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Abstract

Current food production and consumption practices depleting natural resources and polluting
ecosystems at a rate that is unsustainable, agcatkealso one of the main causes of anthropogenic
climate change. If this trend does not change,realiéies of food production will be exacerbated in
future decades due to population growth and inangds/ing standards. A shift towards low impact
diets has been proposed as part of the solutimveéocome these challenges. The public food sector
offers tremendous potential for influencing sucshét; however currently in the UK this potential i
only partially exploited as national guidelines frblic food procurement and sustainability schemes
for the catering sector generally avoid promotimg adoption of low impact menus.

This doctoral research aims at addressing thistfsidoy creating a procedure for the design of
low impact primary school menus. This is informed & life-cycle based tool (the Environmental
Assessment Tool of School meals, EATS) that enatdésring companies and local authorities to
self-assess the environmental impact of a meakrimg of its carbon and water footprint, with the
purpose of identifyindiotspotmeals and comparing alternatives in the desigreef menus. The data
underlying EATS includes the results of a metaysial of the existing literature on the carbon
footprint of 110 food products commonly used in pheparation of primary school meals in the UK.

To validate EATS, a statistical analysis of the emhydng data was performed, feedback from its
potential users was collected through a questioentiree case study analyses were developed, and
the results provided were compared with existingdists. Finally, by providing an example of
application of the procedural assessment, the patémpact arising from the implementation of the

reduction measures suggested in this work is disclis
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Glossary

Food category food products are grouped into six categoriesrfdand eggs, fish, fruit and nuts,
vegetables and pulses, meat, processed agricyaaicts)

Food product ingredient (e.g. carrots, salmon) used in th@amation of school meals that the user
can find in EATS

Fish items the items recorded in the PSFS that contain(&sih cod in tomato sauce)

Item code in the PSFS an item code is associated to eachriame

Item group: in the PSFS all the food and drink items on o#er grouped into 19 item groups (e.g.
salad, fruit, protein-meat)

Item name in the PSFS each food and drink item on offeatisbuted an item name (e.g. mashed
potatoes)

Meat items: the items recorded in the PSFS that contain feegtlamb stew)

School meal one serving of a school meal according to prinsaiyool servings size, this generally
includes a main dish, a side dish and a dessert

Vegan items the items recorded in the PSFS that do not comtesat, fish, dairy nor eggs (e.g. fruit
salad)

Vegetarian items the items recorded in the PSFS that do not combteiat or fish but contain dairy or

eggs (e.g. cheesy jacket potato, chocolate cake)
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1 Introduction

1.1 Background

During the World Food Summit (World Food Summit969 food security was defined as a situation
“when all people at all times have physical andheoaic access to sufficient, safe and nutritiougifoo
that meets their dietary needs and food preferefamean active and healthy life”. This definition

stressed the importance of elements that go beybedavailability of food which are: access
(individual entitlement for obtaining food), foodfsty, nutritional value, and stability through &m

In the last century the primary focus of the reseatommunity has been on enhancing food
productivity and during the “Green Revolution” (B34985) research and technological
improvements led to significant increases in yieldsich meant that overall global production kept
ahead of the overall demand (Ingram et al., 203 se increased yields were mainly achieved due to
radical improvements in the use of fertilizers, tpédes, agricultural machinery, and irrigation
systems. However, this was accompanied with higasource intensity, land degradation, loss of
biodiversity and changes in climate (Ericksen et2409).

Between 1990 and 2010 the production of food (+5@¥&w at a faster rate than the world
population (+30%) and yet significant inequalitiesw exist with regard to access (DEFRA, 2012,
FAO et al., 2013). For example, whilst in 2008 atineated two billion people worldwide were
overweight or obese (FAO et al., 2013, Swinburale2011), in 2011-2013 the Food and Agriculture
Organization of the United Nations (FAO et al., 2D&Estimated that 842 million people suffered
chronic undernourishment.

The prevalent food production systems deplete ahtesources and pollute ecosystems at a rate
that is unsustainable, and this will compromise ¢hpacity for nations to produce food for future
generations. Food consumption is the main purpbsend use (38% of the terrestrial surface is used
for agriculture and 70% of land suitable for grogvitmod is already in use) and of water use (70% of
freshwater withdrawals are used for irrigation) I@yoet al., 2011, Giovanucci et al., 2012).
Agriculture damages productive land through sabk&n and degradation and affects the ecosystems,
representing a threat to biodiversity (Verhulsalet2010). The increased use of fertilizers hased
the crucial disruption of global nitrogen and phusis cycles, with negative consequences on water
quality, aquatic ecosystems and marine fisherieaz(@nd Rosenberg, 2008, Canfield et al., 2010).
Furthermore, agriculture is responsible for 30-38%%anthropogenic greenhouse gas emissions
globally, mainly due to deforestation, direct enuas from fertilised soils, livestock rearing ander

cultivation (Foley et al., 2011).



Without a change to current trends, externalitie®od production will be exacerbated in future
decades by further pressures that will be applsea eonsequence of: growing population (expected to
reach 9.2 billion people by 2050) (United Nationspartment of Economic and Social Affairs, 2007),
economic growth and consequent changing lifestylesreasing living standards in developing
countries and consequent changing lifestyles ansidered to be causing a global transition towards
less environmentally sustainable diets (inspiredhgywestern world) rich in meat, processed foods,
refined sugars, refined fats, and oils (Tilman &idrk, 2014, Hoff, 2011, Khan and Hanjra, 2009,
Foresight, 2011). Based on projected increaseseanpouse gas emissions from income-dependent
global dietary shifts and population growth, Tilmand Clark (2014) have estimated that by 2050
emissions driven by food consumption will soar ®)@8compared to the emissions released in 2009.
In addition, climate change is adding further puess on water supplies and agricultural produgtivit
This is a consequence of rising temperatures, fgigni changes to normal weather patterns that
potentially influence crop yields (e.g. changegamfall patterns), rising seawater levels, shirgki
glaciers and the increase in extreme weather evéadroughts and floods. Adaptation measures to
maintain yields in response to extreme weathertevemd different growing conditions will in return
influence levels of greenhouse gas emissions (& mputs will be required to maintain productiyity
(Bows et al., 2012). Ultimately in a context of and of limited resources exacerbated by the effect
of climate change, the achievement of food secigigne of the biggest challenges of the 21st cgntu
(Godfray et al., 2010a).

However, not all food types carry the same enviremral burden. In terms of greenhouse gas
(GHG) emissions for instance, it is well-known thagat and dairy products present higher emissions
than plant-based products. At the same time, thetisexclude an adequate intake of fruit, vegetable
nuts and seeds coupled with a high consumptiordfand processed meat, have been shown to be
one of the major causes of non-communicable dise@&keksandrowicz et al., 2016). For these
reasons there is widespread agreement acrossatberaic community that there is a major potential
for dietary changes to reduce the environmentahotgpof food production whilst improving health
(Aleksandrowicz et al., 2016, Whitmee et al., 20G&rnett, 2016) or as Tilman and Clark (2014, p.
518) phrased it:

“The implementation of dietary solutions to thehtlyg linked diet-environment-health trilemma is a
global challenge, and opportunity, of great envimental and public health importance.”

Governments can use a range of instruments to geodietary change; these include but are not
limited to: removing subsidies for animal-sourcexbds that cause distorted food prices in high
income countries; introducing carbon taxes on fpaducts; integrating environmental priorities into
dietary recommendations (as has already happen&daizii and Sweden (RA6s, 2015, Ministry of

Health of Brazil, 2014)); and providing informationiented tools (Popkin, 2009, Aleksandrowicz et



al., 2016, Joyce et al., 2014, Heller and Keole2f1i,5). One of the means by which governments can
enhance sustainable consumption is by using threzdge of the public food sector (schools, hospitals
universities, care homes, etc.) in setting a “Ipeattice” example for consumers and citizens and
therefore operating as a driver of change (SonaimbMcWilliam, 2011). The nudging power of such
a strategy is particularly strong within the ediaratsector, where issues on food and nutrition can
also be included in the curriculum, using the stimoeal as a system of social learning (Morgan and
Sonnino, 2007).

In order to do so it is crucial to adopt a robusgestific approach in defining what is meant by
“sustainable fodd This can be achieved through adopting an En¥&vagyér/Food Nexus approach,
which, essentially highlights the interconnectidietween energy, water and food systems, thereby
stressing the importance of identifying and theardifying water and energy (and more generally
greenhouse gas emissions) embedded in food produftioff, 2011). This approach is crucially
complemented by the application of life-cycle thitdk which makes it possible to calculate the dctua
embedded impacts of a product throughout the whofgply chain (i.e. from cradle to grave), as
opposed to their apparent ones, thus dismantlioghfoon sense” assumptions, such as for instance
the concept of food miles (Garnett, 2008).

It is argued within this thesis that in the UK thetential offered by the public food sector in
promoting a shift towards more sustainable consiompdatterns is only partially exploited. National
guidelines for the catering sector and sustairtglithemes generally avoid suggesting a dietafy shi
towards low resource intensive products and, irmoting the provision of a sustainable service, they
do not adopt a full life cycle perspective (whidngtimes results in focusing on stages of the suppl
chain that only have a minor significance compdcethe overall picture). In terms of climate change
mitigation measures, this focus on selected stafethe supply chain (e.g. energy efficiency of
kitchen appliances, reduction of transport distahaean be interpreted as a consequence of two main
factors. Firstly, due to a widespread attitude tmlsaconsidering territorial-based rather than
consumption-based emissions when defining nationaégional carbon reduction targets, that leads
to emissions embedded in imported products beimgrgdy omitted (Wood et al., 2014). Secondly,
due the predominant role of G@duction measures (particularly from fossil fustenbustion) linked
to climate change mitigation. This subsequentlis fem acknowledge that (in the case of food systems
non-CQ emissions are in actuality relatively more impagtiand therefore important) than £0
emissions. This is particularly true when lookingylbal GHG emissions from agriculture, where, if
land use change is not taken into account, thesonis contributions are only 1% for g®3% for
CHa(a greenhouse gas 25 times more polluting thano®€r a 100 year period) and 46% foiON(a
greenhouse gas 298 times more polluting thaa@@r a 100 year period) (Bows et al., 2012, Bows-
Larkin et al., 2014).



The purpose of this doctoral research work is floeeeto fill this gap in knowledge, by combining

nexus thinking with a life-cycle perspective to d®p a procedural assessment to advise caterers and

local authorities on how to reduce the environnieimigact of the food service they provide, with a

specific focus on primary school meals.

1.2 Aim and Objectives of the study

The aim of the research is:

‘To develop a procedure for the assessment of theirnmental impact of primary school

menus and the design of low impact alternative mshu

The objectives of the research are listed below@medented together with the methodology and

the research outputs in Table 1-1:

1. To select the best method(s) to use to assessitimmental impact of food production
and consumption choices.

2. To collect secondary data on the carbon footpf#)(and water footprint (WF) of a range
of food products that comprehensively covers miogtedients used in the preparation of
primary school meals in the UK.

3. Based on the findings of objective 2 to developoal that can be used for the self-
assessment of a primary school meal fayadle to plate

4. To validate the tool through case studies, uséésjback, and by testing it against existing
studies.

5. To develop a procedural assessment informed bytdbk to create environmentally
sustainable menus.

Table 1-1: Objectives of research
Objective Objectives of the Research Methodology = Methodology to achieve Research Output
No. No. the Objectives
O1 To critically review existing M1 Review current literature Literature review
methods to assess the on environmental impact and identification
environmental impact of food assessment of food of research gap
production and consumption production and
choices. (See M1 in Section 3.1) consumption
02 To collect secondary data on M2 Selecting a list of food Database of carbon

the CF and WF of a range of
food products that
comprehensively covers most
ingredients used in the
preparation of primary school
meals in the UK.
(See M2 in Section 3.1)

products of interest and
performing a systematic
review of literature for
each element on the list to
create a CF and WF
database

and water
footprints from
cradle to gate




o3

O4

05

To develop a tool that can be

used for the self-assessment of

a primary school meal from
cradle to plate.
(See M3 in Section 3.1)

To validate the tool through
statistical analysis, case
studies, users’ feedback and
by testing it against existing
studies.

(See M4a and M4b in Section
3.1)

To develop a procedural
assessment to create
environmentally sustainable
menus.

(See M5 in Section 3.1)

M3

M4a & M4b

M5

Collection of the factors to
calculate the impacts of a
primary school meal from
gate to plate and creation of
a user interface to enable
users to perform the
overall calculation

Validate the methodology
and the tool, using
statistical analysis of the
data, case study analysis,
feedback from users, and
by comparing the results
with existing ones.
Develop the final version
of the tool

Development of a
procedural assessment
informed by the tool, that
enables the creation of
environmentally
sustainable menus

Environmental
Assessment Tool of
School meals
(EATS)

EATS (final
version)

Results from meta-
analysis, case
studies and
comparison with
literature

Sustainability
procedural
assessment

Example of
application of the
procedure







2 Literature review

This chapter provides a critical review of therkteire base related to the following areas:
- The Energy/Water/Food nexus (Section 2.1);
- Key pathways to achieve food security (Section;2.2)
- Existing methods to assess the environmental impadbod production and provide the
evidence base to promote each pathway (Section 2.3)
An overview of the current regulatory landscapethe UK public food sector together with
existing sustainability schemes is provided, ineorh assess whether the key pathways identified to

achieve food security are reflected therein.

2.1 The Energy/Water/Food nexus
The word “nexus” derives from the Latin venlcterewhich means “to connect”, and expresses the
study of the interactions and connections betwaendr more things, often termed dependencies or
interdependencies. The water, energy and food n&W&-N) is therefore the study of the interactions
between these three resources, the synergiesadwtdffs that arise from the way they are managed,
and the potential areas of conflict (Bazilian ef 2011, Keairns et al., 2016). This nexus apprasch
based on the idea that it is not possible to addneser, energy or food security in isolation in an
effective way without considering the implicationa the other two, in other words the broader
consequences caused by the interdependencies betiera (Bazilian et al., 2011, Olsson, 2013,
Hoff, 2011). For example, the basis of food productequires water directly to grow crops, and this
water usually requires pumping and treating whietuires energy; in turn electricity production is
dependent on water for cooling and steam generatmon

Energy and water are further required for procesgackaging, transport and storage, preparation
by the end-user and ultimately final disposal aiddavaste. The use of energy in each phase of the

food chain, for the case of the UK, is illustratedrigure 2-1.
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Figure 2-1: Energy use in the UK food supply chaitin 2011 (DEFRA, 2013b p. 35).



Figure 2-2 shows just how closely interconnectesl élements of the nexus are by showing the
correlation between food and energy prices. Thisekconnection is a consequence of the reliance of
modern agriculture on fossil fuels and of first geation bio-fuel expansion, which has made energy
and food production become competitors for landwaatér (Bazilian et al., 2011, Olsson, 2013, FAO,
2010). This tension between energy and food reptese case in which a trade-off can be made
considering all aspects of the nexus.
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Figure 2-2: World food and oil prices. January 20020 July 2015 (The World Bank, FAO, 2015)

The water, energy and food nexus has been idehtifieone of the three greatest threats to the
global economy (Van der Elst and Dave, 2011). & &lao been defined a “security” nexus, as access
to all three elements must be ensured in ordeave Iprosperity and peace (Lawford et al., 2013).

The ultimate goal for analysing the connectionsveen water, energy and food, and highlighting
the potential areas for conflict, trade-offs andesgies, is to guide policy-making towards integdat
solutions and approaches to resource use (Lawfoal.,e2013, Bazilian et al., 2011, Hoff, 2011,
Ringler et al., 2013, Howells et al., 2013).

In this work, the nexus is approached from a foecusty standpoint, and provides the rationale
behind the choice of investigating embedded water @nergy inputs (and related greenhouse gas
emissions) of food consumption and production paste

2.2 Pathways to achieve Food Security
Throughout the literature two key goals relatingthe concept of food security can be identified
(Dogliotti et al., 2014, Foresight, 2011, Godfrayk, 2010a). These are:

- Sustainably balancing the growing demand for fodtl supply streams;

- Ensuring universal access to food, nutritional sgcand stability through time.



Both are extremely ambitious and multi-disciplinahowever this review of the literature is
focused on the first goal, as its achievement ignately a necessary condition for achieving the
second goal. Numerous pathways have been sugdestealch this primary goal. On the supply-side
of the equation, the pathways mainly focus on dgiah food production methods that make more
efficient use of resources and replenish, rathan tbeplete, biodiversity and related ecosystems.
Whilst on the demand side they focus on the pramotf a shift towards more sustainable
consumption patterns (Foresight, 2011, Garnett4 2Gbdfray et al., 2010a, Godfray et al., 2010b).

These include:

- Pathway 1—Employing sustainable production meth@kddington, 2010, OECD, 2013,
BMU and BMZ, 2011, Foresight, 2011, Foley et ab12);

- Pathway 2—Changing diets (Garnett, 2008, Godfraplet2010a, BMU and BMZ, 2011,
Foresight, 2011, Garnett, 2011, Foley et al., 200ilman and Clark, 2014, Heller and
Keoleian, 2015, Bows et al., 2012);

- Pathway 3—Reducing wastage (Kummu et al., 2012r0Baret al., 2014, Parfitt et al., 2010,
FAO, 2011a, BMU and BMZ, 2011, Godfray et al., 281Boresight, 2011, Foley et al., 2011,
Quested et al., 2012).

This three-pathway approach is now analysed in rdetail and their respective connection(s) with

the nexus approach are underlined.

2.2.1 Pathway 1: Employing Sustainable Production Methods
There is common agreement that in the coming decadee food will have to be produced at a lower
environmental cost in a resource constrained enmient (Foresight, 2011, Foley et al., 2011).

In terms of water resource availability, in 2000, dountries used more than 40% of their water
resources for irrigation, and were therefore defims suffering critical water scarcity (Khan and
Hanjra, 2009). Water scarcity is defined as theasibn in which the aggregated impact of all users
compromises the supply and/or the quality of watethe extent that demand by all sectors (inclgdin
the environment) cannot be fully satisfied (UN Wa®006). Besides over consumption of water, a
threat is presented by salinization and pollutibwater courses and bodies and degradation of water
related ecosystems (FAO, 2011b). This is not tHg msource whose limited availability is critical
for increasing agricultural production. For examalied to this is phosphorus, which is used in the
production of chemical fertilizers. (The price digsphate rock increased by 700% in 14 months
between 2007 and 2008 (Cordell et al.,, 2009)). Lagpresents another critical resource. Stiff
competition ensues for land use as a consequernmh@f human activities (e.g. urbanization and the
cultivation of crops for biofuels) and where lasdavailable, it may no longer be productive because
of unsustainable land management, which leads gertification, salinization, soil erosion and other

consequences. Alternatively it may simply be beeadasid banks that exist for the protection of



biodiversity and ecosystems services (such as natmvage) must be given priority (Godfray et al.,
2010a, FAO, 2013b, Fazeni and Steinmdiller, 201lyedis et al., 2013). Furthermore, agriculture is
responsible for 30-35% of GHG emissions globallainty due to carbon dioxide emissions caused
by deforestation, nitrous oxide emissions fromilfieed soils and methane emissions from livestock
rearing and rice cultivation (Foley et al., 2011).

It is, therefore, extremely important to optimizestuse of inputs in agricultural production. The
EWFN approach can assist in such an aim throughrimifig policies and regulations that promote the
implementation of more efficient production teclogés. Some examples are solutions for water
conservation (like rainwater harvesting) and edintiwater use technologies (on time water delivery
and micro irrigation), increased fertilizer use i@éincy (through more precise application of
fertilizers), increased yields to input ratio, iraped feed quality for better digestibility, imprale
manure management, and reduced carbon intensityebfinputs (by using alternative sources for
energy production such as wind and solar powenaewbic digestion) (Garnett, 2011, Ringler et al.,
2013, Godfray et al., 2010a, Vergé et al., 200Dwithstanding these requirements, existing pdicie
created using a silo approach have traditionallpused only on food security, while heavily
subsidising water and energy requirements for foidiuction (e.g. in India farmers have access to
free electricity in order to use it for groundwatedtraction for irrigation (Hoff, 2011)). These are

explicitly in conflict, dis-incentivizing farmerstinvest in new technologies (Olsson, 2013).

2.2.2 Pathway 2: Changing Diets

About one third of global cereal production is flicectly to animals (Alexandratos et al., 2006)ek&v
though the efficiency of the conversion of feedktimto animal matter is considerably variable among
different species (e.g., in developed countriescreal necessary to produce a weight increasaef o
kilogram is approximately: 7 kg for cattle, 4 kg fwork and 2 kg for chicken (Rosegrant et al., 2399
in most cases meat consumption represents a sirhabpise of land, water and energy resources
involved in the agricultural production (Godfrayatt, 2010a, Garnett, 2011). In addition, according
the FAO'sLivestock Long Shadomeport (FAO, 2006) and many other LCA analyseg. (dead et al.,
2014, Baldwin et al., 2010, Mogensen et al., 2@i8ssling et al., 2011), livestock has a strong ithpa
on water pollution (caused by manure and wastejvalend use and biodiversity, and heavily
contributes to greenhouse gases emissions (cotimigbto 18% of global emissions over its lifecycle
(Gerber et al., 2013).

Amongst researchers aiming at identifying dietaattgrns that have a lower environmental impact,
the great majority of academics agree on the natfite of reducing meat consumption (Baroni et al.,
2007, Davis et al., 2010, Saxe et al., 2012, Haoloét al., 2013, Aston et al., 2012, Pathak et al.,
2010, Vieux et al., 2012, Audsley et al.,, 2010, Mammid et al., 2011, Davis et al., 2016,
Aleksandrowicz et al., 2016, Jalava et al., 20B4riSorough et al., 2014). For instance, Vanhanh et a
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(2016) quantified the water resources related ¢l fronsumption in thirteen Mediterranean cities and
calculated that a shift to a healthy Mediterrandimt, a pesco-vegetarian diet and a vegetarian diet
would lead to reductions in water consumption o061 43%, 28% to 52% and 30% to 53%
respectively. Tilman and Clark (2014) performednailar analysis focusing on GHG emissions, and
estimated that a global dietary shift to a Medérean, pesco-vegetarian and vegetarian diet would
lead to reductions in GHG emissions respectivel§f 30% and 43%.

Often this argument has been supported by medic&gsionals for health reasons, asserting that
a shift towards a more plant based diet would imprbealth, as proven by a number of dietary
guidelines promoting a lower meat consumption caoegbdo the current one in western countries
(Food Standards Agency, 2007, Méakel&, 2005, Naktidealth and Medical Research Council, 2013).
However, taking the attitude that meat rearing emasumption is always negative is over simplistic:
in developing countries meat represents an impbstaurce of some vitamins and minerals which are
crucial for children’s development (Neumann et2002, Garnett, 2009).

There is a vast range of literature focused onirimdsynergies between a shift towards both
healthier diets and environmentally friendly onesme examples can be found in (Reynolds et al.,
2014, van Dooren et al., 2014, Saxe et al., 2018leivand Christen, 2013, Berners-Lee et al., 2012,
Macdiarmid et al., 2011, Tukker et al., 2011, Ridkarja et al., 2009, Scarborough et al., 2012).
However, it has been discussed therein that thighimhot always be the case. For instance
Macdiarmid et al. (2011) discussed some exampldésadé-offs between health and the environment
such as fish intake, low fat dairy and lean medy fh, for instance, is considered a good sowfte
protein and omega-3 fatty acids, however a globateiase in fish consumption would put further
pressure on the already declining wild fish stodR¢her researchers have discussed a number of
parallel solutions for dietary shifts that wouldder our impact on the environment such as: the
consumption of seasonal products (Foster et al4R2&eeking a balance between energy intake and
expenditure (Vieux et al., 2012) and a lower constion of products such as coffee, tea, cocoa and
alcohol that usually come with a high environmemialden and are not necessary from a nutritional
perspective (Saxe et al., 2012).

The benefits that a EWFN approach brings to théswdision is that it serves to emphasize the
importance of considering embedded water, energl GHG emissions in food production when
supporting and guiding a shift towards less intemsionsumption dietary choices. Such a mentality
stands behind the application of a range of metlogis (e.g. LCA, water footprinting, carbon
footprinting) that can quantitatively assess thdgsmance on diets. The results of these studias ca
be used to facilitate transparently informed cormurohoices. As an example, an App called

SuperWijzer (www.thequestionmark.org/en/ accesse 2017) has been developed by the Dutch

organizationvVarkens in Noodwhich enables purchasers to scan a product atathdbformation on
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its environmental impact (obtained through the mptibn of LCA) and to receive suggestions for
similar products which have a better score (Head.e2014). Such innovations are an integral pfrt

a EWFN approach.

2.2.3 Pathway 3: Reducing Wastage

It has been estimated throughout the global foancthat approximately 30% of food produced for
human consumption is lost or wasted (FAO, 2013bQF2011a). The stages of the food system that
experience most wastage can vary significantly wtemparing developing and developed countries.
For example, in developing countries most of thedftoss occurs in the field (as a consequence of
pests and pathogens (Kader, 2005)) and at posestsstages, as a consequence of poor infrastructure
technical limitations in harvesting techniquesyate and cooling technologies, packaging and lack o
connection to markets (FAO, 2011a). Converselyhendeveloped world most of the waste occurs at
the retail, food service and household level(s3tédy conducted by WRAP (WRAP, 2008) estimated
that in the UK, household food waste correspondsntothird of the amount of food purchased. The
U.S. Department of Agriculture estimated that i©2®o0d wasted at retail and consumer levels was
equal to 124 kg per capita per year, correspondiragpurchasing value of US$ 165.6 billion (Buzby
and Hyman, 2012). There are many reasons repatdti$, these include: low prices of food - which
encourages wasteful behaviours; extreme reliancausm by” dates, which often underestimate the
shelf life of the product for safety reasons; agtithcriteria as a result of which retailers thraway
perfectly edible fruits and vegetables; offers, athéncourage consumers to buy more than they can
consume; and oversized portions proposed by the $eovice sector (Godfray et al., 2010a, FAO,
2011a, WRAP, 2008, Parfitt et al., 2010, O’Donmelal., 2015).

The impact of food waste and losses on the enviemiimn terms of the resources involved in the
production, processing, transport and consumpttages was highlighted by the FAO in its Food
Wastage Footprint report (FAO, 2013b), in which floe first time the impact of food wastage on
climate change, biodiversity, water and land waessed at a global level. Figure 2-3 and Figure 2-4
extracted from this report, illustrate the impantaimate change deriving from food wasted at each
phase of the supply chain, highlighting how thedan the supply chain food is wasted, the higher t
impact will be, due to the accumulating impactshef previous phases.

Similarly, in a study by Kummu et al. (2012), itsvassessed that the production of lost and wasted
food crops accounts for 24% of total freshwaterdusefood crop production, in addition to 23% of
total global cropland area and global fertilizee.u&s pointed out by the United Nations Environment
Programme - UNEP (Nellemann, 2009), food wastage amty represents an inefficient use of
resources and ecosystem services, but also adamgee of methane emissions at the landfill stage.

It is estimated that if the minimum loss and wamsdecentages in each food supply chain step were

to be applied everywhere, approximately half of thed supply (and associated resources) losses
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could be saved (Kummu et al., 2012). It is, thenesfevident that the application of a EWFN approach
could be crucial in serving to underline the oppoitty for improving overall resource efficiency
offered by reducing wastage at all stages of thd &upply chain (FAO, 2013b, HLPE, 2014, Garnett,
2008). In addition it could foster productive reliyg of food no longer fit for consumption as anlma

feed or as a source of energy (Foresight, 2011).
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Figure 2-3: Carbon footprint of food wastage, by phase of the food supply chain with respective contsution of embedded life
cycle phases (FAO, 2013b)
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2.3 Review of existing methods to assess the resource use and/or the

environmental impact of products
In order to adopt an EWFN approach to achieve &eamrity, analysis of the literature base suggests
that it is necessary to develop methods of analysis can supply information on the complex
relationships between water, energy and food (Raatedl., 2015, Bazilian et al., 2011). A numbér o
analytical tools and methods were developed inldlsé decades to enable the assessment of the
resource use and/or the environmental impact oflyms. Such methods can be applied to food
products in order to provide the necessary infoionab promote the three pathways mentioned in the
previous sections.

Energy Analysis measures the energy required toufaature a product or a service, including
both direct and indirect energy flows. There aféedint types of energy measures, including: exergy
a measure of the maximum amount of work that cathéeretically obtained from a system (Jeswani
et al., 2010) and emergy, a measure of the topaitento a system (e.g. energy, materials, labodr an
information) calculated using a common unit of meagFinnveden and Moberg, 2005).

The Material Intensity Per Unit Service (MIPS) adidtes the material inputs to a system
aggregating them in five categories: abiotic mateyi biotic materials, water, air and soil
(Spangenberg et al., 1999). In this analysishallmaterials required for the production procesmmi
the final weight of the products are quantified aspresent the material intensity of a product E\Nss
al., 2007).

The Ecological Footprint estimates the correspandamea of land required to produce the
resources consumed and assimilate the waste pudiyca nation, a region, a project or a product
(Wackernagel and Rees, 1996), although it has gnaieén used for regions and nations (Finnveden
and Moberg, 2005).

Life Cycle Costing (LCC) enables the assessmettietost of a product or a service including all
stages of the life cycle. In principle it is nosasiated with environmental impacts, being esskiyntia
an economic tool. Nevertheless, in some casesdbis associated with environmental impacts are
also accounted for (Gluch and Baumann, 2004).

Also based on life cycle thinking, the tool of Li&ycle Assessment is considered to be the most
well established and developed tool in this catgghiess et al., 2007). This tool enables to evaluat
the environmental impacts of a product or a serthiceughout its life cycle. Being ISO regulatedsth
tool allows for wide applicability and potentialroparability of the results (Sala et al., 2012).

Amongst the tools presented, the first three (Bnénggalysis, MIPS and Ecological Footprint) are
focused on the consumption of natural resourcas @mergy, land, materials) while the last two
include both an assessment of the natural resouszs and the environmental impacts (Finnveden

and Moberg, 2005). Furthermore, in the contexhefriexus the application of life-cycle thinkingois
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crucial importance, as it makes it possible to aotdor the increasing globalisation of an array of
supply chains - with the production and consumptibproducts often occurring in different locations
and affecting the nexus in different ways (Jesvearail., 2015).

Between LCC and LCA, the former was excluded asettenomic analysis was not the primary
aim of this work. Therefore, Life Cycle Assessmemais selected as the most appropriate method on
which to base the research work conducted in thisadlal project. It is for this reason that theiegw
presented in the next section focuses on the apiglits of the tool of Life Cycle Assessment (LCA)

to the agri-food sector.

2.3.1 Definition of LCA and Its Historical Development as a Tool Applied within the Agri-

Food Sector
Life Cycle Assessment is a tool to assess the piatemvironmental impacts, such as the extraction
and use of resources and the emission of hazasidstances, throughout a product’s life cycle from
raw material acquisition through production, used-ef-life treatment, recycling and final disposal
(ISO, 2006b). The term “product” includes both geoahd services. The “life cycle thinking”
approach differentiates this tool from other envimental management approaches and enables users
to better consider problem shifting—in other wons®vement of resources from one phase of the life
cycle to another or geographically from one placartother (Finnveden et al., 2009). Furthermore the
environmental impacts are assessed through a armgerof environmental indicators, which avoids
shifting from one environmental problem to anottitidoutt et al., 2014, McLaren, 2010).

LCA is considered to be the main tool to guide it $bwards sustainable food systems (van der
Werf et al., 2014) primarily for three reasons:

(1) It enables the identification of the stage wherertrain impacts lie (within the life cycle of a

product);

(2) It highlights where the introduction of alternatioperations (within a particular stage) would

be more effective;

(3) Since it presents clear numerical results, it esmhblsers to dismantle common sense

assumptions, such &od milesand create information to guide consumers’ cte{Garnett,
2008).

Figure 2-5 shows that within the last decade ther® been a steady increase in the number of
journal articles where LCA has been applied toape-food sector (Blue indicators). The other three
series of indicators refer to a selection of thgslications that are respectively aligned with
pathways 1, 2 and 3 identified in Section 2.2. Admminance of publications focusing on production

methods can be seen; this will be further discugséue following section.
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Figure 2-5: Number of peer reviewed articles publised between 2004 and 2014 related to LCA and food
(These results came from Scopus when using “LCA™0Ofe Cycle Assessment” AND “Food” as “Title, abatt, keywords”
respectively, and subsequently refining the seadtting the words “Production”, “Consumption” and dgte”)

The use of LCA in the agri-food sector has gainednentum in the last two decades because of an
increased awareness on the pressures posed byifodaction and consumption on the environment
(Saarinen et al., 2012, Heller et al., 2013, Hdllstet al., 2015). The first “International Confece
on LCA in the Agri-Food Sector” was held in 1996Bnussels, and since then nine other editions
have taken place, the last in 2016, bringing togretihe world experts in this interdisciplinary rass
field, which includes agronomic, food and nutritigeience and environmental system analysis

disciplines (van der Werf et al., 2014).

2.3.2 Categorizing Applications of LCA within the Food Sector

The literature base identified in Section 2.3.1 waerrogated in order to identify how LCA had
been applied, which stakeholders were involved hod these mapped onto the three pathways
identified. The database consisted of peer reviejpadnal articles, which present the results of
applying the LCA methodology to a product/groupuodducts in the agri-food sector. This resulted in
the identification of five different applicationsf € CA considering five overarching goals. The

relevance to the three pathways is shown in Taldlddliowed by a more detailed discussion.
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Table 2-1: Grouping of LCA literature according to five overarching goals

T f
Appli};lagtc;c(oi) References Pathway Applicable Instruments Stakeholders
A— Assessment Environmental Product Public
of the (Vazquez-Rowe et al.,, 2012, Dalgaard et al., 2014, Hospido et al., 2006, Romero-Gamez et 1: Declarations (ISO 14025) procurers,
environmental al., 2014, Ridoutt et al., 2014, Ziegler et al., 2003, Del Borghi et al., 2014, Espinoza-Orias et al., Employing Regulati d fiscal producers,
impact of 2011, Vazquez-Rowe et al., 2014, Williams et al., 2010, Vinyes et al., 2015, van Middelaar et sustainable eguiations in 1sea consumers,
production al., 2011, Torrellas et al., 2012, Thrane, 2006, Basset-Mens and van der Werf, 2005, de Backer production fost measures ;)f' ient food service
processes and et al., 2009, De Menna et al., 2015, Pashaei Kamali et al., 2016) methods oster rescziurcs ethicen providers, policy
products procuction makers
B_ -
of altceilrglzia\f;son (Davis et al., 2010, Espinoza-Orias et al., 2011, Foster et al., 2014, Hassard et al., 2014,
consumption choices Head et al., 2014, R60s et al., 2014, Saarinen et al., 2012, Schmidt Rivera et al., 2014, Carlsson- Information/education
(pro dtljcts /meals) Kanyama, 1998, Carlsson-Kanyama et al., 2003, Sonesson et al., 2005, Davis and Sonesson, campaiens u
fols communication 2008, Carlsson-Kanyama and Gonzalez, 2009, Virtanen et al., 2011, Sanfilippo et al., 2012, paign: Consumers,
purposes Ribal et al., 2016, Benvenuti et al., 2016) 5. food service
’ iders, poli
Changing Fiscal measures to pr;\:keirss t}kjliorclicy
(Saxe et al., 2012, van Dooren et al., 2014, Fazeni and Steinmdiller, 2011, Baroni et al., 2007, diets influence sector ’(e
C— Assessment Carlsson-Kanyama et al., 2003, Berners-Lee et al., 2012, Vieux et al., 2012, Hoolohan et al., consumers’ choices Sustain.:?’ v
of the environmental 2013, Meier and Christen, 2013, Macdiarmid et al., 2012, Aston et al., 2012, Tukker et al., 2011,
performance of diets ~ Pathak et al., 2010, Risku-Norja et al., 2009, Davis et al., 2016, Tilman and Clark, 2014, Donati Integrate environmental
et al., 2016, Springmann et al., 2016, Heller and Keoleian, 2015) priorities in dietary
recommendations
Awareness raising . Consumers,
. third sector (e.g.,
D — Assessment campaigns WRAP**)
of potential (Scholz et al., 2015, Eberle and Fels, 2015, Gruber et al., 2015, Sonesson et al., 2015, Berlin Fiscal measures
environmental et al., 2008, Davis and Sonesson, 2008, Bernstad Saraiva Schott and Andersson, 2015, Gentil et (incentivizin Policy makers,
savings of al., 2011, Matsuda et al., 2012, Venkat, 2011, Davis et al., 2016, Willersinn et al., 2017, Heller . . 5 . producers,
. 3: redistribution and increasing .
food wastage and Keoleian, 2015) . . . retailers,
: Reducing levies on landfill) ”
reduction - food service
waste Quality standards .
revision provides
E—Investigation - o o e o Packaging innovation
(Williams and Wikstrom, 2011, Wikstrom et al., 2014, Williams et al., 2008, Wikstrom and
of the role of Producers,

packaging in food
waste reduction

Williams, 2010, Zhang et al., 2015, Grant et al., 2015, Manfredi et al., 2015, Silvenius et al.,
2014)

Regulations on packaging

policy makers

" www.sustainweb.org

“www.wrap.org.uk
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2.3.2.1 Pathway 1—Employing Sustainable Production Methods—Type A

LCA has been extensively used as both a tool forsg making and learning (Tillman, 2010).
Type A studies, by assessing the environmental éinplaa product through its life cycle and identify
“hot spots” (i.e., potential areas for improvemergn fall in both categories. The system boundarie
are from cradle to farm gate, or cradle to factgpaye (in the case of processed food products). The
functional unit adopted is usually mass based,(.kg of beef cattle live weight at farm gate (@utt
et al., 2014)).

The results of these types of study, which arenaligwith aspirational shifts towards more
sustainable production processes, can lead to rimtian of Environmental Product Declaration
(EPD), defined as Type lll environmental declanadidy the 1ISO 14025 (ISO, 2006a). As explained
in this standard, potential applications of EPDs ar

- Influencing Green Public Procurement;

- Product development (Ecodesign) and improvement;

- Business-to-consumer communication.

Furthermore LCA studies have created the evidease-lto inform a number of environmental
policies that aim at both increasing resource iefficy and lowering environmental impacts of current
food production methods (e.g. European Commissi06i.1), or reports that inform policy (DEFRA,
2006, Foster et al., 2007b, Guinée et al., 2006).

Historically, food related LCA studies have beemaducted with the scope of identifying
opportunities to improve the environmental effidgmn food production (Heller et al., 2013) (feaglin
into what Garnett (Garnett, 2014) defined #fféiciency orientegberspective). For this reason, most of

the literature applying LCA to the agri-food sedb@tongs to this group.

2.3.2.2 Pathway 2—Changing Diets—Type B and C

Amongst studies where LCA is applied with the pee®f fostering a shift towards more
sustainable consumption patterns, two main growgre vdentified, Type B and Type C.

Type B studies compare alternative consumptioncgtlsosuch as products or full meals (e.g., a
traditional burgewversusa vegetarian one, or a seasoraisusa non-seasonal raspberry, see (Davis et
al., 2010) and (Foster et al., 2014)). The systeantaries are usually frooradle to retail cradle to
plate and in some cases frooradle to grave including the end-of-life stage (household waste
management). The functional unit chosen variesrdaog to the goal of the LCA. In studies that aim
at comparing different food items to guide conswsmpurchasing choices, the functional unit is
usually 1 kg of product (e.g. Head et al.,, 20146R&t al., 2014), whilst in studies aiming at
comparing a range of alternative meals, the funefiaunit is usually one portion of each (e.g.
Saarinen et al., 2012, Davis and Sonesson, 2008s Baal., 2010).
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Type C studies have a similar aim to Type B; howsdtliey are conducted on a different scale.
Instead of focusing on food items or meals, theyfacused on the assessment of the environmental
performance of overall diets. In order to identifgtimized low impact diets, they usually compare a
number of diets (e.g. Mediterranean diet, vegatadiat, vegan diet) with a baseline scenario, based
on the current food consumption of a country (8axe et al., 2012). System boundaries are usually
the same as in the first group (Types A) as thiglies often use secondary data from LCA studies of
food products as a starting point. Functional unfied to compare the impacts of different diets are
usually measured as the consumption of one pensattimeframe (e.g. one year).

The results of both types of studies can be usetbmmunication and education campaigns to
increase the awareness of consumers of the impaiceio choices on the environment. Examples of
this are: theDouble Pyramid(Figure 2-6), a communication tool developed iryltdhat aims at
promoting a Mediterranean diet, thiwewell plate (Figure 2-7), a list of dietary recommendatioret th
was developed in the UK with the purpose of meetinthe same time the existing dietary guidelines
(Food Standards Agency, 2007) and the 2020 targduction in greenhouse gases emissions
(Macdiarmid et al., 2011) and thMeat Guide(Figure 2-8), a consumer guide using a traffic tigh
system to assist consumers in making less envirotaiye harmful meat choices (R00s et al., 2013).
Furthermore, such studies can inform policy intaties that aim at favouring certain dietary

choices, such as fiscal measures, as suggestedrbgriis et al. (2010).
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Figure 2-6: Double Pyramid: a communication tool deeloped by the Barilla Centre for Food and Nutritin (BFCN, 2015)
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Figure 2-7: Livewell plate: recommended consumptiomf each food group (Macdiarmid et al., 2011)
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2.3.2.3 Pathway 3—Reducing Waste—Type D and E

Two main groups were identified in the literatugr tudies that share the aim of fostering a
reduction in food waste. In both cases the funeliemit is mass based and the system boundaries are
from cradle to grave (e.g., 1 kg of potato wastecatsehold level (Gruber et al., 2015)).

In Type D studies LCA is applied to the full lifgate of a waste product, or a group of products,
with the purpose of quantifying the potential eomimental savings that would have occurred if that
waste had been avoided. This can lead to the dawelat of campaigns that aim at raising awareness
on the environmental burden of food waste (for eplanmthe Love Food Hate Wastprogram
conducted by WRAP in the UK (WRAP)). AdditionallyfCIA studies can provide the evidence base to
put in place a number of policy instruments foktiag the problem of food wastage. Some examples
are: incentives for redistribution to farmers, fandnufacturers, retailers and the food serviceosect
increased levies on bio-waste sent to landfill #mel revision of quality standards that lead to the
wastage of significant amounts of products forleett reasons(FAO, 2013b).

Type E studies centre on the role of packagingoowl fvaste, where LCA is used to analyse trade-
offs between employing packaging solutions thatehawhigher environmental impact but foster food
waste reduction. Such studies can influence foodufie&turers in developing improved types of
packaging (e.g. active packaging (Zhang et al..5p0&nd policy makers to stipulate or update
regulations on packaging and packaging waste @ik, 2011).

2.3.3 Summary

This section identified three pathways to tackledfsecurity: (1) employing sustainable production
methods, (2) changing diets and (3) reducing wadtehree foster the potential for making a more
efficient use of the resources involved in foodteys activities combined with a reduction in their
impact on the environment. A nexus mentality, ugimg EWFN approach, that involves thinking of
resource streams/flows of energy, water, land and fn an interconnected way with the overarching
aim of improving the overall efficiency of the fosgistem, underlies each pathway.

In the last few decades, LCA has emerged as a d@mmnimethodological framework in the
assessment of the environmental impacts of consupmeducts thanks to its holistic and
comprehensive approach, as it accounts for alestag the life cycle of a product, thereby avoiding
“problem shifting”, and specifically because it ¢gkinto account the globalization of the food syppl
chain (McLaren, 2010, Heller et al., 2013, Curr2®12). Through the provision of clear numerical
results, LCA studies can provide the evidence lo@sessary to foster beneficial change in terms of
production methods (pathway 1—through assessing ithgact of production methods and
technologies), consumption patterns (pathway 2—utjincdhe comparison of alternative products that

can enable the identification of those that aretmesource intensive and guide consumers towards
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more sustainable food choices and diets) and faagtage reduction at all levels (both at production
and consumption stage, pathway 3).

Table 2-1 provides for each type of applicationuember of potential instruments (and related
stakeholders) that could be informed by the relflihe studies belonging to that group. Studies of
type A can influence the introduction of regulaamnd fiscal measures that foster resource efficien
production, and can directly influence consumeriag®through EPDs and eco-labelling. Studies of
type B and C represent the starting point for govamt policy tools (in the form of regulations,
economic incentives/disincentives and informatioerded tools) that promote dietary shifts (Joyce e
al., 2014). Studies of type D create the evideramselfor awareness raising campaigns and fiscal
measures to promote a reduction of wastage adnes®od supply chain. Finally, studies of type E
can influence regulation on packaging and thergfooenote innovation.

Governments play a significant role in the promotad each of the three pathways described. One
of the means by which governments can enhanceirsaista consumption and production practices is
through the public food sector (e.g. schools, Halgpiuniversities, care homes). There are two main
reasons for this. Firstly the purchasing power e public sector, which is often a prominent
economic actor in national economies (around 16%h®fEuropean Union’s gross national product is
spent on public purchases of products and ser{RRP#@8C sustainability, 2009)), translates into the
possibility of influencing the behaviour of the yate sector towards sustainable practices (Watlen e
al., 2011, Lehtinen, 2012). Secondly, the publict@ehas the power to set a good example for
consumers and citizens, and therefore to operate dsver of change in setting environmental,
economic and socio-cultural trends (Sonnino and @M, 2011, Morgan, 2008, Walker and
Brammer, 2009).

Within the context of public catering, the schoataring sector occupies a privileged position in
delivering this change. This occurs for a numbereafsons. For example, school meals tend to be a
sensitive issue among public opinion, as there gereral awareness of the influence of children’s
diets on their physical and mental developmente@sfly in countries that are facing the problem of
growing rates of child obesity (Galli et al., 203haw, 2012). Additionally, the nudging power of
such a strategy is particularly strong within tliei@ation sector, where issues of food and nutrition
can also be included in the curriculum, using tti@osl meal as a system of social learning (Morgan
and Sonnino, 2007).

Only a handful of examples can be found in theditere where the LCA tool has been used to
assess the environmental performance of mealsdéanvechools. For example, the work conducted
by:

- Benvenuti et al. (2016), who used an LCA-based @guir to assess menus served in public

schools in Rome and to design optimized menus;
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- Saarinen et al. (2012), who used LCA to assessripact of a set of meals served by a school
in Finland;

- Ribal et al. (2016), who developed a model to desgtimized menus and subsequently
tested it a school catering company in Spain;

- Wickramasinghe et al. (2016), who investigated twrelation between healthy and
environmentally sustainable (in terms of having IBMG emissions) school meals served in
England.

In short, this represents a field of applicatior.6fA where very little work has been conducted so
far and, to the best knowledge of the author, nckwaas been conducted with the purpose of creating
a framework that enables a direct comparison betvtke environmental impacts of school meal
options with the purpose of providing the necessafgrmation to catering companies and local
authorities to design low impact menus.

The following section 2.4 provides an overview loé turrent regulatory landscape of public food
procurement in the UK and of a number of existingtainability schemes, in order to assess whether

all three pathways identified through this literatveview are reflected therein.
2.4 Guidelines and initiatives for sustainable public food procurement in the UK

2.4.1 National guidelines for public procurement

The government buying standards for food and cajeservices (DEFRA, 2014a) cover a wide range
of aspects, including animal welfare, seasonabityyironmental production standards, traceability,
nutrition, resource efficiency and social sustailitsth Central government procurers are required to
apply these standards either directly or indirettthpugh catering contractors. The government lguyin
standards for food and catering have been tradsiate a “balanced scorecard” in order to support
catering services in procurement decisions, astitited in Figure 2-9 (DEFRA, 2014b). The
scorecard, which can be applied by contractors ibgddor contracts in the public sector on a
voluntary basis, presents a range of aspects siatiteunder the headings of cost and service. Where
service relates to five key aspects: productiorgltheand wellbeing, resource efficiency, socio-
economic and quality of service. Environmental austbility is targeted specifically in two sections
The first is under “Production”, where it is reqdrthat all the food supplied has been produced to
acceptable standards of environmental managementeXxample all wild fish procured meets the
FAO code of conduct for responsible fisheries (FAG95) and all palm oil is sustainably produced.
The second is under “Resource efficiency”, wheréo@uses on encouraging best practice energy
management of catering operations, promoting tfieigit use of water in catering services and the

reduced consumption of bottled water, and miningiood and packaging waste.
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Figure 2-9: The Balanced Scorecard (DEFRA, 2014b)

The Sustainable Development Commission published réport “Setting the table: advice to
government on priority elements of sustainablesdidiSustainable Development Commission, 2009)
which highlighted the importance of an evidencesbgolicy that promoted sustainable diets in order
to minimise a number of critical sustainabilityuss such as climate change, energy, land and water
use, public health, social inequality and biodiitgrsThe report identified three key dietary chasige
that are likely to have the most significant impaot making diets more sustainable and in which
health, environmental, economic and social aspeetikely to complement each other. Those are:

- Reducing consumption of meat and dairy products;

- Reducing consumption of food and drinks of low itiainal value;

- Reducing food waste.

The overarching opinion expressed in this repod that the government’s approach in addressing
these priorities had in the past been mixed: foedter had received significant attention whilst the
other two priority areas had not. This can be tyesgen in the approach of the “balanced scorec¢ard”
which fails to mention the environmental impactdadtary choices and the power of the public sector
in promoting a shift to sustainable diets througtiisg a good example by providing low impact food.
Furthermore, the suggestions of the “balanced sacié lack a life cycle approach, as it can be seen
that the “Resource efficiency” measures, are oatu$ed on the resources directly used during the
catering operations, and do not consider embedstelirces used over the full life cycle.



2.4.2 Sustainability schemes for the catering sector
This section presents the key schemes, guidelindst@ols developed to support the UK catering
sector in the provision of a more sustainable servi

The Food for Life Catering Maris a certification scheme run by the Food for [Rfartnership (a
multi-NGO-led partnership funded by the Big Lottgrthat provides schools with an award scheme
for transforming their food culture (SustainablevBlepment Commission, 2009). This scheme
benefits from a whole school approach to food, imiclw school food nutrition is connected to
education, both in terms of cooking skills and bgliiding food related issues in various subjects on
the curriculum. The requirements are primarily fed on the promotion of healthy dishes,
procurement choices that take into account aninelfane, seasonal, local and organic food and
avoiding endangered fish species. This scheme iatsmtivises the promotion of low-meat diets,
through adopting a meat-free day in the menu, rieduthe total amount of meat used or actively
promoting non-meat dishes.

The Sustainable food guide for hospitalas developed by the Department of Health (DH/NHS
PASA, 2009) to help the NHS to refine its approdchfood procurement in order to achieve
improvements in the health of patients and staffileweducing environmental impacts. Similarly to
the Food for Life Catering Mark, it promotes th@gurement of seasonal, local, organic and ethical
food, and the exclusion of fish species at rislextinction. It promotes the use of energy efficient
kitchen equipment and introduces food waste recggrogrammes.

The Healthier Food Markis a scheme led by the Department of Health (20d@jch aims at
improving the nutrition and sustainability of fosdrved in the public sector (including care homes,
general government departments and agencies, &isspibcal authorities, prisons, police and
schools). Factors covered include health and rargt considerations, environmental standards of
production, energy efficient kitchen equipmenttiatives to recycle food waste, fair trade, welfare
standards, seasonality of products.

The Carbon Trust Calculator (www.carbontrust.com/resources/tools/cut-costs-@amtbon-

calculator-catering/ accessed June 2@1&3 developed by the Carbon Trust and aims at iegltice

energy use of food service operations (Carbon TAM4).

The Hospitality and Food Service Agreemards an initiative run by the charity Waste and
Resources Action Programme (WRAP, 2012). Thisdtiite, which was concluded in January 2015,
aimed at reducing food and associated packagingewsasd increase the proportion that is either
recycled, sent to anaerobic digestion or compodtedpplied to any food service institution (both
private and public).

Of the five sustainability schemes and initiativibg last two are focused on one specific aspect of

sustainability (and adopt a more quantitative apgnd whilst the first three are quite broad and all
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encompassing, being based mainly on qualitatierai and existing certification schemes (e.g. the
FAO code for responsible fisheries (FAO, 1995))e Balvantage of adopting a qualitative approach in
assessing the environmental sustainability of adfeervice is that it is easy to communicate.
However, the drawback is that it can lead to denishaking based on subjective, common sense
principles rather than on scientific evidence, ey when a life cycle approach is not adopteak. F
instance, all schemes provide awards for sourcowgl flocally, as, they claim, it will reduce the
environmental impact of the service. However, titerdture demonstrates that from a life cycle
perspective, the contribution of transport to ghemrse gas emissions is small, and that sometinges th
reduction in emissions caused by sourcing a prolbwetlly may be counterbalanced by the higher
emissions of production (Schmidt Rivera et al.,401 is therefore not clear to what extent catere
can reduce the life cycle impacts of their senigefollowing the fore mentioned schemes and
standards. Finally, as identified for national gliiges, there seems to be little focus on menuceisoi
and the promotion of sustainable diets (with theeption of the Food for Life Catering Mark that

awards point for reducing the meat content of menus

2.5 Literature gap addressed by this research

In order to find a balance between a growing denfandood and the planet’s limited capacity to
support its production, solutions need to focuth lmm the production side of the equation and en th
consumption side, which, it is argued, is oftenrtmaked (Wood et al., 2010). A water, energy and
food nexus (EWFN) mentality can support this endeawby identifying opportunities for efficient
resource use and reduced environmental impact tim food production practices and consumption
choices. Such an approach can be enabled by ag@EnEWFN approach to food systems using the
LCA tool, in which the quantitative environmentasassment of a product over its life cycle can
provide valuable information for decision makindueation and communication purposes.

The public food sector offers a tremendous poteriba influencing a shift towards more
sustainable practices, both amongst producers ughreustainable procurement) and consumers
(thanks to its nudging power). It therefore repnes@n area of study where the application of asbb
methodology, such as LCA, within a EWFN approaan ensure that the most effective efficiency
measures are applied and the correct informatioeustainable food choices is delivered. From the
review of LCA studies conducted, it appears tha thajority of studies undertaken have been
orientated towards assessing the resource efficiemzl environmental impact of current food
production methods, whilst very few studies havelared the potential of LCA in assessing the
environmental performance of the public food sexvic

In the UK, this gap in the literature is reflectadthe current national guidelines for public food
procurement and in existing sustainability schermesthe catering sector. Both the first and the

second would benefit from the adoption of a lifeleyapproach to environmental sustainability, which
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would crucially result in the dismantling of “commgense myths” on sustainable food. Furthermore,
of the three pathways identified in Section 2.2, $bcond, suggesting the promotion of a shift tdwar
sustainable diets, does not appear in the natiguigelines and is mentioned in only one of the
initiatives presented.

This doctoral research project proposes to addhésssignificant shortfall by creating an LCA-
based procedural assessment that can be usedeis dlse environmental impact of menus, identify
hotspot meals and ingredients and design improved menhe. procedural assessment presented
herein was specifically designed in order to beliagpto the UK school catering sector as this
represents the largest sector of public food peroent in the UK (Bonfield, 2014). In addition and
due to the potential provided by school meals, whikallow for the education of a new generatidn o

sustainable food consumers.
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3 Methodology of Research

The literature review demonstrated that there waseristing assessment framework for the
quantification of the environmental impact of schowenus and the suggestion of alternative, low
impact menus. This chapter presents the overathadelogy developed to address this shortfall and
create a tool for the assessment of the envirorahenpact of a primary school meal and a procedural
assessment, informed by the tool, for the developnoé environmentally improved menus. The
chapter consists of two main parts:

Methodology overview (Section 3.1), which outlinbe methodological steps used to conduct the
research; and

Research methods (Section 3.2), which introduced#tkground to existing research methods (in
general terms) which have been applied to creatéothl.

The way in which elements of each have been apfiredpecific terms) is outlined throughout

Section 4.

3.1 Methodology overview

The aforementioned step-wise stages of the metbgyadre outlined briefly below and shown in

Figure 3-1 (for the code of each stage see Taltle 1-

ML1. Stage 1 - Review of the literature on the ewsvgter/food nexus, the food security
challenge and on the applications of LCA to infarshift to sustainable food production
and consumption patterns. The literature revievblemathe identification of the research
gap: no previous framework had been developed whggd a life cycle approach to
inform the provision of sustainable school foodtle United Kingdom. This is fully
described in Chapter 2.

M2. Stage 2 - Analysis of the Primary School FoamvBy to create a list of the ingredients
commonly used to prepare primary school meals énUK. Systematic review of the
literature to create a database of carbon and vi@tgprints of food products from cradle
to gate. Literature review to collect factors foetcalculation of emissions associated
with a school meal calculated from gate to platee Tresearch methods used are
described in detail in Chapter 3.

M3. Stage 3 - Development of a tool to calculate @F and WF associated with a primary
school meal from cradle to plate. The tool develepims described in detail in Sections
4.1-4.3.

M4a. Stage 4 - Collection of data for the develophw# three case study analyses. Collection
of feedback from users through a questionnaires process is described in Section 4.4.

M4b. Stage 5 - Tool validation and improvement bame statistical analysis of the data, case
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study analyses, users’ feedback and by testingaiinat existing studies. This process is
described in Section 4.4.

M5. Stage 6 - Development of a procedural assedsimiemmed by the tool for the creation
of low carbon/water menus. An application of thegadural assessment is provided

through an example. This process is describeddtidded.5

STAGE 1

Literature review:

« identification of the research gap
* aim and objectives
* research methodology

STAGE 2

Data collection from the literature

|

STAGE 3
Development of EATS
STAGE 4
* Data collection for case study analysis
* Collection of users’ feedback
v
STAGE 5

AN

Validation & Improvement of EATS

N

STAGE 6

Development of a procedural assessment
based on EATS

Figure 3-1: Research Methodology

EATS, developed in Stage 3, needed to satisfy sevan requirements (Table 3-1). Of these,
requirements 3 to 5 are based on the GHG protee@w (WRI and WBCSD, 2011).
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Table 3-1: Rationale behind the requirements of théool

Requirement Description

In order to enable potential users to assess the environmental impact of a meal served
in a generic primary school kitchen in the UK, the tool needs to include a
Contextual . . . .
1 R comprehensive list of food products from which the user can select the ingredients.
applicability . . .\ . .
This has been tailored to the current composition of primary school meals served in
the UK.

The tool needs to have a user friendly interface in order that the intended users (e.g.
catering companies and school governors) with assumed basic to average computer
2 Usability literacy skills can easily engage with it. Furthermore, to make sure that the tool is used
successfully, it should require the user to provide only information that he/she would
already have or could easily obtain.

The results provided by the tool need to be readily understandable by the intended
3 Meaningfulness users, therefore the indicators of environmental impact used are those frequently used
in communications with the general public (explained in Section 3.2.3).

In the assessment of the environmental impacts of a meal all the relevant life cycle
phases need to be considered within the specified boundaries (i.e. from cradle to

4 Adequate plate) and justification needs to be provided when a life cycle phase is not included
completeness . . . . . . .
(e.g. if the impact associated with that phase is negligible compared to the remaining
ones or if current methodologies do not allow to quantify those impacts).
To ensure the validity of the results provided by the tool, the calculations performed
5 Validity (and associated methods) need to be consistently applied and this requires the use of

robust data underlying the results. Therefore, a rigorous approach needs to be
applied in the data collection to ensure uncertainties are reduced as far as practicable.

The information recorded within the tool, including the various data sources and the
6 Transparency  respective calculations performed need to be transparent and should be recorded in a
clear way to enable external reviewers to assess its credibility.

The tool needs to be adaptable, so that it can be easily updated over time (e.g. when

7 Adaptability new data is published, or emission coefficients are updated).

The methodological choices presented in Sectiomdd?Section 4.3 are driven by the need to meet
this set of requirements, whilst the process ofdatihg the tool (Section 4.4) aims at verifying
whether the first five requirements have been mRtquirements 6 and 7 are considered to be
automatically met after the decision of developimg tool as an Excel spreadsheet, and recording the
information in a clear and understandable way, ¢a$oth review and update. Furthermore, in order
to meet the requirement of transparency, it wagdédcthat all the data sources used to build the to

would be available in the public domain; in thisyvadl the data collected could be freely reproduced

3.2 Research methods

In the following, the research methods used indéagelopment of the tool are explained in detail.

3.2.1 Life Cycle Assessment and definition of carbon footprint
The tool of Life Cycle Assessment, introduced irct® 2.3.1, has emerged in recent decades as a

dominant methodological framework in the evaluatidrthe environmental impact of food products
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(Heller et al., 2013, van der Werf et al., 2014h&cand Fet, 2007). Through an LCA, it is posdible
guantify the inputs to a system, in terms of ndttgaources such as minerals, water and energy, and
the outputs, such as products, by-products, emissamd waste for all stages of the life cycle of a
product (ISO, 2006b). A large body of research basn published on the methodology of LCA
applied to the agri-food sector (e.g. Finnvederalgt 2009, Tillman, 2010). In this section a brief
overview of this methodology is provided basedtsmale in the development of this research work.

There are two main ways of performing an LCA: htitional and consequential. The first is
focused on the assessment of the environmentalcinmeéated to a particular product, whilst the
second is aimed at describing the consequentiaigehan environmental impacts in response to
possible decisions and actions (Nguyen et al., 2Bitthveden et al., 2009). Some authors argue that
consequential LCA is more relevant for decision-mgkLundie et al., 2007, Weidema, 2003), on the
other hand attributional LCA is more appropriateewhthe scope is to identifgjotspotsin the
production of a product in order to reduce its iotgaundie et al., 2007).

As described in the ISO 14040 (2006b), the mairsgbaf LCA are: goal and scope definition,
inventory analysis, impact assessment and intexowat (Figure 3-2). In the first phase the intended
use of the results of the analysis is describede8an this, critical modelling choices are defined
including but not limited to: the system boundaritbe functional unit and allocation procedures. In
the second phase a life cycle inventory (LCI) asialys performed, i.e. data is collected to qugntif
the inputs and outputs crossing the system bowgslalm the third phase, named life cycle impact
assessment (LCIA) the overall impacts (expressetidrnform of a numerical value for each impact
category) are calculated from the results of thestibory analysis. In the last phase the results are

interpreted and tested through a sensitivity amglysubsequently conclusions are drawn and

recommendations made (ISO, 2006b).
Goal and

/ \
scope D

definition / \

:IE Direct applications:
- Product development

Inventory : > - Strategic planning
analysis laterpratation — Public policymaking
— Marketing
Impact
assessment [ >

\____

Figure 3-2: Phases of LCA(ISO, 2006b)
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The choice of the functional unit and of the systeoundaries are crucial when comparing the
results of the LCA of different products. The systBoundaries define all the stages in the life eycl
of a product or a service that are taken into actouthe analysis. In food LCA they usually inctud
pre farm processes (e.g. production and transpdeea and fertilizers) and on farm processes (e.g.
livestock management, manure management) but fems post farm emissions (e.g. processing and
packaging, transport, distribution and consumptidm)particular, the consumption phase (including
refrigeration, cooking, digestion and waste disfofa rarely included as it depends largely on
personal behaviour and preferences and is therg@gechallenging to predict (Heller et al., 2013).
Nevertheless, the consumption phase can have dicgh contribution in the overall assessment of
the impact of food consumption. For instance, stualy by Berlin and Sund (2010) it contributed to
10% of the total global warming potential of theaiseanalysed.

The functional unit is the reference to which gtem inputs and outputs are related and it is the
unit to which the results of the LCA refer (Helkdral., 2013, Schau and Fet, 2007). In food LCA, th
functional unit represents a methodological chaiéeand has been the subject of debate for several
years (van der Werf et al., 2014). The most comfoantional units used for food are mass, measured
in kg, or volume, measured in*rar litres (Schau and Fet, 2007). Some authorseatigat when the
nutritional aspect is taken into account within tdoenparison of different dietary patterns, thisugtio
be reflected in the choice of the functional umitl dhave therefore suggested calculating the impacts
per g of protein, kcal of food energy, or using emoomplex nutrient density scores as functional uni
(Heller et al., 2013).

When a production system has more than one ecorairtpat (as in the case of dairy products and
beef), it is important to clearly define the progex followed for the allocation of emissions and
resources used, to each one of the co-productsngdawariety of co-products deriving from closely
interlinked sub-systems is often the case for fpodducts (Schau and Fet, 2007). Co-product
allocation is generally performed according to ernit or physical relationships for attributional
LCA and through system expansion for consequeb@#. An example of this last case was given by
Cederberg and Stadig (2003), who assessed the@emental impact of milk alone within a combined
milk and beef production system. The process stdoyemaking an LCA of the combined system, and
then subtracting from it the results of an LCA of a@ternative meat-only production system. This
approach is considered preferable in the ISO stdadaut is less recurrent for reasons of complexity
and data intensive requirements (Schau and Fet)200

At the life cycle impact assessment (LCIA) staderacterization methods are used to convert the
outputs of the life cycle inventory (emissions t@nd/or resource flow from — the environment) in
their related potential impact (expressed in th@rmoon unit of a category indicator). One of the most

common impact categories @limate Changecalculated according to the characterization nektho
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suggested by the Intergovernmental Panel on ClinGitange (IPCC, 2007). According to this
methodology, it is possible to calculate the catgguadicator defined as the global warming potdntia
(GWP) of the greenhouse gases released duringdagiie life cycle. The GWP is measured in kgCO
equivalent, and can be calculated through a setoofversion factors (presented in Table 3-2)
guantifying how much heat each greenhouse gas (Gt#d33 in the atmosphere when compared to the
amount of heat trapped by €@r three different time horizons (20, 100 and 5@@ars). A time
horizon of 100 years is usually used, as requisethé ISO standard (ISO, 2013).

Table 3-2: GWP of carbon dioxide, methane and nitras oxide for different time horizons (IPCC, 2007)

GHG* GWP2o GWPi0o GWPs00
Carbon dioxide (CO2) 1 1 1
Methane (CHa) 72 25 7.6
Nitrous oxide (N20) 289 298 153

* Additional GHG are considered in the characterization method, but are not reported here as their generation
from food production is very rare

Therefore within the example shown in Table 3-2tdtal GWP is calculated as follows:

GWPRt [kgCO,¢ = Mass of CQ* 1 + Mass of CH* GWP(CH,) + Mass NO * GWP(NO)
Therefore considering a 20 year horizon the todFGof 1 kg of CQ, 1 kg of CHand 1 kg of NO
would be:

GWPx[kgCOz¢ = 1+72+289 = 362

There is no universally accepted definition of th@cept of carbon footprint (CF); however the CF
of a process or product is often quantified usimg EWP indicator{ucek et al., 2012). This is the

definition of CF used in this work.

3.2.2 Simplified LCA
The application of a fully compliant LCA is highlkesource intensive and time-consuming, as a
consequence of the large amount of primary datsatteerequired (and therefore need to be collected)
in order to create the life cycle inventories (Te#i&, 2015, Cooper and Fava, 2006). For this reason
number of simplified approaches have been adoptdtia literature, classified as simplified LCA.
Some examples are:
- The adoption of only one impact category;
- The use of existing life cycle inventory (LCI) dasses and software which include those
databases;
- The use of life cycle impact assessment (LCIA) biasas: collection of LCIA measurements
determined in previous studies that associate rietance a value of GWP to a product

(measured in kgCfper kg of product) (Teixeira, 2015).
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A large body of literature has adopted this lagraach when aiming at making comparisons
between different food choices or different dietpagterns (e.g. R60s et al., 2014, Sanfilippo et al
2012, Saxe et al., 2012, Hoolohan et al., 2013 Astpn et al., 2012, Vieux et al., 2012, Gonzd&ez
al., 2011, Scholz et al., 2015). In order to esshtthow the accuracy of the results is affectedrnwhe
using secondary data of food products LCA, Teix&fi5) analysed a dataset of 2276 values of
GWP for agri-food products, concluding that suctapproach can provide reliable estimates for most
food products.

As one of the objectives of this current researdrkwis the assessment of the environmental
impact of school meals commonly served in primatyogls in the UK (see objective 3), it was clear
from the start that a simplified approach would dmpropriate in order to include a large enough
number of food products within the analysis (segqufement 1, Section 3.1). In other words it was
not feasible within the time constrains of a PhDc#dculate a supply-chain specific LCA for each
ingredient used by a generic school kitchen inUKke(a similar simplified approach was adopted by
Pulkkinen et al. (2015) and R&06s et al. (2014)réfore, two main simplifications were made:

- Only two indicators of environmental impacts westested;
- Secondary data from previous studies and databesegathered and used as a surrogate for
primary data.

Each of these methodological choices is explainatktail in the following sections.

3.2.3 Choice of impact categories

As described in Section 1.1, the food sector hasnbmlentified as a major contributor to
anthropogenic climate change. In the UK, a breakdof\the consumption-based emissions for 2004
presented by Bows-Larkin et al. (2014), shows thatfood sector is the third contributor to climate
change, after manufactured goods and public sexviered the largest contributor to non-CGHG
emissions. This is presented in Figure 3-3.

An illustration of the different GHGs emitted byetfood supply chain is provided in Figure 3-4. At
farm stageg(or up to farm gate - left hand side of Figure 3t main contributors are nitrous oxide
(N20) emissions from the use of fertilizers and sdnagement, methane emissions {Clfbm rice
cultivation, enteric fermentation in livestock riegy and manure and to a lesser extent carbon a@ioxid
emissions (Cg) caused by the use of fossil fuels in agricultunalchinery and in the manufacture of
synthetic fertilizers (Vergé et al., 2007, Garn2@11). Despite these aspects being hard to quantif
emissions of C@®caused by land use change for agricultural pugpease considered to be highly
significant.

At post farm stagéor beyond farm gate - right hand side of Figur) 3emissions are dominated

by CO, caused by fossil fuel use and refrigerant gaSesnett, 2011).
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Figure 3-4: Distribution of different GHG throughout the food supply chain (Garnett, 2011)
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Large volumes of water are necessary to produce: fisohas been estimated that agriculture is
responsible for around 70% of global freshwatehdrawals for irrigation and livestock production
(Foley et al., 2011) and, if green water use (watesorbed in soil) is also included, the estimated
contribution of food consumption to total water is586% (Hoekstra and Chapagain, 2006).

Agriculture occupies about 38% of the terrestriaface, making it the activity associated with the
largest use of land on the planet (Foley et al11200n top of this Giovanucci et al. (2012) have
estimated that 70% of land suitable for growingdfomorldwide is already in use. Furthermore,
agriculture damages productive land through sa$ien and degradation and affects the ecosystems,
representing a threat to biodiversity (Verhulsalet2010). Finally, the increased use of fertilizbas
caused the crucial disruption of global nitrogem grmosphorus cycles, causing eutrophication of
water bodies, which compromises aquatic ecosystemis marine fisheries (Diaz and Rosenberg,
2008, Canfield et al., 2010).

Despite the awareness of the author that a restricf the impact categories considered reduces
the breadth of the study (Schmidt, 2009, Ridou#l e22014), only two indicators of the environnant
impacts were considered in this research anal@®®P and water use. The rationale behind this
choice is explained as follows.

Firstly, one of the objectives of this current i@sh is the creation of a tool that could be used f
the self-assessment of a school m&aen that such a tool is intended for use by teenimers of staff
of catering companies, schools and those in chafrghoosing school menus within local authorities,
the results it provides should be easy to interfilethon-LCA experts (see requirement 3, Section
3.1). Due to its popularity, the concept of carbontprint (used here as a synonym of GWP, as
explained in Section 3.2.1) is an accepted metticcbmmunicating the contribution of a product or
an activity to climate change (Weidema et al., 200&ek et al., 2012). Similarly, the concept of
water footprint (used to measure water use, setio8e:2.4) can be easily explained to non-sciantif
audiences (as shown in the work of Sabmiller and FM2009)). Furthermore these two concepts
benefit from the fact that they are easy to explaistudents, enabling the results provided bytdbé
to be used not only for decision making purposes fnenu choices) but also for educational purposes
(similar to work done by Saarinen et al. (2012)).

Secondly, as the tool will utilise a database afoséary data collected from the literature, the
indicators of GWP and water use were chosen dtigeio recurrence within the literature. Given the
popularity of carbon footprinting, it can be sekattwithin the literature most of the studies ofAGf
food products include (or are limited to) an assesg of the contribution to climate change (Teiagir
2015). As for the assessment of water use, an @ixeenollection of values of the water footprint fo

most food products has been published by leadiggrozations in this field, (i.e. the Water Footprin
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Network) and therefore this is used as the princgmurce in this current study (Mekonnen and
Hoekstra, 2010a, Mekonnen and Hoekstra, 2010Db).

The remaining impact categories relevant when asggghe environmental impacts of food
systems (e.g. land use, eutrophication potenti@tifecation potential, loss of biodiversity), were
omitted from the analysis mainly for reasons oklatdata. The reason for this may be due to tble la
of a commonly accepted methodology (meaning thailie of different studies cannot be compared),
as is the case for land use (Gabel et al., 201énTam et al., 2016), or simply because of the large
traction carbon footprinting has gained recentlyhii the research community. As a consequence a

much greater proportion of studies have been stbelysed on this aspect.

3.2.4 Water Footprint

The concept of Water Footprint (WF) was first imtuged in 2002 to provide a consumption-based
indicator of freshwater use (Hoekstra, 2003, Haeks2016). A WF is calculated as the total volume
of direct and indirect water used, in other wotts process must include that which is consumed but
also that which is polluted. As illustrated in FigB-5, the three components of a WF are: bluergre
and grey water footprints, representing respedtitte consumption of surface and ground water, the
consumption of rain water stored in soil and thium® of water necessary to dilute the pollutants to
water quality standards (Hoekstra et al., 2009a).

GREEN WATER
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IRRIGATION ‘:‘ I. I:.
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Figure 3-5: Different coloursof Water Footprint (Sabmiller and WWF, 2009)
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Some argue that a weakness of this metric is thgtimited to the representation of the quantity
water used without estimating the related enviramadémpacts (Jeswani and Azapagic, 2011). In this
way, it fails to stress the consumption wefrtual water” in other words the water use which arises as
part of the production process but occurs in regjitthrat are more water scarce due to a range of
climatic conditions (Chen et al., 2016, Ridoutt adt, 2009). Furthermore, concerns have been
expressed on the calculation of the grey waterpfaat as it suffers from the absence of a clear
definition of common standards for water qualitydaan agreed method for the quantification of
dilution volumes (Jeswani and Azapagic, 20C€1cek et al., 2012, Berger and Finkbeiner, 2010).
Some authors argue that this component shouldenatdiuded as the environmental impacts of grey
water are already assessed in other impact cagsgofitraditional LCA, such as eutrophication and
toxicity (Mila i Canals et al., 2009). Another comtersial aspect is the inclusion of the green wniate
the assessment, as some authors state that gressrus@ does not affect the availability of blugeva
(Jeswani and Azapagic, 2011, Ridoutt and Pfis@tp? Therefore, some authors have suggested that
green water use is better assessed as a conseaqidand use change (Mila i Canals et al., 2009).
Finally, this method has been criticised for addiogether two different physical quantities: on one
side measures of water consumption (blue and gre¢er) and on the other a measure of the impact
related to water pollution (grey water). Additioigait has been criticised for giving the same
importance to the consumption of ground water amflase water (blue water) and of rain water
absorbed in soils (green water), which have sigaifily different opportunity costs (i.e. surfacelan
ground water can be used for other activities aaglrinking or energy production whilst rain water
absorbed in soil can only be used by vegetatioiaiRt et al., 2009, Hess et al., 2015).

Consequently, a number of alternative methods hbgen proposed to account for the
environmental impact related to water use (e.gchkinecht et al. (2009), Mila i Canals et al. (2009
Pfister et al. (2009)), in order to align the cqricef WF to the one of the impact categories within
LCA. Amongst these, the method suggested by Pfistdrcolleagues (Pfister et al., 2009) has gained
significant attention and has been partially addmtethe 1SO’s LCA based WF standard (ISO, 2014).
It enables the assessment of a “water scarcityheeiyVF” based on two main factors: the blue water
consumption and the regional “water stress ind&%3() which is used as a characterization factor to
assess water deprivation. The WSI can be appliedyaspatial scale, however it is recommended by
the authors to assess the impacts related to wageat a watershed level, as the national leval dat
would not be truly representative of the actual actp(Pfister et al., 2009, Jeswani and Azapagic,
2011). The developers of the original definitionVdF expressed their disagreement with this method
as they believe that given the limited global aaility of freshwater, it is crucial to measure erat
consumptionper se when adopting an allocation and depletion poihtview on a global scale

(Hoekstra, 2016). Furthermore, by using a charaetiton method that weighs the volumetric water
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use, the results obtained have no physical meaaimy depend largely on the weighing choice
(Hoekstra et al., 2009b).

Therefore it can be seen that there is much dedradeagreement on the subject has still to be
reached. Thus methodologies that are used to atbsegnpacts of water use will continue to evolve
(Chenoweth et al., 2014, Jeswani and Azapagic, )20blorder to choose the most appropriate
methodology within this study three main consideret were made.

Consideration OneAs the purpose of the tool is to communicate to-scientific audiences the
impacts of different menu choices, in order to émdie identification of (negativéjotspotmeals and
ingredients, the metric used had to be simple terstand (requirement 3, Section 3.1). The idea of
presenting the WF as defined by Hoekstra in a disggted form (blue, green and grey components)
was therefore excluded.

Consideration TwoCatering companies can sometimes trace the ooigihe food products they
purchase back to the regional level (especialtiiely use local products) or more often to the mafio
level; however for certain food products (mainlpgessed) this information can be hard to obtain due
to the complexity of the supply chain. Thereforethe vast majority of cases it would be impossible
to assess the impact of each food product basebeolocation of production at the watershed scale.
Hence, the method suggested by Pfister et al. {2000ld lead to results that are not representative
the real impacts.

Consideration ThreeBecause of the decision to select only two indicatof environmental
impact (Section 3.2.3), the other impact categarfes traditional LCA have not been included in the
analysis. This implies that if the method sugge&tedPfister et al. (2009) was adopted and the WF
was calculated only based on blue water consumpgti@enimpact of products on water quality (which
a traditional LCA assesses through eutrophicati@htexicity) and on green water depletion (which in
LCA could be assessed together with land use chawgeld be neglected.

It was therefore decided to use the definition df ¥lggested by Hoekstra et al. (2009a), in an
aggregated form (blue + green + grey WF) using aowarce the two comprehensive databases
published by the Water Footprint Network (Mekonmen Hoekstra, 2010a, Mekonnen and Hoekstra,
2010b). However, in order to investigate the cdwitipn of the three differerdolours of WF to the
total impacts, the results presented in this datt@search show both the aggregated impacts &nd th

blue, green and grey components.

3.2.5 Systematic review of the LCA literature

As mentioned previously, for the assessment of muge it was possible to extract from an existing

database the values of WF of the food productsntdrést. Instead, for the assessment of GHG
emissions, a large number of sources were constatgdther the data required to create a databiase o

values of GWP of food products. The details of griscess are outlined in the following.
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A systematic review of the LCA literature was cootdal in order to collate published values of
GWP for a list of food products into a CF databddee reason for applying a systematic approach
was to ensure the adequate completeness and yaifdihe data collected (requirements 4 and 5
Section 3.1). A meta-analysis was then performedgstess the reliability and meaningfulness of the
database when using its values as proxies for xogpecific LCAs. The systematic review and meta-
analysis were completed following the PRISMA stagatrprotocol to minimize the risk of bias and
increase scientific validity (Liberati et al., 2QQdoher et al., 2009). This protocol, developedha
field of health care, suggests a rigorous approasystematic reviews centred on:

- The clear definition and rationale of the eligityilcriteria;

- Description of all information sources used andgbarch strategy used;

- Description of the process followed for selectingdges and collecting the data;

- List all the variables recorded, and any assumptand simplifications made;

- Description of the methods for handling data;

- Specification of any assessment of the risk of thas may affect the cumulative evidence;

- Description of methods of additional analysis, saslsensitivity or subgroup analysis.

In this specific case, particular attention hadeogiven to the handling of the data collected, in
order to minimize the risk of collating and compagrivalues that could not (and should not) be
compared due to methodological differences in thg they were obtained (R66s et al., 2013, Foster
et al., 2007b). Even though the LCA methodologytheen standardised through the publication of the
1ISO14040, there is still a range of different melkblogical choices that can be taken and therefae t
existing literature appears to be significantlyenegjeneous. This was addressed in two main ways
within this study using a systematic review of Li@A literature, through:

- The clear definition of the eligibility criteria & would exclude from a start studies that
adopted a methodological choices different fromstblected ones (e.g. attributional LCA, 100
years time horizon, mass based functional unit);

- Data handling to limit these variations.

The detailed description of how the systematicewvand the meta-analysis were conducted is
provided in respectively in Section 4.2.2 and $ect#.4.1 of Chapter 4, whilst the results of the
literature review and the meta-analysis are pralideSection 5.2, together with the implicationatth
can be derived and the consequent limitationsethdy.

Part of the meta-analysis is aimed at assessinggk®f bias in the final values provided by the
database. In line with the findings of Clune et(2016) and Teixeira (2015), the studies identified
the literature were mainly Eurocentric. This suggéisat the values of GWP provided by the database
are more likely to provide a meaningful proxy foogucts sourced from European countries rather

than the rest of the world. Even though this presen limitation to the study, it is considered
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acceptable for two main reasons. Firstly, becausst f the ingredients used in the preparation of

primary school meals in the UK are likely to beheit home produced or imported from European

countries (in line with general food consumptioantts for the UK, as illustrated in Figure 3-6).

Secondly because findings from Teixeira (2015) hatiewn how the geographical origin and

production method have a limited influence on thkie of GWP of most food types.

The meta-analysis involved calculating for eactdfpooduct the following:

Number of values of GWP recorded;
Average value of GWP;
Standard deviation;

Minimum, maximum and 95% confidence intervals.

Those values were then compared across the difffye products to identify food types that

were underrepresented in the literature and afisedsvel of confidence when using the average

values of GWP in the analysis.

Australasia, 1%
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South America, /
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Africa, 4%

EU, 28% -

Figure 3-6: Origin of foods consumed in the UK in @12 (DEFRA, 2013b)

3.3 Summary

In this section an overview of the methods usedawoy out the research within this study were

presented. In order to meet objectives 2 and 3, dmwelop a tool for the self-assessment of the

environmental impact of a school meal by a catepirwyider or a local authority, the tool had to mee

two main requirements:

It had to be as inclusive as possible in termdefiist of ingredients it contained (requirement
1, Section 3.1);
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- The results provided had to be meaningful and ¢éasynderstand (requirement 3, Section
3.1).

This led to the choice of adopting a simplified LG¥oproach, utilising as a starting point
secondary data from existing published studies.imtieators of environmental impact selected were
therefore chosen to comply with two main requisitdasta availability and ease of communication.
After briefly introducing the concept of LCA, a deiption of simplified LCA is provided followed by
the rationale behind the selection of the impategaries and the method chosen to assess water use.
Finally the procedure followed in the developmehtte CF database — a systematic review of the
literature and a meta-analysis - is introduced. déils of the application of these research nutho
to this study will be the core of the following fea.
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4 Design and Development of EATS and the procedural assessment

The Environmental Assessment Tool of School mdaAsIS) was created in order to be able to assess
the environmental impact of a primary school mbiathis chapter, the processes that led to the
creation of both EATS and the procedural assesswiginh supports its use are explained in detail.

4.1 Introduction
In this study, the environmental impact of a schoehl is described by:

The Carbon Footprint and the Water Footprint of guation of a meal produced in a generic
school kitchen.

The functional unit at this stage of the analysisd(within EATS) is therefore: one portion of a
primary school meal at the consumption stage. Ve&m boundaries of the system analysed are from
cradle to plateand therefore the following phases of the lifeleyare considered (Figure 4-1):

1. Production;

2. Transport;

3. Storage at regional distribution centre (RDC);
4

Meal Preparation.

2 -Transport 3 - Storage at 4 - Meal
RDC Preparation

Primary Manufacturing
Production

1 -Production

Figure 4-1: System boundaries and life cycle phases

In calculating the CF of a school meal within EATi®ee phases (i.e. Phase 1, 2 and 4 in Figure
4-1) of the life cycle are assumed to contributéhfinal CF value. The storage phase (i.e. PBase
is excluded as emissions can be assumed negligitie will be further explained in Section 4.2.2.

In the calculation of the WF within EATS the metbtmyy by Hoekstra (2003) has been adopted,
where blue, green and grey water are taken intoustc As a result the only phase of the life cycle
that is considered is the production phase (i.asPh). In comparison the other phases are assomed
have a negligible WF. This assumption is in linghwdimilar research undertaken by Jefferies et al.
(2012) and Strasburg and Jahno (2015).

The process followed in the creation of EATS (Fegdr2) was comprised of 3 stages.
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STAGE 1: Data collection from literature

Analysis of the v
Primary School List of required Literature review
Food Database food items

4 )

* CF database (cradle to gate) <-----1----

* WF database (cradle to gate)

* CF of transport & preparation (gate to

\_ plate) /

<

STAGE 2: Tool development

* Calculation of the CF & WF of a meal (cradle to plate)

------- > *Creation of a User Interface

<

STAGE 3: Tool validation

* Meta-analysis of the CF database--------- 4

* Case study analysis Missing
, ‘ ingredients
emmm - * Users’ feedback —

Figure 4-2: Stages of the design of EATS (dashedraws represent iterations)

In the first stage (Section 4.2) the literature wassulted to collect data of existing LCA studies
and water footprint studies in order to create talukse of carbon footprints and water footprints fo
the production phase (i.e. Phase 1 in Figure 4f1x ewumber of food products. Additionally,
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information was collected from the literature tdcctate the contribution of the remaining phases (i
Phase 2 and Phase 4 in Figure 4-1) to the CF @fad. m

In the second stage (Section 4.3) EATS was devdlaperder to perform the calculation of the
total CF and WF of one portion of a primary scho@al, and a user interface was created to enable
users to perform the analysis with ease.

In the third and final stage (Section 4.4) the wwak validated and improved through

- A statistical analysis of the data;

- A case study analysis;

- The collection of feedback from its potential users

Once the tool was completed, a procedural assesginésrmed by the tool) was created. The
purpose of the procedural assessment associalAlms is to define a procedure to create new menus
that meet a set of targets in terms of carbon @E)water (WF) savings. This is presented in datail
Section 4.5.

4.2 Stage 1: Data collection from the literature
The purpose of this stage was the collection o diadm the literature for the calculation of the CF
and WF of a school meal froanadle to plate This required three steps.

The first step was the identification of those f@wdducts that had to be included in the database i
order to make it as comprehensive as possible @diogpto its scope (see requirement 1, Section 3.1).
In other words, the purpose was to minimize thesibigy that when a user would enter the recipe of
a school meal, they would be unable to find somigsdhgredients in the ingredients list. As theei
purpose of the tool is to enable the assessmeahedmpacts associated with a generic primary dchoo
meal prepared in a school kitchen in the UK, ineotto find the list of food products that needeth¢o
included, a thorough analysis of the 2009 Primarigd®l Food Survey (carried out in England) was
conducted (Haroun et al., 2009). This step is piteskin Section 4.2.1.

In the second step two separate databases wertectrdhe first database, presented in Section
4.2.2, was a collection of values of GWP (calcwafi®m cradle to gatg associated with the food
products identified in the Step 1. It was obtaibgdcarrying out a systematic review of the publéshe
literature on food LCA (Section 3.2.5). To credte second database (presented in Section 4.23), th
value of WF of the food products identified wasragted from the databases published by the Water
Footprint Network (Mekonnen and Hoekstra, 2010akdt@men and Hoekstra, 2010b). These values
are also calculated frogradle to gate The CF and WF databases are provided respectivéhart 2
and Part 3 of Appendix D (electronic material).tthe two databases, the functional unit of the food
products recorded is 1 kg of product weight.

In the third step information was collected frore therature to take into account the remaining lif

cycle phases (i.e. tigate to platgphase) in the assessment of the environmental ingbacmeal. In

47



this step only the GHG emissions were includedheanalysis, as for water use the production phase
is the predominant one, and the others (i.e. t@msptorage and preparation) can be considered
negligible when compared to it (Jefferies et aD12). Therefore, the literature was consulted to
extract values of emissions associated with tratisigogoods via road and via sea, and emissions
associated with the energy used during the coogimgse. This step and associated sub-steps are
described in detail in Sections 4.2.4 to 4.2.6.

The data recorded are collated in an Excel spreatshihe reason for choosing Excel was in order
to meet requirements 6 and 7 (Section 3.1) of pareicy and versatility. In this way all of the alat

recorded can be easily accessed, reviewed andogdrgly updated.

4.2.1 Analysis of the Primary School Food Survey

In order to identify those food products that wookkd to be included in the database the researcher
performed an analysis of the Primary School Food/&u(PSFS), a national survey conducted in
2009 to collect information on school dinners asrb& country (Haroun et al., 2009).

This survey was carried out by the School Food flirusrder to assess the impact of the new food
standards (introduced in 2008 in England) on aageprovision and food consumption of pupils
eating a school lunch. A nationally representatiample of 139 schools in England took part in the
survey (Haroun et al., 2011). The participants wasked to create a food inventory where they
recorded all food and drink items on offer each iathe school canteen for a period of two weeks.
Each item was attributed a name (item name) anada ¢item code) and all the data collected was
recorded in a datasheet. Additionally, food arididitems were grouped into 19 item groups, as can

be seen in Table 4-1.
Table 4-1: Item group classification in the PSFS

Number Item Group
1 Protein - meat
2 Carbohydrate
3 Protein and carbohydrate
4 Vegetable
5 Salad
6 Protein and vegetable
7 Carbohydrate and vegetable
8 Protein, carbohydrate and vegetable
9 Condiments
10 Fruit
11 Fruit Dessert
12 Dessert
13 Water
14 Fruit juice
15 Sandwiches
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16
17
18
19

Milk, yogurt and milky drinks
Baked beans
Protein-other

Starchy in oil

The total number of item codes recorded was 13b6rder to have a list of food products that was
as inclusive as possible it was necessary to stlese items that were more frequently occurring.
Using the SPSS software (version 21.0, SPSS litojas possible to extract the most frequently

occurring items for each of the nineteen group® fbflowing criteria were used within this selectio

processThe 15 most frequent item codes in each group alevsen.

For example, within Group 2 (carbohydrates) thenidst frequently occurring item codes are

highlighted in Figure 4-3 and listed in Table 4-2.
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2248

Figure 4-3: Group 2 —

Frequency of item codes andems selected (15 most frequent)

Table 4-2: Items selected from Group 2

Item Name Item Code Frequency
Jacket potato 290 284
Wholemeal bread 26 231
White sliced bread 21 164
Rice 10 96
Mashed potatoes 285 96
Pasta 3 89
White sliced bread 22 64

Table continues on the following

page
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White bread 24 47

Wholemeal bun 34 43
Boiled potatoes 286 35
Brown bread 15 29

Sage and onion stuffing 452 28
French bread 32 25
White bread rolls 33 24
Nan bread 650 24

Following this process, the total number of itemde®was reduced to 160, which covered 65% of
the total frequency of items. Each element of tisisof items was classified as type A, B or C as
follows:

- Type A - items that can be described as singleentignts, usually purchased in their

unprocessed / natural state (e.g. carrots, straiebgr

- Type B - items that are usually purchased aftendqirocessed (e.g. bread, dried pasta,

canned tuna);

- Type C - meals (e.g. lamb curry with rice) prepavadite, by combining items type A and B.

A list of food products (or ingredients) was theeated based on the following criteria:

This includes all type A and B items, and the idgeats necessary to prepare type C items that
were not already on the list. This list was theaduas a starting point for the creation of the G& a
WEF databases. Nevertheless, this was not thelifitaf food products; in subsequent iterationsdis
expanded to include those ingredients that wersings These were identified through the case study
analysis and the respective feedback of usersh@srsin Figure 4-2). This will be further explained
in Section 4.4. Additionally, the PSFS was usedhasstarting point of the third case study, this is
presented in Sections 4.4.2.3 and 5.6.

4.2.2 Carbon Footprints (CF) Database

In order to create the CF database, in line witjuirement 5 (Section 3.1), a systematic literature
review was performed following the PRISMA statempridtocol (Moher et al., 2009, Liberati et al.,
2009) as explained in Section 3.2.5.

4.2.2.1 Information sources and search strategy
The review was performed across a range of soureaidable in the public domain: peer reviewed
journal papers, conference proceedings, open adogss databases, reports and Environmental

Product Declarations (EPDs). Initially, for eactodoproduct belonging to the list extracted from the
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PSFS, a targeted search was performed in Scopung U key words “[FOOD PRODUCT] AND
[LCA] OR [Carbon] OR [CQ]". This led to a number of peer reviewed journapers that either
presented a case study LCA of the food productuestion (e.g. Espinoza-Orias et al., 2011), or
collated and reviewed a number of publications@néng food LCA studies (e.g. Gonzalez et al.,
2011). In the second case, it was possible toexatrthe studies referenced and add them to the list
Through the screening of the reference list ofdatieles found and of those articles that had dited
ones identified, more articles were selected. €habled the identification of “grey literature” suas
reports issued by a variety of stakeholders amonbsth research bodies, government departments,
sectoral organizations, food companies and LCA witarscies (e.g. English Beef and Lamb
Executive, 2009, Fuentes and Carlsson-Kanyama,)2006

A separate search for key words was performed gtrdhe proceedings of the editions of the
international conference “Life Cycle Assessmerthim Agri-Food Sector” between 2008 and 2014. In
this case the key word used was the name of thet foaduct in question. To search across EPDs, a
Google search was performed using as keywords “[END [FOOD PRODUCT]".

A number of open access databases of LCA of foodymts were found in the literature. Amongst
those, some presented original work (e.g. Nieldeal.e(2003), PROBAS database (2013)), whilst
others were created by collating secondary data fither sources (e.g. CCalLC (2011), Barilla Centre
for Food and Nutrition (2015)). The first groupddtabases was used directly to search for additiona
values of CF, whilst the second group of databasesused to identify more sources, but the values
were never extracted directly from those databddes.researcher went back to the original source in
order to extract the data following the rigoroustmoe explained in the next sections (Section 422.2.
and 4.2.2.3).

The CF of some of the food products extracted fioenPSFS, could not be found anywhere within
the literature. When those missing elements belbrigeitems type A, no additional search was
performed. When no information was found for a pssed food product (i.e. type B), the ingredients
necessary to make it were retrieved from a tragifidiomemade recipe and a separate search was
performed for each ingredient. For instance ont@®food codes extracted was “Pesto”. This is made
of: basil, walnuts, olive oil, garlic and cheesdl the ingredients mentioned were already recorded

with exception of basil and walnuts, which werentlaelded to the list.

4.2.2.2 Eligibility criteria and study selection
In order to ensure the validity of the results jded (requirement number 5, Section 3.1), a seecti

criterion was defined according to which studiesilddoe included in the analysis if they:
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- Provided a value of GWP calculated according tol#@&C methodology (IPCC, 2007, IPCC,
1996) for a period of time corresponding to 100ryéa

- Calculated the value of GWP for a mass based foumaltiunit;

- Clearly specified the system boundaries includedhm study, and whenever the system
boundaries included phasesst farm gatehe contribution of each phase was clearly defined
(providing either figures of GWP for each phasecertage of the contribution of each phase
or a graph showing the contribution of each phase);

- Clearly specified the location of production;

- Performed an attributional rather than consequien@a.

For four food products (i.e. beef, pork, chickem anilk) a very large body of literature met the
selection criteria. Due to the time constraintsho$ research work, it was decided (only for thiege
food products) to further refine the selection ibérature by adding one element to the selection
criteria.

To this end, import trade statistics were consutteeévaluate what percentage of each product
consumed in the UK was imported from the rest & BU and from the rest of the world. This
information was reported by DEFRA for 2013 (DEFR@®13a) and is presented in Table 4-3. In the
case of milk it can be seen that only 1% of thedpob consumed is imported from outside the UK,
therefore only those studies which assessed miéymed in the UK were consulted. For beef, pork
and chicken, the quota of product coming from alg&ghe EU is relatively low (respectively 8, 1 and
2 percent) and therefore only studies which asdeSaseopean livestock products were consulted. The
table reports also lamb and sheep products. Irsgiesific case a higher share (i.e. 20 percentef
products consumed in the UK in 2013 was importednfloutside the EU. Therefore no additional
criterion was added and all LCA studies of lamigra#id to the initial criteria were included directly
For each study identified, a screening of the abstand methodology was performed to assess

whether it met the inclusion criteria.

Table 4-3: Quotas of consumed milk, beef, pork, cbken and lamb imported from outside the UK and outile the EU (DEFRA,

2013a)
Product name % imported from outside % imported from outside Additional selection
the UK the EU criterion

Milk 1% N/A UK production
Beef 30% 8% European production
Pork 55% 1% European production
Chicken 26% 2% European production

Lamb and sheep 24% 20% =

2 The conversion factors presented in Table 3-2taken from the IPCC 2007 guidelines, which present
updated version of earlier 1996 values. This méfaausthe publications prior to 2007 present valfeSWP
calculated with slightly different conversion facto
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4.2.2.3 Data extraction
The following data was subsequently extracted fachefood product mentioned in the selected
sources:

- Product name;

- Food category;

- Reference;

- System Boundaries included;

- Geographic location of study;

- Year of publication;

- Additional information (e.g. production method aadtitional processing);

- Total CF [gCQdJkg of food product];

- Cradle to gateCF.

The data extracted were reported systematicaléy separate Excel sheet, in line with requirement
6 (Section 3.1).

In order to minimize the heterogeneity of the dated ensure the validity of the results provided,
requirement number 5, Section 3.1), a number ofsomea were taken when extracting the values of

CF and if necessary, those values were adaptexpisresd in the following sections.

4.2.2.4 Data Handling: Functional Unit
The functional unit is the unit by which all theveonmental results are reported. Across the studie
of meat products included in the review a numbeditiérent functional units were considered, such
as:

- Kilogram Live Weight (LW);

- Kilogram Carcass Weight (CW);

- Kilogram edible meat, also referred to as boneifneat (BFM).

Similarly, for fish products some studies usedwagfional unit one kilogram of live weight, and
some one kilogram of product (which does not carside weight of head and guts).

Whenever this was not the case in the originalipatibns it was decided to convert all the values
of GWP to the functional unit of 1 kg of edible duzt. This choice was made when considering the
final use of the tool, which is to calculate the &sociated with a meal, based on the weight df eac
ingredient as expressed by the recipe. Table 4depts the factors extracted from the literatua¢ th

were used to convert all values of GWP to a comfuoational unit of 1 kg of BFM.
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Table 4-4: Conversion of alternative functional unis to bone free meat (BFM)

Beef Lamb Pork Chicken Fish
CW/LW 0.552 0.472 0.75a 0.70a
BFM/CW 0.70¢ 0.75¢ 0.594 0.774
BFM/LW 0.38 0.35 0.44 0.54 0.62°

Sources:

a: Williams et al. (2006)
b: FAO (2013¢)

c: Blonk and Luske (2008)
d: Sonesson et al. (2010)

4.2.2.5 Data Handling: System Boundaries
A range of different system boundaries were foumthé studies analysed, such as:

- Cradle to farm gate;

- Cradle to slaughterhouse gate;

- Cradle to factory gate;

- Cradle to port;

- Cradle to regional distribution centre;

- Cradle to retail;

- Cradle to plate (home consumption or food service);

- Cradle to grave.

In order to homogenize the data, the value of G\WWResponding to the production phase only was
extracted. In other words when the original stutiuded phases other than the production phase, the
contribution of those additional phases was sut#cadn this study, “production phase” is defined

differently according to different food types, 8sstrated in Table 4-5.
Table 4-5: System boundaries of the production phasfor different food types

Food type System boundaries corresponding to production
phase
Unprocessed cereals, fruits, legumes, vegetables, eggs, Cradle to farm gate
fish (aquaculture)
Meat Cradle to slaughterhouse gate
Fish (wild-caught) Cradle to port
Processed food products (canned legumes, canned fish, Cradle to factory gate

bread, dairy etc.)

In some cases, the system boundaries in the origfindy included fewer phases than those shown
in Table 4-5. For instance, this was the case tiatiss of meat production that did not consider the
slaughterhouse phase, and studies of processedpfoaliicts that did not include the processing
phase. In these cases the values of GWP were maddiinclude these additional phases, based on

values of related emissions extracted from theditee, as illustrated in Table 4-6. Some of the
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studies considered included packaging, others alidiihen data on packaging were not available for
non-processed products, its contribution was cemsitl to be negligible. This is acceptable as
packaging is generally not included in studiesomidf products that are packed in cardboard or plasti
which have a relatively low GWP (Ribal et al., 2Dlidowever, certain processed products (e.g. tuna,
tomato sauce, olives, and canned beans) are uquadked in carbon intensive packaging (e.g. tin
cans and glass bottles). In this case the studiesl to create the database generally took this
packaging into account. When they did not, the rioution of packaging was added manually as
illustrated in Table 4-6.

Table 4-6: Post farm gate emissions identified irhe literature

Life cycle phase GPW Source
[gCO2q/kg]
Slaughterhouse - Beef 800 Mieleitner et al. (2012)
Slaughterhouse - Pork 373 Reckmann et al. (2013)
Slaughterhouse - Lamb 1440 Peters et al. (2010)
Slaughterhouse - Chicken 359 Nielsen et al. (2011)
Canning of fruit and vegetables 295 Carlsson-Kanyama and Faist (2001)
Processing and packaging of milk 100 Foster et al. (2007a)
Packaging — plastic bottle 287 Andersson and Ohlsson (1999)
Packaging - can 700 Del Borghi et al. (2014)

Therefore the impact of packaging production istakito account (either in the original study or
added manually) for all of the following food prands:

- Canned beans, lentils and chickpeas;

- Chopped tomatoes (glass bottle and tin);

- Honey;

- Jam;

- Olive oil;

- Canned sardines;

- Tomato ketchup;

- Tomatoes passata (carton, glass and tin);

- Canned tuna;

- Vegetable oil;

- Olives;

- Milk;

- Fruit juices.
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Figure 4-4 presents an overview of the system bariesl included in the study. The green line
represents the system boundaries considered atafe described in this section, i.e. the creation
the database. The blue line shows the overall sybtaundaries of the tool; the two additional phases
included therein (transport to regional distribaticentre and meal preparation in school kitchee) ar
presented in Sections 4.2.4 to 4.2.6. Part ofipets and outputs lie outside the system boundaries

this will be further examined in Section 5.10.3hiitthe discussion of the limitations of this work.
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Figure 4-4: Life cycle phases and system boundarie$ database and tool (adapted from Clune et al. (16)
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4.2.2.6 Calculation of average values of GWP
For each food product, the average of the valu€&a\VegP collated in the database, was calculated. This
is the main output of the database.

As for the majority of products only a handful odlwes of GWP were found throughout the
literature, therefore it was clear that it would be possible to take into account the countryrio
or the production method on top of the product navhen calculating the average value of GWP.
This is only a partial limitation, as the reviewsrfi Teixeira (2015) and Clune et al. (2016) have
demonstrated that the GWP of a product is actstlyngly correlated with the food type and much
less so with its origin and production method. Twil be further discussed in Section 5.2. It is
however important to stress that within this stdldy average values of GWP are calculated across
different countries and production methods (with tmly exception of horticultural products, where
heated greenhouse products are differentiated therothers, as is explained in Section 4.4.1).

The CF database is provided in Appendix D (eledtromaterial), Part 2 and the list of references

of the CF database is provided in Appendix E.

4.2.3 Water Footprints (WF) Database

The creation of the WF database differed signifiyaitom the creation of the CF database. In this
case one existing source (Mekonnen and Hoekstid)azMekonnen and Hoekstra, 2010b) provided
the values of WF for a large range of food prodatta high spatial resolution (regional level, doyin
averages and world averages). This included liegsioroducts, agricultural products and some
processed agricultural products. Therein the grelere, and grey components of the WF are provided
separately, therefore the three values were egttacind additionally the total value (sum of green,
blue and grey component) was calculated.

The process followed in creating the WF database different from the CF database for three

main reasons:

- Most of the data were collected from the same sunence no data harmonization was
required in terms of system boundariesaflle to gat® or functional unit (1 kg product
weight);

- There is one single value of WF for each combimafmod product and country of origin,
therefore no statistical analysis was performed,;

- As there was availability of data at different gexgzhical locations, it was possible to include
this level of detail in the WF database (unlike withane in the CF database, where values of

GWP of the same food product were grouped togedgardless the country of production).

3 The only exception being the case of poultry, whee value provided was calculated using a funatio
unit of 1kg of live weight. In this case a correctiwas applied as explained in Section 4.2.2 ferGR database.
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As with the CF database a handful of products didappear in previously cited reports. Hence, a
search was performed through the literature to fratles of WF from other sources. When no
information was found in the literature, proxiesrave@ised (for instance to include the WF of leek,
onions were used as a proxy, as both species baahg samgenusand therefore it is assumed that
they have similar irrigation requirements).

The databases published by the Water Footprint diétgrovide the values of WF for each food
product at a high spatial resolution. However, dimnplicity of use of the tool, the values extracted
were the country average value, for each countthe@EU28, and the world average value (to be used
when the product is imported from outside Europa/toen the origin is unknown).

To summarize, for each food product the followinfprmation was extracted and inserted in a
separate excel sheet:

- Product name;

- Food category;

- Reference;

- Blue, green, grey and total WF (for each countrthefEU28 + global average value).

The WF database is provided in Appendix D (eledtromaterial), Part 3, whilst an analysis of the

results collected is presented in Section 5.3.

4.2.4 Transport

At this step, transport emissions were calculasdihg into account the transport of food products
from their respective country of origin to a geneschool kitchen located in Birmingham, UK. The
contribution of this life cycle phase to the WFisgligible when adopting the approach by Hoekstra
(2003), as thepre farm gatephases are predominant. Therefore, only the dion to climate
change was assessed at this stage. In order tvsga humber of assumptions were made.

For food products produced in the UK three diff¢m@ptions were considered:

- A"UK generic” option, assuming road freight focanservative distance of 250 km;

- A “UK less than 100 miles option”, assuming roadidht for a distance of 160 km (100

miles);

- A“UK less than 30 miles option”, assuming roaddghe for a distance of 50 km.

For all food products imported from outside the did inside the EU28, the transport route was
assumed to be from the capital city of the coupfrgrigin to Birmingham. [European countries that
are not part of the EU28 were excluded at thisest#ter checking that the imports of food (for the
year 2013) from those countries to the UK were b(#VIRC, 2013)]. Two alternative routes were
considered, the first prioritised sea freight amel $econd prioritised road freight. Rail freightsweot
considered as transport statistics show that ir2 20&ccounted for less than 10% of the total idlan

freight transport of agricultural products in the) EDirectorate General for Internal Policies, 2015)
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This could be included within the tool should réikight distribution of food stock increase
significantly.

Finally, for food products imported from outsidetBU, a forfeit transport route was considered:
this was calculated assuming that the food proskald be transported by ship to the UK from
Sydney. This was chosen as it is the longest age that connects a country in the world to the UK.
This last option applies also when the origin @& groduct is unknown. The reason for including this
broad assumption is to ensure the user friendlinésise tool: as the user can choose the country of
origin from a drop down menu, it was decided thatuding all the existing countries would make the
list too long, and therefore it would be betterrtolude only EU countries and a generic optiondibr
the other cases.

Sea freight transport routes were taken from thbsitehttp://www.cargorouter.com/ (accessed

November 2016) which provides the fastest route nwpgoritizing sea freight. For example, if
Copenhagen was entered as the origin and Birmingisatine destination, this resulted in:

- Sea freight from Copenhagen port to Manchester port

- Road freight from Manchester port to Birmingham.

Sea distances between the two ports were thenladufrom the websitéttp://www.sea-

distances.org/ (accessed November 2016) and road distances aiewdated from Google Maps. This

website was also used to calculate transport roames distances in the “road freight prioritised”

option. The result of this process is illustrated able 4-7.

Table 4-7: Transport routes and distances

ROAD FREIGHT
SEA FREIGHT PRIORITISED PRIORITISED
Origin of food products Sea route Road distances Sea distance Road distance [km]
[km] [km]
United Kingdom - - - 250
< 30 miles - - - 50
<100 miles - - - 160
Austria Trieste - Manchester 628 2954 1700
Belgium Antwerp - Manchester 157 1366 583
Bulgaria Aliaga - Southampton 1027 5152 2696
Croatia Rijeka-Manchester 317 5396 1865
Cyprus Mersin-Southampton 228 6070 3406
Czech Republic Szczecin-Manchester 657 1781 1482
Denmark Copenhagen-Manchester 157 2018 1466
Estonia Tallin-Manchester 157 2998 2725
Finland Helsinki-Manchester 157 3037 2893
France Le havre-Manchester 353 1001 680
Germany Szczecin-Manchester 307 1781 1311

Table continues on the following page
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Greece Aliaga - Southampton 1468 5152 3406
Hungary Rijeka-Manchester 660 5396 1936
Ireland Dublin-Manchester 157 290 =
Italy Bagnoli-Manchester 390 4224 2085
Latvia Riga-Manchester 157 2887 2500
Lithuania Riga-Manchester 451 2887 2297
Luxembourg Antwerp-Manchester 414 1366 802
Malta Malta-Tilbury 231 4228 3126
Netherlands Amsterdam-Manchester 157 1409 750
Poland Szczecin-Manchester 732 1781 1716
Portugal Lisbon-Manchester 157 1909 2400
Romania Gebze - Southampton 930 5446 2765
Slovakia Rijeka-Manchester 1299 5396 2042
Slovenia Trieste - Manchester 244 2954 1733
Spain Valencia-Manchester 514 3135 1932
Sweden Stockholm-Manchester 157 2800 2100
World Sydney-Felixstowe 265 21300 =

Subsequently, the GHG emissions associated witheteh of these transport routes were
calculated. This was done considering as transtitles:

- A generic HGV, refrigerated and with average ldaased on the average load for a freighting
vehicle in the UK);
- A generic cargo ship, average size.

The emissions associated with these vehicles wiet@ned from a dataset provided by DECC
(Department of Energy & Climate Change, 2015). Tihdudes both the direct emissions deriving
from the vehicle and the upstream emissions, rfietw asWell-to-Tank.This component, classified
as Scope 3 according to the GHG protocol, includedull lifecycle of the fuel up to the point ofel
of the fuel, resulting from the extraction, trangpoefining, purification or conversion of primary
fuels to produce and then distribute end-user fuels

The emission coefficients extracted from the DE@gaset are:

- Road freight emission coefficient: 0.1625 g@&Rg*Km;
- Sea freight emission coefficient: 0.0156 g@Rg*Km.
The final values of transport emissions were caleal by multiplying the transport distance (for

each country of origin and transport mode) by timéssion coefficient, and are reported in Table 4-8.
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Table 4-8: Transport emissions for each country odrigin and transport mode

SEA FREIGHT ROAD FREIGHT ONLY
PRIORITISED
Origin of food products Emissions [gCOz/kg] Emissions [gCOz/kg]

United Kingdom - 41

< 30 miles - 8
<100 miles - 26
Austria 148 276
Belgium 47 95
Bulgaria 247 438
Croatia 136 303
Cyprus 132 566
Czech Republic 135 241
Denmark 57 238
Estonia 72 443
Finland 73 470
France 73 110
Germany 78 213
Greece 319 553
Hungary 192 315
Ireland 30 30
Italy 129 339
Latvia 71 406
Lithuania 118 373
Luxembourg 89 130
Malta 104 508
Netherlands 48 122
Poland 147 279
Portugal 55 390
Romania 236 449
Slovakia 295 332
Slovenia 86 282
Spain 132 314
Sweden 69 341

World 376 -
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4.2.5 Storage

In traditional LCA, when the storage phase is ideldi in the system boundaries, the impacts of
refrigerated storage are assessed at three stagemal distribution centre, retail and houseHele|

(e.g. Schmidt Rivera et al., 2014). In the studyehpresented, food products are assumed to be
transported directly from the regional distributioentre to a school kitchen, therefore the retates

is not included (similarly to work done by Saariredral. (2012)).

As the transport phase, the storage phase hasligilolegcontribution to the water footprint, and
therefore only GHG emissions were considered irffdhewing.

In order to account for emissions associated vettigerated storage at regional distribution centre
the work from Brunel University (2008) was consdltédere, the GHG emissions caused by the
storage of food products in refrigerated regionsiridhution centres is calculated based on thegner
consumption of refrigerators and the average tiomevhich the different products are usually stored.
As shown in Table 4-9, the contribution of this ghdo the GWP is very small. The highest value of
GWP is 0.1 gCO2e, associated with the storagekilbgjram of fresh potatoes. The average value of
GWP associated with the production of potatoes &aation 5.2) is 153 gC0O2e/kg, which is more
than 1000 times higher. Therefore, it was decideddglect the contribution of storage at regional
distribution centre to the total GWP. However, thigase of the life cycle was taken into account

when assessing the levels of waste, as explaingeciion 4.2.7.

Table 4-9: GHG emissions of storage at regional ditbution centre for the average time of storage (dapted from Brunel
University (2008))

Product GHG emissions [gCO2e/kg]
Packed fresh meat 0.1
Ready meals 0.1
Milk 0.0

Cheese 0.038

Frozen peas 0.0
Frozen potatoes 0.0
Fresh apples 0.0
Fresh potatoes 0.1
Strawberries 0.0
Bread 0.0
Beef cottage pie 0.1

When it comes to accounting for refrigerated steraty household level, or in a food service
kitchen, traditional LCA allocates to a producthare of refrigeration emissions based on the gobta
the overall volume it occupies and the time forakhit is stored. However, as Garnett (2008) points

out when discussing the weaknesses of LCA, keepipgpduct in the refrigerator for a longer period
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of time has an insignificant impact on the oveealkergy consumption of the refrigerator throughout
one year, in other words, in a household (or a ceraial kitchen) the refrigerator and the freezdt wi
still be continuously on, even when they are nit fu

It is true that a larger consumption of chilledfrmzen food products could drive in the long term a
demand for larger refrigerators, or freezers, whighh consume more energy and therefore cause
more emissions. However, it is unclear how to antéar this aspect in LCA.

As the aim of this work is the assessment of thérenmental impact of alternative menu options,
the burden of refrigerating and freezing the ingget$ prior to consumption is considered as a
baseline for all of the different meals compared therefore there is no need to include this withi
the system boundaries. If a different functionat bad been adopted, such as one day of operation o
the catering service (as in the work by Clune andkiey (2014)), the overall emissions associated
with the energy use of refrigerators in that tinoelld have been taken into account. However, as the
functional unit chosen is one portion of each mealprder to enable comparisons across different
meals, it is more appropriate to omit the contitouof refrigerated storage to climate change.

A criticism to this approach could be that radigalhanging the menus served would lead to an
increased or decreased need for refrigeration, thatefore a variation in the associated energy
consumption. However the impact of designing newuseon the levels of energy consumption of the

refrigerators is here considered to be negligible.

4.2.6 Preparation

The preparation of a meal contributes to the oV&GWP due to the use of cooking appliances run on
either by electricity or natural gas. The contribatof the preparation phase to the WF is consilere
to be negligible when compared to the productioasgh(Strasburg and Jahno, 2015), and therefore
the only impact category considered at this stage GWP.

Average values of energy consumption for a rangeowoking appliances were taken from the
literature - (Carlsson-Kanyama and Faist, 20019rré€sponding emissions were then calculated based
on the emissions coefficients for the UK electyicgrid and natural gas reported in Table 4-10
(Department of Energy & Climate Change, 2015) far year 2015.

Table 4-10: Emissions coefficients for the UK elegtity grid and natural gas (extracted from Department of Energy & Climate
Change (2015))

Emission coefficients kgCO2/kWh gCO2/M]J
Electricity 0.5311 147.52
Natural gas 0.2093 58.13

The final values of emissions for a range of coglappliances and processes are reported in Table
4-11.
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Table 4-11: Energy consumption and corresponding GB emissions for a range of cooking appliances andqzesses (adapted
from Carlsson-Kanyama and Faist (2001)).

Cooking Comment Energy Energy GHG emissions
appliance and consumption consumption (average)
process (minimum) (maximum) [gCOz/minute]
[M]/minute] [M]J/minute]
Microwave, Min/max: 0.039 0.048 6.42
heating 650W/800W
Microwave, Min/max: 0.015 0.042 4.20
cooking 250W/700W
Microwave, Min/max: 0.009 0.011 1.48
defrosting 150W/190W
Hob, electric Min/max: 0.060 0.117 13.06
1000W/2800W
Hob, gas Min/max: 0.060 0.108 4.88
1000W/2600W
Oven, electric Min/max: 0.092 0.163 18.81
2200W/3900W
Oven, electric, Min/max: 0.024 0.072 7.08
(warm up) 400W/1200W
Oven, gas Min/max: 0.090 0.150 6.98
1500W/2500W

4.2.7 Waste and losses along the supply chain

The functional unit of this study has been defiastbne serving of a primary school meal calculated
from cradle to plateWhen allocating to a meal the environmental inbjitalcas caused during its life
cycle, it is important to take into consideratimsdes and waste along the supply chain. Due to
wastage levels at post farm stages, a larger anwugdch ingredient will have to be produced than

the quantity expressed by the recipe, as illusiratd-igure 4-5.

Agricultural Post-harvest Processing Transport Meal
production handling and and and storage preparation
storage packaging

¥

135g

59 2%

132g

Figure 4-5: Food and wastage flows throughout theéfé cycle of fruit and vegetable products

In this example, the recipe considers 100 g of dwlcthis means that a larger amount (i.e. 119 g)
will need to enter the school kitchen, due to wastereparation stage (due to the inedible componen
of fruit and vegetables). Furthermore, as a coreopi of losses during distribution, an even larger

quantity will have to leave the packaging facilftye. 132 g). When adding considerations on losses

64



during processing and packaging and at post-hahastling stage (which include quality checks and
damage to crops during grading and sorting), thewsnof broccoli that needs to be harvested is 142
g. Considerations on losses during the agricultymadduction were not included, due to the
assumption that wastage happening at this stagalheady been taken into account in the literature
sources consulted to extract the environmental itspalative to the production phase.

Levels of wastage at each phase of the life cyeleewollected from the literature for seven groups
of food products (i.e. cereals, roots and tubeitseeds and pulses, fruits and vegetables, mesht, fi
and dairy) from two sources:

- FAO (2011a) was used to extract the percentageasfergenerated at post-harvest, processing
and distribution stage. This source only consideditle waste generation.

- For certain types of food inedible waste (e.g. t&igle peelings) is generated at preparation
stage. Amongst the groups considered, this isdle €or fruit, vegetables, tubers, eggs, meat
and fish. However, as the CF and WF of meat aridH&d been calculated using one kg of
product weight as a functional unit (and therefexeluding bones and other inedible parts), a
coefficient of inedible waste was assumed onlytf@r remaining groups. These coefficients
were taken from DEFRA (2010).

The levels of wastage used for each group at tifiereint stages of the life cycle and the overall
waste coefficientsp) calculated as the ratio between the quantity athefood product that is

harvested and the corresponding quantity useceimial, are presented in Table 4-12.

Table 4-12: Levels of wastage at each stage of tife cycle collected from the literature and overdlwaste coefficients

Group Post-harvest Processing and Distribution Preparation waste
packaging coefficient (Q)

Cereals 4% 10% 2% - 1.18
Roots and tubers 9% 15% 7% 27% 1.90
Oilseed and pulses 1% 5% 1% = 1.07
Fruit and vegetables 5% 2% 10% 16% 1.42
Meat 1% 5% 4% - 1.10
Fish and seafood 1% 6% 9% - 1.17
Dairy and eggs 1% 1% 1% 1% 1.03

4.3 Stage 2: Tool development
The ethos behind EATS is that it should provideuber(s) with a simple-to-use interface (Figure) 4-6
that allows them to input information on an indivad recipe and be provided with respective outputs

on the impact of each portion served (requireme®e2tion 3.1).
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As such the followingnputsare required from the user:
- Product name, weight and country of productionaafheingredient;
- Transport mode;
- Number of portions required,;
- Cooking appliance(s) used and for how long.
The respectiveutputsare given for one portion:
- Carbon Footprint: absolute value and score (graeer, red);
- Water Footprint: absolute value and score (grembea, red);
- Plots showing the contribution of each ingredientite CF and the WF and the contribution
of each phase of the life cycle to the CF.
The tool was developed in the form of an Excel agsbeet. Excel was chosen for its
simplicity of use and in order to meet the requigats 6 and 7 (Section 3.1) of transparency and

adaptability of the tool.
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Add New Ingredient

T Burger and mash . .
yogurt
I Number of portions 25 1 BEEF United Kingdom 1425
| Appliance 1 - Cooking time [min] 45 2 CARROTS United Kingdom 750
| Cooking appliance 1 Stove, gas (1 plate) 3 MARGARINE United Kingdom 100
IAppliance 2 - Cooking time [min] 4 MILK United Kingdom 75
[ Cooking appliance 2 Cooking appliance 5 PEAS United Kingdom 750
IAppliance 3 - Cooking time [min] 6 POTATOES United Kingdom 2500
[ Cooking appliance 3 Cooking appliance 7/ YOGURT United Kingdom 4250

Carbon Footprint
[eCO,./portion]

Water Footprint

[litres/portion]

Figure 4-6: Interface for EATS
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4.3.1 Calculation of impacts
The calculation of the CF and WF is based on tha dallected in Stage 1 (Section 4.2) and is
explained in detail in the following text.

Considering a generic ingredient (x), the usercselhe food product (5 the weight (W) and the
country of origin (G). Then a transport mode is chosen (M) (this shagdly to all ingredients
imported from outside the UK, whilst for ingredisnproduced in Britain it is implicit that the
transport mode is by HGV). The user can chooseouphriee cooking appliances (y) used in the
preparation phase, and for each select the tinms®{T). Finally the number of portions (N) needs to
be defined. This represents both the number ofgmztto which the quantity of each ingredient refer
and the number of portions being prepared at tinees@me. It is important to highlight that the
functional unit, which in the database is 1 kg atlefood product, at this stage becomes one portion
of each meal.

The total values of CF and WF are calculated adegrib:

CRot =(XZ%_, CFPx + CFTx + YX_, CFCy )/N (1)
WFo=(X%_; WFPx)/N )

Where:

CRo= Total Carbon Footprint of one portion of the maa&lysed [gC&l)

WF= Total Water Footprint of one portion of the maahlysed [liters]

N = number of portions

Z = total number of ingredients

K= total number of cooking appliances

The Carbon Footprint associated with the produabioie ingredient (x) is calculated according to
Equation (1a)

CFR = CFRx) X Wx X px /1000 (1a)

Where:

CFR= Carbon Footprint associated with the productibtihe ingredient x [gC&)]

CFR:x= Carbon Footprint associated with the productiba &g of food product F(x) [gC&Ikg]

— (average value associated with food product iR(i)e CF database, see Section 5.2)

Wy =quantity of ingredient x [g]

px= waste coefficient of ingredient x (defined in St 4.2.7) [no unit]

The Carbon Footprint associated with transportingraédient (x) is calculated according to
Equation (1b).

CFT=CFTux.cix) X Wx X px /1000 (1b)

Where:
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CFTx= Carbon Footprint associated with transportingedient x [gCO2e]

CFTww.cy = Carbon Footprint associated with transportingglok goods from country C(x) to
Birmingham, according to transport mode M(x) (sebl€ 4-8) [gCO2e/kqg]

Wy andpx as above.

The Carbon Footprint associated with cooking wiipleance (y) is calculated according to
Equation (1c).

CFG=CFGy)x Ty (1c)

Where:

CFG, = Carbon Footprint associated with cooking withlegmze y [gCQ4

CFGyy) = Carbon Footprint associated with the use of capkppliance A(y) for one minute (see
Table 4-11) [gCO2e/minute]

Ty= time of use of appliance y [minutes]

The Water Footprint associated with the productibnngredient (x) is calculated according to
Equation (2a).

WFP = WFx,c0 X Wi X px /1000 (2a)

Where:

WF= Water Footprint associated with the productioingfedient x [liters]

WFrx,co= Water Footprint associated with the productiold é&fy of food product F(x) in country
C(x) (see WF database, appendix D, Part 3) [lkgts/

Wy andpx as above.

Once the CF and WF are calculated, in order teeas® the user friendliness of the tool, a score is
assigned to both impacts. This was defined in dlieviing way. Taken Ckand Wk, as the average
values of CF and WF of a meal served in the UK ¢Whire calculated in the third case study of this
work), the following criteria was set:

- Green CF, when CE 0.7 x Chy
- Amber CF, when 0.7 x G CF < 1.3 x Ck
- Red CF, when CE 1.3 x Chy

The same considerations apply to the WF.

4.3.2 User interface
The user interface was created using VBA (Visuaki®dor Applications) for Excel 2007 and
provides the user with the following input contrflsable 4-13).
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Table 4-13: Graphic user interface input controls

Label Element type Action
New recipe Button Resets the tool (cancelling previous recipe)
Add new ingredient Button Adds a new row to the ingredients table
Choose ingredient Dropdown list Select one ingredient from a list
Choose country Dropdown list Select the country of origin from a list
Transport mode Radio Button Select the transport mode (from 3 options)
Meal name Text Field Type info required
Number of portions Text Field Type info required
Cooking time Text Field Type info required
Cooking appliance Dropdown list Select the cooking appliance from a list
Plot graphs Button Plots 3 graphs

After inserting all the required inputs and cliagion “Plot Graphs” the user is provided with: a
value for the Carbon Footprint (calculated accaydin one portion served), a score for Carbon
Footprint (using draffic light symbol), a value for the Water Footprint and aredsimilarly to the
one reported for CF), and three graphs. The fregbly shows the contribution of each ingredienho t
total CF, the second shows the contribution of éagtedient to the total WF and the third shows the
contribution of each phase of the life cycle to thial CF of a meal. An example of each is provided

in Figure 4-7, Figure 4-8 and Figure 4-9 respedttive

Carbon Footprint of ingredients

W BEEF

M CARROTS

= MARGARINE
B MILK

M PEAS

u POTATOES
B YOGURT

Figure 4-7: Graph 1 — Carbon Footprint of ingredierts
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Water Footprint of ingredients

W BEEF

M CARROTS

B MARGARINE
H MILK

M PEAS

u POTATOES
B YOGURT

Figure 4-8: Graph 2 — Water Footprint of ingredients

Carbon Footprint of phases

B Production
M Transport

i Preparation

Figure 4-9: Graph 3 — Carbon Footprint of phases

As stated previously the purpose of the interfacéoiprovide an easy to use platform for non-
scientific audiences to engage with (requiremer8etition 3.1), and therefore it was created wiéh th
aim of maximising its user friendliness. To thigmse a user-manual was produced, which explains
how to use the tool in 5 easy steps. This is att&dh Appendix B, while the tool is attached in
Appendix D, Part 1.

A number of assumptions are made in the calculafionthe following specific cases:

Case 1:When the users do not know the country of oridisame or all the ingredients, they are
told to select the option “World” from the drop deMist. This is also the option they are told to
choose when the food product is imported from aBoncountry. In this case the WF is calculated
based on the global average value for that spefaifid product, and the calculation of the transport

emissions is made considering a forfeit transpmrte, from the port of Sydney to Birmingham.
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Case 2:When the users do not know the transport modg, ¢he select the option “Unknown”. In
this case the transport mode will automaticallyabsumed as road freight for food products produced
in the UK, and sea freight for food products impdrfrom outside the UK.

Case 3:When the users cannot find an ingredient in ttog diown list, they will have to look for a
similar ingredient to use as a proxy. This is mlikely to happen for processed rather than forHres
food products, due to a lack of LCA studies of pased food (e.g. industrial custard). For those
processed foods that could also be made from $créte users are advised to use instead the
corresponding ingredients and quantities in the droade version of that product (for instance the
traditional recipe for custard). This leads to @eleof approximation of the results and represents
limitation of the study. For this reason it is innfmt to highlight that the tool presented here teayl
to more accurate results when being used to asseipes made from unprocessed ingredients (i.e. a

cake made from scratch rather than a cake madg agrepared mix).

4.4 Stage 3: Tool validation
In this last stage of the methodology, the tool walated in four ways.

Firstly, in order to assess the adequate complsteard validity of the data collated in the CF
database (requirements 4 and 5), a meta-analy#iie afata was performed (Section 4.4.1), according
to the PRISMA protocol for systematic reviews (Mpkeal., 2009), as outlined in Section 3.2.5.

Secondly, through the development of three casliest(Section 4.4.2), it was possible to assess
whether requirement 1 (contextual applicabilityct8® 3.1) had been met.

Thirdly, by asking to a number of potential usef€ATS to trial it and provide some feedback
(forty-two catering companies were contacted outbich five responded); this enabled to further
assess the contextual applicability of the toofjreement 1) and its usability (requirement 2) and
meaningfulness (requirement 3). The validationestags an iterative process which means that based
on the results of the meta-analysis, the case stmdyysis and the users’ feedback, the tool was
improved and developed into its final version (esirated in Figure 4-2).

Finally, in order to test the requirement of valdif the results (requirement 5), the tool wasees
by comparing the results of the case study analifs existing literature and by using EATS to re-
calculate the CF of the meals analysed by onetitee source (Ribal et al. 2016) and compare the se

of results thus obtained with the original one.

4.4.1 Meta-analysis of the CF database
In order to assess the validity of the results pled by the tool, each of the components of the
calculation of the overall carbon and water foatpdf a recipe was assessed separately.

The calculation of the CF is performed by summimgé components (see Eq. 1, 4.3.1): the CF of
production (CFP, Eqg. 1a), of transport (CFT, EqQ.dtd of preparation (CFC, Eq. 1c). The calculation
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of the WF (shown in Eq.2) is based only on the Wproduction (WFP, Eq. 2a). The reasons for not
including any other phase of the life cycle of aalrare presented in Section 4.1.

The calculation of the CF of the transport andhef preparation phases, as presented in Sections
4.2.4 and 4.2.6 respectively, are based on datactet from either peer reviewed scientific argobe
datasets published by the UK government. All okéhsources are considered reliable and no further
quality assessment is required.

Similar considerations apply to the data used &euwating the WF of production. The source used
in this case are two databases published by tlenlg@rganization in this sector, the Water Foatipri
Network (Mekonnen and Hoekstra, 2010a, Mekonnen toekstra, 2010b). These databases have
been used as a starting point in a number of meewed journal articles (e.g. Capone et al., 2013,
Chen et al., 2016, Hess et al., 2015, Hess €2@l§, Meier and Christen, 2013, Vanham et al., 2013
and therefore no additional assessment of thelitgismconsidered necessary.

This is not the case for the CF of the productibage. This is calculated as the average of the
values of GWP collected in the CF database for efadd product. In order to ensure the
meaningfulness of these average values, a numbenealsures were taken (see Section 4.2.2).
However, it was decided to assess the accuradyeofdlues obtained through a meta-analysis.

The database of values of GWP of food productsamadysed statistically with the software SPSS
(version 21.0, SPSS Inc.) in order to assess theracy of the average values extracted from it. For
each food product for which more than three vahfeGWP were recorded, the following statistical
measures were calculated:

- Number of values of GWP recorded;

- Average;

- Standard deviation (of the sample);

- Minimum;

- Maximum;

- Lower and upper interval of a 95% confidence iraérv

As the sample size is in most cases smaller tharthg0confidence interval was calculated by
assuming that the population of values of GWP hgdiatribution. This distribution is preferable to
the Normal distribution when the sample size islbarad the standard deviation of the population is
unknown (Sachs, 2012).

For those food products for which three or lessieglof GWP were recorded, only average value,
minimum and maximum were calculated. The large remalb food products with a sample size equal
or smaller to three highlights the need for LCAeageh that covers a wider range of products, as
suggested by other authors (Clune et al., 2016&geirai 2015, Pulkkinen et al., 2015).
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Through the statistical analysis, it was possibledentify food products that had a significant
spread, and further refine the methodology of datkection and handling. For instance, a number of
horticultural products presented a particularlygéaspread of values. When looking at the additional
information recorded for each study the reasonHisr was identified: studies that assessed the GWP
of products cultivated in heated greenhouses regogignificantly higher values than those
considering either unheated greenhouses or oplehdiidtivation. It was therefore decided to divide
these studies into two different groups (e.g. dhexies — heated greenhouse / strawberries - other)
The statistical analysis was then performed agaththe spread of values for each food product was
significantly lower.

The same statistical analysis was then performetbad group level (after dividing the food
products in fifteen groups), in order to compare tbsults obtained with those of the only existing
publication that (to the author’'s knowledge) paried a similar analysis.

The results of the meta-analysis applied to thalfwersion of the CF database and of the
comparison with existing literature are presente8ection 5.2 together with a thorough discussion o

the overall accuracy of the results and the me#&mlimgss of using the average values.

4.4.2 Case study analyses: introduction
The three case studies presented in the followdatias were developed in order to test the todl an
provide three different examples of applicatiorilaf tool, these are:

- Assessing the environmental impact of an existiegumin order to design low impact menus
(case study 1 — CS1 — Section 4.4.2.1);

- Assessing the environmental impact of a sebesdt practicerecipes, in order to include
environmental considerations when promoting headtiyool meals (case study 2 — CS2 —
Section 4.4.2.2);

- Assessing the environmental impact of the schotérizey sector in England, in order to
estimate potential carbon and water savings thatdcbe achieved at national level by
implementing reduction measures (case study 3 —C&&tion 4.4.2.3).

In the three case studies, the following assumptieere made on the origin of the ingredients and

transport mode:

- Assumption 1For all food products that are produced in the (@ken if only during part of
the year - shown in Table 4-14), this was assuradaktthe chosen point of origin (valid in
CS1, CS2 and only partly in CS3);

- Assumption 2In all the other cases (e.g. fruits that canmotgin the UK in any season) the
country of origin was chosen as the country th#tasfirst supplier of that food product to the
UK (shown in Table 4-15);
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- Assumption 3The transport mode was assumed to be via trudkread for food products

produced in the UK and cargo ship for food prodiroizorted from overseas.

In order to verify whether a food product can bedoiced in the UK, the FAOSTAT database for
2013 was consulted (FAO, 2013a). For those foodymts that could not be found in this database,
other sources were consulted (e.g. Ellis et all220To identify the main supplier of the food pucts
that were assumed to be imported from abroad, theseas trade statistics for the UK were consulted
(HMRC, 2013).

Table 4-14 shows a list of all the ingredients ctele in the three case studies that are produced in
the UK and the quantities produced in 2013, whés itiformation is available from the FAOSTAT
database. Additionally it lists the references usederify that the food products that could not be
found in the FAOSTAT database are produced in tke Thble 4-15 shows the ingredients that are

not produced in the UK (FAO, 2013a), and the mappser of each to the UK (HMRC, 2013).
Table 4-14: List of ingredients produced in the UKand quantities (FAO, 2013a)

Food Product UK production 2013 [tonnes]
Apples 217240
Beans, green 14540
Bread N/A2
Butter, cow milk 145000
Cabbages and other brassicas 271800
Carrots and turnips 696200
Cauliflowers and broccoli 155700
Cheese, whole cow milk 380000
Chillies and peppers, green 23500
Cod N/AP
Cream fresh 37000
Cucumbers and gherkins 57900
Currants 16300
Eggs, hen, in shell 672000
Grapes 817
Haddock N/AP
Honey, natural 6400
Leeks, other alliaceous vegetables 35220
Lettuce and chicory 125500
Margarine, short 330000
Meat, cattle 847000

Table continues on the following page
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Meat, chicken 1443000

Meat, pig 833000
Meat, turkey 187000
Meat, sheep 289000
Milk, skimmed cow 3233106
Milk, whole fresh cow 13941000
Mushrooms and truffles 79500
Oats 964000
Oil, rapeseed 749900
Onions, shallots, green 13700
Pears 22630
Peas, green 152570
Plums and sloes 12375
Pollak N/AP
Potatoes 5685000
Quorn™ N/A«
Raspberries 13800
Roots and Tubers, Total 5685000
Rye 35000
Sardines N/AP
Salmon N/Ad¢
Strawberries 94373
Sugar Raw Centrifugal 1319000
Tomatoes 93600
Vinegar N/Ae
Wheat 11921000
Yeast N/Af
Yogurt N/As

Sources proving the UK production of food products not found in the FAOSTAT
database:

a: http://www.bakersfederation.org.uk/

b: http://www.fao.org/fishery/species/search/en

¢c: http://www.quorn.co.uk/

d: (Ellis et al., 2012)

e: http://www.aspall.co.uk/

f: http://www.dclyeast.co.uk/

g: https://www.muller.co.uk/about-mueller/muller-uk-ireland.html
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Table 4-15: List of ingredients not produced in thedJK and main supplier of each (FAO, 2013a, HMRC, 203)

Food Product Main supplier
Apricots Spain
Bananas Colombia

Beans, dry Canada
Beetroot Spain
Blueberries Chile
Celery Spain
Chickpeas Italy
Chopped tomatoes Italy

Cocoa Beans and products

Coconut
Cranberries
Dates
Aubergine
Garlic
Kiwi
Lemons and limes
Lentils
Maize
Mandarins
Mango
Melons
Olive oil
Olives
Oranges

Pasta

Peaches and nectarines

Pineapples

Pumpkins, squash and gourds

Raisins
Rice
Spinach
Sweet corn
Tomato ketchup
Tomato passata
Tuna

Walnuts

Ivory Coast
India
Chile
Iran

Netherlands
Spain
Italy
Spain

Canada
Senegal
Spain
Brazil
Brazil
Spain
Spain
Spain
Italy
Spain
Costa Rica
Portugal
Turkey
India
Spain
India

Netherland
Italy

Thailand
China

77



4.4.2.1 Case Study 1 (CS1)

The first case study was developed in order tosase environmental impact of an existing menu.
To this purpose, a catering company that servesrakeprimary schools in the West Midlands (which
desires to remain anonymous) was contacted in ¢od=llect the necessary data for the development
of the case study.

The catering company was contacted via email ansivared by providing the following
information:

- Menus to be served in the winter term of 2017 (withPdf file);

- Recipe(s) for each of the dishes on the menu (@atuthe list of ingredients, quantities and
cooking procedure) (within an Excel file);

- Food procurement information where available (im@ame of suppliers and origin of
ingredients for each recipe) (through email exclegng

The following step was then used to verify whetlleof the ingredients being used by the catering
company were already recorded within the tool. mbar of missing ingredients were identified, and
therefore the processes described in Sections dr2i21.2.3 were repeated to enlarge the ingredients
list of the tool. Whenever it was not possibleitafthe required data, assumptions were made irord
to replace those ingredients with similar ingretieavailable from the tool, and the recipes were
adapted accordingly.

The number of portions and cooking time were predias part of the recipes. It is important to
highlight that the emissions of the preparationsghare calculated according to the time that a
cooking appliance will be switched on and by usihg cooking time expressed in the recipe it is
likely to underestimate the time the hob or oveh g on (for instance the time necessary to prehea
the oven will not be considered). As it is not plokesto predict precisely for how long each cooking
appliance will be turned on by looking at the regifhis represents a limitation of the tool, howeas
it will affect different recipes in similar wayg, will not affect the comparisons between altenti
recipes.

As the suppliers used by the catering company #ee changing, and due to the complexity of the
supply chain in the case of processed ingredigntwas not possible to obtain a comprehensive
overview of the origin of all the ingredients usecprepare the meals analysed, and therefore fet mo
ingredients the origin had to be assumed (accoridirtbe approach outlined in the previous section).
In the case of meat products, the catering commgamfirmed that these were always nationally
sourced (which is in line with the assumption maéd)the ingredients used in the menu provided are
seasonal (and therefore assumption 1 from the que\gection is valid). The cooking appliances used
in the kitchen are assumed to be run on naturalAfas, 2012).

78



Once all the relevant information was collecteahe@cipe was tested with EATS and for each the
values of CF and WF of one portion were recorddek fiesults of this case study are shown in detail

in Section 5.4.

4.4.2.2 Case Study 2 (CS2)
The second case study was developed in order éssafise environmental impact of a sebest
practicerecipes. Those were taken from the online Recipe H

(http://whatworkswell.schoolfoodplan.com/articlegénory/52/recipes-menus accessed November

2016), published by the School Food Plan (201pyéwide schools and catering companies with a set
of healthy and nutritionally compliant recipes.

As in CS1, the first step was the identificationtlodse ingredients used in CS2 recipes that were
missing from the tool, and when possible the eelargnt of the tool to include those ingredients.
Then, the recipes were adapted to replace thedmgres that could not be found with proxies. Ak th
ingredients are assumed to be seasonal (theredstemation 1 is valid) and the cooking appliances
were assumed to be run on natural gas.

The same procedure adopted for CS1 was then imptechand the values of CF and WF for each

recipe were recordedheresults are shown in detail in Section 5.5.

4.4.2.3 Case study 3 (CS3)
The third case study was developed in order tosadt®e average environmental impact of a primary
school meal served in England and therefore theahspof primary school meals at national level.
Additionally, this enabled to define the intervafginst which to assign a score to the CF and W& of
meal, as explained in Section 4.3.1. This was aekcid order to increase the user friendliness ef th
tool.

The baseline data used to analyse school mealagtafid was the Primary School Food Survey
(PSFS), presented in Section 4.2.1. A nationaltyesentative sample of 139 schools in England took
part in this survey, which was conducted betwedrrdaay and April of 2009. Table 4-16 provides the

geographical distribution of the primary schoolatttook part in the survey.
Table 4-16: Geographical distribution of primary sdools that participated to the PSFS (Haroun et al 2009)

Government Office Region Number of schools
East Midlands 10
East of England 14
London 26
North East 14
North West 10

Table continues on the following page
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South East 22

South West 14
West Midlands 15
Yorks & Humber 14
Total 139

The participants were asked to create a food ilmwvgnthere they recorded all food and drink items
on offer each day in the school canteen for a gesiotwo weeks. Each item is described by a name
and a unique code. For each item code, the nuaitionformation and the weight of two typical
portions (hence cooked weight) were recorded. Aalthlly, participants were asked to record all food
and drink items chosen by 10 pupils for 5 daysotaltnumber of 6690 school meals was recorded.

In the PSFS data set, 1556 unique item codes werdified. Each of them was associated to a
value of CF and a value of WF calculated using EAIRShis case study, when calculating the CF,
only two phases of the life cycle were considetbd: production phase and the transport phase. No
additional considerations were made to include Gfeof the preparation phase of the meals. The
reason for this is that greenhouse gas emissiasm@ifrom cooking can be significantly variable
depending on cooking appliances used, number dfopsrand cooking methods and therefore are
expected to change across different school kitc(@hen et al., 2016).

For all the ingredients that can be produced inUKeonly in a specific season, it was verified
whether or not this season overlapped with the sindf time in which the survey was conducted
(between February and April). Of the ingredientsspnted in Table 4-14 and used in the preparation
of the items analysed, six were out of seasonambnths considered. Therefore instead of assuming
the UK as their country of origin (according to wsption 1), this was assumed as the country that
was the main supplier of that product to the UKimyrthat period of time. This information was
obtained from the UK trade statistics (HMRC, 2018)this case study the origin of the ingredients
was therefore assumed according to Table 4-14 aideT4-15, with exception for the ingredients
reported in the Table 4-17.

Table 4-17: List of ingredients non-seasonal for # UK between February and April and main supplier é each (HMRC, 2013)

Ingredient Main supplier
Broccoli Spain
Carrots Netherlands

Pears Netherlands

Raspberries Spain

Strawberries Spain
Tomatoes Spain

The methodology followed to calculate the CF and &¥Each food code was:
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- Each item was associated with its main ingredi@misto a maximum of five ingredients) and

the proportion of each ingredient was assumed barsexXisting recipes;

- The cooked weight of each ingredient was then tatled based on the average cooked weight

of the food code;

- The cooked weight of each ingredient was transfdrmé the corresponding weight before

cooking based on conversion factors from the litesa(Chappell, 1954);

- For each item, the name, raw weight and countgraduction of its ingredients were inserted

in EATS and the corresponding values of CF and VEFevobtained.

Each of the 6690 school meals recorded in the RigESset is set is composed of a combination of
items that belong to the 1556 unique item codasdfimtal number of 38148 items). Therefore, based
on the impacts calculated for each item code, & wassible to calculate the CF and WF of each
school meal recorded, and hence the average impgscthe PSFS is considered to be representative
of primary school meals consumed in England (Hareual., 2011), from the average values of CF
and of WF it was possible to calculate the totgbacts at national level, based on the number of
primary school meals served each day in England.

In order to investigate the contribution of diffetdypes of food to the total impacts, the items
analysed were divided into four groups:

- Group A -Meat itemsincluding all items containing meat (e.g. lamévst Bolognese pasta,

etc.);

- Group B -Fish itemsincluding all items containing fish (e.g. codtamato sauce);

- Group C -Vegetarian itemsincluding all items which had no meat or fisht bantained eggs

or dairy ingredients (i.e. vegetarian main disheggetarian sandwiches, side dishes containing
dairy, and most desserts);

- Group D -Vegan itemsincluding all the items which did not contain rheesh, eggs or dairy

(i.e. most vegetable and starchy side dishes, dali#ds etc.).
Based on this, it was possible to calculate theritrtion of each group to the total CF and WF of

the 6690 meals analysed. These results are prdsardetail in Section 5.6.1.

4.4.3 Users’ feedback
An important step of the tool validation was cdlieg feedback from its potential users. The purpose
of this process was threefold:
- To identify additional missing ingredients from theol (in order to test requirement 1,
contextual applicability);
- To gain an understanding of how a potential usetheftool might find it in terms of user

friendliness and where there was still room forrioyement (requirement 2, usability);
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- To investigate the general usefulness that prafeats in the school catering sector see in

such a tool (requirement 3, meaningfulness).

In order to do so, a short video was recordedititedduced the tool in its context and explained
how to use it, in the style of a tutorial. The vadeas sent to a 42 catering companies across the UK
together with a demo version of EATS, a user matattdhched in Appendix B) and a survey. Figure
4-10 provides an overview of the geographical iistton on the catering companies contacted.
Based on the results of the survey a number of dments were made to the tool. This was the final
step in the creation of the tool. An overview o tisers’ feedback is presented in Section 5.8lieget

with the amendments that were applied to the te@ gesult.

Figure 4-10: Geographical distribution of the 42 ctering companies contacted

4.4.4 Testing the tool against existing literature

A crucial step of the tool validation was testingagainst existing literature. To this purpose a
literature review was conducted and four releventiss were identified that adopted a similar
approach to the one adopted in this work to agbessnvironmental impact of school meals. Three
studies (Benvenuti et al., 2016, Ribal et al., 28#&arinen et al., 2012) performed an analysidaimi

to the first case study of this work, and therefibre results presented in those studies were Qirect
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compared with the results of CS1. Additionally gedy by Ribal et al. (2016) provided the necessary
information to enable a direct comparison of the @fFthe recipes analysed therein with the
corresponding results obtained by performing thé&cutations with EATS. The fourth study
(Wickramasinghe et al. 2016) presented an ana$jsiflar to the third case study of this work by
assessing the CF of school meals in England basé¢deodata recorded in the PSFS. Hence, a direct
comparison between the results of this work andties obtained in the third case study of thisishes

is provided. These results are presented in dat&iéction 5.10.1.

4.5 Development of the procedural assessment

A procedure to follow in order to generate new amake sustainable menus, which have a lower
carbon and water footprint compared to the curreenu, was developed. This is informed by the
results provided by EATS. The target savings alected by the user (e.g. 20% for both CF and WF).
As illustrated in Figure 4-11 the procedural assesd is an iterative process consisting of threeama
steps.

Step 1 is done only once, whilst steps 2 and 3neild to be repeated until the CF and WF target
savings are met.

Step 1:Firstly the data necessary to analyse the cumemu (MENU 1) is collected, similarly to
what described in Section 4.4.2.1 for the firstecatudy. Then, using EATS, the CF and WF of each
recipe in MENU 1 are calculated. Finally, the oWlecarbon and water footprints, corresponding to
the functional unit of one portion per day for omeek (or more, as the menus usually consists of a
three to four week cycle), are calculated.

Step 2:In the second step a new menu (MENU 2) is creatith needs to be in line with the
national nutritional guidelines (Public Health Eagdl, 2014). The nutritional assessment of the new
menu lies outside the scope of this research aéftire it is not further analysed. Once MENU 2 has
been created, it is analysed with EATS and alk#deulations performed in Step 1 are repeated.

Step 3:The total carbon and water footprint of the memescampared and the overall savings are
calculated. If those meet the prefixed target, MERI$ accepted and there is no further iteratibn. |
the target savings are not met, the user proceedentify the mairhotspotsamongst the ingredients
(i.e. ingredients characterised by a particulaihhvalue of CF and/or WF) of each recipe (usirg th
results of EATS) and changes the menu accordinghen, the analysis is repeated and the new

savings are calculated. This process continuebktbattesired savings are met.
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Procedure for the creation of sustainable menus

STEP1 STEP 2
Data collection for MENU 1 Creation of MENU 2
Assessment with EATS Assessment with EATS
N M
- CFof MENU 1 - CFof MENU 2
- WF of MENU 1 - WF of MENU 2
STEP 3

Comparison of results:
are target savings met?

"

YES NO
MENU 2 is - Identification of
adopted hotspots
- suggestion of
improvements

- back to STEP 2

Figure 4-11: Flowchart of the procedural assessment

A practical example of an application of the pragedl assessment is provided in Section 5.9,
using as a starting point the menu of CS1, and rasmgproved menu, one generated from a
combination of the meals analysed in CS1 and in.@&#he discussion section (Section 5.10.2), a
calculation is performed to quantify the impacirmaplementing this measure at a national scale based
on the impacts at national level calculated in C&3uming that similar savings could be achieved in
all primary schools in England). This exercise thespurpose of showing the potential implicatiohs o
adopting the procedure suggested in this work lange scale.

4.6 Summary

The EATS tool and the associated procedure propogetlis research represent a unique and novel
way to assess the environmental impact of schoalsnand create low impact menus. Existing
sustainability schemes in the catering sector @WK are generally based on qualitative, common
sense, criteria rather than on scientific evider®@e. the other hand, a number of LCA based
methodologies have been suggested to quantify ifieoamental impacts of catering services (e.g.
Ribal et al., 2016, Jungbluth et al., 2015), butehaot been developed into a tool that catering
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companies can use to self-assess their perform@iheeefore, the research presented herein isras fa
as the author is aware, the first attempt at bnigigiis gap.

This chapter provided the detailed methodology tedtto the creation of EATS and the related
procedural assessment. The tool creation follovimedet steps: data collection from literature, tool
development and tool validation. This was an iteeafprocess, which meant that based on the
outcome of the tool validation the first two steyere repeated to improve the tool.

The tool needed to fulfil a number of requiremeras, presented in Table 4-18. Against each

requirement were a number of methodological chaarekvalidation processes.

Table 4-18: Requirements of the tool and related nteodological choices and validation process

Requirement Methodological choices Validation process

Case study analysis
(identification and

Use of the Primary School Food Survey as . . .
inclusion of missing

1 Contextual applicability a starting point in the development of the

ingredients
databases 8 )

Survey to users

Interface design

2 Usabilit S t
sabity Choice of inputs required for the HIvey fousers
calculation
3 Meaningfulness Choice of impact categories Survey to users
Choice of system boundaries
Meta-analysis of the data
4 Adequate completeness Data handling in the creation of the CF
database Comparison with existing
Selection criteria in the systematic review literature
of literature
5 Validity Testing the tool against
Data handling in the creation of the CF other options
database
Choice of developing the tool as an Excel
spreadsheet
6 Transparency o )
Choice of using only data available in the No validation required
public domain
7 Adaptability Development of an Excel spreadsheet

Data collection (Section 4.2) was designed to mesfuirements 1, 4 and 5 (contextual
applicability, adequate completeness, validity)tHe validation process the first three requirement
(contextual applicability, usability and meaningfe$s) were tested using case study analysis and
users’ feedback, and a statistical analysis ofGRedatabase was performed to verify the validity of

the results provided by the tool. Furthermore,rdsailts of the meta-analysis of the CF database wer
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compared with existing literature. Finally, to eresuhat requirements 6 and 7 (transparency and
adaptability) were achieved an Excel-based spresdsbol was developed.

Section 5 provides the results of the creatiorhef@F database and related statistical analysis, an
analysis of the WF database, an application of EAMitB the help of three case studies and an
example of application of the informed procedurakemsment. It then discusses the associated

findings and observations.
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5 Research findings and discussion

5.1 Introduction
This section describes the results obtained dutirgdevelopment, application and validation of the
tool (and associated procedural assessment). ém wibrds:

- Creation of the CF database (Section 5.2);

- Creation of the WF database (Section 5.3);

- Application of the tool to three case studies (f6@est5.4 to 5.6);

- Sensitivity analysis of the results (Section 5.7);

- Validation (through user feedback) of the tool ¢&#ec5.8);

- Application of the developed procedural assessif&attion 5.9);

- Validation by comparing the results with existiitgdature (Section 5.10.1)

Sections 5.10.2 and 5.10.35.10 then discuss trenjpaitimpact and the limitations of the research

presented.

5.2 Carbon Footprint database: results from systematic literature review and
meta-analysis

In this section, the results from the systematitesg of the literature and meta-analysis, perforrteed

create the CF database, are presented in detaidBan the results of the meta-analysis it is ptessi

to make some general considerations on the GWH#fefeht food groups, the level of accuracy of the

tool, and the related limitations. Finally a compan with existing literature is provided in order

demonstrate the rigorousness of the approach fetlow the systematic review and the consequent

quality of the results obtained.

5.2.1 Overview of available literature

The CF database comprises 783 values of GWP extrdcim 215 sources published between 1998
and 2015 (for the full list of references see ApprrE). These belong to the following types of
publications: EPDs, scientific reports, journal acmhference papers and existing databases. An
overview of the spread of values of GWP acrossdifferent types of publication is provided in
Figure 5-1. It is possible to see how the vast nitgjof values (68%) were collected from journatan
conference papers. These types of publication gtega rigorous approach and certain degree of data
quality. As for EPDs, these are performed basetherstandard 1ISO 14025 (2006a) and verified by a
third party, guaranteeing the quality of the resytovided. However, the low number of values
collected from EPDs reflects the novelty of thistifieation and the fact that only a small numbér o

food producers have engaged in performing this offanalysis at the time of writing. Finally, refor
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and LCA datasets are generally produced by LCA wtescies, governmental departments and

research bodies, and the quality varies on a casase.

2%

mEPD

M Report

m Journal Paper

® Conference Paper

m Database

Figure 5-1: Spread of values across different pulatation types

As explained in Section 4.2.2.5, a variety of dife choices of system boundaries was applied in
the various studies considered. Figure 5-2 pregbetglistribution of the values of GWP across the
different types of system boundaries. The most comuohoice isradle to farm gatein this case the
value extracted from the study could be directldeatito the database with the exception of meat
products (adapted to include the slaughterhousseeprend processed products (where the value of
GWP was adapted in order to be calculated fcomdle to factory gafe For the studies that presented
the results calculated frogradle to factory gate, cradle to poaind fromcradle to slaughterhouse
gatethe values of GWP were extracted without furtheadendling. Finally, in the remaining cases
(studies that considered as system boundaries eithéle to RDCcradle to retail cradle to plateor

cradle to gravgthe contribution of thpost gatgphases was removed.

2%

M cradle to farm gate

M cradle to factory gate

m cradle to port

M cradle to slaughterhouse gate
H cradle to RDC

H cradle to retail

2% m cradle to plate

m cradle to grave

Figure 5-2: Spread of values across different chaés of system boundaries



As identified in previous literature (Teixeira, Z)1Clune et al.,, 2016) most of the available
literature on food LCA has been calculated for fpodducts produced in Europe (with the exception
of North American and Australian studies). Thisntteis also reflected in the CF database, when
looking at the geographical origin of the valuesGWP collected, as illustrated in Figure 5-3. The
recognised Eurocentric bias of the literature iplified in this case by the fact that for a numbér
food products, the selection of studies was rdsttito those that assessed European products (see
Table 4-3). However, as the database was builaesgb a tool to be used in the UK context, rather
than to provide a general overview of the GWP ofdfproducts on a global scale, this is consideved t

be acceptable.

Number of records in each country

W50
Il s0-50

I 20- 30 ) I 14 Nl 4

10-20
<10

No data

Figure 5-3: Location and number of GWP values recated in the database

As explained in Section 4.2.2.1, a targeted seamasperformed for each entry on the list of food
products commonly served in primary school mealBngland. For some of them (e.g. beef, chicken
and potatoes) a large number of values of GWP \iered in the literature, whilst for others no
values were found (e.g. basil and parsnips) omra small number (e.g. garlic and pears). In tot8B
values of GWP were recorded for 110 different fpoadducts.

The different availability of data that was founct@ss food types is aligned with the findings of
broadly similar studies (i.e. Clune et al., 201&jX€ira, 2015), which have observed how the LCA
literature is clearly biased towards certain tyfeg. milk and beef). This bias is illustrated iable
5-1 and Figure 5-4.

The food products analysed are here divided inte €iategories: dairy and eggs, fish, fruits and
nuts, meat, processed agricultural products, vetetand pulses. Table 5-1 shows the total number of

values of GWP recorded in the database for the fmoducts belonging to each category (R), the
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number of food products in each group (I), andr¢ii® between the first and the second value. iBhis
the average number of records of the food prodagisnging to each category. Figure 5-4 provides a
visual representation of Table 5-1: on the y-ai&hows the total number of values of GWP recorded
in each category (first column of the table), whilse size of the blue circles is proportional he t
average number of records per food product in eatdgory (third column of the table). Therefore it
is possible to see that some food products (i@settbelonging to the meat and dairy category) are
highly represented in the database (bigger circhebjist the remaining ones are less represented

(smaller circles).

Table 5-1: Number of records and number of food prducts for five different categories

Food category Records in each Food products R/1
group -R in each group - I
Dairy and eggs 86 7 12
Fish 46 8 6
Fruits and nuts 110 24 5
Meat 221 6 37
Processed agricultural products 117 29 4
Vegetables and pulses 203 36 6
Total 783 110 -
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Figure 5-4: Number of records of GWP in each foodategory, the size of the circles is proportional t&/I from Table 5-1.
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Overall, this analysis confirms that the data aé in the public domain of values of GWP of
food products is significantly biased towards Ewap products, and a larger number of studies can be
found for certain food categories (meat and dawogjmpared to others (e.g. nuts and pulses).
Furthermore, the records collected in the CF datakaere sourced from a varied range of sources and
are characterised by a significant heterogeneitp@thodological choices (such as the choice of the

system boundaries) highlighting the importancehefdata handling process.

5.2.2 Results of the meta-analysis

As explained in Section 4.4.1, a statistical analyd the CF database was performed in order to
assess the accuracy of the average values of G@fPhysthe tool in the calculation of the CF of a
recipe. For those food products for which only amadue of GWP was identified in the literature
(N=1), no statistical analysis was performed. Farsé associated with either two or three values of
GWP (N=2+3), the average value was compared weghntinimum and maximum value. Finally, for
all the other food products (N>3), the upper angelolimits of a 95% confidence interval were
calculated assuming that the values haddsstribution. The results of the statistical arsidyare

presented in the following table and figures.
Table 5-2: Results of the meta-analysis of the GW&f food products [gCGs/kg]

Food product Average SD N Min Max Lower  Upper
limit limit
APPLE JUICE 1600 1 1600 1600
APPLES 186 152 27 36 762 126 246
APRICOTS 430 1 430 430
AUBERGINE 31 1 31 31
BACON 3950 1485 2 2900 5000
BANANAS 334 64 9 228 463 284 383
BEANS - CANNED 1050 1 1050 1050
BEANS - DRY 625 281 6 320 1000 331 920
BEEF 26573 9291 79 8031 50151 24492 28654
BEETROOT 163 109 2 86 240
BISCUITS 1668 104 2 1595 1741
BLUEBERRIES 776 75 2 723 829
BREAD 820 138 11 495 1013 727 913
BREAKFAST 1000 1 1000 1000
CEREALS
BROCCOLI 617 547 6 346 1730 43 1191
BUTTER 8085 1001 6 7200 9600 7035 9135

Table continues on the following page
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BUTTERNUT 66 1 66 66

SQUASH
CABBAGE 176 163 7 30 500 26 327
CARROTS 95 40 13 50 200 70 119
CAULIFLOWER 326 47 3 291 380
CELERY 340 226 2 180 500
CHEESE 8298 2311 24 2900 14339 7322 9274
CHICKEN 4037 1702 42 1433 9049 3507 4567
CHICKPEAS - 900 198 2 760 1040
CANNED
CHICKPEAS - DRY 650 636 2 200 1100
CHOCOLATE 2949 1041 3 1782 3782
CHOPPED 1516 60 2 1473 1558
TOMATOES
COCOA 3804 1 3804 3804
COCONUT MILK 415 35 2 390 440
CODFISH 2903 1381 14 1200 5960 2106 3700
COTTAGE CHEESE 1800 1 1800 1800
COURGETTE 712 578 6 120 1386 106 1319
CRACKERS 2075 799 2 1510 2640
CRANBERRIES 790 1 790 790
CREAM 6386 2871 7 2100 10500 3731 9040
CUCUMBER 118 45 4 56 164 46 190
CUCUMBER (HG)* 2200 953 3 1648 3300
DATES 320 1 320 320
EGGS 3015 1548 26 1300 7000 2390 3640
FISH FINGERS 2238 1 2238 2238
GARLIC 570 1 570 570
GRAPES 164 79 4 62 239 39 289
GREEN BEANS 268 182 3 136 476
GREEN BEANS - 1353 131 2 1260 1445
CANNED
HADDOCK 3339 40 2 3310 3367
HAM 4453 1271 4 2900 6000 2430 6475
HONEY 4467 1 4467 4467
JAM 1097 1 1097 1097
KIWI 214 74 8 146 292
LAMB 28782 13825 38 3400 53140 24238 33326
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LEEK 119 72 2

LEMONS 80 57 2
LENTILS - CANNED 900 1
LENTILS - DRY 1233 801 2
LETTUCE 348 288 15
LETTUCE (HG)* 3038 1188 3
MANDARINES 388 238 2
MANGO 139 1
MARGARINE 1224 613 6
MELONS 733 492 3
MILK 1316 233 11
MUSHROOMS 60 1
MUSHROOMS (HG)* 3493 1311 2
OAT FLAKES 830 240 2
OLIVE OIL 3803 2806 3
OLIVES 1374 226 7
ONIONS 211 178 15
ORANGE JUICE 839 196 2
ORANGES 172 86 11
PASTA 906 323 8
PEACHES 399 222 4
PEARS 376 1
PEAS 503 86 6
PEPPERS 579 55 4
PEPPERS (HG)* 7659 3527 8
PINEAPPLE JUICE 1035 1
PINEAPPLES 253 110 6
POLLOCK 1477 1
PORK 6329 2111 52
POTATOES 153 78 30
QUORN™ - MINCE 3133 737 8
QUORN™ - PIECES 3300 141 2
RAISINS 684 23 2
RASPBERRIES 790 1
RICE 2445 1344 25

RYE FLOUR 611 335 3

69
40
900
667
106
2172
220
139
497
304
984
60
2566
660
1447
1075
42
700
70
495
180
376
390
510
3600
1035
127
1477
2585
65
2300
3200
667
790
857
325

170
120
900
1800
1282
4392
556
139
2120
1270
1800
60
4420
1000
6906
1702
590
978
330
1433
591
376
627
644
9976
1035
429
1477
11312
380
3700
3400
700
790
5978
980

188

581

1159

1165
113

115

635

45

413

491

137

5729
124

1890

507

1867

1472

1583
310

230

1176

753

593

667

368

6929
182

3000
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SALMON 3101 1040 13 1935 5610 2473 3730

SALT 300 1 300 300
SARDINES - 5250 3466 2 2799 7700
CANNED
SPICES 300 1 300 300
SPINACH 327 306 3 136 680
SPRING ONIONS 230 1 230 230
STRAWBERRIES 422 256 13 80 854 267 577
STRAWBERRIES 2663 2115 3 695 4900
(HG)*
SUGAR 754 474 6 214 1370 256 1251
SWEDE 500 1 500 500
SWEET CORN 1135 267 3 850 1380
TOMATO KETCHUP 747 0 2 747 747
TOMATOES 502 383 24 149 1440 340 664
TOMATOES (HG)* 2935 1440 24 850 5782 2327 3543
TOMATOES 1099 186 3 981 1314
PASSATA
TUNA 2780 461 6 2242 3548 2296 3263
TUNA - CANNED 3864 1398 7 2850 6641 2571 5156
TURKEY 6633 2225 6 3760 8409 4298 8967
VEGETABLE OIL 3740 2644 18 1083 9107 2425 5055
VINEGAR 1327 1 1327 1327
WALNUTS 695 276 2 499 890
WHEAT FLOUR 650 258 4 399 1010 239 1061
YEAST 960 1 960 960
YOGURT 1200 180 11 1018 1545 1079 1322

* HG: heated greenhouse

The results collected in Table 5-2 are illustratethe following figures: Figure 5-5 and Figure 5-6
show the food products characterised by N>3, haw@spectively an average value of GWP lower
than 2000 gCe¥kg and higher than 2000 gGdkxg. The error bars show the lower and upper values
of a 95% confidence interval.

Figure 5-7 and Figure 5-8 show the food productsratterised by N smaller or equal to 3,
respectively for an average value of GWP lower laigtier than 1000 gC@Jkg. In this case the error

bars represent the minimum and maximum values decor
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Figure 5-5: Average value of GWP and 95% confidenciaterval for food products with N>3 and average GWP<2000 gCQdkg
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Figure 5-6: Average value of GWP and 95% confidenciterval for food products with N>3 and average GWP>2000 gCQdkg

96




AUBERGINE
MUSHROOMS
BUTTERNUT SQUASH
LEMONS

LEEK

MANGO
BEETROOT

KIwI

SPRING ONIONS
GREEN BEANS
SPICES

SALT

DATES
CAULIFLOWER
SPINACH

CELERY

PEARS
MANDARINES
COCONUT MILK
APRICOTS

SWEDE

GARLIC

RYE FLOUR
CHICKPEAS - DRY
RAISINS

WALNUTS
MELONS

TOMATO KETCHUP
BLUEBERRIES
RASPBERRIES
CRANBERRIES

OAT FLAKES
ORANGE JUICE
LENTILS - CANNED
CHICKPEAS - CANNED
YEAST

BREAKFAST CEREALS

o

o

0 400 600

800

GWP [gCO,./kg]

1000

1200

1400

Figure 5-7: Average value of GWP and minimum and meimum values (error bars) for food products with N<3 and average

GWP<1000 gCQJkg
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Figure 5-8: Average value of GWP and minimum and m&mum values (error bars) for food products with N<3 and average
GWP>1000 gCQdkg
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In order to compare the results obtained with tkestiag literature a similar analysis was
performed at food group level. Fifteen food grougse chosen in a similar fashion to those presented
by Clune et al. (2016), in order to enable a comgparwith the results presented in their publigatio
The values of the database attached to the adiimee were analysed using-distribution and 95%
confidence intervals were calculated as also fer database presented in this work. Figure 5-9
presents a comparison between the average val@MH for each food group in both the EATS
database and the database presented by Clung¢2218).

It is important to stress that there are a numbenethodological differences in the ways the two
databases were created (both in the selectionriaritend in the process of data handling), and
furthermore the list of food products included hrettwo databases is not identical as they serve
different purposes (the database created by Cluak €016) aimed at presenting a global overview
of existing data on the GWP of fresh food produydtsjrefore the food groups do not have exactly the
same composition. This explains the differencesvéen the values obtained in the two studies;
however it is possible to see that overall thelteguesented are relatively close.

VEGETABLES
FRUIT

LEGUMES

MILK (UK)

RICE

EGGS

FRUIT and VEG HG
FISH

MW This work

CHICKEN (EU incl UK) B Clune et al 2016
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CREAM

CHEESE

BUTTER

BEEF EU (incl UK)
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0 5000 10000 15000 20000 25000 30000 35000
GWP [gCO,./kg]

Figure 5-9: Average GWP and confidence intervals fdfood groups, comparison of results
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This figure illustrates the hierarchy of food typdsntified in previous literature (e.g. Gonzaléz e
al., 2011, Carlsson-Kanyama and Gonzalez, 2009)isig how meat from ruminant livestock (beef
and lamb) is characterised by significantly highalues of GWP than other types of meat and how
food products of vegetable origin have a lower iotpghan those of animal origin (ruminant describes
animals that have a complex three or four-chambst@dach, to differentiate them from monogastric
livestock, such as pigs and poultry, that havenglsichambered stomach). It is also interesting to
note the difference between the GWP of fruit angetables grown in heated greenhouses compared
to that of those grown either in open fields or she@ated greenhouses. For instance, for tomatoes
grown in heated greenhouses, the average valud\t G 2935 gCeykg, while for those grown in
open fields this value is 502 g&dig, therefore 83% smaller. For this reason, eveugh the tool
does not generally give the user the possibilitghadosing a production method, it was decidedim th
case to differentiate horticultural products basedvhether or not they had been produced in a tieate
greenhouse. If this had not been done, the averalye utilised (calculated across all the values
recorded for a specific horticultural product, éa@matoes), would not have been truly represemativ
of the real value.

As explained in Section 4.2.2.6, the country ofjioris not taken into account when performing the
statistical analysis (this means that for each fpoatluct the average value of GWP is calculated
across different countries). However, geographieaiations exist in the values of GWP of food
products, due to variations in meteorological cbods and production practices between countries.
As an example, a study by Pelletier et al. (20@@hmares the production of salmon in four different
countries (Canada, Norway, UK and Chile), identifyas the main cause for the variation in the final
value of GWP the different composition of the faedk provided to the salmon.

Due to constraints in data availability, it was possible to perform a statistical analysis to ssse
the geographical variation of the GWP of producfioneach food product. This is a limitation ofghi
current study, but as previously mentioned it isratated by the fact that the origin only playsnalé

role in defining the contribution of a product lor@ate change (Teixeira, 2015).

5.3 Water Footprint database

The Water Footprint database was created as erpl@nSection 4.2.3, by collecting for most food
products the values of WF published by Mekonnen ldodkstra (2010a), Mekonnen and Hoekstra
(2010b). For those food products not included iis thublication a search was performed in the
literature to identify other studies that presertesl associated values of WF. Some of those studies
used a different methodology to calculate the W# iastead of including blue, green and grey WF,
they neglected either green or grey or both compisnelable 5-3 presents the food products for
which different sources were used, together with ¢dbmponents of the WF included in each case.

When no information was found in the literaturep>pes were used to calculate the WF. This was for
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instance the case of leeks; as no published waitits WF, this was assumed to be equal toahat
onions. This represents a limitation to the acoumicthe results presented by the tool. Table 5-4
presents a list of the food products for which@xgrwas used, together with the proxy itself.
Traditional WF studies do not account for fish spe¢vVanham et al., 2013). This is due to the fact
that no water is directly used in the productionadtl fish. However a recent studiahlow et al.,
2015 calculated the WF of a number of farmed fish sgeas in this case there is a WF embedded in
the production of feedstock provided to fish). Tfere in the WF database only the farmed fish

species (Atlantic cod and salmon) are included.

Table 5-3: Other sources consulted for the extraatn of values of WF[L/kg] and coloursincluded

Food product Source Blue WF Green WF  Grey WF Total WF
BISCUITS (BFCN, 2015) 1950 1950
BREAKFAST (Jeswani et al., 2015) 672 1100 1772
CEREALS
CRACKERS (BFCN, 2015) 1171 1171
MARGARINE (Jefferies et al., 2012) 218 1106 1324
CODFISH (Pahlow et al., 2015) 100 450 50 600
SALMON (Pahlow et al., 2015) 150 1550 250 1950

Table 5-4: List of proxies used in the WF database

Food product Proxy
QUORN™ - MINCE Eggs
QUORN™ - PIECES Eggs

COURGETTE Butternut squash

LEEK Onions
COTTAGE CHEESE Cheese

In all the remaining cases, it was possible toaettfrom Mekonnen and Hoekstra (2010a),
Mekonnen and Hoekstra (2010b) the values of WFcsteal with the production of 1 kg of a food
product. The following values were extracted: ooe dach of the EU28 countries and one value
representing the global average WF-.

In order to investigate the geographical variattbthe WF of different food products, three values
were compared for each food product in the datalthedUK WF, the average European WF and the
average global WF. Table 5-5 and Figure 5-10 prteit® results of this analysis. The blank cells in
the second column of Table 5-5 correspond to fomdlycts that are not produced in the UK. The
same applies to the third column for products #ir@t not produced in any country in Europe. In

Figure 5-10 only a selection of 20 food productefmresented (based on the food products of the WF

101



database that see the highest production in the agkording to the FAOSTAT database (FAO,

2013a)).

Table 5-5: UK, European and Global average of theotal WF of each food product in the WF database ericted from the Water
Footprint Network databases (for the breakdown of bue, green and grey components see Appendix D, P&}

Food product UK WF European WF Global WF
[L/kg] [L/kgl [L/kg]
APPLE JUICE 400 842 1141
APPLES 288 606 822
APRICOTS 1197 1287
AUBERGINE 215 362
BACON 5119 6499 6457
BANANAS 371 790
BEANS - DRY 1849 5053
BEEF 7388 13532 15415
BEETROOT 120 385
BLUEBERRIES 694 845
BREAD 497 1114 1608
BROCCOLI 289 276 285
BUTTER 2801 5137 5553
BUTTERNUT 168 336
SQUASH
CABBAGE 160 180 280
CARROTS 38 129 195
CAULIFLOWER 289 276 285
CELERY 38 129 195
CHEESE 2560 4682 5060
CHICKEN 3034 5267 6241
CHICKPEAS - 997 1649
CANNED
CHICKPEAS - DRY 2525 4177
CHOCOLATE 17196
CHOPPED 15 156 267
TOMATOES
COCOA 15636
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PEPPERS 17 205 379

PINEAPPLE JUICE 1468 1273
PINEAPPLES 294 255
PORK 4747 5964 5988
POTATOES 102 230 287
RAISINS 7644 3274 2433
RASPBERRIES 340 544 413
RICE 2199 2497
RYE FLOUR 915 1414 1930
SALT 3105 3367
SPICES 3105 3367
SPINACH 189 292
SPRING ONIONS 399 253 272
STRAWBERRIES 251 613 347
SUGAR 1318 1782
SWEDE 38 129 195
SWEET CORN 479 700
TOMATO KETCHUP 30 312 534
TOMATOES 12 125 214
TOMATOES PASSATA 41 416 713
TURKEY 2920 5069 6007
VEGETABLE OIL 2486 4405 4301
WALNUTS 8234 9280
WHEAT FLOUR 571 1281 1849
YOGURT 598 1097 1186

As illustrated by Figure 5-10, the WF associatethwhe production of the food products selected
in the UK is generally lower than the correspondirajue calculated for Europe, which again is
usually lower than the global average value (whbk txception of lamb meat and strawberries).

Variations in the values of WF are caused by diffiees in climate and agricultural practices between
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countries and for livestock products also by déferes in feed conversion efficiencies (Mekonnen and
Hoekstra, 2012).
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Figure 5-10: UK, European and Global average WF for selection of food products

As in the case of GWP, it is possible to identifglear water intensity hierarchy emerging across

food products, illustrated in Figure 5-11, in whicbcoa and meat products are the most water
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intensive and fruit and vegetables the least (Withexception of nuts). In Figure 5-11 the valuks o
the blue, green and grey components of the WFrasepted separately. This shows the prevalence of
the green component and that, if only the blue ammept was taken into account, the hierarchy
identified would differ significantly (with nuts psenting the highest value and cocoa the lowest and

less differences between animal and vegetable ptedu
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Figure 5-11: Global average blue, green and grey W&f food products (for legumes, fruit and vegetablethe average value is
provided)

In order to directly compare the variations of carland water footprints across food products,
Figure 5-12 represents them together. For clarfityepresentation in this graph all the values are
normalised against the maximum value (respectitredyCF of lamb, 28728 gCgkg and the WF of

cocoa, 15636 L/kg), and are therefore directly caraple. A number of similarities can be identified
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between the two sets of impacts, for instance bedflamb feature amongst the highest carbon and
water intensity. However, there are a number dedihces, which result in trade-offs between low
carbon and low water food choices. For instancts present a high value of WF and legumes have a
WF comparable to eggs, whilst they are both chareetd by a low CF. This result has to be kept in
mind as both food items are often presented astaigable alternative protein source to meat. Cocoa
(and therefore derived products) presents the bigledue of WF and a relatively low value of CF.
Nevertheless, Figure 5-12 clearly supports theighbat a shift to a less meat and dairy intendie¢

carries significant benefits both in terms of carlamd water footprint reduction.
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Figure 5-12: Comparison between normalised CF and W of food products (for legumes, fruit and vegetatas the average values
are provided)

107



5.4 Case Study 1 (CS1): assessment of an existing menu

The purpose of the first case study (CS1) was plyapATS to an existing menu, in order to assess
the carbon and water footprint of the meals sebwed catering company operating in Birmingham.
This company, whilst wishing to remain anonymousyjaed the researcher with the menus due to be
served up to the winter term of 2017. The compdsy aupplied the recipes of each meal within the
menus and supplementary information such as prowmechoices.

A number of the ingredients required to preparentieals within these recipes were not recorded in
the tool; in this case whenever possible the irigrad were added (retrospectively) to the tool.sThi
was the case for walnuts and canned tomatoes. @dredients could not be found (e.g. garlic puree
and gravy), and were therefore replaced by proxiesnitted from the recipes when no suitable proxy
was found. Table 5-6 presents an overview of @l pghoxies used and of the ingredients that were
omitted from the recipes. The full set of recipeesdito develop the analysis is presented in Apgendi
D, Part 4.

Table 5-6: List of proxies used and omitted ingredints in CS1(numerical values in brackets show theeight conversion applied)

Ingredient Proxy
1/2 fat créme fraiche Cream
Apple (tinned) Apples
Coleslaw Carrots (x 0.5) + Cabbage (x 0.5)
Garlic puree Garlic (x 2)
Golden syrup Sugar
Gravy No proxy found - omitted
Mixed dried herbs No proxy found - omitted
Pesto Olive oil (x 0.4) + Cheese (x 0.15) +
Walnuts (x 0.15) + Basil (x 0.3)
Tumeric Spices
Tortilla wrap Bread
Vegetable stock No proxy found - omitted

The results of the analysis performed in the Gieste study are presented in Tables 5-7 to 5-10. The
menus are for four weeks (five days per week).damh day a meal is reported, this includes a Main
and side dish (code M) and a Dessert (code D).dmand the WF (green, blue, grey and total) are
shown. Additionally, for each meal two colouredct®s are presented, according to the colour code
assigned to the CF and WF of the meals, as explam&ection 4.3.1. Figure 5-13 shows graphically
the CF for all meals over all four weeks. Figurésband 5-15 show the WF for main and side dishes

and desserts respectively over the same time peXidiscussion follows the figures.
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In addition, the results presented for CS1 are us&kction 5.9 to create an improved version of

this menu set with lower CF and WF values.

Table 5-7: CF and WF of the meals served in Weekdl( values refer to one portion, the WF componentmay not add up to the
total WF due to rounding)

Day Dish name Dish CF WE [L] CF WF
code [gCO2]

green blue grey total

Organic beef burgers with M_1M 1812 437 16 61 515

Monday creamy mash ’ O
Yogurt D_IM 222 88 5 14 107
Tomato and herb pork M_1Tu 735 387 33 73 492

Tuesday Bolognese O O
Blueberry and apple crumble D_1Tu 249 62 12 9 83
Ham roast dinner M_1W 550 288 23 54 365

Wednesday . O
Pineapple upside down cake ~ D_1W 85 43 8 5 56
Chicken pesto pasta M_1Th 341 380 64 42 486

Thursday . O
Fruity sponge cake D_1Th 99 46 9 5 60
Salmon gougons and M_1F 570 281 50 46 377

Friday savoury rice . O
Mixed fruit flapjacks D_1F 45 20 4 3 27

Table 5-8: CF and WF of the meals served in \8&k 2 (all values refer to one portion, the WF congnents may not add up to the
total WF due to rounding)

Day Dish name Dish CF WE [L] CF WF
code [gCO2]

green blue grey total

Turkey burger with burrito ~ M_2M 771 332 32 69 432

Monday rice O O
Yogurt D_2M 222 88 5 14 107
Chicken roast M_2Tu 355 195 5 39 240

Tuesday . ‘
Fruity shortbread D_2Tu 67 51 13 7 71
Spinach and cheese M_2W 587 148 18 29 195

Wednesday cannelloni . .
Ginger oat cakes D_2W 50 33 8 4 45
Savoury lamb M_2Th 2171 443 36 7 486

Thursday . O
Blueberry cake D_2Th 96 47 10 7 64
Fish fingers with sliced M_2F 292 55 9 10 74

Friday potato bake . ’
Melon/pineapple D _2F 221 43 5 12 60
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Table 5-9: CF and WF of the meals served in Week(@ll values refer to one portion, the WF componentsay not add up to the
total WF due to rounding)

Day Dish name Dish  CF [gCOz] WE [L] CF WF
code

green Dblue grey total

Tomato and herb meatballs M_3M 2576 628 25 89 741
Monday . .
Yogurt D_3M 222 88 5 14 107
Turkey breast with sliced M_3Tu 571 201 5 41 247
Tuesday potato bake . .
Carrot cake D_3Tu 85 44 7 7 57
Quorn™ and mixed bean M_3W 598 203 37 39 279
Wednesday chilli . .
Shortbread D_3W 67 51 13 7 71
Sausage and mash M_3Th 610 343 28 63 434
Thursday O O
Melon/pineapple D_3Th 221 43 5 12 60
Fish fillet with rice and M_3F 403 126 35 19 181
Friday vegetables . .
Lemon cake D_3F 88 47 10 7 63

Table 5-10: CF and WF of the meals served in Week(4ll values refer to one portion, the WF componestmay not add up to the
total WF due to rounding)

Day Dish name Dish  CF [gCOz] WE [L] CF WF
code

green blue grey total

Beef and veggie bites and M_4M 2116 519 21 74 614
Monday spaghetti . O
Yogurt D_4M 222 88 5 14 107
Chicken fajita with bean M_4Tu 603 336 33 68 437
and rice
Tuesday O O
Blueberry and apple D_4Tu 249 62 12 9 83
crumble
Roast beef dinner with M_4W 1962 465 17 66 548
Wednesday sliced potato bake . O
Blueberry cake D_4W 96 47 10 7 64
Lamb kofta with pitta and M_4Th 2107 459 38 12 509
Thursday salad . O
Melon/pineapple D_4Th 221 43 5 12 60
White fish fillet with creamy  M_4F 447 149 16 30 196
Friday mash and baked beans . .
Fruity granola pots D_4F 125 52 15 11 79
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Figure 5-15: Green, blue and grey WF of the dessextserved each day

When comparing the results obtained, it is posdibleee how beef and lamb based recipes are
characterised by high values of CF compared twther recipes, and fish and chicken based recipes
have the lowest values of CF. The two vegetariaipes in the menu have average values of CF, and
dairy ingredients, rice and Qudthare the mairotspotgi.e. the ingredients responsible for most of
the CF). In terms of WF, these variations are hlassked, with beef, lamb and pork-based recipes
presenting higher values, and vegetarian and fisiedh recipes presenting lower values. Yogurt is the
dessert with the highest WF and the second higbiesfollowing “blueberry and apple crumble” (due
to its high cream content). These findings arénia Wwith the ones presented in Figure 5-9 and Eigur
5-11 showing the hierarchy of food products in teiwhcarbon and water intensity.

When looking at the three components of WF seplgragamilarly to what was identified in the
analysis of the WF database (Figure 5-11), someedisvith a relatively high total WF present low
values of blue WF andice versaFor instance, the dish with the highest blue WMI_Th (chicken
pesto pasta), due to the use of walnuts in th@egthat present the highest blue WF in the dagbas
however six dishes present higher values of total Whose are: M1_M, M3_M, M4_M and M4_W
(beef-based), M1_Tu (pork-based) and M4_Th (lamdebta In contrast, the dish with the highest
total WF (741 L) (and also with the highest greeeyg/VF) was M3_M (tomato and herb meatballs),
due to the use of beef, whereas this dish presahtsan average value of blue WF (25 L).
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5.5 Case Study 2 (CS2): assessment of best practice recipes

The purpose of the second case study (CS2) waset&ATS to assess the environmental impact of a
set ofbest practiceecipes (from a nutritional perspective), and ss$®w they performed in terms of
environmental sustainability. This represents d@htmr application of EATS, which can provide the
evidence base to desigast practiceecipes taking into account also the environmedeta.

As in CS1, a number of missing ingredients wereatified and either added to the tool, replaced
by a proxy, or omitted if no suitable proxy was tfidu The following ingredients were added to the
tool: apricots, coconut milk, honey and dates. @abllL1 presents a list of the ingredients whichewer
either replaced by a proxy or omitted from the pesi The full set of recipes used to develop the

analysis is presented in Appendix D, Part 5.

Table 5-11: List of proxies used / omitted ingrediets in CS2 (numerical values in brackets show the aight conversion applied)

Ingredient Proxy
Breadcrumbs Bread
Brown rice Rice
Couscous Pasta
Egg noodles Pasta
Garlic puree Garlic (x 2)
Parsnips Carrots

Lemon juice
Tomato pureé
Tortilla wraps
Wine vinegar

Baking powder
Beansprouts
Beef stock cube
Chicken stock cube
Cornflour
Custard power
Golden syrup
Herbs
Plum sauce

Rhubarb

Lemons (x 3.5)
Tomato passata (x 3)
Bread
Vinegar
No proxy found - omitted
No proxy found - omitted
No proxy found - omitted
No proxy found - omitted
No proxy found - omitted
No proxy found - omitted
Sugar
No proxy found - omitted
No proxy found - omitted
No proxy found - omitted

The results of this case study are presented iteTai2 and Figure 5-16 to 5-27. Table 5-12
shows the CF and the WF (green, blue, grey and valae) for each dish analysed. The dishes
presented are Meat-based mains (code M), Vegetarans (code V), Fish-based mains (code F),

Side dishes (code S) and Desserts (code D). Inctse thdraffic light systemused to show the
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impacts in case study 1 was not adopted; this éstduthe fact that the intervals against which the
impacts are classified into green, amber and redlefined for a full meal (main, side and dessént).
this case study, the analysis is conducted foredigteparately and therefore such classificatios doe
not apply. Figure 5-16 shows graphically the CFdibithe main dishes, a detailed breakdown of the
meat-based, vegetarian and fish-based main dishgsovided in Figures 5-17, 5-18 and 5-19
respectively. Figure 5-20 and 5-21 provide the €ke side dishes and desserts respectively. Figure
5-22 provides the aggregated value of WF for adl thain dishes, whereas Figures 5-23 to 5-27
present the three components of WF separatelyhmieat-based, vegetarian and fish-based main

dishes, side dishes and desserts respectivelyscuskion follows the figures.

Table 5-12: CF and WF of the recipes analysed in @3all values refer to one portion, the WF componds may not add up to
the total WF due to rounding)

Dish code Dish name CF [gCO2] WE [L]

green blue grey total

M1 Beef Bourguignon 2215 540 26 68 634
M2 Beef chow mein 1618 438 13 62 513
M3 Beef meatballs 1867 439 17 62 518
M4 Chicken curry 696 370 43 73 486
M5 Chicken couscous 371 236 6 45 286
Mé6 Chicken balti pie 440 258 12 56 325
M7 Chicken chasseur 455 232 5 46 283
M8 Chicken fajitas 490 198 6 44 248
M9 Chicken with rice 452 261 26 49 337
M10 Roast chicken 628 368 7 72 447
M11 Lamb shepherd’s pie 2064 468 40 23 531
M12 Pork meatballs 716 284 27 52 362
M13 Macaroni and cheese with pork 803 430 30 74 534
F1 Pollok fillet 145 12 1 3 16
F2 Salmon and broccoli pasta 376 207 14 33 255
F3 Salmon fishcake 377 162 15 30 207
F4 Salmon and vegetable noodles 385 213 13 37 264
F5 Salmon fish pie 441 196 19 35 250
Fé6 Salmon pasta 400 214 15 36 265
F7 Salmon pie 432 193 23 31 247
F8 Spaghetti marinara 520 206 22 34 262
F9 Tandoori salmon 309 149 14 24 186
Vi Beetroot patties 266 130 8 10 147
V2 Cheese quiche 421 131 9 22 162
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V3
V4
V5
Vo6
V7
V8
V9
V10
V11
V12
V13
V14
V15
S1
S2
S3
54
B
S6
S7
S8
59
510
D1
D2
D3
D4
D5
Dé
D7
D8
D9
D10
D11
D12
D13

Vegetarian pie
Vegetable lasagne
Chilli with rice and beans
Quorn™ curry
Pizza with lentil sauce
Cheese quesadilla
Quorn™ and vegetables stir fry
Pizza
Quorn™ paella
Lentil and bean patties
Tortilla
Vegetarian burrito
Vegetable curry
Cauliflower rice
Rice and peas
Roasted root vegetables
Runner bean slaw
Summer vegetable polonaise
Winter red coleslaw
Potato mash
Couscous with roasted vegetables
Savoury rice
Vegetable paella
Apple and banana cake
Apple berry fool
Apple flapjack
Banana cake
Banana muffins
Cocoa beetroot muffins
Date and cocoa brownie
Pear sponge
Rhubarb and custard cake
Rice pudding and peaches
Rice pudding apricot compote
Winter sponge

Oaty apple crumble

470
554
455
281
381
349
323
396
475
136
434
357
550
75
250
37
36
131
19
37
79
178
243
50
187
25
113
63
89
78
126
49
318
253
85
92

206
303
254
119
112
141
162
106
209
160
117
230
284
63
199

20
44
12
12
51
100
120
30
71
16
87
38
108
92
70
27
129
87
38
55

N W W N

29
33

14

14

10

25

33

24

10

269
399
344
147
148
183
199
134
281
208
152
305
311
80
271
11
27
56
18
18
61
146
168
40
99
19
112
49
123
123
88
36
184
127
51
74

Table continues on the following page

115



Carbon Footprint [gCO2e/portion]

Carbon Footprint [gCO2e/portion]

D14 Oaty fruit crunch 80 56 7 8 71

D15 Peach and raspberry cobbler 95 51 17 11 79

D16 Summer fruit yogurt crunch pots 101 44 13 10 66
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Figure 5-16: Overview of CF of main dishes of CS2
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Figure 5-17: CF of meat-based main dishes of CS2
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Carbon Footprint [gCO2e/portion]

Carbon Footprint [gCO2e/portion]
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Figure 5-19: CF of fish-based main dishes of CS2
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Figure 5-20: CF of side dishes of CS2
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Figure 5-21: CF of desserts of CS2
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Water Footprint [L/portion]

Water Footprint [L/portion]
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Figure 5-22: Overview of WF of main dishes of CS2

M2 M4 M10 M6 M5 M7 M8

M13 Mi1i1 M3 M12 M9

Figure 5-23: Green, blue and grey WF of meat-baseuain dishes of CS2

119



Water Footprint [L/portion]

Water Footprint [L/portion]

400

w
(92
o

w
o
o

N
vl
o

N
o
o

[EnN
vl
o

=
o
o

5

o

300

250

20

o

15

o

10

o

5

o

\Z V5

Vvi5 Vvi4 Vil V3 V12

V9 V8 V2 V13 V7 V6 vl V10

Figure 5-24: Green, blue and grey WF of vegetariamain dishes of CS2
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Figure 5-25: Green, blue and grey WF of fish-basedhain dishes of CS2
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Figure 5-26: Green, blue and grey WF of side dishexf CS2
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Figure 5-27: Green, blue and grey WF of desserts @S2

It is possible to identify from Table 5-12, Figusel6 and Figure 5-22 a clear trend according to
which meat recipes are more carbon and water ivetisan fish based and vegetarian ones. Another
factor that significantly influences the CF of aipe is the amount of dairy ingredients, as fotanse
the CF of cheese (average value = 8298 gk@), cream (average value = 6386 g&ky) and butter
(average value = 8085 gG4kg) is higher than that of pork (average value32% gCQdkg) and
chicken (average value = 4037 g£/kg) as reported in Table 5-2. When looking at nieat based
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main dishes (Figure 5-17 and Figure 5-23), it isgille to see how those with either beef or lamb
have the highest values of CF and WF. In termsapban intensity there is a marked difference
between recipes in which the main ingredient isinamt livestock (beef or lamb) and recipes where it
is non-ruminant livestock (pork or chicken), whifst WF this is less marked, as pork based recipes
have comparable impacts to beef and lamb based diés finding is in line with the results
presented in Figure 5-12, where it is possiblesto lsow the values of WF of different food categorie
decrease more gradually than those of CF (wheree tlea sharp difference between ruminant
livestock products and all the other products —cihiave a CF which is more than 70% smaller than
the CF of both lamb and beef). The side dishes ghegent the highest values of carbon and water
footprints all contain rice (which has a high carfootprint due to the production of methane during
its cultivation (Blengini and Busto, 2009) and mets a higher WF than alternative starchy
carbohydrate foods such as pasta and potatoeds)a@mrice based desserts have the highest CF and
are amongst those which have the highest WF togetitle those made with cocoa (growing cocoa
beans requires large quantities of green watero{Ricand Pfister, 2010)). Amongst the fish-based
dishes, F1 presents a value of WF (equal to 1&vhigh is significantly smaller compared to all the
others (where values range between 186 and 264hik)is due to this dish being prepared with wild
caught fish, whilst all the others are preparedhfarmed fish (see Section 5.3).

When looking at the different colours of WF, thegm component of WF is predominant, in line
with the trend previously identified (Section 5&8)d therefore dishes with the highest values @l tot
WEF are likely to also present the highest valuegreEn WF. The dishes presenting the highest blue
WF are M4 (43 L, maimotspotrice), M11 (40 L, mairhotspotlamb), V5 and V11 (respectively 39
and 38 L, mairhotspotrice). The dishes presenting the highest grey YéR/d (76 L,hotspotbeans),
M13 (74 L,hotspotpork), M4 and M10 (respectively 73 L and 72hibtspotchicken).

While the values of WF are only calculated for gpineduction phase (see Section 4.1), the values of
CF are calculated for all the phases included & giistem boundaries: production, transport and
preparation. EATS calculates the contribution afreghase to the CF and presents it to the uséein t
form of a pie chart (an example is provided in Fe&gd-9). The proportional contribution of each ghas
to the CF (calculated across the 63 recipes ardjlyse presented in Figure 5-28. It is possiblse®
how the production phase is predominant, followgdhe preparation phase and the transport phase
(this is in line with the findings of existing li@&ure, e.g. Saarinen et al. (2012), Davis et2411Q),
Sonesson et al. (2005), Virtanen et al. (2011))sugorisingly, the predominance of the production
phase is more accentuated for those dishes that ¢enbon intensive ingredients (i.e. meat-based
main dishes). The small average contribution of tfamsport phase is partly influenced by the

assumption made on the origin of the ingredientsefvever possible this was assumed to be the UK).
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In Section 5.7, a sensitivity analysis is perfornedliscuss, amongst other aspects, the influehce o

this assumption on the results.
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H Production ® Transport M Preparation

Figure 5-28: Average contribution of each phase tthe CF, calculated for the meat-based, fish-basednd vegetarian mains
dishes, side dishes and desserts of CS2

To conclude, the main lessons learned from thetfirs case studies are:

- As the production phase is predominant in both @dF\&F, the choice of the composition of
the meals is crucial to the designing of low impaenus

- In terms of CF, vegetarian (with low dairy conteafd fish based recipes have similar
impacts which are lower than for meat recipes;

- In terms of WF, wild fish-based recipes presentltiheest impacts, followed by farmed fish-
based dishes and vegetarian dishes (with low dainyent);

- Amongst meat based recipes, those with beef andb lare the most carbon and water
intensive;

- The mainhotspotsin vegetarian recipes are dairy ingredients, aice pulses for both CF and
WE;

- Amongst desserts rice ishmtspotingredient for both CF and WF while cocoa ifaspot

ingredient for WF.

5.6 Case study 3 (CS3): assessment of the environmental impact of primary
school meals in England
The purpose of the third case study was to use ElsT&sess the average CF and WF of primary

school meals served in England. The starting pe@s$ the Primary School Food Survey dataset,

collected in 2009 across a nationally represerdatample of 139 schools in England (Haroun et al.,
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2011). Based on the average environmental imgatt€F and WF) it was possible to estimate the
national impacts of Primary school meals in onery&his case study shows a further use of the tool
developed in this project, which is to be used @mbination with an existing dataset in order to
estimate the environmental impact of a caterindoseast a large geographical scale (e.g. at national
level). Furthermore, having calculated the ovamapacts of primary school meals in England, it was
possible to use this result to estimate potent@lingls at national level associated with the

implementation of reduction measures. This asped¢veloped further in Section 5.10.2.

5.6.1 Average impacts and contribution of each group to total impacts
In brief the outcome of this case study revealeddliowing for the 6690 school meals analysed:
- The average value of CF per meal in 2009 was 190593,
- The average value of WF per meal in 2009 was 568 L.
These two values were used to calculate the inteagainst which to define a score of CF and WF
within the EATS tool as described in Section 4.3erefore, the resulting intervals were:
- Green CF, when CE 741 gCQ«
- Amber CF, when 741 gCE< CF < 1377 gC@
- Red CF, when CFE 1377 gCGe
- Green WF, when WE 398 L
- Amber WF, when 398 L < WF <738 L
- Red WF, when WE 738 L
Assuming that the average number of school childr@ving school meals every day in 2009 is
1,636,833 - based on an average take-up of schealkmf 39.3% (Haroun et al., 2011), and that there
are 190 school days in one ydae total yearly values can be found. In other word
- The total CF for all meals served in 2009 was 1&3®* 190 * 1059 = 329 million kgC£Q
- The total WF for all meals served in 2009 was 1,838 * 190 * 568 = 177 million
Using these values further investigation of theulteswas undertaken. As explained in Section
4.4.2.3, each item code used in the assessmem &F and WF of the school meals (recorded in the
PSFS) was assigned to an item group (i.e. measjtésh items, vegetarian items and vegan items).
Figure 5-29, Figure 5-30 and Figure 5-31 presesuraparison between the distribution by weight of
the four groups of items and their relative conttidn to the total CF and WF. Therein it can bensee
that meat items, which represent 10% of the to&ight, are responsible for 52% of the total CF, and
38% of the total WF. In comparison, vegetarian gemhich contribute 28% of the total weight, are
responsible for 28% of the total CF, and 40% oftthial WF. Finally, vegan items, contributing 59%
of the total weight, are responsible for only 158the total CF and 20% of the total WF.
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Figure 5-29: Distribution of weight of each group bitems
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Figure 5-30: Contribution to the total CF of each goup of items
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Figure 5-31: Contribution to the total WF of each goup of items
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Figures 5-32, 5-33 and 5-34 present the contributicthe blue, green and grey WF of each group
of items. The first plot shows that for the bluenpmnent of the WF, the contribution of meat items i
substantially smaller than for the total WF, andhat same time a substantial increase is obseored f
the vegan items; this finding is in line with similresearch (Vanham et al.,, 2013). Instead, the
distribution of the grey and green WF are closaheodistribution of the total WF, with the excepti
of the grey WF of vegetarian items which is 28% pamad to 40% of the reference case (and at the
same time the grey WF of vegan items which is 2@¥mared to 20%), the reason for this will be

discussed in Section 5.6.3.
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Figure 5-32: Contribution to the blue WF of each goup of items
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Figure 5-33: Contribution to the green WF of each goup of items
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contribution to grey WF
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Figure 5-34: Contribution to the grey WF of each goup of items

5.6.2 Identification of hotspots: carbon footprint

The meat items group is the largest contributathtototal CF (in line with the findings of CS1 and
CS2). As significant differences exist between @eof different types of meat (as shown in Figure
5-9) in order to investigate the effects of theagations, this group was further divided into feub-
groups.

- Al: Beef-based dishes;

- A2: Lamb-based dishes;

- A3: Pork-based dishes;

- A4: Poultry-based dishes.

By comparing Figures 5-35 and 5-36 it is possileidentify the differences between the
distribution of each sub-group by weight and by Tkerein it is possible to see how beef and lamb
dishes together contribute almost three quarterthefoverall CF of this group, even though they
represent (by weight) less than half of the ta@al.the other hand, poultry-based dishes repre€8nt 3
of the total weight, but are responsible for onBg/d of the total CF. This finding is in line with ah
identified in both CS1 and CS2.
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Figure 5-35: Distribution on weight of each subgrop of meat items.
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Figure 5-36: Contribution to CF of each subgroup oimeat items.

5.6.3 Identification of hotspots: water footprint
When looking at the distribution of the WF acrdss $ame sub-groups (presented in Figure 5-37), this
is more balanced across different types of medtegisThis is because the variations in WF for
different species of livestock are less noticeabén those in CF. [This is only true for the WF of
livestock raised in the UK; when global averageueal of WF are taken, the difference between
monogastric livestock and ruminant livestock is enpronounced, as can be seen previously in Figure
5-10.]

This suggests that, if meat is sourced from withim UK, a partial replacement of red meat (e.g.

25%) with white meat in school meals would havegaificant effect on reducing the total CF, but
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less so on reducing the total WF, whilst the reidacin meat disheper sewould have an effect on
both impact categories.

Furthermore, the relative proportions of the foulbgroups for the blue and grey WF are different
to those of the green WF and of the total WF (Fegus-37, 5-38, 5-39 and 5-40). Beef items for
instance, as cattle are mainly grass fed in the lii<e a relatively low contribution to the blue WF
compared to pork items. When looking at the grey, YWifk and poultry-based dishes present a larger
contribution than beef and lamb (this is a conseqge®f the higher use of concentrated feed for pork
and poultry which implies the use fertilizer thauses a larger grey WF contribution (Mekonnen and
Hoekstra, 2012)).

contribution to total WF
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Figure 5-37: Contribution to the total WF of each sibgroup of meat items
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Figure 5-38: Contribution to the blue WF of each shgroup of meat items
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contribution to green WF
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Figure 5-39: Contribution to the green WF of eachsbgroup of meat items
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lamb dishes
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Figure 5-40: Contribution to the grey WF of each sbgroup of meat items.

The list of items identified as vegetarian maimgluded: vegetarian main dishes (e.g. lentils and
vegetable curry), side dishes which included daigredients (e.g. creamy potato mash), vegetarian
sandwiches (e.g. egg and mayonnaise sandwich)llathelsaerts that had dairy ingredients. This group
was the largest contributor to the WF (even thotinghdifference between contribution by weight and
contribution to the WF is higher for group A). Bests represented 72% of the total weight of this
group and 83% of the total WF. In order to furtherestigate the contribution of group C to the ltota
WEF this was divided into three subgroups:

- C1: chocolate desserts;

- C2: non-chocolate desserts;
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- C3: savoury vegetarian items.

As shown in Figures 5-41 and 5-42, chocolate dessepresented 12% of the total weight of this
group but contributed to almost half of the totaF \(énd 55% of the green WF). This is due to the fac
that cocoa has a very large green WF compared &t food items (as can be seen in Figure 5-11)
(Mekonnen and Hoekstra, 2011). Chocolate is thezeditnotspotingredient when looking at the WF
of school meals, and therefore a partial replacéroérchocolate desserts with fruit-based desserts
would significantly reduce the overall WF. [The eage WF of a serving of the chocolate desserts
recorded in the survey was 415 L, while the avenatie of a serving of fruit salad was 58 L]. As
chocolate desserts usually contain dairy ingrediéatg. milk, butter, cream and yogurt), this would
lead to a parallel reduction in CF. [The averageo€hk serving of the chocolate desserts recorded in

the survey was 192 gG@Qwhile the average CF of a serving of fruit saka 38 gCQ@.]
distribution of weight
other

vegetarian
28%

dessert - other
60%

dessert-
chocolate
12%

Figure 5-41: Distribution of weight of each subgrop of vegetarian items

contribution to total WF
(national value: 70 million m3)

dessert - other
33%

other
vegetarian
18%

dessert-

chocolate
49%

Figure 5-42: Contribution to the total WF of each sibgroup of vegetarian items
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Figures 5-43, 5-44 and 5-45 present breakdownkeotontribution of the subgroups of vegetarian
items to the blue, green and grey WF respectivelg.possible to see how for both the blue ang gre
WEF the distribution of each subgroup is more aliymégth the distribution by weight (Figure 5-41),
and therefore nhotspotingredient(s) can be identified within this grdiop blue and grey WF.

contribution to blue WF
(national value: 5 million m3)

other
vegetarian
13%

dessert-
chocolate
20%

dessert - other
67%

Figure 5-43: Contribution to the blue WF of each shgroup of vegetarian items
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(national value: 59 million m3)
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other
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Figure 5-44: Contribution to the green WF of eachsbgroup of vegetarian items
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contribution to grey WF

(national value: 6 million m3)

other
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14%

Figure 5-45: Contribution to the grey WF of each shgroup of vegetarian items

5.6.4 Lessons learned from CS 3

In this case study, the average CF and WF of agpyirechool meal served in England were calculated
according to the Primary School Food Survey dateskécted in 2009 in the UK. This enabled the
assessment of the environmental impact of primaryosl meals served in England and the
identification of a number dfotspots

The analysis here presented shows that meat dishezsent a significafotspotboth in terms of
CF and of WF of primary school meals (being resgd@gor more than half of the total CF and more
than one third of the total WF). In particular, baad lamb-based dishes contributed significardly t
the total CF (being responsible for 37% of theltetaissions). Therefore, a reduction in meat dishes
would reduce the environmental impact of the servichis could be achieved by introducing more
vegetarian alternatives to traditional meat-basathmishes, by partially replacing the meat contént
dishes with plant-based sources of protein (sugbuéses), and by partially replacing red meat dishe
with white meat and fish dishes. Allied to this M@ie a requirement to make such meals a more
attractive option, not least for primary schoolldren.

When looking at the contribution of each grouphe total WF, vegetarian dishes were responsible
for 40% of the total impact. This was mainly duechmcolate desserts, which alone were responsible
for 19% of the total WF. Therefore, a strategydduce the WF could be that of replacing chocolate
desserts with other types of desserts, includiradthier fruit options.

5.7 Sensitivity analysis of the results
A sensitivity analysis was performed to assesslahel of influence of various assumptions on the
results provided by EATS. In order to do so themwish M8 (Chicken Fajitas) was selected from the
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ones analysed in CS2, and six alternative scenar@e created by varying each time one of the

parameters assumed in the baseline case. The sdas@moosing this dish were that:

It had mid-range values of both CF and WF;

It did not include ingredients that were resporesiiione for more than 75% of either the CF
or the WF (as this would reduce the variabilitytioé results related to parameter changes
regarding the other ingredients);

Part of the ingredients were horticultural produbttst out of season in the UK are grown in

heated greenhouses (which would enable to conditeraspect of seasonality in the

sensitivity analysis).

Table 5-13 shows the parameters within laselinescenario (M8) and the respective parameter

changes for the six the alternative scenarios (M8.M8.6). In the baseline case, the following

assumptions are made (as explained in Section)4.4.2

The origin(s) of the ingredients are those preskeimd able 4-14 and Table 4-15;

All ingredients produced in the UK are seasonatr@fore the use of heated greenhouses is
not required for horticultural products);

The transport mode is by truck for ingredients pit in the UK and by cargo ship for all
the other ingredients;

The cooking appliances used are run on natural gas.

Table 5-13: Baseline and alternative scenarios f@ensitivity analysis

Scenario Origin of ingredients Horticultural Transport mode Cooking
production appliances
M8 (Baseline) See Table 4-14 and Open field / non Truck (UK products) and Gas hob
Table 4-15 heated cargo ship otherwise
greenhouse
Ms.1 Unknown (World) Baseline Baseline Baseline
M8.2 Baseline Baseline Truck (EU products) and Baseline

cargo ship otherwise

M8.3 50 km away for UK Baseline Baseline Baseline

products, baseline for
remaining products

M8.4 Baseline Heated greenhouse Baseline Baseline

M8.5 Horticultural products Baseline Baseline Baseline

from Spain, baseline for
remaining products

M8.6 Baseline Baseline Baseline Electric hob
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In scenario M8.1 it is assumed that the origin bfirgredients is unknown, and therefore the
option “World” is selected for each ingredient.sitenario M8.2 the origin of the ingredients is ¢he
assumed in the baseline scenario but the transpode is assumed to be by truck for all the
ingredients sourced from within the EU. In scend@i8.3 the ingredients sourced from the UK are
assumed to have travelled 50 km to reach the sdtimblen (as opposed to 250 km of the baseline
case). In scenarios M8.4 and M8.5 it is assumedthigahorticultural products used in the recipe are
not seasonal; in the first case they are still poed in the UK, and therefore they have been prdiuc
in heated greenhouses, whilst in the second, @#sgimed that these ingredients are sourced from
Spain. In scenario M8.6 the energy source in the®alckitchen is changed from natural gas to
electricity.

The results of the sensitivity analysis are shawhable 5-14 and Figures 5-46 and 5-47. When the
origin of all the ingredients is unknown (scena8.1) and therefore a conservatively long forfeit
transport distance is assumed in the calculatitvesCF is 18% higher compared to the baseline case.
Conversely, applying the hypothesis of localityalb the ingredients produced in the UK (scenario
M8.3), leads to a minor reduction in the CF (-1%ijnpared to the baseline. Changes in the transport
mode of the products sourced from outside the U& aithin the EU (replacing transport via cargo
ship with refrigerated trucks) lead to an increase¢he CF by 3% (scenario M8.2). When the
horticultural products in a recipe are out of seasothe UK, there are two alternative options:ythe
can be produced in the UK in heated greenhousenddo M8.4) or imported from overseas (scenario
M8.5). The first scenario presents the highestevafuCF (46% increase compared to the baseline),
while the second present a negligible increasel(gsnthan 1%). This result clearly shows that when
choosing local products that are not seasonaletthection in the CF due to shorter transport distan
is most likely outweighed by the significant incsean the CF of production, deriving from the uge o
heated greenhouses. The last scenario (M8.6) igags$ the influence of preparing a meal with
cooking appliances running on electricity rathartton natural gas; in this case the increase in the
total CF (+5%) is related to the current UK averaectricity production mix (therefore if the
electricity was instead produced through renewallergy sources this scenario would most likely
present a lower CF compared to the baseline).

The sensitivity analysis shows that variations he fissumptions made on cooking appliances,
transport distances for the ingredients produceth&n UK and transport mode, are not likely to
significantly affect the results (all variations thie results are smaller than 5%). The parameteaits t
can affect the results are the production methdubdicultural products and the choice of the count
of origin of the ingredients. This analysis shovesvithe concepts of locality and seasonality cannot
be separated and that “local food” does not alwagan “sustainable food”. Ultimately it highlights

the importance of purchasing seasonal horticulfonaducts.

135



In the third case study, all the horticultural iedients that resulted to be non-seasonal, were
assumed to be imported from overseas rather thaduped in the UK in heated greenhouses (see
Table 4-17). The sensitivity analysis presentedehehows that this assumption could lead to an
underestimation of the results.

When the same analysis was applied to the WF, bulheo six alternative scenarios presented
above, only scenarios M8.1 and M8.5 presentedrdiiteresults. This is because the calculation ®f th
WEF performed by EATS is not influenced by the pretthn method - nor by any assumptions relating
to the transport or preparation phase (the WF Ig calculated for the production phase). However,
unlike the calculation of the CF of the productpmase, the calculation of the WF of production is
affected by the origin of the ingredients. Heneoeséenario M8.1, which assumes an unknown origin
for all the ingredients, the WF is calculated uding average global value of WF of each ingredient.
This causes an increase in the WF of the meal sedlfrom 248 L per portion (baseline case) to 545
L per portion (scenario M8.1). This is in line witthat is presented in Section 5.3 and in particular
Figure 5-10, where it is possible to see that thbaj values of WF of food products tend to be kigh
than the average EU values and UK values. In szeM8.5, where the horticultural ingredients are
assumed to be produced in Spain rather than iVkhehe WF is slightly higher (250 L per portion).

It is therefore possible to state that the onlyeagsion that can significantly influence the fimakult
in the calculation of the WF of a recipe is thegiriof the ingredients, and that when this inforiorat

is not available the results will most likely beco@stimated.
Table 5-14: Results of sensitivity analysis on CECO,Jportion]

Scenario CF CF CF CF Variation from baseline
(Total) (Production)  (Transport) (Preparation)
M8 490 455 20 15 -
Ms.1 579 455 109 15 +18.2%
M8.2 507 455 37 15 +3.5%
M8.3 483 455 13 15 -1.4%
M8.4 714 680 20 15 +45.7%
M8.5 492 455 23 15 +0.4%
M8.6 514 455 20 39 +4.9%
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Figure 5-46: Results of sensitivity analysis on CF
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Figure 5-47: Results of sensitivity analysis on Cfransport and preparation phase only)

5.8 Validation through users’ feedback

In this final step of the tool validation stageswavey was sent to a number of catering companies i
the UK, in order to gather some feedback on thegdeed usefulness and user friendliness of the tool
and to improve it in its final version. Out of t& school catering companies contacted by the
researcher, only 5 catering professionals agre¢estdhe tool and complete the survey. This isrg v
small number and therefore the results of the suoannot be used to accurately predict how a
potential user of the tool might feel when usingHbwever, the feedback provided by the catering

professionals who responded to the survey wasuwasful in identifying aspects of the tool that abul
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be improved and in giving an indication of what goprofessionals in this sector consider are the
main potentials offered by applying such a tool tredmain barriers to its application.

In the following, the results of this process aresented by reporting each question of the survey
along with the answers obtained and briefly disiogsthe related implications.

Testing the general satisfaction with the tool #Hredperceived user friendliness.

Question 1: Please rate your agreement with thasensents.

- Itwas easy to learn how to use EATS;

- | feel comfortable using EATS;

- The user manual provided is clear;

- The interface and the presentation of results @&spnt and clear.

The purpose of this question was to test whetteetdbl meets the requirementsnoéaningfulness
and usability (requirements 2 and 3, Section .3.Based on the answers of the participants, it was
possible to assess whether the interface needbé improved to become more user friendly and
whether the results provided were easy to undatstEmese are both necessary conditions in order for
the tool to be utilised on a large scale, and foegestrongly influence the potential impact ofsthi
research work. The 5 participants agreed withhaldtatements, and two of them provided additional
comments. One suggested some changes in the nathe ioigredients (e.g. “courgettes” instead of
“zucchini”), the other addedi Wwould be happy to use the tool. As a purchaseould want to ensure
the origin was as precise as possible to get thbtroutcome

Due to this comment, two additional options werdeatlto the country of origin dropdown list in
order to enable users to highlight the case whervdyats were sourced locally, those were: “closer
than 30 miles” and “closer than 100 miles”.

Please rate your agreement with these statements

It was easy to learn how to use EATS
| feel comfortable using EATS

The user manual provided is clear

The interface and the presentation of results are pleasant and
clear

0 1 2 3 4 5

W Strongly agree M Agree [JNeither agree nor disagree M Disagree M Strongly disagree

Figure 5-48: Users’ general satisfaction with thedol
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Assessing the contextual applicability of EATS

Question 2: When filling in the ingredients tabhgs there any product that was missing from the
list provided? If yes, which one/ones?

The purpose of this question was to assess the retipsiveness of the list of food products
provided (requirement 1, Section 3.1), and to idgmainy missing ingredients. Two participants stite
that they found all the ingredients they needetthénlist while three stated that they could nod fadl
of them. When asked to list the missing ingredightsy answered: cornflour, fruit juice, tinned
tomatoes and herbs. The second item was alreadlyeolist (under apple juice, pineapple juice and
orange juice), no additional search was thereferéopmed. As for the remaining items, a systematic
search of the literature was performed to inclidert in the databases of carbon and water footprints
No literature was found for cornflour or herbs; lewer, it was possible to add tinned tomatoes to the
databases.

Assessing the perceived benefits associated wetigk of the tool.

Question 3: The use of EATS can bring the followlregefits:

- Demonstrate the commitment of your organizatioddlivering a sustainable catering service

- Aid in the preparation of sustainability reports;

- Obtain certifications (e.g. Food for Life Partnepgh

- Identification ofhotspotsn the menus (i.e. ingredients or meals that leakigh impact on the
environment);

- Help create sustainable menus;

- Other — please specify.

The purpose of this question was to investigaterdhsons why catering companies would choose
to use EATS. All the participants agreed with thafethe options offered: the identification of
hotspots.aid in the preparation of sustainability repomsl ahe demonstration of the commitment of
their organization to sustainability issues. Ondghaim did not make a statement when choosing the
option “help create sustainable menus”, and two rébtl express an opinion regarding the option
“obtain certifications”. This might be due to thect that there is no explicit link between the hssu
offered by the tool and the requirements that oajecompanies need to fulfil in order to receive th
main sustainability certification in this sectofféped by the Food for Life Partnership programme).
This aspect will be further developed in the disows section.

When asked to provide additional comments, ond@phrticipants stated that if the “local” option
was added to the origin dropdown list, it wouldpghelake the case for obtaining the Food for Life
certification. This comment is in line with the omentioned above that asked for the addition of a

“local” option, and was addressed as explainediposly. One of the participants suggested as an
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additional benefit the option “Aid to winning coatts”, which is a potential benefit of the applicat

of the tool which could have a significant impantits spread.

The use of EATS can lead to the following benefits

Demonstrate the commitment of your
organization in delivering a sustainable catering...

Aid in the preparation of sustainability reports

Obtain certifications (e.g. Food for Life
Partnership)

Identification of hotspots in the menus (i.e.
ingredients or meals that have a high impact on...

Help create sustainable menus

0 1 2 3 4 5

W Strongly agree M Agree [ Neither agree nor disagree M Disagree M Strongly disagree

Figure 5-49: Perceived benefits of using the tool

Assessing the perceived barriers to the implemientaf the tool

Question 4: Barriers to the implementation of EAM$our organization

- Lack of time;

- Lack of staff;

- Confidentiality of the results obtained;

- Other.

Not surprisingly the option “lack of time” was clasby all the participants. “Lack of staff” was
seen a constraint for three participants, while dige not express an opinion and one strongly
disagreed. These two barriers represent a potestiatraint to the spread of EATS; however the
author’s view is that if some of the benefits mell above became a priority for catering companies,
the workload would be organised differently andsthbarriers would become less evident.

Three out of the five participants did not beli¢lre confidentiality of the data would be a problem,
which is probably due to the fact that catering panies are already used to sharing their datadieror
to obtain certifications.

Under “Other barriers” one of the participants atd&Suppliers change source countries
regularly, meaning the charts are always changigid another participant wrotday conflict with
existing system. Additional work to repeat curregstem but different outcome. Could the two
systems be mergedThese two comments provide a very interestingpests/e on the prospect of

further developing EATS. Catering companies usecymement tools to keep track of changes in
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orders (deriving from changes in the menus) antthetsame time to assess the nutritional value of
each recipe and the related allergens. Therefareifinalysis developed by EATS could be merged
with existing procurement tools, this would elimimathe additional workload created by the
introduction of a new tool. Currently suppliers bae communicate any change in nutritional values
or allergens to the catering company, and thispidated in the procurement tool. In the same way,
there is no reason why changes in the country wfiroof products could not be updated in the

procurement tool as well, eliminating the barrieggested by one of the participants.

Barriers to the implementation of EATS in your
organization

Lack of time
Lack of staff

Confidentiality of the results obtained

0 1 2 3 4 5

W Strongly agree B Agree [ONeither agree nor disagree M Disagree M Strongly disagree

Figure 5-50: Perceived barriers to using the tool
To conclude, this last stage of the tool's validaténabled the researcher to:

- Verify that there is an interest in (at least soroajering companies towards the potential
application of EATS or similar tools to enable duetion of the environmental impact of the
menus served,

- Identify the main perceived benefits and barriesoaiated with the implementation of EATS;

- Test the comprehensiveness of the list of food yetsdprovided by tool and add the missing
ingredients identified.

The additional comments provided by the participarearly show how, when thinking about the
sustainability of the service, they believe tramspistances play a bigger role than the compasibio
meals. One of the potential impacts of the appboabf EATS is the dismantling of the “common
sense myth” ofiood mileswhich has been identified as recurrent in thdipupinion (Garnett, 2008,
DEFRA, 2005, Morgan, 2010).

5.9 Application of the developed procedural assessment: modifying a menu

An example of the application of the procedurakasment described in Section 4.5 is provided here.
The aim of this procedure is to modify an existmgnu, in this case the menu presented in the first
case study, with the purpose of reaching a targegddction in terms of both CF and WF. In this
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example, the target is a 20% reduction for bothtdke values of CF and WF. For the full calculato
developed in this section see Appendix C.

The four-week cycle menu of CS1 is analysed witifEAand the total CF and WF (calculated for
one person for four school weeks, hence 20 meads)Gk = 23124 gCLR& WF = 9278 litres. Then,
two scenarios are defined. A scenario comprisedtamative menu in which some of the meals have
been replaced by low impact alternatives:

- In the first scenario, the purpose is to prioritiee reduction of CF, and therefore the four

meals which have the highest CF are replaced Wihnative meals;

- In the second scenario, the purpose is to prieritie reduction of the WF, hence the four

meals which have the highest WF are replaced ithretive meals;

In this example all the replacement meals werecsadl from the second case study (CS2),
choosing respectively the four main and side distlgish had the lowest CF and the four main and
side dishes which had the lowest WF (See Table)5-tds important to highlight that no additional
considerations were made on the nutritional qualditthe new menu suggested, as the procedural
assessment does not consider this aspect, bufamniges on the environmental impact of the menus.
For obvious reasons the suggestion of alternatierus should be made after making sure that they
perform equally or even better in terms of nutrifichowever in order to provide an example of
application of the procedural assessment this asyesomitted herein.

The meals presented in CS1 include a main dishaaside dish while in CS2 main dishes and side
dishes were analysed separately; each meal fromw2Sitherefore replaced by a combination of a
main dish and a side dish from CS2. Table 5-15igesy for each scenario, the codes and impacts
(both the numerical value and the colour code)hef meals removed from the initial menu and of

those chosen to replace them.

Table 5-15: Meals removed and replacement meals amélative impacts

Scenario Meals removed Replacement meals added
(from CS1, Tables 5-7to 5-10) (from CS2, Table 5-12)
Code CF [gCO2e] WEF [litres] Codes CF [gCO2e] WEF [litres]
M2Th 2171 @) 486 ()  VI2+S6 15 @ 26 @
2576 741

Minimum  M-3M @ @ riss 81 @ 8 @
CF MiaM 2116 @ 614 ()  VI+S3 33 @ 18 @
Math 2107 @ 509 (O Vers7 38 @ 15 @

MM 182 @ 515 () Flsse 4 @ # @

vinmum MM 2576 @ 71 @ viowss 3w @ 1w @
WE  mam 216 @ 614 (O VIes3 33 @ 138 @
Maw 192 @ 588 O sy s @ 166 @
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Based on these substitutions, it was possible ltulede the CF and WF savings obtained in the
two scenarios and the total savings per pupil pademic year (considering that the academic year

consists of 190 days). These values are presamieabie 5-16.

Table 5-16: Savings obtained through the applicatio of the procedural assessment

Scenario % of CF saved % of WF saved  CF saved per pupil =~ WF saved per pupil
per year [kgCOz] per year [m?]
Minimum CF 35% 19% 76 17
Minimum WF 31% 20% 68 18

In this case, only one of the two scenarios mdesréduction target for both CF and WF, and
therefore the “Minimum WF” scenario is the selectgution. Alternatively, the “Minimum CF’
scenario could be modified to meet the 20% WF gp\wand at the same time achieve greater savings
in terms of CF compared to the other scenario.

Figure 5-51 shows the average CF and WF of a meéki current menu and in the two alternative
menus. It is important to highlight that such sahgtl savings were obtained by replacing only one
meal per week with a low impact alternative (andréfiore with minor disruption). The potential

impact of applying similar changes at national lere discussed in Section 5.10.2.

current menu

minimum CF

B WF [litres] m CF [gCO2e] minimum WF

Figure 5-51: Average impact of a meal in the currenmenu and the two alternative menus

5.10 Discussion

In this section, the findings of this research diseussed critically in the context of existingeach.
The potential implications are investigated togethigh the necessary conditions for their verifioat
and the limitations of this study are outlined aistussed.
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5.10.1 Comparison with literature
A literature review was performed to identify redew studies that used an LCA approach to assess the
environmental impact of school meals. Four studiese found that responded to the research criteria.

Study 1: Saarinen et al. (2012) performed an LCAiogE lunches served by a primary school in
Finland. In this work the impacts were calculatemhfcradle to plate This paper does not provide the
full recipes used to calculate the impacts of tleals analysed, therefore a direct comparison \uih t
results that would have been obtained by usindgeth€S tool cannot be performed. Nevertheless, the
values of CF obtained in this work ranged from 3302060 gC@. per meal, and are therefore
comparable with those obtained in the first casdystf this doctoral thesis that ranged between 422
and 2797 gC@per meal (see Figure 5-52).

Study 2: Benvenuti et al. (2016) assessed the @FVER of 106 different dishes served in an
Italian primary school and developed an optimisezhm In this case, Benvenuti et al. (2016) only
considered the agricultural production of the inijgats (adopting aradle to farm gatepproach) and
therefore underestimated the real impacts by ekuuttansport and preparation. Similarly to the
previous study, the full recipes used in this wark not provided. However, the range of valuesff C
obtained in this work varies between 125 and 1820.gper meal, partly overlapping with the range
of values found in this current work, but towarlds tower end, which is most likely a consequence of
the smaller system boundaries adopted by Bevendtcalleagues.

As for the quantification of the WF, this rangeztveeen 471 and 2804 L per portion. These values
are significantly higher than those found in thmstficase study of this work (where the WF ranged
between 244 and 848 L per portion); this is propalie to the fact that Benvenuti et al. (2016) used
the global average values of WF in their analystsile in this study the national values were used
according to the country of origin of each ingredliéas explained in section 4.3.1). For the UK, the
national values are generally lower than the glebales (as can be seen in Figure 5-10).

To verify the validity of the values of WF obtainéd this work, the average WF of a primary
school meal, obtained in the third case study asle€q 568 L per portion, was compared with a study
by Vanham et al. (2013). In their work, they estiebthat the WF of a recommended diet (based on
German dietary recommendations) is 3291 litrescagpita per day. If alcoholic beverages and non-
edible agricultural products are subtracted, ititesin 2980 litres per capita per day. The WF of a
school lunch, as estimated in this work, repreabout 20% of that, which is to be expected aseir th
calculations they assumed an average daily enertgké of 2200 kcal, whilst the average energy
intake of the school meals of CS3 is 495 kcal (taisie was extracted from the PSFS data set).
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Figure 5-52: Comparison between the lowest and higist value of CF obtained in CS1 of this work, in ta work conducted by
Benvenuti et al. (2016) and by Saarinen et al. (201

Study 3: Ribal et al. (2016) calculated the CF ofea of dishes (20 starters, 20 mains and 7
desserts) served by a school caterer in Spaimdp#seir results on secondary data from LCA stydies
and including the whole supply chain (froonadle to plat¢. Based on this, they developed an
optimization algorithm to generate menus that redpd to a set of nutritional, environmental and
economic requirements. It is important to highlighat Ribal and colleagues did not conduct a
systematic literature review to extract the valoE€F of different food products from the literagur
but instead they chose for each food product omecsofrom which to take the value of CF. This
entails that the results they obtained are higlelyethdent on the sources chosen. For instancegin th
case of beef there is a large variability of vale#sCF in the literature (the systematic review
conducted in this work showed a variation betwe@3il8and 50151 gCQkg, with a 95% confidence
interval raging between 24492 and 28654 gfk0, as shown in Table 5-2). Ribal et al. (201&dia
value of CF of beef equal to 20385 gf®g, therefore significantly lower than the averagdue of
26573 gCQ:/kg used in this current study.

As this study provided the detailed recipe of edish, it was possible to re-calculate the CF of a
selection of dishes using EATS in order to testttm against an existing set of results. Amongst t
main dishes, those for which all the necessaryeitignts could be found in the EATS database were
selected, and the results of this comparison aseystin Figure 5-53. It is possible to see thattfa
dishes containing beef the CF calculated with EASTRigher than that obtained by Ribal et al. (2016)
whilst the opposite can be noticed for the chickased dishes (the CF of chicken used in the EATS
database is 4037 gGQO/kg, while the one used by Ribal and colleague$930 gCQ. /kg).
Nevertheless, if the methodological differencesla@&red above are taken into account, the results

obtained with the EATS tool are reasonably closthdse obtained in the original work.
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Grilled chicken with potatoes

Cod with vegetables

Grilled beefsteak with onions and chips
Roast chicken with vegetables

Cod Vizcaya style

Meatballs and chips

Tuna in papillote

Chicken a l'orange

Grilled burger and chips

Fried salmon with baked tomatoes
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B CF - Ribal et al. (2016) m CF - EATS

Figure 5-53: Comparison between the results obtaimeby Ribal et al. (2016) and those obtained applyinthe EATS tool to the
same set of dishes, for ten selected dishes

Study 4: Wickramasinghe et al. (2016) assessedctimtribution to climate change and the
nutritional quality of primary school meals servadEngland, using the PSFS as a starting poins Thi
approach presents several similarities with thekwsamducted in the third case study (CS3) of this
doctoral project, as in both cases the PSFS datasetised to conduct the analysis. However, there
are a number of different methodological choicesl eonsequent variations in the results which are
contrasted and compared to the results presentibdsicloctoral thesis. In their analysis, the vailfie
CF obtained for an average primary school meal %28 gCQ. This is approximately 30% lower
than the value found in this current study (eqaal@59 gC@,). The main methodological differences
between the two studies are that in this work abemof additional considerations were included.
These are:

- Transport emissions (even though their contribuisorelatively low anyway);
- Waste along the supply chain (as explained in Seeti2.7);
- Weight loss caused by cooking (as explained ini@edt4.2.3).

These are very important considerations, not leaghe last factor which can significantly affect
the results: for instance, meat can lose around @0 weight due to cooking (Chappell, 1954). Not
considering this weight loss when calculating tife & a meal (based on the weight of a serving at
consumption stage, which is the quantity recoraethé survey) can cause an underestimation of the
CF of food items that contribute significantly teetoverall impacts. If food waste and weight losses
were not considered, the average value of CF einaapy school meal from CS3 of this study would
be 780 kgC@. In other words, by using the same list of meads the one analysed by

Wickramasinghe et al. (2016), and removing the nuififerences in the calculation of the CF (i.e.
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accounting for food waste and weight losses), tregage value of a primary school meal calculated
with EATS is only 8% higher than the one calculated Wickramasinghe and colleagues. This
remaining difference can be explained by the différunderlying data on the CF of food products
collected by the authors of this paper.

In conclusion the EATS tool yields results that aoenparable with those obtained by previous
research. Furthermore, the main difference betwleemnesearch work presented in this doctoral thesis
and that presented in the four articles analysegeals - the creation of a tool that can be diyegtled
by catering companies to assess the performantteenfmeals. The work by Wickramasinghe et al.
(2016) is similar to the work here presented ag bwh aim at assessing the environmental impact of
meals commonly served in primary schools in the Bldwever, it differs from it for three main
reasons:

- Firstly, due to the methodological differences diésed above;

- Secondly, because it does not include the WF im$isessment;

- Lastly, because it does not provide a platformamgare alternative recipes.

5.10.2 Application, potential impact(s) and necessary conditions

EATS has been shown to have enormous potentia¢ tosked as a tool to assess the environmental
impacts (i.e. CF and WF) of primary school mealsl &ty using the accompanying procedural
assessment in parallel it could help users devalepus with significantly reduced environmental
impacts. This has potential positive impacts buttfeem to be achieved necessary conditions are

required. Both of these aspects are now discussed.

5.10.2.1 Multi-sectoral, regional, national and international application
EATS was created for direct application to the UKmary school catering sector, although with
minimal adaptation EATS (and therefore the procaldassessment it informs) could easily be applied
and impact upon any public food sector, and indbedool is equally applicable to all those engaged
in designing menus, whatever the scale. In ordepfdy EATS to other types of food services, such
as secondary education, hospitals, prisons, watkm@ad university canteens, the list of food presluc
recorded in the CF and WF databases would nee@ texpanded to include any missing products
served therein (for instance tea and coffee).

In order to apply EATS to catering services (arfteofood sectors) in other countries outside the
UK (but in Europe) a number of measures would eired.

- Firstly, the list of food products recorded in thatabases would need to be expanded to

include all those food products commonly servethencountry of interest;
- Secondly, the emission coefficients used in thaentrversion of EATS to calculate the

contribution to climate change of the transport @meparation phase are taken from UK
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datasets (see Sections 4.2.4 and 4.2.6), and aherefould need to be updated to the
equivalent values calculated for the country ofiiest;
- Thirdly, the transport routes and distances fromheaountry of origin were calculated
assuming the UK as final destination, and therefareld need to be updated.
As shown by Figure 5-3, the literature of LCA ob#tbis significantly Eurocentric; for this reason if
EATS were to be adapted to a country outside obithe accuracy of the results would certainly be
reduced. Hence for the reliability to be improvde ttool would need a number of regional

refinements over and above those listed above.

5.10.2.2 Potential impact(s)

The potential impact arising from the applicatiohtloe procedural assessment suggested by this
research to all primary schools in England is dised here by using, as a starting point, the seetilt
Section 5.9 (in which potential savings in the @@ 8VF of the menu analysed in the first case study
are quantified) and of the third case study (inchtthe overall CF and WF of primary school meals
served in England are estimated). In order to gean example of application of the procedural
assessment, two alternative menus were suggestegplaging the meals that had the highest CF/WF
with low CF/WF alternatives. In the “Minimum CF” excario the CF of the menu was reduced by
35%. In the “Minimum WF" scenario the WF was rediid®y 20%. In Section 5.6.1 the total CF and
WEF of primary school meals in England in one yearenestimated as 329 million kgeand 177
million m3,

If all the primary schools in England were to takeimilar initiative to the one presented, and with
the help of the procedural assessment informed&ySEachieved a 35% CF reduction in their menus,
this would mean a total reduction of 114 millionQ@. in one year. This is roughly equal to the
emission reductions obtainable from stopping adrtraffic one day each week in the city of Glasgow
[calculation based on the value of emissions froadrtraffic reported by the Department for Business
Energy & Industrial Strategy (2015)]. Similarljet overall saving at national level, associateth ait
20% reduction in the WF of all the school menushie country (as obtained in the “Minimum WF”
scenario) would be equal to 36 milliorf."\n overview of the savings obtainable at natideaél in
the two scenarios analysed is presented in Taldlé. Srhese figures show that significant savings

could be obtained if the procedural assessmenesteg was adopted at national level.

Table 5-17: Potential reduction of CF and WF at nabnal level through the application of the procedual assessment

Scenario CF saved WEF saved CF saved in WEF saved in
England per year =~ England per year
[million kg COz] [million m?]
Minimum CF 35% 19% 114 34
Minimum WF 31% 20% 102 36
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5.10.2.3 Necessary conditions

First necessary condition:

Catering companies would need to be willing to@ke human and economic resources to use the
procedural assessmaid EATS when planning new menus.

In order for this to happen, catering companies ldvaweed to receive incentives to reduce the
environmental impact of their services. This cdogdpromoted through regulation, for instance in the
form of tax reductions, or by giving priority to mpanies that can prove they have a lower
environmental impact in the bidding process. Aligirely, the provision of an environmentally
sustainable food service could be promoted by augapite existing certification schemes to become
more quantitative, for instance by including carlveduction targets, as is already the case in other
sectors (e.g. the energy efficiency certificatidiwildings). For instance, the target savingsigtiin
the procedural assessment could be suggested khregglation. Finally, if the tool was to become
more user friendly, or if it was incorporated inistixng procurement software already in use by
catering companies (as suggested by one of thevieneees), the time needed to train staff to use it
would be reduced and therefore catering companiesgdibe more willing to adopt it.

Second necessary condition:

EATS would need to be regularly updated.

In order for this condition to be verified the toweds to be built in a transparent way that esable
easy updates (requirements 6 and 7, Section 3dWyetktr, the update of the tool would need to be
responsibility of a single person or institution,gnsure that the validity of the results is maired
and to avoid that the tool is updated onaanhocbasis by different institutions into several vens
(providing different results).

Some parts EATS would be relatively straightforwsrdipdate (e.g. emissions coefficients related
to the electricity mix and emissions coefficiengdated to transport, which are both updated on a
yearly basis). Other parts would require significarore time and resources: in particular keeping up
to-date the CF database, due to the large amouhC#af literature published every year on food
products.

Third necessary condition:

Parents and pupils need to be willing to acceptngfes in the menu@nitiatives like meat-free
days or simply variations in traditional recipegeaplacehotspotswith lower impact ingredients).

In order for this to happen, changes in the mehasaim at decreasing the environmental impact
of the service, would need to be carefully thoughdugh in order to include a range of consideratio
on the nutritional quality and appeal (visual aaste¢) of the meals, the economic feasibility ared th
cultural acceptability (considering the ethnicatkmground of the students enrolled to each school).

The cultural acceptability of dietary changes (sastmeat reduction and consumption of seasonal and
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local products) was investigated by O'Keefe ef24116). This study identified a number of barriters
changing eating practices (including the resistatweany perceived choice restriction, and the
perception that meat plays an important role irvigiag a nutritionally complete diet, especially fo
children). It also highlighted that consumers wadoddmore willing to change their habits for health
cost reasons rather than environmental reasonshEse reasons, when applying changes to school
menus in line with the ones recommended by thisareh, the messages used to communicate them to
families would have to be focused on the synerbitsveen environmental benefits and associated
health benefits. Furthermore, less radical chatgéise menus (e.g. if meat was partially replaced b
an alternative source of protein three days a wattler than if no meat option was available for one
day a week) would be more easily accepted by psrantl pupils and would not be seen as a

constraint to their freedom of choice.

5.10.3 Limitations of this study and how they could be addressed
A discussion of the limitations of this study isopided herein, together with the suggestion of
potential strategies to address them in futurearebe(this aspect is further developed in Secti@). 6
- When defining the system boundaries of the EATS ¢teee Figure 4-4), a number of inputs
and outputs relevant from a Nexus perspective VYedr@utside the system boundaries. These
included:

1. The inputs and outputs linked to the productionnaggement and disposal of the
infrastructure and equipment necessary for foodyrtion, distribution, school meals
preparation and consumption

2. The inputs and outputs linked to the disposal atgplnd kitchen waste, packaging
waste and human excretion, including the potefaiaénergy generation from waste

3. The water required and the water polluted when yriody fuel and energy used for
the distribution of food, when shipping goods andry the preparation of meals

In the first two cases, the mentioned floveravexcluded as they were considered outside the
scope of this work, which was focused on the assessof the environmental sustainability
of different menu choices; although, from a nexusrspective, aspects such as the
impacts/benefits of waste management decisionpanecularly relevant. Finally, the water
inputs for the production of energy and fuel usadtfansport and meals’ preparation and the
water used during meals’ preparation were excluethey were considered to be negligible
when compared to the water footprint of productdrthe ingredients (Jefferies et al. 2012),
while the water footprint linked to shipping goodas not included as no method currently
has been formulated to assess this water use (Waritd6).

- In the literature review (performed to create the database), a significant number of food

products were found to be underrepresented. Therefioe statistical analysis performed to
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verify the meaningfulness of using the average eslof CF, was constrained by the small
sample size. Due to data availability, when cakindgathe CF of the production phase, it was
not possible to take into account the country ofdpction of each food product. Furthermore,
even though the LCA methodology is ISO standard{#®@®, 2006c, 1SO, 2006b), a number
of methodological choices are left to the praatitio(e.g. system boundaries definition, choice
of functional unit, etc.). Whilst measures wereetakwhen collecting the data, to limit the
consequent variation in the results, (as explainedlection 4.2.2), sometimes there is a lack
of information disclosed within literature soureeaking vetting somewhat impossible.

The statistical analysis performed on the dataectdld in the CF database, enabled to
calculate the accuracy of the average values o6fGRe food products listed within the tool.
However, it was decided not to perform a similsseasment for each meal analysed by the
tool (i.e. provide error bars for the meals of CE82 and CS3). This is because the level of
uncertainly of the results provided by EATS is anly connected to the quality of the data of
the CF database, but also to several other assumap(e.g. travel distances, routes, cooking
times, energy consumption of cooking appliancay],therefore it was deemed not feasible to
systematically assess the uncertainty of the iesiiithe tool.

The decision to represent the WF in its aggregfted in the outputs of EATS, as the sum of
the blue, green and grey component could be carsidmisleading due to the significantly
different opportunity costs of blue and green weaded the different physical meaning of grey
water when compared to blue and green water. Nesless, this decision was taken with the
purpose of providing simple and understandableltesuthe users of the tool. A breakdown
of the blue, green and grey components of WF wasenited in the three case study analyses,
in order to discuss how the results are affectethis/choice. In a future version of the tool
this level of detail could be included (e.g. by lgliveg the users to choose between considering
the total WF, or the three components separately).

The survey used to gather the opinion on the tbadkgotential users was completed by only
a small number of participants. This means thatrésalts are only indicative but not fully
representative of how the average person wouldviben trying to use EATS. One way to
overcome this limitation could be by organizing kahops in catering companies in which
members of staff are taught how to use EATS ani feedback on the tool is directly
collected.

Contribution to climate change and water use weeeonly two impact categories considered
in this study, this decision was taken as a corexagpiof data availability and the requirement
of providing results that are easy to communicateah audience of non-LCA experts.

However, many scholars have highlighted the impagaof considering all the impact
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categories used in a traditional LCA, in order woid the risk of burden shifting (Ridoutt et
al., 2014, Schmidt, 2009). If in the following yeanore data was to become available (e.g.
more researchers started to include land use amtitegsmpact categories) the analysis could
be repeated for the additional impact categoriagthErmore, the threat to biodiversity
conservation posed by the excessive consumptievildffish is not represented in this work,
as the meals containing wild fish were amongstdheih the lowest impacts (especially in
terms of WF). For this reason, this tool (and thecpdural assessment it informs) should be
used in combination with existing recommendatiosisch as the FAO code of conduct for
responsible fisheries (FAO, 1995)].

In the third case study, the average CF and WF pfimary school meal in England are
calculated based on the data set recorded in iheaRBr School Food Survey. It should be
noted that this survey was conducted in 2009 ansimiar survey has been conducted since.
A number of political decisions taken between 280€ now have affected food provision in
schools (Nelson, 2014). For this reason, this datace might not precisely represent the
current situation. Furthermore, the data recordeithé survey did not include information on
the amounts of food that were prepared in the ddhtminens but not served. Additionally, in
this case study the meal preparation phase wasomsidered, due to lack of data. For these
reasons the values of CF and WF of an average grise@hool meal obtained in this case
study are likely to underestimate the real impa€tsthermore, as the PSFS was conducted
over three months, the results might be affecteddnsonality and not fully represent the
average impact of a primary school meal in England.

The example of application of the procedural assess provided in Section 5.9, does not
include considerations on nutrition when suggestilbgrnative, low impact, menus. Therefore
the reductions in CF and WF obtained, might be eerastimation of the reductions that
would have been obtained if, in the suggestiorhefitnproved menus, the nutritional element
had also been taken into account.

This study focused solely on environmental sushalityy neglecting social and economic
sustainability; however, these aspects are of arueiportance when addressing the school
catering sector. In order to support decision nakerthe design of a catering service that is
socially sustainable two main aspects would neduktoonsidered: nutritional properties and
cultural acceptability of the suggested new metugerms of economic sustainability, it is
important to remember that schools (as all puldictars) are constantly constrained in terms
of budget. In order to include this aspect in thalgsis, the suggested procedural assessment
should be expanded to suggest new menus that achid¢tie same time improved nutritional

content and lower environmental impact without @asging the costs.
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6 Conclusions and Future Work

Current food production and consumption practices depleting natural resources and polluting
ecosystems at a rate that is unsustainable, agcatkealso one of the main causes of anthropogenic
climate change. If this trend does not change,realigies of food production will be exacerbated in
future decades due to population growth, economiwip and consequently changing lifestyles. This
will compromise the capacity of nations to prodtmed for future generations.

Strategies that aim at rebalancing the demandofma With the planet’s limited capacity to support
its production, need to focus both on the produmctad the consumption sides of the equation. The
research presented in this doctoral thesis is edigmith one of those strategies, and specificdléy t
one supporting the promotion of a dietary changeatds diets that are less water intensive and that
produce less greenhouse gas emissions.

The public food sector offers tremendous potembiainfluencing such a shift, but in order to do so
the correct information on sustainable food chomesds to be delivered. Currently in the UK nationa
guidelines for public food procurement and sustaility schemes for the catering sector fail to adop
a rigorous approach to environmental sustainakdlitg avoid promoting a shift towards low impact
diets. This research aims at addressing this sifiobly creating a procedural assessment that can be
used to assess the environmental impact of menmusdsén the primary education sector, identify
hotspotmeals and design improved menus. The procedusekasent is informed by an LCA-based
tool that catering companies and local authorites use to self-assess the environmental impaat of
primary school meal in terms of its carbon and whtetprint.

The tool was tested with three case studies to defraie its potential in assessing the
environmental impacts of an existing menu, of aoédkest practicaecipes and of the primary school
catering sector at national level in England. Femtiiore, the tool was validated through a statikstica
analysis of the underlying data, by testing thailtest provides against an alternative tool and by
collecting feedback from potential users. An exangd application of the procedural assessment was

provided and the potential impact arising from application of such a strategy was discussed.

6.1 Summary of research
The research has achieved the objectives outlm&ection 1 by:

- Critically reviewing the existing literature to io&y the best method to assess the
environmental impact of food production in ordeifrttorm food production and consumption
choices;

- Collecting from the literature and forming a datsbaf values of carbon footprint (CF) and
water footprint (WF) for a range of food productsatt comprehensively cover most

ingredients used in the preparation of primary stheeals in the UK;
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Using these values to develop a tool that can leel @isr the self-assessment of a primary
school meal frontcradle to plate

Verifying that the tool met a set of requiremeritsotigh performing a statistical analysis of
the underlying data, developing three case stualies collecting feedback from users, and
validating the tool by comparing its results witlisting studies;

Developing a procedural assessment informed byablefor the design of environmentally

sustainable menus.

It is possible to draw the following conclusionerfr the research:

Section 2 demonstrates a clear need to foster taralulshift towards low impact dietary
choices; however, it also reports that more clasitsequired in order to communicate what is
meant by “sustainable food”. After reviewing exigfti methods for the evaluation of the
resources used and the environmental impact of ooduction, LCA was chosen as the most
powerful tool in serving this purpose and providitige correct information on the
environmental sustainability of dietary choices.

In the development of the Environmental Assessni@ul of School meals (EATS) two
databases were created to calculate the carbopriitto{CF) and water footprint (WF) of
school meals. From an analysis of the data colleictéhe CF database (presented in Section
5) a number of conclusions can be drawn:

0 The literature on food LCA is affected by a numbgbiases: it is mainly focused on
the assessment of the global warming potential (§Wi#h other impact categories
significantly less represented; it mostly focusesand products produced in Europe
(followed by the US and Australia); and it is skemtewards a small group of food
types (mainly meat and dairy), while other fooddurats are largely underrepresented.

0 There is a clear hierarchy of food products in eohtheir CF: meat from ruminant
livestock presents the highest values, followed dairy products, meat from
monogastric livestock, fish, rice, legumes, fruitidinally vegetables.

From an analysis of the data collected in the Wialthsse (presented in Section 5) it appears
that:

0 The geographical origin of production of food protituis an important variable in
assessing their WF. It is therefore crucial to haceess to this information (at
national level or possibly even at regional lewelprder to provide accurate results in
terms of WF.

o As for the case of CF, there is a hierarchy of fpodducts in terms of their WF.

Certain food products have similar performancesbioth impact categories (meat
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from ruminant livestock has amongst the higheateslbof both CF and WF), while in
other cases there are discrepancies (for instamtsehave low CF but high WF).
The trends identified in the analysis of the CF &l databases were reflected by the case
study analyses: dishes containing ruminant livésfmoducts had the highest impacts, and
vegetarian (with low dairy content) and fish badesthes had the lowest.
From the analysis of the results of the second sasly it emerged that across the life cycle
of a meal the phase presenting the largest cotitibio the CF is the production of the
ingredients (between 76% and 94% of the overall. Jijs highlights the importance of
focusing on the composition of meals in order tu the life cycle impact of a meal.
The third case study enabled the identificatiom afumber ohotspotsin the primary school
meals consumed in England: beef and lamb-based digties (responsible alone for 37% of
the total CF) and chocolate-based desserts (reigb@atone for 19% of the total WF).
In the example of application of the procedurakasment (Section 5.9) the following savings
were obtained by replacing from each weekly mentlje first case study) the meal
characterized by the highest impact with a low oaflow water alternative:

0 In the “minimum CF” scenario, a reduction of théatoCF of 35% (equal to 76
kgCQse per pupil per academic year) and of the total WE8% (equal to 16 fnper
pupil per academic year);

0 In the “minimum WF" scenario, a reduction of théaloCF of 31% (equal to 68
kgCQe per pupil per academic year) and of the total VWEQ8 (equal to 18 fper
pupil per academic year).

The savings obtained in this example indicate that similar measure was applied to all
primary schools in England the following savingsildabe achieved in one school year: in the
“minimum CF” scenario 114 million kgC@and a WF of 34 million /& in the “minimum
WF” scenario 102 million kgC@Qand a WF of 36 million

6.2 Value of the research

The value of the research was achieved by:

Conducting a systematic review and a meta-anabfste existing literature on the carbon
footprint of 110 food products commonly used in gneparation of primary school meals in
the UK;

Developing a new dataset of values of CF of foatlpcts;

Creating EATS, a tool that enables catering comggaand local authorities to self-assess the
CF and WF of a recipe, with the purpose of ideimiyhotspot meals and comparing

alternatives in the design of new menus;
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- Developing a procedure, informed by EATS, for teeessment of the environmental impact
of menus served by the primary school cateringoseztd the design of improved menus
(Figure 4-11).

EATS represents a new and unique method to assesnvironmental impact of a school meal. It

was built in order to meet seven main requiremehesfulfilment of which guarantee that the tool:

- Can be used to assess the environmental impalsé ohéals commonly served in the primary
education sector in the UK;

- Is easy to use and presents accessible resuhsifiescientific audiences;

- Calculates the environmental impacts using a cterdisnethod, including all the relevant
phases of the life cycle;

- Can be straightforwardly reviewed and updatednmeti

A similar procedural assessment was not availablehe literature, and this shortcoming is
reflected in the national guidelines and sustalitglsichemes for the UK catering sector, which fail
adopt a life cycle approach when promoting the igiox of an environmentally sustainable service.

Thanks to its simple user interface and to an ateuchoice of the results provided and of the
information required for the quantification of tivapacts, EATS and the procedural assessment it
informs offer enormous potential for future impdeitstly, in influencing policy makers by suggestin
strategies to reduce the environmental impact efd#tering sector in primary education, such as
introducing changes to menus and give preferenceetsonal products. Secondly, in informing
decision making by providing a method for the depetent of low impact menus. Thirdly, in
engaging and educating non-scientific audiences ifaparticular students) on the topic of sustdi@aab

food choices.

6.3 Recommendations for further work
A number of possibilities for further research wereognized during the course of this project:

- The procedural assessment developed in this résehould be expanded in order to include
nutritional considerations and economic considenatiin the design of new school menus.
This could be done by developing EATS into a newinagation tool that generates new
recipes that meet a set of environmental, nutitiamd cost requirements.

- A more comprehensive range of impact categoriesildhioe used in the assessment of the
environmental impact of a meal, including for im&ta land use and biodiversity loss.
However, this should not compromise the main puwpafsthe tool, which is to enable non-
scientific audiences to understand the environnhémfzact of food choices.

- EATS could be expanded to include more food pralucbrder to enable the assessment of
meals served by other sectors (e.g. hospitals,etsities, prisons, workplace canteens,

restaurants, etc.). Furthermore, by combining dsellts offered by the tool with existing data
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on food consumption in the afore-mentioned catesiggiors, it would be possible to calculate
the contribution of each sector to national GHG s=ioins and national water consumption
and to quantify the potential impact of strateg®seduce the carbon and water intensity of
the menus served.

The statistical analysis performed to assess tleertainty of the value of CF of each food
product should be expanded (including consideratmmthe uncertainty of the calculation of
the impacts linked to the remaining life cycle stsigto provide a range of uncertainty for the
CF of each meal calculated by the tool

EATS should be developed on a different platfornoider to increase its user-friendliness.
Additionally, this would enable to increase thedesf detail of the information provided by
the user. For instance, the tool could providesiaruised dropdown list of potential countries
of origin (including extra-EU28 countries) for eaicigredient, based on the largest exporters
of each food product to the UK. In this way, therent limitation to the EU28 countries
would be removed, without compromising the usexrdliness of the tool (as this limit was
set in order to provide the user with a managedibteof countries). Furthermore, by
developing EATS on a different platform, this coblkel modified to enable the user to choose
a mode of transport for each ingredient (in therenir version of EATS the same mode of
transport applies to all the ingredients comingrfroutside the UK). Potentially, two different
versions of EATS could be developed: a web-baseslorewith the purpose of engaging with
the general public and a version integrated withinocurement software specifically for
catering companies.

The educational opportunity offered by EATS couddfbrther explored by developing it into
a tool that could be directly used for teachingosdthildren the importance of sustainable

food choices.
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Appendix B. User Manual
The user manual was developed to support potamis when testing the EATS tool. It is both
reported below and included in the CD attachedhts manuscript in the form of a Power Point

presentation (Appendix D-Part 6).



Environmental Assessment Tool of
School meals

User Manual




Step 1 — Adding a new recipe
Click on the button New Recipe: - this will clear the results from the previous analysis.

Type the name of the new recipe next to the cell Meal Name.

Meal name Cheese quiche Ingredient Food Name Weight [g]

Netherlands

Number of portions 1 CHEESE
Appliance 1 - Cooking time [min]

Cooking appliance 1 Cooking appliance

Appliance 2 - Cooking time [min]
Cooking appliance 2 Cooking appliance

Appliance 3 - Cooking time [min] |
Cooking appliance 3 Cooking appliance

New Recipe <

1. If Macros are not enabled in your version of Excel an error message will appear when pressing any button. In that case do the following:
Click the Office Button / Click on Excel Options / Click on Trust Center / Click on Trust Center Settings / Select macro settings from the menu on

the left / Select the option “Enable all macros” / Click OK

VI



Step 2 — Cooking phase details

Insert the number of portions that are being prepared, the cooking time in minutes,
and select from the drop down list the cooking appliance used.

If more than one cooking appliance is utilized during the preparation (e.g. Electric stove

and then Electric oven),repeat this operation for Cooking appliance 2. This can be
repeated for up to three appliances.

Meal name Cheese quiche ' Meal name Cheese quiche

Number of portions 10 $ | Number of portions 10
Appliance 1 - Cooking time [min] 40 é iAppIiance 1 - Cooking time [min] 40
Cooking appliance 1 Cooking appliance | & | Cooking appliance 1 Oven, electric

i - =

H Appliance 2 - Cooking time [min] [k aa A

' - ~ Microwave, heating

: Cooking appliance 2 Microw ave, cooking

H " = : . . Microw ave, defrosting

j{ Appliance 3 - Cooking time [min] Stave, electric (1plate)

Cooking appliance 3 Stove, gas (1plate)
Oven, electric
Oven, electric (warm up)

] »

Appliance 2 - Cooking time [min] 20
Cooking appliance 2 Cooking appliance
i Appliance 3 - Cooking time [min] [l R
Microwave, heating
Microw ave, cooking
Microw ave, defrosting
Stove, electric (1plate)
Stove, gas (1plate)
Oven, electric
QOven, electric (warm up)

| Cooking appliance 3

New Recipe New Recipe

Vi




Step 3 — Adding ingredient 1

Click on the Food Name and Country*** cells for Ingredient 1 and choose from the drop
down menus the correct options.

Type the weight of that ingredient in grams (necessary to make the number of portions
specified earlier) under the Weight header.

Ingredient

Food Name Weight [g]

therlands 1 CHEESE Netherlands _ |~| 300 €=
CARROTS - Lithuania -
CAULIFLOWER —_— Luzembourg
) Malta

I Netherlands

CHOCOLATE | MNorway |:|
Poland

CODFISH P — Portugal
CORN Romania A

1. By country it is meant where the food item was produced, if this information is not available select the last element of the list, i.e. “World”.
2. If the country of production does not appear on the list select “World”.
3.

If the food item was produced in the UK the user has three options: select “United Kingdom” (if no more information is available or it comes
from more than 100 miles), select <30 miles if it has travelled less than 30 miles, select <100 miles, if it has travelled less than 100 miles.
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Step 4 — Adding the other ingredients

Click on the button Add New Ingredient, this will add a row to the ingredients table
Repeat step 3

Continue until all ingredients are entered

Ingredient Food Name Country Weight [g] Add New |ngredient 6_
1 CHEESE Netherlands 300
2 WHEAT FLOUR United Kingdom 280
3 BUTTER United Kingdom 140
< MILK United Kingdom 280
S EGGS United Kingdom 150
6 BROCCOLI Spain 100




Step 5 — Choosing transport mode

When the country selected (Step 3) is the United Kingdom the tool automatically
considers as transport mode road freight. But if some of the ingredients come from
outside the UK the user can choose between two alternative transport modes: road
freight and sea freight. If this information is not available click on “Unknown”.

Ingredient Food Name Country Weight [g] Add New Ingredient
1 CHEESE Netherlands 300 Transport mode
2 WHEAT FLOUR United Kingdom 280 * SeaFreight
3 BUTTER United Kingdom 140
- S5 " Road Freight
4 MILK United Kingdom 280
5 EGGS United Kingdom 150 " Unknown
6 BROCCOL! Spain 100




Step 6 — Plotting the results
The tool will now provide the user with the values of Carbon Footprint and Water
Footprint of one portion of the meal entered and a traffic light for each impact telling
the user if the impacts are lower than the average meal (green), similar to the average
(amber) or higher than the average (red) g
To add graphical representations of the CF and WF across the various ingredients and
phases, press the button Plot Graphs.

Carbon Footprint
[8€0,./portion] -

Water Footprint
[liters/portion] -

Carbon Footprint of ingredients

wontest
WHEAT FLOUR
- puTTER
L

1668
#8ROCCOU

xx
& _o]

Plot Graphs <—

Water Footprint of ingredients Carbon Footprint of phases

e

™
wontest

BWHEAT FLOUR
wpuTTER
.

. 1663
#520CCOU

®Producton
® Tranaport

& preparaton

1. Asthe reference average meal comprises of a main dish, a side dish and a dessert, a full meal should be entered in the tool in order to

perform a meaningful comparison.
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Final remarks

Both the graphs and the tables can be copied and pasted in a separate document, for the creation of a report,
the values of total carbon footprint and water footprint should also be included.

If after plotting the graphs one or more ingredients are added to the table the user will have to cancel and re-
plot the graphs.

It is not possible to remove ingredients after they have been added by deleting a row of the table, for doing this
there are two alternatives:

= Clicking on the “New Recipe” button and starting again from step 1

= Changing the weight of the undesired ingredient to zero (in this way it will not be included in the calculations of
CF and WF but it will still be mentioned in the legend of the plots).
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Appendix C. Application of the developed procedural assessment, detailed calculations

For each weekly menu the total CF and WF are catiedlfrom the daily values reported in Tables 28
to 31.

These are:

CF (week 1) = 4707 gCQ
WF (week 1) = 2568 L
CF (week 2) = 4831 gCQ
WF (week 2) = 1774 L
CF (week 3) = 5439 gCo
WF (week 3) = 2241 L
CF (week 4) = 8147 gCQ
WF (week 4) = 2695 L

The total CF and WF of the four-week cycle for thenu of CS1 are:
CF (tot_menul) = 23124 gG©O
WEF (tot_menul) = 9278 L

Two scenarios are defined: the “minimum CF” and“thaimum WF” scenario. The codes and the
CF and WF of the meals removed from the initial mémenul) and of those chosen to replace them
(in menu2) are reported Error! Reference source not found..

The total CF of the new menu in the “minimum CF&isario can be calculated as follows:

CF(tot_menu2) = CF(tot_menul) — [CF(M_2th) + CF(M)3+ CF(M_4M) + CF(M_4Th)] +
[CF(V12) + CF(S6) + CF(F1) + CF(S4) + CF(V1) + CBJS CF(V6) + CF (S7)] = 23124 - (2171 +
2576 + 2116 + 2107) + (155 + 181 + 303 + 318) =1164CQ-

Similarly the total WF of the new menu in the “nmmum CF” scenario can be calculated as follows:
WF(tot_menu2) = WF(tot_menul) — [WF(M_2th) + WF(MIB+ WF(M_4M) + WF(M_4Th)] +
[WF(V12) + WF(S6) + WF(F1) + WF(S4) + WF(V1) + WRB+ WF(V6) + WF (S7) = 9278 — (486

+ 741 + 614 + 509 ) + (226 + 43 + 158 + 165) = 7b21

Therefore the savings reported in Table 37 arautztked as follows:
% CF saved = [CF(tot_menul) — CF(tot_menu2)] /QFtenul) = (23124 — 15110) /23124 = 35%

XV



% WF saved = [WF(tot_menul) — WF(tot_menu2)] /WE(eenul) = (9278 — 7521) /9278 = 19%
CF saved (per pupil per academic year) = [CF(tonhutieg— CF(tot_menu2)[y = (23124 — 15110) *
9.5 =76131 gCQ= 76 kgCQe

WF saved (per pupil per academic year) = [WF(tonumi¢ — WF(tot_menu2)]y = (9278 — 7521) *
9.5=16691L =17

Where the coefficien is obtained as:

y = number of days in a school year / number of dayse menu analysed = 190/20=9.5

The same calculations apply to the “minimum WF'rere.
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Appendix D. Electronic material (CD)
Part 1: EATS

This Excel worksheet presents the tool developegaaasof this doctoral project. The calculations
performed by the tool are explained in detail ist®® 4. For clarity, the databases used by thieatieo
reported separately in Parts 2 and 3 of this agpend
Part 2: CF database

This Excel worksheet presents the CF databaseedraatexplained in Section 4.2.2. For each record

the following information is reported:

- Record number;

- Food category;

- Food product;

- Reference, which is the reference of the souraa frhich the value was taken;

- System boundaries used in the original study;

- Geographical location of production considerechm$tudy;

- Year of publication;

- Additional information (e.g. production method, sies, region of production);

- Carbon footprint (calculated for the system bourasanf the original study);

- Carbon footprint (adapted in order to be calculdtedh cradle to farm/factory gate).

The last value of carbon footprint, was calculdtech the one extracted from the sources consulted
as explained in Sections 4.2.2.4 and 4.2.2.5. iStitse value used by EATS.

The additional information was recorded in ordebétter understand variations in the values of CF
collected for the same food products. For instaiheegs possible to identify a large differencevioetn
the CF of horticultural products grown in heatedagthouses compared to those grown in open fields
and unheated greenhouses, which resulted in thsiaeof presenting them separately in the tool. No
clear trend was identified for the remaining prdciucmethods (e.g. organic versus conventionaty, an
therefore this information was not used furthethie development of the tool.

The list of references of the sources recordetdernaF database is reported in Appendix E.
Part 3: WF database

The water footprint database was mainly collectednftwo databases published by the Water

Footprint Network (as explained in Section 4.2/8)ditionally, some values were extracted from other
sources. This worksheet reports the values of Wraeted from the literature for each country of the
EU28 (when available) and the global average value.

In the studies consulted other than the ones fhddidy the Water Footprint Network, only one
value of WF was reported. In this case this waarass to be the global average value.

This worksheet is made of 4 parts reporting:

- The total WF (as the sum of the green, blue ang gsenponent);
- The green WF;
- The blue WF;
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- The grey WF.

EATS uses by default the total value of WF to penfthe calculation of the WF of a meal. However,
in Section 5, the results of the case study analghew separately the values of green, blue and gre
WEF of the meals analysed. This was obtained bygusimodified version of the tool in which the WF
database had been replaced by the other threeadatateported in this appendix.

Part 4. Case Study 1 — ingredients table

This worksheet reports the data used to perfornfitstecase study analysis. This information was
provided by a catering company.
For each dish analysed (identified by a code) dlilewing information is reported:

- Dish name

- Number of portions prepared at the same time

- Time of use of cooking appliances (in minutes)

- Quantities of each ingredient (measured in grams)

By entering this information in EATS (together witle data on the origin of the ingredients and the
transport mode assumed as explained in SectioR)4the environmental impacts of the dishes of the
first case study were calculated.

Part 5: Case Study 2 — ingredients table

This worksheet reports the data used to perfornséisend case study analysis. The structure is the

same as explained for case study 1. This informatiwas collected from the website

http://whatworkswell.schoolfoodplan.com/articlesérpory/52/recipes-menus. Some of the recipes
were amended when part of the ingredients couldadbund in the tool as explained in Section 5.5.

Part 6: User manual

This power point presentation reports the User Mafar the EATS tool, presented also in Appendix
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