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Executive summary

In 2009, WRAP (Waste & Resources Action Programme)identified that UK households dispose of 8.3 million
tonnes of food and drink waste every year, most of which could have been eaten. This avoidable food waste has
a value of at least £12 billion. However, financial cost is not the only impact. By wasting food, we also waste the
water and energy that was used to grow and process those foods, create greenhouse gas emissions, and have a
range of other environmental impacts.

The purpose of this report is to further raise awareness andto highlight the consequences on the UK and global
environments of the large amount of food wasted in the UK . One of the main objectives of this report is to
quantify the water and carbon footprints of household food waste in the UK, and to present the results in the
context of impacts across the supply chain. The report builds on work published by WWF-UK (Chapagain & Orr
2008) that quantified the water footprint of the UK. WRAP and WWF-UK have worked together to produce this
report which, for the first time, provides an estimate of the amount of water used within the UK and abroad in
food and drink which is subsequently wasted in the UK. In addition, it also analyses this information in the
context of water scarcity at production regions.

The water footprint of the UK calculates the amount of water used to produce goods and services consumed in

the UK, as the sum of direct (e.g. household water use) and indirect (water used along the supply chains of

goods and services) water. Previous research by WWFUK (Chapagain & Orr 2008) has found this to be 102,000

million cubic metres of water per year. Our research has found that the water footprint of avoidable and possibly

avoidable food waste is 6,200 million cubic metres per year representing nearly 6% of all our water requirements.

In per capita terms, this is 243 litres per person per day, approximately one and a half times the daily average

household water use in the UK. A quarter of this water footprint represents water used to grow and process food

here in the UK, i.e. water from the UK6és rivers, |l akes and

Itis estimated that avoidable food waste is responsible for greenhouse gas emissions of 20 million tonnes CO,
equivalent per year, accounting for the whole life cycle. Avoidable food waste represents approximately 3% of
the UK& domestic greenhouse gas emissions, with further emissionsfrom overseas components of the supply
chain. In contrast to the water footprint, approximately two thirds of emissions associated with food waste occur
within the UK. These emissions are equivalent to those produced by over 7 million cars per year. The most
significant contributors to avoidable carbon emissions are milk waste, coffee waste and wheat products (bread,
cake etc.). The research also suggests that for some food and drink items, indirect emissions associated with
Land Use Changecaused by levels of demand for those items are greater than direct emissions.

The impact of greenhouse gas emissionsis global; in terms of climate change, it does not matter where they are
emitted. For water, knowing the location of the point of water use, and the relative scarcity of water resources in
that location, is essential to understanding the social and ecologicalimpacts of our footprint . This report identifies
where in the world water is used to produce the part of the food being wasted in the UK and relates this to water
scarcity in these production regions, with case studies for two countries. Case studies are also presented for
foods for which waste has a high water footprint, and which are associated with supply chains reliant on areas
where water is scarce.

The study is limited to carbon and water footprints only and doesnét i nonpactde ot her envi
associated with food production, consumption and waste. Nor does this report address issues relating to social
and economic costs and benefits with water use and carbon emissions.

The findings of this research highlight that actions to reduce food waste can have a significant impact on the
amount of water we use and the amount of greenhouse gases we emit. They reinforce the messages from WRAP
and WWFUK on the importance of preventing food waste at all stages of the supply chain. By reducing food
waste, householders can save money and also make a significant contribution to addressing current
environmental concerns in the UK and abroad. Reducing food waste will not, by itself, solve all the problems o f
climate change and poor water management, but it can make a positive contribution.
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1 Introduction

The 2010 Living Planet Report (WWF 2010 showsthatwe ar e consuming the earthdés resol
than they can be replenished and are destroying the very systems on which our food supply depends; some two

thirds of our ecosystems, including our forests, oceans, rivers and lakes, are in decline.

The food we buy accounts for 23% of our ecological footprint - a measure of our environmental impact on the
world (WWF 2010). However, not all of this food is consumed. The comprehensive WRAPreport Household food
and drink waste in the UK (Quested & Johnson 2009 highlighted the importance of understanding the
connection between wastage rates and resources used in the production process of these goods. The report
classified household food waste in the UK based on avoidability (avoidable, possibly avoidable unavoidable),

disposal routes and reasonsfor disposal. Avoi dabl e wasted is classified as the fo
was, at some point prior to disposal, edible, e.g. milk, lettuce, fruit juice, meat (excluding bones, skin etc.).

dossibly avoidablewa st e6 is classified as the food and drink that so
crusts, or that can be eaten when a food is prepared in one way but not in another, e.g. potato skins.

6Unavoidable food wasted6 is classified as the waste arisi ng

not been, edible under normal circumstances, e.g. meat bones, egg shells, pineapple skin, tea bags.

The WRAPreport estimated that the total amount of food and drink waste generated by households in the UK is
8.3 million tonnes per year (Quested & Johnson 2009. The average UK household wastes around 224 of total
food and drink purchases, and the proportion of waste deemed avoidable or possibly avoidable prior to disposal
amounts to 81% of the total food and drink wasted. The report concludes that reducing the considerable amount
of household food and drink waste generated in the UK saves households money, whilereducing our
environmental impact.

With the publication f WWFRU K 6 s r etpeovatér footprint of the food and fibre consumption in the UK and
its impact on global water resources (Chapagain & Orr 2008), quantification of water use by food consumption in
the UK became possible. The WWHFreport, for the first time, not only quantif ied but also mapped where in the
world water is being used to grow agricultural and industrial products consumed in the UK. The report contained
recommendations for businesses, government and individuals on how they could manage the impact of their
water footprint, one of the recommendations being the reduction of food waste.

Wasting food unnecessarily represents a direct waste of precious water resources, though to date there has been

little quantification of water associated with food waste (Lundgqvist et a/. 2008). Recent studies have been

undertaken quantifying the volume of water waste related to a single fruit industry (mango) in Australia (Ridoutt

et al. 2009) and beef, potatoes and tomatoes in the UK (Langley et a/. 2010, Lewis 2010). In the United State s it

has beenreportedt hat wasted calories account for about a(Tmpuarter o
Economist 2009).

In addition to water, the UK food economy is also responsible for a significant quantity of greenhouse gas
emissions in the UK and abroad Several studes have attempted to quantify the footprint of specific food and
drink products, but to date no research has been published on the national impacts of UK household food waste.
Given the fact that a large proportion of food is wasted, itis also relevant to assess theequivalent carbon
footprint of household food waste.

The quantification of water and carbon footprints of food and drink waste is potentially of interest to a range of
stakeholders such as consumers, food retailers, suppliers and producers, NGOs, environmental agencies, water
managemers, national and regional governments. The information can be used in a variety of contexts such as

identifying foods with high and low environmental impacts;

identifying where to focus efforts to reduce the environmental impact of food production and to improve

management of natural resources;

understanding the way in which changes to the food supply chain can contribute to wider environmental
policy objectives; and

A supporting activity in preventing food waste .

> >

>

WRAP and WWFUK have therefore worked together to estimate the footprints of household food and drink waste
in the UK and analyse them in the context of water and environmental resources management.

It is important to recognise that food production is, in most parts of the world, an important economic activity
which provides benefits to many people. This is particularly the case in developing countries where agriculture is

WRAP and WWF working together for a world without waste 5



often the primary source of income for poor rural communities. Equally, mismanag ement of natural resources
such as water can have adverse impacts on the poorest people. While acknowledging these issues, WRAP and
WWFUK have not, in this report, sought to quantify them in relation to water and carbon footprints of food
waste. Any policy responses stimulated by the information in this report should also be informed by analyses of
the social and economic components of natural resource management.

2 One Planet Food programme at WWF  -UK

In January 2009, WWFUK launched the One Planet Food ppgramme (OPF) Its aim is to reduce the negative
environmental and social impacts of UK food consumption. It takes a holistic approach and impacts are analysed
across the whole food chain, from the production of commaodities through processing and on to con sumption and
disposal. This is a complex task, and since 2008 WWFUK has been working in collaboration with scientists and
key actors in the food system i businesses, policy makers, consumer organisations and other norrgovernmental
organisations i to understand the impacts of the food consumed in the UK, whether grown here or imported from
abroad. The OPFengages with these various stakeholdersto achieve three key goals - reducing greenhouse gas
emissions from food consumption in the UK, eliminating unsustainable impacts on freshwater ecosystemsin
relation to water scarce areas, and changing trading patterns and governance structures so that UK food is
making a net positive contribution to ecosystems and the services they provide.

The OPFaims to reduce the negative environmental impacts of a number of key commodities (for example, fish,
soya, beef and palm oil) through the establishment of multi -stakeholder initiatives. At the same time it also
collaborates with others on some of the equally important co nsumption drivers including diets and food waste
(WWFRUK 2009). The programme runs a number of initiatives around WWFU K &hsee key strategic priorities,
which are:

A to work with the food business sector to assess business riskand to reduce negative impacts throughout the
value chain;
A to work with producers on a livestock dialogue programme; and

A to work with government on issues such as sustainable diets.

The OPFprogramme supports and works collaboratively across the food system - as exemplified through its
Tasting the Future initiative (WWFRUK 2010).

3 WRAP and food waste

Preventing food waste, and managing that which arises more effectively, are amongWRAPG&6s priori ti es. F
significant proportion of household and business waste in the UK, accounting for 18% and 8% of waste arisings

respectively (Resource Futures 2009 Defra 2010b).

Households throw away more food and drink (8.3 million tonnes) each year than packaging (4.9 million tonnes).

Avoidable food waste adds around £600 to the average f ami | y annual g2008-204 T bysiness | | . WRAF
plan aims to help reduce household food and drink waste by 250,000 tonnes, making a significant contribution to

both national efforts to reduce greenhouse gas emissions and diversion of biodegradable municipal waste from

landfill as required by the 1999 EU Landfill Directive.

The WRAPcampaign d ove Food Hate Wasté&(WRAP 20103 aims to raise awareness of the amount of avoidable
food waste thrown away . It provides advice on how easy practical everyday actions in the home can help us all
waste less food, which will ultimately b enefit our finances and the environment.

Success in delivering food waste reduction relies on the support of the whole grocery supply chain, local
government, regulatory bodies, education sectors and trade associations. WRAP brings partners together through
the Courtauld Commitment, a voluntary agreement aimed at improving resource efficiency and reducing the
carbon and wider environmental impacts of the grocery retail sector. The results of the first phase of the
Courtauld Commitment show that action by the UK grocery sector and WRAP, in partnership with local
authorities, helped consumers reduce food waste by 270,000 tonnes between 2007-08 and 2009-10 (WRAP
2010b), exceeding the Business Plan target. Courtauld Commitment 2, launched in 2010, includes a target to
reduce UK househdd food and drink waste by 4% by 2012 from a 2009 baseline (330,000 tonnes).

WRAP and WWF working together for a world without waste 6



4  Scope and objective

The purpose of this report is to raise awareness of the wider imp acts of food wasted in the UK, and to catalyse a
discussion on the implications of these and how best to address them. This is done, first, by quantifying the water
footprint of food waste and its potential impacts, especially in water scarce regions; then by linking water
footprint data with the greenhouse gas impacts of wasted food, accounting for the whole life cycle. The report
also identifies where in the world water is used to produce the part of the food being wasted in the UK.

The specific objectives of this study are to:

quantify the water footprint of the food wasted by UK households in total and by country of origin;

establish the linkages of wastage to locations where water resources are usedand, in doing so, shed light on
potential impacts on freshwater ecosystems;

establish the carbon footprint of food waste by UK households in total and by item;

classify the footprints by waste categories such as avoidable food waste and

present case studies for specific foodstuffs and specific locations.

T >

> >

The report does not attempt to paint a comprehensive picture of every environmental, social o r economic impact
I positive and negative i of food production, consumption and waste.

5 Concept

5.1 Association between food and drink waste and environmental impacts

All products, including food and drink, create environmental impacts throughout their lives. Figure 1 below
highlights the main stages in the life cycle of food and drink purchased by UK households. Although the diagram
only shows food waste arising from retail and households, in reality it may also arise at any point within the
supply chain.

The underlying hypothesis behind this report is that,
decisions made during purchasing, storage, etc.), then wasted food and drink would not have had to be produced

and the environmental impacts from all stages of the supply chain would be reduced. In other words, the

resources employed to produce food and drink subsequently wasted would be available for other uses.

If water was not used to produce food that was subsequently wasted, it could have been used in other ways. For
example, it could be used to grow the same crop for alternative markets, a different crop, or to replenish aquifers
or water courses for subsequent extraction for drinking water or industrial applications.

In this study we have focused on the avoidable and possibly avoidable fraction of food waste only, as the impact
associated with unavoidable food waste is allocated to food that has not been wasted (e.g. banana skins from
bananas which have been eaten, tea bags used to make cups of tea), and from which unavoidable food waste is
a natural consequence.

Figure 1: Simplified life cycle diagram for food.
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5.2 Water footprint

The concept of footprint has been used successfully to describe the impact of production and consumption. It is
most commonly applied to carbon, as in PAS2050(BSI Group & Carbon Trust 2008) but recently it has been
applied to water as well.

The founding stone of water footprint (WF) isthe concepto f &6 v i r tlo thé eanyd939@syPdof. Tony Allan
coined the t erimanatempttodandyse thve fobdeanddvater security in the Middle East and
Northern American countries (Allan 1996). It is defined as the volume of water required to produce a commodity
or service along its whole supply chain. In its initial form, virtual water was seen as a rational means by which
water-scarce countries could import water, embedded in goods, from water -abundant countries (Allan 2001).

The water footprint is an indicator of freshwater use that looks not only at the direct water use of a consumer or
producer, but also at the indirect water use (Hoekstra & Chapagain 2008. It is a comprehensive indicator of
freshwater resources appropriation, next to the traditional and restricted measure of water withdrawal (Hoekstra
et al. 2011). The water footprint of a product is defined as the volume of freshwater used to produce the product,
measured over the full supply chain. It shows water consumption volumes by source and polluted volumes by
type of pollution. All components of a total water footprint are specified both in time and space.

The water footprint of a product comprises three colour-coded components (Hoekstra ef a/. 2011), which are
green water (water evaporated from soil moisture supplemented by rainfall), blue water (water withdrawn from
ground or surface water sources) and grey water (the polluted volume of blue water returned after production). Of
these three components, the inclusion of green water is the most commonly debated. Whilst it is widely accepted
that blue water resources are limited and their exploitation can have obvious effects, green wa ter is often seen as
water that could be exploited with limited adverse impacts on freshwater ecosystems. However, taking the use
of soil moisture as granted has immensely undervalued the importance of green water in managing water
resources wisely (Rockstrom 2001, Falkenmark 2003). Green water may also be scarce, and in the context of
food waste it represents a potentially significant opportunity cost; if it was not used to grow food that was
subsequently wasted, it could be used for an alternative crop which might have significant economic and/or
nutritional value. In agriculture, green water can be substituted for blue water and vice versa, so both must be
accounted for to obtain a full picture .

Food processing, whether it is simply washing prior to sale (e.g. carrots) or more complicated preparation (e.g.
preparing a pizza with multiple toppings) uses large quantities of water. This is normally blue water which , once

used, is generally discharged back to surface waters. Although mo st of t-éav &p 0 rsa tétmeoaurned e 6
water is usually of a lower quality than the abstracted blue water , and additional blue water may be required to

dilute or assimilate emissions (pollution) to the freshwater ecosystem from th e production process. In the

absence of accurate information on the assimilation capacity of freshwater ecosystemsin the majority of places,

grey water footprint accounting can be quite difficult and controversial.

In this study the scope of the water fo otprint is limited to the agricultural production phase, which is the stage
with the largest water footprint in the whole supply chain (Figure 1). It is assumed that the quality of return flows
is just enough to meet local norms and standards, although this inevitably underestimates the grey water
footprints. In addition, t he calculation does not include grey water footprints arising from other stages in the
whole life cycle of the food.

The water footprint offers a wider perspective on how a consumer or producer relates to freshwater ecosystems.
As argued by Hoekstra et a/. (2011), it is not a measure of the severity of the local environmental impact of water
consumption and pollution. The local environmental impact of a certain amount of water consumpt ion and
pollution depends on the vulnerability of the local water system and the attributes of water consumers and
polluters making use of the same system. Water footprint accounts give explicit information on how water is
appropriated for various human purposes for specific time and location. A water footprint can inform the
discussion about sustainable and equitable water use and allocation, and also form a good basis for a local
assessment of environmental, social and economicrisks and impacts.

Agricultural production uses large amounts of water; for example, Chapagain and Hoekstra (2004) calculated
that, in the Netherlands, it requires 1,300,000 litres of water to produce a tonne of wheat and 15,500,000 litres
to produce a tonne of beef. The recent WWF report suggests that imported food and fibre account for 62% of the
UK's total water footprint (Chapagain & Orr 2008). In countries where water stress is less extreme, such asthe
UK, the impact of water use is generally concentrated in certain areas (such as East Anglia) ard is restricted to
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certain times of the year. Although water abstraction for agriculture is less than 1% of total blue water
abstraction in the UK, in some catchments and at peak times it can exceed abstraction for domestic water supply.
However, in countries where water stress is common, blue water abstraction can have much more severe
impacts. For detailed water footprint accounting and impact assessment please see Appendix6.

5.3 Carbon footprint

As with water footprint , carbon footprint accounting can be carried out at a variety of levels (e.g. national, per
person, product, service etc.). Despite the high level of interest in carbon footprinting, there is a surprising lack
of agreed definitions as to what a carbon footprintis. The Guideto PAS 2050(BSI 2008) suggests that: iThe
term O6product car bo ngreenhausemasemmssidans af &productacrasis lite leyele, from raw
materials through production (or service provision), distribution, consumer use and disposal/ recycling. It includes
the greenhouse gases carbon dioxide (CQ), methane (CH,) and nitrous oxide (N ,0), together with families of
gases including hydrofluorocarbons (HFCs) and perfluorocarbons (PFCs)

I n WWF6és One Pl anet Economy Network Europe Project

( OPEN:

has been developed in conjunction with a range of organisations. Here WWF suggestthat 7/ nt roduced i n

scientific and public arena almost ten years ago, the Carbon Foolprint is a measure of the total amount of GHG
emissions that are directly and indirectly caused by an activity or are accumulated over the life stages of a
product. This includes activities of individuals, populations, governments, companies, organizations, processes,
industry sectors, etc. Products include goods and services. In any case, all direct (on-site, internal) and indirect
emissions (off-site, external, embodied, upstream, and downstream) need to be taken into account. o0

As identified in this definition, climate change is influenced by a range of greenhouse gases. Each of these has a
different potential to increase atmospheric temperature. To enable them to be discussed in a common language,
characterisation factors are applied to the gases against a standard radiative effect (the act of emitting or causing
the emission of radiation). The characterisation model for climate change, as developed by the
Intergovernmental Panel on Climate Change (IPCC), contains a series of internationally recognised
characterisation factors. Factors are expressed asglobal warming potential (GWP) for a time horizon of 100
years (GWP100), in kg carbon dioxide equivalent (CG eq)/kg emission. For a calculation of lifetimes and a full
list of greenhouse gases and their global warming potentials please refer to (Solomon et al. 2007).

Greenhouse gas emissions arise at every point in the life of a product. Emissions may be direct (from animals,
fertiliser application, fuel use) or indirect ( e.g. from electricity generation). In this study all stages shown in
Figure 1 have been considered in estimating the carbon footprint of food waste. The approach taken is to view
emissions from a consumption perspective. This means that emissions associged with cultivating and
transporting food destined for the UK but grown elsewhere are included, and in turn a proportion of emissions
from UK agriculture are allocated to food exported from the UK, so not included herein. Several studies have
highlighted that imports of all goods account for around a third of the UK / European greenhouse gas emissions
from a consumption perspective (Wiedmann et a/. 2008, Davis & Caldeira 201Q Brinkley & Less 2010). This
approach is in line with the approach taken in water footprint accounting within this report.

Unlike a water footprint, there are no local or regional interpretations of the impact of carbon emissions; a
kilogram of carbon dioxide emitted in one country contributes t o climate change in the same way as a kilogram
emitted elsewhere (Forster et al. 2007).

Carbon footprinting may be used in a variety of ways. It may be used in auditing the environmental impacts of a
nation, company, individual or product; setting targets to reduce emissions; public reporting; and awareness
raising. In this document, the objective is to raise awareness of the total carbon footprint of food waste and the
current understanding of where most emissions occur.

As well as data gaps for processed food, we have assumed that the greenhouse gas emissions associated with
growing the same crop in different countries remains constant. This is a significant limitation, as from studies by
Mila i Canals et a/. (2007) and others, it is known that the emissions associated with growing a foodstuff vary by
season and location. For example, tomatoes grown in heated greenhouses in the UK will have a very different
emissions profile to those grown outdoors in Spain. The use of single figures in this analysis does not allow for
illustration of the varying emissions associated with wasting food at different times of the year or from different
sources. There are a range of data gaps for different food products at present. In the short to medium term we
anticipate that this will be fi lled through a wider adoption of product carbon footp rinting using PAS 2050, the
WRI/WBCSD GHG Protocol and the upcoming ISO Standard orproduct carbon footprinting. For details on carbon
footprint accounting and impact assessment please see Appendix.
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5.4 Land Use Change

Land Use Changeis responsible for 18% of global greenhouse gas emissions, principally from deforestation
(Herzog 2009). The FAO (2007) estimate that 58% of deforestation is due to commercial agriculture Land Use
Change Conventionally, when considering emissions from Land Use Change accounting methods ascribe these
to the products grown on the land recently converted to agriculture. However, if we consider the whole system, it
is the level of demand for a product which drives expansion in agricultural land. In 2009 FCRN(Food Climate
ResearchNetwork) and WWF published How Low Can We Go?a study which quantified the emissions associated
with Land Use Changeattributable to UK demand for food stuffs (Audsley et a/. 2010). The study estimated that
87 million tonnes CO; equivalent can be attributed to deforestation related to the UK food ec onomy and provides
figures for a variety of foods.

These figures have been used to report separately on Land Use Changeimpacts. It should be further noted that
estimates of CO, eq from Land Use Changeare still subject to large uncertainties. The IPCC4™ Assessment
Report cites error ranges of up to +2,933 million tonnes CO, at the global level in the 1990s (Forster et al. 2007).

6 Data

Household food waste data were taken from WRAP (Quested & Johnson 2009. A short summary of the
household food waste, split by ability to avoid, is presented in Table 1. The full list of products selected for the
study is presented in Appendix 1. In this study we have focused on the avoidable and possibly avoidable part of
the food waste only. The unavoidable part in the table is presented as additional information for comparison
among different categories of household food waste.

Table 1: Shares of household food waste based on ability to be avoided in the UK, million ton nes per year.

Food 4.5 15 11 7.1
Drink 0.8 0.0 0.4 1.2
Total 53 15 15 8.3

Source: WRAP(Quested & Johnson 2009).

The production statistics are taken from FAO (FAOSTAT data 2008, international trade data are retrieved from
International Trade Centre (ITC 2006, ITC 2009), and the water resources withdrawal data are ta ken from FAO
(20033, 2003b). The virtual water content data for agricultur al products are taken from Chapagain and Hoekstra
(2004). The various sources of other data on climate, crop coefficients and crop periods which are used in the
calculations of water footprint are listed in volume 2 of the WWF-UK report (Chapagain & Orr 2008). Based on
primary ingredient, the virtual water flow results are re -grouped to match with the list of household waste
products in the WRAP database.Data on carbon has been drawn from various sources aslisted in Appendix 6.

As the report is based on data retrieved from a variety of sources, it is inevitable that any errors in these sources
can influence the result of this analysis. Every effort has been made to cross check these data sources with
various other independent sources, and the selection of datasets used in this study is made based on the scope
and the degree of precision achievable within the scope and limitations of this study.

7 Results of water footprint accounting

7.1 Water footprint of food consumption in the UK

Of the total UK water footprint of 102 billion cubic metres per year, agricultural products comprise 70 billion cubic
metres per year (Chapagain & Orr 2008), excluding the water footprint of cotton textiles, which is a further 5
billion cubic metres per year. TheUK 6 s p e averaga watet f@tprint of agricultural products (excluding
cotton textiles) is 708 cubic metres per person per year, equivalent to 3,190 litres per person per day.

Of the water footprint of agricultural products, 38% relates to water use in the UK (internal water footprint) and
62% abroad (external water footprint) , as shownin Table2. The top 12 countries in
agricultural water footprint are Brazil, France, Ireland, Ghana, India, The Netherlands, Ivory Coast, Denmark,
Indonesia, Spain, Germany and the USA. The topproducts making the external water footprint of the UK are
cocoa, bovine products, cotton, swine, palm oil, soybeans, coffee, miscellaneous livestock products, milk, maize,
rice and wheat (Chapagain & Orr 2008).

WRAP and WWF working together for a world without waste 10
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Table 2: Agricultural water footpr int of the UK.
Crop products Livestock products Total

(million m 3peryear)  (milionm 3peryear)  (milion m °per year)

Internal water 12,500 16,100 28,600 40%
footprint
External water 28,600 13,100 41,800 60%
footprint
Total agric ultural 41,100 29,200 70,400 100%
water footprint

58% 42%

Note: The total agricultural water footprint of the UK in this table excludesthe water footprint related to cotton
textiles, adapted from Chapagain and Orr(2008).

7.2 Water footprint of household food waste in the UK

The total water footprint of food waste in UK households is 6,262 million cubic metres per year, of which 5,368
million cubic metres per year is attributed to avoidable food waste, and a further 894 million cubic metres to
possibly avoidable waste. These figures represent 5% and 1% of the UK & total food water footprint respectively.

In per capita terms, the water footprint of total avoidable and possibly avoidable household food waste in the UK
is 284 litres per person per day. By comparison, the daily average household water use in the UK (i.e. water from
the tap) is about 150 litres per person per day(Defra 2008b). Out of the total household food waste, 243 litres
per person per day (86%) is completely avoidable and the remainder is possibly avoidable (Table 3).

A large part (71%) of the avoidable food waste in the UK is from imported products. Please note that the table

d o e sshodv the water footprint of unavoidable food waste, as this will be counted towards water footprint of
actual food consumption. The rationale for this is that unavoidable waste (e.g. banana skins, bones) is an integral
part of the food consumption.

Thes har e of xternad WRRVBF$for Egricultural products (excluding textiles) is about 60% (Table 2),
whereas the EWF ofhousehold food waste is 71% (Table 3). It shows that the imported food products are more
water intensive (cubic metres per tonne) compared to the products from the UK itself.

Table 3: Total water footprint of the h ousehold food waste in the UK.

Avoidable Possibly avoidable
Internal - water 1,473 339 1,812 29%
footprint
Fxterr)al water 3,895 555 4,450 71%
ootprint
Total water footprint 5,368 894 6,262 100%
86% 14% 100%

Though the total food waste by quantity is about 22% by weight, it is only 14% in terms of equivalent water
footprint. This is because the wasted food has relatively low water content per tonne of products. The Internal
Water Footprint (IWF) of wasted food is relatively bigger for livestock products (i.e. meat and dairy) compared to
that for crop products. However, for imported products, it is the crop product component which has higher EWF
(Figure 2).
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Figure 2: Internal and external water footprint of household food waste of crop and livestock products.
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The products with the largest share of the water footprint of household food waste are presented in Figure 3. It
is seen that beef and cocoa products are the top two products in the list of water footprint of household food
waste. They also rank in the top list of products in the external water footprint of the agricultural products in the
UK as reported in the WWFUK report (Chapagain & Orr 2008). The complete list of household food waste and
associated water footprint is presented in Appendix 2.

It is to be noted that for complex products with more than one ingredient, where possible an estimate of the
composition has been made. Where this has not been possible, the waste has been assumed to consist of the
single ingredient with the most significant share to the total water footprint of the product. For example, cakes
have been assumed to be made of wheat, and the water footprint for cocoa has been used fo r chocolate,
although other ingredients (e.g. sugar) are also used within this product.
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Figure 3: Total water footprint of household food waste in the UK for major food categories.
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7.3 External water footprint of household food waste in the UK

The locations where the UK hasthe highest water footprints related to household food waste are presented in

Tabled. A complete | ist of these |waerddtpriotnispresented intAppendis3. ze of t
Although Ghana, Brazil and the Ivory Coast feature at or near the top of the list of External Water Footprints, it is

important to note that the products originating in these locations are mainly rain fed, and so exert limited

pressure on blue water resources in these locations.

Table 4: Top 15 countries in the list of largest external water footprint of the household food waste in the UK .

Locations EWF (million m 3/y ear) Top products and EWF (million
_ _ m3ly ear)
Avoidable Possibly Total
avoidable
Ghana 423 0 423 (130coabeans 413, Coffee 5, Bananas 4, Pineapples
Brazil 271 64 336 Beef 148, Coffee 89, Poultry 47, Livestock others
35, Cocoa beans 5
. Rice 165, Pepper 54,Beansdry 30, Oilseeds
Indiia 263 22 284 others 18, Coffee 5
Beef 177, Poultry 27, Pork 26, Livestock others
Ireland 175 71 246 12, Wheat 1
Netherlands 168 50 218 Pork 92, Poultry 74, Livestock others 24, Beef 15,
Vegetables fresh others 6
. Rice 109, Poultry 62, Livestock others 14, Citrus
Thailand 176 21 197 fruit others 6, Vegetables fresh others 3
Cocoa beans 148, Coffee 16, Bananas 4, Stone
Ivory Coast 171 2 173 fruit 2, Oilseeds others 2
France 129 38 166 P_oultry 43, Pork 25, Wheat 25, Maize 13,
Livestock others 13
Denmark 128 29 156 Pork 131, Poultry 10, Livestock others 9, Beef 3,
Wheat 1
USA 128 7 135 RI(.:e 55, Beans dry 49, Wheat 12, Apples 4, Stone
fruit others fresh 3
Rice 37, Beef 19, Livestock others 12, Gtrus fruit
Italy 102 15 118 others 8, Wheat 7
Pakistan 114 0 115 Rice 111, Beansdry 3, Fruit fresh others 1
Nigeria 113 0 114 Cocoa beans 113
Spain 87 17 104 Rice 22, Pork 8, Poultry 8, Beef 8, Fruit fresh
others 6
Canada 88 10 98 Wheat 71, Beansdry 26, Beef 1
Others 1,359 207 1,565
Total 3,895 555 4,450

A complete map of the water footprint o f  UnhéuSehold food waste is presented in Figure 4.
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Figure 4: The UKO&6s external water footprint of household food waste.
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74 | mpacts of the UKOs water footprint from hous
Impact assessments of these water footprint s were conducted using hydrological attributes of regions where

water is used in food cultivation and processng. Water stress in these locations is calculated as the ratio of actual

blue water withdrawal to the net blue water available after taking into account environmental flow requirements.

Following the scheme of impact categorisation suggested in WWFUK (Chapagain & Orr 2008), the various

countries are then grouped based on the severity of the impacts using the schematic presented in Figure 5.

Figure 5: Hot-spotting impact locations based on hydrological attributes.
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A shortcoming of this approach is that it doesnoOtnort ake int
the impact of grey water . Thus, calculations of stress on hydrology, based only on the blue water availability in
these locations, are incomplete.

The results are presented in Figure 6. Egypt, Israel, Pakistan, India, Thailand and Spain are examples of countries
falling in the Group D, where water stress is very high and the external water footprint of the U K dausehold
food waste is also high. In contrast, ¢ ountries falling in Group B have relatively lower water stress and the water
footprint of UK household food waste in these countries is relatively low. Although Ghana and Brazil both in

Group A, support a large part of the external water footprint of household food waste in the UK, water stress in
these countries is low.

In section 9, short case studies are set out of two countries, Spain and Brazil, to illustrate Groups D and A
respectively.
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Figure 6: The UKG6s external water footprint of household food waste versus water stress.
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8 Results of ¢ arbon footprint  accounting

8.1 Total carbon footprint of household food consumption in the UK

WRAP estimates that the total carbon footprint of food and drink consumed in the UK is 130 million tonnes CO ,
eq per year. This is approximately equivalent to a fifth of UK territorial emissions, or 2 tonnes of CO, eq per
person per year. Excluding emissions from wasted items, the average impact of a tonne of food and drink
purchasedis 3.4 tonnes CG; eq, rising to 3.8 tonnes CO, eq per tonne of food alone.

8.2 Total carbon footprint of household food waste in the UK

This report uses two approaches to quantify the carbon footprint of food waste. The first of these is atop down

approach, described in Appendix 5, attributing emissions from each life cycle stage to food and drink

subsequently wasted. Using this approach, the total carbonfo ot pri nt of the UKG6s househol d |
is 25.7 million tonnes CO, eq, of which 20 million tonnes CO, eq is associated with avoidable waste.

Secondly, the carbon footprint of household food and drink waste has been constructed from the bottom up, to
allow allocation of emissions to country of origin. Due to data gaps for specific foods, it should be noted that the
carbon emissions attributed to specific foods do not add up to the top down average. For example, no specific
farm emission data was identified for approximately 10% of avoidable food waste by weight, and 20% of possibly
avoidable food waste. No data to allocate specific emissions from regional distribution centres was identified for
6% of avoidable food waste by weight, and 20% of possibly avoidable food waste. Where food waste has not
been identifiable, the carbon emissions associated with this have not been allocated to any specific country.

Figure 7: Contribution to the average carbon footprin t of household food and drink waste using top down
approach (tonnes CO, eq per tonne).
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The top down results suggest that, on average, approximately one quarter of the impact of food is associated
with growing / rearing the crops and animals which enter the food chain, one quarter is associated with food
processing, and one eighth is associated with home related impacts (e.g. cooking). Waste management and
degradation accounts for one tenth of emissions. This is illustrated in Figure 7.

The specific breakdown varies by food type, and this is discussed further in the case studies presented below.
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8.3 Carbon footprint of the UK household food waste by source

Out of the total carbonfoot pri nt of the UK®&s hous®helrethtedit@wasteundef f ood and
the @voidabled c at e g2@% yndeathed®p o s s i b | y category (dahlb 3).elbe average carbon footprint

of avoidable household food waste is 330kg CO, eq per person per year. This is equivalent to approximately one

third of the emissions of CO, (rather than CO, eq) associated with household electricity use per person in the UK

(DECC 2010.

Table 5: Total carbon footprint of the household food waste in the UK (6 0 @ofnes

Avoidable Possibly avoidable
waste waste
Internal emissions 14,002 3,223 17,225
External emissions 6,138 696 6,834
Unattributed emissions 1,658 1,658
Total carbon footprint 20,140 5,577 25,717

The products with the greatest share in the carbon footprint of household food waste are presented in Figure 8.
Data limitations mean that few processed foods were able to be identified, and subsequently limited emissions
have been attributed to these. The complete list of household food waste and associated carbon footprint is
presented in Appendix 4.

Figure 8: Total carbon footprint of household food waste in the UK for major food categories .
Carbon footprint
(in '000 tonnes/year)
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In addition to the direct emissions associated with the life cy cle of food, we also estimate that avoidable food
waste generated in the UK is responsible for emissions associated withLand Use Changetotalling 7.6 million
tonnes CO, eq per annum, as shown in Table 6 below. The main contributors are shown in Figure 9.

Table 6: Indirect carbon footprint of household food waste in the UK associated with Land Use Change( 6 0 0 0 t

Avoidable Possibly avoidable
Total 6,092 1,538 7,630
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The impact has not been split by external and internal Land Use Change All figures used to calculate Land Use
Change are global averages, rather than nation-specific. As such they are not necessarily representative of
emissions arising within the UK as a consequence of Land Use Change.

Figure 9: Carbon footprint of avoidable and possibly avoidable household food and drink waste in the UK for
direct emission and emissions from Land Use Changes.
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Inclusion of emissions associated with Land Use Changewould increase the average carbon footprint of avoidable
food and drink waste by approximately one fifth. As a proportion of Land Use Changeemissions associated with
UK consumption of agricultural products it is 7%. Further discussion of the impact of Land Use Changeis
contained in the case studies, conclusions and recommendations of this report.

9 Case stud ies

In recent years there has been an increase in the UKS Buit and vegetable consumption even as production of
these crops in the UK is decreasing(FAOSTAT data 201(). Major increases in agricultural product flows from the
Mediterranean region, South Africa, South America, and elsewherehave made up the difference. To illustrate the
connection between use of natural resources overseaswith household food waste in the UK, case studiesare set
out below of three food products (wheat, tomato and beef) and two producing regions (Spain and Brazil) .

9.1 Wheat

The water footprint of wheat consumption (e.g. bread, cakes) in the UK is 7,483 million cubic metres per year
(Chapagain and Orr 2008). The water footprint of household waste of wheat products in the UK is equal to 143
million cubic metres per year (2% of total UK wheat water footprint) , all of which is classed as avoidable. The
maj or r egi ons wateréotmint trbmehouddhddswaste of wheat products falls are presented in
Table 7. As wheat is mostly rainfed in the UK, the impact on blue water resources in the UK is negligible.
However, this does vary by region. The Environment Agency (2008) note that although farmers use less than 1%
of the total amount of water abstracted in England and Wales for spray irrigation, this can reach 20% in East
Anglia, and that on occasion more water is used on a hot dry day for spray irrigati on than for public water supply.
Nearly all of this water is lost by evaporation and can therefore represent a significant contributor to the internal
water footprint of wheat production.
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Table 7: Total external water footprint of UK 6 s

househol

g wast e
Share of external

Avoidable Possibly a voidable Total water
6 0 0 6/yn of wheat waste

Canada 61,581 9,177 70,759 50%
France 22,018 3,281 25,300 18%
USA 10,739 1,600 12,340 9%
Germany 10,673 1,591 12,264 9%
Italy 6,131 914 7,045 5%
Russia 2,386 356 2,742 2%
Belgium 1,250 186 1,437 1%
Denmark 1,103 164 1,267 1%
Others 8,517 1,269 9,786 7%
Total 124,399 18,539 142,938

The EWF of waste of wheat products in the UK is presented in Figure 10. The darker the area, the larger is the
EWFof UKO6s hous eh intthdse ardae Hdte thatavhat veheat is rainfed in some of these regions and

irrigated in others.

Figure 10: Water footprint of avoidable and possibly avoidable household waste of wheat products in the UK.

Water footprint of household
waste of wheat products in the UK
000 m3fyr

The carbon footprint of household waste of wheat products in the UK is 1,556,000 tonnes CO, eq per year. The
internal part of the total carbon footprint is 1,448,000 tonnes CO, eq per year and the rest is due to activities at
external locations. Almost 87% of the carbon footprint is composed of avoidable food waste, rather than possibly

avoidable food waste. The greatest contribution to the footprint is ma de by emissions from agriculture and

processing (e.g. into bread, cakes and pastries). Packaging (transit and primary) accounts for approximately 10%
of the carbon footprint of the product , and the emissions from waste management is the next most significant

source.
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