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Executive summary
The European Commission’s recent Circular Economy package1 includes a proposal for a
30% reduction in food waste arisings by December 2025. Whilst a January 2017 baseline is
suggested in the package, the Commission published an Impact Assessment2 for the
proposed non-binding food waste reduction targets (or aspirational objectives as they are
referred to in the proposed legislation) which states that an earlier baseline can be set ‘for
those Member States who have made significant efforts to reduce food waste already, and
who have properly measured their food waste data over time’. The UK has had large-scale
national policy interventions in place since 2007 aimed at reducing food waste, and two
high-profile voluntary agreements (the Courtauld Commitment and the Hospitality and Food
Service Agreement) supported by a consumer-facing campaign (Love Food Hate Waste) are
in place to deliver further reductions in food waste by 2015.
In order to understand the implications for the UK of the proposed aspirational targets, and
to inform discussions on an appropriate baseline year for the UK, WRAP carried out analysis
to understand:
1 how food waste arisings have changed over time in the UK;
2 how food waste levels may change in the immediate future (to 2015), under the existing
policy interventions;
3 how food waste levels may change from 2015, in the absence of policy interventions;
4 what tonnage of food waste prevention may therefore be needed in order to meet a 30%
reduction (versus a historic baseline or a future one);
5 maximum plausible further reductions in UK food waste by 2025;
6 the range of actual reductions that could be achievable by 2025 based on realistic policy
interventions; and
7 the cost of the interventions to achieve this, and related benefits.
All sectors post-farm gate are in scope3 (manufacturing, wholesale, retail, hospitality and
food service, households). This analytical paper considers the economic and environmental
benefits of reducing food waste, but does not attempt to address what the public may see as
ethical considerations such as wasting food when many in the world are undernourished.
This analysis will also inform the development of a successor agreement to the Courtauld
Commitment, which would aim to deliver further reductions in food waste in addition to
wider resource efficiency benefits.
A one page headline summary is on the following page, a four page technical summary
follows, after which there are short sections corresponding to the above areas, with more
detail given in appendices. The bulk of the analysis has been on total food waste, i.e.
including avoidable, possibly avoidable and unavoidable food waste, as the proposed
aspirational target for food waste prevention covers total food waste rather than any subfraction. However, headline results for avoidable food waste only are also included.

1

Proposal for a Directive, COM (2014) 397, 2 July 2014, Article 1(7), p.13. Available at
http://ec.europa.eu/environment/circular-economy/index_en.htm .
2
See http://ec.europa.eu/environment/eussd/food.htm
3
On-farm losses / waste are outside of the scope of the proposed aspirational target, and therefore this analysis, but WRAP is
undertaking other research in the UK to investigate losses / waste at this stage of the supply chain, and identify how these
might be reduced
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Headline conclusions
WRAP have assessed what further food waste prevention is possible in the UK given the
reductions already achieved since 2007. The conclusions are that:
 A further 30% reduction in levels of food waste (i.e. from a 2015 baseline or later4) is
not achievable under any credible scenario in the UK. This is largely because:
 From 2007 to 2015 food waste is predicted to have reduced by 15%, linked to a
range of policy interventions aimed at helping businesses and consumers take
action to reduce food waste. There will therefore be less ‘low hanging fruit’
remaining.
 Population growth means there will be more people purchasing and potentially
wasting food (particularly unavoidable food waste) in 2025 than in 2015.
 Even the households and businesses that generate the least food inevitably waste
some food as a result of accidents, spills and unforeseen disruption to plans, over
and above inedible parts (egg shells etc.). The analysis shows that even if the large
majority of people and businesses reduced their food waste to the levels of those
wasting the least today, the overall reduction would be less than 30% (compared to
2015).
 A reduction of 30% from 2007 levels (when the UK intensified efforts to reduce food
waste) could be achieved, but would be extremely challenging and require:
 Most households changing their food buying, use and waste behaviours to what the
‘best in class’ households do today; and
 Similarly challenging food waste reductions in both grocery and hospitality and food
services supply chains; and
 Policies to have an impact twice as large as the annual impact the UK’s Courtauld
Commitment had between 2009 to 2012, sustained until 2025.
 The actual level of reduction that could be achieved is influenced by factors such as
population levels, global economic conditions and food prices, in addition to the levels of
interventions aimed at supporting food waste reduction. New technologies may also
influence what can be achieved and at what cost.
 There is a lack of data and research to accurately estimate the full social, economic and
environmental costs and benefits of food waste reduction. However, the evidence
available suggests that:
 Reductions in food waste by 2015 could amount to 2.0 million tonnes a year
compared to 2007, preventing around £4 billion worth of food being wasted in
2015, and saving around 7.0 million tonnes of CO2e.
 Cumulatively, around 12 million tonnes of food waste would have been prevented
between 2007 and 2015, with a value of around £24 billion, avoiding around 40
million tonnes of CO2e.
 Between 2015 and 2025 around 20 million tonnes of food waste could be prevented
under scenarios where a 30% reduction in UK food waste compared to 2007 is
achieved. This would prevent £30 billion to £40 billion of food being wasted over the
10 year period (at present values), and avoid 60 million to 70 million tonnes of CO2e

4

For the purposes of this analysis the impact of a future baseline has been carried out using 2015, when the current voluntary
agreements end. Whilst the baseline in the proposed legislation is January 2017, the conclusions from this analysis regarding
the feasibility of a future baseline for the UK remain valid (as a 30% reduction from 2017 to 2025 would in all likelihood be
even more challenging
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being generated, around 40 million to 60 million tonnes of which would be within
the UK.
 The costs of achieving this could range from between £200 million and £530 million,
over the 10 year period from 2015.
While further food waste reduction activity is shown to have a significant and positive Net
Present Value (NPV), it should not be assumed that this will always be the case (i.e. there
will come a point in the future where reducing food waste will have a greater overall cost
than the environmental and economic benefits). Further understanding of the broad social,
economic and environmental costs and benefits would help understand when this point is
being approached.
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Technical Summary
The UK has had large-scale national policy interventions in place since 2007 aimed at
reducing food waste across the grocery and hospitality and food service supply chains, and
within households. This contributed to a reduction in the amount of post-farm-gate
food waste being generated between 2007 and 2012 of around 12%, or 1.6
million tonnes (from 13.6 million tonnes in 2007 to 12 million tonnes in 2012).
Two high-profile voluntary agreements (the Courtauld Commitment and the Hospitality and
Food Service Agreement) supported by a consumer-facing campaign (Love Food Hate
Waste) are in place to deliver further reductions in food waste by 2015. If successful this
would reduce the amount of food waste arising in the UK to around 11.6 million
tonnes, 15% or 2.0 million tonnes lower than in 2007 (preventing £4.2 billion
worth of food being wasted in 2015 compared to 2007, and saving around 7
million tonnes of CO2e). The cumulative impact is even higher, preventing around 12
million tonnes of food waste between 2007 and 2015, with a value of £24 billion (at 2012
prices), and avoiding 40 million tonnes of CO2e.
Predicting what might happen to food waste levels in the future, in the absence of policy
interventions to encourage food waste prevention, is difficult. However, changes in demand
for food, driven by population growth, combined with the potential impact of different
economic conditions (food prices and relative earnings) on behaviours, could lead to the
generation of substantially higher levels of food waste after 2015. Analysis suggests
that between 2015 and 2025, without further interventions, UK food waste levels
could increase by between 0.2 million and 2.0 million tonnes a year (the latter
resulting in a return to 2007 levels of food waste). This highlights the challenges
of delivering further absolute reductions in food waste post-2015.
If a 30% aspirational target were based on a 2007 baseline, when the UK began
intensive efforts to reduce food waste, the absolute reduction needed between
2015 and 2025 would be equal to that achieved up until 2015 – around 2.0
million tonnes. However, in order to achieve this absolute reduction, further food waste
will need to be prevented just to offset increasing population and other factors. The total
reduction, relative to the counterfactuals, would require an average waste
prevention rate of 230,000 to 410,000 tonnes a year to reach a 30% absolute
reduction by 2025. This compares to an average reduction rate under Courtauld 2
of 160,000 tonnes a year, and between 330,000 and 440,000 tonnes a year
modelled for Courtauld 3 and the Hospitality and Food Service Agreement. This
level of reduction would require an average absolute reduction of 1.8% a year, or taking into
account external influences (such as population growth), this represents a reduction of
between 2.0% to 3.5% a year relative to anticipated changes in food waste levels.
If a 30% aspirational target were based on a 2015 baseline, the absolute
reduction needed between 2015 and 2025 would be around 3.5 million tonnes,
almost double that achieved between 2007 and 2015. This would translate into
an average waste prevention rate of 370,000 to 550,000 tonnes a year,
substantially higher than amounts of food waste anticipated to be prevented
under Courtauld 3 and the Hospitality and Food Service Agreement. This would
require an average absolute reduction of 3.0% a year, or taking into account external
influences (such as population growth), this represents a reduction of 3.2% to 4.8% a year
relative to anticipated changes in food waste levels.
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Two separate pieces of analyses have been carried out to provide estimates of a) what is the
maximum amount by which food waste might plausibly be reduced (i.e. what are the likely
minimum realistic levels of food waste in the UK in the future5), in what might be considered
a ‘normal’ context (i.e. not for example wartime with food shortages and rationing, and with
the current types of interventions), and b) based on evaluations of different intensities of
existing policy interventions what levels of reduction might be achievable by 2025. Given that
neither of these address the costs associated with getting to particular levels of food waste,
it is important to stress that these are not proposed targets or objectives, and that the
cost:benefit analysis presented in Section 8 should be used to help judge whether these are
realistic or desirable outcomes. Both have been done at a sector level, and then the results
combined to give a UK picture.
Analysis of how much further food waste levels could be reduced, by sector, suggests the
plausible minimum level of food waste in the UK could be around 9.1 million to
9.2 million tonnes6 under the conditions described in the previous paragraph, 53%
arising from households, 39% from manufacturing and retail and 8% from hospitality and
food service. This minimum level is around 32% to 33% lower than in 2007, only
slightly lower than the proposed 30% aspirational reduction target (highlighting
the challenge of achieving that target even with a 2007 baseline).
The plausible minimum level would be 20% to 22% lower than the predicted
2015 levels, suggesting that a 30% reduction from 2015 (or a later year) would
not be achievable under the interventions modelled.
Modelling the impact of different interventions suggests that:
 If the amounts of food waste prevented (and attributable to interventions) per year from
2010 to 2012 (i.e. the rates seen under Courtauld 2) occurred between 2015 and 2025,
food waste could potentially be reduced to between 18% and 26% of 2007 levels,
depending on external factors such as population growth and economic conditions.
 If the levels of activity and waste prevention related to the current voluntary agreement
targets occurred each year to 2025, food waste could potentially be reduced to between
27% and 33% of 2007 levels, depending on external factors such as population growth
and economic conditions.
 If greater levels of activity and waste prevention occurred each year to 2025, based on
higher impact options assessed during the development of the current voluntary
agreements, food waste could potentially be reduced to between 32% and 33% of 2007
levels, depending on external factors such as population growth and economic conditions.
This analysis suggests that achieving a 30% reduction (from 2007 levels) will be
highly challenging. Such a reduction might be achievable with current levels of
activity, but this would only be the case under some of the scenarios modelled in
Section 4 – i.e. under conditions of high population growth and less conducive
economic conditions the reduction would be lower than 30%. Higher levels of
activity would be required to achieve the 30% reduction under these conditions.
In order to achieve 30% reduction vs 2007, levels of food waste would approach the
minimum levels in all three sectors, which reinforces how challenging this is likely to be. This
also highlights that reductions close to the maximum possible under current interventions
would be required from all three sectors. Of the overall reduction, around 70% to 75% is
5

Within this report maximum plausible reductions or minimum plausible levels are used interchangeably
There is a range in plausible minimum levels of overall total food waste to reflect the uncertainty around future population and
production levels
6
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modelled to come from household food waste, 20% to 25% from manufacturing and retail
and less than 5% from hospitality and food service.
As discussed above, a 30% reduction against a 2015 (or later) baseline would not
be achieved under any of the interventions modelled, as it requires reductions
below what is considered possible with current interventions, and the assessment
of the impact of interventions shows at best (low population growth and
conducive economic conditions) there could be a reduction of 22% vs 2015.
There is considerable uncertainty regarding the costs of food waste prevention in the future,
particularly as the minimum levels are approached. For the cost:benefit analysis, starting
costs were assumed to be at the highest end of those calculated for the current voluntary
agreements, and then increase as the minimum level of food waste is approached.
Considering only those interventions and scenarios where a 30% reduction in UK food waste
is predicted, the costs range from between £200 million and £530 million, over the 10 year
period from 2015.
The net benefits of reducing food waste (annual benefits in 2025; for those interventions
and scenarios where a 30% reduction in UK food waste is predicted) range between £4.2
billion and £6 billion.
The above analysis compares the cumulative costs (from 2015 to 2025) of achieving an
annual reduction in food waste in 2025; that is the overall potential costs over time of
achieving a particular reduction in the final year. It is also useful to estimate the cumulative
benefits over time, which illustrate that the overall tonnes of food waste reduced year on
year between 2015 and 2025. Between 2015 and 2025 around 20 million tonnes of food
waste could be prevented under these scenarios, preventing between £30 billion to £40
billion of food being wasted over the 10 year period (at present values), and avoiding
between 60 million to 70 million tonnes of CO2e, around 40 million to 60 million tonnes of
which would be within the UK.
For those scenarios where the 30% reduction in overall UK food waste is achieved, potential
savings in disposal costs associated with reductions in household food waste range from
between £110 million to £155 million a year in 2025, or between £465 million to £890 million
over the 10 year period between 2015 and 2025.
Other important findings from the analysis:
Estimates of remaining food waste levels to inform discussions around collections
and treatment.
This analysis also provides estimates for how much food waste might remain, by sector and
for the UK as a whole, even with effective food waste prevention interventions. This
information will be useful for discussions around household and business food waste
collection services, and food waste treatment infrastructure. For example in 2012, 67% of
total household food waste was collected by local authorities (either in residual or targeted
collections). If reductions in food waste applied equally to all disposal routes (sewer, home
composting, fed to animals and local authority collected) this would mean that levels of
food waste available for collection from households would be a minimum of
around 3.2 million to 3.3 million tonnes (i.e. if the maximum plausible reductions
were achieved).

UK food waste – Historical changes and how amounts might be influenced in
the future 6

Changes in avoidable food waste
The bulk of the analysis carried out and reported in this paper has been on total food waste,
i.e. including avoidable, possibly avoidable and unavoidable food waste7, as the proposed
aspirational target for food waste prevention covers total food waste rather than any subfraction.
The percentage reduction in avoidable food waste is likely to be greater than that for total
food waste, as found in the UK between 2007 and 2012, where total household food waste
reduced by 15% whilst avoidable household food waste fell by 21%. Understanding how
avoidable food waste levels have changed for the UK as a whole and how they may change
in the future may be useful for discussions on the formulation of proposed targets.
Analysis of avoidable household food waste shows a reduction of 27% is predicted by 2015
(from a 2007 baseline), and depending on the intervention and scenario (population growth,
economic conditions) levels could be reduced by between 28% and 55% by 2025, compared
to 20078. It is therefore possible to reduce avoidable household food waste by a further
1.7 million tonnes by 2025, compared to 2012. This would be challenging, require concerted
and co-ordinated efforts, and significant investment. However, the benefits would be
considerable, and could result in reducing avoidable household food waste by half by 2025,
compared to when work started in this area in 2007.
For the UK as a whole, avoidable food waste reduced by around 13% from 2007 to 2012,
and is predicted to be lower by around 17% in 2015 compared to 2007. By 2025 avoidable
food waste could potentially be reduced by between 23% to 38% depending on the
intervention and external conditions.

7

See glossary for definitions of these terms
At lower levels of activity and under less conducive conditions increases in unavoidable food waste, related to higher levels of
food purchasing and preparation linked to a larger population, offset a significant proportion of any further reduction in
avoidable household food waste.
8
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Glossary
 Avoidability of waste – a classification of the extent to which household food and drink

waste could have been avoided9.

 Avoidable waste: food and drink thrown away that was, at some point prior to

disposal, edible, e.g. milk, lettuce, fruit juice, meat (excluding bones, skin, etc.).
 Possibly avoidable waste: food and drink thrown away that some people eat and
others do not, e.g. bread crusts and potato skins.
 Unavoidable waste: waste material generated from food and drink preparation that
is not, and has not been, edible under normal circumstances, e.g. meat bones, egg
shells, pineapple skin, tea bags.
 BRC – British Retail Consortium
 C&I – Commercial and Industrial (as applied to waste surveys)
 CC - Courtauld Commitment
 DCLG – (UK) Department for Communities and Local Government
 Defra – Department of Environment, Food and Rural Affairs
 EWC - European Waste Catalogue codes
 FDF – Food and Drink Federation
 GVA - Gross value added (a measure in economics of the value of goods and services

produced in an area, industry or sector of an economy)

 HaFS – Hospitality and food service
 HHFW – Household Food Waste
 IDBR – (UK) Inter Departmental Business Register
 IPPC - Integrated Pollution Prevention and Control
 LFHW - Love Food Hate Waste
 M&R – Manufacturing and Retail (as applied here to the grocery supply chain)
 NPV – Net Present Value (as applied here to show the net financial benefits of reducing

food waste)

 ONS – (UK) Office for National Statistics
 Plausible minimum levels of food waste – an assessment of the maximum amount by

which food waste might plausibly be reduced (i.e. what are the likely minimum realistic
levels of food waste in the UK in the future), in what might be considered a ‘normal’
context (i.e. not for example wartime with food shortages and rationing, and with the
current types of interventions). This does not imply that further reductions are impossible,
but at present any such reductions cannot be quantified

 PSF – Product Sustainability Forum

9

Further details of avoidability can be found in Household Food and Drink Waste in the UK 2012.
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 Scenarios for assessment of future food waste levels:
 ‘best case’ refers to lowest projection for population increases over time, under

conducive economic conditions

 ‘central case’ refers to the central projection for population increases over time, under

neutral economic conditions

 ‘worse case’ refers to the highest projection for population increases over time, under

less conducive economic conditions

 SIC codes - UK Standard Industrial Classification codes
 WI – National Federation of Women’s Institutes
 WRAP – Waste and Resources Action Programme
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1.0

Introduction10

The European Commission’s recent Circular Economy package11 includes a proposal for a
30% reduction in food waste arisings by December 2025. Whilst a January 2017 baseline is
suggested in the package, the Commission published an Impact Assessment12 for the
proposed aspirational food waste reduction targets which states that an earlier baseline can
be set ‘for those Member States who have made significant efforts to reduce food waste
already, and who have properly measured their food waste data over time’. The UK has had
large-scale national policy interventions in place since 2007 aimed at reducing food waste,
and two high-profile voluntary agreements (the Courtauld Commitment and the Hospitality
and Food Service Agreement) supported by a consumer-facing campaign (Love Food Hate
Waste) are in place to deliver further reductions in food waste by 2015.
In order to understand the implications for the UK of the proposed aspirational targets, and
to inform discussions on an appropriate baseline year for the UK, WRAP carried out analysis
to understand:
1. how food waste arisings have changed over time in the UK;
2. how food waste levels may change in the immediate future (to 2015), under the
existing policy interventions;
3. how food waste levels may change from 2015, in the absence of policy interventions;
4. what tonnage of food waste prevention may therefore be needed in order to meet a
30% reduction (vs a historic baseline or a future one);
5. maximum plausible further reductions in UK food waste by 2025;
6. the range of actual reductions that could be achievable by 2025 based on realistic
policy interventions; and
7. the cost of the interventions to achieve this, and related benefits
All sectors post-farm gate are in scope (manufacturing, wholesale, retail, hospitality and food
service, households). This analytical paper considers the economic and environmental
benefits of reducing food waste, but does not attempt to address what the public may see as
ethical considerations such as wasting food when many in the world are undernourished.
This analysis will also inform the development of a successor agreement to the Courtauld
Commitment, which would aim to deliver further reductions in food waste in addition to
wider resource efficiency benefits13.

10

Data presented in this report is rounded to 2 or 3 significant figures as appropriate
Proposal for a Directive, COM (2014) 397, 2 July 2014, Article 1(7), p.13. Available at
http://ec.europa.eu/environment/circular-economy/index_en.htm .
12
See http://ec.europa.eu/environment/eussd/food.htm
13
See http://www.wrap.org.uk/content/courtauld-2025
11
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2.0

How food waste arisings have changed over time in the UK14

Getting robust estimates of food waste can be challenging, and food waste arisings are not
normally reported separately from other waste, but in some cases estimates have been
derived from waste survey data. In recent years more research has been carried out with the
aim of producing better estimates for food waste.
Three major WRAP studies published in 2013 estimated annual food waste arisings within UK
households, hospitality and food service, food manufacture, retail and wholesale sectors at
around 12 million tonnes (for 2011/12), 75% of which could have been avoided15. Around
90% (by weight) arose in households and food manufacture [although waste arising in one
part of the supply chain is certainly influenced by other parts of the chain], see Figure 1.
Figure 1 – Total food waste arisings by sector (tonnes produced in year quoted), based on
WRAP data published in 2013 (rounded to two significant figures)
Hospitality & food
service (2011),
920,000

Manufacturing
(2011), 3,900,000
Household (2012),
7,000,000

Wholesale
(2011), 17,000

Retail (2011),
430,000

A recommendation on a baseline year for the UK, against which changes should be assessed,
needs to consider:
 The robustness and comparability of methodologies and data; and
 The potential to link policy and other interventions with the reductions.
2.1

Household

WRAP has published detailed data on household food waste arisings since 2007 (see Figure
2), based on bespoke household compositional, diary and survey research, and syntheses of
relevant local authority compositional analyses16. There are no other sources of UK-level data
on household food waste. The WRAP data suggests a reduction of 15% in total household
food waste between 2007 and 2012, which is broadly in line with observed reductions in
food purchase volumes17.

14

Data in tables and figures are generally rounded to 2 or 3 significant figures as appropriate, and therefore the sum of certain
columns can be inconsistent with the total quoted in the final row; this is due to the rounding convention adopted.
15
See http://www.wrap.org.uk/content/uk-handy-waste-facts-and-figures-retail-sector
16
See http://www.wrap.org.uk/content/household-food-and-drink-waste-uk-2012
17
See http://www.wrap.org.uk/content/household-food-drink-waste-%E2%80%93-product-focus
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Figure 2 – Total household food waste arisings (tonnage), based on WRAP data published
in 2013 (note scale does not start at zero)

WRAP also published an analysis of local-authority collected food waste from 2006 to 201218,
which provides no evidence of a change between 2006 and 2007, consistent with the fact
that significant interventions started at a UK level in 2007 (publication of major food waste
reports, large-scale media coverage, launch of the Love Food Hate Waste campaign),
followed by the financial crisis which also acted as a trigger for people to take action to
reduce food waste.
There is data on total local authority collected waste over a longer period19, which reflects
this reduction in food waste (which is the single largest component of collected waste), and
also provides no evidence to suggest that there might have been significant changes before
2007 (although this conclusion needs to be treated with caution, as changes in food waste
may have been masked by opposing changes in other materials), see Figure 3.
Compositional analysis carried out in 200220 states that 17% of household waste was food
waste in 2000/1. This is for England, so applying this to the total waste reported in Waste
Data Flow (WDF) (25,079,000 tonnes) gives 4.2 million tonnes of food waste (collected by
local authorities) in England or 87 kg / person / year). If scaled to the UK, this would have
been 5.1 million tonnes. The figure per person in 2007 for the 5.7 million tonnes of local
authority collected waste was 93 kg / year. There are caveats around both figures (especially
the earlier figure), but this is consistent with only a negligible change in local authority
collected food waste levels between 2000/1 and 2007.

18

See http://www.wrap.org.uk/content/household-food-and-drink-waste-uk-2012
See https://www.gov.uk/government/statistical-data-sets/env18-local-authority-collected-waste-annual-results-tables
20
http://webarchive.nationalarchives.gov.uk/+/http:/www.cabinetoffice.gov.uk/media/cabinetoffice/strategy/assets/composition.
pdf
19
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Figure 3 – UK household waste (note scale does not start at zero)

2.2

Manufacturing and retail food waste

Estimates of food waste for manufacturing, retail and wholesale were derived from the
2002/3 and 2009 Defra Commercial and Industrial (C&I) waste surveys, as reported in the
Food Statistics Pocketbook21. This analysis suggested reductions in food waste of 43%
(manufacturing) and 69% (retail and wholesale) over this period. The C&I studies are official
statistics which means they are produced to high professional standards. However, levels of
uncertainty will be higher for estimates at a sector level, and more so when further analysis
is done on specific materials such as food waste, which were not reported separately.
Discussions with Defra, food industry contacts and contractors involved in this type of
research, suggests there are methodological difficulties that make it difficult to adequately
defend changes in food waste based on these surveys.
In 2013, WRAP published data showing the impact of the Courtauld Commitment phase 2
(2009 – 2012)22. This reported that the supply chain target had been achieved with a 7.4%
reduction in waste produced on 2009 levels compared with a target of 5% over three years.
The ‘Manufacturing and Retail’ target within Courtauld 2 covered food and packaging waste,
and only the combined data was published at that time.
WRAP carried out analysis of the Courtauld data to produce separate estimates for the
changes in food waste. For both retail and manufacturing signatories this suggests a
reduction of around 10% occurred between 2009 and 201223.

21

See Section 5.3 in https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/183302/foodpocketbook2012edition-09apr2013.pdf
22
Technical report can be found at
http://www.wrap.org.uk/sites/files/wrap/Courtauld%20Commitment%202%20Packaging%20and%20Supply%20Chain%20Was
te.pdf
23
This analysis is based on the best available evidence at the time of publication. Under its ‘A Better Retailing Climate’ initiative,
the British Retail Consortium (BRC) has committed to publish data showing the total (collective) amount of food waste arising
from supermarkets and report annually on progress. WRAP is in discussion with the BRC, the Food & Drink Federation (FDF)
and Courtauld signatories to agree the best approach to obtaining and publishing the most robust and useful food waste data
going forwards.
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Courtauld data is only available from 2009 to 2012, and therefore it is necessary to make
assumptions about what may have happened between 2007 and 2009 in order to have a
2007 data point. A conservative approach was adopted, which was to assume no change
prior to 2009. Data does exist to suggest reductions prior to 2009 (see Appendix A) but
obtaining a defensible estimate for any change would be difficult.
2.3

Hospitality and food service food waste

Other than estimates of food waste derived from the Defra C&I studies (see Appendix A for a
discussion on the limitations of this) there is as yet no large-scale reliable data on how food
waste in the hospitality and food service sectors might have changed over time. Data from
the first year of the Hospitality and Food Service Agreement24 (2013) will be available later in
2014.
Due to the lack of robust data for hospitality and food service, a conservative assumption of
no change between 2007 and 2012 (when the voluntary agreement was launched) was
adopted.
2.4

Overall UK estimates

Whilst Courtauld retail signatories are responsible for ca 80% of grocery sales by volume,
and therefore provide excellent coverage of the sector, manufacturing signatories are
responsible for 20-25% of the sector’s total food and drink production, with some parts of
the sector very under-represented (for example fresh produce). It is therefore necessary to
estimate the potential impact of WRAP and signatory activity on non-signatories.
Three different assumptions can be made regarding the impact of the Courtauld
Commitment, and WRAP’s broader work with the manufacturing and retail sector on nonsignatory food waste, which influence the overall estimate for change at a UK level:
A: Assume no reductions in food waste other than those reported by Courtauld signatories
(most conservative).
B: Assume reductions in food waste do occur to some extent outside of the Courtauld
Commitment, consistent with larger signatories working with their suppliers to reduce
waste across the whole chain, WRAP engaging with sectors such as fresh produce which
are not well represented amongst signatories, and other initiatives such as those
operated by the BRC, FDF, Dairy UK etc. It is difficult to determine the extent to which
these reductions may take place, and therefore for the purposes of this exercise it has
been assumed that reductions will have occurred amongst non-signatories, to half of the
extent seen for signatories.
C: Assume reductions reported by signatories are representative of the broader sector. This
is unlikely to be the case, particularly amongst the smaller businesses.
Table 1 contains data on food waste reductions assuming no reductions in food waste other
than those reported by Courtauld signatories. This would give an estimate of a 10%
reduction overall between 2007 and 2012.
Table 2 contains data on food waste reductions assuming reductions in food waste do occur
outside of the Courtauld Commitment, to half of the extent as for signatories. This would
give an estimate of a 12% reduction overall between 2007 and 2012.

24

See http://www.wrap.org.uk/content/hospitality-and-food-service-agreement-3
UK food waste – Historical changes and how amounts might be influenced in
the future 21

Table 3 contains data on food waste reductions assuming reductions reported by signatories
are representative of the broader sector. This would give an estimate of a 13%
reduction overall between 2007 and 2012.
Table 1 – Changes in food waste assuming no reductions in food waste other than those
reported by Courtauld signatories (most conservative)25 26

Household
Retail
Manufacturing
Hospitality and food
service
Wholesale
TOTAL

2007 (t)

2012 (t)

Reduction
(t)

Reduction
(%)

8,300,000
285,000
4,000,000
920,000

7,000,000 1,300,000
260,000
24,000
3,900,000
96,000
920,000
0

15
9
2
0

17,000
13,500,000

17,000
0
12,100,000 1,400,000

0
10

Table 2 – Changes in food waste assuming reductions in food waste do occur outside of the
Courtauld Commitment, to half of the extent as within signatories

Household
Retail
Manufacturing
Hospitality and food
service
Wholesale
TOTAL

2007 (t)

2012 (t)

Reduction
(t)

Reduction
(%)

8,300,000
290,000
4,100,000
920,000

7,000,000 1,300,000
260,000
28,000
3,800,000
260,000
920,000
0

15
10
6
0

17,000
13,600,000

17,000
0
12,100,000 1,600,000

0
12

Table 3 – Changes in food waste assuming reductions reported by signatories are
representative of the broader sector

Household
Retail
Manufacturing
Hospitality and food
service
Wholesale
TOTAL

2007 (t)

2012 (t)

Reduction
(t)

Reduction
(%)

8,300,000
290,000
4,200,000
920,000

7,000,000 1,300,000
260,000
30,000
3,800,000
430,000
920,000
0

15
10
10
0

17,000
13,700,000

17,000
0
12,100,000 1,700,000

0
13

25

The estimate of food waste arising from the total retail sector in 2012 is lower than the estimate previously published by
WRAP (around 427,000 tonnes in 2011) at around 260,000 tonnes. The majority of this change has resulted from a better
understanding of the percentage of food waste in the mixed waste stream, based on new insights from Courtauld retail
signatories and other WRAP research. A proportion of the difference will also be due to reductions in the amount of food waste
produced (as discussed in Section 2) which is estimated at around 10% between 2009 and 2012. More work is in progress to
improve the accuracy of these estimates
26
It should be noted that the 2007 estimates for retail and manufacturing food waste differ in Tables 1 to 3 as a result of the
extent to which the reductions in food waste amongst Courtauld signatories from 2009 to 2012 are applied to non-signatories
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Depending on the assumptions made about non-signatory reductions, estimates of
reductions in total UK food waste vary between 1.4 and 1.7 million tonnes between 2007
and 2012, or between 10% and 13%. The relatively small difference between the three
approaches under a) to c) above highlight the relative importance of the reduction in
household food waste vs those in manufacturing and retail over this time period, and the
relatively low sensitivity to the assumed influence of Courtauld and WRAP on non-signatory
food waste. It has therefore been assumed that non-signatory food waste has reduced at
half the rate of signatories, based on an understanding of the influence of signatories on
their suppliers, and of WRAP activities aimed at influencing the wider food industry.
This assumption is supported by the following:
 Most of the major retailers have regular workshops with their key suppliers, on a category
by category basis, and provide guidance to suppliers on a range of subjects which include
measures to reduce waste in the supply chain, and help consumers reduce waste at
home. WRAP has attended and presented at many of these, and provided training and
materials for retailers to disseminate.
 WRAP presents at a range of industry events and training courses, held for example at
Camden BRI, Leatherhead Food Research and those organised in conjunction with groups
such as the IGD and Forum for the Future.
 WRAP has close relationships with key trade associations (Food and Drink Federation,
British Retail Consortium, Federation of Bakers, Dairy UK, Chilled Food Association, Fresh
Produce Consortium, British Soft Drinks Association etc.), regularly present at their
membership meetings and provide materials and guidance for members.
 All of WRAP’s guidance, case studies and tools are freely available on the website, and
information regarding new materials is sent out at regular intervals to a large number of
industry representatives, much wider than the signatory base. Dissemination also takes
place via numerous trade associations.
2.5

Recommendation

The analysis supports using a reference point of 2007 as this was when large-scale
interventions aimed at reducing food waste started in the UK, initially focused on
households, through Courtauld phase 1 and Love Food Hate Waste (as illustrated in Figure 1,
this sector generates more than 50% of the UK post-farm gate food waste), but then (2009
onwards), broadened out to include manufacturing and retail through Courtauld phase 2.
This would make use of detailed WRAP data on household food waste, covering this whole
period, and WRAP sector level data and data provided by some of the UK’s largest retailers
and manufacturers (and ‘sense checked’ by WRAP) from 2009. There were a wide range of
policy interventions (in addition to financial incentives linked to economic conditions) that
can be associated with the reduction from 2007.
It is important to acknowledge that reductions in food waste are very likely to have taken
place in the UK prior to 2007, in part stimulated by policy interventions, but obtaining a
defendable estimate for the scale of this reduction prior to 2007 would be difficult.
It is recommended to make use of WRAP published data and analysis of
Courtauld signatory data to quantify reductions between 2007 and 2012. Some
conservative assumptions would still have to be made (about the impact of interventions on
businesses not formally signed up to the WRAP voluntary agreements), but the sensitivity of
the final estimate to these is low. Additional data (from Courtauld phase 3 and Hospitality
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and Food Service Agreement signatories) will be available later in 2014 to update the
estimate of changes from 2007 to 2013.
Table 4 contains the estimates for food waste reductions between 2007 and 2012 that could
be used in discussions on the potential implications of a 30% aspirational food waste
prevention target.
Table 4 – Changes in food waste between 2007 and 2012*

Household
Manufacturing, retail and
wholesale
Hospitality and food
service
TOTAL

2007 (t)

2012 (t)

Reduction
(t)

Reduction
(%)

8,300,000
4,400,000

7,000,000
4,100,000

1,300,000
290,000

15
7

920,000

920,000

0

0

13,600,000 12,000,000 1,600,000

12

* this analysis assumes reductions in food waste occur outside of the Courtauld Commitment, to half of the extent as within
signatories (see Appendix A for more detail)

The UK has had large-scale national policy interventions in place since 2007
aimed at reducing food waste across the grocery and hospitality and food service
supply chains, and within households. This contributed to a reduction in the
amount of food waste being generated by 2012 of around 12%, or 1.6 million
tonnes (from 13.6 million tonnes in 2007 to 12 million tonnes in 2012).
More detail on how these estimates were calculated, and the evidence supporting changes in
food waste over time in the UK can be found in Appendix A.
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3.0

How food waste levels may change in the immediate future (to 2015),
under the existing policy interventions

The UK has in place two major voluntary agreements with industry, and a very active
consumer-facing campaign with broad support amongst local authorities, NGOs, community
groups and others, all aimed at delivering further reductions in food waste. Both run to the
end of 2015, with baseline years of 2012. For the purposes of this current exercise it has
been assumed that these agreements achieve their targets, to allow an estimate of food
waste in the UK for 2015. The logic for doing this is:
 The targets for both agreements were agreed following extensive discussion and
Governments and industry to ensure these were challenging but realistic, counterfactuals
were developed and cost:benefit analyses carried out for both agreements.
 The prevailing conditions are consistent with those assumed in the development of the
targets (i.e. there haven’t been any dramatic changes in external conditions that would
undermine the credibility of the logic behind the targets).
 The number and scale of signatories to both agreements are at least what was aimed for
(e.g. 25% of the sector by volume for the Hospitality and Food Service Agreement, and
for Courtauld more than 80% for retailer and ca 20% for manufacturers).
 Most importantly the activities being undertaken by signatories, and the guidance/tools
being provided to them, are matching what was anticipated.
 A range of case studies from grocery and hospitality and food service businesses are
highlighting the scale of reduction achievable.
Details of the agreements are:
 Courtauld Commitment 327:
 Household food and drink target: Reduce household food and drink waste by
5% by 2015 from a 2012 baseline. Taking into account external influences, this
target represents a reduction of 9% relative to anticipated changes in food and drink
sales.
 Manufacturing and retail target: Reduce traditional grocery ingredient, product
and packaging waste in the grocery supply chain by 3% by 2015, from a
2012 baseline. Taking into account external influences, this target represents a
reduction of 8% relative to anticipated production and sales volumes.
 Hospitality and Food Service Agreement28:
 Prevention target: Reduce food and associated packaging waste arising by 5%
by the end of 2015. This will be against a 2012 baseline and be measured by CO2e
emissions.
Of course these targets are challenging, and it certainly cannot be guaranteed they will all be
achieved. The targets that have been set within the Hospitality and Food Service Agreement
in particular are ambitious and challenging considering the disparate nature of the sector and
that work in this sector is new. Therefore, it is more difficult to predict the level of success
compared with Courtauld which has already undergone 2 phases. However, based on what is
known now about signatory activity it would seem the most reasonable assumption for this
work.
Data on progress for the first year of both agreements (2013) will be available later in 2014.

27
28

See http://www.wrap.org.uk/content/courtauld-commitment-3
See http://www.wrap.org.uk/content/hospitality-and-food-service-agreement-3
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Table 5 summarises the reductions in food waste at a UK level from 2007 if current voluntary
agreements achieve their targets by 2015.
It has also been assumed that there is an effect of WRAP and the current voluntary
agreements on non-signatories (including through the action of the Product Sustainability
Forum pathfinders projects and evidence base29), such that their reductions in food waste
are half of those achieved by signatories (consistent with the approach outlined in Section
2).
Table 5 – Changes in food waste between 2007 and 2015, assuming that the current
voluntary agreements achieve their targets*

Household
Manufacturing, retail and
wholesale
Hospitality and food
service
TOTAL

2007 (t)

2015 (t)

Reduction
(t)

Reduction
(%)

8,300,000
4,400,000

6,700,000
4,000,000

1,600,000
370,000

20
8

920,000

890,000

29,000

330

13,600,000 11,600,000 2,000,000

15

* this analysis assumes reductions in food waste occur outside of the voluntary agreements, to half of the extent as within
signatories (see Appendix B for more detail)

The UK has had large-scale national policy interventions in place since 2007
aimed at reducing food waste across the grocery and hospitality and food service
supply chains, and within households. This contributed to a reduction in the
amount of food waste being generated by 2012 of around 12%, or 1.6 million
tonnes (from 13.6 million tonnes in 2007 to 12 million tonnes in 2012).
Two high-profile voluntary agreements (the Courtauld Commitment and the
Hospitality and Food Service Agreement) supported by a consumer-facing
campaign (Love Food Hate Waste) are in place to deliver further reductions in
food waste by 2015. If successful this would reduce the amount of food waste
arising in the UK to around 11.6 million tonnes, 15% lower than in 2007.
Financial and environmental benefits associated with the cumulative reductions in food waste
between 2007 and 2015 are shown in Table 6, in addition to those linked to the annualised
reduction in 2015 compared to 2007 (see Appendix L for more details of the differences
between annualised and cumulative benefits, and how these are calculated).
Table 6 – Reductions in UK food waste between 2007 and 2015, and associated benefits
Total tonnage
(t)
UK annual reductions (by 2015)
UK cumulative reductions (2007 to 2015)

2,000,000
12,000,000

Financial savings
(£; 2012 values)

CO2e
savings (t)

4,200,000,000
24,300,000,000

7,000,000
40,000,000

Evidence to inform progress from 2012 to 2015 is summarised in Appendix B.
29

See http://www.wrap.org.uk/content/product-sustainability-forum
This is lower than the Agreements 5% target, due to the assumption that non-signatories reduce waste by half of the amount
as signatories
30
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4.0

How food waste levels may change from 2015, in the absence of policy
interventions

Different approaches to a ‘no-policy’ counterfactual have been taken for household food
waste, manufacturing and retail, and hospitality and food service, which are discussed in
more detail in Appendices C and D. Projections for what might happen to UK food waste in
the absence of policy interventions have been made on the basis of an understanding of
what ‘non-intervention’ factors are most likely to influence the levels of food waste, and what
data is available to inform these projections. For the purpose of this exercise it has been
assumed that post-2015 there would be an absence of any further food waste prevention
activity, stimulated by Governments or carried out by those in the public or private sectors.
Although it is very likely that activity would persist post-2015, this current analysis focuses
on providing an indication of the ‘external’ drivers on food waste, to illustrate how the
amount of food waste might change in the future, and therefore the scale of the challenge to
reduce this further compared to levels in 2015.
The most complex analysis has been undertaken for household food waste, where three
ranges of population growth rates have been used, three different economic scenarios
(incorporating changes in food prices and relative earnings) and three potential rates of
behavioural reversion.
For household food waste only one of these projections shows a continued but
modest reduction in household food waste (‘conducive’ economic conditions and
low population growth); all others show an increase from 2015. There is a very
wide range in the final waste levels for these projections, from very little change
to a 25% increase compared to 2015 (an increase of 1.7 million tonnes),
returning levels of household food waste to those of 2007.
For manufacturing and retail, and hospitality and food service it has been assumed that
production and sales increase in proportion to the population (again the same three rates of
growth have been used as for households), and that waste remains a constant percentage of
either production or sales. For the purpose of this analysis it has been assumed that the
relative balance of imports and exports of food remains constant, as does the balance
between eating in the home vs eating out of the home.
In all cases for manufacturing and retail, and hospitality and food service, food
waste is predicted to increase from 2015 to 2025 by 6-8%, but for manufacturing
and retail the levels in 2025 are still below those of 2007, whilst for hospitality
and food service the levels in 2025 are higher than in 2007.
Table 7 summarises the outputs of the scenario analysis, showing the potential level of UK
food waste by 2025 (Table 8 gives the data for 2030), and Figure 4 illustrates the same. The
greatest impact on the estimates comes from the different assumptions for household food
waste, and so the table shows UK estimates under these different scenarios.
Some of the main findings are:
 The overall level of UK food waste in 2025 is predicted to be between 11.8 and 13.6
million tonnes, compared to 11.6 million tonnes in 2015, and 13.6 million tonnes in 2007.
 There is a 10-fold difference in the predicted increases in UK food waste from 2015 to
2025, ranging from 0.2 million tonnes to over 2 million tonnes, driven largely by the
differences in the household food waste scenarios.
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 All but one of the scenarios show a lower level of food waste in 2025 compared to 2007,
but again with a wide range, from 0% to 13% lower in 2025 vs 2007.
Predicting what might happen to food waste levels in the future, in the absence
of policy interventions to encourage food waste prevention, is difficult. However,
changes in demand for food, driven by population growth, combined with the
potential impact of different economic conditions (food prices and relative
earnings) on behaviours, could lead to the generation of substantially higher
levels of food waste after 2015. Analysis suggests that between 2015 and 2025,
without further interventions, UK food waste levels could increase by between
0.2 and 2.0 million tonnes a year (the latter resulting in food waste levels similar
to those in 2007). This highlights the challenges of delivering further absolute
reductions in food waste post-2015.
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Table 7 – Estimates of UK food waste by 2025, incorporating different scenarios for total food waste (three different economic scenarios –
‘conducive’, ‘neutral’ and ‘less conducive’), under different rates of population growth (low, central and high). Note for the ‘reversion’ scenario,
and the household fraction of the total, ‘low’ = partial reversion, ‘medium’ = 100% reversion by 2030 and ‘high’ = 100% reversion by 2020).
Scenarios

Low
Tonnage
by 2025 (t)

1
(conducive)
2 (neutral)
3 (less
conducive)
4
(reversion)

Change vs
2015 (t)

Central
Change
vs 2015
(%)

Change
vs 2007
(%)

Tonnage
by 2025 (t)

Change vs
2015 (t)

High

Change vs
2015 (%)

Change vs
2007 (%)

Tonnage
by 2025 (t)

Change vs
2015 (t)

Change
vs 2015
(%)

Change vs
2007 (%)

11,800,000

220,000

2

-13

11,900,000

335,000

3

-12

12,000,000

450,000

4

-12

12,200,000

630,000

5

-10

12,300,000

750,000

6

-9

12,500,000

870,000

7

-8

12,700,000

1,100,000

9

-7

12,800,000

1,200,000

10

-6

12,900,000

1,300,000

11

-5

13,200,000

1,600,000

14

-3

13,300,000

1,700,000

15

-2

13,600,000

2,050,000

18

0

Table 8 – Estimates of UK food waste by 2030, incorporating different scenarios for total food waste (three different economic scenarios –
‘conducive’, ‘neutral’ and ‘less conducive’), under different rates of population growth (low, central and high). Note for the ‘reversion’ scenario,
and the household fraction of the total, ‘low’ = partial reversion, ‘medium’ = 100% reversion by 2030 and ‘high’ = 100% reversion by 2020).
Scenarios

Low
Tonnage
by 2030 (t)

1
(conducive)
2 (neutral)
3 (less
conducive)
4
(reversion)

Change vs
2015 (t)

Central
Change
vs 2015
(%)

Change
vs 2007
(%)

Tonnage
by 2030 (t)

Change vs
2015 (t)

High

Change vs
2015 (%)

Change vs
2007 (%)

Tonnage
by 2030 (t)

Change vs
2015 (t)

Change
vs 2015
(%)

Change vs
2007 (%)

11,900,000

270,000

2

-13

12,000,000

450,000

4

-12

12,200,000

630,000

5

-10

12,500,000

890,000

8

-8

12,700,000

1,100,000

9

-7

12,900,000

1,300,000

11

-6

13,100,000

1,600,000

13

-3

13,300,000

1,800,000

15

-2

13,500,000

2,000,000

17

0

13,800,000

2,200,000

19

2

14,200,000

2,600,000

22

4

14,200,000

2,600,000

23

5
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Figure 4 – Estimates of UK food waste (tonnes), incorporating different scenarios for total food waste (three different economic scenarios –
‘conducive’, ‘neutral’ and ‘less conducive’), under different rates of population growth (low, central and high). Note for the ‘reversion’ scenario,
and the household fraction of the total, ‘low’ = partial reversion, ‘medium’ = 100% reversion by 2030 and ‘high’ = 100% reversion by 2020).
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5.0

What tonnage of food waste prevention may be needed in order to meet a
30% reduction by 2025 (vs a historic baseline or a future one)

5.1

2007 baseline

Table 9 illustrates the scale of the challenge to achieve a 30% reduction compared to 2007.
By 2015 overall UK food waste arisings will have reduced by 15% compared to 2007, and
therefore the absolute reduction needed between 2015 and 2025 will be equal to that
achieved to 2015 – around 2.0 million tonnes. However, in order to achieve this absolute
reduction, a greater amount of food waste will need to be prevented, as illustrated in the
previous Section (4), due to factors such as population growth. Uncertainty around the
potential economic circumstances in the future, and likelihood of behavioural reversion,
mean that this additional tonnage could vary between another 220,000 tonnes and another
2.0 million tonnes. The total amount of food waste that might have to be prevented
therefore could vary between around 2.3 and 4.1 million tonnes31.
This would translate into an average annual waste prevention rate of 230,000 to 410,000
tonnes a year, which compares to an equivalent (i.e. relative to the counterfactuals)
prevention of 160,000 tonnes a year under Courtauld 2, and between 330,000 and 440,000
tonnes a year modelled for Courtauld 332.
Table 9- Implications of a 30% aspirational ‘target’ by 2025, based on a 2007 baseline.
Tonnes

2007 'baseline'
30% reduction
2025 ‘target’ level
Reduction achieved to 2015
Absolute reduction required from 2015
Total tonnes to prevent (low estimate from
scenarios)
Total tonnes to prevent (high estimate from
scenarios)
Tonnes prevented 2009-2012*
Tonnes preventable under CC3/HaFSA (current
targets)
Tonnes preventable under CC3/HaFSA (higher
activity scenarios)

Tonnes per
annum
prevented

13,600,000
4,100,000
9,500,000
2,000,000
2,000,000

210,000

2,300,000

230,000

4,100,000

410,000
160,000
330,000
440,000

* the amounts of food waste prevented under Courtauld 2 was around 260,000 tonnes a year, around 60% of which, or
160,000 tonnes might be attributable to interventions, the remainder resulting from economic conditions33

31

As the tonnage estimates have been rounded to two significant figures the sum of the rounded overall tonnages to be
prevented differ from the sum of the rounded absolute reductions and additional (relative to the counterfactual) tonnages – for
example the lower end of the overall tonnage required equals 2.3 million tonnes (rounded), compared to the individual
elements of 2.0 and 0.22 million tonnes)
32
See http://www.wrap.org.uk/sites/files/wrap/Analysis%20for%20Courtauld%20Commitment%203%20targets.pdf
33
See
http://www.wrap.org.uk/sites/files/wrap/Courtauld%20Commitment%202%20Household%20Food%20Waste%20Technical%2
0Paper.pdf and
http://www.wrap.org.uk/sites/files/wrap/Courtauld%20Commitment%202%20Packaging%20and%20Supply%20Chain%20Was
te.pdf
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The 2.0 million tonne absolute reduction from 2015 to 2025 represents a 1.8% reduction per
year, or taking into account external influences (such as population growth), this represents
an annual reduction of between 2.0% to 3.5% a year relative to anticipated changes in food
waste levels. Figure 5 illustrates what would be required to deliver a 30% reduction in UK
food waste by 2025, based on a 2007 baseline.
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Figure 5 – Illustration of what would be required to deliver a 30% reduction in UK food waste by 2025, based on a 2007 baseline (total tonnes
of food waste)
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It is unlikely that equivalent percentage reductions would be achieved across all sectors, due
to the different challenges faced by each, and their different contributions to overall UK food
waste. However, to illustrate what may be needed to achieve the above, a 23% reduction in
household food waste would be required, a 10% reduction for manufacturing and retail, and
a 10% reduction for hospitality and food service – all compared to a 2015 baseline.
If a 30% aspirational target were based on a 2007 baseline, when the UK began
intensive efforts to reduce food waste, the absolute reduction needed between
2015 and 2025 would be equal to that achieved up until 2015 – around 2.0
million tonnes. However, in order to achieve this absolute reduction, further food
waste will need to be prevented just to offset increasing population and other
factors. The total reduction, relative to the counterfactuals, would require an
average waste prevention rate of 230,000 to 410,000 tonnes a year to reach a
30% absolute reduction by 2025, which compares to an equivalent prevention of
260,000 tonnes a year under Courtauld 2 (around 60% of which, or 160,000
tonnes, attributable to interventions, the remainder resulting from economic
conditions) and between 330,000 – 440,000 tonnes modelled for Courtauld 3 and
the Hospitality and Food Service Agreement. This level of reduction would require
an average absolute reduction of 1.8% a year, or taking into account external
influences (such as population growth), this represents a reduction of between
2.0% to 3.5% a year relative to anticipated changes in food waste levels.
5.2

Future baseline

The analysis in the previous section considers a 2007 baseline. This section considers a later
baseline, of 201534. Table 10 illustrates the scale of the challenge to achieve a 30%
reduction from 2015 (the end date of the current voluntary agreements)35. The reduction
needed between 2015 and 2025 would be around 3.5 million tonnes, almost double that
achieved between 2007 and 2015. However, in order to achieve this absolute reduction, a
greater amount of food waste will need to be prevented, as illustrated in the previous
section, due to factors such as population growth. Uncertainty around the potential economic
circumstances in the future, and likelihood of behavioural reversion, mean that this
additional tonnage could vary between around 220,000 tonnes and 2.0 million tonnes. The
total amount of food waste that might have to be prevented therefore could vary between
around 3.7 and 5.5 million tonnes.
This would translate into an average annual waste prevention rate of 370,000 to 550,000
tonnes a year, which compares to an equivalent (i.e. relative to the counterfactuals) rate of
around 330,000 tonnes under Courtauld 3 current targets.
This would require an average annual absolute reduction of 3.0% a year, or taking into
account external influences (such as population growth), this represents an annual reduction
of between 3.2% to 4.8% a year relative to anticipated changes in food waste levels. Figure
6 illustrates what would be required to deliver a 30% reduction in UK food waste by 2025,
based on a 2015 baseline.
As stated above it is unlikely that equivalent percentage reductions would be achieved across
all sectors, due to the different challenges faced by each, and their different contributions to
34

For the purposes of this analysis the impact of a future baseline has been carried out using 2015, when the current voluntary
agreements end. Whilst the baseline in the proposed legislation is January 2017, the conclusions from this analysis regarding
the feasibility of a future baseline for the UK remain valid (as a 30% reduction from 2017 to 2025 would in all likelihood be
even more challenging.
35
Subsequent to this analysis being carried out, the final version of the proposed legislation specified January 2017 as the
‘default’ baseline against which a 30% reduction in food waste would be assessed. The likely difference in food waste levels
between the end of 2015 and start of 2017 would not alter the main conclusions from this analysis.
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overall UK food waste, However, to illustrate what may be needed to achieve the above, a
35% reduction in total household food waste would be required, a 25% reduction for
manufacturing and retail, and a 20% reduction for hospitality and food service – all
compared to a 2015 baseline.
Table 10 - Implications of a 30% aspirational ‘target’ by 2025, based on a 2015 baseline.
Tonnes
2015 'baseline'
30% reduction
2025 ‘target’ level
Absolute reduction required from 2015
Total tonnes to prevent (low estimate from
scenarios)
Total tonnes to prevent (high estimate from
scenarios*)
Tonnes prevented 2009-2012*
Tonnes preventable under CC3/HaFSA (current
targets)
Tonnes preventable under CC3/HaFSA (higher
activity scenarios)

Tonnes per
annum

11,600,000
3,500,000
8,100,000
3,500,000

350,000

3,700,000

370,000

5,500,000

550,000
160,000
330,000
440,000

* the amounts of food waste prevented under Courtauld 2 was around 260,000 tonnes a year, around 60% of which, or
160,000 tonnes might be attributable to interventions, the remainder resulting from economic conditions

If a 30% aspirational target were based on a 2015 baseline, the reduction
needed between 2015 and 2025 would be around 3.5 million tonnes, almost
double that achieved between 2007 and 2015. This would translate into an
average annual waste prevention rate of 370,000 to 550,000 tonnes a year,
substantially higher than amounts of food waste anticipated to be prevented
under Courtauld 3. This would require an average annual absolute reduction of
3.0% a year, or taking into account external influences (such as population
growth), this represents an annual reduction of between 3.2 to 4.8% a year
relative to anticipated changes in food waste levels.
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Figure 6 – Illustration of what would be required to deliver a 30% reduction in UK food waste by 2025, based on a 2015 baseline (total tonnes
of food waste)
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6.0

Maximum plausible further reductions in UK food waste by 2025

Two separate pieces of analysis have been carried out to provide estimates of a) what is the
maximum amount by which food waste might plausibly be reduced (i.e. what are the likely
minimum realistic levels of food waste in the UK in the future), in what might be considered
a ‘normal’ context (i.e. not for example wartime with food shortages and rationing, and with
the current types of interventions), but if an unlimited amount of effort could be expended
on food waste reduction; and b) based on evaluations of existing policy interventions what
levels of reduction might actually be achievable by 2025. Given that neither of these address
the costs associated with getting to particular levels of food waste it is important to stress
that these are not proposed targets or objectives, and that the cost:benefit analysis
presented in Section 8 should be used to help judge whether these are realistic or desirable
outcomes. Both have been done at a sector level, and then the results combined to give a
UK picture. Details are covered in this section (for [a]) and Section 8 below (for [b]), by
sector and at a UK level.
6.1

Household food waste

Three methods have been deployed to estimate how far plausibly household food waste
might be reduced: each estimate is derived from a different dataset and contains different
assumptions. None of the calculations is definitive, but together they give an indication as to
the potential change in food waste (and uncertainty in this change) if food management in
most households displayed the same level of rigorously applied techniques and skills of
households that currently waste the least food.
The plausible maximum amount of food waste reduction is considered for the current
institutional environment and for the current types of policies employed. More extreme
circumstances such as wartime or food shortages from extreme disruptions to global trade
are not considered.
The current types of policies rely on a mix of providing information, helping people build
skills and confidence, and innovating around products, packaging and labelling so that
people can buy the right amounts and use what they buy. A large aspect is therefore
involved with correcting information failures, so that households choose to take action to
reduce waste and save money. The concept of the ‘plausible maximum reduction’ means
substantial behaviour change so that most households adapt behaviours to match those
currently displayed by those wasting the least.
This is not to say that further reductions would be technically impossible. However, any
further reductions beyond this, that require behaviour change, could be assumed to reduce
the welfare of households (as there may not be further improvements that are beneficial to
them), imposing uncertain costs. Furthermore, the sorts of interventions that might be
required to reduce household food waste further (such as smart fridges, interactive
packaging, step-change technologies in shelf-life extension etc., or enforced restrictions on
waste behaviours) are likely to require increasingly intensive and high-cost actions. Further
details can be found in Appendix E.
Method 1 makes use of behavioural scores obtained from WRAP’s regular consumer survey36,
linked to information from the detailed waste compositional analysis. The average level of
food waste has been calculated for each level of behavioural engagement. To determine the
highest plausible maximum change, the impact of all households moving to the levels of
behavioural engagement linked to the lowest levels of food waste is considered.
36

For more details see http://www2.wrap.org.uk/downloads/Consumer_food_waste_scorecard__guide_to_behaviours_FINAL_8_8_111.2ad488a8.11986.pdf
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In method 2, the highest plausible reduction in food waste is derived by each household
moving to the level of waste at the 25th centile (the lower end of the interquartile range) for
a household with that number of occupants (household size).
Method 3 makes use of survey respondents stated ‘willingness’ to make efforts to reduce
food waste. To derive maximum plausible food waste reductions it assumes that those who
are willing to make effort (‘some’ or ‘every’) reduce their households level of waste to that of
those who say they are ‘already doing everything they can’ (where waste levels are lower).
All the estimates use 2012 data as the basis, e.g. assuming population levels for that year.
The unavoidable fraction of household food waste is assumed to be unchanged in this
analysis, with most of the difference in food waste levels associated with avoidable food
waste37. This is in line with findings presented in Household Food and Drink Waste in the UK
2012 (Table 14 in that report), which found that most of the reduction in food waste
between 2007 and 2012 was associated with avoidable food waste; however, the percentage
reduction in possibly avoidable waste (19%, on a per person basis) was similar to that for
avoidable waste (24%).
Table 11 summarises the results for the three methods. The reductions span a range of
values from 21% to 52%, compared to 2012. The values in the table are not for any specific
year and assume a population level and demographics as in 2012.
Table 11 – Three approaches to assess the maximum plausible reduction in household food
waste (tonnages are for total food waste)
Method 1
Original level of waste (million
tonnes)
% reduction estimated
Reduction (million tonnes)
New level of waste (million tonnes)

Method 2

Method 3

7.0

7.0

7.0

27
1.9
5.1

52
3.7
3.3

20
1.4
5.5

These methods indicate that if those households currently generating medium and higher
levels of food waste all reduce their waste to levels found in households with the lowest
arisings then the reduction could be in the range of 20-52%.
These findings are broadly consistent with intense (but small-scale) interventions, such as
the food waste challenge in Leicestershire or the WRAP / Women’s Institute food waste
champions, which saw reductions of 83% and 53% respectively38 (see Appendix F).
However, no way to economically scale up such intensive one-off interventions to larger
communities has yet been identified.
The variability between the results hints at the uncertainty into how low a plausible minimum
level of food waste might be. As stated in Appendix E, the exact value would be very
sensitive to the context in which food is purchased and used: some extreme conditions could
lead to much greater reductions in household food waste, particularly for audiences such as
those who are already highly engaged in the issue and want to do more. This is reflected by
the magnitude of reductions seen in different situations; for example, the average 83%
37

For a definition of the avoidability classifications, see Household Food and Drink Waste in the UK 2012.
Both reductions are for avoidable food waste only. These figures are equivalent to c. 64% and 36% for all food waste
assuming no change in unavoidable food waste and the percentage reduction quoted applies to both avoidable and possibly
avoidable food waste.
38
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reduction in avoidable food waste seen in the food waste challenge in Leicestershire (which
had a monetary prize) was much higher than the reductions seen in studies with lower levels
of engagement and incentives39. Appendix F contains a short summary of what previous
monitoring and evaluation of household food waste interventions could tell us about the
potential impact of future interventions.
In addition to changes in behaviour reducing food waste, changes in food products,
packaging and labelling can also lead to less food being wasted, through enabling consumers
to buy the most appropriate amounts of food and make greater use of what is bought (for
example through having longer to eat the food bought). Although it is challenging to
separate out the potential impacts of specific technical changes, it has been estimated that
around 10% of the reduction in household food waste from 2007 to 2012 was the result of
such innovations (see Appendix C). A similar exercise has been carried out to estimate the
potential reductions that could be achieved in the future, through technical changes to food
products, packaging and labelling (see Appendix G for more detail). A conservative approach
has been taken, attempting to estimate the impacts from the technical changes, as much as
possible in isolation for any significant behaviour change (although recognising that this is
difficult to do). For example changes to storage or freezing guidance alone are likely to have
a modest impact amongst those reading and adhering to information on labels, but a much
greater impact would be achieved through communication and engagement on the benefits
of more optimal storage, in conjunction with changes to labelling. This analysis suggests that
around 350,000 tonnes of avoidable food waste could be prevented through technical
changes, an 8% reduction in avoidable food waste or a 5% reduction in total food waste,
compared to 2012 levels.
In determining an overall estimate of how much further household food waste could be
reduced, the following approach has been taken:
 Methods 1 and 3 above are based on the potential for behaviour change to reduce food
waste, and therefore the potential impact of technical changes needs to be added to
these, which gives two estimates of plausible maximum reductions, of 25% and 32%.
 Method 2 above would include the impact of both behavioural and technical change, and
so to arrive at an overall plausible maximum estimate the average has been taken of the
estimate from method 2 (52%) and the combined methods 1 and 3 with the technical
changes added.
 This gives an estimate of levels of total household food waste 37% lower than
those in 2012
Taking into account the projected reductions from 2012 to 2015, and the range of possible
increases in population, this suggests that the plausible minimum level of household food
waste in what might be considered a ‘normal’ context (i.e. not for example wartime with
food shortages and rationing and with similar to policies as present today) would be between
4.8 and 4.9 million tonnes, or around 40% less than in 2007 (see Table 12). These levels
would be around 1.8 to 1.9 million tonnes, or 27-28%, lower than those projected for 2015.

39

E.g. in West London or Worcestershire
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Table 12 – Minimum plausible levels of household food waste, compared to 2007 and 2015

High population
Central
population
Low population
6.2

Plausible
Absolute
%
Absolute
%
minimum reduction reduction reduction reduction
food
from
vs 2007
from
vs 2015
waste
2007 (t)
2015 (t)
level (t)
4,900,000 3,400,000
41 1,800,000
27
4,800,000 3,500,000

42 1,800,000

28

4,800,000 3,500,000

42 1,900,000

28

Manufacturing and retail

The approach taken to estimating plausible minimum levels of manufacturing and retail food
waste was based on:
 Work carried out by Julian Parfitt (Anthesis) for WRAP which produced an estimate of
food waste arising by food manufacturing sector, the nature of the waste as disposed
(e.g. ‘wet’ vs ‘dry’) and the disposal route (this analysis fed into the estimation of how
much food waste could be prevented by sector, and how much of what is currently
classified as food waste might be sent for animal feed (and therefore no longer be classed
as waste)).
 Analysis by WRAP of Courtauld signatory reporting data, which gave an estimate for retail
food waste.
 Assessment of a wide variety of category-specific ‘resource maps’, site waste prevention
reviews, pathfinder projects, WRAP technical research (for example on product life),
Tesco ‘Farm to Fork’ data (provided in confidence) and other industry insights gained
from discussions, presentations etc.40
 Assessment of how much more food might be redistributed to people, based on WRAP’s
work with industry as part of the Food Connection Programme41.
More detail on this can be found in Appendix H.
A summary of the potential to prevent food waste arising in manufacture and at retail, and
to send additional material either for human or animal consumption, is in Table 13.

40

See for example http://www.wrap.org.uk/node/13542, http://www.wrap.org.uk/content/waste-prevention-background-data,
http://www.wrap.org.uk/node/16190
41
See http://www.wrap.org.uk/content/foodredistribution
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Table 13 – Potential plausible future reductions in manufacturing and retail food waste
Potential
tonnage
(t)

Percent reduction (vs
total manufacturing and
retail food waste in 2013)

525,000

13

Retail (prevention of arisings)

40,000

1

Additional food redistributed

50,000

1

100,000

3

720,000

18

Manufacturing (prevention of arisings)

Additional material to animal feed
Total

It should be noted that others have estimated the potential to increase the amounts of food
redistributed to people in need to be higher than that in Table 1342. The estimate used here
reflects the potential for redistribution of food that would otherwise have gone to waste (not
what might be diverted from feeding animals for example), logistical challenges associated
with expanding food redistribution, the reductions in food available to redistribute due to the
impact of prevention initiatives and the lack of robust data to determine how much of the
food wasted in manufacture and retail may be suitable for redistribution. It should not
however be regarded as an accurate estimate of the maximum potential for redistribution.
Similarly the estimate for how much food that would otherwise become waste might be used
instead to feed animals is based on the best available data and an understanding of potential
changes to relevant regulations, but would benefit from additional data and further
discussions with stakeholders43.
Table 14 – Minimum plausible levels of manufacturing and retail food waste, compared to
2007 and 2015, under three scenarios

High population
Central
population
Low population

Plausible
Absolute
%
minimum reduction reduction
food
from
vs 2007
waste
2007 (t)
level (t)
3,600,000
800,000
18

Absolute
reduction
from
2015 (t)

%
reduction
vs 2015

430,000

11

3,600,000

830,000

19

470,000

12

3,500,000

870,000

20

500,000

12

Taking into account the projected reductions from 2013 to 2015, and the range of possible
increases in population, this suggests that the plausible minimum level of manufacturing and
retail food waste would be between 3.5 and 3.6 million tonnes, or around 18-20% less than
in 2007 (see Table 14). These levels would be around 430,000 to 500,000 tonnes, or 1112%, lower than those projected for 2015.
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For example see http://www.fareshare.org.uk/uk-could-be-losing-out-on-800m-meals-from-hidden-food/
WRAP has had helpful discussions with The Agricultural Industries Confederation (AIC), see
http://www.agindustries.org.uk/home/, which has helped inform these estimates.
43
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6.3

Hospitality and food service

The approach taken to estimating minimum plausible levels of food waste in hospitality and
food service food waste was based on:
 An assessment of the impacts of interventions to date (case studies from WRAP’s work
and for example the results of pilots run through the Sustainable Restaurant Associations’
FoodSave initiative44).
 Learnings from the cost:benefit analysis and associated research and analysis undertaken
by WRAP on public sector food waste, and from the Catering Resource Efficiency Tool.
The above provide a range of examples where food waste has been reduced by substantial
amounts (ca 20% – 80% reductions), and / or reveal large differences in waste levels as a
proportion of purchases or meals prepared (see Appendix I).
Based on the above, and the fact that engagement with this sector on food waste prevention
started at least 3 years after similar engagement with the manufacturing and retail sector, it
has been assumed, for the purpose of this analysis, that food waste levels in 2015 could be
reduced by a further 20%.
Taking into account the range of possible increases in population, this suggests that the
plausible minimum level of hospitality and food service food waste would be between
750,000 and 770,000 tonnes, or around 17-18% less than in 2007 (see Table 15). These
levels would be around 125,000 to 140,000 tonnes, or 14-15%, lower than those projected
for 2015.
Table 15 – Minimum plausible levels of hospitality and food service food waste, compared
to 2007 and 2015, under three scenarios

High population
Central
population
Low population

44

Plausible
Absolute
%
minimum reduction reduction
food
from
vs 2007
waste
2007 (t)
level (t)
770,000
150,000
17

Absolute
reduction
from
2015 (t)

%
reduction
vs 2015

120,000

14

760,000

160,000

17

130,000

15

750,000

170,000

18

140,000

15

See http://www.thesra.org/foodsave/foodsave-case-studies/ and http://www.wrap.org.uk/content/good-practice-case-studies
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6.4

Overall UK food waste

Combining the results of the analyses of the three sectors discussed above provides an
overall estimate of plausible minimum levels of food waste at a UK level, as shown in Table
16. This suggests the minimum level of food waste could be around 9.1 to 9.2 million
tonnes, around 50% (53%) arising from households, around 40% (39%) from
manufacturing and retail and around 10% (8%) from hospitality and food service. This
minimum level is around 32 to 33% lower than in 2007, only slightly lower than the
proposed 30% aspirational reduction target (highlighting the challenge of achieving that
target even with a 2007 baseline). The minimum level would be 20% to 22% lower than the
predicted 2015 (or later) levels, suggesting that a 30% reduction from 2015 (or a later year)
would not be achievable.
Table 16 – Minimum plausible levels of food waste in the UK, compared to 2007 and 2015,
under three scenarios

Household
High population
Central population
Low population
Manufacturing
and retail
High population
Central population
Low population
Hospitality and
food service
High population
Central population
Low population
UK
High population
Central population
Low population

Plausible
minimum
food
waste
level (t)

Absolute
reduction
from 2007
(t)

%
reduction
vs 2007

Absolute
reduction
from 2015 (t)

%
reduction
vs 2015

4,900,000
4,800,000
4,800,000

3,400,000
3,500,000
3,500,000

41
42
42

1,800,000
1,800,000
1,900,000

27
28
28

3,600,000
3,600,000
3,500,000

800,000
830,000
870,000

18
19
20

430,000
470,000
500,000

11
12
12

780,000
760,000
750,000

150,000
160,000
170,000

17
17
18

120,000
130,000
140,000

14
15
15

9,200,000
9,100,000
9,100,000

4,400,000
4,500,000
4,500,000

32
33
33

2,400,000
2,400,000
2,500,000

20
21
22
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7.0

The range of actual reductions that could be achievable by 2025 based on
selected policy interventions

7.1

Household food waste

The analysis presented in Section 6 provided estimates of what is the maximum amount by
which food waste might plausibly be reduced, in what might be considered a ‘normal’
context (i.e. not for example wartime with food shortages and rationing, and with the
current types of interventions). Based on an evaluation of existing policy interventions this
section discusses what levels of reduction might be achievable by 2025. Given that neither of
these analyses address the costs associated with getting to a particular level of food waste,
it is important to stress that these are not proposed targets or objectives, and that the
cost:benefit analysis presented in Section 8 should be used to help judge whether these are
realistic or desirable outcomes.
A range of policy options to explore were agreed with Defra, and included:
 National campaigns
 Local/community engagement
 Changes to products, packaging and labelling (including for example shelf-life extension,
pack size optimisation and improved on-pack guidance, for example around freezing and
date labelling).
Time has not permitted a full ‘bottom-up’ analysis of specific interventions, and so the
approach taken is to model:
 The effect of a continuation of the impact achieved under Courtauld 2 (an absolute
reduction in household food waste of 270,000 tonnes over three years, but a relative [to
the expected increase resulting from population growth] reduction of 450,000 tonnes –
60% of which may be attributable to interventions which equates to 90,000 tonnes a year
of food waste prevented due to these interventions45).
 The tonnes of household food waste preventable per year estimated during the Courtauld
3 cost:benefit analysis, for the scenario relevant to the adopted targets (‘medium’
activity), which was 210,000 tonnes a year46.
 The tonnes of household food waste preventable per year estimated during the Courtauld
3 cost:benefit analysis, for the scenario where higher activity was assumed (‘high’
activity), which was 280,000 tonnes a year.
 These figures for annual tonnes preventable due to interventions are then subtracted
from the food waste levels taken from the scenarios described in Section 4, i.e. taking into
account external conditions that could influence levels of food waste in the future, in the
absence of interventions.
The types of activity considered as part of the Courtauld 3 analysis are consistent with those
relevant to the current analysis, as is the scale of the activities.
The effects of modelling the impact of the above interventions (integrated approach as
under Courtauld 2 [CC2 rate], integrated approach as in Courtauld 3 [Current activity],

45

See
http://www.wrap.org.uk/sites/files/wrap/Courtauld%20Commitment%202%20Household%20Food%20Waste%20Technical%2
0Paper.pdf and
http://www.wrap.org.uk/sites/files/wrap/Agreeing%20an%20attribution%20factor%20for%20WRAPs%20work%20to%20reduc
e%20household%20food%20waste.pdf
46
See ‘CC3 Household Food Waste target – counterfactual, potential impact of activities and associated costs, and target
options‘, unpublished but available on request
UK food waste – Historical changes and how amounts might be influenced in
the future 44

integrated approach that would reflect a higher activity version of Courtauld 3 [High
activity]) are shown in Table 17 and Figure 7.
Table 17 – Potential impact of interventions to reduce household food waste
Food waste
levels in
2025 (t)
CC2 rate (best case)
CC2 rate (central case)
CC2 rate (worse case)
Current activity (best case)
Current activity (central
case)
Current activity (worse
case)
High activity (best case)
High activity (central case)
High activity (worse case)

5,700,000
6,200,000
6,700,000
4,800,000

Absolute
%
Absolute
%
reduction reduction reduction reduction
from 2007 vs 2007
from
vs 2015
(t)
2015 (t)
2,600,000
31
950,000
14
2,100,000
25
470,000
7
1,600,000
19
-41,000
-1
3,500,000
42 1,900,000
28

5,000,000

3,300,000

40 1,700,000

25

5,500,000

2,800,000

33 1,100,000

17

4,800,000
4,800,000
4,900,000

3,500,000
3,500,000
3,400,000

42 1,900,000
42 1,800,000
41 1,800,000

28
28
27

Data in red is ‘capped’ at the maximum likely future reductions; ‘best case’ refers to lowest projection for population increases
over time, under conducive economic conditions; ‘central case’ refers to the central projection for population increases over
time, under neutral economic conditions; ‘worse case’ refers to the highest projection for population increases over time, under
less conducive economic conditions (see Section 4)

Where the reductions might be predicted to fall below the plausible minimum levels of
household food waste (as calculated above), the potential impact is ‘capped’ at that level, to
avoid suggesting unrealistic levels of reduction (scenarios marked in red in Table 17).
In Figure 7 no attempt has been made to model a ‘curve’ in terms of those interventions that
are predicted to hit the minimum level, as there is little evidence on which to model such a
curve. However, in order to recognise that achieving further reductions - as the minimum is
approached - is likely to be more difficult, the costs of these interventions will be increased
as the minimum is approached (see Section 8).
All but one of the modelled interventions show a reduction in household food waste between
2015 and 2025. The exception is the ‘Courtauld 2 rate’ under the least conducive economic
scenario with high population growth (which yields a 1% increase in food waste). For the
others the reduction ranges from 7% to 28%.
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Figure 7 – Potential impact of interventions to reduce household food waste (‘best case’ = conducive, low population growth; ‘central case’ =
neutral economic conditions and central projection for population growth; ‘worse case’ = less conducive, high population growth); total tonnes
of food waste
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In addition to the interventions modelled above, there are obviously other potential levels of
intervention, which would result in reductions smaller than those shown in Figure 7, or in
less of an increase compared to the absence of interventions, as discussed in Section 4.
Alternative policy interventions might also be conceivable that could have even greater
impacts, or levels of activity might be higher than the Courtauld 3 ‘high activity’ scenario.
7.2

Manufacturing and retail

A range of policy options to explore were agreed with Defra, and included:
 Whole chain voluntary agreements / collaborative frameworks to reduce food waste in the
supply chain (including the benefits of measurement and reporting, facilitated
collaborative development and implementation of solutions (including altered contracts,
whole crop purchase etc.), behaviour change and lean thinking).
 Measures to increase the amounts of material currently classed as food waste but suitable
for animal feed, being sent to feed animals (within the current regulations / legislation).
 Measures to increase the amounts of material currently classed as food waste but suitable
for human consumption, being redistributed.
Time has not permitted a full ‘bottom-up’ analysis of specific interventions, and so the
approach taken is to model:
 The effect of a continuation of the impact achieved under Courtauld 2 (an absolute
reduction in manufacturing and retail waste of 290,000 tonnes over three years, but a
relative [to the increase in production] reduction of 330,000 tonnes). It has been
assumed that 60% of this may have been attributable to interventions (i.e. the same
figure as was calculated for household food waste) – 66,000 tonnes a year47.
 The tonnes of manufacturing and retail food waste preventable per year estimated during
the Courtauld 3 cost:benefit analysis, for the scenario relevant to the adopted targets
(‘high’ activity), which was 100,000 tonnes a year48.
 The tonnes of manufacturing and retail food waste preventable per year estimated during
the Courtauld 3 cost:benefit analysis, for the scenario where higher activity was assumed
(‘5%’ impact), which was 130,000 tonnes a year.
 These figures - for annual tonnes preventable due to interventions - are then subtracted
from the food waste levels taken from the scenarios described in Section 4, i.e. taking into
account external conditions that could influence levels of food waste in the future, in the
absence of interventions.
The types of activity considered as part of the Courtauld 3 analysis are consistent with those
relevant to the current analysis, as are the scale of the activities.
The effects of modelling the impact of the above interventions (approach as under Courtauld
2 [CC2 rate], approach as in Courtauld 3 [Current activity], approach that would reflect a
higher activity version of Courtauld 3 [High activity]) are shown in Table 18 and Figure 8.

47

See
http://www.wrap.org.uk/sites/files/wrap/Courtauld%20Commitment%202%20Packaging%20and%20Supply%20Chain%20Was
te.pdf
48
See ‘Courtauld Commitment Phase 3 manufacturing and retail target: discussion paper ‘, unpublished but available on request
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Table 18 – Potential impact of interventions to reduce manufacturing and retail food waste

CC2 rate (best case)
CC2 rate (central case)
CC2 rate (worse case)
Current activity (best case)
Current activity (central
case)
Current activity (worse
case)
High activity (best case)
High activity (central case)
High activity (worse case)

Food
waste
levels in
2025 (t)
3,600,000
3,600,000
3,700,000
3,500,000

Absolute
%
Absolute
reduction reduction reduction
from 2007
vs 2007
from
(t)
2015 (t)
810,000
18
440,000
770,000
17
400,000
730,000
17
360,000
870,000
20
500,000

%
reduction
vs 2015
11
10
9
12

3,600,000

830,000

19

470,000

12

3,600,000

800,000

18

430,000

11

3,500,000
3,600,000
3,600,000

870,000
830,000
800,000

20
19
18

500,000
470,000
430,000

12
12
11

Data in red is ‘capped’ at the maximum likely future reductions; ‘best case’ refers to lowest projection for population increases
over time, under conducive economic conditions; ‘central case’ refers to the central projection for population increases over
time, under neutral economic conditions; ‘worse case’ refers to the highest projection for population increases over time, under
less conducive economic conditions (see Section 4)

Where the reductions might be predicted to fall below the minimum likely levels of
manufacturing and retail food waste (as calculated above), the potential impact is ‘capped’ at
that level, to avoid suggesting unrealistic levels of reduction (scenarios marked in red in
Table 18). In Figure 8 no attempt has been made to model a ‘curve’ in terms of those
interventions that are predicted to hit the minimum level, as there is little evidence on which
to model such a curve.
However, in order to recognise that achieving further reductions - as the minimum is
approached - is likely to be more difficult, the costs of these interventions will be increased
as the minimum is approached (see Section 8).
All of the modelled interventions show a reduction between 2015 and 2025, ranging from
9% to 12%.
In addition to the interventions modelled above, there are obviously other potential levels of
intervention, which would result in reductions smaller than those shown in Figure 8, or in
less of an increase compared to the absence of interventions, as discussed in Section 4.
Alternative policy interventions might also be conceivable that could have even greater
impacts, or levels of activity could be higher than the Courtauld 3 ‘high activity’ scenario.
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Figure 8 – Potential impact of interventions to reduce manufacturing and retail food waste (‘best case’ = conducive, low population growth;
‘central case’ = neutral economic conditions and central projection for population growth; ‘worse case’ = less conducive, high population
growth); total tonnes of food waste
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7.3

Hospitality and food service

A range of policy options to explore were agreed with Defra, and included:
 Whole chain voluntary agreements / collaborative frameworks to reduce food waste in the
supply chain (including the benefits of measurement and reporting, facilitated
collaborative development and implementation of solutions, including altered contracts,
behaviour change etc.).
 Measures to increase the amounts of material currently classed as food waste but suitable
for animal feed, being sent to feed animals (within the current regulations / legislation).
 Measures to increase the amounts of material currently classed as food waste but suitable
for human consumption, being redistributed.
 Changes to public sector procurement contracts to encourage the above.
Time has not permitted a full ‘bottom-up’ analysis of specific interventions, and so the
approach taken is to model:
 The tonnes of food waste preventable per year estimated during the Hospitality and Food
Service Agreement cost:benefit analysis, for the scenario relevant to the adopted targets
(‘5% reduction in CO2e’), which was 16,000 tonnes a year49.
 The tonnes of food waste preventable per year estimated during the Hospitality and Food
Service Agreement cost:benefit analysis, for the scenario where higher activity was
assumed (‘10% reduction in CO2e’), which was 29,000 tonnes a year.
 These figures for annual tonnes preventable are then subtracted from the food waste
levels taken from the scenarios described in Section 4, which estimate how food waste
levels might change in the future in the absence of interventions.
The types of activity considered as part of the Hospitality and Food Service Agreement
analysis are consistent with those relevant to the current analysis, as are the scale of the
activities, although there was less of an emphasis on diversion to animal feed in the previous
work. The effects of modelling the impact of the above interventions (approach as in the
Hospitality and Food Service Agreement and an approach that would reflect a higher activity
version of the Agreement) are shown in Table 19 and Figure 9.
Where the reductions might be predicted to fall below the minimum likely levels of hospitality
and food service food waste (as calculated above), the potential impact is ‘capped’ at that
level, to avoid suggesting unrealistic levels of reduction (scenarios marked in red in Table
19). In Figure 9 no attempt has been made to model a ‘curve’ in terms of those interventions
that are predicted to hit the minimum level, as there is little evidence on which to model
such a curve.
However, in order to recognise that achieving further reductions as the minimum is
approached is likely to be more difficult, the costs of these interventions will be increased as
the minimum is approached (see Section 8).
All of the modelled interventions show a reduction between 2015 and 2025, ranging from
10% to 16%.
In addition to the interventions modelled above, there are obviously other potential levels of
intervention, which would result in reductions smaller than those shown in Figure 9, or in
less of an increase compared to the absence of interventions, as discussed in Section 4.
Alternative policy interventions might also be conceivable that could have even greater
49

Based on Hospitality and Food Service Agreement cost-benefit analysis spreadsheets, unpublished
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impacts, or levels of activity could be higher than the Hospitality and Food Service
Agreement ‘high activity’ scenario.
Table 19 – Potential impact of interventions to reduce hospitality and food service food
waste
Food
waste
levels in
2025
Current activity (best
case)
Current activity (central
case)
Current activity (worse
case)
High activity (best case)
High activity (central
case)
High activity (worse
case)

Absolute
reduction
from
2007

%
reduction
vs 2007

Absolute
%
reduction reduction
from
vs 2015
2015

780,000

140,000

15

110,000

12

790,000

130,000

14

100,000

11

800,000

120,000

13

92,000

10

750,000

170,000

18

140,000

16

760,000

160,000

17

130,000

15

770,000

150,000

17

120,000

14

Data in red is ‘capped’ at the maximum likely future reductions; ‘best case’ refers to lowest projection for population increases
over time, under conducive economic conditions; ‘central case’ refers to the central projection for population increases over
time, under neutral economic conditions; ‘worse case’ refers to the highest projection for population increases over time, under
less conducive economic conditions (see Section 4)
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Figure 9 – Potential impact of interventions to reduce hospitality and food service food waste (‘best case’ = conducive, low population growth;
‘central case’ = neutral economic conditions and central projection for population growth; ‘worse case’ = less conducive, high population
growth); total tonnes of food waste
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7.4

Overall UK food waste

The effects of modelling the different interventions are summarised in Table 20 and Figure
10. This suggests that if the amounts of food waste prevented per year from 2009 to 2012
continued to 2025, food waste would be reduced to between 18% and 26% of 2007 levels.
Higher annual rates of reduction, as modelled under Courtauld 3 and the Hospitality and
Food Service Agreement would lead to reductions of between 27% and 33% (levels of
annual waste prevention that underpin the current targets and assumed levels of activity) up
to between 32% and 33% (levels of annual waste prevention resulting from scenarios with
higher assumed levels of activity).
This analysis suggests that a 30% reduction (vs 2007) could be achievable with current
levels of activity, but this would only be the case under some of the scenarios modelled in
Section 3 – i.e. under conditions of high population growth and less conducive economic
conditions the reduction would be lower than 30%. Higher levels of activity would be
required to achieve the 30% reduction under these less favourable conditions.
Table 20 – Potential impact of interventions to reduce UK food waste

CC2 rate (best case)
CC2 rate (central case)
CC2 rate (worse case)
Current activity (best
case)
Current activity (central
case)
Current activity (worse
case)
High activity (best case)
High activity (central
case)
High activity (worse
case)

Food
Absolute
waste
reduction
levels in
from
2025 (t)
2007 (t)
10,100,000 3,500,000
10,600,000 3,000,000
11,200,000 2,400,000

%
reduction
vs 2007

Absolute
reduction
from 2015 (t)

% reduction
vs 2015

26
22
18

1,500,000
970,000
410,000

13
8
4

9,100,000 4,500,000

33

2,500,000

22

9,400,000 4,200,000

31

2,200,000

19

9,900,000 3,700,000

27

1,700,000

14

9,100,000 4,500,000

33

2,500,000

22

9,100,000 4,500,000

33

2,400,000

21

9,200,000 4,400,000

32

2,400,000

20

Data in red is ‘capped’ at the maximum likely future reductions; ‘best case’ refers to lowest projection for population increases
over time, under conducive economic conditions; ‘central case’ refers to the central projection for population increases over
time, under neutral economic conditions; ‘worse case’ refers to the highest projection for population increases over time, under
less conducive economic conditions (see Section 4); * as there is no ‘CC2 rate’ data for hospitality and food service, the ‘current
activity’ data for the hospitality and food service sector has been used in the UK summary for the ‘CC2 rate’, as this closely
matches the rate predicted to occur from 2012 to 2015 for the hospitality and food service sector.

Under such high activity scenarios, levels of food waste would reach the minimum plausibly
possible levels in all three sectors, which reinforces how challenging this is likely to be. This
also highlights that reductions close to the maximum possible would be required from all
three sectors. The contribution to the total UK reductions by 2025 of the different sectors,
relative to 2007, is shown in Table 21. The analysis suggests that around 70% to 75% of the
overall reduction would be predicted to come from household food waste, 20% to 25% from
manufacturing and retail and less than 5% from hospitality and food service.
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Table 21 – Contribution by sector to the potential reductions in food waste to 2025

Household
CC2 rate (central case)
Current activity (central case)
High activity (central case)
Manufacturing and retail
CC2 rate (central case)
Current activity (central case)
High activity (central case)
Hospitality and food
service
CC2 rate (central case)
Current activity (central case)
High activity (central case)

Contribution to the
reduction vs 2007
(%)

Contribution to the
reduction vs 2015
(%)

70
75
78

49
75
75

26
20
19

41
21
19

4
3
4

10
4.5
5

As discussed above, a 30% reduction against a 2015 (or later) baseline would not be
achieved as it requires reductions below what is considered plausibly possible, and the
assessment of the impact of interventions shows at best (low population growth and
conducive economic conditions) there could be a reduction of 22% vs 2015.
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Figure 10 – Potential impact of interventions to reduce UK food waste (‘best case’ = conducive, low population growth; ‘central case’ =
neutral economic conditions and central projection for population growth; ‘worse case’ = less conducive, high population growth); total tonnes
of food waste
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8.0

What would be the cost to the UK to achieve this, and related benefits

The initial costs of reducing food waste have been taken from the cost:benefit analysis
carried out for the third (current) phase of the Courtauld Commitment50, which was informed
by the previous two phases of the Courtauld Commitment. The original Hospitality and Food
Service Agreement cost:benefit analysis would need further work before these figures would
be appropriate for the ten-year period being considered here, and therefore it was decided
to use costs from the Courtauld 3 cost:benefit analysis for the hospitality and food service
sector as indicative of the business costs of food waste prevention.
In each case the highest cost per tonne estimate from the Courtauld 3 cost:benefit analysis
has been used from the different economic and activity intensity scenarios, to reflect the
expectation that future tonnes will be more difficult to prevent.
The household food waste prevention costs include the costs of influencing consumer
behaviour (including national / large-scale communications activity and local / community /
employee engagement) to WRAP, partners (which could be public and/or private sector) and
other businesses, community groups, local authorities and others that might act
independently of WRAP. Costs are also included which relate to food businesses making
changes to products, packaging and labelling to help consumers buy the right amounts of
food, and make better use of what they buy51. However, household food waste prevention
costs do not include the costs to individuals of food waste prevention equipment such as
containers used to freeze leftovers, nor do they include any ‘costs’ or ‘benefits’ relating to
adopting new behaviours (such as taking time to make a shopping list or eating leftovers
rather than an alternative) due to a lack of suitable data. See Appendix K for a more detailed
discussion of these issues.
Manufacturing and retail costs include the costs of activities undertaken by WRAP to support
businesses, and the costs to businesses of bringing about business behaviour change and
changes to processes and procedures, both in collaboration with WRAP and independent of
WRAP.
The costs of interventions aimed at food waste reduction are likely to rise as the minimum
plausible level of food waste is approached. However, there is little evidence to inform when
this may happen and by how much costs will change.
Evidence from the evaluation of the Love Food Hate Waste campaign in West London52 was
used to estimate the possible cost of bringing about very significant change, which may
indicate the scale of the costs associated with approaching the minimum food waste levels
(as this is an example of the type of more intensive intervention that may be needed to
influence the least tractable units of waste; see Appendix J for more detail on this). This
indicated that costs could be nearly four times higher than those estimated in the Courtauld
3 cost:benefit analysis. Nonetheless, significant uncertainty remains around this estimate;
this is the best available evidence, but it is based on a single study and assumptions have
had to be made about how the costs would scale up to reach the majority of the population.
Therefore, lower and higher cost scenarios have been developed to reflect this uncertainty
with costs doubling or increasing six-fold respectively (+/- 50% of the four-fold increase). In
the absence of evidence on when such increases in cost may be required, it has been
assumed that costs will start to increase when the level of food waste is half way between
50

See http://www.wrap.org.uk/sites/files/wrap/Analysis%20for%20Courtauld%20Commitment%203%20targets.pdf
See ‘CC3 Household Food Waste target – counterfactual, potential impact of activities and associated costs, and target
options‘, for more detail on what costs are included, and how these were derived. Unpublished but available on request
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See: http://www.wrap.org.uk/content/west-london-food-waste-campaign
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the starting levels in 2015 and the minimum plausible level. Costs then increase by the same
amount each year resulting in costs reaching the maximum in the year in which the plausible
minimum level of food waste is reached. Once the plausible minimum level of food waste is
reached costs stay at the maximum level (acknowledging that some food waste prevention
will still be occurring to offset population growth etc.).
The same approach has been taken for the other two sectors, in the absence of other
evidence on which to base decisions on how costs may change over time, and the costs per
tonne for all sectors is shown in Table 22.
Table 22 - Assumptions for the cost per tonne of food waste reduction interventions for
each sector

Sector

Cost per tonne
in 2012 prices
(until the halfway point is
reached) (£)

Maximum costs per tonne by scenario
(£)
Low

Central

High

2x

4x

6x

Household

76

153

306

459

Manufacturing
and retail

55

109

218

327

Hospitality
and food
service

55

109

218

327

The benefits of reducing food waste have been calculated using the latest published value of
the food that is typically wasted (households, £2,96053; hospitality and food service £2,77554;
manufacturing and retail £95055; all per tonne). As described in Section 6, and based on
previous changes in household food waste, it has been assumed that only avoidable and
possibly avoidable food waste will contribute to the overall future reductions in household
food waste, whilst unavoidable food waste will increase with population. Based on this
assumption 78% of the expected reductions in household food waste are likely to be
avoidable. The benefit of reducing household food waste has therefore only been applied to
78% of the total food waste reduction in each year. It has been assumed that all of the
reductions in manufacturing and retail food waste are avoidable, and therefore valued as
such (most of what is classed as possibly avoidable or unavoidable in households would be
classed as by-product in the food sector and therefore not defined as waste). The benefits
have also been applied to all of the reductions in food waste in the hospitality and food
service sector.
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‘Household Food and Drink Waste in the UK 2012’; WRAP 2013; www.wrap.org.uk/household-food-waste
‘Overview of Waste in the UK Hospitality and Food Service Sector’; WRAP 2013; data for 2011;
www.wrap.org.uk/foodwastehafs
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‘Estimates of waste in the food and drink supply chain’; WRAP 2013; data for 2011; http://www.wrap.org.uk/node/16087
(the value of food waste at retail is higher than £950, but the contribution of reductions in retail food waste is relatively small)
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Due to limitations of time, this simplified methodology to estimate benefits (only
incorporating the financial savings associated with the value of the food waste prevented)
excludes the benefits of reduced CO2e emissions and the benefits of reduced disposal costs
(net of landfill tax). However, these elements make up a relatively small proportion of the
benefit from reducing food waste (for manufacturing and retail for example these additional
benefits are only around 4% of the value of the food waste prevented). Therefore estimates
of the benefits will be an underestimate.
Table 23 shows the net present value56 of the total costs, benefits and net benefits for each
intervention, sector and the UK as a whole. This gives data for the ‘central case’ scenario,
while Table A24 in Appendix J includes data for all scenarios.
Due to the different cost assumptions, there is a wide range of potential costs for the UK
economy of between around £100 million and £510 million (from 2015 to 2025) for the
central cases shown in Table 23. Considering only those interventions and scenarios where a
30% reduction in UK food waste is predicted, the costs range between around £200 million
and £530 million, over the 10 year period.
The net benefits of reducing food waste (annual benefits in 2025) range from £2.5 billion to
£5.3 billion, for the central case for each of the three activity scenarios. Household benefits
are the largest component and vary between £1.7 billion and £4.3 billion. Manufacturing and
retail net benefits range between around £510 million and £600 million, and those for
hospitality and food service range from around £340 million to £440 million. Considering only
those interventions and scenarios where a 30% reduction in UK food waste in predicted, the
benefits in 2025 range from between £4.2 billion and £6 billion.
In all scenarios the net benefit is positive with the worst case scenario (shown in Table A24
in Appendix J) delivering benefits of around £2.5 billion.
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A discount rate of 3.5% has been used.
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Table 23 - Cost:benefit summary for the central case scenarios, all sectors and the UK as a
whole (all in £million; scenarios highlighted in red are those where a 30% reduction in food
waste vs 2007 would be achieved)
Total cost (£m)

2x
Household
CC2 rate (central case)
Current activity (central
case)
High activity (central
case)
Manufacturing and
retail
CC2 rate (central case)
Current activity (central
case)
High activity (central
case)
Hospitality and food
service
Current activity (central
case)
High activity (central
case)
UK
CC2 rate (central case)*
Current activity (central
case)
High activity (central
case)

4x

Total
benefit
(PV; £m)

6x

Net benefit (NPV; £m)

2x

4x

6x

57

57

57

1,700

1,700

1,700

1,700

160

210

260

4,000

3,900

3,800

3,800

200

310

410

4,600

4,300

4,200

4,100

35

40

46

555

520

515

510

44

59

73

630

590

570

560

45

61

77

640

600

580

570

8

10

11

350

340

340

340

17

21

25

460

440

440

435

100

110

110

2,600

2,500

2,500

2,500

210

280

340

5,000

4,800

4,700

4,650

260

390

510

5,600

5,300

5,200

5,100

* as there is no ‘CC2 rate’ data for hospitality and food service the ‘current activity’ data for the hospitality and food service
sector has been used in the UK summary for the ‘CC2 rate’, as this closely matches the rate predicted to occur from 2012 to
2015 for hospitality and food service

Landfill taxes have been excluded from both the costs and benefits as the net effect on the
economy is zero. Nonetheless, reduced disposal costs (landfill tax of £80 per tonne plus a
£22 gate fee at 2013/14 values57) do present a large potential saving to local authorities.
The potential savings associated with reductions in household food waste are illustrated in
Appendix M.
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Despite the significant challenges of being able to achieve these scenarios, they show high
positive NPVs. This is mainly due to the high value of food. As mentioned above (and in
Appendix K), there are unquantified costs to consumers of taking action to reduce their food
waste. However, because many of the interventions are information provision, with
consumers and businesses subsequently choosing to act because there is a welfare saving to
them of doing so, it is legitimate to expect there to be a positive NPV even as these
scenarios approach the ‘plausible minimum’ amount of food waste.
This does not mean that positive NPVs could necessarily continue by reducing food waste
any further than these levels. Exceeding the ‘plausible minimum’ as defined here would
require different types of intervention that could begin to impose unacceptable costs;
consumers and businesses would no longer be choosing to reduce their food waste as a
result of the policies, and there must be a reason why they would not choose to go any
further (i.e. the costs become intolerable). The policy costs of being able to induce
reductions which are no longer desirable for consumers and businesses are also unknown,
but could become excessively high as increasingly intensive actions are needed to induce
such reductions. For these reasons, it might be inferred that any further reductions have a
high chance of carrying a negative NPV. It is also likely, however, that some relevant,
current technological solutions that could help reduce waste (such as smart appliances, novel
processes to increase shelf-life, such as those involving high pressure treatment or
irradiation, for example) will become more commercially available and cost effective to
implement more broadly within the food sector, and that new materials and technologies will
be developed over time.
The above analysis compares the cumulative costs (from 2015 to 2025) of achieving an
annual reduction in food waste in 2025; that is the overall potential costs over time of
achieving a particular reduction in the final year. It is also useful to estimate the cumulative
benefits over time, which illustrate the overall tonnes of food waste reduced year on year
between 2015 and 2025. These are given in Appendix L, together with estimates of the
associated benefits in terms of avoided CO2e.
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9.0

How much household food waste might be available for collection in the
future?

In 2012, 67% of total household food waste was collected by local authorities (either in
residual or targeted collections)58. If reductions in food waste levels in the future applied
equally to all disposal routes (sewer, home composting, fed to animals and local authority
collected) this would mean that levels of food waste available for collection from households
would be a minimum of around 3.2 to 3.3 million tonnes, as shown in Table 24.
Table 24 – Levels of household food waste remaining and potentially available for collection
in 2025*

CC2 rate (best case)
CC2 rate (central case)
CC2 rate (worse case)
Current activity (best case)
Current activity (central
case)
Current activity (worse case)
High activity (best case)
High activity (central case)
High activity (worse case)

Food waste
levels in 2025
(t)
5,700,000
6,200,000
6,700,000
4,800,000
5,000,000
5,500,000
4,800,000
4,800,000
4,900,000

Food waste available for
collection in 2025 (t)
3,800,000
4,200,000
4,500,000
3,200,000
3,400,000
3,700,000
3,200,000
3,200,000
3,300,000

* best case’ refers to lowest projection for population increases over time, under conducive economic conditions; ‘central case’
refers to the central projection for population increases over time, under neutral economic conditions; ‘worse case’ refers to the
highest projection for population increases over time, under less conducive economic conditions (see Section 4)
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10.0 Changes in avoidable food waste
The bulk of the analysis carried out and reported in this paper has been on total food waste,
i.e. including avoidable, possibly avoidable and unavoidable food waste, as the proposed
aspirational target for food waste prevention covers total food waste rather than any subfraction. Reductions in food waste are likely to occur primarily in the avoidable fraction, but
reductions in household possibly avoidable food waste did occur between 2007 and 2012,
and reductions in unavoidable food waste are also possible. There are ways to influence the
amount of unavoidable or inedible food waste, such as:
 The selection of crop / produce varieties which have different proportions of edible vs
inedible material (e.g. thickness of citrus peel; amount of stalk in cereals, even the size of
fruit and vegetables which can influence the relative amounts of inedible peel).
 The efficiency of production (e.g. a major retailer found large variation in the yield of
meat from carcasses in some of its suppliers, and WRAP found differences in extraction
efficiencies for fruit juice).
 Using more of what might otherwise be classified as unavoidable food waste (for example
using bones and peelings to make stocks and soups will reduce the weight of what ends
up being inedible food waste).
 Diversion of inedible (to humans) food waste from for example AD to animal feed (which
means this material is no longer classed as waste, and re-enters the human supply chain).
The percentage reduction in avoidable food waste is likely to be greater than that for total
food waste; as was found for changes in household food waste between 2007 and 2012,
where total food waste reduced by 15% whilst avoidable fell by 21%. Understanding how
avoidable food waste levels have changed for the UK as a whole, and how they may change
in the future, may be useful for discussions on the formulation of targets.
Table 25 presents data on avoidable food waste for households, and shows a reduction of
27% is predicted by 2015, and depending on the intervention and scenario (population
growth, economic conditions) could reduce by between 28% and 55% by 2025.
As discussed in Section 8, it has been assumed that all of the reductions in manufacturing
and retail food waste is avoidable, as most of what is classed as possibly avoidable or
unavoidable in households would be classed as by-product in the food sector and therefore
not defined as waste or included in current waste statistics59. In hospitality and food service
around three quarters of food waste was classed as avoidable in 201160, and it has been
assumed that unavoidable food waste increases with population/production volumes, and the
reductions are all in avoidable food waste.
Tables 26 and 27 present data for the manufacturing and retail sector and for hospitality and
food service. Table 28 presents data at a UK level. For the UK avoidable food waste from all
sectors combined reduced by around 13% from 2007 to 2012, and is predicted to reduce by
around 17% in 2015 compared to 2007. By 2025, avoidable food waste could potentially be
reduced by between 23% and 38%, depending on the intervention and external conditions.
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See http://www.wrap.org.uk/content/estimates-waste-food-and-drink-supply-chain for a discussion on this
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Table 25 – Changes in avoidable household food waste compared to 2007, under different
scenarios and with different levels of intervention*
Total food
waste (t)

Avoidable
food
waste (t)

Possibly
%
avoidable or
Avoidable
unavoidable
food waste (t)
2,900,000
64
2,800,000
60
2,700,000
59

% reduction in
avoidable food
waste vs 2007

2007
2012
2015
2025:

8,300,000 5,300,000
7,000,000 4,200,000
6,700,000 4,400,000

Current activity (best case)
Current activity (central
case)
Current activity (worse
case)
High activity (best case)
High activity (central
case)
High activity (worse case)
CC2 rate (best case)
CC2 rate (central case)
CC2 rate (worse case)

4,800,000 2,400,000

2,400,000

50

55

5,000,000 2,500,000

2,500,000

51

52

5,500,000 2,900,000

2,600,000

53

45

4,800,000 2,400,000

2,400,000

50

55

4,800,000 2,400,000

2,400,000

50

55

4,900,000
5,700,000
6,200,000
6,700,000

2,400,000
2,600,000
2,700,000
2,900,000

50
54
56
57

55
42
35
28

2,400,000
3,100,000
3,500,000
3,900,000

* best case’ refers to lowest projection for population increases over time, under conducive economic conditions; ‘central case’
refers to the central projection for population increases over time, under neutral economic conditions; ‘worse case’ refers to the
highest projection for population increases over time, under less conducive economic conditions (see Section 4);

In contrast to total food waste, reductions in avoidable food waste of 30% or more
compared to 2007 are suggested to be possible under all current activity scenarios, in
addition to the higher activity intervention scenarios. However, when compared to levels of
avoidable food waste in 2015, further reductions are estimated to be a maximum of around
25%, i.e. still significantly below 30%.
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21
27

Table 26 – Changes in avoidable manufacturing and retail food waste compared to 2007,
under different scenarios and with different levels of intervention*
Total
food
waste (t)
2007
2012
2015
2025:
Current activity (best
case)
Current activity (central
case)
Current activity (worse
case)
High activity (best case)
High activity (central
case)
High activity (worse
case)
CC2 rate (best case)
CC2 rate (central case)
CC2 rate (worse case)

Avoidable
food
waste (t)

Possibly
avoidable or
unavoidable
food waste (t)

%
Avoidable

% reduction in
avoidable food
waste vs 2007

4,400,000 4,400,000
4,100,000 4,100,000
4,000,000 4,000,000

-

100
100
100

7
8

3,500,000 3,500,000

-

100

20

3,600,000 3,600,000

-

100

19

3,600,000 3,600,000

-

100

18

3,500,000 3,500,000

-

100

20

3,600,000 3,600,000

-

100

19

3,600,000 3,600,000

-

100

18

3,600,000 3,600,000
3,600,000 3,600,000
3,700,000 3,700,000

-

100
100
100

18
17
16

* best case’ refers to lowest projection for population increases over time, under conducive economic conditions; ‘central case’
refers to the central projection for population increases over time, under neutral economic conditions; ‘worse case’ refers to the
highest projection for population increases over time, under less conducive economic conditions (see Section 4)

Table 27 – Changes in avoidable hospitality and food service food waste compared to 2007,
under different scenarios and with different levels of intervention*
Total
food
waste (t)

Avoidable
food
waste (t)

2007
2012
2015
2025:

920,000
920,000
890,000

680,000
684,000
650,000

Current activity (best case)
Current activity (central case)
Current activity (worse case)
High activity (best case)
High activity (central case)
High activity (worse case)

780,000
790,000
800,000
750,000
760,000
770,000

530,000
530,000
540,000
500,000
500,000
510,000

Possibly
%
avoidable or
Avoidable
unavoidable food
waste (t)
240,000
74
236,000
74
240,000
73
250,000
260,000
260,000
250,000
260,000
260,000

% reduction
in avoidable
food waste
vs 2007
0
0
5

67
68
68
66
66
66

* best case’ refers to lowest projection for population increases over time, under conducive economic conditions; ‘central case’
refers to the central projection for population increases over time, under neutral economic conditions; ‘worse case’ refers to the
highest projection for population increases over time, under less conducive economic conditions (see Section 4)
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23
22
21
27
26
26

Table 28 – Changes in avoidable UK food waste compared to 2007, under different
scenarios and with different levels of intervention

2007
2012
2015
2025:
Current activity (best case)
Current activity (central
case)
Current activity (worse
case)
High activity (best case)
High activity (central case)
High activity (worse case)
CC2 rate (best case)
CC2 rate (central case)
CC2 rate (worse case)

Total food
waste (t)

Avoidable
food waste
(t)

Possibly
%
avoidable
Avoidable
or
unavoidable
food waste
(t)
3,200,000
77
3,000,000
75
3,000,000
74

% reduction
in avoidable
food waste
vs 2007

13,600,000
12,000,000
11,600,000

10,400,000
9,000,000
8,600,000

9,100,000

6,400,000

2,600,000

71

38

9,400,000

6,600,000

2,700,000

71

36

9,900,000

7,100,000

2,800,000

71

32

9,100,000
9,100,000
9,200,000
10,100,000
10,600,000
11,200,000

6,400,000
6,500,000
6,500,000
7,200,000
7,600,000
8,100,000

2,600,000
2,700,000
2,700,000
2,900,000
3,000,000
3,100,000

71
71
71
72
72
72

38
38
37
31
27
23

* as there is no ‘CC2 rate’ data for hospitality and food service, the ‘current activity’ data for the hospitality and food service
sector has been used in the UK summary for the ‘CC2 rate’, as this closely matches the rate predicted to occur from 2012 to
2015 for hospitality and food service; best case’ refers to lowest projection for population increases over time, under conducive
economic conditions; ‘central case’ refers to the central projection for population increases over time, under neutral economic
conditions; ‘worse case’ refers to the highest projection for population increases over time, under less conducive economic
conditions (see Section 4)

Table 29 shows the plausible minimum levels of avoidable food waste, as calculated for total
food waste in Section 6. The minimum for the UK could be between 6.4 and 6.5 million
tonnes, around 70% of the remaining total food waste. These levels would be between 37%
and 38% of 2007 levels (a difference of 3.9 to 4.0 million tonnes), and 24% to 25% of 2015
levels (a difference of 2.1 to 2.2 million tonnes).
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13
17

Table 29 – Minimum plausible levels of total and avoidable food waste in the UK, compared to 2007 and 2015
Likely
minimum total
food waste
level (t)
Household
High population
Central population
Low population
Manufacturing and
retail
High population
Central population
Low population
Hospitality and food
service
High population
Central population
Low population
UK
High population
Central population
Low population

% avoidable

Likely
minimum
avoidable
food waste
level (t)

Absolute reduction
from 2007 (t)

4,900,000
4,800,000
4,800,000

50
50
50

2,400,000
2,400,000
2,400,000

2,900,000
2,900,000
3,000,000

3,600,000
3,600,000
3,500,000

100
100
100

3,600,000
3,600,000
3,500,000

770,000
760,000
750,000

66
66
66

9,200,000
9,100,000
9,100,000

71
71
71

%
reduction
vs 2007

Absolute
reduction
from
2015 (t)

%
reduction
vs 2015

55 1,500,000
55 1,500,000
55 1,500,000

38
39
39

800,000
830,000
870,000

18
19
20

430,000
470,000
500,000

11
12
12

510,000
500,000
500,000

180,000
180,000
185,000

26
26
27

140,000
150,000
150,000

22
23
23

6,500,000
6,500,000
6,400,000

3,900,000
4,000,000
4,000,000

37 2,100,000
38 2,100,000
38 2,200,000

24
25
25
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11.0 Conclusions
This analysis has assessed what further food waste prevention is possible in the UK given the
reductions already achieved since 2007. It concludes that a further 30% reduction in levels
of food waste (i.e. from a 2015 baseline or later) is not achievable under any credible
scenario in the UK. This is largely because of the scale of reductions achieved between 2007
and 2012, and predicted to take place to 2015 in response to concerted interventions
supported by UK Governments and WRAP, meaning there is less ‘low hanging fruit’
remaining. In addition, anticipated population growth means there will be significantly more
people in the UK in 2025 than in 2015, and in all likelihood increased production of food to
meet the needs of this larger population.
Even households and businesses that waste the least food inevitably waste some food as a
result of accidents and unforeseen disruption to plans, over and above inedible parts (egg
shells etc.). Even if the large majority of people and businesses reduced their food waste to
the levels of those wasting the least, the overall reduction would be less than 30%
(compared to 2015).
A reduction of 30% from 2007 levels (when the UK increased efforts to decrease food waste)
could be achieved, but would still be extremely challenging and require most households to
change their food buying, use and waste behaviours to what the ‘best in class’ households
do today. Similarly challenging food waste reductions in both grocery and hospitality and
food service supply chains would be required, and policies that had an impact twice as large
as the annual impact that the UK’s Courtauld Commitment had between 2009-12, sustained
until 2025.
The actual level of reduction that could be achieved is influenced by factors such as
population levels, global economic conditions and food prices, in addition to the levels of
interventions aimed at supporting food waste reduction. New technologies may also
influence what can be achieved and at what cost.
Whilst there is insufficient data and research to accurately assess the full social, economic
and environmental costs and benefits of food waste reduction, based on the available
evidence this analysis suggests that:

 Reductions in food waste by 2015 could amount to 2.0 million tonnes a year compared to
2007, preventing around £4 billion worth of food being wasted in 2015, and saving
around 7.0 million tonnes of CO2e. Cumulatively around 12 million tonnes of food waste
would have been prevented between 2007 and 2015, with a value of £24 billion, and
avoiding 40 million tonnes of CO2e
 Between 2015 and 2025 around 20 million tonnes of food waste could be prevented
under scenarios where a 30% reduction in UK food waste compared to 2007 is achieved.
This would prevent £30 to £40 billion of food being wasted over the 10 year period (at
present values), and avoid 60 to 70 million tonnes of CO2e being generated, around 40 to
60 million tonnes of which would be within the UK.
 The costs of achieving this could range from between £200 million and £530 million, over
the 10 year period from 2015.
While further food waste reduction activity is likely to have a significant and positive Net
Present Value (NPV), it should not be assumed that this will always be the case (i.e. there
will come a point in the future where reducing food waste will have a greater overall cost
than the environmental and economic benefits). Further understanding of the broad social,
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economic and environmental costs and benefits would help understand when this point is
being reached.
This analysis also highlighted the challenges of obtaining robust and comparable data on
food waste across different sectors, which will need to be carefully considered when
developing recommendations as to how progress against a food waste reduction target.
WRAP is involved in two projects which should help inform these discussions, the EU-funded
FUSIONS project which is developing a Food Waste Quantification Manual to monitor food
waste amounts and progression61, and the World Resources Institute Food Loss and Waste
Protocol62.
This analysis will also inform the development of a successor agreement to the Courtauld
Commitment, which would aim to deliver further reductions in food waste in addition to
wider resource efficiency benefits, across the UK and to Governments, businesses,
communities and individuals.
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See http://www.eu-fusions.org/work-packages

See http://www.wri.org/our-work/project/global-food-loss-and-waste-measurement-protocol
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Appendix A - Deriving estimates for
historical changes in food waste
(additional analysis and explanation)
Manufacturing and retail food waste
Estimates of food waste for manufacturing, retail and wholesale were derived from the
2002/3 and 2009 Defra C&I waste surveys, and reported in the Food Statistics Pocketbook63.
This analysis suggested reductions in food waste of 43% (manufacturing) and 69% (retail
and wholesale) over this period.
Figure A1 compares these estimates with the ones published by WRAP in 2013 for the same
sectors for 201164. The WRAP estimate was derived from analysis of data from a variety of
sources, including Courtauld Commitment 2 (CC2) signatory reporting data, C&I waste data,
Integrated Pollution Prevention and Control (IPPC) data, Food and Drink Federation (FDF)
survey data and other sources. Within its 2013 report WRAP also included an estimate for
waste (combined food, packaging and other) for 2008, which was very similar to the 2011
one (2% higher levels in 2011 for retail, 2% lower in 2011 for manufacturers), but concluded
that ‘The overall outcome from this exercise is that differences in methodology and data
coverage largely explain the differences between the two years and that any trends that
have occurred are masked by these differences’.
Figure A1 – Estimates of food waste arisings in the manufacturing, retail and wholesale
sectors derived from the 2002/3 and 2009 Defra C&I studies, compared to the 2011 data
from WRAP (rounded to 2 significant figures; tonnes).
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Earlier this year FDF published the latest survey of its members65, providing details of food
and packaging waste and a comparison with the results of previous surveys in 2006, 2008
and 2009. Figure A2 taken from that report shows total waste generated per tonne of
63

See Section 5.3 in https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/183302/foodpocketbook2012edition-09apr2013.pdf
64
See http://www.wrap.org.uk/content/estimates-waste-food-and-drink-supply-chain
65
See http://www.fdf.org.uk/responses/FDF-Report-Waste-Survey-Feb2014.pdf
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product from FDF member sites providing data for the four years. The report makes the
point that ‘the figure from 2006 is not reliable as this is likely to include byproducts. Data from the following three years show that the ratio of waste to production
decreased slightly between 2008 and 2012. Given the small change it is not possible to
confirm whether there has been an actual reduction or whether this is due to uncertainty in
the reported data’.
Figure A2 – Total waste generated per tonne of product from FDF member sites providing
data for 2006, 2008, 2009 and 2012 (Figure 1 taken from ‘Food and Drink Federation
Members’ Waste Survey’, 2014)

The report states ‘the large figure for food waste produced in 2006 suggests that a
proportion of this is likely to be by-products or redistributed food; however, whether this is
true and to what extent cannot be determined. Overall, food waste was the major type of
waste produced in all four years. Following the large reduction in 2008 compared to 2006,
food waste arisings decreased again in 2010 but this was associated with a marked increase
in by-product products. In 2012, food waste arisings increased again. This is partly due to
higher production but also to better segregation’.
Discussions with the Chilled Food Association, who compile (self-reported) waste data from
their members (responsible for circa 1.1 million tonnes of food production in 2012) suggest
that food waste generated by their members, per tonne of production, has reduced from
circa 10% ten years ago to between 6-7% in 2012.
Hospitality and food service food waste
As for manufacturing and retail, estimates of food waste for hospitality and food service
were derived from the 2002/3 and 2009 Defra C&I waste surveys, and reported in the Food
Statistics Pocketbook66. This analysis suggested reductions in food waste of 37% (hotels
and catering) and 30% (education) over this period.
Figure A3 compares these estimates with the ones published by WRAP for hospitality and
food service for 201167. The WRAP estimate was derived from analysis of data from a variety
of sources, including C&I waste data, but also informed by large-scale bespoke fieldwork.
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See Section 5.3 in https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/183302/foodpocketbook2012edition-09apr2013.pdf
67
See http://www.wrap.org.uk/content/overview-waste-hospitality-and-food-service-sector
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Figure A3 – Estimates of food waste arisings in the hospitality and food service sectors
derived from the 2002/3 and 2009 Defra C&I studies, compared to the 2011 data from
WRAP (rounded to 2 significant figures; tonnes).
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There is little additional large-scale data on food waste in the hospitality and food service
sectors, although data from the first year of the Hospitality and Food Service Agreement68
will be available later in 2014.
Using 2002/3 as a baseline, and C&I data to underpin claimed reductions
The C&I studies are official statistics which means they are produced to high professional
standards. However, levels of uncertainty will be higher for estimates at a sector level, and
when further analysis is done on specific materials such as food waste, which were not
reported separately. The release that accompanies the 2009 C&I study69 states that:

The two previous English national surveys of business waste were carried out in 1998/9 and
2002/3. Since 2002 there have been in addition two surveys in the North West and one
covering Wales. All of these previous survey methodologies have generally been as
consistent and comparable as possible, and the Defra survey has continued this policy.
Results in this release are generally compared with the 2002/3 survey. Comparisons
between estimates for the two years will be valid. However, please note that due
to the interval between the two surveys there have been inevitable changes such
as the standard SIC classification scheme for businesses, which will have some
unavoidable effect on the results.
Discussions with Defra, food industry contacts and contractors involved in this type of
research, suggests there are methodological difficulties that might result in challenges to
using this data.

68
69

See http://www.wrap.org.uk/content/hospitality-and-food-service-agreement-3
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/85947/ci-statistics-release.pdf
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These include:
Lack of data on mixed waste composition in 2002/3
 The survey carried out in 2002/3 did not capture data on the composition of mixed waste.
Mixed waste is a significant component in C&I waste and for retail is the principal route
for disposing of food waste (>90% based on WRAP data). To generate estimates of food
waste in mixed waste from 2002/3 the compositional breakdown from 2009 was applied.
Between 2002/3 and 2009 mixed waste reduced by 43% whereas waste overall
decreased by 29%; in 2002/3 mixed waste made up 32% of all C&I waste while by 2009
it was 26%. The difference is almost certainly attributable to increased recycling of dry
recyclables; in 2002/3 33% of waste was recycled compared with 49% in 2009. Even in
2009, very little food waste was being recycled; taking the prevalence of UK-based AD
plants as a proxy, there were four in 2002, 21 in 2009 and 72 in 2014, with the increase
coinciding with the AD Action Plan in 2011. This means that mixed waste in 2002/3 is
likely to have contained a significantly smaller proportion of food waste than in 2009
which in turn would mean that food waste in 2002/3 could have been overestimated.
Change in density factors
 The 2009 study used a factor of 0.29 tonnes per cubic metre for animal and vegetal
waste and also for ‘animal waste of food preparation and products’. The 2002/3 study
applied 0.199 for ‘waste food – animal and mixed’ and 0.17 for ‘vegetable food’. More
actual weights were recorded in 2009 compared with 2002/3 so this was a more
significant factor for the 2002/3 data. This means that in 2009 every cubic metre of waste
was assumed to weigh more than the 2002/3 study. But because relatively little food
waste was collected separately in either 2002/3 or 2009, the mixed waste factors are also
significant. In 2002/3 the factors are higher than in 2009 at 0.199 tonnes per cubic metre
for ‘waste food – animal and mixed’ and 0.18 tonnes per cubic metre for ‘household,
and/or similar commercial and/or industrial waste’ compared with 0.11 tonnes per cubic
metre in 2009 for ‘non-compacted mixed waste’.
What waste streams were included
 There may well have been consistency between the way non-wastes were defined
between the surveys, but the methodological details are no longer available. For example,
with the original 1996/97 survey, wastes reused on site were included in scope, but in
later surveys were excluded on the grounds they were not legally defined as wastes.
Discussions with industry, and comments made by the Chilled Food Association and in the
FDF report suggest that changes in the classification of waste in 2003 (implementation of
the Animal By-Products legislation, which re-classified waste containing animal protein
from a waste into a by-product [and in 2011 WRAP estimated that this amounted to
around 2 million tonnes of material]), could have resulted in differences in how waste and
other materials were captured between the two C&I studies. It is also unclear whether
food waste disposed to sewer via maceration is included in either survey, and if included
in one and not the other this would have a significant impact in terms of making
comparisons.
The significant differences between the 2009 C&I estimates for food waste, and the 2011
WRAP ones, for manufacturing in particular (2.7 million tonnes in 2009 vs 3.9 million tonnes
in 2011), would be difficult to explain (when the Courtauld and FDF data suggest reductions
of less than 10% over this period – 2009 vs 2011). In addition the very large reductions in
retail food waste (see Figure A1) from 2002/3, and the relatively high level of retail food
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waste in 2002/3 may have been influenced in particular by assumptions around food in
mixed waste.
Relevant policy interventions (2002/3 to 2009)
Two principal policy interventions could be cited as stimulating action to reduce food waste
over this period. Firstly, the rate of landfill tax rises sharply from 2008 onwards (see Figure
A4). The second major change referred to above was the introduction of the Animal ByProducts legislation, which (from discussions with industry) provided a real incentive not only
to avoid landfill, but to make efforts to reduce food waste and avoid the higher charges
associated with treatment of animal by-products.
Figure A4 – Annual standard rates of landfill tax from 1996 to 2014

Standard Rate (£ per tonne)
90
80
70
60
50
40
30
20
10
0

However, it is also important to bear in mind one of the conclusions from the 2009 C&I
report70
‘In 2009, the national economy was recovering from a recession. Clearly survey estimates

may be expected to reflect prevailing economic conditions at the time. In the absence of
regular time series data on business waste it is difficult to confidently assess how the
performance of the economy has related to waste generation since 2002/3. However,
comparing indices of available estimates of total waste with output measures (see chart
[Figure A5]) does provide some evidence that waste has been decoupled from economic
growth. Despite this however, it is to be expected that total C&I waste generation does
reflect at least in part the state of the economy (not least because business populations are
integral to the survey estimates). The chart also shows the performance of the UK economy
from 1997 to 2010, in overall terms. The downturn that started in 2008, and subsequent
performance, is illustrated very clearly. It would be very difficult, and probably misleading, to
attempt to quantify the effects of this on waste generation estimates in any meaningful
sense – particularly on a sectoral, regional or business size basis. However, users should
bear in mind that survey estimates for these variables, whilst technically correct for 2009,
could be misleading if these factors are not considered when drawing conclusions on policy
effectiveness, business awareness or other issues going forward.’
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See https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/85947/ci-statistics-release.pdf
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Figure A5 – UK Output and waste arisings - Chained volume measure (taken from Survey
of Commercial and Industrial Waste Arisings 2010 – Revised final results; 2011)

It seems very likely that there was a reduction in food waste arisings between 2002/3 and
the present, but the scale of the reduction from 2002/3 to 2009 reported in the analysis of
the two C&I studies may be difficult to defend.
One option considered, but not recommended would be to make use of the 2002/3 C&Iderived estimate, but compare to the 2011 WRAP estimates, rather than the 2009 C&I
derived ones:
Pros:
 Using the 2002/3 estimate would suggest a larger reduction to date, and recognises that
reductions are very likely to have taken place over this period
 Using the 2011 WRAP estimates makes use of the most recent bespoke data (and leads
to a more conservative estimate for the reduction compared to using the 2009 C&I data)
 There were some policy interventions, and strong financial incentives (economic
conditions) to support a reduction from 2002/3
Cons:
 Would need to acknowledge differences in the methodologies, and be able to explain the
differences in estimates between the 2009 C&I data and 2011 WRAP data
 No household food waste data for 2002/3, so assume (again would be seen as
conservative) levels prior to 2007 were similar to those in 2002/3
 Very large reductions in retail food waste are hard to explain.
Table A1 contains the data on food waste reductions, tonnes and as a percentage, if this
approach were adopted. Reductions in household, manufacturing and hospitality and food
service waste are all between 12% to 16%, but the single biggest reduction in absolute
tonnes and as a percentage (almost 80%) is seen in retail. It may be difficult to explain this,
particularly as volume sales of food over this period have remained relatively flat (between
38 – 39 million tonnes) (removing the retail data would lead to an estimate overall of a 12%
reduction for the other sectors).
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Table A1 – Changes in food waste if the approach outlined under option 1 were adopted
(rounded to 2 or 3 significant figures)
2002/3 (t)
Household
Retail and wholesale
Manufacturing
Hospitality and food
service
Total

8,300,000
2,100,000
4,600,000
1,000,000

2011/12 (t)
7,000,000
440,00071
3,900,000
920,000

Reduction
(t)

Reduction
(%)

1,300,000
1,700,000
730,000
130,000

15
79
16
12

16,100,000 12,300,000 3,800,000

24

Estimates of further reductions in food waste in manufacturing and retail, from 2011 to
2012, drawing on the Courtauld 2 data analysis, could increase the overall % reduction to
25%.

71

Note that this is the ‘unadjusted’ estimate for retail food waste for 2011, as published by WRAP. More recent analysis
suggests this figure could be around 260,000 tonnes
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Appendix B - Indication of progress
towards voluntary agreement targets
The analysis in this paper includes the assumption that the trend in food waste between
2012 and 2015 will be in line with the relevant voluntary agreement targets: Courtauld
Commitment 3 for household and manufacturing and retail food waste, hospitality and food
service agreement for hospitality food waste. This section examines early indications as to
whether this assumption is realistic.
Household food waste
The most recent data for the quantity of household food waste in the UK is for 2012,
published in November 2013. The next update for the total amount of household food waste
is planned for summer 2015, too late to inform this paper. This section examines other
evidence as to whether household food waste is likely to decline by 5% over this period.
Two main indicators are available that give some insight into household food waste. The
first, illustrated in Figure A6 is the level of awareness of household food waste information
and campaigns as tracked by WRAP’s regular household food waste survey.
Figure A6: Levels of awareness of household food waste information

Source: WRAP’s household food waste survey, UK representative sample, typical base size = 2,500

Since 2012, this has increased from 35% of respondents stating they had heard something
in April 2013 to 56% in November 2013. This followed two intense bursts of publicity relating
to food waste in the media – one associated with Tesco (October 2013) and the other with
WRAP (early November 2013). This level of awareness was the highest that has been seen
since tracking by WRAP started. This extremely high level of awareness was not, however,
sustained – the level in April 2014 was 40%, still up on the previous year. A similar increase
in concern for food waste was also picked up in the Food Standards Agency’s tracker survey
on issues relating to food (Figure A7).
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Figure A7: Reported concern about food waste (Nov 2010 - Nov 2013)

Source: Food Standards Agency Biannual Public Attitudes Tracker

However, raised awareness or heightened concern does not necessarily translate into
behaviour change. Given this, WRAP also tracks self-reported engagement with a suite of
nine behaviours through a ‘behavioural scorecard’72. Like awareness and concern, these
show an increase between April and November 2013 (Figure A8). Although there is a
reduction thereafter, this is not statistically significant: there is no evidence of a decline after
November 2013. Therefore, there is evidence of a positive change in claimed behaviour since
2012, with a pronounced increase around the time of the publicity on household food waste
in November 2013 when awareness of the issue was also higher.
Figure A8: Trend in behavioural score for eight behaviours with consistent data (one
behavioural question has had its wording modified and has been omitted from the average)

Source: WRAP’s household food waste survey, UK representative sample, typical base size = 2,500
95% confidence interval shown

72

For more details of the scorecard, see http://www2.wrap.org.uk/downloads/Consumer_food_waste_scorecard__guide_to_behaviours_FINAL_8_8_111.e2e7a728.11986.pdf .
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The behavioural scorecard does not measure all relevant behaviours and the relationship
with the level of food waste generated is not necessarily straightforward73. Therefore, it is
difficult to estimate the amount of food waste prevention that would be associated with
increased behavioural engagement. In addition, the results in Figure A8 are for claimed
behavioural engagement and trends in this measure could have been influenced by changes
in awareness of the issue in addition to actual behaviour change (although the WRAP
consumer survey is designed to minimise divergence between claimed and actual behaviour).
There are indications of positive changes in awareness, concern and behaviours associated
with household food waste since 2012. By themselves, these do not (and cannot, at this
early stage) give a guarantee that the Courtauld targets will be met, but they do
demonstrate food-waste-related changes in the population in a direction consistent with
meeting the targets.
Manufacturing and retail, and hospitality and food service
Reporting within the voluntary agreements for 2013 data is on-going during 2014, with
results expected later in 2014. These will only represent the first (2012 to 2013) of the three
years under consideration (2012 to 2015).
Impact of different assumptions regarding the influence of WRAP and voluntary
agreement signatories on non-signatories
The three tables below (A2-A4) show the results of applying different assumptions regarding
the impact of WRAP and the current voluntary agreement signatories on non-signatory waste
arisings.
The range of reduction in tonnage from 2012 to 2015 is from 395,000 tonnes to 520,000
tonnes, or a reduction of 3.3% to 4.3% in terms of overall UK food waste. In terms of
reductions from 2007, the range of reduction in tonnage is from 1.8 million tonnes to 2.2
million tonnes, or a reduction of 13.3% to 16.4% in terms of overall UK food waste.
The recommendation is to assume that there is an effect of WRAP (including through the
action of the Product Sustainability Forum (PSF) pathfinders projects and evidence base) and
the current voluntary agreements on non-signatories, such that their reductions in food
waste are half of those achieved by signatories.
In addition to the activities listed in Section 2, which illustrate how engagement by WRAP,
signatories and trade associations influenced the wider food industry up to 2012 and to date,
the PSF74 was established in 2011 and engages with the wider food industry to reduce the
environmental impact of products including food, and food waste. Members include
Courtauld 3 and Hospitality and Food Service Agreement signatories, but also many
organisations that are not signatories, and who represent sectors less well covered by the
existing agreements (such as fresh produce suppliers). The PSF has held regular events,
produced a wide range of guidance materials and tools (extending existing WRAP ones) in
addition to undertaking and disseminating projects which aim to reduce food waste (and
other impacts)75.

73

As described in Spaghetti Soup: The Complex World of Food Waste Behaviours and The Milk Model: Simulating Food Waste in
the Home
74
See http://www.wrap.org.uk/content/product-sustainability-forum-psf
75
See http://www.wrap.org.uk/node/16190
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Table A2 – Changes in food waste assuming no impact of WRAP or signatories on nonsignatories

Household
Retail
Manufacturing
Hospitality and
food service
Wholesale
TOTAL

2012 (t)

2015 (t)

Reduction Reduction
(t)
(%)

7,000,000
260,000
3,900,000
920,000

6,700,000
250,000
3,900,000
910,000

350,000
6,200
25,000
11,500

17,000
17,000
12,100,000 11,700,000

0
390,000

Reduction
from 2007
(t)

Reduction
from 2007
(%)

1,600,000
31,000
120,000
11,500

20
11
3
1

0
0
3 1,800,000

0
13

5
2
1
1

Table A3 – Changes in food waste assuming reductions in food waste do occur outside of
the voluntary agreements, to half of the extent as within signatories

Household
Retail
Manufacturing
Hospitality and
food service
Wholesale
TOTAL

2012 (t)

2015 (t)

Reduction Reduction
(t)
(%)

7,000,000
260,000
3,800,000
920,000

6,700,000
250,000
3,800,000
890,000

350,000
7,000
70,000
29,000

17,000
17,000
12,000,000 11,600,000

0
460,000

Reduction
from 2007
(t)

Reduction
from 2007
(%)

1,600,000
34,000
330,000
29,000

20
12
8
3

0
0
4 2,000,000

0
15

5
3
2
3

Table A4 – Changes in food waste assuming reductions reported by signatories are
representative of the broader sector

Household
Retail
Manufacturing
Hospitality and
food service
Wholesale
TOTAL

2012 (t)

2015 (t)

Reduction Reduction
(t)
(%)

7,000,000
260,000
3,800,000
920,000

6,700,000
250,000
3,700,000
870,000

350,000
8,000
110,000
46,000

17,000
17,000
12,000,000 11,500,000

0
520,000

5
3
3
5

Reduction
from 2007
(t)

Reduction
from 2007
(%)

1,600,000
38,000
540,000
46,000

20
13
13
5

0
0
4 2,200,000

0
16
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Appendix C - How food waste levels may
change from 2015, in the absence of
policy interventions - Household food
waste
Extensive research by WRAP has informed the selection of the exogenous factors used to
project household food waste levels to 2030. This includes recent detailed analysis on the
‘products’76 and ‘people’77 aspects of household food waste, and previous work developing a
food purchase and waste econometric model78.
Demographic factors
The main demographic factors that could influence food waste are likely to be overall
numbers of households/people, the percentage of single person households (where waste is
significantly higher on a per capita basis) and the age/employment profile (where older and
retired people waste significantly less). Analysis of UK population projections (ONS 2012based) and household projections (DCLG 2011-based79) suggests that the percentage of
single occupancy households will remain relatively stable while the proportion of older people
are likely to increase. However, potential changes to the age structure of employment
(longer working lives) mean that these changes are likely to be neutral in terms of food
waste (similar increases in the number of older people entering retirement and those older
people remaining in work). Food waste has therefore been projected to increase in
proportion to the overall UK population.
The ONS provide nine standard variant projections for the UK population, based on different
fertility, life expectancy and migration trends. The central estimate is called the principal
projection and this projection has been used along with the two projections80 , which equate
to the 25th and 75th percentiles when considering all nine variants, to develop low, central
and high projections. The low and high projections are included to reflect the uncertainty
around the principal or central projection. This means that in 2030 the number of people in
the UK could be as high as 72.1 million or as low as 70 million with a central estimate of 71
million, compared with 63.7 million in 2012.
In constructing the food waste scenario counterfactuals three of the nine projections were
used. Table A5 summarises the projections used for all sectors. For manufacturing and retail,
and hospitality and food service the population growth rates under each scenario were
applied to the level of food waste in 2015 to produce three counterfactual scenarios. For
households the population scenarios were combined with economic scenarios.
The two migration scenarios were chosen as they represent the 25th and 75th percentile of
the range of population projection variants. Table A6 shows the differences between the
three population projections used. By 2030 there is a difference of around 2 million people
between the high and low projections.
76

See http://www.wrap.org.uk/content/household-food-drink-waste-%E2%80%93-product-focus
See http://www.wrap.org.uk/content/household-food-drink-waste-people-focus
78
See http://www.wrap.org.uk/content/econometric-modelling-and-household-food-waste
79
https://www.gov.uk/government/statistical-data-sets/live-tables-on-household-projections
80
The low and high projections are the ONS’s low and high migration variants. See
http://www.ons.gov.uk/ons/rel/npp/national-population-projections/2012-based-projections/rep-background-andmethods.html#tab-Principal-and-Variant-Projections
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Table A5: Population projection used in the counterfactual for each scenario
Scenario

Population projection used
Hospitality and food
Household
service
Current activity (best case) Low migration
Low migration
Current activity (central
Principal Projection
Principal Projection
case)
Current activity (worse
High migration
High migration
case)
High activity (best case)
Low migration
Low migration
High activity (central
Principal Projection
Principal Projection
case)
High activity (worse case)
High migration
High migration
CC2 rate (best case)
Low migration
n/a
Principal Projection
n/a
CC2 rate (central case)
CC2 rate (worse case)

High migration

n/a

Manufacturing
and retail
Low migration
Principal
Projection
High migration
Low migration
Principal
Projection
High migration
Low migration
Principal
Projection
High migration

Table A6: Three UK population projections (millions of people)
2012
High Migration
Principal
Low Migration

63.7
63.7
63.7

2016

2020

2025

2030

65.5
65.4
65.3

67.5
67.1
66.8

69.9
69.2
68.5

72.1
71.0
70.0

Change
2016 to
2025
4.4
3.8
3.2

Change
2016 to
2030
6.7
5.7
4.7

Economic factors
The econometric modelling work carried out by Fathom Consulting and published by WRAP
in January 2014 suggested that in addition to food waste reduction activities (as measured
by the Food Waste Reduction Activities Index (FWRAI)) food waste was also related to two
economic factors: real food prices and real average weekly earnings.
Econometric modelling suggested that food waste was:

 Negatively related to real food prices
 1% increase in food prices will decrease food waste by 0.5%.
 Positively related to real average weekly earnings relative to trend growth rate of 2% per
year

 Annual real earnings growth of 1 percentage point above a 2% trend growth rate will
increase food purchases and hence food waste by 0.1% per year.
Negatively
related to real food prices relative to a falling trend in real food prices of -1.1%

per year
 Annual real food price growth of 1 percentage point above a -1.1% trend will
decrease food purchases and food waste by 0.05%.
In total, economic factors were able to explain around 40% of the reduction in food waste
between 2007 and 2010.
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However, the majority of this effect came from the impact of real food prices (around 35%)
rather than real earnings and real food prices relative to trend (around 3% each).
The approach taken was:
1 Use the relationship between real food prices and food waste and real
earnings relative to trend to food purchases in projections but not real food
prices relative to trend. There is no clear evidence on the long run trends for real food
prices or any evidence on when real food prices may revert to this trend. UK real food
prices are mostly decided by supply and demand in the world economy (not the domestic
economy). The estimated impact on food waste is also very small.
2 In terms of real food prices, three scenarios are used as characterized below.
Constant real food prices were used as the central scenario with the other two scenarios
to show the uncertainty around this assumption.
3 Table A7 below shows the adjustments to annual per person food waste under each
scenario.
A:
Increasing real food prices
i.
Real food prices increase at 1% per year to 2030
ii.
Positive for reducing food waste
iii.
Use the elasticity of food waste wrt real food prices estimated by the
Econometric modelling work (1% increase in real food prices leads to a 0.5% fall
in the weight of food waste)
B:
Constant real food prices
i.
No change in real food prices
ii.
No effect on food waste
iii.
Sensible scenario given recent trends but this may not last
C:
Decreasing real food prices
i.
Real food prices fall by 1% per year to 2030
ii.
Food waste likely to increase
iii.
Use the elasticity of food waste wrt real food prices estimated by the
Econometric modelling work (1% fall in real food prices leads to a 0.5% increase
in the weight of food waste)
4 In terms of real average weekly earnings relative to trend, three scenarios are
used as characterized below. The trend real earnings scenario was used as the central
scenario with the other two to show the uncertainty around this assumption.
5 Table A7 below shows the adjustments to annual per person food waste under each
scenario.
A:
Above trend real earnings
i.
Growth in real average weekly earnings 1 percentage point above the forecast81
for 2014 - 2016 and 1 percentage point above the 2% trend from 2017 onwards.
ii.
Likely to lead to increased food waste
iii.
Use the elasticity of food purchases (and food waste) wrt the difference between
the growth of real earnings and a 2% trend growth rate estimated by the
Econometric modelling work (Real earnings growth of 1 percentage point above
a 2% trend growth rate will increase food purchases and hence food waste by
0.1%)
B:
Trend real earnings
i.
Real earnings grow as forecast by the Bank of England for 2014 -2016 and grow
the 2% trend from 2017 onwards.
ii.
No effect on food waste when earning growth is on trend (2017 onwards)
iii.
Sensible scenario as most economic forecast models assume a return to trend
once shocks to the economy have dissipated
81

Based on WRAP analysis and forecasts published by the Bank of England and HM Treasury in May 2014
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C:

Below trend real earnings
Growth in real earnings 1 percentage point below the forecast for 2014 -2016
and 1 percentage point below the 2% trend from 2017 onwards.
ii.
Likely to lead to decreased food waste
iii.
Use the elasticity of food purchases (and food waste) with respect to the
difference between the growth of real earnings and a 2% trend growth rate
estimated by the Econometric modelling work (Real earnings growth of 1
percentage point below a 2% trend growth rate will decrease food purchases and
hence food waste by 0.1%)
i.

Table A7 - Percentage adjustment to annual per person household food waste implied by
our assumptions

Above trend real earnings
Trend real earnings
Below trend real earnings

2013
-0.5
-0.4
-0.3

2014
-0.3
-0.2
-0.1

2015
-0.3
-0.2
-0.1

2016 2017 - 2030
-0.2
-0.1
-0.1
0.0
0.0
0.1

Higher food prices
Constant food prices
Lower food prices

2013
-0.5
0.0
0.5

2014
-0.5
0.0
0.5

2015
-0.5
0.0
0.5

2016 2017 - 2030
-0.5
-0.5
0.0
0.0
0.5
0.5

Source: WRAP analysis based on the econometric modelling by Fathom Consulting, historic data from ONS and forecasts
published by HMT and the Bank of England.

Behavioural reversion
In developing the counterfactual for Courtauld 3 work was carried out to establish the extent
to which changes in behaviour that will have contributed to reductions in household food
waste might ‘revert’ in the absence of on-going interventions. The following text is extracted
from the Household Food Waste Courtauld 3 Technical Paper82:

‘Changing consumer behaviour is challenging, and – for many people – requires raising
awareness of the issue and personal benefits, reiteration of these benefits to maintain the
motivation to act, and the provision of information, advice, tools etc. to support or enable
behaviour change. Therefore, repeated exposure to messages, and experience of the
benefits, is usually required to embed new behaviours. To affect behaviour change across
the population, this is likely to take many years, or even generations. Discussions with
behaviour change experts, and a review of relevant literature83, has suggested that for many
consumers behaviours aimed at reducing HHFW (household food waste) will not yet be
embedded. Cessation of external messaging and support is likely therefore to result in some
reversion amongst those that have made changes. This will be exacerbated by changes to
routines and lifestyles, such as moving house, having children etc.
Data from WRAP’s twice-yearly consumer survey, and similar surveys from the IGD, show
that awareness and specific food-related behaviours have changed in a positive (i.e. would
lead to less HHFW) direction between 2008 and 2012. It is very difficult to estimate the
degree to which behaviours will revert’
82

Unpublished but available from WRAP on request
BEHAVIOR ANALYSIS AND ENVIRONMENTAL PROTECTION:ACCOMPLISHMENTS AND POTENTIAL FOR MORE, Philip K.
Lehman and E. Scott Geller, 2004; Persuasive Communication and Proenvironmental Behaviours: How
Message Tailoring and Message Framing Can Improve the Integration of Behaviours Through Self-Determined Motivation, Luc
G. Pelletier and Elizabeth Sharp, 2008; http://www.brooklyndhurst.co.uk/innovative-methods-for-influencing-behaviours-assessing-success-nudging-the-s-curve-_59?path=19,59
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‘Taking all of the above into consideration, and based on discussions with behaviour change
experts, for the purposes of this exercise it has been assumed that there could be a 5-10%
reversion of behaviour change per year’
This is an under-researched area and there is a paucity of evidence on which to base any
assumptions. It has therefore been agreed to:
 Assume that 40% of the reduction between 2007 and 2015 would be the result of
economic factors (taken from WRAP econometric modelling research84, which is based on
a limited amount of data but is the best illustrative evidence available).
 Assume that 10% of the reduction would have resulted from changes to products,
packaging and labelling.
 Assume that the remaining 50% of the reduction would be subject to behavioural
reversion.
The potential impact of changes to products, packaging and labelling is based on:
 An understanding of the insights and recommendations shared with industry, explicitly
calling for changes to products, packaging and labelling85
 Evaluation of the changes that have occurred in relevant aspects of products, packaging
and labelling, through WRAP’s retailer surveys and ‘shopping trolley reviews’86
 Analysis of the changes in food waste between 2007 and 2012, in terms of the types of
food thrown away and the reasons for disposal87
 Insights around what drives consumer food waste, consumer stated intentions to new
products, packaging and labelling, and modelling impacts of changes such as increasing
shelf-life
 Drawing together the above evidence and deriving an assessment for each food category
the extent to which changes to products, packaging and labelling might have contributed
to the reduction. Determining cause and effect is very difficult (when controlled
experiments are hard and expensive to carry out, and other factors which will help reduce
consumer food waste are also present, such as behavioural engagement88). This leads to
an estimate of around 130,000 tonnes that may have been directly influenced by technical
changes, around 10% of the reduction seen from 2007 to 2012.
Three scenarios have been modelled:
 7.5% annual reversion (exponential – i.e. 7.5% of the preceding years tonnage [0.8
million tonne starting point – equal to 50% of the reduction from 2007 to 2015] is added
to the arisings)
 100% reversion of the relevant tonnage [the 0.8 million tonnes] by 2030
 100% reversion by 2020 (the most extreme projection).
The results of the household food waste projections are shown in Figure A9 and Tables A8
and A9

84

See http://www.wrap.org.uk/content/econometric-modelling-and-household-food-waste
For example see http://www.wrap.org.uk/content/solutions-prevent-household-food-waste
86
For example see http://www.wrap.org.uk/content/helping-consumers-reduce-food-waste-retail-survey-2011
87
Based on data from http://www.wrap.org.uk/content/household-food-and-drink-waste-uk-2012 and
http://www.wrap.org.uk/content/household-food-and-drink-waste-uk-2007-estimates
88
See
http://www.wrap.org.uk/sites/files/wrap/Agreeing%20an%20attribution%20factor%20for%20WRAPs%20work%20to%20reduc
e%20household%20food%20waste.pdf for further discussion on this
85
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The three different economic scenarios are:
 ‘Conducive’ – conditions which would be predicted to encourage greater efforts to reduce
food waste: higher food prices, below trend real earnings
 ‘Neutral’ – constant food prices, real earnings on trend
 ‘Less conducive’ - conditions which would be predicted to discourage efforts to reduce
food waste: lower food prices, above trend real earnings.
For each of these there are projections based on the three population estimates, low, central
and high. The behavioural reversion factors are applied to the ‘less conducive’ economic
scenario (where reversion is more likely), with the central population estimate.
Only one of the projections shows a continued but modest reduction in household food
waste (‘conducive’ economic conditions and low population growth), all others show an
increase from 2015. There is a very large difference in these projections, from very little
change to a 25% increase compared to 2015 (an increase of 1.7 million tonnes), returning
levels of household food waste to those of 2007.
There is a difference of up to 860,000 tonnes by 2025 between ‘less conducive’ and
‘conducive’ economic conditions, and up to 815,000 tonnes difference between no reversion
and ‘100% reversion by 2020’ by 2025. Differences in the assumed rate of population
growth have a more limited impact (up to 133,000 tonnes between low and high)
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Table A8 – Projections for household food waste to 2025 under three different economic scenarios and three different levels of population
growth, and for different extents of behavioural reversion (applied to ‘less conducive’ economic conditions and central population projections –
in this table ‘low’ = partial reversion, ‘medium’ = 100% reversion by 2030 and ‘high’ = 100% reversion by 2020)
Scenarios

Low
Tonnage
by 2025
(t)

Medium

Change vs
2015 (t)

Change
vs 2015
(%)

Tonnage
by 2025
(t)

Change vs
2015 (t)

High

1
(conducive)
2 (neutral)

6,600,000

-53,000

-1

Change
vs
2007
(%)
-20

Change
vs 2015
(%)

Change
vs 2007
(%)

Tonnage
by 2025
(t)

7,000,000

360,000

5

-15

7,100,000

430,000

6

-14

7,200,000

500,000

7

-14

3 (less
conducive)
4
(reversion)

7,500,000

790,000

12

-10

7,500,000

860,000

13

-9

7,600,000

940,000

14

-8

8,000,000

1,300,000

20

-4

8,100,000

1,400,000

21

-3

8,300,000

1,700,000

25

1

6,700,000

13,000

0

-19

6,700,000

Change
vs 2015
(t)

Change
vs 2015
(%)

Change vs
2007 (%)

80,000

1

-19

Table A9 – Projections for household food waste to 2030 under three different economic scenarios and three different levels of population
growth, and for different extents of behavioural reversion (applied to ‘less conducive’ economic conditions and central population projections –
in this table ‘low’ = partial reversion, ‘medium’ = 100% reversion by 2030 and ‘high’ = 100% reversion by 2020)
Scenarios

Low
Tonnage
by 2030
(t)

Medium

Change vs
2015 (t)

Change
vs 2015
(%)

Tonnage
by 2030
(t)

Change vs
2015 (t)

High

1
(conducive)
2 (neutral)

6,500,000

-110,000

-2

Change
vs
2007
(%)
-21

Change
vs 2015
(%)

Change
vs 2007
(%)

Tonnage
by 2030
(t)

7,200,000

500,000

8

-14

7,300,000

620,000

9

-12

7,400,000

730,000

11

-11

3 (less
conducive)
4
(reversion)

7,800,000

1,200,000

18

-5

8,000,000

1,300,000

19

-4

8,100,000

1,400,000

21

-2

8,500,000

1,900,000

28

3

8,800,000

2,100,000

32

6

8,800,000

2,100,000

32

6

6,600,000

-13,000

0

-20

6,800,000

Change
vs 2015
(t)

Change
vs 2015
(%)

Change vs
2007 (%)

90,000

1

-19
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Figure A9 – Projections for household food waste under three different economic scenarios, and for different extents of behavioural reversion
(tonnes of total food waste)
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Appendix D - How food waste levels may
change from 2015, in the absence of
policy interventions – manufacturing and
retail; hospitality and food service
For manufacturing and retail, and hospitality and food service it has been assumed that
production and sales increase in proportion to the population (again the same three rates of
growth have been used as for households), and that waste remains a constant percentage of
either production or sales. It has been assumed (for the purposes of this analysis) that the
relative balance of imports and exports of food remains constant, as does the ratio between
eating in the home and eating out of the home.
The use of employment and GVA (Gross Value Added) projections for the food sector was
considered as an option for modelling future food waste levels. However, in the absence of
detailed understanding about the links between employment and/or GVA and volume of
production, as opposed to value, it was decided to adopt the approach used (where volume
of production changes in proportion to population changes), but explore alternatives in
future work.
The results of the manufacturing and retail, and hospitality and food service projections are
shown in Figures A10 and A11 and Tables A10 and A11.
In all cases food waste is predicted to increase from 2015 to 2025 by 6-8%, but for
manufacturing and retail the levels in 2025 are still below those of 2007, whilst for hospitality
and food service the levels in 2025 are higher than in 2007.
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Table A10 – Projections for manufacturing and retail (M&R), and hospitality and food service (HaFS) waste to 2025 under three different
population scenarios

M&R
HaFS

Tonnage
by 2025
(t)

Low
Change
Change
vs 2015 vs 2015
(t)
(%)

4,300,000
940,000

220,000
50,000

6
6

Change
vs 2007
(%)

Tonnage by
2025 (t)

-3
2

4,300,000
950,000

Medium
Change
Change
vs 2015
vs 2015
(t)
(%)
260,000
58,000

7
7

Change
vs 2007
(%)

Tonnage
by 2025
(t)

-2 4,300,000
3
960,000

High
Change Change
vs 2015
vs
(t)
2015
(%)
300,000
8
67,000
8

Change
vs 2007
(%)
-1
4

Table A11 – Projections for manufacturing and retail (M&R), and hospitality and food service (HaFS) waste to 2030 under three different
population scenarios

Tonnage
by 2030
(t)
M&R
HaFS

4,300,000
960,000

Low
Change
Change
vs 2015 vs 2015
(t)
(%)
310,000
70,000

8
8

Change
vs 2007
(%)

Tonnage by
2030 (t)

-1
4

4,400,000
970,000

Medium
Change
Change
vs 2015
vs 2015
(t)
(%)
380,000
84,000

9
9

Change
vs 2007
(%)

Tonnage
by 2030
(t)

0 4,500,000
6
990,000

High
Change Change
vs 2015
vs
(t)
2015
(%)
440,000
11
98,800
11

Change
vs 2007
(%)
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Figure A10 – Projections for manufacturing and retail food waste under three different population growth scenarios (tonnes of total food
waste)
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Figure A11 – Projections for hospitality and food service food waste under three different population growth scenarios (tonnes of total food
waste)
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Appendix E – Estimates of potential
minimum levels of household food waste
Background
This section contains estimates of the maximum amount by which food waste might
plausibly be reduced by, in what might be considered a ‘normal’ context (i.e. not for example
wartime with food shortages and rationing).
The level of household food waste is linked to the context in which it is generated. The level
of waste would be very low in extreme situations, such as on-going food shortages – where
the only waste would likely be items that were not fit for human consumption. This situation
is unlikely, and is the lower end of a spectrum of situations that could arise. Rationing and
less severe food shortages would be adjacent to food shortages on this spectrum. Three
methods have been deployed to estimate an upper bound to how far plausibly household
food waste might be reduced compared to 2012 levels in the situation / context described
below. Each estimate is derived from different dataset and contains different assumptions.
None of the calculations is definitive, but together they give an indication as to the potential
change in food waste (and uncertainty in this change) if:

 there was a substantially higher desire to waste less food across the population (and
similar attitudinal shift towards food waste and sustainability)
 food management in most households displayed the same level of rigorously applied
techniques and skills of households that currently waste the least food.
More extreme circumstances such as wartime or food shortages from extreme disruptions to
global trade are not considered.
As mentioned in Section 6, the plausible minimum amount of household food waste in the
current policy context assumes that most households behave the same as those ‘best in
class’ households, such as those who report that they are already doing all they can on food
waste. Current policies based on correcting information failures could plausibly achieve this,
if there was no limit on the effort expended on persuading households to reduce food waste,
such that all households had perfect information and could avoid food waste wherever their
private savings exceeded any costs to them of doing so. By definition, any further waste
reduction would cost them more than the savings they would enjoy, and would reduce their
welfare. Whilst there would still be environmental benefits to reducing the waste, it is not
clear that these would exceed the costs of the increasingly intensive and potentially intrusive
policies that could be needed to induce reduction that has a net cost to households.
Therefore, any such reductions lie beyond the ‘plausible minimum’ as defined here. There
would, however, be potential technology breakthroughs that could help consumers reduce
food waste, and deliver additional benefits to them (such as buying the right pack size at
little or no extra cost per kilo of product, or having longer to consume the product through
extensions to shelf-life).
Method 1 makes use of behavioural scores obtained from WRAP’s regular consumer survey,
linked to information from the detailed waste compositional analysis. The average level of
food waste has been calculated for each level of behavioural engagement. To determine the
highest plausible maximum change, the impact of all households moving to the levels of
behavioural engagement linked to the lowest levels of food waste is considered.
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In method 2, the highest plausible reduction in food waste is derived by each household
moving to the level of waste at the 25th centile for a household with that number of
occupants (household size).
Method 3 makes use of survey respondents stated ‘willingness’ to make efforts to reduce
food waste. To derive maximum plausible food waste reductions it assumes that those who
are willing to make effort (‘some’ or ‘every’) reduce their households’ level of waste to that of
those who say they are ‘already doing everything they can’ (where waste levels are lower).
All the estimates use 2012 data as the basis, e.g. assuming population levels for that year.
The unavoidable fraction of household food waste is assumed to be unchanged in this
analysis, with most of the difference in food waste level associated with avoidable food
waste89. This is in line with findings presented in Household Food and Drink Waste in the UK
2012 (Table 14 of that report), which found that most of the reduction in food waste
between 2007 and 2012 was associated with avoidable food waste; however, the percentage
reduction in possibly avoidable waste (19%, on a per person basis) was similar to that for
avoidable waste (24%).
Table A12 summarises the results for the three methods. The reductions span a range of
values from 20% to 52%, compared to 2012. The values in the table are not for any specific
year and assume a population level and demographics as in 2012.
Table A12 – Three approaches to assess the maximum plausible reduction in household
food waste (tonnages are for total food waste)
Method 1
Original level of waste (million
tonnes)
% reduction estimated
Reduction (million tonnes)
New level of waste (million tonnes)

89

Method 2

Method 3

7.0

7.0

7.0

27
1.9
5.1

52
3.7
3.3

20
1.4
5.5

For a definition of the avoidability classifications, see Household Food and Drink Waste in the UK 2012.
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Method 1: Using behavioural scores
Description: This method uses WRAP’s information from the detailed waste compositional
analysis that underpinned Household Food and Drink Waste in the UK 2012. The average
level of avoidable and possibly avoidable food waste (in kg / household / week) has been
calculated for each level of behavioural engagement from WRAP’s behavioural scorecard90.
The level of household food waste is lower for higher behavioural engagement (see Figure
A12). This method calculated the level of waste in two situations:
A: If all households achieved the level of waste in the group of households with the highest
score (>8.5 out of ten). [A very high level of behavioural change requiring significant
intervention and / or contextual drivers].
B: If all households generated the level of waste in the next (higher) group as determined
by the behavioural scorecard. This will be used to inform the work stream on the impact
of policy interventions, which could lead to smaller changes than those modelled in the
rest of this section.
Figure A12 – Variation in levels of food and drink waste by level of behavioural
engagement

Source: Waste compositional analysis 2012; local authority collected waste only

Results: For avoidable and possibly avoidable waste combined, waste levels would be 35%
lower in situation (a). Applied to the 5.4 million tonnes of waste associated with these two
avoidability categories, this represents a reduction of 1.9 million tonnes.
In situation (b), the reduction is more modest: 10% or 0.55 million tonnes.
Caveats: This method assumes that the relationship seen between behaviours and levels of
waste is causal. Although there is a clear mechanism by which behaviour influence levels of
food waste, the evidence gathered to date can only show correlations (which are consistent
with a causal mechanism). The behavioural scorecard does not measure all relevant
behaviours and the relationship with food waste levels is not straightforward91. If it were
possible to better measure a wider range of relevant behaviours, the correlation with
90

For more details of the scorecard, see http://www2.wrap.org.uk/downloads/Consumer_food_waste_scorecard__guide_to_behaviours_FINAL_8_8_111.2ad488a8.11986.pdf
91
As described in Spaghetti Soup: The Complex World of Food Waste Behaviours and The Milk Model: Simulating Food Waste in
the Home
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behavioural score would be stronger and the impact of assuming that the average level of
waste changes to that of the top performers would be greater, so the current estimate is
likely to be an underestimate of the impact of adopting waste-preventing behaviours.
A small proportion of the reduction is likely due to household size (those households with
higher scores were slightly smaller than those with lower scores). As data is only from the
detailed waste compositional analysis, but the results are applied to all household food
waste, this assumes that reductions in waste streams not covered by the compositional
analysis (i.e. sewer, home composting and fed to animals) vary in a similar way to those
collected by local authorities (residual and any collections targeting food waste).
Method 2: Moving all households to the lower quartile
Description: In this method, each household moves to the level of waste at the 25th centile
(the higher end of the lowest quartile) for a household with that number of occupants
(household size).
A lower level change is also modelled, whereby all households move to the median level of
waste for that household size. As the distribution is heavily skewed (with a tail to the right),
this leads to a lower level of waste. This will be used to inform the work stream on the
impact of policy interventions, which could lead to smaller changes than those modelled in
the rest of this section.
Data from the detailed waste compositional analysis undertaken for Household Food and
Drink Waste in the UK 2012 is again used for this analysis. In both cases, results are shown
for avoidable and possibly avoidable waste combined.
Results: Where all households move to the lower quartile, there would be a reduction of
68%, or a reduction of 3.7 million tonnes.
Where all households move to the median, there would be a reduction of 29% or 1.6 million
tonnes.
Caveats: Information in the detailed compositional analysis is for a relatively short period of
time: one or two weeks depending on the local waste collection system. Therefore, some of
the variation between households represents temporal (week-to-week or fortnight-tofortnight) variation of waste for individual households in addition to variation between
households (i.e. between their long-term average waste levels). This contributes to the
skewed distribution with a small number of households generating large levels of waste
during the fieldwork period. Given this, moving all households’ long-term waste level to the
lower quartile (of a short period) is a larger change than moving it to the lower quartile of
the long term average (information that WRAP does not possess). Therefore, the reductions
calculated in this appendix will be larger compared to all households moving towards the 25th
centile of the long-term average level of food waste.
As data is only from the detailed waste compositional analysis, but the results are applied to
all household food waste, this assumes that reductions in waste streams not covered by the
compositional analysis (i.e. sewer, home composting and fed to animals) vary in a similar
way to those collected by local authorities (residual and any collections targeting food
waste).
Method 3: Willingness to change
Description: This method uses question 17 from the post-diary questionnaire (part of
Household Food and Drink Waste in the UK 2012) alongside levels of waste from the diary –
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covering all disposal routes from a household (including residual waste, collections targeting
food waste, sewer, home composting and fed to animals; see Figure A13).
The question wording is below alongside the question options:
“Now that diary is completed, will the household make an effort to reduce the amount of
food/drink that is thrown away?”
 We intend to make every effort
 We will make some effort
 We will not make any effort
 Already doing everything we can
Figure A13 – Variation in levels of avoidable food and drink waste by willingness to make
effort to reduce food and drink waste following diary completion (question 17)

Estimated marginal means shown; error bars show 95% confidence intervals, controlling for household size
Source: Kitchen diary study 2012

This analysis assumes that all those who are willing to make effort (‘some’ or ‘every’) are
willing to reduce their households’ level of to that of those ‘already doing everything they
can’. The one respondent that stated they will not make any effort in the future has been
excluded from the analysis.
Results: The above analysis leads to a 26% (1.5 million tonne) reduction in avoidable and
possibly avoidable waste.
Caveats: The results of this question are susceptible to social desirability bias: those
wasting a lot of food (as revealed in the diary) may indicate a preference for waste reduction
above the level they actual feel. Furthermore, stating that effort will be made in the future
during a questionnaire does not necessarily translate future changes in activity and decision
making.
However, no reduction is assumed in the group stating that they are already doing all that
they can, despite their waste levels not being particularly low (although much lower than the
other groups).
As data is only from the diary analysis, there is evidence of underreporting in the amount of
waste reported. This is only an issue in this analysis if there is a difference in the level of
underreporting for the groups as defined by responses to Q17, the extent to which is not
known.
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Appendix F – What previous monitoring
and evaluation of household food waste
interventions could tell us about the
potential impact of future interventions
Background
This section considers previous pieces of research that have monitored campaigns and other
engagement initiatives focused on preventing household food waste. These can then inform
future projections of household food waste.
Previous studies
In addition to the reduction in household food waste seen nationally between 2007 and 2012
(19% on a per person basis in overall food waste levels, 24% for avoidable food waste),
previous work has monitored changes in household food waste during campaigns and other
engagement initiatives. These are listed below and summarised in Table A13.
Work by Worcestershire County Council to monitor the impact of a relatively small
community focused Love Food Hate Waste initiative in 201192. The monitoring consisted of
pre- and post-initiative waste compositional analysis of the same households (3 months
apart). This showed a 14% reduction in the amount of waste collected between the two
waves, and a 15% reduction for avoidable food waste (both changes were statistically
significant). The same households were sampled in each wave. Given that there was no
accompanying questionnaire, interaction with the sample households were minor (permission
was sought via letter); therefore, any research effect was likely to be minimised. Due to the
small sample size (c. 150), it was not possible to say which types of food had influenced the
reduction seen at the total change93.
Research by WRAP to monitor an integrated campaign in West London during 2012/1394.
The monitoring involved pre- and post-campaign waste compositional analysis and surveys
(6 months apart); the same households were targeted in each wave to allow a comparison
of the same households. There was a similar reduction to Worcestershire in the level of food
waste collected between the two waves – 15% for total food waste and 14% for avoidable
food waste95. However, due to the presence of surveys, there is the possibility of a ‘research
effect’ influencing the results – i.e. households being influenced by taking part in a
questionnaire (twice). Small but significant changes in claimed behaviour were also seen, as
measured through the behavioural scorecard questions96. Although the sample size was
larger than for the Worcestershire research (c. 450 matched households for the waste
compositional analysis), it was not possible to say anything definitive about the types of food
contributing to the total change (although there were some indications from the data).
92

See http://www.wrap.org.uk/sites/files/wrap/2011.11_Worcestershire_CC_LFHW_2011_case_study.3e14035c.11397.pdf
This campaign in Worcestershire was described in a case study; however, the waste compositional analysis that was used to
monitor the campaign was not published. Information relating to this campaign was supplied by Worcestershire County Council
to WRAP.
94
See
http://www.wrap.org.uk/sites/files/wrap/West%20London%20Food%20Waste%20Campaign%20Evaluation%20Report_1.pdf
95
The change for total avoidable food waste was significant at the 95% confidence level, the change in avoidable food waste
was only significant at the 85% confidence level.
96
For more details of the scorecard, see http://www2.wrap.org.uk/downloads/Consumer_food_waste_scorecard__guide_to_behaviours_FINAL_8_8_111.bcebfe43.11986.pdf
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A joint project between the Women’s Institute (WI) and WRAP97 in 2007 and 2008 created a
group of food waste ‘champions’ from within the WI membership to promote food waste
prevention to the wider community. The champions were trained and then ran ‘love food’
groups with between 6-8 people from their local community, meeting monthly over a period
of four months. In total, ten groups were formed. For those people recruited into these
groups and reporting food waste levels, avoidable waste levels fell by 53% between pre- and
post-intervention98; no measurement of unavoidable food waste was made.
Leicestershire County Council (LCC)99 monitored a small competition, in which three
households were challenged to reduce avoidable food waste as much as possible (research
currently unpublished; WRAP is planning to work with LCC to bring the associated knowledge
into the public domain). Although the research was small scale and focused on households
that are unlikely to be representative of the whole population, it was able to track the
change in the participants’ attitude towards their own food waste and what they changed as
a result. All three households recorded reductions of over 80% in their level of avoidable
waste, with an average reduction of 83%.
Table A13 - Summary of household food waste initiatives where changes were measured

Intervention

Intervention details

Worcestershire Community-focused
2011
campaign, 3 months
Community and
West London
London-wide campaign,
2012/13
6 months

Average % change in
food waste
avoidable
all
only
avoidabilities
15

14

14

15

WI project
2007/8

Monthly groups on food
waste prevention, 4
months

53

Not
measured

Leicestershire
2013

2 week competition to
reduce food waste

83

Not
measured

Notes
Short but focused
campaign
Potential ‘research
effect’ due to
survey
Caddie-based
method of
measurement
could influence
behaviour
Changes seen
after competition
may not be
sustained

What do these studies tell us
The food waste challenge in Leicestershire demonstrates that large reductions in avoidable
household food waste (over 80%) are possible given sufficient focus and incentive. However,
as the competition only compared one week’s worth of waste with another, there is no
information on how long the reductions seen were maintained. Furthermore, the level of
incentive and the support given to the families is not easy to replicate on a population basis
within current resourcing levels. Two of the three households taking part in the challenge
started off with above-average levels of avoidable food waste, with the third being close to

97

See http://www.wrap.org.uk/sites/files/wrap/LFC%20draft%20FINAL%20report%20171008-FINAL.pdf
Estimates of avoidable food waste were made by participants collecting all avoidable waste in their household in a caddy and
reporting the proportion of the caddy filled. WRAP researchers converted these volumes to weight.
99
See http://www.lesswaste.org.uk/index/prevention/love_food_hate_waste/fwc.htm
98
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the average for a household of that size100. Households with below average levels of
avoidable food waste may not be able to reduce food waste to quite the same degree.
Nevertheless, the food waste challenge demonstrates that most of what is considered
avoidable food waste can indeed be avoided with relatively straight-forward changes in
behaviour. In addition, large reductions in avoidable food waste are possible. This is backed
up by the WI project, which, using a similar approach of tailored advice to households
(although occurring over 4 months, rather than two weeks) showed a 53% reduction in
avoidable food waste. As the project was longer and the post-intervention measurement
occurred after the intervention (rather than being part of the intervention itself), the scale of
the reduction may reflect a more sustainable change in the absence of either external
incentives or a competition environment. However, the measurement may still have
influenced behaviour, potentially overstating the reduction. Reversion to past behaviour after
the measurement is also possible, although the magnitude of any reversion is unknown.
The other two campaigns (in Worcestershire and West London) illustrate more modest
reductions in food waste but within larger samples. For the monitoring of the Worcestershire
campaign, the change seen in the sample is likely to be representative of the population due
to low levels of engagement with the sample households in obtaining consent. In the West
London research, there is a risk that the survey work led to some of the reduction via a
‘research effect’, as discussed in the report that accompanied the evaluation.
For West London, a group of people within the sample reported that they were strongly
influenced by the campaign and other food-waste messaging. Specifically, 14% of
households interviewed after the campaign had seen something recently about food waste
and said they were doing something different as a result. The waste compositional analysis
showed that this group reduced their total food waste by 1.1 kg / hh / week (a 35%
reduction); a large part of that reduction was associated with avoidable food waste: a 0.7 kg
/ hh / week or 43% reduction. Although based on only 62 households (out of the total
matched sample of 452), these reductions were significant at the 95% confidence level due
to the magnitude of the reductions. This group contributed around half of the total reduction
in food waste in the sample.
Taken together, these two pieces of research show that relatively short period of
engagement (in comparison to the time horizons to 2025 and 2030) that are targeted at
relatively large populations can lead to reductions in household food waste. There is
currently no evidence as to the persistence of these reductions or whether the changes could
be built upon by further campaigns.

100

In 2012, the average level of avoidable food and drink waste in the UK was 4.8 kg/hh/wk for a 4+ person household; for the
3 households in the challenge, the starting levels of avoidable were 4.4, 6.3 and 8.2 kg/ hh/wk.
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Appendix G – Future potential for
technical changes to help reduce
household food waste
The potential impact of changes to products, packaging and labelling in the future is based
on:

 An understanding of the insights and recommendations shared with industry, explicitly











calling for changes to products, packaging and labelling, and their responses to such
information (commitment to change)
An understanding of the barriers and drivers for change (e.g. costs of implementation,
potential ‘on-cost’ to consumers, changes to legislation such as the Food Information for
Consumers regulations, and discussions at an EU level on date labelling)
Evaluation of the changes that have already occurred in relevant aspects of products,
packaging and labelling, through retailer surveys and ‘shopping trolley reviews’, and the
extent to which these have been implemented
Analysis of changes in food waste from 2007 to 2012, in terms of the types of food
thrown away and the reasons for disposal, and therefore where the biggest potential
might lie
Insights around what drives consumer food waste, consumer stated intentions to new
products, packaging and labelling, and modelling impacts of changes such as increasing
shelf-life
Drawing together the above and deriving an assessment for each food category the
extent to which changes to products, packaging and labelling might contribute to future
reductions

The results of the analysis are summarised below in Table A14.
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Table A14 – Assessment of the impact of technical changes to household food waste
reduction
Food group

Bakery
Standard bread
Speciality bread
Other
Meat and fish
Pork / ham / bacon
Fish and shellfish
Beef
Poultry (chicken / turkey /
duck)
Other
Dairy and eggs
Milk
Cheese
Yoghurt / yoghurt drink
Egg
Other
Staple foods
Rice
Pasta
Breakfast cereal
Other
Fresh fruit
Banana
Soft / berry fruit
Apple
Other
Fresh vegetables and salads
Cucumber
Lettuce
Carrot
Tomato
Onion
Leafy salad
Potato
Other
Processed fruit,
vegetables and salads
Potato
Other

Total waste
(thousand
tonnes)

Total
avoidable
waste
(thousand
tonnes)

Overall
tonnes
preventable
(avoidable
only)

Overall %
reduction
(of all
avoidable)

Overall %
reduction (of
total food
waste)

460
49
49

350
48
48

57,000
2,600
3,900

16
5
8

12
5
8

140
35
56

99
29
34

17,000
1,700
2,600

17
6
8

12
5
5

280
55

110
29

14,000
3,400

12
12

5
6

290
34
54
82
18

290
34
51
23
21

51,000
3,600
9,600
610
2,200

17
11
19
3
11

17
11
18
1
12

40
34
70
10

40
34
70
10

1,500

4

4

310
51
110
440

67
44
59
180

1,300
9,100
8,600
30,000

2
21
15
17

0
18
8
7

42
52
140
49
130
23
730
470

33
44
73
45
55
21
320
220

4,700
6,000
12,000
6,100
3,800
2,000
30,000
26,000

14
14
17
14
7
9
9
12

11
12
9
12
3
9
4
6

85
110

85
110

210
6,000

0
5

0
5
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Confectionery and
snacks
Sweet biscuits
Savoury snacks
Other
Drinks
Fruit juice and smoothies
Tea waste
Squash
Carbonated soft drink
Other
Condiments, sauces,
herbs & spices
Cook in sauce
Gravy
Other
Cakes and desserts
Cakes / gateau / doughnuts
/ pastries
Other
Pre-prepared meals
(store bought)*
Other (including homemade meals, oils & fats)
Total

19
23
20

19
22
20

0
0
0

0
0
0

0
0
0

120
550
38
230
310

120
73
38
230
250

4,100
0
0
0
0

3
0
0
0
0

3
0
0
0
0

42
12
85

42
12
83

6,700
0
6,200

16
0
7

16
0
7

86
72

86
72

2,900
0

3
0

3
0

115

115

13,700

12

12

790
7,000

350
4,200

0
350,000

0
8

0
5

* This estimate of store-bought pre-prepared meals is based on the results from a week long dairy completed as part of the
research to update UK household food and drink waste estimates for 2012 (see http://www.wrap.org.uk/content/householdfood-and-drink-waste-uk-2012). This suggested that around 63% of ‘pre-prepared’ meals were store-bought, which equates to
ca 115kt a year (i.e. this estimate excludes take-away meals).
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Appendix H – Estimates of potential
minimum levels of manufacturing and
retail food waste
Estimation of the future potential for food/ drink waste reduction in food waste within the UK
food and drink manufacturing sector was based on a combination of primary research and a
review of existing analyses and reports. It comprised three main strands of work:

 Analysis of waste arisings statistics from regulatory sources, carried out by Julian Parfitt
(Anthesis) for WRAP with specific objectives to:
Develop a clustering of the food and drink manufacturing sites that created
groupings most relevant to waste characteristics, thus simplifying the process of
estimation of future reduction potential
Produce a time trend analysis of food waste arisings from the sector between 2007

and 2013 in order to understand the historical picture in a consistent manner
Simplify the detailed European Waste Catalogue codes used to describe wastes

arising from the food and drink sector into a basic grouping of food waste types,
relating to the composition of food waste as disposed (e.g. ‘wet’ vs ‘dry’)
Analyse key treatment and disposal routes currently applied to different classes of

food waste
Provide a qualitative context for food waste prevention potential through the

assessment of a wide variety of evidence collected by WRAP and other sources:
these included category-specific ‘resource maps’, site waste prevention reviews,
WRAP Pathfinder projects, WRAP technical research (for example on product life),
Tesco’s ‘Farm to Fork’ data (provided in confidence) and other industry insights
gained from discussions and presentations
In combination the above analyses fed into the estimation of how much food waste

could be prevented by industry cluster, and how much of what is currently classified
as food waste could be sent for animal feed (and therefore no longer be classed as
waste)
 Assessment of how much more food might be redistributed to people, based on WRAP’s
work with industry as part of the Food Connection Programme
 Analysis by WRAP of Courtauld reporting data, which gave an estimate of how much
further retail food waste might be reduced.



A summary of the work carried out under strand 1 by Julian Parfitt is included below, with a
full account provided in the report: ‘Estimation of waste arisings and prevention potential
from food and drink manufacturing sites in the UK’101.

101

Report provided to WRAP
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Data sources used:
1 The time trend established for food and drink manufacturing sites was performed on the
Environment Agency’s Integrated Pollution Prevention and Control (IPPC) data for
England 2007-2013. This site level data, mainly relating to larger food and drink
manufacturers, provided annual quantities of waste arising by detailed European Waste
Catalogue codes, with sites coded by Standard Industrial Classification. 2007 to 2013
data were obtained from the Environment Agency covering IPPC permitted sites in
England reporting above a 5 tonne waste/year threshold. This covered approximately
2,800 waste streams from 330 sites/year.
2 The Inter-Departmental Business Register (IDBR) – was used to provide detailed size
banding data (number of employees) for the number of local business units by detailed
Standard Industrial Classification codes that comprise the UK food and drink
manufacturing sector.
3 Food and Drink Federation membership survey of waste arisings – by site, but was
limited in coverage (confidential).
4 Courtauld Commitment returns – limited as these are not at site level, and only
accounted for about a quarter of UK food and drink manufacturers.
5 To inform the assessment of waste prevention potential, qualitative data from WRAP
waste prevention reviews, resource maps, Pathfinder projects and Tesco’s ‘Farm to Fork’
project were obtained.
Limitations/Assumptions
1 Coverage of IPPC in relation to larger population: IPPC applies to approximately
4,000 industrial sites in the UK, including major food and drink manufacturers. Meat,
poultry and fish processing sites are over-represented, due to the lower threshold set for
IPPC permitting requirements. SMEs are not well represented as few sites meet the
threshold criteria, particularly apparent in the bakery and cake manufacturing sector. As
a result some of the industry clusters had too few data points to support detailed analysis
of their waste arisings. Care is therefore needed when reviewing results for these clusters
as they may not be representative of the wider picture.
2 Differences between the IPPC based estimates and WRAP food and drink
supply chain estimates (2013): the scaled-up estimates of waste arisings produced
from the 2013 IPPC data are close to but do not correspond exactly with WRAP baseline
estimates published in 2013 for the 2011 reporting year (3.8 Mt of food and drink waste
compared with 3.9 Mt in the 2013 WRAP baseline). The latter incorporated elements of
data from the Food and Drink Federation survey, Courtauld returns and from Defra’s
2009 commercial and industrial waste survey. Also, it should be noted that the two sets
of estimates relate to different reporting years. The current analysis was restricted to
IPPC data specifically because the other data sources did not contain details of food
waste composition comparable to those available with the IPPC data.
3 Reporting errors: there may be inconsistencies in the year-to-year reporting and
recording of IPPC site returns which may potentially distort the time trends observed.
4 Transfers between water and land treatment systems: food and drink wastes
from production processes that are discharged to sewer as trade effluent are not
reported as ‘waste’ within IPPC data, whereas the same material is recorded as waste if it
is treated onsite, resulting in effluent sludges that are subsequently transferred offsite for
treatment. It is therefore possible for two sites producing the same quantities of ‘food
waste’ from similar production processes to differ widely in how much is reported as
‘waste’ under IPPC, if one discharges to sewer and the other uses onsite treatment
systems. This aspect needs to be considered when compiling waste-based metrics that
attempt to compare sites within an industry cluster: see point 5 below. At a macro level,
increases in trade effluent charges have influenced larger manufacturers to install more
onsite treatment, thus distorting the trend in the waste arisings observed since 2007.
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5 Potential for normalising waste metrics: as IPPC returns do not include site-level
production data, compilation of ‘waste per unit of production’ metrics cannot be derived
from this source. Production data were sought from alternative datasets, but were
difficult to obtain. For the few sites where such data were available it was hard to draw
definitive conclusions about the effectiveness of normalising food waste in relation to
annual product tonnages. This was due to the small samples of sites with production and
waste data available, representing only two of the industry clusters. From the metrics
obtained it was not clear whether or not sites were ‘best-in-class’ due to waste
prevention innovations or due to greater transfer of materials to sewer (point 4 above).
6 Assumptions associated with the scaling-up results to UK level: The
methodology used to gross-up results involved using Inter-Departmental Business
Register counts of local business units applied to the 2013 IPPC data within the two
largest business size bands only (sites with 100 to 249 employees and those with 250 or
more employees). Sites with fewer than 100 employees, although numerous, were
excluded from the scaling-up on the basis that they were estimated to account for less
than 16% of total waste (food, packaging and other wastes) in the 2013 WRAP baseline
estimate. There is only limited empirical data to support the use of the number of
employees as a proxy for waste production per site, however, alternatives are limited by
the availability of variables that can be linked with both IPPC returns and nationally
available data for each industry cluster. It is likely that different levels of mechanisation
within the food and drink sector may well distort estimates by reducing staffing levels in
relation to quantities of food/drink production and associated wastes.
Selected analysis outputs
2013 IPPC data was coded into clusters according to Standard Industrial Classification (SIC)
codes.
Industry clusters
Standard Industrial Classification codes relating to the food and drink manufacturing sector
were used to create clusters of related businesses and product types. These clusters were
then refined and tested out using IPPC data to explore their effectiveness at displaying
contrasts in waste composition. The effectiveness of the final solution is confirmed by the
cluster to cluster variation with respect to the key food waste types shown in Figure A14:
 ‘unsuitable materials/materials rejected from product or processing’ were predominant in
the soft drinks and confectionery clusters;
 ‘sludges/digestate from on-site treatment’ accounted for a high proportion of waste
arisings from grain/milling, fresh fruit and vegetables, dairy/milk and cream,
dairy/cheese/ice cream clusters; and,
 ‘animal tissue waste’ was mostly associated with two clusters:‘meat/poultry/fish’ ,and
‘prepared meals’.
Some anomalies were apparent either as a result of waste coding errors within the IPPC
data, or as a result of SIC codes being applied to the main business activity at sites which
also had a variety of other production lines present.
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Figure A14 - Variation in food and drink waste types as % total food/drink waste within
clusters (IPPC 2013)
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70%
edible oil and fats

60%
50%

animal faeces, urine, manure, effluent,
collected separately and treated off-site

40%

sludges/ digestate from on-site effluent
treatment

30%
20%

materials unsuitable for consumption or
processing

10%

animal-tissue waste

0%

sludges from washing and cleaning

The detailed food and drink waste category tonnages within the IPPC site data were
grossed-up by size bands (number of employees) and multiplied up to UK estimates using
IDBR population values for the relevant size bands covered, see Figures A15 and A16.
Figure A15 - Overall grossed-up composition of IPPC waste streams from food and drink
sector, UK; tonnes/year
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Figure A16 - Overall grossed-up detailed composition of IPPC waste streams from food and
drink sector, UK; tonnes/year
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The waste stream types derived from the detailed European Waste Catalogue (EWC) codes
applied to IPPC permitted sites fell into three main types:
1 Wetter waste streams derived directly from food and drink manufacturing
processes (mainly described as ‘food sludges’ from processes in which materials are
washed, peeled, chopped or centrifuged, especially in the processing of fresh fruit and
vegetables;
2 Wetter waste streams derived from secondary onsite treatment processes
(predominant in half of the clusters) including ‘effluent sludges’ (from on-site treatments
including AD and activated sludge plant treating liquid wastes with high organic loading)
3 Drier waste streams (predominant in 5 of 12 clusters) representing materials that are
either rejected as inputs to production or rejected during the production process
(including inedible material from meat processing).
Figure A17 gives an overview of how the food and drink sector covered by IPPC treats and
disposes of the main types of food and drink waste, and Figure A18 illustrates variation in
the options applied to total food/drink waste (% weight) by industry cluster. All clusters,
apart from those handling meat products, rely on land spreading as their main waste
management option.
Figures A19 and A20 illustrate the amounts of ‘wet’ and ‘dry’ waste by sector, which helps
identify where the greatest potential for intervention may lie.
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Figure A17 - Disposal and treatment methods applied to food and drink wastes, IPPC 2013,
n=2,898 waste streams, 328 sites; tonnes/year
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Figure A18 - Disposal and treatment methods applied to food and drink wastes, % total
food/drink waste by cluster, IPPC 2013, n=2,898 waste streams, 328 sites
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Figure A19 - Total effluent sludges across clusters; tonnes/year102
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Figure A20 - Total arisings of materials ‘unsuitable for production/processing’ across
clusters; tonnes/year
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Figure A21 illustrates the fate and nature of food waste from the bakery sector.

102

The category ‘processed prepared meals’ is taken from the SIC coding applied by the Environment Agency to IPPC regulated
sites: 1085; manufacture of prepared meals & dishes, which includes frozen and canned ‘meals’, i.e. containing at least 2
distinct ingredients and 1089; manufacture of other food n.e.c. which includes manufacture of perishable prepared foods, such
as sandwiches & fresh (uncooked) pizza
UK food waste – Historical changes and how amounts might be influenced in
the future 109

Figure A21 - Fate of food and drink wastes from bakery/cakes, IPPC 2013; tonnes/year
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Assessment of waste prevention potential
The methodology used to assess future waste prevention potential was built on the findings
of all of the preceding stages relating to the detailed food/drink waste compositional data,
trends since 2007 and analysis of how wastes are currently dealt with. In addition, the more
qualitative information gleaned from waste prevention reviews, Pathfinder projects and other
industry sources (such as insights from the Tesco’s ‘Farm to Fork’ project) were used to
inform the scale of waste prevention opportunities within each industry cluster.
Overall the assessment concluded that a 9% net reduction in food/drink manufacturing
waste through on site waste prevention measures was realistic (Table A15), with a further
5% reduction through whole chain initiatives applied to packaging and supply chain
technology innovations. It was concluded that these two aspects together could result in a
14% reduction equivalent to over half a million tonnes of food and drink waste.
Table A15- Overall assessment of waste reduction potential as % of 2014 baseline
Waste reduction
measures within
manufacturing
processes (%)

9

Additional opportunity
for waste reduction:
packaging and
technology innovation,
whole chain
opportunities (%)
5

Overall potential
waste reduction
(%)

14
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The final report contains an account of the detailed assumptions behind the waste reduction
estimates made for each industry cluster. The approach can be illustrated here through the
example of the ‘soft drinks and fruit juice’ manufacturing cluster. Currently, the majority of
all wastes arising from manufacturing sites are in the form of wastewater discharges,
typically high in organic content. The entry in Table A16 illustrates that the offsite wastes
recorded by IPPC solely comprise ‘material unsuitable for consumption or processing’. Site
waste prevention reviews, WRAP resource maps and ‘farm to fork’ assessments suggest that
extraction yield improvements are possible. The first column of Table A17 indicates that
18,200 tonnes of net waste reduction was considered to be realistic (about 5% of arisings),
whilst also taking into account the potential for waste metrics to be distorted by net transfers
from waste water systems.
In addition to waste reduction potential, estimates were made for the potential to increase
the amounts of food redistributed to people in need and also how much food that would
otherwise become waste might be used instead to feed animals, both of which contribute to
waste prevention. The estimate for redistribution used here reflects the potential for food
that would otherwise have gone to waste (not what might be diverted from feeding animals
for example), logistical challenges associated with expanding food redistribution, the
reductions in food available to redistribute due to the impact of prevention initiatives and the
lack of robust data to determine how much of the food wasted in manufacture and retail
may be suitable for redistribution. It should not however be regarded as an accurate
estimate of the maximum potential for redistribution.
Similarly the estimate for how much food that would otherwise become waste might be used
instead to feed animals is based on the best available data and an understanding of potential
changes to relevant regulations, but would benefit from additional data and further
discussions with stakeholders.
Overall this analysis suggests that prevention of around 18% of manufacturing food waste
could be achieved, based on a 2014 baseline, or around 680,000 tonnes (see Table A17).
Based on Courtauld 2 data and detailed data from two retailers, it was also estimated that
around a 15% reduction in retail food waste might be achievable, which would equate to
around 40,000 tonnes.
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Table A16 - Summary of grossed IPPC food/drink waste compositions by industry cluster

Sludges from
washing and
cleaning (t)

IPPC Food Waste Classification
Materials
Sludges/digestate from
unsuitable for
on-site effluent
consumption or
treatment (t)
processing (t)

Animaltissue
waste (t)

Animal faeces, urine,
manure, effluent,
collected separately
and treated off-site
(t)

Edible
oil and
fats (t)

Total 'food
waste' (t)

Meat, fish, poultry

160,000

700,000

160,000

285,000

31,000

2,000

1,300,000

Fruit & vegetables
(fresh & frozen)

39,000

5,000

90,000

170,000

0

2,000

310,000

0

13,000

210,000

30,000

0

0

250,000

0

0

43,000

160,000

0

0

210,000

0
0

0
0

250,000
57,000

230,000
47,000

0
0

0
0

480,000
105,000

3,000

5,000

33,000

27,000

0

0

69,000

0

0

18,000

230,000

0

0

250,000

0

0

46,000

310,000

<1,000

0

355,000

0

0

395,000

0

0

0

395,000

5,000
200,000

0
720,000

5,000
1,300,000

49,000
1,500,000

0
32,000

0
5,000

59,000
3,800,000

Confectionery
Milling of grain,
ingredients such as
starch & malt
Bakery & cakes
Alcoholic drinks
Processed
prepared meals
Dairy: cheese, ice
cream
Dairy: milk &
cream
Soft drinks,
including juices
Other
Total
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Table A17: summary of grossed IPPC food/drink waste prevention potential by industry cluster

Net waste
reduction
(t)

Meat, fish,
poultry
Fruit &
vegetables
(fresh & frozen)
Confectionery
Milling of grain,
ingredients such
as starch & malt
Bakery & cakes
Alcoholic drinks
Processed
prepared meals
Dairy: cheese,
ice cream
Dairy: milk &
cream
Soft drinks,
including juices
Other
Total

Potential for change
Redistribution/
Additional opportunity
gleaning, diverted
for waste reduction:
from 'waste' (i.e. not
packaging and
diverted from
technology innovation,
current animal feed)
whole chain
(t)
opportunities (t)

Potential for
additional 'food
waste' to be sent
for animal feed
(within current
regulations) (t)

Overall %
reduction

180,000

13

140,000

46

87,000
15,000

34
7

116,000
9,000
31,000

24
9
45

17,000

7

36,000

10

44,000

11

3,000

3,000

5

190,500

680,000

18%

110,000

0

0

66,500

99,000

21,000

7,000

15,500

14,000

48,000

12,000

13,000

5,000

0

0

10,000

56,000
4,000

25,000
0

11,000
0

24,000
5,000

8,000

0

20,000

3,500

0

4,000

0

12,000

19,000

0

0

18,000

18,000

6,000

0

20,000

0

0

100,000

50,000

330,000

Overall potential
waste prevention
(grossed) tonnes
(t)
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Appendix I – Evidence to inform the work
on how far hospitality and food service
food waste might be reduced
WRAP case studies can be found at http://www.wrap.org.uk/content/good-practice-casestudies, and include a meal supplier to the public sector cutting waste by 60% through small
changes to the size of cooking batches.
The following are a selection of recent case studies from the Sustainable Restaurant
Association FoodSave project:
Source: http://www.thesra.org/foodsave/foodsave-case-studies/
Imperial restaurant
The FoodSave team monitored kitchen waste using the Winnow’s Waste Monitor System
for four weeks. It required minimal time (less than 10 minutes per day across all staff) and
caused no disruption to service. The FoodSave team met with The Imperial weekly to review
the results and identify actions for waste reduction.
The Imperial saved a whopping £10,178 and over 3 tonnes on annual food waste and
related packaging. The biggest savings came in customer plate waste, which fell by 54% in
value over the course of the four weeks. Identifying waste streams helped the team identify
where best to target reduction opportunities and in turn this helped The Imperial save on
purchasing costs.
The Breakfast Club
The FoodSave team monitored kitchen waste using the Winnow’s Waste Monitor System
for four weeks, with an additional unit installed for two weeks, to measure plate waste. Staff
found the process straightforward and informative.
The Breakfast Club reduced its kitchen food waste by 55%, preventing 2.5 tonnes of
waste going to landfill and providing a £5,500 saving on food costs annually. Information on
plate waste informed a menu re-design, taking into account factors such as portion size and
customer preferences.
The Breakfast Club identified its hot holding, or pre-prepared foods, area as a waste hotspot,
achieving an 80% reduction in waste in just four weeks.
Communication between staff improved and the team’s awareness of food waste was
heightened.
The Truscott Arms
The Truscott Arms undertook a four-week audit of their food waste using Winnow’s Waste
Monitor system.
During the FoodSave programme, sales increased by 19%, yet waste as a percentage of
sales fell from 5.7% to 3.1%. The biggest changes came from a 98% reduction in
inventory (spoilage) waste throughout the four-week period. By implementing small changes
to their menus and managing their inventory waste to an absolute minimum, The Truscott
Arms saved £108 per week.
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Sam’s Brasserie & Bar
Already focused on food waste, Sam’s had near best-in-class kitchen efficiency with only just
over 110g of waste per cover, a fraction of the waste generated on average at other
restaurants.
As part of the Greater London Authority’s FoodSave programme, The Winnow System was
installed in the kitchen at Sam’s for 4 weeks.
Over the four-week programme, food waste was reduced by 30%, worth over
£5,000 in food costs. Waste by volume fell by 19%, preventing 1.3 tonnes of waste sent
to landfill per annum. Kitchen waste fell by 37% driven by reuse of high value ingredients
discarded in preparation. Plate waste fell by 27% driven by minor changes in plating for key
items and increased focus on the use of take-home boxes.
Table A18 shows data on the mass of food used in different types of catering service and
benchmark wastage levels for both avoidable and unavoidable waste. These data have been
sourced from industry engagement and monitoring waste arisings in facilities. The table
illustrates the wide range in levels of food waste within and between different Hospitality and
Food Service subsectors, and therefore the opportunity for significant reductions amongst
those not yet operating as efficiently as their peers.
Table A18 – Data taken from WRAP’s ‘The Impact of Resource Efficiency on FM Services’
report showing the range in amounts of food being wasted within and between sub-sectors
(to be published later in 2014)

Facility
type

Catering service

Hospital

Full meals prepared
onsite
Snack and salads
Reheat
Full meals prepared
onsite
Snack and salads
Reheat

School

Office
(staff
Full meals prepared
restaurant) onsite
Snack and salads
Reheat
Office
(multiFull meals prepared
tenanted)
onsite
Snack and salads
Reheat

Meal
weight
(gram
per
serving)

% waste avoidable
Typical Good
Best

% waste unavoidable
Typical Good
Best

750

30

20

10

7

3

3

450
550
450

25
35
15

10
15
10

3
10
5

6
0
10

3
0
5

3
0
5

100
0
750

10
0
25

5
0
10

0
0
5

10
0
10

5
0
8

5
0
8

450
0
750

10
0
30

5
0
10

1
0
5

10
0
10

8
0
8

8
0
8

450
350

10
15

5
8

2
1

10
0

8
0

8
0
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Appendix J – Additional detail on the
cost:benefit calculations
As stated in Section 8, the costs of interventions aimed at food waste reduction are likely to
rise as the minimum plausible level of food waste is approached. However, there is little
evidence to inform when this may happen and by how much costs will change. Evidence
from the evaluation of the Love Food Hate Waste campaign in West London was used to
calculate the possible cost of bringing about very significant change, which may indicate the
scale of the costs associated with approaching the minimum food waste levels.
In the West London campaign £168,000 was spent over a six month period, targeting
600,000 households103. These costs included volunteer time, in addition to the costs of
advertising, PR and staff time. Impact was assessed through consumer surveys and
household compositional analysis, carried out pre and post the interventions. Overall food
waste levels were found to have reduced by 15%, but half of this reduction occurred in 14%
of the target population. This small group reduced their total food waste by 35%. This scale
of reduction is similar to that needed to reach the plausible minimum discussed in Section 6.
For the purposes of this exercise it has been assumed that this scale of investment would be
required at a national level as the plausible minimum is reached. This equates to around £8
million to influence 14% of the UK population, which would mean that more than £120
million might be needed to reach the majority of the population (90%). If applied to the final
25% of the tonnage required to be prevented this would equate to a cost of around £280 a
tonne, or four times the initial cost per tonne.
Significant uncertainty remains around this estimate. Therefore, lower and higher costs per
tonne scenarios have been included to reflect this uncertainty with costs doubling or
increasing six-fold respectively (+/- 50% of the four-fold increase). In the absence of
evidence on the timing of increases when such increases in cost may be required, it has
been assumed that costs will start to increase when the level of food waste is half way
between the starting levels in 2015 and the minimum plausible level.
The same approach has been taken for the other two sectors, in the absence of other
evidence on which to base decisions on how costs may change over time.
Table A19 shows the assumed annual costs per tonne under the central scenario where costs
increase to four times the initial cost when the plausible minimum is reached.
Table A20 shows the cost:benefit summary for all of the scenarios, all sectors and the UK as
a whole

103

See http://www.wrap.org.uk/content/west-london-food-waste-campaign
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Table A19 - Assumed annual costs per tonne under the central scenario that costs increase to four times the initial cost when the plausible
minimum is reached*.
2016
Household
Current activity (best case)
Current activity (central case)
Current activity (worse case)
High activity (best case)
High activity (central case)
High activity (worse case)
CC2 rate (best case)
CC2 rate (central case)
CC2 rate (worse case)
Manufacturing and retail
Current activity (best case)
Current activity (central case)
Current activity (worse case)
High activity (best case)
High activity (central case)
High activity (worse case)
CC2 rate (best case)
CC2 rate (central case)
CC2 rate (worse case)

2017

2018

2019

2020

2021

2022

2023

2024

2025

76
76
76
76
76
76
76
76
76

76
76
76
76
76
76
76
76
76

76
76
76
76
76
76
76
76
76

76
76
76
76
76
76
76
76
76

122
76
76
191
168
115
76
76
76

168
109
76
249
214
153
76
76
76

214
142
76
306
260
191
76
76
76

260
175
102
306
306
229
76
76
76

306
208
127
306
306
268
76
76
76

306
240
153
306
306
306
76
76
76

55
55
55
55
55
55
55
55
55

55
55
55
55
55
55
55
55
55

55
55
55
55
55
55
55
55
55

55
55
55
55
55
55
55
55
55

96
55
55
136
136
136
55
55
55

136
136
136
218
218
218
55
55
55

177
218
218
218
218
218
78
55
55

218
218
218
218
218
218
101
82
78

218
218
218
218
218
218
125
109
101

218
218
218
218
218
218
148
136
125
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Hospitality and
food service
Current activity (best
case)
Current activity
(central case)
Current activity (worse
case)
High activity (best
case)
High activity (central
case)
High activity (worse
case)

55

55

55

55

55

55

78

101

125

148

55

55

55

55

55

55

75

96

116

136

55

55

55

55

55

55

75

96

116

136

55

55

87

120

153

186

218

218

218

218

55

55

96

136

177

218

218

218

218

218

55

55

96

136

177

218

218

218

218

218

* best case’ refers to lowest projection for population increases over time, under conducive economic conditions; ‘central case’ refers to the central projection for population increases over time,
under neutral economic conditions; ‘worse case’ refers to the highest projection for population increases over time, under less conducive economic conditions (see Section 4)
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Table A20 - Cost:benefit summary for all of the scenarios, all sectors and the UK as a whole (all in £million) (scenarios highlighted in red are
those where a 30% reduction in food waste vs 2007 would be achieved)
Total benefit
(NPV)

Total cost (NPV)
2x
Household
Current activity (best case)
Current activity (central case)
Current activity (worse case)
High activity (best case)
High activity (central case)
High activity (worse case)
CC2 rate (best case)
CC2 rate (central case)
CC2 rate (worse case)
Manufacturing and retail
Current activity (best case)
Current activity (central case)
Current activity (worse case)
High activity (best case)
High activity (central case)
High activity (worse case)
CC2 rate (best case)
CC2 rate (central case)
CC2 rate (worse case)

4x

6x

Net benefit (NPV)
2x

4x

6x

150
160
140
160
200
230
57
57
57

220
210
160
240
310
335
57
57
57

290
260
170
310
410
440
57
57
57

3,600
4,000
4,000
3,800
4,500
5,300
1,700
1,700
1,700

3,500
3,900
3,900
3,600
4,300
5,100
1,700
1,700
1,700

3,400
3,800
3,900
3,500
4,200
5,000
1,700
1,700
1,700

3,300
3,800
3,800
3,500
4,100
4,800
1,700
1,700
1,700

41
44
39
41
45
40
34
35
30

55
59
52
54
61
53
41
40
35

70
73
64
67
77
67
49
46
39

600
630
580
610
640
585
525
555
490

560
590
540
570
600
545
490
520
460

540
570
520
555
580
530
480
515
460

530
560
510
540
570
520
480
510
455
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Hospitality and food service
Current activity (best case)
Current activity (central case)
Current activity (worse case)
High activity (best case)
High activity (central case)
High activity (worse case)
UK
Current activity (best case)
Current activity (central case)
Current activity (worse case)
High activity (best case)
High activity (central case)
High activity (worse case)
CC2 rate (best case)*
CC2 rate (central case)*
CC2 rate (worse case)*

8
8
8
14
17
16

10
9
10
19
21
21

12
11
12
23
25
25

370
350
390
460
460
465

360
340
380
445
440
450

360
340
380
440
440
445

360
340
375
435
435
440

200
210
190
220
260
285
99
100
96

290
280
220
310
390
410
110
110
100

370
340
250
400
510
530
120
110
110

4,600
5,000
5,000
4,800
5,600
6,300
2,600
2,600
2,600

4,400
4,800
4,800
4,600
5,300
6,000
2,500
2,500
2,500

4,300
4,700
4,800
4,500
5,200
5,900
2,500
2,500
2,500

4,200
4,650
4,800
4,400
5,100
5,800
2,500
2,500
2,500

* as there is no ‘CC2 rate’ data for hospitality and food service, the ‘current activity’ data for the hospitality and food service sector has been used in the UK summary for the ‘CC2 rate’, as this
closely matches the rate predicted to occur from 2012 to 2015 for hospitality and food service; best case’ refers to lowest projection for population increases over time, under conducive economic
conditions; ‘central case’ refers to the central projection for population increases over time, under neutral economic conditions; ‘worse case’ refers to the highest projection for population increases
over time, under less conducive economic conditions (see Section 4)
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Appendix K – Individual costs (nonfinancial costs relating to individuals)
In principle, all the costs and benefits associated with reductions in (household) food waste
levels should be included in the cost:benefit analysis. Costs to the taxpayer of the consumer
campaigns and benefits to individuals of the reduced cost of food purchases have been
included. However, individual costs such as time spent on food-waste prevention activities or
social benefits like changes in health or well-being have not been included. As discussed
below, there are some challenges in quantifying these: in many cases, it is not clear if the
net effect would be positive or negative.
Example 1: List making
One of the behaviours promoted to reduce household food is making lists, which can help
people bring home amounts and types of food they have the opportunity to consume before
they are no longer safe to eat (or before their next shopping trip). Making a list before going
shopping takes a finite amount of time. Indeed, ensuring that the list is informed by levels of
food in the cupboards, fridge and freezer and takes into account the number of meals
required for the following days or weeks would take more time to write than an ill-informed
list (which may not help reduce food waste levels compared to not making a list). However,
a shopping list can also help save time in the shop and can also help prevent the need for
additional shops to obtain forgotten items. To the best of WRAP’s knowledge, there is no
empirical data that quantifies these elements of time-use associated with lists, so it is
difficult to say whether making a list saves time overall or requires an input of time (i.e. an
additional cost).
Example 2: Using up leftovers
Another activity promoted for waste prevention is using up leftovers. Depending on the
nature of the leftovers, this could save time if the leftovers only require reheating, but may
require additional time if these leftovers require combining with other ingredients to make
another meal. The process of using up leftovers could also save time, as, by substituting for
another meal, may allow shopping trips to be spaced more widely (all other things being
equal).
This behaviour can be supported by greater skills and confidence in the kitchen. These skills
would take time to develop (a cost), but, once acquired, would allow the person to create a
greater range of meals – a benefit which is hard to monetise. However, there may also be
costs as the need to eat the leftovers limits the choice of what the person can eat; there is
an opportunity cost of the alternative meals the person could have eaten. More broadly,
there may be benefits to people choosing to ‘overstock’ on food (resulting in some waste) if
there is option value associated with the wider choices this provides. Again, such effects are
difficult to monetise, and data does not currently exist.
Different view-points
Taking rational economics to an extreme, it could be argued that all waste is generated
because the cost (including individual costs) of not wasting that food is greater than the loss
incurred from wasting it. However, the fact that reductions in household food waste occurred
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between 2007 and 2012104 and that there is evidence that some of this change related to
recent engagement of the public on the issue of food waste105 (in addition to changes
brought about by higher food prices and a reduction in earnings in real terms) suggests that
some of the previous behaviour was not rational as it could be changed through provision of
information (in addition to tools, tips and support). This suggests that, for household food
waste at least, there was at least some deviation from a rational economic model. This
supposition is supported by the level of heuristics (mental short-cuts) at play in grocery
shopping and food preparation in the home due to the frequent repetition106, suggesting that
conscious, rational thought patterns are accessed only occasionally in relation to these
activities.
Given the complexities discussed in these two examples, individual costs have not been
quantified in this cost:benefit analysis. Although it would be difficult to determine whether
the net effect of food-waste prevention of these costs to the individual would be negative or
positive, the magnitude of any effect could be considerable. Therefore, when interpreting the
results of the cost:benefit analysis, this omission should be noted.

104

See Household Food and Drink Waste in the UK 2012, WRAP, 2013.
See Economic Modelling and Food Waste, WRAP, 2014
106
Habits, Routines and Sustainable Lifestyles - EV0502, Defra
105
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Appendix L – Estimating cumulative
benefits
The analysis covered in Section 8 compares the cumulative costs (from 2015 to 2025) of
achieving an annual reduction in food waste in 2025; that is the overall potential costs over
time of achieving a particular reduction in the final year. It is also useful to estimate the
cumulative benefits over time, which illustrate the overall tonnes of food waste reduced year
on year between 2015 and 2025. This assumes that reductions made in any given year will
deliver benefits, and that these benefits will persist over time. For example if there is a
reduction in household food waste in year 1, and further interventions in subsequent years
there will be savings in disposal costs of the reductions made in year 1 that will persist in
subsequent years. Figures 22a to 22e illustrate (with household food waste data from this
analysis) the different approaches to estimating the benefits from reductions in food waste.
Figure A22a – Illustration of the difference between absolute reductions in food waste and
reductions vs the counterfactual (i.e. where food waste levels may have reached in the
absence of interventions); tonnes of total food waste
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Figure A22b – Illustration of annual (2025 vs 2015) absolute reductions in food waste;
tonnes of total food waste

Figure A22c – Illustration of annual relative reductions in food waste (i.e. vs the
counterfactual, or where food waste levels may have reached in the absence of
interventions); tonnes of total food waste
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Figure A22d – Illustration of cumulative absolute reductions in food waste; tonnes of total
food waste

Figure A22e – Illustration of cumulative relative food waste reductions (i.e. vs the
counterfactual, or where food waste levels may have reached in the absence of
interventions); tonnes of total food waste

Tables A21 to A24 provide details of the cumulative benefits (and annualised ones for
comparison) by sector and for the UK as a whole, in terms of tonnes of waste prevented and
the financial value of this avoided food waste. Two examples are included, for current and
high activity scenarios (central case for each), both of which would result in the overall 30%
absolute reduction in UK food waste being achieved.
Avoided CO2e tonnages are calculated using values of 4.4 tonnes CO2e for household food
waste, 3.61 tonnes CO2e for manufacturing and retail and 4.1 tonnes CO2e for hospitality
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and food service107. About two-thirds of these reductions will be associated with UK
emissions, and therefore relevant to UK carbon budgets.
Between 2015 and 2025 around 20 million tonnes of food waste could be prevented under
these scenarios, preventing between £30 to £40 billion of food being waste over the 10 year
period, and avoiding between 60 to 70 million tonnes of CO2e, around 40 to 60 million
tonnes of which would be within the UK

107

See Appendix O
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Table A21 – Cumulative and annualised benefits associated with reductions in household food waste
Annualised relative reductions relative to
counterfactual (i.e. savings in 2025
compared to what may have happened
with no action)

Tonnes of food waste prevented in
2025 compared to what may have
happened with no action (t)

Value of food waste prevented in 2025
compared to what may have
happened with no action (£)

Annual saving per household in 2025
compared to what may have
happened with no action (£)

Reduction in CO2e in 2025
compared to what would have
happened with no action (t)

Current activity (central case)

2,100,000

4,800,000,000

160

7,200,000

High activity (central case)

2,300,000

5,200,000,000

180

7,800,000

Value of food waste prevented in 2025
vs 2015 (£)

Annual saving per household in 2025
vs 2015 (t)

Annualised reductions relative to 2015
baseline (i.e. absolute reductions in 2025
compared to 2015)

Tonnes of food waste prevented in
2025 vs 2015 (t)

Reduction in CO2e in 2025 vs
2015 (t)

Current activity (central case)

1,700,000

3,800,000,000

130

5,700,000

High activity (central case)

1,800,000

4,300,000,000

140

6,300,000

Tonnes of food waste prevented
between 2015 and 2025, compared
to what may have happened with no
action (t)

Value of food waste prevented
between 2015 and 2025, compared to
what may have happened with no
action (£)

Current activity (central case)

11,500,000

26,600,000,000

890

39,500,000

High activity (central case)

14,600,000

33,600,000,000

1,100

50,000,000

Cumulative reductions relative to
counterfactual (i.e. savings made between
2015 and 2025, compared to what may
have happened with no action)

Cumulative reductions relative to 2015
baseline (i.e. absolute reductions
compared to 2015 baseline)

Current activity (central case)
High activity (central case)

Tonnes of food waste prevented
between 2015 and 2025, compared
to 2015 baseline (t)

Value of food waste prevented
between 2015 and 2025, compared to
2015 baseline (£)

Savings per household between
2015 and 2025 compared to what
may have happened with no action
(t)

Savings per household between
2015 and 2025 compared to
compared to 2015 baseline (t)

Tonnes of CO2e prevented
between 2015 and 2025
compared to what may have
happened with no action (t)

Tonnes of CO2e prevented
between 2015 and 2025
compared to compared to 2015
baseline (t)

9,100,000

21,100,000,000

710

31,400,000

12,200,000

28,100,000,000

940

42,000,000
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Table A22 – Cumulative and annualised benefits associated with reductions in manufacturing and retail food waste
Annualised relative reductions relative to
counterfactual (i.e. savings in 2025
compared to what may have happened
with no action)

Tonnes of food waste prevented in
2025 compared to what may have
happened with no action (t)

Value of food waste prevented in 2025
compared to what may have
happened with no action (£)

Reduction in CO2e in 2025
compared to what would have
happened with no action (t)

Current activity (central case)

770,000

730,000,000

2,800,000

High activity (central case)

770,000

730,000,000

2,800,000

Annualised reductions relative to 2015
baseline (i.e. absolute reductions in 2025
compared to 2015)

Tonnes of food waste prevented in
2025 vs 2015 (t)

Value of food waste prevented in 2025
vs 2015 (£)

Reduction in CO2e in 2025 vs
2015 (t)

Current activity (central case)

470,000

440,000,000

1,700,000

High activity (central case)

470,000

440,000,000

1,700,000

Tonnes of food waste prevented
between 2015 and 2025, compared
to what may have happened with no
action (t)

Value of food waste prevented
between 2015 and 2025, compared to
what may have happened with no
action (£)

Current activity (central case)

5,900,000

5,600,000,000

21,400,000

High activity (central case)

7,450,000

7,100,000,000

26,900,000

Value of food waste prevented
between 2015 and 2025, compared to
2015 baseline (£)

Tonnes of CO2e prevented
between 2015 and 2025
compared to compared to 2015
baseline (t)

Cumulative reductions relative to
counterfactual (i.e. savings made between
2015 and 2025, compared to what may
have happened with no action)

Cumulative reductions relative to 2015
baseline (i.e. absolute reductions
compared to 2015 baseline)

Tonnes of food waste prevented
between 2015 and 2025, compared
to 2015 baseline (t)

Tonnes of CO2e prevented
between 2015 and 2025
compared to what may have
happened with no action (t)

Current activity (central case)

3,500,000

3,300,000,000

12,600,000

High activity (central case)

3,800,000

3,700,000,000

13,000,000
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Table A23 – Cumulative and annualised benefits associated with reductions in hospitality and food service food waste
Annualised relative reductions relative to
counterfactual (i.e. savings in 2025
compared to what may have happened
with no action)

Tonnes of food waste prevented in
2025 compared to what may have
happened with no action (t)

Value of food waste prevented in 2025
compared to what may have
happened with no action (£)

Reduction in CO2e in 2025
compared to what would have
happened with no action (t)

Current activity (central case)

150,000

420,000,000

610,000

High activity (central case)

190,000

530,000,000

770,000

Annualised reductions relative to 2015
baseline (i.e. absolute reductions in 2025
compared to 2015)

Tonnes of food waste prevented in
2025 vs 2015 (t)

Value of food waste prevented in 2025
vs 2015 (£)

Reduction in CO2e in 2025 vs
2015 (t)

Current activity (central case)

100,000

280,000,000

410,000

High activity (central case)

130,000

360,000,000

540,000

Tonnes of food waste prevented
between 2015 and 2025, compared
to what may have happened with no
action (t)

Value of food waste prevented
between 2015 and 2025, compared to
what may have happened with no
action (£)

830,000

2,300,000,000

3,400,000

1,300,000

3,700,000,000

5,400,000

Value of food waste prevented
between 2015 and 2025, compared to
2015 baseline (£)

Tonnes of CO2e prevented
between 2015 and 2025
compared to compared to 2015
baseline (t)

550,000

1,500,000,000

2,300,000

1,000,000

2,800,000,000

4,100,000

Cumulative reductions relative to
counterfactual (i.e. savings made between
2015 and 2025, compared to what may
have happened with no action)

Current activity (central case)
High activity (central case)
Cumulative reductions relative to 2015
baseline (i.e. absolute reductions
compared to 2015 baseline)

Current activity (central case)
High activity (central case)

Tonnes of food waste prevented
between 2015 and 2025, compared
to 2015 baseline (t)

Tonnes of CO2e prevented
between 2015 and 2025
compared to what may have
happened with no action (t)
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Table A24 – Cumulative and annualised benefits associated with overall reductions in UK food waste
Annualised relative reductions relative to
counterfactual (i.e. savings in 2025
compared to what may have happened
with no action)

Tonnes of food waste prevented in
2025 compared to what may have
happened with no action (t)

Value of food waste prevented in 2025
compared to what may have
happened with no action (£)

Reduction in CO2e in 2025
compared to what would have
happened with no action (t)

Current activity (central case)

3,000,000

6,000,000,000

10,600,000

High activity (central case)

3,200,000

6,500,000,000

11,400,000

Annualised reductions relative to 2015
baseline (i.e. absolute reductions in 2025
compared to 2015)

Tonnes of food waste prevented in
2025 vs 2015 (t)

Value of food waste prevented in 2025
vs 2015 (£)

Reduction in CO2e in 2025 vs
2015 (t)

Current activity (central case)

2,200,000

4,600,000,000

7,800,000

High activity (central case)

2,400,000

5,100,000,000

8,600,000

Tonnes of food waste prevented
between 2015 and 2025, compared
to what may have happened with no
action (t)

Value of food waste prevented
between 2015 and 2025, compared to
what may have happened with no
action (£)

Current activity (central case)

18,300,000

34,500,000,000

64,300,000

High activity (central case)

23,300,000

44,400,000,000

82,300,000

Value of food waste prevented
between 2015 and 2025, compared to
2015 baseline (£)

Tonnes of CO2e prevented
between 2015 and 2025
compared to compared to 2015
baseline (t)

Cumulative reductions relative to
counterfactual (i.e. savings made between
2015 and 2025, compared to what may
have happened with no action)

Cumulative reductions relative to 2015
baseline (i.e. absolute reductions
compared to 2015 baseline)

Tonnes of food waste prevented
between 2015 and 2025, compared
to 2015 baseline (t)

Tonnes of CO2e prevented
between 2015 and 2025
compared to what may have
happened with no action (t)

Current activity (central case)

13,200,000

26,000,000,000

46,200,000

High activity (central case)

17,100,000

34,600,000,000

59,900,000
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Appendix M – Potential savings in disposal
costs associated with reductions in
household food waste
Reductions in household food waste have the potential to deliver significant savings in
disposal costs (landfill tax of £80 per tonne plus a £22 gate fee at 2013/14 values108).
Following a Love Food Hate Waste campaign in West London avoidable food waste
decreased by around 15% in just six months, and this reduction in food waste could have
saved around £1.3 million (over a 12 month period) in disposal costs (including gate fees
and landfill tax). Based on the evaluation of the West London campaign, there is the
potential for others to make significant savings in disposal costs through helping residents to
waste less food. Depending on the scope and scale of activities, and the relevant gate fees,
savings in disposal linked to reductions in food waste could range from £3 to £9 for every £1
spent.
The potential savings in disposal costs linked to the reductions in household food waste
under the different scenarios considered in this current analysis are given in Table A25. In
2012, 67% of total household food waste was collected by local authorities (either in residual
or targeted collections)109, and the estimates in Table A25 assume reductions in food waste
levels in the future apply equally to all disposal routes (sewer, home composting, fed to
animals and local authority collected).
For those scenarios where the 30% reduction in overall UK food waste is achieved, savings
range from between £110 to £155 million a year in 2025, or between £465 to £890 million
over the 10 year period between 2015 and 2025.
Table A25. Potential savings (2013/14 gate fees and landfill tax) associated with reductions
in household food waste

CC2 rate (best case)
CC2 rate (central case)
CC2 rate (worse case)
Current activity (best case)
Current activity (central case)
Current activity (worse case)
High activity (best case)
High activity (central case)
High activity (worse case)

Savings in disposal costs
linked to annual
reductions in food waste
- compared to what may
have happened with no
action (£)
51,000,000
51,000,000
51,000,000
110,000,000
120,000,000
120,000,000
110,000,000
130,000,000
155,000,000

Savings in disposal costs
between 2015 and 2025 linked
to cumulative reductions in food
waste - compared to what may
have happened with no action
(£)
290,000,000
290,000,000
285,000,000
655,000,000
670,000,000
670,000,000
780,000,000
850,000,000
890,000,000
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See http://www.wrap.org.uk/content/wrap-gate-fees-report-2014-0
See page 30 of ‘Household food and drink waste in the UK 2012, at http://www.wrap.org.uk/content/household-food-anddrink-waste-uk-2012
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Appendix N – Key assumptions and
uncertainties
1) Deriving estimates for food waste from 2007 to 2012.
Estimates for changes in manufacturing and retail food waste rely on Courtauld data, which
is only available from 2009 to 2012, and therefore it is necessary to make assumptions about
what may have happened between 2007 and 2009 in order to have a 2007 data point. A
conservative approach has been taken, which assumes no change prior to 2009. Data does
exist to suggest reductions prior to 2009 (see Appendix A – FDF and Defra C&I surveys) but
obtaining a defensible estimate for any change would be difficult).
In addition whilst Courtauld retail signatories are responsible for ca 80% of grocery sales by
volume, and therefore provide excellent coverage of the sector, manufacturing signatories
are responsible for 20-25% of the sectors total food and drink production, with some parts
of the sectors very under-represented (e.g. fresh produce). Depending on the assumptions
made about non-signatory reductions, estimates of reductions in UK food waste vary
between 1.4 and 1.7 million tonnes between 2007 and 2012, or between 10% and 13%. The
relatively small difference between the three approaches highlights the relative importance
of the reduction in household food waste vs those in manufacturing and retail over this time
period, and the relatively low sensitivity to the assumed influence of Courtauld and WRAP on
non-signatory food waste. It has been assumed that non-signatory food waste reduced at
half the rate of signatories, based on WRAP’s understanding of the influence of signatories
on their suppliers, and of WRAP activities aimed at influencing the wider food industry.
This assumption is supported by the following:
 Most of the major retailers have regular workshops with their key suppliers, on a category
by category basis, and provide guidance to suppliers on a range of subjects which include
measures to reduce waste in the supply chain, and help consumers reduce waste at
home. WRAP has attended and presented at many of these, and provided training and
materials for retailers to disseminate.
 WRAP presents at a range of industry events and training courses, held for example at
Camden BRI, Leatherhead Food Research and those organised in conjunction with groups
such as the IGD and Forum for the Future.
 WRAP has close relationships with key trade associations (Food and Drink Federation,
British Retail Consortium, Federation of Bakers, Dairy UK, Chilled Food Association, Fresh
Produce Consortium, British Soft Drinks Association etc.), regularly present at their
membership meetings and provide materials and guidance for members.
All of WRAP’s guidance, case studies and tools are freely available on the website, and
information regarding new materials is sent out at regular intervals to a large number of
industry representatives, much wider than the signatory base. Dissemination also takes place
via numerous trade associations.
As part of Courtauld 3 reporting signatories have been asked to report data with more
granularity, in terms of food waste vs other wastes, and the first year of data (2013) is
currently being submitted and analysed. By the end 2014 WRAP will have more robust
estimates of food waste from both retail and manufacturers, for 2013.
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Other than estimates of food waste derived from the Defra C&I studies there is as yet no
large-scale reliable data on how food waste in the hospitality and food service sectors might
have changed over time. Data from the first year of the Hospitality and Food Service
Agreement (2013) will be available later in 2014. Due to the lack of robust data for
hospitality and food service, a conservative assumption has been made of no change
between 2007 and 2012 (when the voluntary agreement was launched).
2) How food waste levels may change in the immediate future (to 2015), under the existing
policy interventions.
For the purposes of this current exercise it has been agreed to assume that the current
voluntary agreements achieve their targets, to allow an estimate of food waste in the UK for
2015. The logic for doing this is:
 The targets for both agreements were agreed following extensive discussion and
Governments and industry to ensure these were challenging but realistic, counterfactuals
were developed and cost:benefit analyses carried out
 The prevailing conditions are consistent with those assumed in the development of the
targets (i.e. there haven’t been any dramatic changes in external conditions that would
undermine the credibility of the logic behind the targets)
 The number and scale of signatories to both agreements are at least what was aimed for
(e.g. 25% of the sector by volume for the Hospitality and Food Service Agreement, >80%
for retailers, ca 20% for manufacturers)
 Most importantly the activities being undertaken by signatories, and the guidance/tools
being provided to them, are matching what was anticipated
 A range of case studies from grocery and hospitality and food service businesses are
highlighting the scale of reduction achievable
There are indications of positive changes in awareness, concern and behaviours associated
with household food waste since 2012. By themselves, these do not (and cannot, at this
early stage) give a guarantee that the Courtauld 3 targets will be met, but they do
demonstrate food-waste-related changes in the population in a direction consistent with
meeting the targets.
Reporting within the voluntary agreements for 2013 data is on-going with results expected
later in 2014 for manufacturing and retail, and hospitality and food service, but will only
represent the first (2012 to 2013) of the three years under consideration (2012 to 2015).
As above (1) it has been assumed that there is an effect of WRAP (including through the
action of the Product Sustainability Forum pathfinders projects and evidence base) and the
current voluntary agreements on non-signatories, such that their reductions in food waste
are half of those achieved by signatories.
In addition to the activities listed in (1) above, which illustrate how engagement by WRAP,
signatories and trade associations influenced the wider food industry up to 2012 and to date,
the Product Sustainability Forum (PSF) was established in 2011 and engages with the wider
food industry to reduce the environmental impact of products including food, and food
waste. Members include current voluntary agreement signatories, but also many
organisations that are not signatories, and who represent sectors less well covered by the
existing agreements (such as fresh produce suppliers). The PSF has held regular events,
produced a wide range of guidance materials and tools (extending existing WRAP ones) and
undertaking and disseminating projects which aim to reduce food waste (and other impacts).
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Depending on the assumptions made regarding impact on non-signatories, the range of
reduction in tonnage from 2012 to 2015 is from 395,000 tonnes to 520,000 tonnes, or a
reduction of 3.3% to 4.3% in terms of overall UK food waste. In terms of reductions from
2007, the range of reduction in tonnage is from 1.8 million tonnes to 2.2 million tonnes, or a
reduction of 13.3% to 16.4% in terms of overall UK food waste.
3) How food waste levels may change from 2015, in the absence of policy interventions.
Different approaches have been taken for household food waste, manufacturing and retail
and hospitality and food service, which are discussed in more detail in appendices C and D.
Projections for what might happen to UK food waste in the absence of policy interventions
have been made on the basis of an understanding of what ‘non-intervention’ factors are
most likely to influence the levels of food waste, and what data is available to inform these
projections.
The most complex analysis has been undertaken for household food waste, where three
ranges of population growth rates have been used, three different economic scenarios
(incorporating changes in food prices and relative earnings) and three potential rates of
behavioural reversion.
There is a very large difference in these projections, from very little change to a 25%
increase compared to 2015 (an increase of 1.7 million tonnes), returning levels of household
food waste to those of 2007.
The main demographic factors that could influence food waste are likely to be overall
numbers of households/people, the percentage of single person households (where waste is
significantly higher on a per capita basis) and the age/employment profile (where older and
retired people waste significantly less). Analysis of UK population projections (ONS 2012based) and household projections (DCLG 2011-based110) suggests that the percentage of
single occupancy households will remain relatively stable while the proportion of older people
are likely to increase. However, potential changes to the age structure of employment
(longer working lives) mean that these changes are likely to be neutral in terms of food
waste (similar increases in the number of older people entering retirement and those older
people remaining in work). Food waste has therefore been projected to increase in
proportion to the overall UK population.
The ONS provide nine standard variant projections for the UK population, based on different
fertility, life expectancy and migration trends. The central estimate is called the principal
projection and this projection has been used along with the two projections111 , which equate
to the 25th and 75th percentiles when considering all nine variants, to develop low, central
and high projections. The low and high projections are included to reflect the uncertainty
around the principal or central projection. This means that in 2030 the number of people in
the UK could be as high as 72.1 million or as low as 70 million with a central estimate of 71
million, compared with 63.7 million in 2012.
Any changes to the population that differ from these assumptions, such as the percentage of
single occupancy households, the percentage of the workforce in employment or the overall
growth rates could impact on the scale of food waste in the future.
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https://www.gov.uk/government/statistical-data-sets/live-tables-on-household-projections
The low and high projections are the ONS’s low and high migration variants. See
http://www.ons.gov.uk/ons/rel/npp/national-population-projections/2012-based-projections/rep-background-andmethods.html#tab-Principal-and-Variant-Projections
111
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In terms of the economic factors that might influence household food waste, the decision as
to what factors to use, and their relationship to food waste arisings has been informed by
WRAP’s econometric model and discussions with Defra. This model has limitations, being
based on a small amount of food waste data, but is the best available source of illustrative
estimates. If these assumptions are inaccurate could lead to under or overestimates of
future food waste levels.
One of the greatest unknowns is around the degree to which behaviours may revert, in the
absence of interventions, and the rate at which this reversion may occur. In an attempt to
acknowledge this uncertainty two quite extreme scenarios have been included, complete
behavioural reversion by 2020 or 2030.
For manufacturing and retail, and hospitality and food service it has been assumed that
production and sales increase in proportion to the population (again the same three rates of
growth have been used as for households), and that waste remains a constant percentage of
either production or sales.
The use of employment and GVA (Gross Value Added) projections for the food sector was
considered as an option for modelling future food waste levels. However, in the absence of
detailed understanding about the links between employment and/or GVA and volume of
production, as opposed to value, it was decided to adopt the approach used (where volume
of production changes in proportion to population changes), but explore alternatives in
future work.
It has also been assumed (for the purposes of this analysis) that the relative balance of
imports and exports of food remains constant, as does the balance between eating in the
home vs eating out of the home. There are obviously a range of other more complex
scenarios, where at one extreme reductions in household food waste and increased imports
combined with reduced exports leads to a significant reduction in UK food production (and
therefore waste, if this is kept as a constant percentage of production), and at the other
extreme increased exports and reduced imports could lead to increases in production (and
waste) greater than those modelled here.
4) What tonnage of food waste prevention may be needed in order to meet a 30% reduction
by 2025 (vs a historic baseline or a future one).
The assumptions and uncertainties covered under (2) and (3) above influence the estimates
of food waste levels in 2015, and beyond that how food waste levels may increase in the
absence of interventions, all of which could impact on the tonnage required to be prevented
in order to achieve a 30% reduction. Presenting a range of scenarios for potential food
waste levels in the future, and therefore potential tonnages to prevent, reflects this
uncertainty.
5) Maximum plausible further reductions in UK food waste by 2025.
This part of the analysis, together with the related pieces on estimating the potential impacts
of interventions to reduce food waste, and costs of achieving future food waste reductions,
has the greatest uncertainty. Assumptions have been based on the best available insights
related to the drivers of food waste generation, barriers to its reduction, an assessment of
the evaluation of previous interventions and discussions with internal and external experts.
For household food waste the variability between the results of different methods highlights
the uncertainty into how low a plausible minimum level of food waste might be. The exact
value would be very sensitive to the context in which food is purchased and used: some
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extreme conditions could lead to much greater reductions in household food waste,
particularly for audiences such as those who are already highly engaged in the issue and
want to do more. This is reflected by the magnitude of reductions seen in different
situations; for example, the average 83% reduction in avoidable food waste seen in the food
waste challenge in Leicestershire (which had a monetary prize) was much higher than the
reductions seen in studies with lower levels of engagement and incentives.
It is important to stress that these minima are not proposed targets or objectives, and that
the cost:benefit analysis presented in Section 8 should be used to help judge whether these
are realistic or desirable outcomes.
It should be remembered that the plausible minimum tonnages calculated in Section 6 are
based on assumptions that the policy instruments are similar to those adopted or in
existence currently (in addition to the assumption that the context is also a world similar to
today – i.e. without global food shortages). They shouldn’t be regarded as a ‘concrete’ floor,
as new innovations in technology not considered in this analysis (e.g. smart fridges, more
cost effective means of delivering different pack / portion sizes, step-changes in processing
efficiency etc.) or engagement approaches (next generation social media, more effective
virtual engagement etc.) could allow levels to reduce below what is considered minima (as
what is avoidable is still well below the minima here).
6) The range of actual reductions that could be achievable by 2025 based on selected policy
interventions.
A range of policy options to explore were discussed with Defra, it was agreed to base the
analysis on those currently being deployed or discussed. Time has not permitted a full
‘bottom-up’ analysis of specific interventions,, and so the approach taken is to model:
 The effect of a continuation of the impact achieved under Courtauld 2
 The tonnes of food waste preventable per year estimated during the Courtauld 3 /
Hospitality and Food Service Agreement cost:benefit analysis, for the scenario relevant to
the adopted targets
 The tonnes of food waste preventable per year estimated during the Courtauld 3 /
Hospitality and Food Service Agreement cost:benefit analysis, for the scenario where
higher activity was assumed
These figures for annual tonnes preventable due to interventions are then subtracted from
the food waste levels taken from the scenarios described in Section 4, i.e. taking into
account external conditions that could influence levels of food waste in the future, in the
absence of interventions.
The type of activities considered as part of the Courtauld 3 and Hospitality and Food Service
Agreement cost:benefit analyses are consistent with those relevant to the current analysis,
as is the scale of the activities.
There is a ‘built-in’ assumption that within each of the policy interventions the approaches
used, materials generated, partners selected, communication and engagement channels
exploited and so on will be tailored to reach different types of households or businesses. This
reflects how programmes aimed at food waste prevention have evolved to date, for example
as new insights are obtained from research and businesses, and/or new approaches become
available, activities are tailored to take advantage of them. Examples include the increased
use of social media to engage with consumers, app-based tools, messages and resources
that are aimed at specific segments of the population (such as single occupancy households
or those with low levels of literacy and numeracy), working with the packaging sector and
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retailers to engage on using packaging more optimally to reduce food waste and working
with partners to reach different segments.
Where the reductions might be predicted to fall below the minimum likely levels of
household food waste (as calculated above), the potential impact is ‘capped’ at that level, to
avoid suggesting unrealistic levels of reduction.
No attempt has been made to model a ‘curve’ in terms of those interventions that are
predicted to hit the minimum level, as there is little evidence on which to model such a
curve. However, in order to recognise that achieving further reductions as the minimum is
approached is likely to be more difficult, the costs of these interventions will be increased as
the minimum is approached (see Section 8).
7) What would the cost to the UK be to achieve this, and related benefits
Carrying out a detailed bottom up analysis of the costs of specific activities within each
intervention was outside of the scope of this work. The initial costs of reducing food waste
have been taken from the cost:benefit analysis carried out for the third (current) phase of
the Courtauld Commitment , which was informed by the previous two phases of the
Courtauld Commitment. The original Hospitality and Food Service Agreement cost:benefit
analysis would need further work before these figures would be appropriate for the ten-year
period being considered here, and therefore it was decided to use costs from the Courtauld 3
cost:benefit analysis for the hospitality and food service sector as indicative of the business
costs of food waste prevention
In each case the highest cost per tonne from the Courtauld 3 cost:benefit analysis has been
used from the different economic and activity intensity scenarios, to reflect the fact that
subsequent tonnes will be more difficult to abate.
However, household food waste prevention costs do not include the costs to individuals of
food waste prevention equipment such as containers used to freeze leftovers, nor do they
include any ‘costs’ or ‘benefits’ relating to adopting new behaviours (such as taking time to
make a shopping list or eating leftovers rather than an alternative) due to a lack of data. See
Appendix K for a more detailed discussion of these issues.
The costs of interventions aimed at food waste reduction are likely to rise as the minimum
plausible level of food waste is approached. However, there is little evidence to inform when
this may happen and by how much costs will change.
Evidence from the evaluation of the Love Food Hate Waste campaign in West London was
used to estimate the possible cost of bringing about very significant change, which may
indicate the scale of the costs associated with approaching the minimum food waste levels
(as this is an example of the type of more intensive intervention that may be needed to
influence the least tractable units of waste; see Appendix J for more detail on this). This
indicated that costs could be nearly four times higher than those estimated in the Courtauld
3 cost:benefit analysis. Nonetheless, significant uncertainty remains around this estimate;
this is the best available evidence, but it is based on a single study and assumptions have
had to be made about how the costs would scale up to reach the majority of the population.
Therefore, lower and higher cost scenarios have been developed to reflect this uncertainty
with costs doubling or increasing six-fold respectively (+/- 50% of the four-fold increase).
In the absence of evidence on when such increases in cost may be required, it has been
assumed that costs will start to increase when the level of food waste is half way between
the starting levels in 2015 and the minimum plausible level. Costs then increase by the same
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amount each year resulting in costs reaching the maximum in the year in which the plausible
minimum level of food waste is reached. Once the plausible minimum level of food waste is
reached costs stay at the maximum level (acknowledging that some food waste prevention
will still be occurring to offset population growth etc.).
The same approach has been taken for the other two sectors, in the absence of other
evidence on which to base decisions on how costs may change over time.
The benefits of reducing food waste has been calculated using the latest value of the food
that is typically wasted. As described in Section 6 and based on previous changes in
household food waste it has been assumed that avoidable and possibly avoidable food waste
will contribute to the overall future reductions in household food waste, whilst unavoidable
food waste will increase with population. The benefit of reducing household food waste has
therefore only been applied to 78% of the total food waste reduction in each year, which is a
conservative approach as consumers appear to value potentially avoidable food waste as this
has also reduced in the past.
It has been assumed that all of the reductions in manufacturing and retail food waste is
avoidable, and therefore valued as such (most of what is classed as possibly avoidable or
unavoidable in households would be classed as by-product in the food sector and therefore
not defined as waste). The benefits have also been applied to all of the reductions in food
waste in the hospitality and food service sector.
Due to limitations of time this simplified methodology to estimate benefits (only
incorporating the financial savings associated with the value of the food waste prevented)
excludes the social benefits of reduced emissions and the benefits of reduced disposal costs
(net of landfill tax). However, these elements make up a relatively small proportion of the
benefit from reducing food waste (for manufacturing and retail for example these additional
benefits are only around 4% of the value of the food waste prevented). Therefore estimates
of the benefits will be an underestimate.
Landfill taxes have been excluded from both the costs and benefits as the net effect on the
economy is zero. Nonetheless reduced disposal costs (landfill tax of £80 per tonne plus a £22
gate fee) do present a large potential saving to local authorities.
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Appendix O – Calculations of CO2e factors
Avoided CO2e tonnages are calculated using values of 4.4 tonnes CO2e for household food
waste, 3.61 tonnes CO2e for manufacturing and retail and 4.1 tonnes CO2e for hospitality
and food service. About two-thirds of these reductions will be associated with UK emissions,
and therefore relevant to UK carbon budget.
The CO2e emissions have been updated in 2014 from WRAP’s previous estimates. The latest
estimates are based on a top down calculation of the emissions related to food throughout
its life cycle, divided by the quantity of food consumed in the UK, based on DEFRA (2013).
The life cycle stages considered in the top down approach are summarised in Figure A23.
Between each of these stages is transportation (T), and at each stage is waste disposal (W),
which has the same options as those shown for waste at end of life. Transport stages include
extra-EU trade.
The household food waste factor covers all life cycle stages excluding catering. The
hospitality and food service figure includes all life cycle stages apart from household. The
estimate of the proportion of emission which occur in the UK is based on the proportion of
total emissions which come from the net trade in food.
Official statistics are used where possible to inform the quantities of food and greenhouse
gas emissions. Unless specified, all data sets refer to the 2012.
Greenhouse gas conversion factors are taken from IPCC (2013).
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Figure A23 Schematic of the components of the carbon footprint of food and drink products

The inventory and data sources used are as follows.
Fertiliser production
Fertiliser consumption data for the UK is sourced from AIC (2013) has been combined with
CO2 e emissions data for production of each fertiliser type sourced from Fertilizers Europe
(2014) provide GHG emission data for 2011 for both fertiliser production and fertiliser use.
Agriculture
UK agricultural emissions are taken from DECC (2014)
Commercial Transport
Eurostat provide data on goods transported by rail and road by group of products. This
covers movements of food through various stages in the supply chain, from farm to
processor, to storage and to retail or catering. Food, beverages and tobacco are classified as
one group and transport factors provided. This level of detail is not provided for air, sea and
inland waterways. DEFRA DECC (2014) Greenhouse gas conversion factors for HGVs and rail
transport have been used. This covers all stages of transportation from farm to retail or
catering.
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Net International Trade
Comext (2014) provides import and export data for food products for the UK in both weight
(100kg units) and financial value (Euros). Data from Comext has been used for all food and
drink trade, excluding live animals and some animal feed. Animal feeds are excluded where
they are by-products or waste from food production (e.g. husks) as this is otherwise
accounted for in the impact of food. Imported live animals also become domesticallyproduced animal products, and again there is potential for double counting of impacts.
Data on the greenhouse gas emissions associated with agriculture and food production
overseas has been sourced from a range of published academic literature. This covers on
farm and some production processes. Average values have been taken for each item in as
much detail as possible and the net effect on emissions associated with UK international
trade.
The net trade data is used to identify the proportion of greenhouse gas emissions associated
with UK consumption which arise in the UK.
Processing and Packaging
The emissions associated with food packaging are based on data held by WRAP under the
Courtauld Commitment 2. Direct emissions and emissions associated with electricity use are
sourced using DECC (2013) to identify energy use in food manufacture and DEFRA DECC
(2014) conversion factors to identify CO2e emissions.
Retail
Estimates of retail emissions associated with energy use and refrigerant leaks are taken from
Tassou (2011) and Carbon Trust (2011).
Catering
The Carbon Trust (2010) estimate that the hospitality sector is responsible for 5% of UK
business and public sector GHG emissions. Based on DECC (2014) this would be 4.3 million
tonnes CO2 e. The Carbon Trust (2007) estimate that 15% of energy use within the pubs
and hotels is associated with catering. This excludes emissions associated with lighting
eating areas etc. DEFRA (2013) estimate that 4.8 million tonnes of food are consumed
outside of the home. None of this is included in the household food waste carbon factor.
Attributing GHG emissions to this, approximately 0.14 tonnes CO2 e.
Household impacts
Home related emissions are calculated using DECC (2013) to identify household energy use
associated with chilling and heating food, and this is converted to CO2e using DEFRA DECC
(2014).
Disposal
Disposal emissions have been calculated in house by WRAP. These are based on an average
UK disposal mix as identified through WRAP (2014) and Eurostat waste data for the UK,
which identifies the split in landfill and energy recovery of residual waste. Landfill gas
capture rates are taken from Webb et al (2014).
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