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Executive Summary

An Ecological Footprint for the University of Eashglia (UEA) has been calculated and
used as a basis for recommendations to improvaisasility at UEA. The Ecological
Footprint measures a population’s consumption aadtey and compares this to the
planet’s biocapacity. Criticisms of the Ecologi€alotprint approach are evaluated in this
report, and our approach to these shortcomingseisepted. Furthermore, transparency
and explicitness of methodology are emphasised wdadculating and presenting the

Ecological Footprint of UEA.

Currently, there is no standardised methodologyctdculating an Ecological Footprint.

The method utilised in this analysis was deriveaimfrconversion factors based on
professional Ecological Footprint consultancy pedtiions. A component analysis is used
to calculate the contributions of energy consunmptteansport, water use, built land and

waste to the UEA'’s total Ecological Footprint.

The total Ecological Footprint of UEA is calculatiedbe 13,160.59 global hectares (gha)
per year. This figure can be converted into an &giohl Footprint 0.88gha/year per full-
time student. The most significant factors in UEAsological Footprint are waste,
which is 59.5% of the Footprint, energy, 29%, anach$port, 10.3%.

The Ecological Footprint calculated in this stuayld be refined with additional data to
remove the assumptions in the calculations, but tould only be achieved with
improved data monitoring. The Biomass Plant culyeunder construction will reduce
UEA'’s Ecological Footprint by approx. 6%. Howevefforts should be concentrated on

reducing waste, as this is by far the largest carapbof UEA’s Ecological Footprint.

There are several groups currently working to redihe University’s ecological impact.
This analysis provides a strong framework for camnig efforts in a manner that can
communicate the immediate priorities for improvthg sustainability strategy of UEA.
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1. Introduction

The Ecological Footprint is a tool increasingly déoyed to quantify human use of
natural capital and can be utilised at many sc#les) the individual to the planet. This
report utilises the Ecological Footprint approashguantify the ecological impact of the
University of East Anglia (UEA). This is achieveg bpplying an Ecological Footprint
component analysis, quantifying five factors thantcibute to the institution’s Ecological

Footprint.

The overall aims of the project were to:

1. Calculate an Ecological Footprint of UEA that isiaslusive as possible, given
the time and data available.

2. Use the resulting Footprint analysis as a basigdoommendations to improve
sustainability at UEA.

3. Evaluate how our Footprint analysis may be use@& a®mmunication tool at

UEA, and how the analysis could be improved andiegpd in the future.

In order to achieve these aims the report is ggfit 8 sections, beginning with section 2
that introduces the concept of the Ecological Faotmand outlines its key limitations.
As the Ecological Footprint is a highly contestesh@ept this section explains how this
report will address the shortcomings. Section@/ioles a comprehensive explanation of
the methodology used in this study to calculateBbelogical Footprint of UEA, and the
detailed calculations involved are provided in agpe 1. Section 4 presents a summary
of the results by component and the total Ecolddt@mtprint of UEA, the results are
also displayed in a pie chart which clearly illasts the relative significance of each
component. Section 5 provides a discussion anli&vwan of the results, indicating the
strengths and limitations of this study. The faliog section 6 provides some
recommendations for how UEA could reduce its EccllgFootprint based on these
results. Section 7 evaluates UEA’s current envitental strategies and discusses how
the Ecological Footprint could be incorporated agahiable communication tool into

future projects designed to increase the Univéssgystainability.
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2. The Ecological Footprint

This chapter will introduce the Ecological Footpridescribing the need to quantify
biocapacity and the principles outlining the corceft will explain the basic
methodology for calculating an Ecological Footpriabhd will define some of the key

criticisms of Footprint analyses.

2.1 Quantifying Biocapacity

The impacts of humans on the planet have reachesh@mecedented level. Through our
patterns of consumption and waste, we are drantigt@iéering biogeochemical cycles,
the composition of the atmosphere, the number asttiition of species and the
structure and functioning of both terrestrial argbanic ecosystems (Vitousek, 1997).
Along with the system changes that are observabig, the earth potentially faces
irreversible and catastrophic system feedbacksyAdt al. 2003). These environmental
changes will continue to affect resource availgbdnd human survival whilst the natural
capital continues to be exploited beyond its regene capacity (Wackernaget al.
2002).

The UN-mandated World Commission on Environment Begielopment pioneered the
term ‘sustainability’, which has become the dominahetoric in national and
international policy. We are increasingly awaretloé need to live within the planet’s
means, to practice development.that meets the needs of the present without
compromising the ability of future generations teettheir own needgWCSD 1987).

Such a challenge requires a means of quantifyingimpact on the planet and its
resources, and measuring this against the plaoetient ecological limits (Moraat al.
2008).



2.2 Ecological Footprinting

The Ecological Footprint is a resource accountingl tthat measures how much
biologically productive land and sea is used byieem population or activity, and

compares this to how much land and sea is avail#lees and Wackernagel, 2009). It
was developed in 1990 by Mathis Wackernagel andiaivilRees as a means of making
our ecological constraints clear and our sustalipbstrategies more effective and
livable (Rees and Wackernagel, 1996).

The Ecological Footprint is an aggregate indexoiiporating all the materials consumed
and the wastes generated by the unit in questibesd materials and wastes demand
ecologically productive areas to provide resouloe'd and waste sinks, such as cropland
to grow potatoes or a forest to sequester carbaxid# emissions (Kitzes and
Wackernagel, 2009). The Ecological Footprint aimdeétermine the total amount of land
required to support these consumption-related resdilows and waste sinks (Rees and
Wackernagel, 1996). To accomplish this, an amountmaterial consumed by a
population or activity is divided by the yield dfe land or sea area from which is was
harvested or where its waste material was absorbeel.hectares that result from this
calculation are converted to global hectares (gis)g yield and equivalence factors
(Kitzes and Wackernagel, 2009). The sum of globattdres needed to support the
consumption and waste patterns of a population roraetivity gives its Ecological
Footprint.

2.3 Global Hectares

The translation of consumption and waste pattertasthe equivalent area of ecologically
productive land required to produce resources dosbra waste is central to the
Ecological Footprinting method. This ecologicallyroguctive land is given a

standardised unit: Global Hectares. Global hecteepgesent hectares with the potential
to produce renewable biomass equal to the worlditergial average of that year
(Monfreda et al. 2004). The use of a common unit makes the resiltEcological

Footprint analyses globally comparable (Kitzes aNdckernagel, 2009), similar to
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financial evaluations that use a single currencgoimpare financial flows throughout the

world.

The concept of quantifying the earth’s ecologicalits is not restricted to Ecological
Footprinting. There have been several attemptaiémiify the planet’s biocapacity using
financial evaluations, such as Costaetal’'s. (1997) monetary analysis that values the
biosphere at US$33 trillion a year. The creatorshef Ecological Footprint argue that
whilst such monetary analysis is an excellent nektlod raising awareness, it is
essentially misleading as it suggests substitutpalfilVackernagekt al., 1998; Rees and
Wackernagel, 1996). The Ecological Footprint metbbdising bioproductive land as a
proxy for waste and consumption patterns commuesctite finite character of the planet
in terms that are far more readily understood (Véat&geket al. 1998).

2.6 Ecological Footprint: from individuals to the danet

One of the key strengths of the Ecological Footprgnmethod is its applicability across
scales. Ecological Footprint accounts have beerulzded for the planet (Wackernagel,
et al.,2002; Ewinget al. 2008), for nations (Wackernagatl al. 1999; Moranret al.2008;
Bicknell et al. 1998; Haberlet al. 2001), for cities and regions (Warren — Rhodes and
Koenig 2001; Hanleyet al., 1999, Collins,et al. 2006), for businesses, activities and
institutions (Chapagain and Orr, 2009; Rees andkéfaagel, 1996; Hervet al.,2008)
and for individuals (Redefining Progress, Globalofpoint Network). Since its
development in 1996, the Ecological Footprint mdtiogy has been applied in

thousands of contexts, and its flexibility and adhpity make it practicable at all scales.

2.7 Critiques of the Ecological Footprint

The Ecological Footprinting method has been utliaeross the globe in many different
contexts. Many scientists, policy-makers and astsvhave welcomed the advance of this
sustainability index as an effective device forgemring human resource use in an easily

communicable way (Costanza, 2000). However, as ppularity and use of the



Ecological Footprint has increased, so too hasdy lmb criticism against its principles
and method. Critics argue for a systematic apgrai$athe shortcomings of the
Ecological Footprint, particularly because its chpse to recognition has preceded any
critical evaluation of the techniques underlyingRiala, 2008; van den Bergh, 1999).
Several criticisms of the Ecological Footprint amnsidered here under five categories:
its use as an aggregate index, its consideratiotramfe and also of technological
advances, the arbitrary nature of boundaries amdatttors that it does not include. This
list of critiques is by no means exhaustive, batudes the key criticisms that have been

raised over the last ten years.

2.7.1 The Ecological Footprint as an Aggregate Inde
A recurrent criticism of the Ecological Footprintlates to how it provides a one-

dimensional indicator by summing up all the ecataiimpacts associated with
consumption in terms of land use. Its creators taairthat as an aggregate indicator the
Ecological Footprint is a powerful decision-makitegpl (Rees and Wackernagel, p.17,
1996). It allows policy-makers to quickly monitonet sustainability of consumption
patterns, and assess whether human demand is withiamount that nature can supply
(Wackernageket al., 2002). However, critics of the Ecological Footprargue that a
single indicator cannot accurately reflect the dgite and detail of consumption.
Costanza (2000) and Opschoor (2000) both cautiah gblicy-makers are usually too
busy to consider the detailed information behindaggregate index. The uncertainties,
weights and assumptions involved in creating theldfgcal Footprint are ignored, and
without this information the Footprint can commuate very little. Rees and
Wackernagel (p. 17-18, 1996) are familiar with thigicism, and agree that, like all
ecological models, it is necessarily simplified aahnot include all interactions. They
argue that it is an under-estimation of humanitgted and resource requirements, which,
whilst not precise enough for managing naturel gtdvides challenging guidelines for
managing ourselves in a more ecologically respdmsiiay. Other authors remain
sceptical of its use even as a communication tval, call instead for the use of multiple,
complimentary indexes to better represent resowaesumption (den Bergh and
Verbruggen, 1999; Opschoor, 2000).
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2.7.2 Boundaries in Footprinting
One of the most common applications of the Ecolmdiootprint is at the level of a city

or a nation (e.g. Warren — Rhodes and Koenig 2Bhleyet al.,1999, Collins,et al.
2006). Opponents to the method argue that frornaim@mental perspective, historical
and administrative borders are arbitrary. Consetypjemather than measuring the
sustainability of a region or nation, Footprintiagthis scale measures the inequality of
wealth distribution (den Burgh and Verbruggen, 19B&la, 2008). For example, the
difference in the per capita footprint of Canada &enin is due to the differences in
consumption between the two nations, which in tamue to the differences in per capita
income. Furthermore, even within one region oramative are likely to find similarly
large differences. This variance is ignored in Emdlogical Footprint, which instead
makes strong assumptions about which consumptiesl lgithin a region to consider
(Fiala, 2008).

2.7.3 Trade
Proponents of the Ecological Footprint tend to dall self-sufficiency over trade

(Wackernagel and Silverstein, 2000), a view thet akso riled critics. Proponents of
Footprinting argue that the current economic stjiate of countries like Singapore, the
Netherlands or Switzerland can only operate byndngi other regions ecologically
(Wackernagel and Silverstein, 2000). The expansibrvorld trade and production
accelerates global resource depletion, and as owrsuare regularly spatially and
psychologically disconnected from the resources ghatain them, they have little direct
incentive to conserve these resources (Wackernagel Rees, 2006, p.20-21).
Wackernagel and Silverstein therefore argue thatealthy global economy should
encourage development that does not depend orasingeimports of ecological capacity
from elsewhere .".for the pragmatic reason that we are running ofitelsewheres”.
(Wackernagel and Silverstein, 2000). Converselyst@wa (2000) argues that trade can
be sustainable, and a weakness of the Ecologicalpfnt is that it simply doesn’t
distinguish between ‘fair’ and ‘unfair’ trade, oetiween imports from sustainable and
unsustainable land use. In rejecting trade, thddgemal Footprint neglects comparative
advantages of regions related to resource distoibuspace and population density (den

Burgh and Verbruggen, 1999). Ayers (2000) notes tifsale actually makes it possible
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for areas to increase their carrying capacity bgharging one type of available

ecological service with another that is locallydequate.

2.7.4 Technological Advances
Another criticism of the Ecological Footprint isathit cannot predict future growth in

consumption as it does not account for changescimiblogy (Fiala, 2008). Wackernagel
and Rees (1996) argue that technology improvententl either reduce or increase our
demand on the planet’s resources, and that whdetpfinting methods cannot predict
this they serve as an important measuring rod oigness towards sustainability.
However, Fiala (2008) questions the ability of tBeological Footprint to monitor

sustainability. Taking the example of intensive &stensive production, he shows that
intensive production, facilitated by technologicativances, is actually considered
beneficial by the Ecological Footprint as it takgs a relatively small amount of land.
However, intensive production tends to increase teyatand depletion and land

degradation. Footprinting would show extensive paiidn to be more environmentally
damaging because it involves a greater land afgregugh it could in fact be far more

sustainable that its intensive counterpart. Thus asgion moves towards increasing
intensive production it could be seen under Ecalalgrootprinting to be moving towards

sustainability, when in fact the impacts of inteesproduction are far from sustainable.

2.7.5 Exclusions from the Ecological Footprint
Through aggregating information into one indexticsiof the Ecological Footprint argue

that not only is the detail within this informatidost, but several key factors are
excluded. Biodiversity, along with associated valsach as species scarcity and habitat
uniqueness are not accounted for in Footprintingr{ldinus and Haughton, 2006). As
discussed above, the differences in sustainable nmmdsustainable land use are not
accounted for, so for instance the impact of omaws. conventional farming on

biodiversity is not considered under current EcaalgFootprinting.
Land degradation through contamination of the aphese, water sources and soil are

not addressed in the Ecological Footprint. Ayer§0@® argues that in focussing

exclusively on carbon dioxide, methane, anotheroitgmt greenhouse gas, is ignored.
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Sulphur and nitrogen emissions from fossil fuel stonption are similarly neglected in
Footprinting, though both may have important ecwmalg consequences such as
eutrophication.

Holmberget al. (1999) also noted that waste assimilation beyombdaradioxide is not

generally considered in Footprint assessments. @iseyss in detail the possibilities of
including waste in an Ecological Footprint, and dade that where assimilation
capacities in the ecosphere are known for certaipstances, a Footprint for that
substance could be calculated. However, for theontgj of waste substances, an
Ecological Footprint cannot be applied as the assiion capacities are not known and

so they would have to be accounted for some otlagr w

Some critics have expressed concern that wateroisgiven sufficient attention in
Ecological Footprinting, and it is regularly excaglfrom accounts despite its central
importance to resource production and human sur¢gdMamanus and Haughton, 2006,
Holmberget al. 1999).

Finally, since the Footprint considers only theaflof consumption and some waste, it
does not account for many important qualitativeeatpof resource use. For example, the
impacts of slash-and-burn harvesting in the ragdbrare not considered, nor is the
killing of dolphins associated with tuna fishingdlshberget al.,1999).
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2.8 How will we address these shortcomings?

We consider that there is a need at UEA for a nmarleisive focus on sustainability, and
believe that an Ecological Footprint analysis copfdvide a powerful communication
tool for raising awareness. We agree with ReesVdadkernagel (1996) that despite its
shortcomings, the Ecological Footprint can provadmeans of addressing consumption
patterns and improving sustainability. However, widl address these criticisms as
follows:
» We will endeavour to make all our calculations att assumptions and
weighting involved transparent, so that any polayfuture calculations made

using our work may consider the entire processjusttthe end result.

» We have included this summary of criticisms levedé¢dhe Ecological Footprint
in order to make readers aware of both the strengtid weaknesses of the
measurement.

> We will include water in the calculations.

» We will be explicit not only about what we have limed, but also what is

missing.

» We will suggest where future work could improveaur Footprinting, including

the use of other indexes to supplement the Ecabgicotprint.
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3. Methodoloqgy for Calculating UEA’s Ecological Fogprint.

After several weeks of research it has been sumghs difficult to determine a

standardised methodology for calculating the EdokigFootprint of an organisation.
This is because although there are many basiclasdcs available on the internet which
claim to provide a personal Ecological Footprind awo global organisations who are
competing to make their methodology for calculatngation’s Ecological Footprint the
standard measure (namely the “Global Footprint Méetivand “Redefining Progress”),
there is little information regarding the calcubeti of an organisation’s Ecological
Footprint. It seems that due to the growing marketcalculating an organisation’s
Ecological Footprint, and the greater utility ofchuan approach, the consulting
company’s who are now profiting from calculating offigical Footprints for

organisations have become more secretive with teeimiques.

However, after contacting the Global Footprint Netkvand “Best Foot Forward” (an
Ecological Footprint consultancy based in Oxfort)have been able to derive a
methodology from their recommendations and fromeotBcological Footprint studies
for organisations. At this point we would like tbank Kevin Lewis at Best Foot
Forward for his valuable guidance and advice wajards to calculating the Ecological
Footprint for an organisation. He recommended kesptexts which have been used as a
basis for the calculation of the Ecological Footpof UEA, these were “Sharing Natures
Interest” by Chambers, Simmons and WackernagelQR@0d “Stepping Forward: A
resource flow and Ecological Footprint analysistieé South West of England” by
Chambers, Child, Jenkin, Lewis, Vergoulas and Wént¢2005) which was part dfhe
Stepping Forward Report Seriesnducted by Best Foot Forward Ltd.

Without Kevin’s help and the recommendation of &é&go texts it would have been very
difficult to derive an Ecological Footprint for UEAs there is simply no standardised or
freely available methodology for calculating theolegical Footprint for an organisation.
Although the Global Footprint Network defines stardt for Ecological Footprint

accounting, they do not freely provide any instiartt for methodology. Unfortunately
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the tools that they do provide are only availalila significant cost (min €570 for the
“project license” of their National Footprint Acaots, see: Global Footprint Network,
2009) which was beyond the financial resourceslabiai for this project. However, by
using the texts mentioned above a reliable metloggyofor calculating the Ecological
Footprint for UEA has been derived based on comver@bles used by the Ecological

Footprint consultancy Best Foot Forward.

3.1 The Ecological Footprint Data Collection

An Ecological Footprint is a very broad conceptdascribed above in section 2) and can
cover an almost infinite number of factors. Therefany study needs to define its limits.
The limits to this study are due to time constiamd data availability. Our group has
worked hard to contact the relevant people whonemd&ing on similar projects across the
UEA campus, and have being able to form some vegful relationships. We have
collaborated with Elaine Colk, who runs an Envir@mtal Sciences Masters course in
“Environmental Management Systems” at UEA and heenbworking on collecting data

that can be applied to an Ecological Footprint gsialfor the past 10 years.

After several meetings with Elaine and her Masteosips who are working on collecting
the most recent set of data, we acquired as mlebharg data as possible and learnt how
difficult they have found it to acquire the datéhis is due to a complete inadequacy of
the recording of various sustainability measured adack of communication between
relevant departments at UEA. It seems that althduBA is making significant efforts
to become a low Carbon campus, there is very kitiert being put into recording waste
production, transport use and sustainability ofcprement. Therefore data for some of
the factors that we initially wanted to include anr Ecological Footprint analysis of

UEA were simply not available.

Although the majority of the data was derived frogsearch carried out by Elaine Colk

and her Masters course students, we have alsoUlEsat most recent transport survey,
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a report on transport at UEA carried out by Keitbv@y (UEA) and GIS analysis to
calculate our results.

3.2 Calculating an Ecological Footprint

The Global Footprint Network publishes the “NatibRaotprint Accounts” every year,

using an Ecological Footprint methodology knowntlas “compound” approach. This
approach captures all resource use, including tnaidkin a geographical boundary, and
is measured at a national level (Chamlaral, 2005). The National Footprint Accounts
also provide equivalence factors, which enable tomversion of data into the

international standardised unit of the global hec{gha) (Chambet al, 2005).

Although the National Footprint Accounts represéme global Ecological Footprint
“gold standard”, they are not directly applicabte dn organisation, or immediately
relevant to national or regional policy-makers,tlasy do not relate to policy areas or
activities such as waste or transport (Chamistral, 2005). In order to make the
accounts relevant to an organisation, a componetitadology can be employed. This
involves the analysis of key activity and policyeas, such as the production and
consumption of food, domestic energy and persamaalsport (Chamberst al, 2005),
and will be used in order to analyse the Ecologkabtprint of UEA. Although this
approach is the only feasible methodology for dakg the Ecological Footprint of an
organisation it does have several disadvantagéss i3 mainly due to data availability
and reliability, which makes national and interaaéil comparisons difficult (Chambers
et al, 2000). Furthermore, assumptions must be takemdar to fill in the gaps in the
data and so even direct comparisons between oggams may be inaccurate. Another
problem with the component methodology can be dowdunting when adding the
component footprints together, although when caloud the Ecological Footprint for an
organisation this is not a problem (Chamkbedral, 2000).
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3.3 The Geographical Principle

Before an Ecological Footprint of an organisatian be calculated, the boundaries of the
study must be defined. The boundaries can incatpoeither be the organisation’s
footprint (geographical principle) or the total somption associated with the
organisation’s population (responsibility principl€Chamberset al, 2005). For this
study the geographical principle was employed,t as the only feasible boundary that
can be applied considering the limited data thaavailable for UEA and the infinite
difficulties that would apply to collecting datarfthe total impact of the population of

UEA in all aspects of their lives.

3.4 The Component Approach

In order to analyse the Ecological Footprint of UEWis report has employed a
component approach utilising the most accurate ugritb-date data currently available
for UEA.

The components that will be analysed are:
Transport

Energy Use

Water Consumption

Waste

Built Land

YV V V VYV V

These components represent the main categoriesnjpdct of UEA on the natural
environment, and the data that is currently avildr UEA. In order to calculate the
total Ecological Footprint for UEA the individuabmponent Footprints will be added
together, and then presented as a percentage tift#thé=cological Footprint to illustrate

their relative significance.
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3.5 How UEA'’s Ecological Footprint was Calculated

The following sections show how the Ecological Fpomit for each component was
calculated.

3.5.1 Transport
To calculate the Ecological Footprint of the trams$pf staff and students at UEA the

following conversion table will be used, which isrived from Chamberst al. (2000).
The conversion factors are based on fuel consumptigplift for construction,
maintenance and infrastructure, an estimate fooriomed road/rail space and average

passenger occupancy. For further details seegn@.150 of Chambeet al. (2000).

Table 1: Conversion factors for Various Modes ddrigport

Mode of transport Conversion factor (ha-year per 100 passenger kilometres)
(B)
Car 0.09
Business flights by staff 0.08
Bus and train 0.03

(Source: Chambegt al, 2000: 86).

The data used to calculate the amount of passdaigeretres travelled by car to UEA is
based on a report by Keith Tovey (2009) “Carbonxizie Emissions associated with

Commuting to UEA” which was funded by Carbon Corntiwets.

To calculate the amount of passenger kilometralied by bus to UEA we have used
the percentage bus use of UEA staff and studersisdban 2005 UEA transport survey
(source UEA Travel Plan 2006) multiplied by the reat population of UEA (source
UEA, 2007) to calculate the total number of peamang the bus to travel to UEA in one
year. This figure was then multiplied by the ageraumber of kilometres travelled per
person per day, which was assumed to be approxinitem. This assumption is based
on the distance of a return journey from Castle did@ain the centre of Norwich to UEA
along the 25 bus route, which we feel is an aceurapresentation of the average bus
journey taken by people commuting to UEA. See Appe 1.1 for the complete
calculations and section 4.1 for the results.
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3.5.2 Energy Use
The energy use footprint accounts for only direwtrgy used by the buildings of UEA,

which is split up into electricity use and heating.

Electricity

To calculate the Ecological Footprint of UEA’s dhegty use the conversion factors
shown in table 2 (below) are used. These conveiffsictors are derived from Chambers
et al. (2000: 83) who based them on many different s@raed the estimated amount of

forest land required to grow the required fuelbbeomass.

Table 2: The Conversion Factors for Electricitydrrction via Different Energy Sources.

Energy source Conversion Factor
(electricity (gha/GWh)
generation) (B)

Coal 198
Oll 150
Nuclear 147
Natural gas 94
Biomass - woody 36

(Source: Chambeset al, 2000:83)

Heating

Most of UEA’s heating comes from the combined haatl power plant (CHP) on

campus, and so to avoid double counting only thevesion factors for electricity

production are used. Therefore the UniversityP(&hich the CHP provides heating
for) is assumed to have no Ecological FootprintHfeating. However there are several
buildings that are part of UEA and are not heatgdtie CHP. These have been
accounted for individually and the relevant coniarsfactors applied from table 3

below.

Table 3: The Conversion Factors for Heating Prddaatia Different Energy Sources.
Energy: Primary and Secondary Fuels| Conversion Facot (gha/GWh)
Natural Gas 45
Fuel Oll 59

(Source: Chambest al, 2000:82)
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The complete calculations for the Ecological Footpof UEA’s energy use can be seen

in appendix 1.2, and the results are summaris&eation 4.2.

3.5.3 Water Consumption
The supply and consumption of water is not idesdifin the National Footprint

Accounts, so for this study the methodology usedCinamberset al. (2005) will be
employed to calculate the Ecological Footprint @ftev use at UEA. Their calculations
account for the energy used to supply, collect tnedt water, as well as treatment of
wastewater and release back into the environmehar(@erset al, 2005). The
methodology for calculating the water supply cosiar factor (the Ecological Footprint
of one megalitre of water use) is shown in Tabbelbw:

Table 4: Chamberst al. (2005) Calculation of the water supply converdeetor

Water supply (1 Megalitre) Energy land
A Carbon per megalitre (tonnes) 0.1
B Carbon responsibility 69%
C World carbon absorption (tonnes 0.95
C/halyr)
D Equivalence factor 1.35
(A*B*D)/C | Ecological footprint conversion 0.099
factor (gha/megalitre)

(Source: Chambeset al, 2005),

So if UEA'’s total water use is multiplied by thediegical Footprint conversion factor
provided by Chambeet al. (2005), then UEA'’s water Ecological Footprint dan
calculated. This calculation is shown in Appentli®, and the results are summarised in
Section 4.3.
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3.5.4 Waste
The total amount of waste produce by UEA in 20@008 was:

Landfill = 3539.2 tonnes.
Recycled = 1786.4 tonnes.

(Source: Boardman, pers. Comm., 2009)

However, the composition of UEA’s waste is not kmownd would be very difficult to
determine due to obvious logistical and health aadety reasons. In fact the
composition of waste for most organisations andskbalds is unknown. To get around
this obstacle, the average composition of UK muypaicivaste will be used in order to
provide a rough estimate of the Ecological FootpoinUEA’s waste. However there is
not even accurate data about the average compo®fidJK waste. According to
Burnley (2006) the only component of the municiwalkte stream where the results from
several studies can be compared is the househtiatten waste. He further states that
more recent studies show a good agreement in tefnt®mposition, with the main

components being in the following ranges:

Paper and card: 23-25%

Kitchen and garden waste: 35-38%
Plastics: 8—10%

Glass: 6-7%

Metals: 3—-5%

(Source: Burnley, 2006)

The mean percentage will be used for each of tihgpoaents above to provide a rough
estimation of the composition of UEA’s waste. THses not account for all of UEA’s
waste and only provides a rough estimation, asrge laniversity is likely to have a

different composition of waste than an average élools!.

The conversion factors to be used are derived fttvamberst al. (2000) and are shown

in table 5 below.
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Table 5: The Conversion Factors for Various Typed/aste.

4

Waste (Average) Assumptions
Footprint
Conversion Factor
(ghal/tonne)

Paper- landfilled 3.4 Accounted for through the edibd
energy and materials in the waste plus
an allowance for the landfill impact.

Paper — recycled 2.45 Calculated by the energyeaby
recycling compared to virgin
production.

Glass — landfilled 1.05 Embodied energy of a vingiaduct
plus the landfill land.

Glass - recycled 0.85 Based on energy savings rieogtling
glass.

Aluminium cans — landfilled 13.6 Estimate accountsembodied energy
mining land and landfill land.

Aluminium cans —recycled 0.65 Accounted by the gnesavings
compared to virgin production

Plastic — landfilled 3.85 Embodied energy, based different
plastics, and landfill land.

Plastic - recycled 2.2 Energy savings through rieoyc

(Derived from Chamberst al, 2000: 95)

The calculations for the Ecological Footprint of AJE waste are shown in Appendix 1.4,

and the results are summarised in Section 4.4.
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3.5.5 Built Land
In the National Footprint Accounts, built land ixiuded as a separate component, but

not distinguished by different uses. Therefordtband includes all areas that are built
on, contaminated or degraded to the degree that Hre rendered biologically
unproductive (Chambeet al, 2005).

To calculate the built land Ecological Footprint (6EA, the conversion factor calculated
by Chamber®t al. (2005) will be employed. In order to calculate tonversion factor
Chamberst al. (2005) apply a yield factor provided by the NatibRootprint Accounts

to convert built land area into hectares of gladbatrage crop area, and then a crop area
equivalence factor to convert the data into gldisdtares. Table 6 below demonstrates
this methodology and the resulting conversion fadalculated by Chamberst al.
(2005).

Table 6: Calculation of the built land conversfantor

Built land (per hectare) Built Land
A Built land (ha) 1

B Crop yield factor 2.44

C Equivalence factor 2.18
A*B*C |Ecological footprint (gha/hectare) 5.32

(Source: Chambeset al, 2005)

By estimating the amount of built-up area occugitgdJEA using ArcGIS and Ordnance
Survey data available form www.digimap.edina.a@ull multiplying this figure by the
Ecological Footprint conversion factor provided®yamberst al. (2005) the Ecological
Footprint for built land of UEA can be calculatedll of the buildings belonging to UEA
were included (inc. Earlham Hall, The Sainsbury @=nand all accommodation
including the Village) along with any concretedasgeroads and paths. The calculations
for the Ecological Footprint of UEA’s built land eashown in Appendix 1.5, and the

results are summarised in Section 4.5.
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3.5.6 The total Ecological Footprint of UEA
The total Ecological Footprint of UEA = the Ecologi Footprint of transport + the

Ecological Footprint of energy use + the Ecologlabtprint of water consumption + the
Ecological Footprint of waste + the Ecological Fwott of built land.
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4. Results

4.1 Transport

Mode of transport Value Ecological Footprint
(1000s passenger (gha)
km/year) (A*B)
(A)
Car 13050.98 1174.5882
Business flights by staff unavailable n/a
Bus and train 5940 178.2
TOTAL Ecological Footprint for transport 1352.79
4.2 Energy
Ecological
Footprint (gha)
Electricity | Onsite Generation 1881.88
Imported Grid 1779.71
Total 3661.59
Total Heating 137.22
Total Oil 12.98
TOTAL energy footprint 3811.79

4.3 Water Use

Total Ecological footprint | TOTAL Ecological
(Megalitres) conversion factor Footprint
(A) (gha/megalitre) (gha)
(B) (A*B)
UEA’s Water 327.8115 0.099 32.45
Consumption
4.4 Waste

The Ecological footprint of UEA’s waste (recyclenddandfilled) is7830.45 gha.

4.5 Built Land

The Ecological footprint of UEA’s built land 33.11 gha
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4.6 The total Ecological Footprint of UEA

Component Ecological Ecological
Footprint (gha) Footprint
(%)
Transport 1352.79 10.3
Energy 3811.79 29.0
Water Use 32.45 0.2
Waste 7830.45 59.5
Built Land 133.11 1.0
TOTAL Ecological Footprint of UEA (gha) 13160.59 10
Total Ecological Footprint of UEA per person 0.73
(Total footprint/18000)
Total Ecological Footprint of UEA per student 0.88
(Total footprint/15000)

The UEA campus is 129.5 hectares (UEA, 2007), waeethe total Ecological Footprint
of UEA is 13160.59 gha. Therefore the Ecologicabtirint of UEA is 102 times the
size of UEA’s campus. It can be seen from fighattthe largest impacts arise from

waste (59.5%), energy (29%) and transport (10.3%).

An eco-efficiency indicator can be derived by conmmpa the footprint to the total
population of staff and students at UEA (18,000piolr equates to an ecological
footprint of 0.73 global hectares per person. @ndther hand, if we are trying to assess
the creation of value, in UEA’s case educating etis, the footprint per full-time
student should be compared. There are almost A5.00time students at UEA (UEA,
2007), and so the per-student footprint is 0.88balohectares, inclusive of all the
components measured by this study.

-27 -



_ Transport
Built Land 10%
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Energy
29%
Waste
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Water Use
0%

Fig. 1: The Ecological Footprint of UEA by compohaounded to the
nearest whole percentage.
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5. Discussion

5.1 Where to take an Ecological Footprint?

The Ecological Footprint (Ecological Footprint) @alated for UEA thus far is only an
estimate. As discussed previously, the concepibtiie Ecological Footprint tool is one
that is inherently scaleable yet inherently impattwhen taken to its theoretical limit.
Given this situation and the desire to understaid\'d footprint as much as possible,
which paths can we take to enhance our understgradid how far along them can we
go? The answer to this is, perhaps frustratinglyfaa as we are willing to spend the time
and effort to go. Of course, this is not trae infinitumand there will come a point at
which our abilities to gather information and detare certain factors become
insufficient to expand the Ecological Footprintazdhtion any further. Still, there are
sufficient omissions and assumptions in the foatgsreviously calculated that any future
workers will find their time easily filledFuture workers may choose take this study, note
our limitations/omissions and work to refine or @ra them. This is the nature of science

and such a method is welcome to be applied tcsthidy.

5.2 Where the Weaknesses Lie

The first limitation of the Ecological Footprintlcalation carried out is simple to rectify
and will better refine the final result. In usingcamponent approach, we selected
particular areas to study and, as a result, chosantit other areas. This is perfectly
reasonable given the time and personnel constraintprovides an immediate method to
expand the Ecological Footprint. Purchased produetsesent perhaps the largest
contributors to UEA’s Ecological Footprint that wast examined in the context of this
project. It was mainly omitted because of the damge of dividing footprint
responsibility between manufacturer and user. Eavendimentary analyse of this area

would give a more complete estimation of UEA’s Bgital Footprint.

Moving beyond omitted components brings the disomssnto the subdivision of the

chosen components. A component in an Ecologicatgfiod is calculated by the effect
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of a number of unique factors that define that comgmt. Any limitations in
measurement (perhaps for lack of time or fundimggssumptions made at this stage will
cause the calculated component to be less truket@dtual Ecological Footprint. The

particular assumptions we chose, or were forcemake are addressed in detail below.

5.2.3 Waste

The largest component of UEA’s footprint (60% oWreontains the most assumptions
and so has the greatest potential errors. The rdum®nitoring strategy of waste is
essentially non-existent and the only informatibattcan be obtained is a bulk disposal
quantity derived from the financial records of loollection. These bulk figures do not
give any indication of waste composition or relatitfullness’ of the bins. Further

discussion of the waste calculations carried oghisn in section 5.3.

5.2.4 Energy Consumption
As the second largest component of UEA’s Ecologkabtprint, the assumptions that

were made in the energy consumption calculatione hgreat potential to introduce
inaccuracies. As mentioned previously, the lacknédrmation on how the conversion
factors for various fuels were calculated hamssriagcurate calculations for UEA. This

is particularly evident for the electricity geneoat footprint.

In the case of the grid-produced energy, theredsraplete lack of footprint conversion
data for the nuclear component. The case for #ssset forth by Sharing Nature’'s
Interest, is from the lack of risk assessment ciéipabf the Ecological Footprint method.
Their argument is that in the long-term the risleoblogical damage is as high as that of
fossil fuels. For this reason, the authors suggsstg a footprint equal to that of fossil
fuels in order to avoid giving nuclear power a z&yotprint value. The value used for
this is an average of the coal, oil and natural gases (198, 150 and 94 Ha/GWh
respectively) and the calculated value is closehet of oil at 147 gha/GWh. The
imported electricity is from Europe and is brougbt the UK through the 2GW
interconnection from France (LEG, 2001). Given tmaich of the power is likely to be
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sourced from French nuclear reactors, it is coms@leeasonable to use the same

conversion for the imported power as for the nucbeanponent of the UK grid power.

Another weakness in the calculation is that thenea factor given for storage electricity.
Without a conversion factor for this, the UEA Eaglkal Footprint is incomplete.
Presumably the government table refers to pumpamege facilities such as Dinorwig
power station (First Hydro, undated), which useesscgrid electricity to elevate water
and release it through turbine generators in tioidggher demand. In this case, a future
Ecological Footprint analysis may choose to cateula relative proportion of each
electricity generation source (Coal, oil, gas etiagt is contributing to pumped storage

and so generate an overall footprint contributi@mt this component.

By using the conversion factor of natural gas foe tenewable energy fraction, the
choice was made to produce an overestimate ofaprint component. This was done
simply because of the limitations of the converdiactors available for the calculations.
Given the lack of explanation and transparencyr@ating the conversions, assumptions
must be made to account for the missing conveffsiciors. Erring on the side of caution

was considered more prudent.

The gas electricity footprint for the UEA plain frothe on-site power plant makes up the
single largest component of the entire Ecologicatprint and, as such, deserves closer
examination. A simple multiplication has been aatriout based on the natural gas
conversion factor. While this may seem reasonabfesa glance, the oversimplification

introduced into the Ecological Footprint from thigy be significant.

As mentioned above, there is limited transparemcthe calculation of the conversion
factors.The author’s of Sharing Nature’s Interest carriatidetailed calculations that are
intended to best represent the footprint factordifiérent components. Without having
access to the full documents, we can only assumethie factor produced represents
some average value, hopefully representative. Qfse) there are many different types

of gas turbines for electricity generation andagdincies can reach over 40% for a simple
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cycle or more than 55% for combined cycle (Langs@004). It is not evident which
value was used to generate a conversion factothether there is some weighted world
average that was calculated and used. In any egate,the combined cycle turbines
operating at UEA and the on site use of most of #hectricity (removing any
transmission losses) the footprint calculation nvegil be an overestimation if the

university is penalised by a more average factor.

5.2.5 Water and Transport
The water component suffers from some limitatiohslata. For example, there was no

information available on the water consumptiontd village launderette and so it was
assumed to be the same as the medical centre fattedén addition, limited sewerage
quantities are recorded for the university plaind these may not even be required since
the conversion factor claims to include the ‘cadtivater cleaning. In this case, the water
footprint would be approximately 10 Global Hectatess (~32 instead of ~42). Given
that the water component represents only 1% ofdta footprint, then this possible error

of 0.25% is relatively minor and so we chose tooerthe side of overestimation.

The transport component is one that is very compliest our calculations are deeply
simplified. This is mostly due to lack of data l@iso due to complications of footprint
division. For example, a member of staff travelkr20n their car to work at UEA. After
their workday is completed they travel to a guesture on their subject in Norwich city
centre, drive to the supermarket and then retumehd he total distance travelled on the
return journey is 40km for a total day’'s distande6@km. In this case, how should the
footprint be apportioned? Perhaps UEA can takehenbiasic distance to and from the
person’s home but should they include the mileagth¢ guest lecture? In the case of
students riding on the bus, should this be incluiddlgl in the footprint? There is a case
to be made for either side of the argument e.gdestis probably represent most of
passengers on the 25 & 35 routes but the busesdwandl do, still travel these routes
when there are no students present. This is diedusg Chamberst al. (2005) as the
responsibility principle, where the impacts areigiresd to the individuals creating them

and the reasons behind the individual’s activitiashe case of UEA the argument goes
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that the student’s would not travel along these fouses if the university did not exist

and so the responsibility lies with UEA.

For the sake of carrying out the calculation witinited data we made some simple

assumptions:

* The cars are single occupancy.

* The percentage of bus travellers from the Transpaney (2009) are
all travelling an average of 11km i.e. from Cadfleadow in the City
Centre to UEA campus (5.5km each way).

* The bus travels do not include any student jourrayside of term

time.

The data for the car travel were obtained from @published study by Dr. Keith Tovey
(2009) and so details of the method are limited.

One major omission from the transport data avaslatrs that of flights associated with
the university. Assessing this component bringsyrafnthe same issues discussed with
respect to car travel and the relative ‘respongibibf such footprint contributions. The
flight component may be relatively simple to castel with respect to business travel by
staff (if the appropriate records are made avalgliut there is also a large component

from international student travel that should bkast addressed if not calculated.

5.3 Assessing the Footprint and Stepping Towards ¢hFuture

Given the large number of comments made above degpaithe negative or limited
aspects of the Ecological Footprint, one could begifen for thinking that there is
nothing useful to be obtained. This is far from ttmath as the relatively simple
calculations carried out in this study have alreesyjked the contributors to the UEA’s
Ecological Footprint quite reasonably. Given thesalye factors that can appear to be

behind such a footprint, it is important to actfull transparency when carrying out any
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analysis. If nothing else, it is critical for forng more accurate future estimates that the

limitations of early work are well documented.

When this study’s methodology is compared to thaggested by professional
organisations, it holds up well. Using the compdsABrcomponent method suggested by
Chamberst al. (2005), our report is complete with the exceptbmhe omitted factor of
purchasing. That an estimated footprint can beutatied in a relatively short time is a
testament to the effectiveness of the techniquetlaadiata acquisition by key people at
UEA (particularly Elaine Colk).

Overall, the Ecological Footprint is dominated hg tenergy consumption and transport
components. These are not unusual in Ecologicapfiob analyses (e.g. Oxford Brookes
university Ecological Footprint in Chamberst al, 2000) but UEA should be
congratulated for having a much smaller energydioot than other, smaller universities.
A study carried out by Emily Wright in the Enviroemtal Sciences Department of
Colorado College in 2002 generated an energy coemdootprint of nearly 5000 gha.
Given that the population of the college is listas~2100 (Colorado College Facts, 2008-
2009), the per capita energy footprint is much &rghan that of UEA’s ~18000 students
(~2.5 gha per capita vs.~0.19 gha per capita).dddthe progressive stance of UEA on
energy becomes very apparent when the new bionzasseg plant is considered. This
plant is a 1.4MW capacity combined heat and powst thhat has an expected return
period of seven to eight years (UEA Estates anddiBgs, 2008). According to Dr. Keith
Tovey (Pers. Comm. 2009) in the school of EnvirontakSciences, a conservative load
factor (percentage of the time it will operate all ftapacity) for the plant is 60%,
possibly rising to near 70% as the operation besosmoother. These numbers were
used to generate a tentative estimate of the fimdtpeduction due to the biomass
replacing grid imports.

1.4 (MW) x 31557600 (seconds per year) x 0.60diaator) = 26508384 MJ/year
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26508384 / 3.6 (MJ/KWh) = 7363440 KWh =7.36 GWh

So the biomass plant will replace 7.36 GWh of tBe&6@ GWh of grid imports to leave a
5.24 GWh import.

Revised Import
(GWh)
5.24
Grid import mix with biomass plant operational
EcologicalEcological
Mix (% /|GWh Footprint |Footprint
Fuel 100) Imported factor contribution (Gha)
Coal 0.34 1.78 198 352.42
Oll 0.01 0.03 150 4.27
Gas 0.37 1.92 94 180.69
Nuclear |0.20 1.07 147 156.99
RenewableB.05 0.24 94 22.75
Imports 0.03 0.16 147 23.02
Storage 0.01 0.04 0 0
Total 740.15

Biomass plant footprint

Ecological
Footprint [Ecological Footprint
Biomass (GWh)|factor contribution (Gha)

7.36 36 264.96

Total new energy footprint (gha) = Gas CHP + RaViseports + Biomass + Gas heating
+ Oil heating

=1881.88 + 740.15 + 264.96 + 137.22 + 33.69
= 3057.90 gha

This new footprint of the energy component is 735Ba lower than the current estimate

of the energy component (at 3057.9 gha). This sgmts an approximately 20%

reduction in the energy component of the Ecologiatprint and an approximately 6%
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reduction in the entire footprint. Of course, ietplant operates at the near 70% load

factor that Dr Tovey suggests, these reductionisbedome greater.

So, given the previous discussion, where shoulgréutalculations of UEA’s Ecological
Footprint look to improve? Before looking to refinay of the current components, it is
imperative that some kind of assessment is madeéhiomitted factor of purchasing.
This is not a simple task however as there are niakg in the supply chain (raw
materials, transport, manufacturing, advertising.)etfor any product and the
responsibility principle must be applied to eachtlkém, and to UEA as the final
purchaser. This is a very complex task but the eavastnponent offers another possible

method for dealing with this.

The waste component generated using the factorsngim the method section is
approximately twice the size of the next largeshponent (energy). This extremely high
but the factors from Chambees al. (2000) have been generated to include more of a
complete embodied energy footprint than simply‘tlest’ of disposing of an item. In this
case, any calculations for a waste component dgtuapresent (at least partly) the
manufacturing and purchasing costs associatedthatlwaste products. Using the waste
products as a proxy for purchasing as well as @d@lpis not a perfect solution, but given

the challenges of carrying out a purchasing foatptimay well be the best option.
Once the omitted components have been includerk thglenty of scope for fine-tuning

the calculated components with more complete dataeduced assumptions. The

individual component comments in section 5.2 givggestions for these.
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6. Recommendations: How to Reduce the Ecological &print
of UEA.

There can be many possible ways to try and redueestological footprint of UEA.
Only once there is a clear idea and measuremaieoturrent impact that UEA has on
the environment can people begin to try and makeessary changes to reduce
environmental impact and decrease the ecologicdpfmt. There are many aspects to
look at closely in order to decide how to reduce ¢ological footprint of UEA. 1t is
important to examine each aspect individually adl a® together as a whole and how
each is affected by one another. Different aspieaiimpact the environment must be
analyzed and treated differently, and methods mestproved to reduce these impacts.
Some of these measures used to calculate the emlootprint of UEA are:
transportation, consumption and waste, energyamsgewater use. While all of these are
significant, it is important to prioritize which jpacts are most stressing on the
environment and which issues need to be addreswmkdealuced immediately. While
some improvements are already being made to thersity to help reduce its impact on
the environment, more changes and recommendatiamsbe helpful when trying to
reduce the ecological footprint of UEA and chartgedractices for the better.

6.1 Energy

One of the most important things to consider whoamkihg at methods to try and reduce
the ecological footprint of UEA is the energy uddh® campus. The amount of energy
used at UEA is one of the major contributing fasttw the impact the university has on
the environment surrounding it. Part of the enargy of the university has already been
improved greatly and is seen as one of the moisiesit in the country. For example, the
combined heat and power plant that UEA uses is mumte efficient than using separate
plants that other businesses and universities U&A also plans to reduce its amount of
carbon emissions in the near future. Also, a mgiamhary biomass power plant is
currently being planned and built, the goal beingif to be completed in 2009 and

reduce carbon emissions by up to 8,000 tons per yEais plant is one of the first built
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in the country, and if all goes as planned, thgehis to reduce emissions up to 80% by
the year 2015 rather than the previous goal of 208€A is also currently working to
improve the energy efficiency of older buildings, well as expanding district heating
and cooling networks, which will increase efficignitom central generation (Newton
pers. comm. 2009). Another important way to desgeanergy use is by creating and
participating in energy awareness campaigns ana ewepetitions to reduce energy use,
which help educate and involve students, staff, aticbrs on simple ways to reduce
energy use daily. UEA has participated in a fewuheke campaigns in the past, and plans
to do more in the future (Newton pers. comm. 200Bfjiese campaigns can help people
become more aware of their own daily impacts onetingronment and educate them on

how to reduce it.

While all of these improvements are being made B l@nergy use to reduce emissions,
more can still be done to help reduce the ecolbfpcdprint in terms of energy. Several
buildings on campus are run on grid electricity aatural gas or oil, perhaps switching
to more sustainable sources would further imprasasnability, which will help UEA in
the long run. Even simple everyday things donsthdents and staff can help to reduce
the amount of energy used on campus and arounanilersity. Some easy things that
UEA as a whole can do to reduce energy use inalstey energy saving light bulbs in
buildings and making sure that all lights and cotemiare turned off in rooms around
campus at night and even when they are not in U Gemputers and screens can be
programmed to go into a standby mode so they haberor turn off automatically when
they are not in use to save power and reduce @stsdall, 2009). Also, turning off all
computers, monitors, copiers, etc. is an easy antllthing to do. These changes would
significantly decrease the amount of energy thatsisd, and wasted, each year at UEA.
Also, in dining areas such as the Blend, Zest,Hh&, and the Union Pub, the use of
high power LED lighting reduces energy use and ielhmmore efficient than regular
lighting. It will be interesting to see how theagming biomass plant affects energy use
and exactly what improvements will be seen oneghuilt and running properly (refer to
section 5). In terms of buildings, however, simpiyning thermostats down by a few
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degrees and only heating or air conditioning rodhat are in use can greatly reduce
overall energy use.

6.2 Transport

Another important aspect of UEA that can be changedrder to reduce impact is
transport. It is important to note that the scapean ecological footprint is always
changing, and can include outside factors, suctkdrasng. While many students,
teachers and staff members regularly take the lbdsch is a great method of
transportation, the majority still drive their cacscampus. Only about 20% of the total
population at UEA takes the bus to campus every dénle 22% drive their own car
(UEA Travel Plan, 2006). While many students de lon campus, a large number live

off campus and do not choose public transportteirtdaily commute.

Taking the bus, riding bikes, and walking to camptes all great alternatives to driving
separately, which is a waste of gas and also palldbhe environment around UEA
greatly. Travelling by bus is much less carbornsive than travelling by car. Even
carpooling with others to campus is a good ide&elp reduce carbon emissions and
environmental impact. One idea to help encouragewould be an incentive plan for
students and staff members to benefit from takinegltus, riding their bikes, carpooling,
or walking to school to make it cheaper for studerdt to drive their own cars to campus
every day. Even carpooling or choosing another@dttive to driving just one or two
days a week can help make a difference and redersemqal carbon emissions by up to
20% each year (epa.gov, 2009). There are mamynatives to driving your own car
which can help reduce the ecological footprint &AJ Another measure that could help
would be for UEA to switch their vehicles to eléctisaving the university money in the
long run and improving sustainability. Transpaeraibig area to be covered and does not
always only include the boundaries of UEA, but goee that travels to and from
campus everyday, making it difficult to measure aadd to make concrete changes and

suggestions for improvement.
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6.3 Waste

In terms of consumption and waste at the Universify East Anglia, many
recommendations for improvement can be made inrdodéelp reduce the amount of
materials that the university uses and wastes gaah Reducing the amount of waste
produced and consumed by UEA is a top priorityeiducing the ecological footprint, as
even though it accounts for 60% of UEA’s footpriam, enormous amount of waste is not
accounted for in our analysis. Even so any chang@sprovements that could be made

to reduce waste would be a huge step in the rigéttibn for the university.

Recycling is a major issue that can definitely t@rioved around campus. Many people
feel recycling is an important way to help reduceste and turn it into something useful
again, yet the majority of people continue to thraway things that can be easily
recycled such as paper, plastic, glass, and cardboghe total amount of waste from
UEA in 2007-08 that went into landfill was 3,537.82hs, and the amount that was
recycled was 1,786.4 tons (Boardman, pers. Cor2009). Less than half the amount of
waste on campus was recycled, while around 80%l o¥asste is recyclable (recycling-
revolution.com). These numbers show potentialifggrovement if individuals as well
as the university itself chose to recycle moreheirtwaste. There are numerous benefits
from recycling. For example, every ton of papeattls recycled saves 17 trees, and
universities use and waste an incredible amoupiapgr. Also, it takes 95% less energy
to recycle aluminium than it does to make it frosmvrmaterials. Making recycled steel
saves 60%, recycled newspaper 40%, recycled @agi€o, and recycled glass 40%
(recycling-revolution.com, 2009). These savingsdatweigh the energy created as bi-
products of incineration and landfilling. An incssain recycling would not only benefit
the environment, but would also cut costs at UBMell-run recycling programs cost less

to operate than waste collection, landfilling, amcineration (epa.gov, 2009).

One way to possibly encourage recycling on campguw iput more bins across the
university with clear labels so people know whataly can be reused. Recycling
campaigns are also a great way to get more peoptdved and raise awareness about

the benefits that come from recycling. Also, UE#uld change its purchasing practices
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by buying and use more recycled and reused maesiath as paper and cardboard as
opposed to using new virgin materials. Even swtgla small percentage of purchases
to recycled materials will begin to make a differerand eventually begin to save the
university money as well. Because UEA producemsoh garbage, recycling part of it
Is a way to reduce the amount of waste producetthdoyiniversityEvery bit of recycling
makes a difference. For example, one year of ragyabn just one college campus,
Stanford University, saved the equivalent of 33,8%E#&s and the need for 636 tons of

iron ore, coal, and limestone (recycling.stanfaid,&2000).

A significant amount of waste is produced by theirdj establishments at UEA. While

some places such as Zest and the pub do use wagiatgs, glasses and silverware, the
Blend and other places do not. These disposableeslicost a lot of money to produce
and buy and they create large amounts of wastexample, paper cups for drinks such
as tea and coffee. Other universities and busksdsave taken notice of this waste and
started offering discounts for individuals who lgritheir own reusable mugs and cups.
This would be a great idea for UEA and would ndiyoaduce waste at these places, but

also save money for the university overall.

Purchasing practices are another important asgelsbw universities are run and the
impact they have on the environment. Universipigechase large amounts of products,
and it is important to know just where these prasliecome from and how they are made.
Making purchases such as natural and organic faddrecycled products such as paper
can help to reduce destruction of planet earthsdoavs that protecting the environment
is important to the school as well. An earlierdstudone by a student society at the
University of British Colombia states that the egptal footprint will be reduced by
doing things such as purchasing organic food grawthin 2km of the campus, which
will also be beneficial for local farmers and comigs (AMS, 2008). This university
also seeks to reduce its footprint by compostinQ%4f pre-consumer food waste as
well as some post-consumer food and paper wastehgge at least 30% recycled paper,
and create a natural food store on campus so dtuden staff have the option of

shopping there (AMS, 2008). While natural and argdoods are a bit more expensive,
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the small added cost is worth the benefits forstimeounding natural environment as well
as local businesses.

6.4 Water

While water use and conservation is sometimes ovkeld, it is an important issue that is
becoming increasingly pressing. Universities usenamense amount of water every
day, and require the use of clean water for nungesyatems all over campus. To reduce
water use at the university, many important chargges be made that will reduce the
amount of water used and wasted daily on campusateMkaving techniques and
equipment are being installed to not only consemaer but also cut costs. Old
equipment should be replaced with current energirgadevices. Leaky sinks,
showers, and toilets in buildings should be reghisnd sinks with automatic shut-off
should be installed (epa.gov, 2009). It is alspoasibility to use toilets that conserve
water, which are becoming increasingly popular ey treduce water use and annual
costs. Low-flow shower heads and toilets that less water are also great ideas for
alternative to be installed in dormitories to camnsewater. These changes will save
money for the university in the long run. To reduwmutdoor water use, it is suggested
that universities maximize natural vegetative coward limit the amount of lawn area
provided. Maintaining playing fields using droudbterant grasses is also an
environmentally friendly alternative to using grabsit takes lots of water to sustain
(epa.gov, 2009). These better management pradieesconomically beneficial to the

university as well as the environment around it.

As it can be seen, making an effort to reduce cmpsion can not only benefit the
environment but also individuals as well as theversity itself. Making changes to
transportation, purchasing and waste patternshale an environmental and economic

benefit for the university in the long run.
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7. UEA: Commitment, Communication, Continuity

7.1 UEA: ‘exemplar of best practice’?

"We value sustainability because we know that we azdmeve nothing if our
activities are not sustainable, both economicallyda environmentally
(UEA Corporate Plan, 2008-2012).

The University of East Anglia is an internationatBnowned university, well respected
for its environmental credentials. These are exdibthrough highest quality research
and teaching, placing it as a global leader ineim@ronmental sciences (UEA Corporate
Plan 2008-2012). This is well represented by sévenapressive symbols of
environmental aptitude, praised by the wider comitguror example, UEA boasts the
largest concentration of World Leading Low Energyil@ings (UEA, 2007), including
the Elizabeth Fry Building, and the Zuckerman bas¢i for Connective Environmental
Research (ZICER) building, which won the first etew Energy Building of the Year
Award in 2005. The University is currently buildirg biomass fuelled gasification
combined heat and power plant, which will be “orig¢h® greenest power plants in the
country” (UEA, 2007). It is predicted that the biass power plant will reduce UEA’s
carbon emissions by 34% after two years in oparafloEA, 2007). Vice-Chancellor
professor Bill Macmillan claims: “As you would exgigrom a university with a world-
renowned School of Environmental Sciences, we takesnergy efficiency seriously and
are committed to practising what we preach in fagkclimate change (UEA, 2007).
UEA has set itself the goal of being an exemplagadd practice environmentally by
becoming a ‘Low Carbon Campus’, which is just orieit® core values for campus
sustainability (UEA Corporate Plan 2008-2012).

7.2 UEA Environmental Policy

The University of East Anglia has stated provisifam ‘resourcing the vision’ for
facilities and environment, to enhance the campuasg, become “an exemplar of good

practice environmentally” (UEA Corporate Plan 2(Bt2). Moreover, “we take our
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energy efficiency seriously and are committed tacpsing what we preach in tackling
climate change” (vice-chancellor Professor Bill altan, 2007). However, as Martyn
Newton, the University’s Risk and Sustainability M@er, astutely asserts, “our original
1960s and 70s buildings present challenges in gnefficiency” (UEA, 2007).This
discrepancy is familiar of a wider concern that hasen from research for this study.
The symbols of environmental aspiration introduadzbve undoubtedly set a high
standard that one hopes the University’s campusanmental policy should exemplify.
A comprehensive critique of UEA’s environmentalipplis unnecessary within the remit
of this report.Suffice it to say that it reveals that the Univeref East Anglia is by no
means unaware of its role in promoting “environmaiptsympathetic” policy. It has
been said that university implementation of an emmental policy portrays its “formal
demonstration of intent regarding environmentafgrerance improvement” (People &
Planet, 2008). However, this optimism is not unanis For example, Wright (2006, in
Watson-Brown, 2008) rightly criticises that thesdigies “rarely offer specific directives
of action plans” and so remain “statements of ititefhe first ‘general operational
objectives’ in UEA’s environmental policy is tareate and implement mechanisms for
understanding, controlling and reviewing UEA’s sfgrant environmental impacts”.
This study treats such claims with necessary cauwiven that no such comprehensive
mechanism yet exists. The Ecological Footprint apph, if developed fully and

sustained properly, could provide this such a meisha

7.3 Weaknesses

The question stands whether the underlying, evgrydachanisms operating at UEA
support the high precedence set by the Universégbitious environmental policy and
its multitude of low energy buildings, proudly #irated in many UEA publications. This
is not to criticise UEA’s environmental achievengnwhich are undeniably great and
well-recognised as such. Instead this report emgdésmshat always more can be done to
reduce UEA’s environmental impact. From the EcalabFootprint derived in this study
it is clear that, despite the University’s ‘low egg strategy’ (UEA, 2007), energy usage

remains a large component (26%) of UEA’s environtaemmpact. Moreover, the
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difficulty found during data collection for thisusty, because of inconsistent, inadequate,
or inexistent monitoring of environmental impacttajaoften confounded by poor
communication, reflects at fundamental weaknessUBA’'s current sustainability
strategy. Therefore, we suggest that the Ecologkabtprint approach highlights
important issues surrounding the environmental gh@end sustainability of the UEA
campus which are not acknowledged in any Univensitlglications, and should be used
to enhance current communication of the UEA’s tamwironmental performance, as

discrepancies evidently remain.

7.4 Sustainability at UEA

Research for this project has enabled our groupsight into the overall action towards
sustainability taking place at UEA, aside from tbes energy business ventures. We
learned of groups and individuals who are each imgrkowards improving UEA’s
environmental performance. The work of Elaine Coktudents had often been informed
by meetings with members of staff listed below.sIWwas useful to assess what level of
environmental impact monitoring occurs within thé&lniversity divisions, and indeed
what data could be obtained. The assistance ardpiavided by Elaine Colk for this
project negated meetings with the staff mentiortmal/a as her MSc students had largely
covered our intended lines of enquiry. Thanks e tlhoperation, we were able to collate
secondary data and limit our primary research toutaing the Built Land. This allowed
us to collect far more accurate and comprehensave tthan we would have been able to
in the time available.

e Martyn Newton: Risk & Sustainability Manager
* Mel Pascoe: Energy Manager

« Dawn Dewar: Transport Co-ordinator

» Steve Boardman: Procurement Manager

» Janice Bone: Deputy Director of Waste and Recycling
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In addition, the University of East Anglia featureamerous well-renowned research
departments, including some whose aims are spaityfito monitor and reduce the

environmental impact of the UEA campus (CRed at YHAese include:

» The School of Environmental Sciences

e The Carbon Reduction (CRed) Programme

* The Tyndall Centre for Climate Change Research

* Climatic Research Unit

* The Low Carbon Innovation Centre including ‘Carl@onnections’

» Centre for Social and Economic Research on thedbBhbvironment (CSERGE)
e Zuckerman Institute for Connective Environmentat&ach

* Centre for Environmental Risk

7.5 Environmental Action

As well as the individuals and departments intr@duabove, | wish to draw attention to
the activities of individuals and groups in thedgmt community who are encouraging
attention to environmental issues on campus. Owré gwoup is the UEA Go Green
Campaign, represented by the Student Union Enviemir®fficer and other members of

the Student Community, which has communicated saidity objectives for UEA
(Fig.2).

Figure 2: UEA ‘Go Green’ objectives

1. Creating and implementing a carbon reducticatestyy within 3 years to cut
UEA's total carbon emissions by levels significarihead of government targets
(currently at least 42% by 2020 and 80% by 2050p=med to 1990 levels).

2. Carrying out a comprehensive environmental audihe end of 2009, to
establish significant time-bound targets for impgment.

3. Employing by September 2009 at least one dextidail-time member of staff
responsible for coordinating the reduction of thevarsity's environmental impact.
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These laudable objectives are supported by a tdgmeaple with great enthusiasm for,
and commitment to, environmental issues, and dpaltyf the environmental impacts of
UEA. The UEA Go Green Campaign is an innovationpsuied by People & Planet, a
student campaigning network in Britain. The ‘Gréeague’ (People & Planet, 2008) has
ranked UK universities by both their commitment &ystemic environmental
management and their performance. This documerthadunsiders the quality of UEA’s
environmental policy, in terms of what it coverslamhether it is reviewed, suggests that
UEA has much work before it can become “exemplavest practice” (People & Planet,
2008). Environmental initiatives currently engagedy UEA students are convincing,
and continue the success of other recent studdngéi@ironmental activities at UEA.
These include Green Wing, Eco-campus society, lam@ampus Sustainability Initiative
society, each with the intention of improving stmtlife at UEA through engagement in
pertinent environmental issues such as climategdarhese, and other campaigns, have

each had successes and merit recognition.

7.6 UEA’s Ecological Footprint as a Communication ool

It is hoped that the visual representation of UE&hsironmental impacts derived in this
study should provide an excellent catalyst for camimation amongst the University
community, particularly by student groups, whoseliait intentions are made public by
conspicuous campaigning, and thus require effectiseal aids to portray salient points
of supporting research. It is hoped that our Edolid~ootprint should provide the basis
for a new structure for auditing, involvement, asmimmunication at UEA. It should

improve on many of the weaknesses identified by safaBrown (2008) in her

Development Studies dissertation, which uses UEAaasase study for evaluating
sustainability initiatives in Higher Education. Wah-Brown (2008), provides a
comprehensive overview of UEA’s sustainability ahgyhlights weaknesses in the
current system that hinder further progress at UEAure 3). It describes critical

‘conditions for success’ in the sustainability stgy of UEA (Figure 4).
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Figure 3 ‘Barriers to change’ at UEA, from Watsore®n, 2008

» Economic

» Communication

» Institutional attitude

* Individual pressures

* Transient student population

» Conflicting priorities

Figure 4 Recommendations for UEA, from Watson-Brp2608
» Senior support
* Environmental policy
* Full-time environment officer
* Environmental auditing
« Communication and involvement
* Funding

e Leadership

These students at UEA, who clearly recognise thieddsity’s potential in “leading the

way in sustainability and the battle against clenahange” (UEA Go Green, 2009),
should be heartened that research into UEA’s enmenmtal impacts is improving and
should be rewarded for their commitment. Howeveasrablem often cited as a barrier to
change towards the sustainability of universitiss the transience of the student
population (Chang, 2004, in Watson-Brown, 2008y #ms is indeed true for UEA. Only
when there is continuity in the infrastructure &aale to students for pursuing
environmental objectives, which is surely benefidia a University claiming world

leadership in the environmental sciences, can pieude of students and staff alike for
instigating positive change, be fulfilled. The Emgical Footprint approach would go
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some way to providing this essential infrastructupon which further research and

student campaigns could be based.

7.7 Communication

Higher Education institutions such as the Univgreit East Anglia have a considerable
role in the promotion of, and commitment to, susdaility objectives, both within the
institution and through external engagement (HEF2E)8). The Ecological Footprint
approach has been recognised as a potential strigegssisting the sustainability of
higher education institutions in the UK and beyd@dugston & Calder, 1999; Litten,
2005). As well as analysing the present situatam,institutional Ecological Footprint
provides a framework for future sustainability plarg, and can indicate priorities for
improvement. The Ecological Footprint approach camicates the finite character of
the planet in terms that are readily understoodc®eagelet al. 1998). It quantifies
environmental impact and thus translates abstramicepts into more readily
understandable numbers, tables, and illustratierg]ing it to “all kinds of potential
exhibits” (Wackernagel & Yount, 2000).

However, “even the best Ecological Footprint anadyare ineffective if they cannot be
communicated clearly to a variety of audiences” ¢Wénagel & Yount, 2000).
Therefore, developing a communication strategy llostrate the main aspects of
empirically-based footprint analysis is essentiaptomote action across all strata of the
University institution. The Ecological Footprint @pach should be used at UEA as a
communication tool by those who endeavour to crepdsitive change to the
sustainability of the campus by reducing its enwinental impact. The Ecological
Footprint tool should benefit monitoring and anaysnd help to visualise, plan and act,
on sustainability initiatives. Our Ecological Footp could well be applied to UEA to
better align its current practices with its amhisoenvironmental aspirations. UEA has
undeniably made great progress towards becomingmplar of best practice’
environmentally, but critically needs to “portragderstanding and commitment through

more careful campus management” (People & Plad&8)2 The UEA divisions listed
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above need to be enhanced by a full-time sustdityatwfficer, responsible for
implementing an ongoing monitoring system acrossedtors, so that the Ecological
Footprint derived in this study can be enhanced tamgted to improve communication
between currently somewhat disparate actors. Theehity should use the Ecological
Footprint of UEA to support any projects initiatieg these groups to provide outreach of
knowledge to the whole university community, to westhat UEA’s environmental
policy delivers actual, observable, and sustaineddalts.
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8. Conclusion

This report is the synthesis of eight weeks of aed® development of ideas, and
communication, both within the group and externalljzfe methodology for calculating
an ecological footprint was difficult to derive ae standardised calculations have been
published. Confounding this was the complexity weaintered in collecting data for
inclusion in UEA’s Ecological Footprint. Nonethste this analysis provides a good
representation of the relative weight of each camepd. The following conclusions

address each of our initial research aims:

1. To calculate an Ecological Footprint of UEA that as inclusive as possible,
given the time and data available.

We have conducted an Ecological Footprint anali@idJEA that incorporates all the

data available within this short space of time. @pproach and assumptions within it
have been explicit and the resulting Footprint mies a good representation of the
relative weight of each component. Compared to gasibnal Ecological Footprint

analyses that are often simplified due to time dath constraints, this was a very
thorough investigation. Reliable and comprehendata, professional conversion factors
and good synthesis of results have contributed pmwerful Ecological Footprint of

UEA.

The total Ecological Footprint of UEA, accountiray fransport, energy, water use, waste
and built land, is calculated to be 13,160.59 ghayear. This can be converted into an
eco-efficiency indicator of Ecological Footprintrdell-time student, which for UEA is
0.88 gha per student per year. This is a more Lfgtue for comparisons over time; as
UEA’s population grows inevitably so too will itsotal Ecological Footprint.
Furthermore, the component approach utilized is teport has enabled the identification
of the most significant factors affecting UEA’s Bmgical Footprint, which in descending

order of significance are: waste (59.5%), ener@4}¥, and transport (10.3%).
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2. To use the resulting Footprint analysis as a basis recommendations to
improve sustainability at UEA.

We have proposed a series of recommendations vérelbased on the results of the
Ecological Footprint analysis. Waste, Energy ana@n$port account for approx. 99% of
the Footprint and therefore should be the focusitoire sustainability strategies at UEA.

The Biomass Plant currently under construction idear example of the University’s
aims to reduce its environmental impact. When iarapon we expect the plant to reduce
UEA'’s energy Footprint by approx. 24%, and its @leFootprint by approx. 6%. This
will contribute to goals of campus sustainabilitdowever, waste is the largest
component in the Ecological Footprint derived frins study. Reducing the amount of
waste produced at UEA is a priority if the Ecol@jiEootprint is to be reduced. This will
require new strategies and a holistic approachyaste is an issue for all sectors of
campus. Increasing recycling will be important, beducing the amount of all waste
produced should be given precedence.

Improved monitoring of Ecological Footprint compate is an absolute priority. The
difficulties found during the data collection fdrig project reflect a key problem in the
sustainability strategy of UEA. Data needs to beilgaaccessible and recorded
consistently in order to implement effective stgae to reduce the Ecological Footprint
of UEA.

3. To evaluate how our Footprint analysis may be us®@é communication tool at
UEA, and how the analysis could be improved anduested in the future.

The Ecological Footprint calculated for UEA has siderable potential as a tool to aid
communications of sustainability strategies at theversity. Whilst many investments
are being made to reduce UEA’s environmental impadceassessment is necessary to

raise the profile of currently weaker areas in UEAustainability strategy. For example,
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very little is currently being done to monitor anetluce waste on campus, which our
Ecological Footprint has shown to be a significemmtributor to UEA’s environmental

impact.

In conclusion, the key strength of the Ecologicab#print measurement is its value as a
communications tool. It incorporates a variety ofasures into a holistic indicator of
environmental impact that highlights UEA's currgnticonsistent sustainability strategy.
This study has produced an Ecological Footprint tiiers a clear visual representation
of UEA’s current environmental impact. This couted used to greatly improve
communication between those who are working towaadisulating and reducing UEA'’s

environmental impact and the wider University comity
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Appendix 1: Calculation of the Ecological FootprintResults

Al.1 Transport

Calculating the number of passenger kilometres traglled by bus to/from UEA per
year:

Table Al: The Results of UEA’s Most Recent Transgarvey (2005)

Mode of Transport Percentage of UEA population
car 22%
bus 20%
walk 36%
cycle 19%
other (motorbike, park and ride) 3%

(Source: UEA Travel Plan, 2006)

Based on the results of UEA’s most recent transpaontey, conducted in 2005, the
number of people who take the bus to/from UEA i%02ff the total population of 18000:
20% of 18000 = 0.2 x 18000 = 360@8)

Number of kilometres travelled per person per jeyrassumed to be 5.5km (based on
distance from UEA to Castle Meadow along the 25rbuge). This should be multiplied
by 2 in order to account for a return journey toAJESo the number of kilometres
travelled per person per day is assumed to be gippately 11 km(B)

Total distance travelled by bus per day (Km) isado the number of kilometres
travelled per person per day multiplied by the nandf people who take the bus per
day:

Total distance travelled by bus per day = A x B9600 Km.

The number of working days in an academic yeauasyy that this is when most of the
travel to UEA will be conducted) is 150. This ssked on subtracting the number of
weekend days from a 30 week academic year.

Therefore the approximate total distance travdietbus per year is:
39600 x 150 = 5940000 Km.

Before this figure can be inserted into the EcalabfFootprint conversion table it needs

to be converted into total 1000 passenger km par lye dividing by 1000:
Total 1000 km per year = 5940000/1000 = 5940.
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Table A2: The total Ecological Footprint of transpat UEA

Mode of transport Value Conversion factor | Ecological Footprint
(1000s passenger (gha per 1000 (gha)
km/year) passenger (A*B)
(A) kilometres)
(B)
1000s passenger 13050.98 0.09 1174.5882
km/year in car
Business flights by | unavailable 0.08 n/a
staff
Bus and train 5940 0.03 178.2
TOTAL Ecological Footprint for transport 1352.7882

Al.2 Energy

Al.2.1 Electricity

The Ecological Footprint of UEA’s electricity consumption: Imported grid

electricity

The Net UEA Grid Import of electricity is producky a variety of sources. In order to
provide a more accurate measure of the Ecologmatpfint of UEA’s imported grid
electricity the UK’s average energy mix proportiggszen in table A3) are used in table
A5 below to calculate the approximate amount ofteigity UEA derives from each fuel
type and the corresponding Ecological footprinm&eable energy is assumed as being
equal to natural gas for simplification and becaaggroximately 30% of renewable
energy is produced from landfill or sewage gasrs@BERR, 2008). Nuclear energy is
assumed to be equal to Fossil Fuels, due to tkéatsor that it involves (Chambees

al., 2000) and imports are assumed to be equivalanidlear because the majority come
from France which utilises almost only nuclear ggdor electricity production.

Table A3:UK Electricity Generation Mixture

TWh % of UK mix
Coal 125 33.97
Oil 2 0.54
Gas 135 36.68
Nuclear 75 20.38
Renewablgs 17 4.62
Imports 11 2.99
Storage 3 0.82
TOTAL 368 100

(Source: UK Energy White Paper 2007)
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Table A4: Electricity use by UEA 2006/2007

Location Amount Amount Net Grid Import of Net Grid Import of
Imported | Exported to Electricity (KWh) Electricity
from Grid Grid (GWh)

(KWh) (KWh)
UEA Plain 11322300 57700 11264600 11.26
UEA village 910296 0 910296 0.91
NAM 363717 0 363717 0.36
Earlham Hall 68414 0 68414 0.07
UEA TOTAL | 12664727 57700 12607027 12.60

(Source: Elaine Colk)

Table A5: Calculating the Ecological Footprint dERA's Net Imported GricElectricity

Fuel Type % of UK GWh Imported Conversion Factor | Ecological Footprint (gha)
energy mix | (A/100* 12.60 = B) (gha/GWh) (B*C)
(A) (©)
Coal 33.97 4.280 198 847.48
0]] 0.54 0.068 150 10.21
Gas 36.68 4.622 94 434.44
Nuclear 20.38 2.568 147 377.48
Renewables 4.62 0.582 94 54.72
Imports 2.99 0.377 147 55.38
Storage 0.82 0.103 0 0.00
TOTAL Ecological Footprint of UEA’s net imported gr id electricity 1779.71

The Ecological Footprint of UEA’s electricity consumption: electricity produced on

site

The footprint for the electricity produced on sgecalculated by multiplying the GWh
produced by the CHP (20.02) by the footprint faébo gas (94 gha/GWh).

Footprint of onsite generation = 20.02 x 94 = 1888 Global Hectares

The total Ecological Footprint of the UEA’s electrtity consumption

Total electricity footprint = electricity producexsh site + imported grid electricity

UEA'’s Total electricity footprint = 1881.88 + 177971= 3661.59 Global Hectares.
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Al.2.2 Heating

Table A6: The Ecological Footprint of Gas usedDinect Heating

Conversion Factor |Ecological Footprint
GWh (gha/GWh) (Global Hectares)
Location | KWh (A) (B) (A*B)
Village 2307467 2.3074671 45 103.84
Dev Farm| 332101,9.332102 45 14.94
NAM 293705 | 0.29370p 45 13.22
WoodHall| 116071| 0.11607[1 45 5.22
TOTAL Gas direct heating footprint 137.22

o]]
Earlham Hall uses 0.22 GWh of oil for heating.
The Conversion Factor for fuel oil is 59 (gha/GWh)

Therefore the total Ecological Footprint for heating using oil is:
0.22 x 59 = 12.98 Global Hectares

TOTAL ENERGY FOOTPRINT
Total energy footprint = Electricity + Gas Heatin@il Heating
Total energy footprint = 3661.59 + 137.22 + 12.98

Total energy footprint = 3811.79 Global Hectares

A1.3 Water Consumption

Table A7: The Ecological Footprint Conversion Fa¢tor Water Consumption

Water supply (1 Megalitre) Energy land
A Carbon per megalitre (tonnes) 0.1
B Carbon responsibility 69%
C World carbon absorption (tonnes 0.95
C/halyr)
D Equivalence factor 1.35
(A*B*D)/C |Ecological footprint conversion 0.099
factor (gha/megalitre)

(Source: Chambeeet al, 2005),

Table A8: UEA’s Water Consumption for 2006 - 2007
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Table A9: Calculating UEA’s Ecolo

Water
Location (m°)
University Plain Total 288325
Village 27111
Earlham Hall 801
Colney Lane 2168
Dev Farm 106
Village Laundrette 1771.75
Street Launderette 5757
Med. Centre Laun 1771.75
TOTAL 327811.5
(Source: Elaine Colk)

ical Footprintrfawater consumption

Total (m®) Total water | Ecological footprint | TOTAL Ecological
consumption conversion factor Footprint
(Megalitres) (gha/megalitre) (gha)
(A) (B) (A*B)
UEA’s Water 327811.5 327.8115 0.099 32.45
Consumption
Al.4 Waste
Table A10: Calculating UEA’s Ecological FootprimrfiWaste and Materials
Waste Average UEA'’s total Total (Average) | Ecological
percentage waste in amount of | Footprint Footprint
composition | tonnes 2007 UEA’s Conversion| (D *E)
of UK -2008 waste per Factor
household (landfilled | component | (gha/tonne)
waste or recyled) in tonnes (D)
(A) (B) (A * B/100)
(©)
Paper- 24 3539.2 849.41 3.4 2887.9¢
landfilled
Paper — 24 1786.4 428.74 2.45 1050.4(
recycled
Glass — 6.5 3539.2 230.05 1.05 241.55
landfilled
Glass — 6.5 1786.4 116.12 0.85 98.70
recycled
Aluminium 4 3539.2 141.57 13.6 1925.32
cans —
landfilled
Aluminium 4 1786.4 71.46 0.65 46.45
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cans —recycled

Plastic — 9 3539.2 318.53 3.85 1226.33
landfilled

Plastic - 9 1786.4 160.78 2.2 353.71
recycled

TOTAL 7830.45

A1.5 Built Land

Table A11: Calculation of the built land conversfactor

Built land (per hectare) Built Land
A Built land (ha) 1

B Crop yield factor 2.44

C Equivalence factor 2.18
A*B*C |Ecological footprint (gha/hectare) 5.32

(Source: Chambeset al, 2005)

UEA campus is 320 acres, which is 129.5 hectar&A(12007).

By estimating the total area of land that buildie§$JEA occupy using ArcGIS and
multiplying this by the Ecological Footprint congan factor provided by Chambest
al. (2005) above, the Ecological Footprint for bugihtl of UEA can be calculated.

25.02 hectares x 5.32 gha/hectare =133.11 gha
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