon
emissions and requires immediate action
' There is evidence climate change is occurring and that action should be taken but not immediately
) Climate change is cccmming due to natural canses and is not atiributed to human activity
1 There 1s a lot of uncertainty and more research is required until action can be taken
i There is little or no evidence to back up claims about climate change
Question 3 .3
The emission of greenhouse gases such as carbon diexide, contribute to climate change, had you ever
heard of climate change before undertaking this questionnaire?
) Yes, I had heard of climate change
. No,Thad never heard of climate change
(0 IDom't know

Section 4. Section 4: Carbon Reduction at the University of
Southampton

Question 4.1

What is the University of Southampton's carbon emission reduction target by 20207 (Please select answer
you think is correct)

10 %
N %

[ritpes: § e Isurvey. soton.ac wicf adminf datafprint. phpfs ureeyiD=3 228 Fage & of 8
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Bunvey = Online Questionnaire Generation from the University of Southampton 27 04 2012 0929

30 %

2 4“%
Lo 50%
Question 4.1
‘Where did you obtain this information? (Please specify if advertised by the university)
Question 4 2
The University of Southampton have adopted an enviromment and sustaimability policy. How would youn
rate your awareness of this?

' No awareness

' Basic awareness

| Excellent Awareness

I Don't kmow
Question 4.2b
Where would you find information on this (i.e. Internet)?
Question 4 3
The University of Southampton has set itself a tarpet of 20% reduction below 2005/06 levels in carbon

emissions by 2020 "] think that the University is going to meet this target.” Please select your level of
apreement with this statement.

. Stongly Agree
' Agree
I Meither Apree or Disagres
1 Disagree
'+ Strongly Disagree
(1 Don't kmow
Question 4 4
Which are the most important issues faced by UK Russell Group Higher Education Institutions today?
Please rank the following nine impacts (N B. Dynamic ranking will place them in the order you select):

— | Environment

e _

-- = | National/International Ranking

—-_* | Quality of Facilities

— # | Student Experience

[ritpes: § e Isurvey. soton.ac wicf adminf datafprint. phpfs ureeyiD=3 228 Fage 7 of 8
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Eurvey = Omline Questionnaire Ceneration from the University of Southampton 27 04 2012 0529

- : | Standard of Scientific Research and Teaching

— * | Job Prospects

- = | Sustainability

— = | Tuition Fees and Value for Money

Earvey = Online Questionnaire Ceneration from the University of Southampton 27 04 2012 0929

Student Behaviours contributing to the
University of Southampton's Carbon Emissions

Section 1. Section 1: About Youn

Question 1.1
Please select your gender:

. Female
Question 1.2
Please select which age category you fall into

) <18
' 18-
75

) 35-

45
) 55-
=65

Question 1.3

Which of the following best describes you?

1 1st year Undergraduate
() 2nd year Undergraduate
() 3rd year Undergraduate
! 4th year Underpraduate
0 MA Student
(1 MSc Student
() PhD Student
Question 1.4
Which degree course are you enrolled on?

A U~ S

Question 1.5
Year of Gradnation?

[ritpes:  Fwnwear. Isurvey sobon. 2 wif adming data fprint. phpfsurveyiDi=3 158 Page 2 of 7
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Bunvey = Online Questionnaire Generation from the University of Southampton

Question 1.6
Do you hive in University-provided halls of residence during term-time?
(If yes, survey proceedes to section 2. If no, suwrvey proceedes to section 3)

I Yes
1 No

Section 2. Section 2: Halls of Residence

Question 2.1
How many hours do you spend in your halls of residence per week (excluding time spent sleeping)?

I =5 Hours
L 6-10Hours
» 11 - 20 Hours
i1 21 - 30 Hours
(_) 31 - 40 Hours
) >4] Hours
Question 22
How many hours do you spend at a computer or laptop at your halls of residence per week?
i1 I do not use a computer or laptop in halls
=5 Hours
I 6 - 10 Hours
' 11 - 20 Hours
21 - 30 Hours
1 31 - 40 Hours
() =41 Heurs
Question 2.3
Please select which electrical appliances you own.

Camera
Games Console
1Pad/Tablet

[ritpes: § e Isurvey. soton.ac wif admin datafprint. phpfs ureeyiD=3 158
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furvey - Online Guestiannaire Generation from the Unkversity of Southampton 27/04/2012 05:29
1Pod/mp3
Radio/Stereo
Smartphone/Mobile Phone
Television
None of the Above

Other
Question 2.3b

How many hours per week do you use this?

< 10 Hours 11 -20Hours 21-30 Hours 31 - 40 Hours =41 Hours

Camera
Question 2.3c

How many hours per week do you use this?

< 10 Hours 11 -20Hours 21-30Hours 31-40Hours =41 Hours

How many hours per week do you use this?

< 10 Hours 11 - 20 Hours 21 -30Hours 31 -40 Hours =41 Hours
iPad/Tablet
Question 2.3e

How many hours per week do you use this?

< 10 Hours 11-20Hours 21-30Hours 31-40Hows =41 Hours
1Pod/mp3
Question X.3f
How many hours per week do you use this?

< 10 Hours 11 - 20 Hours 21 -30Hours 31 -40 Hours =41 Hours
Radio/Stereo
Question 2.3g
How many hours per week do you use this?

< 10 Hours 11-20Hours 21-30Hows 31-40Hows =41 Hows

Smartphone/Mobile
Phone
Question 2.3h

[ritpes: § e Isurvey. soton.ac wif admin datafprint. phpfs ureeyiD=3 158 Fage 4 of 7
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Bunvey = Online Questionnaire Generation from the University of Southampton 27 04 2012 0929
How many hours per week do you use this?

< 10 Hours 11-20Hours 21 -30Hours 31-40Hours =41 Hours
Television
Question 231

Please specify "other":

Question 2 4
Which of the following measures have you taken to reduce your personal electricity usage in your halls of
residence? (On perscenal appliances i.e. lamps)
Do not leave appliances charging ovemnight
Enable standby/sleep function on computer/laptop
Energy saving lightbulbs
Personal Computer or Laptop shutdewn when not in use
Reduce bnghtness of screen on LCD monitor/laptop
Turn lights off when leaving a room
None of the above
Other
Question 2.4b
Please specify 'other':

Section 3. Section 3: Activity at University

Question 3.1
How many hours do you spend at umiversity per week?

' 0 -5 Hours

I 6 - 10 Hours
1 11 - 20 Hours
1 21 - 30 Hours
1 31 - 40 Hours
1 =41 Hours
Question 3 2

[ritpes: § e Isurvey. soton.ac wif admin datafprint. phpfs ureeyiD=3 158 Fage 5 of 7
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Gursey = Omling Questicnnalre Generation from the Unisersity of Southanpton T 0472012 0929
How many hours do you spend at a computer or laptop at umversity per week?

i3 I do not use a computer or laptop at university

() =5 Hours

() 6- 10 hours

i3 11 - 20 hours

(3 21 - 30 hours

("1 31 - 40 hours

() > 41 hours

Question 3.3

*When at university, I use electricity for" .. (Please select those that apply)

[l Charging Smartphone/mobile phone

[ Charging iPod

[ Charping Laptop/iPad/Tablet

[l Charging Camera

[ None of the above

[l Other

Question 3.3b

Please state ‘other':

Question 3.4

Which of the following measures have you taken to reduce your personal electricity usage at umversity?

[l Enable standby/sleep function

[ Personal Computer or Laptop shutdown when not in use
[l Reduce brighimess of screen on LCD monitor/laptop

[ Tum lights off when leaving a room

[l Take stairs instead of elevator

[ None of the above

1 Other

Question 3.4b

Please specify 'other™:

Question 3.5

[vitpes: ¢ P Ismrvey, soton.ac, ukfaden Ing data fprint. phpfsurveyi D=3 198 Fapge & of 7
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Gursey = Omling Questicnnalre Generation from the Unisersity of Southanpton T 0472012 0929
Which mode of transport do you most commonly use to travel to and from university? (Please select one)

() Aeroplane
() Bicycle
(> Bus

iy Car

() Train

) Walk
(") Other

Bittpes: ) v, s rvey. sorton. ac. ulc/adim ing data fprint. php?surveylD=3198 Fage 7of 7
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Appendix BSystematic review results

Search terms — Organis(z)ation carbon footprint [principle]

Principle Search term:
(Organis(z)ation/corporate/enterprise/institution/higher+

education/firm) carbon footprint [principle]

Emission baseline (benchmark/base Letete & Marquard, 2011; Dragomir, 2012; Mazhar et al.,

year) 2012; Riding et al., 2012; Williamson, 2012; Ozawa-Meida
etal., 2011; Pelletier et al., 2013; Townsend & Barrett,
2015; Robinson et al., 2014

Equity share or control boundary- Young, 2010; Dragomir, 2012; Oludele et al., 2012; Scipioni

setting approach (organisational etal., 2012; Gao et al., 2013; Pelletier et al., 2013;
boundary) Rietbergen et al., 2015
Temporal boundary Moerschbaecher & Day, 2010; Peters, 2010; Wright et al.,

2011; Oludele et al., 2012; Scipioni et al., 2012; Williams,
Kemp, et al., 2012; Gliereca et al., 2013; Ozawa-Meida et
al., 2011; Pelletier et al., 2013

Emission Scopes: 1, 2 and 3 Awanthi & Navaratne, 2010; Busch, 2010; Moerschbaecher
& Day, 2010; Peters, 2010; Sinha et al., 2010; Andrew &
Cortese, 2011; Lee, 2011; Recker et al., 2011; Stubbs &
Downie, 2011; Thurston & Eckelman, 2011; Wiedmann &
Barrett, 2011; Woodroof, 2011; Wright et al., 2011,
Dragomir, 2012; Mazhar et al., 2012; Oludele et al., 2012;
Plambeck, 2012; Scipioni et al., 2012; Williams, Kemp, et
al., 2012; Chakraborty & Roy, 2013; Correia et al., 2013;
Gao et al., 2013; Klein-Banai & Theis, 2013; Larsen et al.,
2013; Matisoff et al., 2013; Townsend & Barrett, 2015;
Pelletier et al., 2013; Almeida et al., 2014; Alvarez et al.,
2014; Rietbergen et al., 2015; Robinson et al., 2014; Yi-
Chun, 2014

Upstream/downstream Busch, 2010; Lenzen & Murray, 2010; Peters, 2010;
Weinhofer & Hoffmann, 2010; Lee, 2011; Lee, 2012; Stubbs
& Downie, 2011; Wiedmann & Barrett, 2011; Wright et al.,
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Principle

Search term:
(Organis(z)ation/corporate/enterprise/institution/higher+

education/firm) carbon footprint [principle]

2011; Scipioni et al., 2012; Williams, Kemp, et al., 2012;
Glereca et al., 2013; Ozawa-Meida et al., 2011; Pelletier et
al., 2013; Powell et al., 2015; Almeida et al., 2014;
Robinson et al., 2014

Direct emissions from stationary
combustion (on-site energy

production)

Awanthi & Navaratne, 2010; Sinha et al., 2010;
Moerschbaecher & Day, 2010; Lee, 2011; Woodroof, 2011;
Dragomir, 2012; Lee, 2012; Mazhar et al., 2012; Oludele et
al., 2012; Williams, Kemp, et al., 2012; Williamson, 2012;
Ozawa-Meida et al., 2011

Direct emissions from mobile

combustion (vehicle fleet)

Awanthi & Navaratne, 2010; Moerschbaecher & Day, 2010;
Sinha et al., 2010; Lee, 2011; Letete & Marquard, 2011;
Recker et al., 2011; Woodroof, 2011; Dragomir, 2012; Lee,
2012; Mazhar et al., 2012; Oludele et al., 2012; Williams,
Kemp, et al., 2012; Williamson, 2012; Ozawa-Meida et al.,
2011; Yi-Chun, 2014

Direct process-related emissions

Sinha et al., 2010; Lee, 2011; Dragomir, 2012; Lee, 2012;
Oludele et al., 2012

Direct fugitive emissions

Moerschbaecher & Day, 2010; Sinha et al., 2010; Lee, 2011,
Woodroof, 2011; Dragomir, 2012; Lee, 2012; Oludele et al.,
2012

Direct emissions/removals from
Land-use, Land-use Change and

Forestry

Pandey et al., 2011; Williams, Kemp, et al., 2012; Gao et al.,
2013

Indirect emissions from imported
electricity consumed (purchased

electricity)

Awanthi & Navaratne, 2010; Moerschbaecher & Day, 2010;
Lee, 2011; Letete & Marquard, 2011; Recker et al., 2011,
Lee, 2012; Oludele et al., 2012; Scipioni et al., 2012;
Williams, Kemp, et al., 2012; Gao et al., 2013; Larsen et al.,
2013; Pelletier et al., 2013; Yi-Chun, 2014

Indirect emissions from consumed

Sinha et al., 2010; Lee, 2011; Recker et al., 2011; Lee, 2012;
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Principle

Search term:
(Organis(z)ation/corporate/enterprise/institution/higher+

education/firm) carbon footprint [principle]

energy imported through physical
network (purchased steam, chilled

water)

Oludele et al., 2012; Williams, Kemp, et al., 2012; Pelletier
etal., 2013; Yi-Chun, 2014

Energy-related activities not
included in direct emissions &
energy indirect emissions (scope 1

and 2 life-cycle emissions)

Upstream emissions of purchased

fuels

Upstream emissions of purchased

electricity
Transport and distribution losses

Generation of purchased electricity

sold to end users

Lee, 2011; Letete & Marquard, 2011; Moerschbaecher &
Day, 2010; Stubbs & Downie, 2011; Thurston & Eckelman,
2011; Lee, 2012; Ozawa-Meida et al., 2011; Townsend &
Barrett, 2015; Alvarez et al., 2014; Yi-Chun, 2014

Purchased/procured products

(Product LCA — cradle-to-gate

emissions)

Atherton & Giurco, 2011; Lee, 2011; Letete & Marquard,
2011; Recker et al., 2011; Stubbs & Downie, 2011; Thurston
& Eckelman, 2011; Lee, 2012; Mazhar et al., 2012; Scipioni
et al., 2012; Trappey et al., 2012; Williams, Kemp, et al.,
2012; Correia et al., 2013; Gao et al., 2013; Larsen et al.,
2013; Ozawa-Meida et al., 2011; Townsend & Barrett,
2015; Almeida et al., 2014; Alvarez et al., 2014; Mosgaard
etal., 2013; Yi-Chun, 2014

Production-related procurement

Non-production-related

procurement

Capital equipment (goods)

Gao et al., 2013; Townsend & Barrett, 2015; Yi-Chun, 2014

Waste generated from

organisational activities

Moerschbaecher & Day, 2010; Sinha et al., 2010; Lee, 2011,
Letete & Marquard, 2011; Stubbs & Downie, 2011;
Thurston & Eckelman, 2011; Lee, 2012; Scipioni et al.,
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Principle

Search term:
(Organis(z)ation/corporate/enterprise/institution/higher+

education/firm) carbon footprint [principle]

2012; Williams, Kemp, et al., 2012; Larsen et al., 2013;
Ozawa-Meida et al., 2011; Townsend & Barrett, 2015;
Almeida et al., 2014; Alvarez et al., 2014; Yi-Chun, 2014

Upstream transport and distribution
Transport and distribution of
purchased products Third-party
transportation and distribution

services purchased

Lee, 2011; Thurston & Eckelman, 2011; Lee, 2012; Rizet et
al., 2012; Scipioni et al., 2012; Trappey et al., 2012;
Mosgaard et al., 2013; Ozawa-Meida et al., 2011;
Townsend & Barrett, 2015; Almeida et al., 2014; Yi-Chun,
2014

Business travel (staff travel)

Awanthi & Navaratne, 2010; Moerschbaecher & Day, 2010;
Letete & Marquard, 2011; Recker et al., 2011; Mazhar et
al., 2012; Matisoff et al., 2013; Townsend & Barrett, 2015;
Almeida et al., 2014; Yi-Chun, 2014

Emissions from business travellers in

hotels

Baboulet & Lenzen, 2010; Berners-Lee et al., 2011; Stubbs
& Downie, 2011; Townsend & Barrett, 2015; Alvarez et al.,
2014

Upstream leased assets

Townsend & Barrett, 2015; Yi-Chun, 2014

Investments

Yi-Chun, 2014

Client and visitor transport

Williams, Kemp, et al., 2012; Ozawa-Meida et al., 2011;
Townsend & Barrett, 2015

Downstream transport and

distribution

Lee, 2011; Yi-Chun, 2014

Emissions from retail and storage

Rizet et al., 2012

Use stage of sold product
Direct use-phase emissions
Indirect use-phase emissions

Maintenance of sold products

Lee, 2011; Stubbs & Downie, 2011; Ozawa-Meida et al.,
2011; Townsend & Barrett, 2015; Yi-Chun, 2014

End-of-life (disposal) of sold product

Lee, 2011; Lee, 2012; Scipioni et al., 2012; Ozawa-Meida et
al., 2011; Pelletier et al., 2013; Townsend & Barrett, 2015;
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Principle

Search term:
(Organis(z)ation/corporate/enterprise/institution/higher+

education/firm) carbon footprint [principle]

Yi-Chun, 2014

Downstream franchises

Lee, 2011; Dragomir, 2012; Lee, 2012; Yi-Chun, 2014

Downstream leased assets

Lee, 2011; Lee, 2012; Yi-Chun, 2014

Employee commuting

Awanthi & Navaratne, 2010; Sinha et al., 2010;
Moerschbaecher & Day, 2010; Letete & Marquard, 2011;
Recker et al., 2011; Stubbs & Downie, 2011; Thurston &
Eckelman, 2011; Oludele et al., 2012; Williamson, 2012;
Larsen et al., 2013; Ozawa-Meida et al., 2011; Townsend &
Barrett, 2015; Almeida et al., 2014; Yi-Chun, 2014

Land-use

Emission calculation (activity data x

emission factor)

Awanthi & Navaratne, 2010; Hooi et al., 2011; Williams,
Kemp, et al., 2012; Oludele et al., 2012; Gao et al., 2013;
Matisoff et al., 2013; Ozawa-Meida et al., 2011

Carbon dioxide only

Recker et al., 2011; Oludele et al., 2012; Trappey et al.,
2012; Chakraborty & Roy, 2013; Rietbergen et al., 2015

Kyoto Basket GHGs - full suite

(six gases, CH,4, N,O, HFC, PFC, SF)

Sinha et al., 2010; Sundarakani et al., 2010; Stubbs &
Downie, 2011; Thurston & Eckelman, 2011; Dragomir,
2012; Lee, 2012; Turner et al., 2012; Chakraborty & Roy,
2013; Correia et al., 2013; Gao et al., 2013; Larsen et al.,
2013; Matisoff et al., 2013; Ozawa-Meida et al., 2011;
Pelletier et al., 2013; Yi-Chun, 2014

Air pollutants

Published emission factors (i.e. not

from a national database)

Letete & Marquard, 2011; Dragomir, 2012

National emission factors (Defra,

Bilan Carbone, IPCC, IEA)

Awanthi & Navaratne, 2010; Chen et al., 2011; Letete &
Marquard, 2011; Pandey et al., 2011; Stubbs & Downie,
2011; Oludele et al., 2012; Scipioni et al., 2012;

Chakraborty & Roy, 2013; Matisoff et al., 2013; Ozawa-
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Principle

Search term:
(Organis(z)ation/corporate/enterprise/institution/higher+

education/firm) carbon footprint [principle]

Meida et al., 2011; Pelletier et al., 2013; Townsend &
Barrett, 2015; Almeida et al., 2014; Alvarez et al., 2014

Organisation-specific factors

Use of data scenarios (best, inter,

min)

Centralised [data collection)]

approach

Thurston & Eckelman, 2011; Yang et al., 2014

Decentralised [data collection]

approach

Burritt et al., 2011

[Reporting] Acknowledgement of

significant emissions changes

Dragomir, 2012

[Reporting] Assumptions (Standards

and methodologies used)

Dragomir, 2012; Matisoff et al., 2013

Intensity ratios (normalised)

Dragomir, 2012; Larsen et al., 2013; Matisoff et al., 2013;
Almeida et al., 2014; Alvarez et al., 2014; Rietbergen et al.,
2015; Robinson et al., 2014

Disaggregated emissions

Berners-Lee et al., 2011

[Report] Excluded emission sources

Dragomir, 2012; Matisoff et al., 2013

Uncertainty analysis

Peters, 2010; Berners-Lee et al., 2011; Milne & Grubnic,
2011; Plambeck, 2012; Ozawa-Meida et al., 2011

Base year recalculation policy

Dragomir, 2012; Matisoff et al., 2013

Internal performance tracking

Gaoetal.,, 2013

Scope 1 and 2 emissions
independent of GHG trades, sales,
purchases, transfers, banking

allowances

Dragomir, 2012

Emissions data separate for each

Dragomir, 2012; Matisoff et al., 2013
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Principle

Search term:
(Organis(z)ation/corporate/enterprise/institution/higher+

education/firm) carbon footprint [principle]

scope and scope category

Metric tonnes and in tonnes of CO,

equivalent

Sinha et al., 2010; Berners-Lee et al., 2011; Milne &
Grubnic, 2011; Recker et al., 2011; Thurston & Eckelman,
2011; Wright et al., 2011; Dias & Arroja, 2012; Dragomir,
2012; Lee, 2012; Oludele et al., 2012; Plambeck, 2012;
Scipioni et al., 2012; Trappey et al., 2012; Williamson,
2012; Chakraborty & Roy, 2013; Correia et al., 2013;
Guereca et al., 2013; Matisoff et al., 2013; Ozawa-Meida et

al., 2011; Townsend & Barrett, 2015; Alvarez et al., 2014

Emissions data for direct CO,
emissions from biologically
sequestered carbon (e.g. CO, from
biomass/biofuels) to be reported

separately

Matisoff et al., 2013

Set targets/guidelines for target-
setting (SMART)

Matisoff et al., 2013; Rietbergen et al., 2015; Robinson et
al.,, 2014
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Comparative analysis results
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Emissions baseline Full year used to calculate organisation’s emissions; used for setting target emissions against v . v v * L
Organisation accounts for greenhouse gas emissions from operations according to its share of equity in
Equity share the operation — reflects economic interest (extent of rights a company has to the risks and rewards v | V]| VvV v | V| *
flowing from an operation, usually aligned with the company’s percentage ownership of that operation
. . Organisation reports 100% of the greenhouse gas emissions from operations over which it has control
Financial control rganise por % ne gree Bas emis P v [V v (2 2 I I
Boundary Setting Boundary Setting with a view to gaining economic benefits from its activities
. Organisation reports 100% of the greenhouse gas emissions from operations over which it has full
Operational control gani: ' Tep N Bre - gas em P v |v| v v v x| x| x
authority to introduce and implement its operating policies at the operation
The use of time-dependant variables such as global warming potential, greenhouse gas residence time
and treatment of time-lagged greenhouse gases. On-going subjects i.e. a household, can be set in-line " "
Temporal boundary . - oo Lo Lo
with existing temporal units (i.e. month) but for temporally-limited subject i.e. products or events, event-
based boundaries should be applied
Scope 1 emissions Direct greenhouse gas emissions that occur from sources that are owned and controlled by the company | v/ v V| VY 2 R
Energy Indirect emissions that occur as a result of consumption of purchased electricity, heat, steam and
Scope 2 emissions cooling. These are indirect emissions that are a consequence of the organisation’s activities, but which | v v V| VY 2R N
Emission Scopes Emission Scopes occur at sources the organisation does not own or control
.. Indirect emissions that are a consequence of the organisation’s actions, but occur at sources not owned
Scope 3 emissions L a X g T v v |V | VvV v | v | * * *
or controlled by the organisation and which are not classed as scope 2 emissions

Upstream emissions

Supplier emissions, indirect emissions from purchased products
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10 Downstream emissions Direct and indirect emissions from sold products v |V 4 * *
11 Reporting company emissions | Also referred to as ‘Out-of-stream’ or ‘In-stream’ * *
12 Direct emissions from | Emissions arising from on-site combustion of fuel burnt in stationary equipment i.e. boilers or furnaces | v vl v vlvl s | #
stationary combustion etc.
13 Direct emissions from mobile . - . . T . * * *
. Emissions arising from fuel burnt in transport equipment owned by the organisation i.e. fleet vehicles 4 v | V]| VvV v |V
combustion
Disaggregation of |14 Direct process-related | Emissions from biological, mechanical or other activities that are not coming from the direct combustion v v vl v v ||« " "
Scope 1 Activities Emissions of fossil fuels or from equipment/storage leaks
15 Direct fugitive emissions The uncontrolled emission of greenhouse gases
16 Direct emissions/removals | Emissions arising as a result of anthropogenic land-use activities (controlled biomass burning, restoration
from Land-use, Land-use | of wetlands, forest management, rice and other agriculture cultivation, animal husbandry) direct land- * *
Change and Forestry use change (afforestation, reforestation and deforestation) and managed forests
17 Indirect emissions from .. T I .
. L. Emissions from electricity imported by the organisation due to fuel combustion * *
. . imported electricity consumed
Disaggregation of 18 nd P
PR ndirect emissions rom L . . . .
Scope 2 Activities . Emissions from the generation of steam, heating, cooling and compressed air consumed by the " N
consumed energy imported L
N organisation
through physical network
19 Energy-related activities not
included in direct emissions & * *
energy indirect emissions
Disaggregation of o . . . S .
- . 20 Upstream emissions of | Upstream emissions of energy sources (extraction, production, transport, distribution emissions) " "
Scope 3 Activities
purchased fuels
21 Upstream emissions of

purchased electricity
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Principle

Variable

Constituent

Notes

22 Transport and distribution
losses

23 Generation of purchased
electricity sold to end
users

24 Purchased products:

25 Construction

26 Business services

27 ICT products

28 Manufactured fuels

29 Chemicals and gases

30 Paper products

31 Medical and precision
instruments Emissions from goods and services brought into the organisation (embedded carbon)

32 food and catering

33 Other procurement

34 Water

35 Raw material extraction

36 Agricultural activities

37 Manufacturing, productio
and processing

38 Generation of electricity

consumed upstream
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HEFCE Guidelines (2010)

GHG Protocol (2004)

Scope 3 (2011)
1S014064 Standard (2006)
Defra Guide on Measuring and
Reporting GHG Emissions (2009)
Global Reporting Initiative Sustainable

Reporting Guidelines (2013)
Carbon Disclosure Project (2014)

Reconciled

Robinson et al. proposed

Robinson et al. with cut-offs
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39 Disposal/treatment of A
waste generated upstream
40 LULUCF emissions 2
41 Transportation of
materials and products A
between suppliers
42 Emissions from other
action prior to acquisition A
by reporting company
43 Production-related . .
Purchased goods that are directly related to the production of a company’s products A
procurement
44 Non-production-related Purchased goods and services that are not integral to the company’s products, but are instead used to A
procurement enable operations
45 . . Upstream emissions from the production of capital goods (goods used to manufacture a product,
Capital equipment P N P R p X g (& X N .p v | v v | v *
produce a service or sell, store and deliver merchandise) purchased or acquired by the organisation
46 Waste generated from | Emissions from the disposal of solid and liquid waste depending upon the characteristics of waste type v v vl v v ||+ "
organisational activities and its treatment (landfill, incineration, biological treatment or recycling)
47 U.pst.rean.1 transport and v vyl v v ol x| =
distribution
48 Transport and distribution "
of purchased products Emissions from fuels burnt in mobile sources of combustion not owned or controlled by the organisation
49 Third-party transportation
and distribution services *
purchased
50 Business travel Emissions from fuels burnt in mobile sources of combustion not owned or controlled by the organisation v V| VY v o[ v * *

Robinson et al. with cut-offs
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Principle

Variable

Constituent

Notes

51 Emissions from business | and used for business travel
travellers in hotels
52 Upstream leased assets
53 Buildings
54 Motor vehicles
55 IT equipment Emissions from the use of assets that are leased (finance lease, operating lease or contract hire) by the
56 Machinery organisation
57 Emissions from operation
of leased assets not
already in scope 1 and 2
inventories
58 Emissions due to the operation of equity investments (equity investment refers to the holding of shares
Investments . S . L ) .
of stock on a stock market in anticipation of income from dividends and capital gains.
59 Equity investments
60 Debt investments
61 Project finance Emissions due to the operation of equity investments
62 Managed investments and
client services
63 . . Emissions from fuels burnt in mobile sources of combustion not owned or controlled by the organisation
Client and visitor transport . .
and used for client and visitor travel
64 Downstream transport and
distribution Emissions from fuels burnt in mobile sources of combustion not owned or controlled by the organisation
for which the reporting organisation does not pay
65 Emissions from retail and
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HEFCE Guidelines (2010)

GHG Protocol (2004)

Scope 3 (2011)
1S014064 Standard (2006)
Defra Guide on Measuring and
Reporting GHG Emissions (2009)
Global Reporting Initiative Sustainable

Reporting Guidelines (2013)
Carbon Disclosure Project (2014)

Reconciled

Robinson et al. proposed

Robinson et al. with cut-offs
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storage
66 Use stage of sold product Emissions from the consumer use of the product
67 Direct use-phase emissions | Emissions from products that directly consume energy during use, fuels and feedstock and GHGs emitted
68 Indirect use-phase L - .
.. Emissions from products that indirectly consume energy during use
emissions
69 Maintenance  of  sold h
Optional
products
70 End-of-life of sold product Emissions associated with the end-of-life of all products sold by the reporting organisation
71 . Emissions from the operation of franchises (a business operating under a license to sell or distribute
Downstream franchises L, . . R .
another organisation’s goods or services within a certain location)
72 Emissions from the operation of assets that are owned by the reporting organisation and leased to other
Downstream leased assets .
entities
73 Emission from fuel burnt in mobile sources not owned or controlled by the organisation and used by

Employee commuting

employees to travel to and from the organisation on a daily basis

74 Land-use

General Methods |75 Emission calculation CO,e = activity data x emission factor
76 Carbon dioxide only CO,
77 Kyoto Basket GHGs - full suite | CO,, CH,, N,O, SFs, HFCs, PFCs, NF3
Conceptual Greenhouse Gases | 78 Ozone Depleting Substances (ODS), oxides of Nitrogen (NOx), oxides of Sulphur (SOx), Persistent Organic
Approach Air pollutants Pollutants (POPs), Volatile Organic Compounds (VOCs), Hazardous Air Pollutants (HAPs), Particulate

Matter (PMlo, PMzks)
R1 Carbon dioxide and Methane CO,, CH,4

Emission Factors |79 Published emission factors Origin of published factors open to interpretation
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Principle Variable Constituent Notes
80 National emission factors Published by nationally recognised/government approved bodies i.e. Defra Emission Factors in the UK
81 Derived from a recognised origin, are appropriate for the GHG source/sink concerned, are current at time
Organisation-specific factors of quantification, takes account of uncertainty and are calculated in a manner intended to yield accurate
and reproducible results consistent with the intended use of the GHG inventory
82 Use of data scenarios Minimum, intermediate and best scenario data
Data Quality Data/Methods 83 Centralised approach Facilities report activity data
84 Decentralised approach Facilities report GHG emissions
85 Total quantities of fuel used (collected from energy metres or by fuel bills)
Direct Emissions 86 An estimate based on organisational setting and energy use behaviours
from Stationary |87 All sources identified and quantity of fuel is available. Where fuel used is not known, an estimate of the consumption of fuel related to
Combustion stationary combustion can be obtained by disaggregation of: Heating of buildings (Floor area and age of building, type of energy used,
climatic zone, operating house and use of the building) and machinery (type and size of machine, period of use per year, type of fuel,
nominal input power and yield, efficiency and equipment rating)
88 Total quantity of each type of fuel consumed by each transport equipment (metre reading/bills) or vehicle mileage
Operational Data
4 (Little . . 89 Identify each type of transport equipment, with the distinction between vehicles, trucks, ships and aircraft (as a minimum). For each, the
n 0 Direct emissions total distance travelled is estimated
Manipulation from mobile
Required) onbustion 920 Key parameters that should be considered are: Type of energy used: i.e. gas/diesel etc.) Type of engine (small/large etc.) Type of travels:
urban/rural etc.) Type of use (eco/fast driving) and weight of the vehicle with its load
91 If no data is available, assume direct transport emissions account for 1% of total scope 1 and 2 emissions
. 92 Exact amount (weight, volume) for each gas is known and based on direct measurement or exact measurements of the activity data and
Direct Process- related emissions factor
related Emissions
93 Estimate the direct GHG emission by multiplying activity data with relevant emissions factor
94

Direct Fugitive

For organisations transporting gases, the difference between the amount bought and the amount sold can be calculated. For cooling
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HEFCE Guidelines (2010)

GHG Protocol (2004)

Scope 3 (2011)
1S014064 Standard (2006)
Defra Guide on Measuring and
Reporting GHG Emissions (2009)
Global Reporting Initiative Sustainable

Reporting Guidelines (2013)
Carbon Disclosure Project (2014)

Reconciled

Robinson et al. proposed

Robinson et al. with cut-offs
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Principle Variable # Constituent Notes
Emissions systems, it can be the quantity of refrigerants needed to refill equipment
95 Estimate leakage based on information available about the system (based on formulae from published, peer-reviewed literature)
96 Known data is used, and the other data are estimated by disaggregation using such key parameters as:
Type of GHG, the technical specificities of the system, age of the system, potential size of the source, power of the equipment
97 Biomass per unit area known
98 Area estimated, biomass estimated based on land use
LULUCF 4
99 Area known, land use/land cover known, biomass per unit area is estimated by disaggregation using key parameters such as: Type and
quantity of biomass, climate, harvested or natural growth
100 Exact amount of electricity bought is known, (from electricity metres or bills)
Indirect Emissions 101 Amount of energy bought by the organisation is estimated (based on the benchmarking with similar business sectors and should be done
from Imported separately for small and large electricity consumers
Electricity 102 The organisation knows accurately the amount of electricity bought for large electricity consumers and estimates its electricity
Consumed consumption either by one of the following approaches:
Estimation of electricity consumption by a bottom-up approach (power of each electricity consuming equipment is multiplied by the time
the equipment if used and % of available power is used, estimate by consumption ratios of organisations with similar activities
103 The exact amount and type of energy bought by the organisation is known (energy metres, bills)
. . 104 Exact amount of each is not known, activity data are estimated separately for need of heating and cooling for: Building processes: cooling
Indirect Emissions L .
or heating, industrial processes
from Consumed
Energy Imported | 105 Organisation knows accurately the amount of heating, steam etc. bought for large consumers and calculates it consumption of heating,

Through a Physical
Network

steam etc. by using one of the following approaches:

Estimation by bottom-up approach: consumption of each energy item of equipment obtained by multiplying rated power by the time
period for which the equipment is used, estimate of heating, steam, cooling etc. by consumption ratios of organisation with similar
activities (guided by type of organisation, age of installations, activities covered by heating etc. and those that are providing energy by other
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HEFCE Guidelines (2010)

GHG Protocol (2004)

Scope 3 (2011)
1S014064 Standard (2006)
Defra Guide on Measuring and
Reporting GHG Emissions (2009)
Global Reporting Initiative Sustainable

Reporting Guidelines (2013)
Carbon Disclosure Project (2014)

Reconciled

Robinson et al. proposed

Robinson et al. with cut-offs
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Principle Variable # Constituent Notes
sources
(Fuel and) Energy- | 106 | Organisation knows exactly the type and origin of the fuels consumed for the generation of electricity etc.
related Activities - . . - .
. 107 Organisation does not know the origin of fuels consumed for generation of electricity etc. Recognised database values used
Not Included in
Direct Emissions | 108 Organisation not able to verify process for generation of its imported energy, the organisation disaggregates the data using parameters
and Energy Indirect such as: Origin of fuel, distance from county of origin to place of consumption, type of transport mode, age of technologies, supplier energy
Emissions consumption and associated mix within the different steps
109 Water consumption figures (m®) from water metre or bill. Only water supplied by water companies, rainwater recycling and borehole
extraction should not be included here in this calculation (which is accounted for in scope 2). Calculate residential/non-residential
separately
) 110 Exact physical amount (weight, volume, number of units) is known for each of the goods and services
Non-operational Purchased
Data (Processing Products 111 When no site-specific data are available, the organisation uses aggregated estimated data. As a minimum, the organisation should
required and disaggregate the data at the level of the product families (e.g. plastics, metals, cleaning services, groundwork and garden services etc.)
practical 112 Estimation based on Best and minimum scenario above is made
constraints are
113 Assume water accounts for approximately 1% of scope 1, 2 and 3 emissions
common)
114 Description and number of different items of equipment known and data are site-specific
115 Only an estimate of the capital equipment life is available. Data are disaggregated between main categories of capital goods, e.g. building,
machineries, mode of transport
Capital Equipment 116 Capital goods are classified into categories and disaggregated by: All key parameters by category: date of acquisition, assessed lifetime,
Specific key parameters by categories: buildings (type of material used, type of construction, total surface area or volume. Machinery (type
of material used, type of surface treatments, total weight or volume. Vehicles (engine and carrying capacity of the motor vehicle/truck, fuel
type.
Waste Generated | 117 Calculate residential and non-residential separately
from 118 Hazardous waste excluded due to Defra conversion factors unavailable
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GHG Protocol (2004)

Scope 3 (2011)
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Organisational 119 Construction waste excluded - disposal is likely to be construction contractor’s responsibility
Activities 120 Volume of wastewater multiplied by conversion factor obtained from metre readings. Predicted using factor provided by waste company or v v v
95% of mains water usage
121 If no waste water data available assume waste accounts for approximately 3% of scope 1, 2 and 3 carbon emissions
122 Quantity of waste and type of treatment (landfilling, disposal in a landfill with landfill gas-to-energy, incineration, biological treatment; v v v
aerobic and anaerobic, recovery for recycling, composting and waste-to-energy or energy from waste
123 When the amount of waste and the method of treatment and/or disposal are not directly available, estimated date (which can be based on
the expenditure for waste treatment or liked to the amount of purchased goods and services. When the specific treatment per category of v v v
waste generated is unknown, national/sector average rate of end-of-life treatment (incineration, landfilling, recycling, composting etc. is
used
124 Relevant data disaggregation for each type of treatment in 1ISO14064
125 Distance travelled for each type of transport (rail, road, air and sea) and the type of fuel is known. For the distance travelled by each
supplier, the organisation should also know which part of the distance it should allocate to it activities. If a supplier makes a unique journey
to the organisation, these round-trip emissions should be allocated to its activities. If a supplier visits a number of clients/customers, the
organisation allocates only a part of the travelled distance to it activity based on mass, volume, or economic allocation rules. (To obtain the
data, surveys can be made to collect data regarding number of vehicles coming from the supplier and total distance allocated to the
Upstream organisation, type of vehicle, types of fuel burnt, load rate and return rate)
Transport and B - - - X : L
. p . 126 When the total distance per fuel and type of transport is not directly available, estimated data are used, differentiating the average
Distribution . . . . . .
distance by truck, aircraft, train, and marine craft for the main purchased products. In order to obtain the data, surveys can be made, to
identify the number of vehicles entering the site, by each type of transport mode and combined with an estimate of the distance driven by
each type of vehicles or from industry average data
127 For each type of vehicle, the disaggregation of data could be done using such key parameters as: Type of vehicles, engine size in litres, type
of travels, suburban, urban, rural, rural periphery
Business Travel |128 The distance travelled is known for each type of vehicle: Classification e.g. motor vehicle, train, Aircraft etc., characterisation (size, type of

technology), location and specification of the type of travel (first class, business class)
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Defra Guide on Measuring and
Reporting GHG Emissions (2009)
Global Reporting Initiative Sustainable

Reporting Guidelines (2013)
Carbon Disclosure Project (2014)

Reconciled

Robinson et al. proposed

Robinson et al. with cut-offs
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Principle Variable # Constituent Notes

129 Number of hotel nights known

130 Estimated data based on the number of journeys multiplied with the average distance between the office and the destination is used. Data
obtained from industry average data. As a minimum, the estimate is disaggregated for motor vehicles, aircraft, and trains. Travel expenses
by type of transport can also be used and then converted to km

131 Organisation should try to quantify distance travelled by aircraft and estimate the distance travelled by motor vehicle

132 If data is not available, travel surveys can be undertaken

133 Organisation classifies all the leased assets into different categories then identifies sources and sinks.

Upstream Leased | 134 | pata based on industry average data
Assets

135 The organisation can set up a survey to collect necessary data: Key parameters: type of leased asset, age of leased asset, used technology,
period it is used, geographical location, maintenance and technical control, operational control, behaviour during utilisation

136 Each investment is individualised, an exact amount for each investment is known and the GHG emissions related to operation of each asset
are known and documented

S 137 If only most-significant investments and shares are known the assets’ operating economic sectors are roughly known (agricultural,
commercial, cement, steel, chemistry etc.) allowing the evaluation of the emission factors

138 All emissions reported, but only scope 3 emissions, if scope 1 and 2 emissions are included in the scope 1 and 2 emissions of the reporting
organisation (if included under financial control boundary for example)

139 The most accurate quantification is when the distance travelled by each type of transport mode can be used as site-specific data and
multiplied by a GHG emission factor (GHG per km/miles). Relevant data may be: Mode of transport (bus, train, aircraft), distance travelled,
size/spec of vehicle, number of person per unit of transport

Client and Visitor - - X X - - L .
TR 140 When distance travelled in not directly available, estimated data based on number of journeys multiplied by an average distance should be
used, disaggregated by motor vehicles, aircraft, trains

141 The number of clients or visitor transport mode is known, but no data are available about the distance travelled. The conversion between

number of journeys and distance unit should be made by an average distance by journey. Surveys can obtain these data, collecting data
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HEFCE Guidelines (2010)
GHG Protocol (2004)
Scope 3 (2011)
1S014064 Standard (2006)
Defra Guide on Measuring and
Reporting GHG Emissions (2009)
Global Reporting Initiative Sustainable
Reporting Guidelines (2013)
Carbon Disclosure Project (2014)
Reconciled
Robinson et al. proposed
Robinson et al. with cut-offs

Principle Variable # Constituent Notes
such as: mode of transport, distance travelled to come, size/spec of vehicle, number of person per unit of transport (this can be organised
at the organisation’s reception desk, if clients are registered before entering the organisation, the receptionist can ask questions
Downstream 142 S . . . . . . I
T Same methodology as upstream transport and distribution - differs by dealing with transport services for which the reporting organisation
e oeer el does not pa
Distribution pay
143 Total quantity of sold products is known for the considered period Scenarios of use for processing are defined through a reliable traceability
process (based on detailed statistical and consumer behavioural studies)
144 The organisation hasn’t any specific data and the scenarios of use are only defined by big product category. The estimate of emissions
Use-stage of Sold associated with the scenarios should as a minimum incorporate an estimate of the energy use and direct emissions of the product during its
Products final consumer use stage. Data based on industry average data
145 Elaborate scenarios based on: number of sold products, power of the product (electrical appliances), time they were used during a year by
an average consumer (based on behavioural surveys), lifetime of the product (based on survey or internal technical information), used
technologies and geographical location
146 Total quantity of sold products is known for the period. End-of-life scenarios are defined through detailed statistical and consumer
T behavioural studies. Type and performance of waste treatment known
nd-of-life
Treatment of Sold | 147 The organisation hasn’t any specific data. The organisation has an estimate of the amount of the different products sold or has grouped
Products them in big product families. The end-of-life scenario takes into account the main components of the product and the geographical location
of the waste treatment. The performance of waste treatment and the performance of waste treatment and the recycling rate per product
are usually linked to geographical location
148 The franchiser has detailed data about each of the franchises. The GHG inventory is known for each downstream franchise Scope 1 and 2
emissions
Downstream 149 The number of franchises is known. An estimated amount of GHG emission is made in order to obtain an estimated emission value
Franchises (allocation should be calculated by the franchisor if not 100% owned by the organisation
150 Organisation calculates GHG emission of the franchisees. The organisation allocates the emissions in this category (if not 100% owned then

allocation made by the franchisor. Disaggregation of data by: Size of the franchisee, geographical zone, functionality and type of product,
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location
151 The lessor collects the energy use of the leased assets. If the leased assets are emitting other process emissions or fugitive emissions, these
should also be taken into account
Downstream 152 Lessor should group is leased assets by: Buildings, motor vehicles, IT equipment, Lorries (for each, an estimate of the energy consumption
Leased Assets and process and fugitive emissions
153 GHG emissions not known - Asset categories are set up based on the disaggregation of data by: Type of leased asset, age of leased asset,
used technology, period of use and geographical location
154 Disaggregated by employee and student commuters
155 The organisation should know how many days and how many times a day every employee comes to its workplace during the year — surveys
— the organisation knows the transport details for each of its employees. The distance and type of transport are known with its v |V
specification: Motor vehicle (type, fuel type), train (county, train type), bus (type i.e. inter-city/rural etc.)
156 No specific data are available — average distance and the estimation of type of transport are used based on industry average data to v v v
estimate the total distance and the type of transport using transport surveys
157 Some specific data are known (distance to work, number of days worked by employees and type of transport). Disaggregation of data could
be made by: total worked days per employee, telecommuting, type of travel, type of final energy used (gas/fuel etc.), type of engine (small/
Employee large etc.), type of travel (urban/rural etc.)
Commuting . - ) - S - - - - -
158 Student commuting is reported as trips for ‘education purposes’. Calculate UK mileage in this category (multiply mileage per person by
population size), divide total mileage by number of people in education, estimate mileage for the institution (multiply individual mileage of
people travelling for education purposes by the number of students), apply an average carbon emissions factor for a unit of mileage (km)
based on split between car, bus and train
159 Air travel international student data: Emissions arising from students flying to the UK (and back). Two round trips per calendar year should

be attributed to EU-25 nationals, and one round trip per year for non-EU-25 nationals. Where the country of domicile is known, institutions
should calculate the distance between London and the capital city of the country of domicile. For the remaining students, an average flight
distance should be applied. If specific mileage data is not available for air travel, assumptions can be made that a long-haul flight is 4,000
miles and a short-haul flight is 400 miles (one way).
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Principle Variable # Constituent Notes

HEFCE Guidelines (2010)
GHG Protocol (2004)
Scope 3 (2011)
1S014064 Standard (2006)
Defra Guide on Measuring and
Reporting GHG Emissions (2009)
Global Reporting Initiative Sustainable
Reporting Guidelines (2013)
Carbon Disclosure Project (2014)
Reconciled
Robinson et al. proposed

160 Air travel student exchange data: Emissions from air travel of students in English institutions travelling overseas in relation to student
exchange programme. Assume one return flight per student based on a London to capital city route. If specific mileage data is not available,
assume that a long-haul flight is 4,000 miles and short-haul flight is 400 miles (one way)

161 Organisation setting General description of the organisation goals and inventory objectives

Robinson et al. with cut-offs

162 L. Description of the method used to identify the organisational boundary, as well as details of entities
Organisational boundary . .
included/excluded in the boundary

163 Operational boundaries Details of the organisation’s activities which are included in the carbon footprint *
164 Reporting period covered 12-month reporting period *
165 Ack led t f ) . . - . .
'c r'u‘)w € ger‘ne'n ° Explanation for any significant emissions changes that trigger base year emission recalculation *
significant emissions changes
166 Report GHGs GHGs included in the calculation *
167 Assumptions Report standards, methodologies and assumptions used during the calculation of the footprint *
X X 168 Consolidation approach Report the chosen consolidation approach for emissions *
Reporting Reporting
169 . . Report GHG using emissions intensity ratio (i.e. appropriate KPIs: Gross Internal Area, FTE employees and %
Intensity ratios
Income)
170 Disaggregate emissions Report GHGs broken down by business activity/division/country etc. *
171 . Acknowledgement of emission sources that are excluded from the selected reporting boundary (i.e. due "
Excluded emission sources .
to unreliable data etc.)
172 Uncertainty analysis Acknowledgement of the level of uncertainty associated with the data *
173 Source of emission factors Report the source of the emissions factors used and GWP ratios *

174 Base year recalculation policy | Recalculation of baseline in the event of significant future changes/growth

175 Internal performance tracking | The organisation’s plan for monitoring progress/performance

176 Data management Total scope 1 and 2 emissions independent of any GHG trades, such as sales, purchases, transfers, or
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banking allowances
177 Emissions data separate for each scope and scope category
178 Metric tonnes and in tonnes of CO, equivalent 4 v
179 Emissions data for direct CO, emissions from biologically sequestered carbon (e.g. CO, from v
biomass/biofuels) to be reported separately
180 Target-setting guidelines SMART emissions reduction target-setting v
R2 Top Management Endorsement of reports and targets by top-management
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Appendix D  Practitioner questionnaire

This questionnaire allows you to have your say on what you want to see from a universal and
comprehensive set of industry carbon footprinting guidelines. By completing it, you consent to
the data you provide being used for this study as outlined in the participant information sheet
(13/03/15_2). Your participation is voluntary and you are free to stop filling in the questionnaire
at any time and without providing a reason.

Section 1: You and your institution

1) Which region of the UK are you from?

Northern Irel East Midlands (Please tick one)
Scotland West Midlanc
North East East
North West South West
West Midlands South East
Yorkshire London
Wales

2) What is the name of your institution/organisation of origin?

3a) Does your institution outsource work to calculate the carbon footprint?

(This includes any work outsourced at any stage to collect or analyse data)

Yes No

3b) If yes, which company do you use?
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4) Please indicate on the scale your attitude towards your institution’s ability to calculate

its carbon footprint

(Please make your rating by circling one on each scale)

Adequate Inadequate
4 3 2 1 0
Chaotic Ordered
0 1 2 3 4
Open Secretive
4 3 2 1 0
Complex Simple
4 3 2 1 0
Old-fashioned Modern
0 1 2 3 4
Ineffective Effective
0 1 2 3 4
Innovative  Non-innovative
4 3 2 1 0

5) Please rate how much of an impact the following factors have in the calculation of the

carbon footprint at your institution

No Impact

(Please circle one for each statement)

High Impact
Time constraints 0 1 2 3 4
Budget constraints 0 1 2 3 4
Staff resources 0 1 2 3 4
Staff training requirements 0 1 2 3 4
Support from top management 0 1 2 3 4
Technical knowledge of procedures 0 1 2 3 4
Data reliability 0 1 2 3 4
Other 0 1 2 3 4

If other, please specify:
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6a) Does your institution use a published methodology for guidance in calculating

emissions?

Yes No

6b) If yes, which methodology is used?

emissions

Other

If other, please specify:

(Please tick one)

ISO 2006, 14064-1 Specification

HEFCE 2010, carbon management series of guidance documents
IPCC 2006, guidelines for National GHG inventories

GHG Protocol Corporate Accounting Standard 2004 & 2011

DEFRA 2009, Guidance on how to measure and report your GHG

GRI 2013, emission guidelines - G4 Sustainability Reporting Guidelines

CDP 2014, Guidance for companies reporting on climate change

HEFCE — Higher Education Funding Council for England, IPCC — Intergovernmental Panel on Climate Change, ISO — International Standardization
Organisation, Defra — Department for Environment, Food and Rural Affairs, GRI — Global Reporting Initiative, CDP — Carbon Disclosure Project

7) Which emission sources does your institution have a good understanding of?

Sco

(Please label the following sources with the appropriate level of understanding at your institution)

0 = not currently calculated; 1 = basic understanding, some data collected but unreliable;

pe 1Scope 2Scope 3
Stationary combustion (boilers)
Mobile combustion (vehicles)
Process-related emissions
Fugitive emissions

Land-use change/forestry

Business travel

Definitions:

2 = improved reliability of data, but incomplete; 3 = reliable data, calculated fully)

Imported consumed electricity

Imported energy (heat/steam)

Capital equipment

Generated waste

Upstream transport

Process-related emissions — Emissions from biological, mechanical or other

activities not arising from direct combustion or leaks from equipment/storage

systems

Fugitive emissions — Direct uncontrolled emissions of GHGs leaked from

equipment/storage systems

Other energy-related sources — Emissions from the extraction, production,

transport and distribution stages prior to fuel use/energy consumption

Capital equipment — Emissions from production of capital goods — equipment

used by organisation to manufacture a product, provide a service etc.

Other energy-related sources

rchased products

Upstream leased assets
Investments

Client and visitor transport
Downstream transport
In-use stage of sold products
Downstream franchises
Downstream leased assets

Employee commuting
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Section 2: expectations of a universal, comprehensive standard

8) Please rate your agreement with the following three statements:

(Please circle one for each statement)

8a) “A universal, comprehensive carbon footprinting standard should focus on better data
collection”

Strongly agree Strongly disagree

0 1 2 3 4

8b) “I should be able to relate a universal, comprehensive carbon footprinting standard to my
organisation’s own requirements and economic/environmental context”

Strongly agree Strongly disagree

0 1 2 3 4

8c) “I require step-by-step instructions to calculate my organisation’s carbon emissions”

Strongly agree Strongly disagree

0 1 2 3 4

9) Please rate your preference for the following:

9a) What is your preference for a universal method which encompasses the greatest extent of
emissions but represents the greatest economic and temporal cost?

Cheaper, quicker  Expensive, slower

0 1 2 3 4

9b) To which extent should the use of technology be employed in a carbon footprinting standard?
Manual  Technological

0 1 2 3 4

9c) What is your preference for an all-encompassing carbon footprint over one that is less
extensive (if the latter were cheaper, quicker and equally comparable)

Bounded footprint  Boundless footprint

0 1 2 3 4
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|Section 3: opinions of a universal, comprehensive standard

10) How likely are you to use a universal, comprehensive methodology?

(Please circle one)
Very likely Very unlikely

0 1 2 3 4

11) Please rate your agreement with the following statements:

(Please circle one for each statement)
11a) “A universal, comprehensive standard would be beneficial to my institution”

Strongly agree Strongly disagree

0 1 2 3 4

11b) “A universal, comprehensive standard would be beneficial to all UK institutions.”
Strongly agree Strongly disagree

0 1 2 3 4

11c) “The number of institutions undertaking full-scale carbon footprints will increase as a result of

a more universal standard.”
Strongly agree Strongly disagree

0 1 2 3 4

12) Has today’s workshop inspired you to adopt different carbon measurement practices?

Yes No Maybe

13) Are there any other comments you wish to make regarding this research?

(Please continue on the reverse if more space is required)
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Would your institution like to participate in an extended study of this research project? If so,
please list your email address and a named contact below:

Email address:

Name:

Institution Address:

Post Code:
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Appendix E

Treatment of activities attributed to a

university estate after applying the

universal standard methodology

ISO Designation Description Site-specific Activity Treatment
Direct emissions from Use of boilers IN
. Energy/heat
Stationary Production
Combustion Use of CHP IN
Interlibrary book loans IN
Use of plant machinery IN
Transport of maintenance personnel IN
Direct emissions from Attendance of international conferences IN
. . Use of Vehicle Fleet
Mobile Combustion Attendance of domestic conferences IN
Outreach activities IN
Field Trips IN
Fieldwork IN
Livestock
Agricultural . . s
Application of nitrogen fertiliser
. processes
Direct Process- . .
.. Putrefaction/fermentation IN
related Emissions
Waste-related Waste treatment
processes Wastewater/sewage treatment
Energy-related Natural gas storage
Direct Fugitive processes Transportation of Natural gas N
Emissions Use of fire CO, extinguishers
Miscellaneous
Use of CO, in gaseous or solid form
Gardening IN
Grounds .
Direct Emissions and | Maintenance Tree-cutting IN
removals from Land- Grass-cutting IN
Land-use Ch
us€, Land-use Lhange Building construction/extension IN
and Forestry Building Works
(excluding Building demolition IN
combustion) Planting IN
CO, Removals
Soils IN
Audio-visual Equipment IN
Indirect Emissions Use of mains Lighting IN
from Imported Electrical Equi . ] ]
Electricity Consumed ectrical Equipment | pigjtal imaging equipment IN
MFD printer IN
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ISO Designation Description Site-specific Activity Treatment
White goods i.e. kettle, refrigerator, IN
microwave
Water cooler IN
Computers and peripherals IN
Laboratory equipment, portable and IN
stationary
Telecommunications IN
Electronic security and fire safety systems IN
Elevators IN
Automatic doors IN
Charging of laptops IN

Use of Rechargeable | 5 6ing of tablets/mp3/mobile phones IN
Battery Powered
Equipment Cordless power tools IN
Electric vehicles IN
Indirect emissions Wash facilities IN
from consumed Use of hot water
Heating IN

energy through a

physical network  |Use of steam Heating IN
Extraction of consumed fuels IN

Use of Fuels Production of consumed fuels IN
Transport of consumed fuels IN
Ener.gy—.related Extraction of fuels consumed in
Activities not eneration of consumed electricit IN
Included in Direct g y
Emissions and Energy Production of fuels consumed in IN
Indirect Emissions | Use of Electricity generation of consumed electricity
Transport of fuels consumed in IN
generation of consumed electricity
Transmission and distribution IN
The Arts, Audio-Visual & Multimedia Supplies and Services ouT
Library-related supplies and services ouT
Catering Supplies & Services ouT
Medical, Surgical, Nursing Supplies & Services ouT
Agricultural/ Fisheries/ Forestry/ Horticultural/ Oceanographic oUT
Purchased Products |Supplies & Services
Furniture, Furnishings & textiles ouT
Janitorial & Domestic Supplies ouT
Utilities ouT
Computer Supplies & Services ouT
Laboratory/Animal House Supplies & Services ouT
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ISO Designation Description Site-specific Activity Treatment
Workshop & Maintenance Supplies (Lab & Estates) ouT
Printing ouT
Telecommunications ouT
Stationery & Office Supplies ouT
Safety and Security ouT
Vehicles ouT
Estates & Buildings ouT
Miscellaneous ouT
Server and related items ouT
Network Equipment Installation ouT
Telephony/Switchboard Cap Ex >£10,000 ouT
Capital Equipment | Fixed Assets Vehicle Purchase ouT
Portable and Laptop Computer Purchase ouT
Agricultural, Fisheries, Forestry, ouT
Oceanographic Capital Equipment >£10k
Generation of WEEE IN
Generation of food waste IN
Generation of recyclate IN
Waste Generated Generation of Sewerage IN
- wastewater
from Organisational
Activities Generation of general refuse IN
Generation of Clinical and Chemical laboratories IN
hazardous waste
Gent.aratlo.n of Accounts, student exam papers IN
confidential waste
Transport of As per categories designated in ouT
Purchased Products |‘purchased products’
Services, repairs and . . .
maintenance of :Asur::;:;;cggcjrgzz((:jte;lgnated n ouT
purchased products P P
Upstream Transport Storage arld f Storage & Warehouse Services ouT
and Distribution movement o ; ;
purchased products Archival Services ouT
Mail Services Overseas/International ouT
Mail Services Freight, Carriage & Haulage Services ouT
Courier Services ouT
Waste Waste consignments ouT
Attendance of international conferences ouT
Business Travel Air travel
Attendance of domestic conferences ouT
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ISO Designation Description Site-specific Activity Treatment
Attendance of meetings ouT
Outreach activities ouT
Field Trips ouT
Fieldwork ouT
Consultancy services ouT
Ferry travel ouT
Taxi hire ouT
Rail travel ouT
Mileage (Grey Fleet) IN
Car hire As per categories designated in ‘air travel’ out
Van hire ouT
Coach hire ouT
Boat hire and ouT
charter
Hospitality ouT
. As per categories designated in
Upstream Leased Hired Products ‘purchased products’ ouT
Assets
Building/Premises/Land - Rent, Lease, Hire, Feu Duties ouT
Investments Unique to reporting HEI IN
Attendance of on-site conferences ouT
Attendance of meetings ouT
Air travel Outreach activities ouT
Visiting academics ouT
Consultancy services ouT
Ferry travel ouT
Client and Visitor —
Transport Taxi hire ouT
Rail travel ouT
Mileage (private . . s ,
. As per categories designated in ‘air travel ouT
vehicle use)
Car hire ouT
Van hire ouT
Coach hire ouT
Downstream
Transport and Not applicable to the HE sector ouT
Distribution
Use Stage of the Not applicable to the HE sector ouT
Product
End-of-life of the | Not applicable to the HE sector ouT
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ISO Designation Description Site-specific Activity Treatment
Product
Downstream Not applicable to the HE sector ouT
Franchises
As per categories designated in
Assets
Building/Premises/Land - Rent, Lease, Hire, Feu Duties IN
Staff commuting ouT
Air travel
Student commuting ouT
Staff commuting ouT
Ferry travel
Student commuting ouT
Employee Staff commuting ouT
. Taxi travel
Commuting Student commuting ouTt
Staff commuting ouT
Rail travel
Student commuting ouT
Staff commuting IN
Car travel
Student commuting IN
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Appendix F Description of the universal standard
methodology and the higher education

institution carbon calculator.

A full set of methodological steps were provided to the participants at the beginning of the long-
term practical study to test the universal methodology (as outlined in Chapter 5). The instructions
contained notes to fulfil a full EEIOA-LCA GHG assessment, since the methodology was developed
and refined in parallel; therefore it was deemed sensible to gather more data than was required,
instead of less. Instructions are presented here verbatim. F.2 presents a succinct description of

the HEICC tool developed to assist with data collection.

F.1 Quantification of GHG emissions and removals for each category:

F.1.1 Direct emissions from stationary combustion

Due to on-site combustion of fuel burnt in stationary (fixed) equipment within the organisation
boundary of the reporting organisation (i.e. heaters, gas turbines, boilers etc.) to generate heat,

mechanical work and steam. The following information is required:

BEST SCENARIO:
- Total quantity of fuel consumed (your own choice of units can be selected)
- Calculated from meter readings or billed usage
- This information is already returned to HESA via the EMS data return so is easily
accessible and already exists for the majority of institutions
- This data has been entered for you based on the most recent EMS returns — please review

and update with any more recent existing data

(INTERMEDIATE/MINIMUM: estimated fuel quantity, all sources identified)

F.1.2 Direct emissions from mobile combustion

Due to fuel burnt in transport equipment, included within the organisational boundary of the
reporting organisation (i.e. motor vehicles, trucks, ships, aircraft etc.). These vehicles are owned

by the reporting organisation.

BEST SCENARIO:
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- Total amount of fuel consumed by each transport equipment (your own choice of units
can be selected — usually litres)

- Calculated by totalling fuel bills, expense claims and fuel card statements over the period

- This data has been entered for you based on the most recent EMS returns — please review

and update with any more recent existing data

(INTERMEDIATE/MINIMUM: Specific information for identified vehicles/Estimated distance

travelled for each transport type; at least for motor vehicles, trucks, ships and aircraft)

F.1.3 Direct emissions and removals from Land Use, Land-Use Change and forestry

(LULUCF)

Emissions and removals may come from anthropogenic land use activities (such as the controlled
burning of biomass, forest management, agriculture), direct land-use change (afforestation,

reforestation or deforestation) and managed forests within the organisational boundary.

BEST SCENARIO:

- Site-specific total area and type of land-use within the organisation boundary as well as
the land—use changes and practices associated with the land. The amount and type of
biomass is quantified.

- This will be calculated retrospectively based on the land-use data you provide. Area of

land-use can be calculated from aerial photography/satellite/GIS data using Google Earth

(INTERMEDIATE/MINIMUM: identification of biomass types, estimate of the area/estimate of

areas for at least bare land, crops or forests)

F.1.4 Indirect emissions from imported electricity consumed

Emissions from electricity imported by the organisation due to fuel combustion, occurring outside
the organisational boundary. Excludes upstream (cradle-to-power plant-gate) emissions of fuels,
emissions due to the construction of the power plant and emissions allocated to transmission

losses.

BEST SCENARIO:
- Amount of electricity bought by the organisation
- Quantified by obtaining usage data from electricity meters or electricity bills for the

relevant period. Institutions consuming more than 6000 MWh will report emissions from
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energy to the Carbon Reduction Commitment (CRC) Scheme and can be used here, as well
as being regularly reported to the HESA via the EMS return.
- This data has been entered for you based on the most recent EMS returns — please review

and update with any more recent existing data

(INTERMEDIATE/MINIMUM: electricity consumption estimated by multiplying the power
consumption of each electrical unit by the time used/estimated based on benchmarking with

similar sized organisations)

F.1.5 Indirect emissions from consumed energy imported through a physical

network

Emissions as a result of the generation of steam, heating, cooling, compressed air consumed by
the reporting organisation. Excludes electricity and upstream (cradle-to-power plant-gate)
emissions of fuels, emissions due to the construction of the power plant and emissions allocated to

transmission losses.

BEST SCENARIO:
- Amount and type of energy bought by the organisation
- Quantified by obtaining from meters or energy bills for the relevant period.
- This data has been entered for you based on the most recent EMS returns — please review

and update with any more recent existing data

(INTERMEDIATE/MINIMUM: estimated by multiplying the rated power of each piece of energy-
consuming equipment by the time used/estimated based on benchmarking to organisations with

similar activities)

F.1.6 Energy-related activities not included in direct emissions and energy indirect

emissions

The upstream emissions released as a result of the consumption of fuels and electricity by the
reporting organisation.
- If the data for the previous category follows the best scenario, there will be no
requirements of you for this category. National figures for cradle-to-power plant-gate and
well-to-tank can be used to calculate these emissions based on your input for the

previous relevant categories; this will auto-populate the spreadsheet
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F.1.7 Purchased products

Emissions from goods and services brought into the organisation (embedded emissions) from Tier

one suppliers

BEST SCENARIO:
0 Supplier-specific method; detailed cradle-to-gate emissions of the goods and

services bought and consumed

INTERMEDIATE/MINIMUM:

0 The Hybrid method; uses a combination of supplier-specific data and secondary
data (scope 1 and 2 emissions from suppliers and secondary data of upstream
emissions of products and services i.e. published category emission factors)

=  Your institution may already collect detailed information on the incoming
products and services based on ProcHE codes

= If not, a procedure should be implemented which captures the ordering
behaviours of relevant budget holders across the institution

0 Spend-based method; an estimate of emissions is obtained by collecting data on
the economic value of goods and services purchased and multiplying by relevant
emission factors (industry average per unit spend)

= Your institution may already collect detailed information on the incoming
products and services based on ProcHE codes
= |f not, a procedure should be implemented which captures the ordering
behaviours of relevant budget holders across the institution
- Here, we have decided to focus on the spend-based method as a proxy for emissions
associated with purchased products. If you have specific GHG emissions statistics for the

products your institutions buys, please include these.

F.1.8 Capital Equipment>°

Upstream emissions from the production of capital goods purchased or acquired by the reporting

organisation

50
Capital equipment are goods which have an extended life and are used by the organisation to manufacture a product, provide a
service or sell, store and deliver merchandise without being transformed nor sold to another organisation/consumer.
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- Methods available are the same for the above category; purchased products
F.1.9 Waste Generated from organisational activities

Emissions from the disposal of solid and liquid waste arisings in waste treatment facilities owned
or operated by third parties. Waste treatment activities include:
0 Disposal in landfill
Disposal in landfill with landfill gas-to-energy (LFTGE)
Recycling
Incineration

Composting

O O O o o

Waste-to-energy (WTE) or Energy-from-waste (EfW)

BEST SCENARIO:
- The amount of waste per waste treatment is known.
- Waste mass obtained from waste transfer notes/internal records, whilst waste treatment
type can be obtained from waste carrier

- Additionally, volume of wastewater can be obtained from sewerage bills

(INTERMEDIATE/MINIMUM: Expenditure for waste treatment, converted to mass)

F.1.10 Upstream Transport and Distribution

Emissions from the transport and distribution of purchased product between the reporting

organisation’s tier 1 suppliers™" in vehicles not owned or operated by the reporting organisation.

BEST SCENARIO:
- Distance travelled for each type of transport (rail, road, air, sea) and fuel type
- Surveys to determine the number and origin of deliveries/services should be made, or
alternatively, recording origin data during the ordering process
- If the organisation is just one stop on a continuous journey by the supplier, this trip
should be allocated to the organisation using GIS/Google Earth (based on shortest

distance) or requested from transportation supplier.

51 _. . . . . . - .
Tier 1 suppliers are companies with which the reporting organisations has a purchase order for goods/services.
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(INTERMEDIATE/MINIMUM: the amount of money spent on delivery, combined with

national/regional average distance by journey for each supplier)

F.1.11 Business Travel

Emissions from transportation of employees for business-related activities in vehicles owned or

operated by third parties

BEST SCENARIO:
- Distance travelled for each type of transport (rail, road, air, sea), characterisation of
vehicle and location
- Calculated by totalling, expense claims over the period (distance should be collected
through the expense claims process)
- Number of Hotel nights and the allocated Scope 1 and 2 emissions (Here, hotel spend can

be inserted, which will be multiplied by a known average emission factor)

(INTERMEDIATE/MINIMUM: Estimated data based on the number of journeys multiplied by the
average distance between the organisation’s location and the destination, disaggregated by

motor vehicles, aircraft and train journeys.)

F.1.12  Upstream Leased Assets*’
Emissions from the use of assets leased by the reporting organisation in the reporting year

BEST SCENARIO:
- Asset-specific fuel and energy-use data (scope 1 and 2 emissions)
- Allocation of utility costs attributed to leased asset based on calculations using Scope 1

and 2 methodology data

52 . .
The term ‘lease’ has a number of different meanings/types:
- Finance leasing — Long-term over the expected life of the equipment (usually 3 years+), although not owned by the leasing
company, it is responsible for maintaining and insuring it, shown on balance sheet — common for buildings
- Operating leasing — short-term, leasing company takes the asset back at the end of the lease and is responsible for
maintenance and insurance, not shown on the balance sheet

- Contract hire — short-term hire, not shown on balance sheet, leasing organisation takes some responsibility for
maintenance (repairs and servicing)
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(INTERMEDIATE/MINIMUM: survey of leased assets which exist in the reporting organisation
including type, age, time period used and location/disaggregated by buildings, motor vehicles, IT

equipment and machinery.)

F.1.13 Client and visitor transport

Emissions from vehicles not owned or controlled by the reporting organisation for the

(attributable) transport of clients and visitors to the reporting organisation

BEST:
- Distance travelled by each transport mode

- Calculated by capturing data on visitors, either by staff reporting or at the point of arrival

(INTERMEDIATE/MINIMUM: estimate based on the number of journeys multiplied by average

distance/surveys to obtain number and distance of journeys in a sample)

F.1.14 Employee (and student) Commuting

Emissions from the transportation of employees between their homes and worksite

BEST SCENARIO:
- Distance travelled by each transport mode and classification
- Calculated through regular staff (and student) surveys or regular data capture at the point
of arrival
- Emissions associated with Teleworking (Scope 2 emissions of the home as a result of
working hours) through regular staff reporting; the adoption of a data capture procedure

may need to be implemented if this data is not already collected

(INTERMEDIATE/MINIMUM: average distance and transport type used to estimate the total
distance/survey to identify post code and travel type combined with total days worked per

employee.)
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F.2 Higher education institution carbon calculator

UNIVERSITY OF

Southampton

al S

Researching Carbon Management at Universities - Carbon Reporting Tool Supplied by the University of Southampton

This PhD research represents your chance to build upon your own institution's carbon knowledge and contribute towards developing a tool that the higher education
sector can use to collaborate in quantifying and subsequently reduce greenhouse gas emissions.

It is clear that universities understand the benefits of emission reduction, but how much do you know about the full extent of your estate's scope 1, 2 and 3 emissions ¥
Carbon management and quantification has so far been characterised by a variety of prohibitively complex and resource-intensive techniques; this research seeks to
address these issues_ with your help!

Please can you collect as much data as possible, based on the instructions and help provided in this worksheet. The idea is to collect data on all sources

associated with your estate's activities. We are trying to identify how viable a full-scale carbon footprint is and which sources are the most/least significant. We
understand that in some instances this just may not be possible. Please record your experiences and try as hard as your time and resources will allow - we are here to
help, so do contact us for assistance if you need it!

You will report data back quarterly (January, April, July, October) using this returns spreadsheet; reminder emzils will be sent to you by the researcher. Alongside this,
you will be asked to complete a short attitudinal questionnaire to judge your views and thoughts on the process. During this time, you are also asked to keep a timeshg
detailing the amount of time spent on this work.

What makes this project/system different?

- Analysis of all the existing standards has been completed in order bo produce this data collection taol. One aim of this
research project is to understand whether all the sources included are applicable and achiewable for HEls to quanitfy.

- Applying standards designed for profit-making organisations will alzo allow us, as a sector to develop a standard which
addrezses the needs of institutions and is sympathetic to the available temporal and financial resources.

- The i set out in this dzk are the result of amalgamating these standards, with the scoping of
qeneral HEI activities.

‘Praints tonote: If cateqory iz not applicable to your institution, please leave as presented.

‘when inzerting data, please ensure all fields are completed for caleulations ta work.

Fiesearcher: er Riabinsan, University of Southampton, Faculty of Engineering and the Enviranm

o
b +d4 TEZAG6E42

The HEICC was developed as a means of gathering standardised data from the participants of the
long-term methodological test study described in Chapter 5. This was a macro-enable Microsoft

excel spreadsheet, which featured 12 data input tabs and five informational/output tabs.

Scope 1 Activities
Energy consumption from stationary sources Units GQuantity Description of methodology used:
Tatal on-site energy consumption biotuels Bicuethanal eaze select a0 e A B St e TSGRy SRR o et Cunlinedin the
Biodiesel Please select T} e areument prowidedl
Biomethane Flease select .00
Total an-site energy consumption biomass Woodlogs Please select .00 Flease doutie ook (o 208 tew
Wood chips Fleaze zelect i |
Wood pellets Flease select |
Grassfstraw Flease select
Tatal on-site energy consumption biogas [EBicgas Flease select
Landfill gas Fleaze selact
[ Total on-site energy consumption burning oil Please select
‘otal on-site energy consumption compressed natural gas Flease select
| Total on-site energy consumption coal Flease select
[ Total onesite energy consumption fuel cil Fleaze select
[Total on-site energy conzumption gas il Fleaze zelect
[ Total on-site energy consumption liguefied natural gas Flease select
‘otal on-zite energy consumption liquefied petroleur gas Flease select
[ Total onesite energy consumption lbricants Flease select
[ Total on-site energy consumption natural gas Flease select
[ Total on-site energy consumption other petraleum gas Please select
[ Total on-site energy consumption petroleum coke Flease select
Energy consumption from mobile sources Units Cuantity
Tital vehicle Fleet consumption biofusls Bicethanaol Fleaze selact
Eiodiesel Please select
Eiomethane Flease select
Total vehicle Fleet consumption bicgas Bicgas Flease select
Landfill gas Fleaze select
[ Total vehicle fleet consumption compressed natural gas Fleaze select
[ Total vehicle fleet consumption diesel Flease select
‘otal vehicle fleet conzumption liquefied petioleum gas Flease select
| Tokal wehicle fleet consumption petrol Flease select | =
Land-use 4 of total site area
Farestry
Cropland
Grassland
» M| Introduction Boundary | Scope 1&2 - Products ~Waste . Delveries .~ Alr Travel . Ferry Travel . Bus Travel .~ Car Travel . Rail Travel . Taxi Travel ott

The majority of the sheet was locked to prevent inadvertent data entry, or alteration of the
formulaic cells. In-built on an open tab were the relevant up-to-date GHG emission factors
published by Defra. This tab was open (i.e. not locked) so that users can update in the future with
the newly published emission factors. The workbook was developed in such a way that, using a
series of ‘IF’ statement, GHG emissions could be calculated as the user would input data into the

input tabs.
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Energy consumption from mobile sources

kgC0,e/litre kgCO,e/G) kgCO,e/kg kgco,e/m’® |kgCOqe/tonne [kgCO.e/kWh
Total vehicle fleet Bioethanol 0| 0| 0
consumption biofuels Biodiesel 0 0 0
Biomethane 0| 0
Total vehicle fleet Biogas 0 0
consumption biogas Landfill gas 0 0
Vehicle fleet consumption CNG 0 0
Total vehicle fleet consumption diesel 162700.4313 0
Total vehicle fleet consumption LPG 0 0
Total vehicle fleet consumption petrol 0 0
kgCo,e/litre kgC0,e/G) kgCO,e/kg kgC0,e/m® |kgCO,e/tonne |kgCo,e/kWh
UK Grid electricity 15224742.89
Photovoltaic
Wind
Other renewables
Steam and heat 0
Water supply 165331.504
Water treatment 323262.888|
kaC 0. ellitre
Total vehicle fleet consumption biofusls Bioethanol =|F['Scope 1821 $N$28="Litre [II",'Scope 1821%
Biodiezel =IF["Scope 1&21$N$23="Litre [II", Scope 1&2"1%
Biomethane
Tatal vehicle fleet consumption biogas Biogas
Landfill gas

Vehicle fleet consumption CNG

=IF["Scope 18:21$N$353="Litre= [II",' Scope 18:2"

Tatal vehicle fleet consumption diesel

=[F['Scope 18:21$N$53d="Litrez [1)". Scope 152"

Taotal vehicle fleet conzumption LPG

=|F['Scope 1&21$N$35="Litres (1", Scope 1821

Taotal vehicle fleet conzumption petrol

=IF['Scope 1&21$N$36="Litres (II", Scope 182"

kaCO.ellitre

Uk Grid electricity

Photovaltaic

‘wind

Other renew ables

Steam and heat

‘water supply

\wlater treatment

GHG emissions were calculated in kgCO,e in the calculations tab. Through additional ‘IF’
statements, the output tab was able to capture the calculated GHG emissions and present the
data in a means useful to the participant. Data in the output tab was converted to tonnes CO,e

and then provided using intensity ratios.

Headline Results

F7F ya i F/F /).
4 ef g”f e s /8 E #‘; &
& £ 3 £ s < [ §
f y /7 £/é F)i/e/8/8/F/F /
F/E/ENESENES S E S
[ Scope 1 [ Scopez | Scope 3 ] [es €O e - FTE staffist] [nnes CO,e - £million spe| fnes CO.e - m? Intermal 4

1923078| ®270 [ 000 ||wzzare| ooo || 126701 38663 | v2ez | ooo | amaz | oo

‘ 2880 ‘ ‘

00001 ‘ ‘ 018347 ‘

[ Scope 1- Tonnes | jeope Z - Tonnd] |
| 1839348 i 24T |1

Scope 3 - Tonnes
3845868

B Stationary emissions
B scopel v

Scope 2 Mebile emissions

B scopez Land-Use/change

O Electricity

@ lmported Energy
@Energy Indirect

B Purchased products
o

BWaste

B Distribution Transport

& Business Travel

Leased Assets

Client/visitor Transport

Commuting
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Appendix G Organisational structure of the University

of Southampton, 2016
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Appendix H

Appendix H Standardised university travel survey

Presented below is a constituent output of the research presented in 6.4.1. This is a collation of
the common themes seen in the travel surveys of 143 UK institutions and represents a minimum
standard required for travel surveying in order to provide the necessary information with which to

calculate the respondent’s journey-based GHG emissions.

Your Journey to the Institution:

1.) Please enter your term-time postcode:

2.) Please give details of the particular institutional facility that you are visiting more often

(campus, building etc.):

3.) On which days are you usually on campus? (Please select all that apply)
a.) Monday
b.) Tuesday
c.) Wednesday
d.) Thursday
e.) Friday
f.) Saturday
g.) Sunday

h.) No fixed Pattern

4.) What is your PRIMARY commuting method?
a.) Car (single occupancy)
b.) Car (multiple occupancy)
c.) Scooter/moped/motorbike
d.) Bus
e.) Bicycle
f.) Walk

g.) Other (please specify)
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5.) Do you sometimes travel to the University by another mode of transport? Please

indicate the average number of days per month that you travel to the campus using
different modes of transport:

6.) On average, how many minutes does it take to get to your institution and return home?

About You - Staff:

This survey is anonymous and all responses will be treated as strictly confidential. This final

section will help us to analyse the results in more detail.

1.) Are you full-time or part-time?

2.) Do you have flexibility in scheduling your work hours? (yes/no)

3.) How many days per month do you work from home?

About You - Students:

This survey is anonymous and all responses will be treated as strictly confidential. This final

section will help us to analyse the results in more detail.

1.) Are you full-time or part-time?

2.) Which best describes you:

a.) Undergraduate

b.) Postgraduate
c.) PhD
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by a 10-paint apprasal that measunes the emvironmental value of sach @rbon management plan and a
‘reality check” equation i dasify them & either pragmatic or ambitious. A parado is highlighted: in-
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Gl s moneenergy effident to reduoe emissions. Gurmentcarhon management plams anenot 2 good indictor of
Higheey edducaton future performance. The English higher sducation sector has undenestimated the challenge of arbon
Rzl grawp emissions neduction. Pledged targets ssem unlikely to be met by English universities and the hkely
environmeental costs may jeopandise the glohal ompetitiveness of the ssotor Methods for sesing
4rope 3 emissions need refining and sGndardizEing, given they are likely to be the maost signifiant
partion of a typical university’s carbon footprint. The use of approprizte key indicain s to

finster action amd promoie nealistic tanget-setting is requined & seohor-level to achieve the 200 goal
& 2014 Elsavier Lid. All rights neserved_
L Introduction There is 2 dear need to reduce the emisions of the United
Kingdoms Higher Blucation (HE) sector, carbon emissions have
LI Ratiamale inressed steadily from LTBMIOO, in 1990 to 2.05ME00; by 2005

There is little doubt in the scientific community that significant
anwd reliahle evidence reveals thata nthropoge mic Gree nhoase Gases
(GHGS ) direa ly influence the climate system (1PCC, 2007; Holliman
et al, 200%; Collins et al, 2000). The Lini ted Kingdoms {UK ) Climate
Change Act 2008 is the worlds first carbon-relate d reguls ton and
dirives the UK towards an 80% reduction in soope 1 and 2 carbon
emisions by 2050; each sector of the UK must be committed to
efmiSion rediction in ofder to sttain this. Soope 1 emssions ane
direct emisions within the organisational boundary from sources
the organisation owns of contrals Le_combustion of fuels and soope
2 emisions are emissons from purchased electricity which eccur
&5 1 result of its activities and are not directly owned or contralled
(Ramganathamet al., 2004; Pimoe et al, 2006)

* Commespomeding aufad Tel: 44 (02380 SETES, G 4 (0)380 578606
E-mul aedress el cuk (L William s,

butogpe [ o e o 1 1 0 5. ] e i o L DOS DRSS
C955-E506)0 10 M Eloewier Lul AN rights ressrnad
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(HEFCE, 20 100). With more ¢ hary 2 4 il lljom stidents (Wi lli ams and
Omgonda, 2001), 380,000 staff (HESA 2012) and 129 univers ties
(Universities LK, 2013, the HE sector contributes 11% of the UK
public sector emissons (Ward el 2008] In response to this asd
exlermal govemment pressune, respond bility for carbon mansge-
ment within the English HE sector has fllen on the Higher Edu-
cation Funding Cowncil for England (HEFCE), w hich has presoibed
& sector target of 34% redudion below 1990 levels in scope 1 and 2
emisions by 2000, equating to & reduction of 43% of the 2W05/06
sl inee [ HEFCE, 200 0 ). How these targets will be met nemsins to
e seen and forms the foas of this paper.

This study compares the cabon pedformane of the English
Russell Group® i netitutions by cresting an emissions baseline and

" Thet Ruzusell Group represents 34 UK (Bgland, Wales, Scotland and Kot
Irelaned) insSotions dedhared 1o wiokd-ladng th and

s gamer 30K of the HERCES masaxch fonding [ Lipser, 2009 produce
v 30,000 graduanes and conmrifere £ 7 3 Bl i ohe UK SO0y [ andmm
{ Rumed] Gremp, 2011}
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no 0 Rabieon o ol joard of Case F Pedeaie NS (2005 ) K9 105

using the University of Southampton (UoS) as a case study to
identify emission-generating behaviowrs. The study also critically
reviews the HEFCES carbon str abegy and its likely effectivensss 252
way bo initiate cabon reduction in HE and appraises i ieti hetionsl
carbon mansgement plans (CMPs), with a spedal focus on their
sell-impoted targets and the likelibood of surcess. The Russell
Growp isof partiasar interest a5 it comprises i reti futions that have
the greatest dualienge in altering behaviour being among the UKCs
highest-emitting a5 a result of energy-intensive research pro-
gramnes (Uinive rsity of Cambridge (20010); Williams, 2001)

Table 1 shows the targets proposed by the Rissel] Group In-
stinfions up to 2020, An sverage reduction of 356% has been
pledged, slthough 14 institutions have proposed targets that dall
consider sbly short of the overall sector target. A number of notable
exampiles considerably excesd the HEFCE requirement ie. London
School of Econamics [LSE |, Warwid and York. The remaining thres,
Duerham, Kings College and Newcastle proposed targets that will
match emissions with the sector regiine me nts

Ui versities are big business: the UoS for example is the largest
HEinstitution(HE ) by student nembe s in sowth-e st England The
institution boasts a student populstion of 16,805 undergradiate
and 7325 pestgraduste students, 5510 staff and 2 £40378 million
income through its resaarch and enterprise activities in
the scademic year 200112 (HES A 20141 Although see n tradition-
ally x5 preserved for the socisl el te, universities are nowopen to al
[Anderson, 2009), benefitting the global communityfemnomy
through the training of highly qualified professionals aomss a
myriad of disciplines, in addition to the development of new aca-
demic ideas [Collin, 2012}

12, Themes in Institotional Carbon Foofprinting

Carbon footprinting i an emersing subject amea and it & only
recently that a widel-sccepted definition and standards for
applying it to various applications ie. a city , have
furthse red the discipline (&g Wright et al_ 2011; Publicly Avail
Specifications 2050, 2070) Very few papers have bcused on
emisions from HEE and their mansgement approach.

Tabile 1
t:;nmwummmmmnuuwm
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Univwersiny of Darham a8 D005 0
University of Exenar B i n i ]
o il il g Lodndan n I0E0S 30K indd
amwth

King's College Lomdon 8 00505
Universing of Lasds B T00E0S
Uribwersizy of L gpased n 006507
Lo Socbutd of EColelavibes Jnd = 00E0S
Politeal Sohante
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Previous studies that hove been conduded on HEl cafbson
lotprinting have primarily focused on scope 1 and 2 emissions,
Largely becxuse they are exsiest and cheaspest to assign and caleu-
lste (Bastianoni ef al_, 2004) Riddell et al. (2009) identified that
elearicity consumption sccounted for 40% of the direct emisions
of Rowan University in the United States of America (the rest
attributable to steam and hest production) with emisions

oyl oonere s OO e r fuad] i me stwdent per anmum. Larsen
et al (2013, using the Morwegian University of Technology and
Science (NTHU) a5 a cage study, fownd that an annual footprint of
4.6 tonmes 00, per full time student was emitted per anmum_Scope
3 emissions, the remaining indirect proportion of the carbon
Tootprint result from the upstream (indirect emisions from por-
chasedfaajuired goods and servies) and downstream (imndined
emisions from sold/dstdbuted goods and services) sctivities of
e organisa tion, are inherently more challenging o quantily as a
wide variety of primary and secondary dats sources x5 well
mdelled, extrapal sted amnd proscy dats meed bo be researched amd
oombined [ Peters, 2000 Few studies have sddressed this,
it has been supgected that sope 3 emissions acount for ot lexst
BOX of an or ganisation’s carbon fotprint (Ranganathan et al 2004;
Les, 2001; Owswa-Meida et al, 2013 The methods of cabouls ting
Scope 3 emisions need refining and standandizing (Twemer e al
A012) 20 early redeanch diclisions mist be treated with chiition

Presenting reporied organisationsl emissions is 3 contentious
e for many asuthors, with literature pre se nted on both sdes of
the argument Badng targels on appropriste key performance in-
dicators (KP1s), a business financisl metric i e reveme, employees
or floor space (Delra, 2009) ensures fairness soross different insti-
tutional settings (Weber, 2008), whilst representing a mare prac-
ticsl methodology die to inertia present in whiversity-sized
organisations (Samarasekera, 20059) However, sawes such x5
operating hours, endowment and efficiency of floor space can all
influence and be obscured by KPR (Reidy and Duly, 2010: Klein-
Banai and Theis, 2013) The sedor target reductions ame based on
alsolute emisions and the implications of this will be discussed
further in this paper.

L3, ESD and wnd versi iy insritutions

The importance of analysing diflerent education and research
activities in terms of carbon management in HEIS should not be
umderestimated, 25 an understanding of the carbon intensity of
different activities is important in the development of institution-
specific strategies Larsen et al (2013) demonstrated the greater
arbon contributions of teaching and research in science, engi-
mearing and medicine mmpared to the hemanities and social sei-
ence. Klein-Banai and Theis (2013) provided an sooodst ol the
environmental implications of different scademic adivities amd
sizes of HE showing that office and teaching aness have lower
emisions than bborstory and research spaces. This can allow
targeted and halistic emission redudion straegies to be imple-
mented in HEL (Dister belt e a1, 2012), and is of particular rele-
vance to the research and equipment intensive English Russell
Group Liniversities.

Thee relevance of educa tion to carbson manage ment goes further
than the identification of the relevant carbon consumption of
different academic study aress and equipment wsage Education for
Sustainsble Develspment (ESD) is considered critical for altering
valpes and behaviowrs o move towands sustyinable wniversities
[ Lisza s, 2006), especially in the contest of HE carbon manage-
ment (Barth et al, 2013, Williams and Kemp, 20013) In onder for
sarstainabie development and the carbon consaqeences of dedsion
ruking Lo be wide s tood by students, an inte rdisciplinany 1 pprasch
& Jeaming and tesching is required die to the multidimensionsl
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nature of ESD ( Karatz oglow, 2013 ) The difficulty is that insti tutions
are better designed 1o teach others than teach themseles
(Ste phens amnd Graham, 2000)

A desire b leam aboit Sisthinshl e devel opment i$ prevalent in
HEL, 25 demonstrated by the three-yesr longinudins anslyss
comduded in the UK by the Mational Union of Stadents (NUS ) and
Higher Education Acsdemy (HEAL This study hes consistently
shiwwn that over 80 of students believe their institutions should
actively inmrporate and promote sistainable development, and
over Dao-thinds beleve it should be covered by their courses
(Drayson et al, 2013 ) This dema nd for the establishment of ESD in
the curriculum would ensure all students have some envinon-
mental swareness (Fien, 2000 ) even if eoonomic iswes have taken
precedence over envimnamental ssises sinoe the recession in 2008
(Kaln and Kotclsel, 2000) leading to an imbalynoe in sty nable
development from a leaming and teaching perspective. Factors
alfecting behsviour change from ESD are beginning to be under-
stond and addressed: a study by Polonsky et al.( 2011) found that
even il people have knowledge regarding carbon-rel ated issues, itis
ranaly scted upon due to being based on complex science they do
ot inrederstamd or agree with,

The continusl expansion of infbrmation technology into
everyday life globally (Acre, 2003; Sadorsky, 2012) has had wnine
e el v e 025 Tk v veersd yca rhon mansge menit The e of
compisting equipment is a highly energy-intensive sctivity and the
associated rise in use for teaching amnd reseanch puroses increases
instituwtionsl emissions (Ang, 19909; Soyias ot al, 20070 Personal
‘gadgets”, (Le MP3 players, tablets, laptops and smarplomes) ane
oow e quei benes i the daily lives of students, and are incressingly
embraced by lecturers to enrich the leaming experience and to
engage with stidents oditside the clasman The iebers ad in-
tensity of use of personal “gadgets” has surged amongst the student
population with resultant increases in per student capita carbon
comsumplion through uting and charging devices on campus,
inscreasing the carbon challengefor HE s Aniromy is inherent in that
innovative teaching methods are needed to engage students from
soross sesdemic disaplines (35 necesitaed in the  muli-
disciplinary field of ESD). However, these can lasd toincreased en-
ergy mmsumption and carbon emissions from a HE, creating a
paradie: for ESD a5a driver to more sustsinable universities

Universities are seen a8 key drivers of stxinble devel opment
(Velarques et al, 2006, Larand et al, 2013.a); &5 breeding grodnds
Tor respoics ble researchinto the technologies and ideas that will be
redquired for the future of suwstsinsble prodwction and consumption
[SPC) (Waas et al_, 20000, and ax the potentia] vehicle for aeating
the sustainability leaders and duange agents of the future (Lozano
ef al, 2013k by wesving ESD through cumicds and estrs-
curricular activities They possess the ability to influence gover-
nance at the local, national and international level as a result of
their populstion size, scope and sffluence (Sedlacek, 2013) Wilk
(2002) fownd that swstsinsble consimplion in whivers tes could
e tackled through understanding bow students can learn o
COMSWME resounces sustainably, whilst Sovagaen (2013) proposed
graster selive and passive participation in the decision making
process Wil st rediscing e missions is important, it canmot be at the
expense of the academic amd emnomic merts they provide
(Williams et sl 2012); practitioners must develop the innovative
Sl it bo Sisceed, and it & clear that FSD plays a aritical mole in
tackling both awrent HEl and fiture global industrial carbon
emisiong

2. Methods

Thse HEFCE redueires each Rissel] Growp institution to produe 4
OMP based on their intended cafon rediuction strategy (HEFCE,
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20106) Aset of 10 questions were develaped to anslyse the CMPs
Tor their environmental credentisls (Talde 2) In order to identily
appropriate targe -setting, tee analysis needs to dseien scores o
the institutional target, whether normalised or sbsolute dats has
been wsed, whether interim targets and monitoring has been pro-
posed, agreement with sector targets and if commit ment is shown
by high-level mansgement

A rank of carbon targets was produced by defining outcomes to
the questions sbsve and Zisigning soores weng de finitions of 7light”
il “dark” green envimnmentalian dedlimed by S tellen (2011 ); see
Talde 3. Scores were intended 1o represent the clotest fit to the
lightjdark green definitions as possible and explains the subtle
differences in the asigned score This method asumed that sl
Rigsell Grodup institutions would be able to meet their i ntemded
target by 2000 (aview thatis shared by the institutions themsehes)
and for this rexson 2 “reslity dweck’ was applied to identily how
realistic the targels were We propoted 3 more realistic target of
10% reduction in sbsoluve emissions by 2020, with the equation x-
10 being applied to check alignment.

To test the likelibood of institutions reaching these targets an
emiasions baseline was Consumpition rabes of electricity
and vehicle fleet fuel usage data for all institutions were olbiained
through the Higher Education Statistics Agency (HESA) (HESA,
20 0), namehy the HE Estates Mansge ment Statictics (EMS). Emis-
sions baors were applied, which convert activity data (ie_ litres of
Tuel wed) into carbon emissions. Here, energy usage (KWh) was
converted, weng factors provided by the UK Government Depant-
ment for Envirenment, Food and Rural Affirs (Defra) { Delra, 2005
Data were dhosen for the period 2005—2010 o dww how emis-
siong altered over the perod since the base line year Jmd whe ther
positive or negative progress towands the 2000 target was made
Three KPls: gross intermal area, full-time equivalent (FTE) stall and
stindent numbers and indtitutional income, were utilised o
compare normalised emisions, following the conventions pre-
scribed by Defra on reporting guidelines for business using KP1s
(Defra, 2006); also obtained from the EMS dataset

An online snapisot questionnaire was sdministersd to FTE stall
and students at the UoS (via wiwwisirveysotonacuk) amd
accessed through the Southampton University Staffjstudent Social

* Dark greem Gdeclogy stpolaes Sur evironmensl beoes ane inhemnt 1o
inSueseriaied capin Bam and the coret eoanambc By driven plivical sewing tar
e e D CoTmeian and Esaroe dephaion. Corseguenily, tanges daiming a
Fmate oarall Smishe rafeclon weR assgred highsr rones, Sespie the on-
CHEENTY in wsing 1990 Axa (Ellarman and Joakos, 002 and growth conimad bn
abecdow wrgen Lght green kacdogy wheas & a 0 e
srghe choice Shar sdbibin cymdom wwo ek p-ummm
Soores we s seipend ne ranges that alipred with the HERCE aned e Bayond
were bower as the idandogy Sp har p 1 cartm shemakd
dirie amisthore dowmn [ e fen, 2001}
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& Erduweations Directory | SUSSED]) in order togain a pictre of self-
reported behaviour that generated emissions A preliminary trial
was undertaken with 2 group of 10 stall and students in Octobeer |
November 2001 with questions asltered to reduce the sk of
misinterpretation, an important consideration wihen surveying
(Dppenheim, 1592

3. Results
31 Corbon emission and fargers

The rank onder of i nstitwtions for both methods owtlined in 2.1 s
shown in Table 4. Newcastle and York were mnsistently high for
both tests in the light/dark green anahsis, with Robt ngham and
Bristol scoring consistently low The dilference between the two
Lests i apparent; institutions that scored highly in the light green
sl dark green appraisal ranked lowly wien the reslistic™ scenaria
msmuhm]mmgmmstrmmhzm
with & mumber of i neti tutions that ranked in the mid-ranges for the
lightjdark green tests ie_ Birmingham, Imperisl College amd Shel-
ﬁﬂ]ﬁmﬂmmmmﬂmrmd1ﬂhuﬂlﬂm
respectively.

The overall emissions of esch institution were compared in or-
derto review performance agains their 2020 targets_ In Fig | it i
clear that Impe rial College huad by fr the lighes overal] & misions
At 84,437 tomnes 00; pua in the baseline year and was one of only
o institetions whene emissons deoested over the study period
{=0.7E to 2 level of 53 836 tonmes C0; pua by 20609 10); the Lini-
versity of Birmingham being the other.

Large increates inemisions o 200910 were sxperienced by a
number of institutions ie_ Manchester, Nottingham, LSE and LUOL

posted rises of 17.7%, 40%, 143% and 1% respectively. Manchester
increased sufficiently to overtake Imperial College a5 the Russell
Group's largest emitter of slsolute emissions The emisions

Tabled

Outcomes of e carbom plan apy and apy of 3 Teality
check’.

Highesw s s Gncsmotion  Ca el T et plan apspraisal meshod
Light Rank Dark Rank -0 Rank
natn gretn

University of Birmirgham Y ] 15 m 1

of Brisd 4 W 40 M IS I

University of Ca mibaiige &5 3 T4 I P

Unitversity of Darham TS 4 &= 7 3@ 15

University of Exeter &1 14 55 1B 1B 5

i peial College Lomeion & 3 = 5 o 1

King's Calllege Lomdan T E & & 33 15

University of Leeids &5 s s I 1z

University of Linegped &5 8 5= 4 m &

Lomden Schond of Econoanies. 77 i T T B

and Fodifizal Srience

University of M anche zer &1 14 &d 13 I 4

University of Mewrasie opon £1 1T 113 s

University of Nomingham 51 13 4 [T T 1

of Omfoad T & &l no o= 7

Queen Mary, Unierskyof 71 & &l 1 M4 &

Londan

University of 5heffiska s 17 & 15w 1

Uniwersity of Sethamgten 55 17 58 15 18 1

Universiy College Londn 75 4 T4 I PR

University of 'Warwick 1 ] 5 50 m

University of York TE i T 4 3\ IE
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asedine for the LioS in 200506 was 31,983 tonmes O0; poa and like
a number of institutions rose demificantly by 2000; up 113X to
36,228 tonmes OOy per annum. A consequential reduction of 29%
woukl be needed to meet their 2020 target, which amounts to
25,586 tommes O0g per anmm.

The impli cation of these incressesin the group’s total emissions
is shown in Fig. 2, compared sgainst the 2020 target level. Emis-
sions increased from B56,560 tonmes 00 per anmum in 200606 to
1043824 bonmes OO, per annwm in 2005 10; the 2020 targe twould
bring emissions to 484959 tonmes 00y per annum (based on 8%
redudion below 2005/06 levels for the group’s total emissions)
The pledged reductions, based on the institutions own self-
imposed targets woild bring the Rissell Groups emBsions to
5484 tonnes Olp per anmum, meaning that the reductions
pledged by the individieal institutions will significant!y (il to meet
the collective target To put thisinto perspective, the overall sector
aim i to reach emissions of G0, 000 tonnes OOy by 2020, thus the
Russell Growp contributes a significant proportionof the HE sector™s
emisiong The 20 instituti ons comprising theEnglish Russel] Group
alone excesded the 2020 sector target considerally in 200

Fig 3 shiwws the nomalised e missions of eadh instingion by
stalT and stwdent nuembers_ Imperi sl College emite d by far the most
peer stalland student than any other institwtion in the group. Some
imesti futions reduced thein mormalised emissons, whilst incres sng
absolute levels over the time period eg Exeter and Queen Mary,
University of London. Only two institutions had fewer emissions
peer stall and student than the UoS in 2000910 (acounted for 137
Lonnes per personin AW05 06 rising slightly i 141 tonnes in 2009
10) which was Exeter and Sheffield st 127 and 136 tonnes O0;
emitied pa per stall and student respective by

El

Fig X T rie in ool Bgkh Recell Coap anbcbeds S 305 0G0/ 0
againeT WD et ek

Einvisie wrisives par vl
Ebbicinie mrisives por besliullee 3G 0
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Limear regression analysis was carried out to identify the rela-
Honship betwesn indome and &mi Sions At the oS In 2060506, the
UaS emitted 0108 tonmes (0 per million pounds of inmme, which
declined to 0.1 tonnes C0; per million pound of income by 200910
(09 10valwe corrected for the retsil prices indes) (RP1); fownd tolbe
highly significant st p < QUL The independent var able, income
was perhaps unsurprisingly sgnificant in determining 00 emis-
sions. Motting ham leastured top with an emission of 0134 tonnes
OO per million pounds of income in 20009 10, having reduced from
U142 tommes 00 per million pounds of i nome in 200606, In et
mast jnstitutions reduced their normalised emissions by income,
with only 2 lew extoeprions (Leeds, LSE and UOL)

AL the LS, emisions per gross internal ansa were among the
lowest of the Russell l:.:atTatu.W tonmes per o in 200508, but
rose to 000 tonnes per m” in 200810, Over the study period, the
UaEs income increxsed, whilst internal ares decressed and staff
andl student numbers were roughly equal. This meant that emis-
sions per income decreased and emissions per internal area and
StalT s Stipdent increxed.

32 S and saident behaviour

Atotal of 155 responses were recorded for both sta il and student
imddividsals (students: 85X 18—24 years old, 66% female; stall 75%
2554 years old, SBX femuale | S tall re poried spending more time at
university than students, 80F spending 31—40 h there The re-
Sponses were more evenly spread for students, with the majority
(30%) spending 11—20 h at university per week Staff also reported
using compiters for o longer duration easch week than students;
B1% wei i them for longer than 20h per week a5 opposed to 383 of
students using computers for the same period. Mobile phone and
laptop charging sccounted for the majority of personal energy
consumption (Fig 41

Simple strategies, such a5 tuming li ghts off when leaving rooms
anl takineg the stairs instesd of the elevator were reported by re-
spondents to medisce their energy consumption For shsdent re-
spondents in halls of residence, 35% reported spending =41 h at
their halls. 100% of respondents wsed a computer of laptop for
longer than five howrs per week, with two respondents in particul ar
exceeding 41 h per week of computer use

When xiked abowt the o5s carbon emission targe ¢, 40% of stall
and 47% of students knew the cormed target lor 20200 On wihe ther
this target woidld sctually be met ({2 ye s maybe) the e was no
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significant difference found between the difference in stall and
student opindons (355 of stall and 40% of studenis agreed) A Wil-
coxon Rank Sum Test was performed to identify significant differ-
ences between stafl and students” views of carbon emissions and
climate change which was found to be not significant; 2 large
proportion of respondents in both categories held the opinion that
climate change was undeniable and ocasrring. Environmental is-
sues did mot rate very highly for either stalf o students when in-
dividuals were asked to rate the greatest isuves foed by HE
institwtions with institutionsl funding ranked number one by re-
spomndents the most frequently (42% of stailand 33 5% of students)
“Tuition fees”, “student experience™ and “standard of sdentific
researdy and e aching™ were also among the top rated.

4. Discusson

4.1 Targer-string culhure

In redent years, s target-setting cult ure has become prevalent in
the UK. Whilst this has become a common-place mechanism to
direct change and bring about improvements in organisations
during a specific time period (0'Meil and Drillings, 1954) and &
often seen &5 2 positive first step towards addressing environ-
mental isswes, target-eiting is nol Always appropriste Targets
alviirkd ik b St in Cifcumstances wive e an o ganiss ton hs
limited ability to affect an outcome, when schieving the target is
not a real priority, when the cost of measurement outweighs the
bemefit, or when there are o resownoss for delivering it Simplhy
setting a target does nol guarantes that 2 positive change will oocwr
(Harris and Crane, 2002 ); rhetoric is no substitute for real action It
ootk e arguwed from the results in this paper that target-setting in
the UK HE sector i incentivised {throagh high le ague table resulis)
and praised sometimes o the detriment of realistic activities by
individusl HEL and to the benefit of those who have placed wonds
Iveyre st s

The publication of CMPs has galvaniced the sedor to take the
cavon issue serously; HEL are oonsidered important b litators of
change (Sedscek, 2013 however 2 danger is that having
unachievable targets, sendor mansgers will lose interest and

support for their hand-pressed e nergy and envi ronment mansgers.
In terms of environmental mansgement, high targets olten have a

low likelihood of success A paradax for HEE that set realistic but
relatively low targets is that they can be penslived in | esgue tables
anl lamibasted by oritics for an apparent Lsck of ambition when in
et they may be more likely to suoeed in delivering regular, in-
cremental enii ronmental improvements than those wiho set wildly
unrealistic targets (Lozano, 2006, Velarqueer et al, NWE) Sedting
Tigh targe ts for e mi ssions reduwction and then not ma ki ng a re alistic
attempt 1o schieve them should be dismissed xi “greemwash’™ It
could be embarrassing for individual HEs if their approach to
Large t-setting fums out to be either i) a cynical, short-term strate gy
devised to improve upon league table positons in onder o eg.
improve recruitment or §i) simply illconsidersd and ooy
gt out.

ODur results suggest thatmany of the targets set by Russel] Growp
institutions  are extremely ambitious and slmost  certxindy
unachievable; compare the University of Warwick’s target of 60K
reduction to the UoSs 200 targe L We anticipate that it will take a
significant, sustained and concerted effont o achieve a 20K
redisction at the UoS and regand the target a5 optimistic st cument
rates of energy consumplion amd estate growth, We argue that to
et mcredilvil ity, the HERCE must ensurne that institutions wiich set
realistic, proactive targets are rewarded whilst greenwash is
actively discouraged

The HEFCE have proactively taken a lead on carbon manage-
ment in the UK HE sector, raising the profile of carbon redudion
and placing it, and ESD in general, firmly on the agends’s of HEs
acris the country (Karatzoglow, 200131 Many institutions have
responded well b instructions so @i, & demonstrated by the
publication of CMPs, even il this is &5 2 result of the threst of
penalties It should be moted that the HEFCE™s remit, following the
2010 general eledion and subsequent dunges 1o tuition lkees has
dhanged since the sdoption of @rbon targets From being 2 HE
regul ator and Tunder, the fowsis now on beooming a ‘champion of
the student’. As a result, the future of directly linked Twnding amd
emigion reduction is in doubl, with wider connotations for the
sector a5 a result of Bmited impetus to meet targets in 2020 Now
heere is e sk that will drive HEE towards reduction and o the
‘carrot” (financial srvings etc ) must be prioritised Once sware of
this, the delivery of targets will modt certainly become a lower
oty business adivity for semior persomnmel

Even though the drivers for carbon management in the HE
sector seem clear, the detsiks in the delivery of this plan are
bemming lost; unreslistic tirge t-setting and environmental rhet-
oric i being rewarded in practice to the detriment of real sctionand
lesdership. This prablem could be sddressed through the we of
e appropriste KPF1L Further, interim targets should be inclisded
a5 4 requirement of the HEFCE guidelines which will allow in-
dituions to identily future difficulties in resching their target,
all v e @ arl y & CHiom 1o be taken

42 Key performance indimprs and institurional growth

Targets should be hased on appropriate KPE in onder to ensime
i rmeesis across di Merent instituti onal settings (Weber, 2008 ) and to
allow compari sons berween | nstitutions for the sector to coll abo-
rate on future reductions. Significantly, many institutions are

¥ Cresnwash ocoos when an [ [pre 1 niga-
s bt acmally offeranes in 3 Sahiom Shat i 2y e G g 1 e & AnIITET o
n an oppocie way © S goal of staed inddariees (Banedges, 004) It can alse
inclode mishading people ot al bemfit amd d
cllaims.
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expanding in terms of student and estate sire and this is seldom
taken into account. A nuembser of HELS lacked conside ration of their
emisions st the time their targets wene Set and HEIS that have
posted an emisions increase of more than 1% be tween 2005 and
2002 are atrisk of missing the 2020 targetaltogetier unles drastic
action is taken (HEFCE, 2010L); this is a reality check for 90 of
i st o in s Stwdy.

The UnS for example intends to continwe to grow; 2 mew Life
Seiences building, opened in 2012 and the redevelopment of the
Baoldrewond Campus 25 & Maritime Centre of BExcellence, to be
opened in 2014, are some reent examples of campus expansion
that must be considered when developing an institutional CMP in
oder to meet the requirements of the Climaste Change Act 2008

Reduwcing normalised emisions so far has worked to the benefit
of institutions, with a recent example being financial incentives
from the HEFCE Capital Investment Framework (CIFL* which sup-
ports one-off expenditures in institutions. This is the same Rind
from which institutions would have been penalised il not having
prepared a CMP by 2001 (OF round o). COF two has imposed
penalties on four institutions for failing to reduce mormalised
emimions (Leads, ISE Sheffleld and UCL) during this round of

Internationally, organisations st targets throwgh corporate so-
cial respondbility (CSR) policies using both KPls and specific,
measurable, sttainsble, relevant and time-sensitive (SMART) tar-
gets [Doran, 1981 These are meant tobe manageable, comparabie
aned attsinalile, allwing continuing progeress amd e tver Largets to
b 52t The HEFCE may have crested an imdntentionsl barmder to
carbon manage mentas a resul tod s pulsting that targets swouid be
8t on sbdohite reductions, rather than reductions besed on KAL
Maormalised e misions are wielul in order to find owt the intensity of
emisions per KP (Delra, 2009), whidh is 2 more practical me thod
of target-setting due to institutional inertia which masks progress
(Samarasekera, 2000)

431 Hearidty iage

Electricity wsage has the grastest effact on direct emissions at
wniversty institwtions and is |ikely to increase in fufure a5 the de-
mand for power increases, which supports findings by Ang (1999)
andd Soytas et al (2007L IT consumption has rapidly incresced
[Acre, 2000: Sadorsky, 2012) with personsl "gadge s mow being
ubiquitousdy wed daily. The results here hove shown that elec-
tricity wsage is 4 large part of the emission-ge mera Hing adivities of a
ki ver i y, with 81% of stalf and 38% of students 2t the UoS using 4
computer for longer than 20 h per week

Little consideration is made for institutions with differing
electricity base losds, which is where significant emission re-
ductions can be made whilt being noted that engineering and
sciences hased institutions have higher energy requirements than
it e -choami nusted institutions (K e n-Banai and Theis, 2013;
Larsen et al, 2013) Inefficient infrastructune s & major caide
even though simple adions can be taken to sddres this. For
example, significant savings have been made through the instal-
lation of 2 fwimming pool cover to redice heat loss and 2 combined
Iveat and power [CHP) system to the base load at the LbS. Studies
have shown that in the School of Chemistry, 2 particulardy energy
intensive de partment, the base losd | over night meas sure me nts) can
be as high as 50% of daytime pesk electricity usage and so to

4 Thee Capliral Irvestrmsnt Fomssark W inmrcdor & By he HERCE in 2008 12
focer academ T n whroagh geeod guulty indrerecoroe,
i and Infonmma chredogy (ICT) ared has 5o Gar alla-
caned £5968 Wkon bn Donding for 200 | 22004 15 (HERCE, 2013}
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demaonstrate the importance of electricity wsage on carbon emis-
s, and gener abe swareness, the UoSs undertook the first anmwal
“Blackout”in 2012, This engaged stall and students in 2 mas-switch
off of all non-edsential eledricsl equipment in order to raise
awareness of the amount of electricity wasted a5 2 result of lesving
equipment switched on unnecessarily. The UoS Blackout in 2012
demanatr ted the soings that can be mosde togh clunging
behuviour and regulady switching off non-sssential equipment.
The switch-off reduced weekend electricity consumption by 6%,
savingg 16,000 KWWh of electricity and seven tonnes of 0Dz a5 well a5
£1650 in el ectrid ty oost (Fig. 5) (Uniee rsity of Sodthampton (20012))
The second anmual Blackout in April 2013 festured 300 stude nis
anl twe aceliti ona | campises.

A Sraff and snident engagement/mvarenes

Adivities such x5 the UoS Blackout demonstr ste that staff and
student engagement is 4 very important and effective way to
permanently change the culture of an institution (Barth et al,
200 7). Stindbent societies 2 an important way G0 incies e e age
ment scras the dudent populstion, with national groups such as
Transition and initi stives like Student Switch O re presenting fiun
and interactive activities that all students can partid pate in St-
dent Switch O in particular focuses on students in their halls of
residences; providing i ncentives for students to reduce their lec-
tricity usage, wasally extremely problematic due Lo el ectrid by being
estential, free and ensupervised. Additionally, wiven on campus,
staff and students may overconsume electricity for the same
reason; it is “free” and (apparently) inconsequential to do so.

To this emnd, improving awareness of sustainability isues is
meeded by 2 ddress personal cafon mansgement o e wniversty
premises Raisng swareness on the impacts of electricity wsage
shiould be made more apparent to stafl and gudents alike, in order
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for the increxed paticipation of energy efident sctivities (ie.
switching lights off applianes on standby ete. ete ) [(Wilk, 2002;
Savagaew, 20031 This will also highlight the need to reduce the
charging of peripheral appliances (smart phones etc. etc ). Raising
v rene s of the carbon reduction Largets by means of advertising,
to promote 3 commiuni ty- b sed i nvolve mentis the key to developa
holistic approach to carbon management (Disterhelt et al, 2012,
which are much mare likely to be met trough 2 joint bottom-up
approach than a disjodinted, expensive top-down strategy | Lozanas,
2006, Ste phens and Graham, 2000). ncressed staff engagement i
alsn important sinoe the stalf populstion is less transient than the
student popilstion (Saks, 2006), whilst praise and encour agement
is meeded for those slresdy undertaling strategies to reduce
emisions, a5 well 25 ince ntives for those currently not usder taking
Sinch Aot i tiess o alter behun vioar.

Tirvcored & g awiareness and education on the potential impads of
climate chavge will also asist in boosting the profile of the envi-
ronment 25 & major issue affecting HES inthe 215 century (Fien,
2002): issues that were mot rated very highly in the supshat
i tinmnnine, ol though they are generally understoad to be mat-
ters that students want o leam abowt (Drayson et al, 2013 ) The
removal of individual (inoeasing individual knowledge ) and sodal
barriers [ie. distrist 2 mong sodal groups of politicians and ol mate
change evidenoe) is seen b improve swanemes | Loren: oni ef al.,
2007 Commmenication must be clear and wnde ritandabde; other-
wige those targeted will not act on the information and ensct a
sishatantisl and everlsting change (Felonsky et al, 2011 Efans
should be directed to sustxined swareness campaigns that foce
e haviowr throwgh choices staff and students make The agents of
change should be foassed on in onder to produce |ong-term
change Stall and student behsviowrs are comples, with maone
inberde pendent factors than wider sector policy, it still promises to
deliver the biggest gains in terms of actual carbon reducti ons.

The results here sugges that the majority of stall and students
feel that isswes other than environmentsl matters currently take
priority at the oS (42% and 33 5% respectively selected institu-
tiomal funding) Whilst this is understandable, institutions must
enmire that emdronmental ssues do not Bl far down the agenda
sine future impacts are potentially devastating for the sector a5 2
whale, the UK and the Workl Climate change awa rene s however,
is particulary positive | 100% of respondents had heard of climate
charngs)

4.5 Mexsumble & manggedble

The activities and funding methods for HE are changing and so
this will imevitably bring gre ster challenges in the fsture of carbon
mana gement at HEIS (Barber et al, 2003; HEFCE, 2013) What i
certain however i that the isue of cabon mansgement i
edmming mone important, with the HE sector looking to scademia
for more answers. Although studies have traditionally focused on
sonpe 1 amd 2 emisions, methods for asmessng Soope 3 emisions
wrgently meed refining and standardizing sven they are likely 1o
the mist significant portion of a typical universitys carbon foot-
print. The scale of the sswes relating to carbon management will
only ever be tacked one the true scale i identified: “what i
messuralle is mansgesble”. HEE mist work hard o redice e
when quantifying their emissions, st which paint reduction can
take place. For this reason, the methods that are cumently carred
ot 1o olbtain dats redquined for carlon footprinting, o well 5 the
footprinting methods themselves need adapling in order o
bemme truly effective and uniformly implemenied (Termer et al.,
2012)

i theesr e it onal ooll shar stion i$ nesded to endire that HE
carbon mansgement is sddrecsed ubiquitowsly so that the targets

adopited by the HEFCE are atsinable for the entire sector. Whilst it
see s Ut time i S runming owt for institwtions tomeet their targets
within a decade, this is still enough time for concerted, collabora-
thve and halistic sctions bo be taken

5. (Cowmichn Shoms

Some English HEE have set very high targets for carbon
reduction, the result of an ambi tiows sector target set by the HEFCE,
governmental and external pressures We have demonstrated for
e first time that cuwrme it caison mansgement plans are not a good
indicator of futire carbon manege me nl pefor mance 2 nd represent
& clear underestimate of the challen ge of carbon emissions reduc-
Lion by all institwtions, the degree to which has been demonstrated
through & “reality check’. This is supported by the trends in inst-
tidional emigons which are (xet- growing nol only hindering the
institutions in delivering higher education in the future a5 they
confront the inevitable environme ntal costs, but this also stands to
jeopandise the competitivensss of the English HE sector on the
global stage if itis not sddressed (Ellis 2013) This issue i likely ta
bemme exacerbaed snce there islittle evidene of this dowing at
the present.

T thisend it ce riainly remaing to be seen if such targets will be
acmmplished within the set time frame to 2020, Despite this,
pledged targets are calculated to significantly fall short of the
sector-set targets and represents an issws that must be addressed
before the time for sction has passed The HEFCE and HES alike
have made little provision bo sooount Tor inedivicheal inesti tutionsl
setting in target guidelines and carbon management plans. By
utilizing three KPK; FTE stall and student numbers, gross inte mal
area and income, simple @mpanions can be made regardies of
imstitutionsl sire and scope which means the HE sector cowld etter
monilor progres on emissions reduction in the fufure These
Tl regs can sbso benedlit the strategies uted in carbon mansge ment
practices at all organis.ations, which has fallen victim to a target-
setting culture that has lite regard for the semantics of
achieving targets. We have highlighted the disparate nature of
Larget selting on paper sgainst real-life spplicitions of emisgon
reduction strategies and it ishvere that this paper make s significant
contribations to the flelds of BSD and carbon mansgement Un-
derstanding that emistion reduction must be schieved withowt
himdering the busine s-critical practices of the university makes it
all the more difficult to see hw targets will be reached.

Computer usage contributes to a significant proportion of
emisions, amnd is without question the gresbest source of
indiividually-controlled contributions by staff and stidents More
specific factors, suchas ledure hall wsage, wind tunme] and research
machinery ie “shared activities” have mnol been investigated amd
could provide greater understanding of energy use By reducing
ovemight power usage and the sectricity hase load, it has been
demonstrated that electridty consumpton reduction, coupled with
emigions reduction an be shisved in a2 short tmeocals An
increased soarenes of ol and sudents to the impacts of elec-
tricity uwiage at university is nesded in order to achieve a cuiturs
change in HEK. Furthermaore greaier engagement will act to
completel y change the way HE is de livered in the future.

The implications of these findings @n have contributions to
s titutions & oross Evnoge and the world 25 HE carbson ma nage ment
i a pressing issue for leaders in HEs globally. It is ako vital to
maintzin dislegue on the strategy of inetitutionsl calbon manage-
menit S0/ that complacency i svodded and continial improvement is
fostered. 1tis here that this paper makes 2 5 gniflcant contrbution
o the field of carbon mansgement. Unde retanding the role that
staff and students have in carbon mansgement is important, b
fuertheer than this; institutions showld take lessons from the carbon-
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management-thr oigh-tar gel-se ting culture that is prevalent in
the UK Contestualising the UKs HE sector on a global setting
wolld be valusble in identifying it a5 2 leader or 2 laggard in
institutional carbon mansgement and slthough this sudy has
foamsed on the English Russell Group &5 4 sample of the EnglishHE
sector, it would be pertinent to extend this to encompass all in-
stitutions in England for which data is svailable. A non-Russell
Group sample could be tested in order to verily if trends outlined
in this paper are ubiguitows through HE in Englamd

An important condideration for institutions in the near future
are sape 3 emissons, which are soon o become an integral part of
the HEFCE target (institutions sble to report these emiss ons in the
2003/ 14 EMS dlsta). Dnesti turtions will need o prepae for any Largets
that develop to @ntrol these emissions and even though they
prove difficult to quantify and sssign, they represent the grestest
source of emissions reduction due to their large proportion of an
organisational carbon fotprint (Ranganathan et al, 2004)

Highlight ineg transport, thislooks to be a fvtwre important soope
3 spurce that can be investigated, a5 this qurrently socounts for 24%
of the UK overall carbon emisdons (Department lor Transport,
2009); sddressing the isves of calculating the emissions asod-
ated with scope 3 emissions, particulady transport, will be a
e e il es0tendsion of this paper. Tr. emdions can ako be
simply addressed throwgh improvedloal public traneport sdwemes
wihich are more efficient than personal trans portation (Hoo myeg
et al, 20111
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Towards a universal carbon footprint standard: A case study of carbon
management at universities
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AETICLE INFODO ABSTREACT

Mgy Orgamisations of all types are signifi@nt oniributors o international greenhouse ga= emissions. The
Received 13 Juy 2006 usiness came for supporting low-Grhan practices is gathering pace, alongside the negulaiory demands
ﬁ?ﬂhrg:ﬂhm imposed through cabon emission mmpliance reporting. Despite this, guidince for generating crbon

- rints th id envinonmenally sdended mputoutput an is imder-develn amnd
Auiccepaed H Febnuary 2017

under-n=eached. Higher Eduation Istimtions ane key mnpnml: af u‘hlnl:lm syshemes aonss the
globe, transcending intermational borders, socio-palitica regir As an inter
ml:mi]rnguﬁnﬂmﬂrhcgnmngmaddmnchnuﬁnmﬂumg}l mrhan reductian jpalides an
and off the estaie, very fiew reseanch artides have been published that dooment emistons anising from
all dinesctly and indirectly atiributable activities. This siudy outlines 2 number of key demenis to stan-
damdise the angani st onal carbon footprinting prooes by remnciling and evaluating the method ologicl
steps in six selected inemationally reputahle guidelines (published by the Clohal Reporting Initiative,
the Carbon Disdosure Projed, the Lniiesd Kngdom's Covernment Departmenit for [Emdnonmeent, Food
and Rural Affirs, the Cresnhowse Cax Protom], the International Standandisation Organisation and the
Higher Eduction Punding Coundl for England ) A sy ic review is undertaken which nelates the four
prindples of carbon footprinting (boundary-setting, identifiction of adivities, collecting of data and
repartingfverifi@tion) o the a@demic lterature. Then, via consuliation with university emd romment
managers, 3 number of nsmmmendations are made o addres and impeove i) the polential to awoid
double-conmting. ii ) the financial and resounee oot of carbon footprinting and @) the relshility and
amiparability of data comipi bed by instintions. W introdue 2 methodo logy for a universal, s andandissd
footprinting standard for higher sducation {that aould alo apply to all organisations regardless of ssobar
ar region ) with aut-off criteria that excludes paid-for products and serviess typiclly inchuded in the
%cope ¥ proportion of the footprint. In propasing this methodol ogy, @rbon footprinting is made mone
applichle to higher education institutions (sinee existing standands ane designed for generality and for
prafit-driven organisations) and the practicl] e, 2o dated with extenally owmed data and mon-
axcpert staff, are broadly overcome.
& 2017 The Authors. Published by Elsevier Lid. This is an open aoess artide under the &€ BY license
{ hitp: [foreativesommeaon s org licenses foy 40/

L Eniroaduction

11 Oupanisadonal carbon farprinting
There i a global research sgenda towands identifying sources

and sinks of greenhowse gas (GHG) emissions aqoss a breadth of
seales Many examples have emerged that aim to enderstand

= Commespadding Juded
E-muad address idwilaoanaa ook (LD Wil

g et e g, 11 0. TN 5 e s 0T 7 AT

emision profiles; for produds (ie Publically Availsble Specifica-
tion (PAS) 2050/GHG protoca product life cycle standard), in-
dividuals, wian aress (ag PAS 2000) and entfire nations (e
Intergovermmental Panel on Climate Change (1M0C) national GHG
imventory | which differ by the sources of emisions enompased
in them. A product carbon footpring typically measures life-cycle
emigions (from cradle-to-grave)l An individusl carbon footprint
normally measures consumed goods and adivity-related GHGL
Mational inventories gemerally measure emissions associated with
the consemption of goods & energy and the imports & exports of
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goods and services at a country-wide scale (Gao et al, 20131

Gridance for gemnerating ofgani<ational cabon is less
developed than that for other forms (Pelletier et al, 2017 Never-
theless, the meed for address ng this ssue is pressing, o ganisations
of all types are significant contributors to glabal GHG emissions_ In
2013, dhirect emissions from the 500 largest companies in e world
amoiinited to 36 Gigatonmes OO0 (The Carbon Disdosure Project,
2004); 7% of total relexses from anthropogenic soumces (at
49 £ 4.5GH00e (IPCC, 201 4)). Differing standards of environmental
regulstion (as well a3 living standards and wage expectations)
combined with pervasive rates of consumerism has coesed a shift
Exstwards of manubcturing industries now deemed too “dirty” to
exist in the West (Shapiro, 2012 ). Poliution at the price of comve-
nience inhibits the global shift towards 2 low-carbon emmonmy
(S tearms, DsEY

In Ewrope, organisati ons have been govermed by environmental
legislation for some decades and some motable eamples have
changed the outlook of business to become more carbon-
acmuntable (eg the Furopean Union emisdons trading scheme
|EU ETS | The United Kingdom's (UK) Climate Change Act 2008°
wad instrimental to the sdoption of mandstory carbon re por ting
for all UK companies in 2013 and was the firs dediated piece of
caron-related legidation in the workd The comivination of Thard”
approsches such x5 these, with “soft’ approsches (lor example,
through sctivities st out in corporate social responsibility (CSR)
policies) encourages this shifting paradigm (Barth et al, 2013) Asa
CONSALbETS0E, OFand Syl ons ane increasingly measuring SUCOess on
& triple botton line (Morman and Madomald, 20047

Asgigning and scoounting for the entire range of emisSons
attributable to an organisation’s sctivities is mmplex and dfficult
(B st vy et i, 2060l ; Deepartrivent Tor End romment Food and Rural
Aflaire, 2009) Whilst Seape 1(directemissions from sources owned
or mnatrolled by the reporting organisation) and Scope 2 (fom
purchased electricity ) are the simplest to asign and caladlate, Scope
3 emissions [the remaining i ndinect emissions from purchased and
sold goods and services) are seldom quantified in their entinety
(Ranganathun et al, 2004; Hisng et al, 2009) Guidance has often
Tovoured the emisdon sowrces for which data is readily svailable.
Despite 2 compelling case for quantifying Scope 3 emisions, up to
B0% of a carbon footprint can be stiribued to unreported indirect
emissions (Dmwa-Meida et 2l 20111 Thisisswe is compounded by
the amplex nabere of activities performed by amd the
varying seales in which they operate (Williams et al, 20124 k)

To mitigate the wnoersinties and practical sses e xperienced
by practitioners, envimnmentsl gtandards are developed. These
interpret highly theoretical peer-reviewed literature into readily
sceamible technical medes | Auger, 10051) The number and varety of
competing methodologies has the potentisl o introduce an wnac-
cepitabie degree of discrepancy; or ganisa tons operating under one
syEtem are incomparable and may perform better than those
fxvouring a different system (Kenny and Gray, 2009 ) Examples of
this garur frequently and i mot limited © organistionsl carbon
footprinting; Diss and Arroja (2002) outline the differences in s
timations for offie paper between 014040, PAS 2050 and
Confederation of European Paper Industries (EPT) frameworks at
464 g, 474 g and 429 g OO per Ad shest respectively, wihilst
Turmer et al. (2015 cite the methddobog cal oons derati ons made in
calculsting emission factors o waste materisl x5 a predominant
source of discrepancy.

Ensuring data are colleced using anslogms methodologies
means that foolprints are comparable (Fypdal and Winiwar ter,

! The UN Climae Change A JO0E Egilaned e UN rowards an ambises S0
e o i dinecy (Soope | and 7 emissions below 2 1990 baseline by 050
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2001 ), reliable (Dragomic 2002) (referming a5 much to the conch-
s that can be drawn a8 the potency of tee proeedunes in place o
ool ect infiornnation ) and robast( Kasab, 2017 ) Despiie chall enge s, the
Inesiness s aor is beginmning to o pitalioe onthe |ow crbon sconommy
emerging &5 carbon mansgement toolk and methods improve
(Chuake rabsor tya el Ry, 2017 ) {in regands to their sooecsfulbiquity, their
value to consumers and their overall accuracy) The use of carbon
Tosatperin g b0l 5 hua s moore imuportanthy a lowed organd sations o i)
Thoispot” areas of highly emitting activities (Mine et al, 2009); i)
atveamline thelr supply chains (Sendarakand of al, 20000 and, i)
develop legitimate low-oison prodicts {Scipioni et al, 200131

1.2 The higher ediwatian $adar

Glabally, the higher education (HE) sector excesds 207 milion
people (United Nations Edecational Scentific and Cuoltwrcal
O g zation, 2014a) (amend 4% of the global wniverdty-age de-
mographic [United Mations Eduvcational Scientific and Cultural
Organization, 2014b]) and continues to underge unprecedented
dhange There are esimated i be ca. 17,000 Higher Education In-
dintions (HEs) worldwide, distribued among most nations, on
every continent [except Antarctica) [Altbach et al, 2008) The
number of students attending university since the year 2000 has
fown exponentially: a trend likely to continge imder most
businesg-as-usual (BALY) soemarios, which estimate a rise to 262
million by 2025 (Goddard, 2001 L Although in developed nations
efforts have been made to ensct moves towards kw-carbon HE
aEtems (Roy et al, 2008) the divide between less acomomically
developed countries (LEDE) and more economically developed
muntries (MEDCs) remains considerable (Drori etal, 2014)

I the United Kingdom (LK) the HE sector is extremealy = gnil-
icant in terms of population, economic contribution and societal
influence and therefore represents an important sector for long-
e catson management With more than 318000 staff and 1.7
million students in 16D institutions, the total eoonomic value per
anrvim eqicals £390 billion| Univerd tes UK, 2015 )L As a result, HE i
one of the largest ooapiers of building space, occupying 27 million
m* and is responsibile for some 1LGE00 ha of Land (HESA, 20041 It is
well documented that HEs are influential playes in both local and
national policymaking, both informing society through research
and educating graduates (Etzkowitz, 1558) In addition, they are
ko successhul incubators Tor innovation, from which many sus-
tainability initistives heve oginated (ie Blackoit (Univesity of
Southa mpton (2012)), Stedent Switch off (Jones, 2012))

1t is widely recognised by university vice chanellors that pri-
otitising carbon reductions not anly yiekds emvi ronmental bane fis
but ko promoes fnancisl soings and increstes competition
{ Epstein and Roy, 2003; Dungelics and Pujan, 20000 5 wetxd nodbl ity
reporting has been proven to help deliver these benefits (Lozana
amd Hisiingh, 20171) 2% well 5 dist undversity leaders in dinmoot-
ing on-campus operations and sust sinability projects | Townse nd
and Barrett, 2015) The benefits manifest in substantisl wtility cost
reductions (dise to their sire and scale) and an improved intems-
tiomal repitstion (Barber et al, 2003) Universities are now alo
finding that by inmmporating sustainasbility eduation into the
curriculum, they can add value to the quality of education students
recsive, 38 well as fetering cultwral change within the arganisition
{Lorano, 2006, Ssvagesi, 2003) This i important becxrse the
future challengs lies in reducing campus emisions whilst simul-
taneously expanding student mumisers, exiending their range of
actiities amd femaining oommercially competitive {Cromin ef al.,

¥ Dperational dam s Sefined by the Suhor a3 A thar ks Simody rarapessble
Il et YIS Ca b SoR T il Minch mquined pancessing.
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20001 The reduitment rate of students has increated dramat ically
inthe last 25 years, despite a turbulent period of UK govemment
polioy (ie. the opening up of HE plsces preceding 1990, the
expandion of the number of institutions in 1993, the introdwction of
tuition fees in 1998 and subsequent rise in 2004) and more in-
stitwtons are wnder st nd ng that students want to engage on such
isswes. The removal of the ition fee cap in 2000 at the recom-
mendation of Lord Browne did little to dent this trend (Wyness
20101 The year 20015 ww a reand nember of students reoruited
st 532000, 2 11E incresss on the previous year (Universities and
Colleges Admissions Service, 2005)

1.3. A universal carbon foatprint methodology Jor higher education

The Higher Eduwc tion Funding Council fur England (HEFCE) pub-
lished a number of guides in 2012 with the aim of asisting in-
sEituions b reportand redue emisions Thess focwesed primarily on
diired emissions | instititions have mandatory targe 5 1o redioe their
Scope | and 2 & miseons by 345 below 2200506 basel ine by 2020 )ar
on a limited number of Scope 3 sources|ie water and waste (HEFCE,
200, ra fport {HEF CE, 201 2 ) and procurement | n:pet sl 20121
Although no specific intemationsl standard for HE carbon foot-
printing exists, it iscommaon for practitioners to adapt methodologies
from those designed predominantly for profit-making e niemprises
This is alten conduded with imited suress slongside the wnre-
stricted use of ssaumptions and cavests to complicate their inter-
pretation (Almeida ef al, 2004) The hybridisation of input-output
analysis and life eycle sssesmment theories [EENA-LCA) (Peiers
2000) are fxvoured here becare Sy genersle sSesmens in
greater detail, stsent of aggregation emors (Berners-Lee ef al, 2011,
Orrwia-Meida et al, 2011) Babowlet and Lensen (20000 used i ngist-
output anahsis (00A) indrmed with readily-svailsble finamdal
expenditre information of an Australisn wniversity &5 2 means of
assessing supply chain emisions of umiversities without any addition
oot oonal inputs. These can measirne o] envirnmental i mpacts
of indtitulion's sctivities (Mattils e al, 2000), whilst broady hot-
spoiting areas for i mprovement slong the supply chain

There is 2 notable alsence of empirially suppored full-scale
EEIDA-LCA institutional footprints in the literature. Growing pres-
sure o redwce emissions means that institutions are in danger of
falling behind on pledged targets for direct emissions (Robinson
et al., 2015), which subsequently lessens the probability of suc-
cesghully managing and reducing Scope 3 emissions. The priosities
currently favoured by universities in terms of promoting growth
and econdmic frtune can conflict with the importance they assigm
to carbon management (Lozana, 20013); estate growth dispropor-
tionakely magnifies scope 3 emisions oCouming upsream and
downstream of the organisational boundary (Sharp, 2009,

Universities serve a member of functions, i nfluencing the activ-
ities they wndertake and the GHG emision relasses for whidy they
are responsible. Specifically, the fowr major functions which uni-
versities serve (and from which, all other sctivities emanate ) are in
ediscation, research, govermance (Ste phens et al, 2008, Sedlacel,
201 3) and enterpriss [Fae, 2010) Tasching perhaps influences the
greatest number of sctivities and 25 2 result, HEE need mot only be
providers of physical learning facilities (such a3 lecture theatres,
litsraries, ICT equipment te ), but 2 whole host of other amenities in
order lor students to thrive (such a5 health and wel lbeing servies;
sports and socisl serdces; retail food and drink outlets) For this
reason, a comparison with small towns is often made (Zuang et al,
2011) The mncentration of these smenities is highly disparate,
with some universities based on 2 single location (3 campis)
multiple sites or scattered around cities. A e in inbemel socess
means that traditonal universities are moving activities online
through distance-learning courses (Roy et al, 2008) and Massive
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Open Online Gourses (MOOCS) (Barber e al, 2013) (examples
imsclidle the Open Unive rsity, Coursera amd Kahn Acsde ).

Diverse infrastructure plays 2 key rale in the delivery of degres

which adds to the @mplexity of HEI carbon foot-
printing. Also, the nature of research programmes has also been
s o have 2 direct comelstion with the energy-intengty of ac-
tivities, often being ciied 25 one of the primary ressons for
contention when research-intendive institutions are compared o
e chiineg-intensive institutions (Klein-Banai and Theis 20013) and
viee versa The varying specislisms of univerdties, their de-
mographic composition and financial leverage are additional con-
tribastors to this incongneence.

The rexson for examining wniversity carbon mansgement in
particularis to contime the debate of the rode of HE on sustai nability
over the 214 century, whilit sllowing institutions to position
the mselves frvourably in tackling the futwre challenges assodated
with a changing chimate (Baber ot al, 2003) Universities play an
influential role in providing technical solutions to clim.ate-rel sted
issues (Sedlacek, 20013) Moreover, they ane a pertinent o se study
organisation for a5se sing the relevance amd applica bility of carbon
mansgement standards Their central role in educstion systems in
all societies of the waorld transcend political regimes and economic
systems (Meyer and Scholer, 2007). This presents a form of orga-
nisation that can be studied amowhens and wnderstood evenywhers.

This paper aims to make four key contributions to the liter stwne:
first, through highlighting the considerable disparities betwesn
carbon management standands designed lor organi sati ons; seoond,
by identifying the key requirements for praditioners tsked with
inlerpreting these standands: third, by propodng 4 wiiversal
methodal ogy for universities 5 a surrogate for 2 generalised global
organisational methodalogy and, fourth, by adapting and over-
coming uigisitous problems sscisted with dats collection. This
research focusses on UK HEL but can be wsed 25 a barometer for
Present Eawesin campis sustanability de partments in i et tutions
acriss the workl A qualitative omparative analysis (QOA) (Gao
et al, 2013) is condicted wding a selection of frequently used
organisations | carbon footprinting e ndands, in-turn evalusted for
their relation to the published literatre thivugh a systematic re-
view_ By comibining these results with the results of 2 practitioner
consultation, a framework for conducting organisational carbon
footprints for universities is proposed. By amounting for the re-
qquireme nts of wni versity envi ronme ntal practi toners themselves, a
series of recommendations are made widch are sympat hetic to the
role that universities play and the sctivities they comdisa

2. Materiak and e thod s
21 Sysematic review: inclusion crieria

A nEtematic review was carried out to identily the theore tical

unerpi nmningg of key ideas_ Rese arch papers were selected fol lowing
a pre-determined set of criteria which amounted i (i) being written
inEnglish; (i) fea turing state-of-the-art knwledge, Le published on
or after 19t | amiary 2000 amd mot supe rsaded by additionsl researdy;
and (i ) bee g spee i fic o thee carbon footpr nit of or gand sati ons andfar
HEE. Often, elements of organisstionsl carbon footprinting ane
research streams in their own right and are only applied to organi-
salions retrospectively. In these indances, inchaion of papers was
based on the i mportance of all search terms being present.

Search criter awe e based o selecting papers that ex hibited the
terms “ofganiaz tion”, ‘carbon’, Jootprint’, and 2 seleded add-
oo | “seanch term’. Hee, the Saarch term” relers to any one of the
55 phrases owtlined in Table A1 that describe s procedural e ments
categorised by individisal actions The de velopment of these used a
methodal ogy founded in Grounded Theory (GT); the individusl
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constitvent elements of pre-existing carbon management Stan-
dards were coded and categorised into these phixmes {Golsin sl
Strawss, 1998) This highlights the inte roonnededness of the sys
tematic review with latter sections of this paper, in particular the
review of grey literature outlined in the procesding Section (221
Papers inchuded in this reseanch study were full meseanch articl es;
therefore, omnferene procesdings. reviews, and editorials wene
i scanded.

2.2 Review of grey literafire

Toanalye the uilormity of existing sandard g delines, five of
thee mast widely-used methodologies were chosen using the results
from the annual Carbon Disclosure Project (CDF) survey on carbon
strategies a5 outlined in Matisoll et a1 (20013] These findings show
the respective proportion of reporting orga nisstions using carbon
footprinting standards (See Table 1) and include: The GHG Protocal
corporate sccounting and reporting standard (2004) & corporate
valwe chain (Scope 3) sccounting amd reporting standard: the
DEFRA guidance on lviw 1o mexsune and report on corporate GHG
emisions (2009); the 150 14064~ 1 quantification and reporting of
GHG emissions for organisations (2013) and the GRI G4 sustain.
alility reporting guidelines (20013 The CDP guidsnce far com-
panies reporting on climate Intergovernmental Pamel on Climate
Change (2014) was indwded due to the CDFs global
i of ganisational carbsen reparting: the HEFCE guides to good car-
bon mansgement practice (2012 ) were also selected x5 2 matter of
course A desription of the suthorities acmuntable to these stan-
dand guidelines is owtlined in Table 2.

These methodolodes were selected on the basis that they all
have origins in the GHG protocol developed by the
WHI and WEBCSD in 2004, This is regarded as the de facto standard
for carbon scoounting for organdsations (Ascui and Lovell 20012)
Each hus been somewhat succesdiul in fodter ng 500 on on emisson
reporting for arporate profit-de ven ongani sations in its own right
For insta nae, the CDPis now the work's L rgest repositony solely for
cafbon reporting, anmeally @llsting inkrmation for 1500 com-
panies which contribute 26% of global anthropogenic emisions
(Dragomir, 20021

2.3 Conganla tion: UK wehersity emviranmental oo foners

A workshop was wndertaken at the 19th & ] Enirdamental
Assncistion of Universities and Colleges (EALWC) conference at the
University of Leeds in March 2015, A focus group was de emed the
mast diread method for collecting information sbout pra ot tiomer
Tabile 1
I plmentaion of sondads by fimns e by Se Cabon Dicesore Projas
[ adka et o Marisalf et al, M)

Yeur WBOSH)WRI' DERA' B R’ EUES FECK EMY COAR"

Appendix J

0y Evliasamer ol f el of Chaomer Prodectin 72 (2005 ) S085 4455

experienes of carbon management Time pressures and vene
limita tions we re among the push factors in preferring this method,
whilst relative simplicity and the potentisl for dhured-learning
( Krueger, 1998) were significant pull factors

The sim of the session was to understand the apparent gulf
between the theoretical application of carbon standards and the
real-world e faced by staff st universities; participants were
self-seleded (a5 conference delegates) For many UK institutions,
isses arise 25 a result of attempting to @mplete the anmeal estates
A gement statistics (EMS) fetums to e higher education sis-
tistics age oy (HESA L Further investigation of these isswes allowed
for the identifiction of key requirements for 2 universal carbon
footprinting standard for HES ( known 25 user-senditive i nchve
design [Mewell and Gregor, 2000]L A 40-min focus group discus-
sion aimed at highligh ting 2 series of broad-scale ssies was fol-
lowed by the administering of an individual questionnaiee,
designed with a series of Likent and semantic differential scale
questions for classilying attitudinal asttributes. The sim of both
questioing methods was to answer four neseardy questions:

Q1 Which emision sdroes s the beat inderstoond in HES?
02 Have difficulties been experienced to calculate data needed
for the carbon keotprint and if so, what can be improved?
Q3 Do youthink sector targets showkl be introdwocsd wihich push
institutions to caleulste and subsequently reduce Scope 3
eimisions?

i Would a universal standard methodology lead the sechor
clager in resching carbon mansgement goak?

24 Limitation

The limitations of this work must be noted. Although we have
selected six of the most popular carbon management standards
availabile in the grey literature fr comparison and standandisation,
the chadoes which practitiomners have are mol Bimited just o thede.
Certainly, mimﬁmmmuswmmmwu
a5 & way for the suthors o positively Tate® their effedivensss at
calculsting and reporting GHG emissions. A fraction of the litera-
ture i excluded from comparisons becase the focus is on meso-
scale models (lybrid 0A-LCA] Thess madels are somewhat mors
reliant on data inputs than say, maoo-scale models, but olfer the
practitioner greater insight ints promess-leval emissions.

Here we focus on engaging environmental pract toners at K-
based institutions. it could be argued that their broad mole on
many aspects of campus sustainability does not allow for bl ding
af in-depth knowledge on the scademic wnde pinting of catban
management. Despite this, we deem these persomnmsl to be a vital
resouree and the experts on their own institution’s reporting
structures Consultation results sufler little from induced or pre-
comoeived response bizs becuse of the vare ty of opini ons received

g il sirion by UK o ix}
2007 411 a7 13 18 35 13 a0 oo
IaE 477 1258 42 I0 386 16 oo o4
o 54T Jriali] oo &8 58 4 az 1.2
0io 85X 17 83 &7 &1 s as

* WESCIYWE] — Woeld Bosiness Cooncl for 5o nable Devebpme ni/Workd
Resomres Iroinone.

© DERRA. — Deparument for Bvvinanment, Food and Roml Ais.

“ 150 — Inien Sl Srandarndiarion Qg nisaon.

2GR — Globa I R egaoatiing Initiasive.

* B ETS — Borojean Union Emisions Teding Soheme.

! FIECA — Inbernarinal Perdenm ndory Evvionmentad Coreraion
Assorlagion

 EPA — Envinonmental Protaction Agency.

B CCAR — Califmnian Climae Aovian Regeary.

Iy respondents. The limited geographical spresd of i netitutions can
e extendied, however the orgins of the modem HES (based pre-
dominantly on the models set by the aarlier institutions such a8
Cambridge, Oodord and the London Colleges) would suggest dg-
mificant a@mmonslities exist globally (Collin, 200121

3. Findimgs
31 Appraisal af standa rds

Thee ol v results of the o9 ema tic review and com parative
analyss are found in the supplementary materal In total, 57
pirhiications were interrogated, highlighting the mnsiderable aca-
demic interest in orga nisational carbon kotprinting methods since
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Tabide X

Descriptions of S aufarites indoded in fis Smndy, which gowems e e of G2on M gimenT Sand e for o] crbon xgpring 2 S SSmenTs.

AuthosTy DscTiption

‘Wioald Resonroes Inarire The W] & 2 neseanch oeganisrion thar sesis o piram o T D i bbe e of nooral rssores. The WBCSD & 2 OEOued

Wioid Besiness Conncl for oot of farwand iniing commpanis s Shat g nises e Baing o5 ST ONITY 10 (Rate 3 Susrainabis T S Busine E,

S e Devasloqm et 20 oy ared @ TrATETAT.

Dvpa et of Ewimaame L, DEFRAL a @ g xibile pirce o, ol pannom and 2anda ek, 5 fichearie s and

[Fiaed] anedl Rwwrald Adlairs ol c wverveninies o e UL

Internaticnal 50 ndardiagon e 150 b6 e natsrmatioona | el - ey Bavedy s ot ol rspore s nita s oo v ot maatoena | dards ooy

B

Gloka | Repoanfingg Irditiawe B i, prcamasies st bnobdling repoating a3 3 way Tor ooy, L] e e o

Carbwon Dicloue: Prjec The (VF & an oa; thar wotics wiith sharehodes and Ao o dikschocke et CHIG S O T 20 SO RN, 3 Fradal g 1o
s e 3000 o Nk S

Higher Eifuca thoan Ronding Cooncill  The HEFCE ks 2 moa-de panme nitl poiblic by of g Deg o Enesry and In [ BES ) tha

fiar Erqland jpushc roney 1o HIE |providens in Ergland. I is ma e oo ensone funding & wed o deliver maimom poblic benfit

2010 Organised by the four main principles of ciron ko tprint ng
identified in the peer-reviewed ltersture (bowndary-seting
identification of sctivities, collecting of data and re porting/verifi-
cation), these are further @tegonised into 32 variables and are in-
turmn disaggregated into 180 “comnstitwents”. The grey-scale ooding
represents the degree of coverage exhibited by each constitwent
acrins all standards, ranging from 22 for the CDP standard to 60%
for the 150 standard (see Table 31

32 Resulrs of the consulrarian

The questionnaire yieked 35 respondents from 31 individual
institutions, representing 4 response rate by sttendess of 66.04%
(n=53); anexample can be found in A ppe ndix A Neve rthelesg, the
sample is deemed sulficiently representative because 195 of the
HEL in the UK wene mepresented (oornesponding to 2 comibined
student population of 323000). Questioning provided supporting
indrmation for the four original research questions:

Q1 Which &mission sounces ane best wnderstood?

The emissions categories reportedly calculsted by each
respondent can be seeninFig. | Respondents were able to rate each
emision sounce (a5 owtlined in the B014064 standard) to reflect
theeir institution’s sbility te hlly quantily them with relisble data
This was based on four options: ‘relisble data, alculaed flly,
improved relisbility but inomplete’, “hasic understanding, some
dats collected but wirel inlle® amnd “not curmently calculsted”. In the
figure, data are arranged in descending onder by emisdon sources
rated x5 ‘ol currently calouated” by the respomdent. Stationary
combustion, mobile combustion, imported eledricity, imported
energy and waite were the most commonly calculsted fully with
the most relisble data (supported by more than hall of re-
spondents]. OF these, stationary combustion and imported elec-
tricity (Scope 1 andSoope 2 emission sownes ) were fownd i be the
best undersiood with the highes number (778 n = 27) of
[E= T

Uinesurperising hy, thve majority of Sope 3 emission Sources wene
vt epusnmitifhed with any certainty. For many, these sodnces have yet
1o be tackled and for relisble data tobe obtsined For 914%( n— 32)

Tabide 3

of the respondents, both in-use stage of sold products and down-
stream leased asmets were the laxst undersiood. In fact, responses
for 10 of the Scope 3 categories refleded the inability of pracdi-
tioners o quantily the impact of activities ranging from in-use
emisions (from sold products) to upstreamdownstream |exsed
asgets by more than 50% of respondents. This was ondy typical for
two Scope 2 sounces and for zero Scope 1 sources. The Scope 3
sources fownd 1o have been quantifl ed with more reliability were:
generabed waste, bisines travel and employes commiting Thess
received the fewest Tot arrently cal culsted” respomnses

02 Have difficulties been experienced and il so, what can be
improved?

Fig 2 shows the results of a semantic differe ntial question poted
about sttitudes towards the carbon footprint of the respondent’s
i nesti bution. The meaan respomnde nt's soore is shown lor each of the
bipolar adjective mairs: adequate-inadequate; chaotic-ardened;
open-tecretive; complex-simple; old-bdyioned-modern; inefTec-
tive-elfedive, and innovative- non- innovative. From this analyss
respondents exhibited a somewhat optimistic view of their in-
stitution's carbon Rotprnt with a dightskew towands “ordered” and
“elfective’. The strongest sttitwde overall was i dentified in the open-
closed pairing which k1l significantly in favour ol “dosed”. Although
fewer negative connotations were identified, respondents also
Tavowred Tnadequate’ over the more positive al bemati ve.

Respondents were xiked to rate the (actors that mostinfheenced
ithe quality of their instindjons carbon footprint (see Fig. 7). Data
i abvility, staff resoences, and time constraints had e higlhest rate
of high impact responses, with the frmer two receiving 16 re-
apiises o piece. Whilkst 2 mived spread of responses was reoonded,
T of the eight factons reconded a response lor o impact”; namely
buwdget constraints, stafl training requirements, top mManagement
suppert and technical support | albeit from between one and three
respondents only) Budget constraints and staff training re-
quirements wene less influential and remived most responses in
ithee “meditem impact” ctegon es.

A mwmber of specific isswes were identified sbout data mllection
and reporting. Respondents expressed the view that they werne
often left to Jend for the msehves” wiven ident ifying the comect type

Comag o o the sy standand medeslolbgies wad
CHG Prancal DEFRA Coide on BOIOG4 Sandard  Clabal Repoaing Inifagve The Carton HERCE Guideines
2004 and [HE} Sorainabie Disccme Frajay (2012}
Soope3 (W11} Repondng GHG Couiidelines (2013} {2004}
Exvitssivas | 205}

Mo of consitnens 98 47 07 45 ET) 51

Towl coslments 180

Comrage percencge 5444 611 B 2500 1.8 1233

(X)
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of data sowrces_ By following the guidance set by industrial bodies,
respondents found the detsil for data collection lacking Where it
was sulfident, this was Hmited to emissons soures wisene reliable
data was already obtained, making the guidance somewhat imel-
evant inplaces amd directly sttrilutable oo their omission in retwms
to HES A

Ofven, practical limitations caused data relisbility iswes. Aroess
Lo data was restricted because of the complicated and exbermal
nature of some calculstions. For instance, some initutions
attempled to collect envimnmental information reganding pur-
chased produds directly from suppliers (citing the methodology
wiich utilised fimamncisl “spend™ data to be insulficient) but strug-
ghdm:mmmmmmm

.. Gerring dara from suppliers is the most diffculs forus .~

“Srape 1 mleulatio n for procurement is very difficull to ool are as
we purrchase from tier 1, 2 and 3 suppliers We don't always know
where produck are mamijfichimed.”

Doubt was expressed asbout the ability to quantily emission
soviroes aocirabely. Individisls sometimes have (o physically mes-
surre i jor obvtain dats from other employees scmas the ectate amd
supply this to envimnment mana gers who are typically the focal
the point for data and responsible for compiling reports. Re-
spondents it they had o scrutinise information from these
soviroes particulary closely, citing the sbdence of 2 vested interest
in ensuring the data supplied was suthoritative and consistent.

*_.. The sowraes of information ineed B be manoged bater.”

Often miscommunication between these employees was
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experienced due to the number of people involved. In sddition,
respondents found that besides the lack of reliability in data
discouraging the ability of HEE to comparne betwes i peers, gaps in
dats exascerbaed this problem:
Timplify dara collection to minimise gaps so that everyone has
camparable dara "

As & result, practitioners exhibited desire for 2 simplified pro-
cess, in which obtsining & full data set was morne likely. The
pracicalicus of responses meant that no respondents provided
contrary answers reganding extending the cument scope of
mandatony reporting metrcs

Q3 Do you think sedor Scope 3 reduction Largets should be
introduced?

It was clear that the level of preparedness required for prag-
matic redisction targets was not yetin place. Respondenits sow the
current lack of Scope 3 emisions reporting to be 2 bamier to
implementing targets in the shart-term. Without good baseline
years 1o inform targets the strength of future redwction efforts was
perceived to weaken Time would be needed for institutions to
produce relisble datssets, whilst further consultation and research
would result in 2 more arefully dedgned set of objectives sup-
portive of the needs of all inst tutions

“If targer are based on years of high-volume s nidion or ‘acrs
of gad then rargets bemme irdevant and lose the suppaort of
ind frutions =

Respondents were concerned with the probability of being
portrayed unbify a5 2 result of diflerentisl reporting The heten-
e y of the data re ported by instituti ons was deemed significant
enough to deter them from wanting performance-bhased targets
agociated with Scope 3 emissions. Whilit an institution might
have taken respondibility for, and reported all indirect emisson
Souroes, requondents foresnw the potential for their institution bo
receive negative publicity. This forms a paradox wihen comparing
institutions with thete reporting lower emissions (2 2 result of
undier standing fewer emision sources scross the estate ) on the
surface, the later institution “performs” better in the eyes of the
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media, fenders and peers. As 2 result, these adions werne predicted
0 lesd b peistenitial re putational damage:

“Institutions would anly report on Sope I emissiorns i everpone
elue was dioing irf™

Respondents sl suggested that a lack of control over
emisSion Sourees was a factor in nol supporting Scope 3 targets
Ultimately, il such targets were mecessary, then being dis-
sggregated by sctivity type was favoined An all-eneonm pssng
target was crifidsed becsuse it would be impractical for the
majority of institutions; even the most experienced inetitutions
woild struggle to manage the full bresdth of activities in the
short term. Indirect targets, based on behmdowral change, were
deemed highly favourable to influene emision reduction. In-
stitutions alresdy mansge their wasbe, have 2 travel plan and a
procurement policy, and o focussing on arexs whene they
currently direa efforts through sustsinability measures were
regarded as more sensibie

“Int realiry, if'this waos to be introduced, it would have & be a targer
broken down for sch of the emission sowrces in onder fo be
e g fnd 't o ble. =

Despite 2 general feeling against the introduction of Scope 3
argets, it was chear that all respondents shaned 2 desire to manage
emisions arising from indirect activities In addition, all re-
speitle s Supported the notion that the e porting of these sounmes
should be mandatory and coupled with a published mana gement
pilan:

“Reporting and hming a plan o manage Scope T should be

i il atary, bt fof carban farges! ©

“Ir i irmportant that reporting & mandatany. ™

This is somewhat contradictory of answers g leaned from Q2 and
evidently, & fine baline between oversimplifying the GHG
apiesament process and dsmissing ethicsl and altruistic re-
sponsibilities and the abilities of overstretched environmental

PRt tiorers was highlighted

O Wiiild & e ver<a] methodology improve the sta gia?



4447

Pira cti ievver s reported & desire to prior e carbsm manage ment
a5 it was “seen a5 the right thing © do for responsible organisaSons™.
The respondents demonstrated 3 general positive resction i the
idian for & universsl methadology, believing that this would lesd ta
an increxsed number of institutions fully reporting emisions for
the full breadth of activities Forty percent (n = 14) agreed that a
universal comprehensive standand would be beneficial to their
Tscme i nstitution. Thirty-ome percent (n— 11] strongly agreed that
thee muibee ¢ of st tutions undie riaking full- scale carbon footprnts
would incresse, a5 there was 3 perception that if all institutions
Tollowed the same method, better comparability would instil the
confidence to report emissions

A number of points were owtlined that sdvocated 3 universal
methodology for reducing the influence of 2 number of perceived
55w For instance, many practitioners fownd that prescr prive and
stamdarndived guidance could reduce the loss of knowledge that can
occur when individusl stall members depart the institution:

“Auniversal standard for HEE would go a long way i sohing i-
sues around members of sqffleaving and raldng eertain method-
ologies thar have mken years to produce with them .~

For indtitwtions with very small emnvironment and Sty noall ity
teamd, this was fund tobe aneven more significant cons deration
Howwever, the key to switching aurrent approasches and sdopting any
of the proposals outlined was wii versi ty leaders see ing the finandal
e mefiits, sugpesting that the dedson wasnot theirs to take:

“The menber of imtindions using a universal @rban Bofpring
would depend on the finandal sitvation of the HEL™

When asked about the likelibood of their instittion using 2
universal methodology, a skew towards very likely” was evident
(3T (A = 12) of respondents made that selection) In sddition,
there were calls for this methodology to be uwsed in wrging the
HEFCE to change its stance on carbon mana gement in Gvour of
some thing designed by the secior, for the sedar’.

4. Discussion

4.1 The arganisarional arbon foogrinting proces

Organi s tional carbon footprinting is typically a fowr-step pro-
cess(Gao etal 201 3), characterised by: (i) s tting the orga nisationasi
einclary | identifying the facilities that should be scomenbed for);
i) e tallishvi ng thve oper stional bounsdary (the sctivities for which
1 hee o gani sati on deems itsell to be responsible for ); (i ) quanti fying
the carbon footprint (through colledion of appropriste activity
data): and, (iv) reporting and verifying the result {Dragomin, 20012
Gao et al_, 2013; Pelletier et al, 2013 ) The methodbal oges imode
e prrsctiti omver i de ntilying the activities they ane responsible for in
Separate emision Scope categories upstream and downstream of
st 6 ik ALON'S o iration. This is buased wpon & lybridicatien of
methods wsed in |emdmonmentally -extended | input-output analysis
and life cycle assessment (EEDW-LCA) (Pelers, 20000 two well-
eqtablished fields of carbon asessment At opposite scales

A number of key pieces of literature identified in the syste matic
review have highlighted recent sugmentstions to the organiss-
tional caon fotprinting process. For example, Pelletier e al.
(2017) sttempied to develop 4 new methodalogy for the Fire-
pean Commission (EC) based on a member of criteris, aiming for
new method which was: indusive of the likcycle emissions aoes
e supply chain; reproducible; comparabie (2 opposed to flex-
ibde); and physically realistic. Others, have vocalised the need for
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Scope 3 methodologies (Stubls and Downie, 2011) and estabiiged
preliminary research that can be taken frward in making this a
reality. A few examples of full-scale Scope 3 carbon foolprints hive
afisen, bit these changes haove not yet proved radical enough ta
incresse the number of organisations reporting Scope 1, 2 & 3
carbon footprints; our search criteria identified only three exam-
el (e Lavrsers amdl Herbawich, 20000; Letete amnd Mangueard, 2001;
Orawa-Meida e al, 2011) Oiften, the choices that make such
methodologies applicabie to a wide audience are removed in the
Tnope of maintaining smplicity (Pasdey ot 4l 2001 L However in the
process, truncation erfors ame introdised and the Scope i€ mar-
riwwed without sufficient explanation

Some wolld argue that little progress has been made sne e
publication of the first GHG protoad in 2000, which had been
hailed 25 2 major breakthrough in emdronmental advocscy and
widely adopted and sccepted since (Green, 20000 There has been
little in the way of developing this methodal ogy to acmaunt for the
changing need of carbon reporting in the interening 15 years; a
time of rapid adoption of environmental legislation (Tews et al.,
2003; Jordan et al, 2013) As 3 consequence, the soope for change
is equally and smultaneoudy significant in s polentisl, bu
encumbered by well-established methodologes

By clearly delineating the steps required in conduding an
ot ganisa tienal cabon Botprnl, the process can be underdoad in
its entirety and evalusted for its Renctionality. The oommonalities
identified a5 & result of our analyss means that we can build wpon
i el tionedyip to propose Fig 4 s 2 mare complete desori ption of
e o gani <a tional carbon footpr nting process_These fowr steps ane
supported by the themes “scoping, “maceptialising” and "ammue-
micating”, which help to distinguish the individual adions required
ol thves e oo fiLal practi Goder. “Soofi g’ incomsorales fwo sieps:
the setting of the organisational bowndary and the identification of
thee or gani sation™s activities (oonducted using a contral approach or
i 0y s hare approsch). ‘Conceptusli dng” refers to the collection of
ﬂ? data (itself categorised into operational’ and non-opers-
t data) amd the application of the carbon equation
“Communicating describes the reporting of carbon infbrmation to
key stakeholders in an understa ndable format, wihich is este mally
verifbed, to ensure relisbility and maintsin rgowr. Additionally, an
initial theoretical reconciliation is made to the ondtitents by
Ao piling thode with ooverage greater than 668X (45 can be Seen in
the column in the Supplementary Material marked Reconciled™);
this captures 24 of the 180 constituents (13.3X) ie “setting an
emigsion boseline” and “defining the organisational bowndiry’

Combining thess initial changeswith the resuits of our anaiysis,
a number of interrelated issuwes are identiffed. These are listed
below alongside simple comesponding i mprove ment sol utions:

i a There is no guidance on clearly deciding whether activities
are to b included or exdwded, leading witimately to a high
level of doiuble @unting. When EEIOA-LCA footprints are
reported, double counting is wnrvoidas e since these adiv-
ities overlap with many other organisations:

i b Potential solution: The implementation of simple cut-off
criteria would sllow the wser to make a definitive in-out
dedgon of activities along the supply duin

ii 2 There are defidencies in time, cost and staff resoures in
organisations, which means that the process canmol be

¥ pon-cpemtonal dan & defined by the anthar & dam thar requins manips-
Lamion in order 1o obGin an emisons profile
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conducted to the end” (defined by the standards or the
e e i} 73 NS ALOM )

ii by Pasten tial solution: Minimise the number of sctions redqui red
Iy envi pommental practiti oners.

iii @ The description of data collection methods is not clear nor
prescripitive, making relisble of useful infkerences from data
impaasibile ;

i Iy Psten tial sodution: Introduce guidance outlining methods for
the rabust sctivity data collection, which is a ppropriste for
the resolution amd aim of the fotprint

iva The GHG: included are inconsistent, potentisly lesding to
false reporting and high marging of emor.

iv b Potential solwbion: Standardise the GHGS induded in the
Tootprint

Asecond col umnis sdded tothe Supp ementary Maie rial i sbe lled
“Roobvinson et al. proposed. This incorporaies reconciled constituents
with additionalomes that are deemed impe ratie to the fum onig of
the methododogy | = 77 Sixteen oot tiens ane made ‘dependent’,
wihene their inchsion is subjed I certain condiderations, and dis-
missing them ouright would be inapproprisie. For example, @n-
stituentsrele ming to the mamdsctureor e of products e sale or the
oypeeerations of framdises may not be applicabyle to sl wive e tes bt
the smpe for their indision cannot be disputed, when consdering
that the adtivities of universities are highly vari sble.

A nimber of constitwents have been omitted, following de-
cisions o ensure parity with the suggested improvements (Sup-
ported by the sysematic review); three instances can be
highlighted. Previously, practitioners had been given the option to
choate which approach they toak o Sefting the ofgan<stonal
boundary. Now, only the entities through which the organisation
can enact meaningful carbon reduction measures ane oonside red
(throwgh the sllocation approach based on financial or operational
control) (Pelletier e al_, 2013). Secondly, through the wse of data
soenariod, an illustration of the best, minimuem and inbermedate
queality data is provided (Eritish Standands Institste, 2013 ). Ensuring
all footprints conform to an scceptable degree of acairacy has
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become a enitral idea, controlled much more closely throagh the
verification process. Finally, the GHGS included are aligned with
thase outlined in Wrght et al (2011), who formed a definition
indusive of only two GHGS (D, and CH,) based on their mnitri-
bution to global anthropegenic emisdons. This standardisation is
important owing to the varability found in all standards and the
literature; with suthors fsouring solely the sccounting of O0n
(Sanch as Recker et al, 2001 ; Chakraborty and Roy, 2013; Rietbergen
et al, 2015), or the seven Kyoto basket GHGs (relemed o 25 a
i be fm:l‘.pd'lﬂ:'] (Dragomir, 2002; Williams et al, 20012k
Matisofl et al, 2013}

42 Cut-off ariteria

The difficulty in assigning responsibility for emisions has been
well documented and still remaine 3 highly divisive topic in the
Ditesr atiite (Bastianoni e al, 2004; Stbbs and Downie, 2001) Fos
internal wse, aron footprints that detsil the emisions arisng
Trovm all activitie s under the infl e noe of the report ng org anisation
are s highly wsehsl decision-malking tool (Le neen, 2008 ) that allow
organisations o exert 4 greaster degree of control over their activ-
ities which impact on the environment (Dragomic, 2002 Upon
spgregation of multiple organdsations comprising a sector, the
resail tineg figure is artifbcially inflated and the sccuracy imde mined
(Dragomir, 2002, therefore proving to be leis efective for carbon
mansgement on a sector-wide scale (Andrew amd Cortese, 20111
Cut-oiT eriiteria e stablish 2 set of nules that aosist the enid ronmental
praditiones in deciding whidh sctivities shoild be inchsled amnd
which should be excluded in their footprint [after organitionsl
and operational boundaries are set |Dias and Aroja, 2002]L Thus,
theey alTer & paotenti sl way of i mproving the scouracy and wsability of
reported figures and assist in addressng |i ] and [ii 2] in the list of
s es ouwtlined above.

Simple criteria comprise: i) the exclusion of paid-for Scope 3
produds and senvices (a5 these are the Scope 1 of 2 emissons of
another organisation); i) the exclusion of sctivities with any poten-
ia ] o b conibed & Bewiene and i ) inchede the business-critical and
geopraphically sipnificant sctivities (ie. Scope 1 and 21 ° The poten-
tial for doubile counting s eradicated becairse only emission- rele ses

4 These are inciofsd ax Sefzl, Soe w3 rebest 3sSgning metadslogy being
almady whdely acoaped by e acd ST COMITENITE.
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arising from production-relaed” sctivities would be repored by
organisations and aggregated by sectar. Activities along the supply
chain are sxigned o the producer, meaning that time and financial
savings can il be reslised for the reporting organisation. The con-
sequences of introducing an-ofk can be seen in the final col umn in
the Supplementa ry Material; the numibe rof constitue nis now equals
90, Yer, fully removing the sbility for organistions to wnderstand
climate impacts st this scale would be die o
their usefuliess in siding policymaking dedsions. Therefore, we
proposs that twe figwres dhould be produced by organisations: i)a
“catch-all figure that is used for internal strabegic carbon manage-
ment planning and i) a ‘minimwm standand” that detail emisions
through the employment of the cut-off criteria

Certainly, the we of cut-olfsisn’t without controversy and have
been dismisved in the past for their tendency of being arbitrary and
for producing inconsistencies (Heang et al, 2005 Pelletier et al_,
2013) Whilst this isnt the anly propeed slution to deuble
counting of sggregated organisation emissons (shared re-
spondbility, has been shown to be an effective compromise
|Gallegn and Lenzen, 2005 & Lencen et al_, 2007 ], our propasal for
three well-defined instructions addreses ssumptions and
streamlines the proces from beginning to end. This is sdvants-
geous because often, the greater the time spent collecting and
preparing information for ofganisationsl carbon foolprints, the
costhier the proces becomes (wiilst i mprovements Lo Socuracy ane
negligible) and the |ess accessible itis [ Plambeck, 201 2] Eve ntually,
& threshaodd is resched beyond which the oost o the organd sition
exceeds the exploitable benefits (fthe lyw of dimini shing retums
|5hephard and Fare, 1974]) Therefore this methodaology, which
prioritives directly influenced and production-hased emissions,
remines barrie rs o carbon Kotprint ng by &g of g nisations
remain B remaoved from any threshold.

With the number of envimnmentsl carbon standands growing,
the introdiction of 2 new coiild “muddy the water of
an already complex field Despite this and the disadvantages noted
by some on the we of cul-offs, there is 2 global market for process
standarditation which supports 3 move towards 3 universal
approach presented here This is demonst rated by the existenee of
organisations such a5 150 (which in-turn is comprised of repre-
sentatives from 162 nationsl standand-setting bodies), ASTM In-
temational and the Intemationsl Electotechindcal Commission,
whom combvined, are responsible for setting more than 50,000
stamdands worldwide 1t i important that standards are fi-for-
purpese and therefore, challenging and promoting the sdoption
of new approsches, designed and chosen by users themselves is
w hally advantageous.

Beyond the mone immediate regulstory messures which onga-
nisations are governed by, having 2 dear understanding of envi-
ronmental impacts allows for better contingency plan and
improved recogmi tion of e merging risks (of oper ations 2 md fin g al
investments) [Hoormwes et al_ 2001 This sllows of gaiiss ans ta
e better plsced in contribag ing te society’s climate sdaptation in
the coming decades (Hulme, 2003; Linnenlvecks amd Griffiths,
2010), whilst facing up to the incressing significance placed on
biiness resilience throdgh good carbon mans gement (Williams
et al, 2012ab). The appetite for honest e mironmental clims has
never been greater, coupled witha growing populs ity of consciouws
consumerism (Sullivan and Gouldson, 2012) Organisations il to
engage on this agenda at their peril, a5 Cailing to do sowould mean
misging ouf on 4 vast swathe of pobential customers amd revenipes.

* Produc ton-based am alk o e e ang; whar g d
ey, el ORI b ameallk die
[4 el e [Hzarmee g o al, 2000}
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4.3 Undversity aarbaon foogrings: practical realinies

Evidently, 2 “one-sire-fits-al" approach is common scros sl of
the emd ronmental standands interropated. However, il remains to
e seen how suitable this approsch i in promoting pragmatic
carbon management in the real workl Arguably, the lack of GHG
reporting of Scope 3 activities by organisations is indica tive of de-
T encies inthe methodology. For universities inparticula s funding
pressures and time astraints are the reasons most cited for
avoiding or underperforming on carbon mansgement, which is
exace thated by the changing influence of policymakers. Currently,
the sector is facing a lack of diredion on carbon-related policies,
especially in regards tothe mansgement of Scope 3 emissions. The
isses arigng from this are only just starting to be realised For
instance, there are early indications that predict 2 oillective (e
on targets enacted in 2010 to reduce Scope 1 and 2 emissions by
2020 [wisere 2015 represe nted the halfwny point) [Fobinoon o al,
2015) The lack of cohedon and clear diredion is having tangible
and potentislly damaging consequences, whilst the bodies that
control both the direction and pae of progress, have seen their
influence wax and wane comncurrent UK government
shake-ups over the last decade (Universities UK, 2005

A streamlined and prescriptive methadology, based on empir-
ical evidence, emerging out of a sector-wide collsboration & a
legical first step in addresdng these isawes. Whilst it oot be ssid
that scientific expertise is lacking or governments have been
insctive in this field (in fcr, DEFRA itsell commisdoned an input-
output asessment of UK emisions (Wiedmann et al, 2009); data
wiich organisations can use to Support 108-based footprints), the
knowledge within universities needs nurtwering. Similarly, 2
perceplion that collecting data (internally and fom externsl ap-
pliersjorganistions) is an olstacle to developing relisble GHG
asesiment has emerged, despite readily sccessible financial ac-
conits, with which detail ed wpstre am otprints can be caloulsted
{(Wiedmann et al, 2005, Townsend and Barrett, 2015) Now mone
than ever, there i 2 requirement for clarity in a time of significant
change for carbon mansgementinthe sedor. With the introdudion
of mew i ng policies and universities playing an increasingly key
rale in local and national poliormaling the tradi tional sutputs of
i versi ties | the imiellectusl “sssets”| Colli ni, 201 2]) are being tested
sl deve kiped. HES are wiede r increxsing demaik b demanstrals
thesir dlivect financial contributions to the ecomomy | Erz kowite e al_,
20007 and x5 a resul, growth and expansion have been inevitable.
Although whally welcome by those responsible, the impact an
indirectly infl uenced emisions is unknown and for these rexsons,
the futre for Scope 3 carbon management in particular remains
e rtain.

Universities act to trander knowledge between industry, gov-
emument and the pubilic (described by Etzkowitz | 1958 )25 the triple
Thelix maodiel) and for this resson, can aloact x5 good influencers of
carbon mansgement in wider sodety and other arganisstions
{Lozano et al, 2013) Rapidly changing estates, transient pop-
wlations and different scademic specialisms mean that the variety
Al i nvtensity of sctivities are in constant Mo with timings dictated
Iy the strudure of the scademic year) (Flint, 2001 | Critically, they
Tl thee el ves meeding to Rulfil certain mandatory respondibil ities
and activities, which are driven by their research, tesching amd
i ation-based agemndss. Cons: sctivities dominate
the emission profile, whilstadivities swch a5 travel, procurement of
comstruction are inherently strategic, important and thus une
avaddable [Oerwa-Meids o al_, 2011) Those that work and stisdy at
university will spend a large majority of their lives there and o,
imvesting in sustainability indtistives at the grassroots level through
HE can and will have wide resching bensdlts to students and stall
Tor the rest of their ives{Zooka et al, 2013); and not krgetting the
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societsl benefits too. To add to the significane of Scope 3 emis-
sions, the emerging commaodification of HE has promoted in-
S Titiiti ons bo establish campuses inter nationally, in ofder to cater for
il exploit the demand in HE amoumd the wodld {Lnive sities LK,
2012); such &8 im Sowth Exct Asia (Altbach e al, 20067

4.4 Uiiversity carbos foolprinte sooped-oil ddivilied

Table B dwws site-specific activities listed under each of the
150-designated emision catepories and the treatment applied
under the propeed methodology Some may argue that the
treatment of these sctivities could provide a case for universities bo
abvstain on carbon mansgement because the majority of Scope 3
sources are exduded Likewise the shifting responghbility of
emisions from the HE to their suppliers could enabile jneti tutions
to continwe their curment trajectory of growth and increasing con-
sumplion without due regard for envirnmentsl cofdequences
(Jacksom and Knight, 2001 L Whilst this may hold some weight, the
rexson this has been allowed to fowish alresdy can in-part be
attribasted to the policy S tustion slready described The methad-
ology outlined here congders these isues in 2 member of ways and
allows i net tutions o2 ddress them individual by, Firstly, wniversities
are dill held to sccount becare of the emphasised importance of
developing full-scope carbon footprints for infermal 1=e (o aid
carbon management) and secomdhy, the reporting has been made
ensier for GHGS within thei r organisational bowndany

A res iy b ry mow Talls onibo the variows agendes that govem
the HE sector to foster ool lsboration on wnderstandi ng an i ndivid-
wal institutions carbon mansgement needs. Ensuring that in-
stitutions ane abie to report data (currently controlied by HESA
using the Higher Education Information Database for Insti tutions
(HEIDT) and are avmpared faidy (by ising carbon intensities to
compare similar-sired institetions) removes the mamy winwanbed
barfiers that cin pose & thireat 1 sdedit o, this Stisdy shodld Serve
a5 awakeup call to palicymakers and institutions that more work
neads to be done to decouple growth from emissions (Pelletier
el al, 2013) This joins those from other scademic research and
grasaroots movements (such a5 the global divestment movement
and rootAbilitys Green Office initi stive) Whilst universities should
retain the rght togrow national by andi nterms tionally, rew wans of
delivering HE with a lower emdmamental impact must be 3 pri-
ofity, whether mansging the estate more efficiently or chall enging
the traditional methods of tea ching to favouring distance -leaming
and offste degree courses (Barber o al, 2013 Roy et al_, 2008)

The e of carbon @n xss in creating better

by il viclieals im organdsations like HER (Faeson and
Seripple, 2000). As individusl stikshalders of HER, getting staff and
Students to take a more central rode in contribating bocarbon man-
agement is important in fosterng < gnifant reduct ons. A cost for
carbon, in-line with the published fgure of the sodal cost of carbon
(the oot 1o Society &5 4 resull of environmental damage caused by
anthropogenic GHG emisdons) could be introduced by manufac-
ture s and purveyors of servie £ This would negaie amy posibility of
alkvwing st and students carte blandie an highly-conaming be-
havisurs Consequently, the cost of emissions is borne by the con-
sumer and s a polential winrwin Seenario is presented. This
influenes the behaviowr of the consumer through selecting prod-
it and services with the least emironmentall y damags ng creden-
tials. In-turn, the provider adapts o remain competitive
anl it rarkoet-shune ) Grote et al. (2014 considered this i an
example of the xistion industry - by incexsing ticket prices for
Mights x5 a means i reduce svistion emisions, onsiderable emis-
sions sanvings coukd be predicted However, the low probalbility that
strong policy decisions will be taken oflers litte cortainty sbout the
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5. Conclusions

Scope 1 emidions represent the lirgest proportion of the
organisational carbon fotprint, but are sekdom the priorty in
carbon management policies [ Drawa-Meida et al, 2071 L The thres
mixt influential barriers o aSessing and reporting indirea GHG
emisions from upstream and downstream of the o gandatiomnal
boundary of HEE have been identified as time, cost and data reli-
ability. HEE transpose key theories from guidancs moles, i ntended
o e suitable for all organisation types Along with inmnsistencies
in the grey literature, a limied number of institutions have a
detailed understanding of GHG emissions asocisted with all of
i dlirectly and indirectly inflive noed setivities.

A universal methodology which takes a congistent and trans-
parent approach for practitioners in assessing the carbon kotprint
of HEls is proposed The input of emvironmental practitomers
themsehves during its development has sought to encure this
methodal ogy is user-friendly. We have shown that whilst the vir-
e of wnderstanding all emissions for which an organ sation is
responsible are dear for implementing appropriste swstai nability
imitia thves, when reported, inherent double-counting wndermines
conclhsions that @n be made about entire economic Sectors
Therekre, the wse of fidl-scale footprints e inter nal pur pobes and
thee exttermual re porting of production-based emiss ons are proposed
With the latter, cut-olfs that exclude paid for services are outlined
o rediwoe the finameia] and termporal cost sesocised with reporting
and data collection. We think that odwr approsch amd undversal
methodal ogy would be suitsble for adoption by all types of orga-
misations, regardles of region or sector.

The year 2005 represented the halfway point between the
setting of institutional targets in 2010 to reduce Smpe 1 and 2
emisions by 220 (HEFCE 200100 The interest amnd desire to
manage indirect GHG emBiions eXigts in the HE s&a of todsy, bist
the tools in arder to do this are yet to be put in pisce_ Carbon
management will be a comerstone for insttwtions aspi ng to grow
internationally st 2 time when sdvocating susta nability and low-
carbon production is high on the list of priorities (Lozano et al,
201 3). Clearly, the time to act is now.

This paper forms the basis of efforts to improve Scope 3 GHG
emision raparting rates ko HEK. Future work 2ims 1o investig ale
the cument practices that HEE umndertake bo asess their GHG
emisions using these tedumiques in order to build wpon the find-
ings presented here_ |dentilyi ng exactly which of the barriers rec-
ognised by pracditioners can be addressed through empioying a
streamlined carbon footprint methodology will extend the scope of
this research Inparticular, the degree to which this method losters
maore efficient use of the time and financial resounces svailable to
non-technical personnel (such as the university environment
managers that formed the basis of this reseanch) will be the subsject
of further study.

Acknowledgenents

The provigon of hending from EPSRC grant EP/GOGGR06/1, the
Indiestry Dowctoral Training Centre in Transport amnd the Envimod-
ment is gratelully scknowledged The suthors are alio graefl to
the Eststes and Facilities Department ot the University of South-
ampton for their financial contribution tothis research A version of
thee supporting data set used in this gudy i openly available from
the University of Southampton data repository service at:
doi: 10,5258 [SOTON/ 403451



Appendix A

. Rvlinsnaar ol | jhawal of Chaomer Pevdsosn [T (2005 ) 40854465

Carbon mansssmunt st universitis: towsrds § unbversal
mihed for caleulating soge 3 emistor

This questionnaire allws you o hrsa your s on what you want to sas from 8 unharsal and
orprahanshe sot of ndedry ko fortpdniing guidelinec. By ooorglaling H, wou awsnt to tha
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| Section 1: You and your Insttirtion |
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