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Abstract

The increasing amount of food waste generated as a direct consequence of its excessive
production, mismanagement ‘and wasteful behaviours, represents a real challenge in
promoting resource efficiency. In the UK, the lack of robust mass flow data hinders both the
ability to understand and address food waste challenges, and to devise long-term sustainable
prevention strategies:” In recognition of these challenges, this paper seeks to: i) provide
insights' into .the UK’s annual estimates of food mass flows, including imports, exports,
distribution, consumption, surplus food production, and final disposal, and ii) scrutinise the
uptake and surplus food redistribution as a potential food waste prevention strategy.
Evidence collected from several enterprises and community-led initiatives in the UK, and
London specifically, supports that there is an increasing potential of making a shift towards
food redistribution and reuse. Further analysis has shown that the outreach of food

redistribution initiatives in the UK is currently limited, possibly because redistribution
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efforts remain largely fragmented and independent from each other. It is concluded that a
national commitment could be instrumental in encouraging the roll-out of this practice, and
governmental support through fiscal incentives, could lead to the development of a larger
and coherent surplus food redistribution system, ultimately enabling food waste prevention

and recovery of food’s multi-dimensional value.
Implications

Our manuscript entitled ‘FOOD FLOWS IN THE UK: THE POTENTIAL OF <«SURPLUS FOOD
REDISTRIBUTION TO REDUCE WASTE' deals with the topical issue of the increasingiamount of food
waste generated as a direct consequence of excessive production, mismanagement, and wasteful
behaviour, representing a real challenge in achieving sustainability@and resource efficiency. Currently
only a small fraction of food is redistributed back in to the system. Yet, a considerable fraction of
food waste generated is edible, thus better planning, storage and coordination amongst the different
stakeholders in the food supply chain is required in order to prevent its wastage and promote its
reuse in accordance with the waste hierarchy.

Key words: food waste generation; food flow analysis; surplus food; food redistribution;
value retention; food waste prevention
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Introduction

In recent years, food waste has emerged as one of the world’s most pressing challenges.
Although this is especially the case in industrialized countries, food wastage is becoming a
growing concern in emerging economies, e.g. Brazil, India and China, as well (Barilla
Center for Food and Nutrition 2014). The increased distance between food production and
consumption due to increased urbanisation and globalisation, increases the risk of food
losses during transportation, storage and distribution. At the same time, changes in lifestyle
and dietary patterns, due to increases in the available income, are shifting citizens’
preferences from starchy food to the consumption of increasing.amounts of meat, fish and
fresh products such as fruits and vegetables, all of which are.mote perishable.

At global level it is estimated that one-thirdwof the food produced for human
consumption is lost or wasted (FAO 2011). In the ‘UK alone total food and drink waste
accounts for about 15 million tonnes (Mt) per.year (WRAP 2013b), approximately one-
quarter of the total food distributed for human consumption in the country. The United
Nations, the EU and various mational and international organizations have rendered food
wastage a key priority and a major area of concern, and started promoting research and
campaigns to raise-awareness on this topic (BIO Intelligence Service 2010, Defra 2013,
European Parliament 2012, FAO 2011, 2013b, a, House of Lords European Union
Committee 2014, WRAP 2008).

As the world population is projected to reach 9.6 billion by 2050, resource and
commodity limitations will make the challenge of food security greater in terms of both
availability and demand. The world’s agricultural system will have to produce far more food
and provide economic opportunities for hundreds of millions of rural poor, while reducing
its environmental impacts, including ecosystems degradation, natural resource depletion and

high greenhouse gas emissions (World Resources Institute 2013).
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When food is wasted all the inputs and other values, associated with its production (e.g.
energy, water and fertilisers, land) are also ‘wasted’ (FAO 2013b, House of Lords European
Union Committee 2014, Kummu et al. 2012, WRAP 2008). Because of its biodegradable
nature, when food is disposed of to landfill, it decomposes under anaerobic conditions
releasing methane, a greenhouse gas that is twenty-one times more potent than carbon
dioxide (Pan and Voulvoulis, 2007, Stuart 2009, Iacovidou et al. 2013). It is estimated that
the global carbon footprint of food waste is around 3.6 Gt of CO, equivalent(eq), which in
addition to the 0.8 Gt CO, eq from deforestation and management of organic soils, means
that the total global carbon footprint of food waste is around 4.4 Gt of CO, eq per year (or
about 8% of total anthropogenic greenhouse gases emissions) (FAO, 2015). So, if global
food waste was a country it would rank as the third largest CO; eq emitter in the world, after
China and the United States (House of Lords European Union Committee 2014).

Besides the environmental impacts, food wastage also incurs significant economic costs.
These costs are associated with the monetary value of the food wasted (i.e. the market price
of individual goods), and of the primary resources consumed during its production,
transportation and consumption (Barilla Center for Food and Nutrition 2014, FAO 2011).
Recent estimates show that food waste leads to total global losses of 750 billion USD, with
UK’s contribution being at around 28.6 billion (19 billion GBP), excluding farm level
estimates(FAO 2013b). The social and moral dimensions of food waste are also important
and-become more pronounced the more we look into the levels or hunger and malnutrition in
the world and the amounts of food waste that are produced each year (Papargyropoulou et al.
2014). As a matter of fact, it is estimated that the world’s nearly one billion hungry people
could be lifted out of malnourishment on less than a quarter of the food that is currently

wasted (Stuart 2009).
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Evidently, food waste is an issue that needs to be urgently addressed, yet limited
evidence on how much is actually being wasted and at which stages of the supply chain, is
seriously hindering our ability to do so. Estimates on food waste generation are reported
each year, but these are often based on different definitions of food waste and/or different
measurement methods. This indicates that estimates could often be imprecise and
incomparable, making it difficult to identify trends (Lebersorger and Schneider:2011;
Ostergren et al. 2014, Parfitt, et al., 2010). Low data quality and uncertainty resttict our
ability to understand the complexity of the food supply chain system,/and of the sources,
patterns and critical links between production, consumption and dispesal that all contribute
to food waste generation.

Studies that attempted to provide some clarity to food and food waste mass flows, have
primarily focused on specific parts of the supply chain (C-Tech Innovation Ltd. 2002, 2004);
denoting that a comprehensive food flow analysis of the whole supply chain is still lacking.
Therefore, this study aims to look at the UK food supply chain and provide insights into the
discrepancies that might be associated with food mass flows, looking at both upstream and
downstream parts of the supply chain. In the UK, the Waste and Resources Action
Programme (WRAP) launched the Love Food Hate Waste campaign in 2007 and conducted
a number of in-depth studies and trials to help households reduce their food waste generation
(WRAP 2009, 2011b, 2013b, c, d). It also developed the ‘Courtauld Commitment’, a
voluntary agreement aimed at encouraging the UK grocery sector to reduce their food, drink
and packaging waste (WRAP 2013a). But it wasn’t only that; a growing number of
initiatives that aimed at the reduction of food waste through surplus food recovery and
redistribution has emerged. These initiatives, which include community-led projects, food
redistribution schemes, and schemes promoted by retailers and Internet platforms, have set

their business case around food waste prevention and reuse. A second component of this
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study is to explore the potential of food redistribution as the next viable alternative, and
make suggestions as to how to pave the way towards food waste prevention and sustainable

management.

Materials and Methods

An extensive literature review was carried out to identify the food mass flows within the
UK economy, including imports, exports, production, and consumption, as well as final
disposal and management, based on annual estimates. But first: what is defined as food
waste?

The Food and Agriculture Organization (FAO) proposes a distinction between food
losses and food waste. While food losses refer to the decrease in food quantity or quality
taking place upstream of the food supply chain (i.e. production, post-harvest and processing
stages); food waste indicates losses occurring. downstream of the supply chain (i.e.
distribution and consumption levels). Although this definition, is reasonable, it created
discrepancies in the way food waste was documented and as such, the Food Loss and Waste
(FLW) Protocol has developed an international standard to account and report ‘food loss and
waste’, which is defined as any ‘food and/or associated inedible parts removed from the
food supply chain’ (Hanson et al. 2016). The FLW Protocol does not make a distinction
between ‘food loss’.and ‘food waste’, but it does considers as food waste both edible and
inedible parts of food (e.g. bones, rinds, pits/stones etc.) that are wasted across the entire
food supply chain.

A distinction between edible and non-edible food waste is also made by WRAP. Edible
food waste, of both avoidable and possibly avoidable nature, indicates all food and drink that
is disposed of and may not be edible at the time of disposal (due to deterioration of quality
e.g. gone mouldy), but which was edible at some point prior to disposal (see Table S1 in

Supporting Information) (WRAP, 2013b). Non-edible waste is by definition ‘waste that is
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not fit for consumption’ (e.g. bones, pits and stones), hence unavoidable waste (see Table S1
in Supporting Information).

In this study, the term ‘food waste’ is used to refer to both food losses and waste, and
indicates any raw or cooked food of edible and inedible nature that is discarded along the
entire supply chain. More explicitly, it includes any food that is discarded, including food
that is landfilled, composted, digested anaerobically, incinerated, and/or disposed to the
sewer. This definition does not include crops intentionally grown for animal feed, or by-
products originating from manufacturing operations that are used as ingredient in animal
feed, as these are regarded by definition as non-waste in the EU (European Commission
2012).

For the mass flow analysis, data on food production, consumption and wastage within
the UK supply chain were collected based on the conceptual food pathway presented in
Figure 1. Other pathways such as farmer's 'markets, community supported agriculture, or
production of food by consumers were not considered. Although, food waste generation
from these pathways may not negligible, these were excluded from the food supply chain
analysis due to the lack of available‘data.

The FAO Food Balance Sheet for the United Kingdom 2011 (FAO 2014) was used to
gather estimates on food production and distribution. Data on food consumption adopted
from WRAP were distinguished between food purchases for consumption outside the
household;.and inside the household (including food bought in supermarkets, corner shops,
takeaways, produce from allotments and gardens) (WRAP 2011b). All food waste estimates,
including figures on food redistribution and co/by-products used as an ingredient in animal
feed were extrapolated from WRAP (WRAP 2013b, c); whereas data on food waste disposal
options were retrieved from Defra, which has gathered information from a variety of sources

and developed overall figures on the amounts of waste processed by currently available
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management routes (Defra 2011b). The data available at the time of the study were often
obtained from different years, but for the purposes of the study it was assumed that there is
not a wide variation from one year to another. Details on data collection can be found in
Table S2 in the Supporting Information document.

Semi-structured interviews with stakeholders and food waste experts on existing
initiatives that aimed at the reduction and recovery of food waste were conducted in'LLondon
in 2014, and the figures/data provided were based on year 2013. The interviews were used in
combination with evidence from the available literature, in order to collate information on

how the surplus food redistribution system works.
Results

Food flows in the UK economy

A Sankey diagram, i.e. a flow chart illustrating flow directions and quantities, in which
the width of the arrows is proportional to the flow quantity (Nuttbohm et al. 2009), was
developed to represent the food mass. flows in the UK economy (Figure 2). Detailed
description of the data used to construct the Sankey diagram can be found in Table S2 in the
Supporting Information document.

The sum of the food “imports” and “food produced” defined the total domestic food
supply, whichrincludes both primary commodities and processed commodities (e.g. olives
and olive oil/wheat and wheat flour). This was then cascaded to food “exports”,
“processing”, food grown for “animal feed”, food for “seed”, “transport and storage losses”,
and “food available for human consumption” flows (FAO 2014). The total “food available
for human consumption” flow in the UK was found to be approximately 61 Mt per annum,
accounting for 57% of the total UK food supply (Figure 3). Of this, 38 Mt were purchased
for consumption in the household, of which 31 Mt were eaten and 7 Mt were thrown away.

Moreover, 4.5 Mt (out of the 61 Mt) were purchased for consumption outside the household
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(WRAP 2011b); and from the rest 18.5 Mt, a significant fraction ended up as waste,
including waste from the retail, wholesale, hospitality and other sectors (e.g. pre-factory gate
food waste) (WRAP 2013b). This combined with the food waste produced from the
manufacturing sector, add up to a total of 15.2 Mt of food waste produced each year in the
UK (WRAP 2013b), accounting for around 25% of the total food distributed for human
consumption in the UK. Only a small fraction (0.016 Mt) of the food that is not consumed
nor wasted, is found to be redistributed for human consumption (WRAP 2013¢).

The percentage distribution of the domestic food supply in the UK, /and the proportions
of food available for human consumption that is consumed and wasted across the various
segments of the supply chain are shown in Figure 3. Household consumption of food
represents nearly one third of the total domestic food supply, while total food waste
generated accounts for around one sixth of the total food supply.

Around 14 Mt in the food available for human consumption (13% of the total domestic
food supply), is indicated as “unknown” (Figure 2). This could be partly attributed to
inconsistencies between datasets;and the inaccuracy and imprecision of available food waste
data and associated estimates. An.abundance of 7.9 Mt from the “processing” flow is also
observed. This figure'is misleading as processed food is already accounted in the food for
human consumption. The reasons behind this discrepancy could be that: in the “food
production” flow all food products (i.e. primary (raw), processed, and primary food for
processing).are accounted (meaning that there is possibly some double counting); processed
foods are then accounted in the “food for human consumption™ flow, whereas the primary
food products for processing are accounted in the “processing” flow; an extraction rate is
normally used to calculate the transformation of a primary commodity into a processed

commodity (e.g. the weight of olives used to produce oil, does not correspond to the weight
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of the olive oil produced, etc.), which means that the 7.9 Mt figure could in reality be much
smaller.

Considering that in the FAO Food Balance Sheet the processed commodities obtained
from manufacturing are indicated in separate food entries of the food balance (therefore
already accounted for in “food production”), indicates that this discrepancy is a result of the
way food data are reported. For example, deviations of the estimates of food available for
human consumption, could be attributed to uncertainties around estimates of the non-food
use such as seed, animal feed, processing and losses. Despite these limitations, FAO data
offered the most reliable estimates of food flows at a country level at the time of the study.

In evaluating the potential of food redistribution, it is clear that not all of the food waste
generated is of edible nature. As such, the percentages of edible and non-edible waste,
relative to each food waste flow, provide a better estimate of the real proportion of food
waste that could have actually been avoided and consumed (Table 1).

Excluding potentially edible components in food waste from others sectors due to the lack of
data, it can be reported that around 10. Mt of food waste in the UK could have been avoided
and consumed; accounting. for..around 22% of the total food available for human
consumption or 12% of the total domestic food supply. This is a conservative estimate but a
significant one, which has gained increased attention by both the industry and the media. For
example,.it-has been recently reported in the press that UK supermarkets alone throw away
115,000 tonnes of edible food each year — which equates to £230 million going to waste

(GS1 UK, 2016).
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Factors contributing to food waste generation

The reasons behind food waste generation are numerous, and vary greatly across the
different stages and context of the food supply chain. While in developing countries the
majority of food losses occur mostly due to financial, technical and infrastructural
constraints at the post-harvesting and storage levels, in industrialized countries food wastage
occurs due to the wasteful practices of the food industry and consumers. In regards:to the
latter, changing lifestyles and dietary patterns, and aesthetic demands that impose stringent
quality and cosmetic standards, seem to exacerbate the problem (Barilla Center for Food and
Nutrition 2014, House of Lords European Union Committee 2014, lacovidou et al.2012a,
lacovidou et al., 2012b, Iacovidou et al., 2012c, Lebersorger. and Schneider 2011,
Papargyropoulou et al. 2014).

For example, around 30% of the fruits and vegetables produced in India are wasted in
post-harvest handling due to the lack of cold.storage facilities, which accounts for 18% of
this loss (Emerson 2013). In the UK, the large amount of food waste that is generated
upstream in the supply chain_is largely due to the problematic relationships between
producers and retailers. Large food waste arisings can occur both at the farm and
manufacturing stage due to factors such as, contractual requirements, product standards and
poor demand forecasting (FAO 2013a). Farmers and manufacturers are frequently tied to
only one or two customers (retailers), who often change or cancel their forecast orders at the
last.minute, leaving producers with large quantities of unsold food that is likely to be thrown
away (Stuart 2009). Strict product quality standards are another important driver of food
wastage in the production level. It is estimated that about 30% of vegetable and fruit crops in
UK farms are not harvested because they fail to meet retailers’ tight cosmetic standards
(Vision 2020 2013, Stuart 2009). This high figure is in contrast with similar estimates from

the United States, where approximately 7% of planted fields are typically not harvested each
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year (Gunders 2012). Food waste arisings at the farm level are considered to be ‘the biggest
unknown of all waste statistics’ (Stuart 2009). This might be because farmers can plough
crops that are not legally classified as waste back into their fields, meaning that this waste
remains largely unmeasured.

At the processing level, contamination, accidental spillage, technical limits on
production, operation and process losses are among the main reasons for food:waste
generation (Parfitt et al. 2010). This food waste is mainly comprised of animal by-products,
fruit and vegetable trimmings, whey from cheese making and other biodegradable matter
that cannot be eaten. In the hospitality sector food waste arises from spoilage, food
preparation and food left on consumers’ plates (Valpak Ltd. and WRAP 2013), while at the
retail level, it is mostly due to extensive inefficiencies in marketing and sale strategies, such
as the common practice of overstocking to ensure that customers’ favourite products are
always available (Stuart 2009). Compliance with food safety legislation and quality
standards, poor management of reserves, as well as deterioration of products or packaging
due to poor handling are other causes. of food waste at the distribution stage of the supply
chain.

However, the highest proportion of food waste originates from households; accounting
for 46% of the total food waste generated across the whole supply chain and around 11% of
the food.distributed for human consumption. This quantity is much lower than similar
estimates from the United States, where consumer level waste represents up to 21% of the
available food supply (Buzby et al. 2014). Nevertheless, household waste still represents the
largest food waste flow in the UK, and has been the focal point of a number of studies
around waste management and food waste reduction strategies.

WRAP estimated that an average person in the UK produces around 110 kg of food

waste per year, of which 86 kg could have been avoided through better planning, purchasing,
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storage and/or preparation (WRAP 2013b). In fact, at the household level most of the food is
wasted either because it is not used on time, or too much of it is cooked, prepared and/or
served (WRAP 2009). Promotions such as ‘buy one, get one free’ may incentivise consumers
to purchasing larger volumes of food than they are able to consume, leading to its inevitable,
but unnecessary wastage (FAO 2013a, Stuart 2009). Another cause of increasing food
wastage in households, is the confusion generated by the date labelling on food products, as
only 37% of consumers know the difference between ‘use by’ and ‘best before’ dates on
food packaging (FAO 2013a). To elaborate, ‘use by’ labels refer to the safety of the product
and are intended for highly perishable foods (e.g. milk, yogurt, cured-meat), whereas ‘best
before’ refer to the quality of the product, meaning that the food is still safe to consume after
that date even though some characteristics such as taste, texture or appearance may be

altered (e.g. bread, cheese, tinned tuna) (FAO, 2013a).

Surplus food redistribution for human consumption

‘Surplus food’ can be defined.as food that is still perfectly edible and reusable, but due to
aesthetic criteria or lack of demand is rejected (considered of no further use) by producers
and retailers. The dividing line between surplus food and food waste is very thin, as surplus
food can easily become waste if not redirected to reuse quickly. Surplus food is produced at
every stage of the supply chain and arises from a variety of sources, including farms,
manufacturers, supermarkets, local grocery shops, bakeries and restaurants. This means that
the types of surplus food generated may vary greatly and can include agricultural crops,
perishable fresh or prepared foods, and non-perishable processed foods (Hawkes and
Webster 2000). The reasons for surplus food arisings are many and varied; including size

and shape, small blemishes, mislabelling, incorrect or damaged packaging, expiry date and
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cancelled orders (Schneider 2013, Alexander and Smaje 2008, WRAP 2014).
Overproduction may also lead to food surplus arisings, a phenomenon that has now become
so widespread that it constitutes a real threat to global food security, rather than a safeguard
against unpredictable weather patterns and other catastrophic events. It is estimated that a
food supply of 130% above our current nutritional needs, would be sufficient to guarantee
food security, but in high-income countries this supply can often go up to 200% of the food
that is physically needed, leading to massive wastage (Stuart 2009, Papargyropoulou et al.
2014).

A way of dealing with surplus food in a sustainable manner is to redistribute it for human
consumption through different channels: through charities and community-led initiatives for
feeding those in need; development of secondary markets for products rejected by retailers,
but are still fit for human consumption (e.g. by selling surplus food in farmers’ markets or in
community shops at discounted prices); establishment of new value chains and businesses by
transforming surplus food into new products, such as jams, chutneys and juices.

In some European countries surplus food redistribution is well-established and
implemented on a large-scale. For-instance, in Spain and France more than 100,000 tonnes
of food are redistributed each year (Webster 2014). In the UK, this intervention is still in its
infancy with onlya tiny percentage of food available for human consumption being
redistributed to charities (about 6,000t) or sold onto secondary markets every year. The most
recent estimates about surplus food redistribution are provided by the All-Party
Parliamentary Inquiry into Hunger and Food Poverty, according to which only 2% of
surplus food generated by retailers, manufacturers and suppliers was redistributed in the UK
in 2015, while 98% was composted, turned into energy, or disposed of to landfill (Downing
et al.2015). In fact, it has been estimated that around 400,000 tonnes of surplus food

produced by retailers and restaurants are available for redistribution in the UK (Spillett
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2014), indicating that the volume of food currently redistributed could be increased by
approximately sixty times. However, this estimate does not take into account the potential
for gleaning unharvested crops from farmers’ fields (Stuart 2009); meaning that this figure
could in reality be much higher.

Nonetheless, not all of the food that is wasted could be reclaimed through redistribution;
yet a significant proportion that is currently disposed as waste, could be redirected for human
consumption. It estimated that 10% of the 3.9 Mt of food wasted every year by the food and
drink industry (up to 3% of the total amount of food waste generated in'the UK), is surplus
food that is fit for reuse (FareShare 2015). These quantities may appear trivial in comparison
to the entire amount of food waste generated, but if salvaged they could contribute to a
reduction of food waste. Notwithstanding the potential of food prevention strategies to
reduce food waste generation, some amounts of surplus food are always likely to be present
even in the best designed supply chain systems. As such, surplus food redistribution should
be seen as an additional prevention option for the better management of the food supply

chain system.

Surplus food redistribution initiatives: examples from the London region

In the UK, there are several organizations and initiatives that aim to reduce and recover
food waste. through surplus food redistribution, which despite their currently limited scale
they make. a real impact in reducing food waste and food poverty. At present, the largest
food redistribution charities are FareShare, which collaborates with a network of major
retailers and producers to redistribute surplus food to local charities and community projects
across the UK (FareShare 2014), and FoodCycle, which operates in 23 locations across the
country serving nutritious meals, made with surplus food, to people at risk of social isolation

and food poverty (FoodCycle 2017). In addition, various community-led projects and social
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enterprises that save surplus food from going to waste are sprouting in the country. Social
media and internet platforms are also starting to play an important role in food waste
redistribution, by connecting and sustaining networks between businesses willing to donate
their surpluses and local charities, community groups or social entrepreneurs.

Within the UK, London has the largest number of food redistribution initiatives. Table 2
provides a list of these initiatives and indicates the type of activities they carry-out, the
places from where they source surplus food, and the amount of food they save from
becoming waste. This list is not exhaustive, but offers a broad overview of the existing
business models of a number of food redistribution initiatives. It must be highlighted that
the amount of surplus food salvaged (as shown in Table 2) varies widely between the
different initiatives, and can be expressed in yearly, monthly, weekly or daily figures. This
is mainly due to the number of events that these initiatives organize, which may depend on
their organisational structure, variability in the.amount and frequency of surplus food supply,
and segment of the public they reach. Because of these factors, the number of events
organized varies considerably during the course of a year, often making it difficult to provide
annual estimates. It must be noted, that another reason for the variation observed in Table 2
is because at the time of the interviews some of the initiatives were at the start of their

business, hence they were unable to provide annual estimates.

Discussion

A large amount of the food mass flowing through the UK economy is wasted, but
speculations indicate that a considerable fraction of it could be redistributed back to the
supply chain. The exact fraction of this food is hard to estimate, largely because of data
uncertainties and potential inaccuracies associated both with food waste generation, and

surplus food redistribution.
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Food waste documentation and uncertainty

In regards to food waste generation, estimates may depend on a number of interrelating
factors ranging from macro (cultural, economic etc.) to micro (knowledge of what can be
frozen, portion sizes etc.) at all stages of the supply chain, as well as data availability,
measurement methods and transparency (FAO 2011). Moreover, the varying definitions of
food waste that are used around the globe aggravates the uncertainty problem; as. it leads to
the production of datasets that may not be comparable, making it difficult to monitor global
trends (Lebersorger and Schneider 2011, Ostergren et al. 2014, Patfitt-et al. 2010). Even in
places where the definition may not be an issue, stakeholders fail to.meticulously document
food waste generation rates; while others that may have this information documented they
are often unwilling to share it (Stuart 2009). This means that estimates are most frequently
calculated based on data provided by businesses/stakeholders that are efficient (i.e. hence
have no reluctance in sharing their data), overlooking those that are perhaps more wasteful.
As a result, it is very likely that.the amount of food waste generated in the UK is much
higher that is actually documented.

The lack of transparency in food waste generation rates is more pronounced upstream in
the supply chain; for example, in the farm level large amounts of fruits, vegetables, fish and
meat (most often including edible parts, e.g. offal) may be discarded during processing. On
the:household level self-documentation may also be unreliable. For instance, Stuart et al.
(2009) have reported that several studies have found that householders tend to underestimate
how much food they actually waste, sometimes by as much as thirty times (Stuart 2009). At
the downstream part of the supply chain when food surplus redistribution and food waste

management take place, uncertainties may also exist. Figures on the volume of food
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redistributed is often based on data from large organizations; hence neglecting to account for
the amounts of food saved by the smaller initiatives.

Therefore, the amount of surplus food that may be available for redistribution, could
remain largely unknown due to undocumented surplus food production upstream (e.g. in the
farm and manufacturing sectors) and downstream (e.g. in the distribution and retail sectors)
of the food supply chain. This is also the case for food waste generation rates, of which
figures might be underestimated due to disposal of food waste via other means (e.g. use of

food waste disposal units (FWDs), littering, etc.).

The food waste hierarchy

Despite the uncertainties around its documentation, food wastage is regarded as an
unacceptable practise, and appropriate measures are to be adopted in order to control this
problem. The food waste hierarchy (Figure 4), proposed in the EU Waste Framework
Directive (European Parliament.and Council 2008), provides guidance for reducing food
waste.

The UK government has formally adopted the principles of the food waste hierarchy into
its national waste strategy (Defra 2011a). However, the way food waste is currently managed
does not.conform to this hierarchy. Around 46% of all food waste generated is sent to
landfill, with only approximately 18% and 14% sent to anaerobic digestion and recycling
(including composting), respectively (Defra 2011b). Additionally, only 14% of food waste
from manufacturing operations is used as ingredient for animal feed, while the amount of
surplus food redistributed or sold onto the secondary market is extremely small (WRAP

2013c). The existing legislative framework and fiscal environment favours options further
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down the food waste hierarchy, hence neglecting opportunities for reuse through the
distribution of food for feeding people or livestock.

For example, the EU Animal By-products regulation, established after the Foot and
Mouth disease outbreak in 2001 to prohibit the use of any food that contains or has been in
contact with meat, fish, or other products of animal origin, including all catering waste for
animal feed (FAO 2013a), has in many cases acted as a barrier to the redistribution of food
to livestock. At the same time the need to divert 75% of biodegradable waste from landfill
by 2020, coupled with concerns about climate change, have led to the expansion of energy-
from-waste technologies like anaerobic digestion that are highly subsidised by the UK
government (Spillett 2014, Defra 2011a). Although this technology can offer multiple
benefits through biogas and digestate production, it undermines prevention initiatives and
fails to support food reuse.

Amongst the prevention strategies that have been occasionally promoted to support
sustainable food management, the redistribution of food back to the supply chain stands out
due to its potential to prevent food waste generation at various stages of the supply chain.
Efficient supply chain management and household consumer behavior are considered to be
the two main areas that could affect the uptake of food redistribution initiatives (Midgley
2014). While there'is an undeniable urgency to reduce food waste by addressing its root
causes, it-is also true that the way the food system is currently designed to operate, food
surpluses are'extremely difficult to avoid.

In fact, unpredictable weather and climatic patterns, mismatches between supply and
demand, and the market’s need to ensure variety, quality and freshness of products, means
that there will always be an amount of surplus food that needs to be managed. For this

reason, having a system in place that promptly redirects these surpluses to businesses that are
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in need for food, while saving energy and money on waste disposal and management could

be a potential solution.

Surplus food redistribution

A FAO report suggests that as a result of food wastage 3.3 Gt of global CO, eq emissions
(i.e. 7% of global greenhouse gas emissions (GHGs)) and consumption of 250 billion-cubic
meters (km®) of surface and groundwater are emitted and wasted each year, respectively
(FAO, 2013a). In the UK, WRAP demonstrates that by reducing avoidable food waste
through food redistribution from the manufacture/retail sectots, could lead to a reduction of
approximately 3.1 tonnes of CO, eq per tonne of food waste, while saving around 1000 m’ of
water per tonne of food waste (WRAP 2015). In addition, redistribution of surplus food may
result in economic savings for the businesses-donating the food, the charities receiving it and
their final beneficiaries; these savings ecould be spent on purchasing other goods and services
of significant importance to increasing social welfare (FareShare 2015, Schneider 2013).
Increasing the efficiency and productivity of the food supply chain system means that the
capital, labour and natural resources (land, water, and energy) used to produce, transport and
sell food, will alse be used more efficiently (WRAP 2015); hence maximising the recovery
of multi-dimensional value, i.e. environmental, economic, social and technical value
embedded in‘and associated with food waste (Iacovidou et al. 2017).

Therefore, food redistribution and reuse initiatives can be seen as a value recovery
strategy that could potentially address environmental, economic and social aspects.
Indicatively in 2014, FareShare received 7,360 tonnes of surplus food, which was
redistributed to support 1,923 charities and community projects, contributing toward more

than 15.3 million meals. Over 149,000 people benefit from FareShare’s food redistribution
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every week, saving charities on average £13,000 a year (a combined saving of nearly £20
million), 80% of which are reinvested into additional support services. At the same time, the
food redistributed by FareShare helps businesses reduce their CO, eq emissions, which in
2014 alone contributed to a saving of approximately 25,000 tonnes of CO; eq emissions
(FareShare 2015).

In other countries surplus food redistribution to charities has been encouraged and
subsidised, reducing greatly the amount of food ending up in the waste stream (Webster
2014). For example, the Good Samaritan laws in the United States have supported the
development of food redistribution, which contributes to more than 1*Mt of food donated
each year (Stuart 2009). The Good Samaritan laws are often criticised for the potential to
produce perverse consequences (FAO 2013a), as they protect food donors from the legal
liability that might arise from their donations, which is seen as a form of risk in the quality
and safety of the food redistributed (Schneider 2013). However, under this legislation food
donors are still responsible to deliver. good quality products in accordance to safety and
hygiene regulations. The extra level of reassurance that this law provides can be critical in
stimulating donation, without compromising the necessary safeguards (Bio by Deloitte
2014).

By offering an.institutional enabling environment and encouraging the private sector to
donate its-food through more adequate fiscal incentives, government policies could support
redistribution and the creation of a market for surplus food. For example, if food waste were
taxed, regardless of the disposal method, more companies and businesses would be
incentivized to donate their food in the same way in which the landfill tax encouraged the
uptake of composting and anaerobic digestion. In France food donors qualify for a tax credit
equal to 60% of the value of the food donated and fiscal incentives have been applied in a

way that it is now more expensive for businesses to send food to anaerobic digestion plants
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than to donate it (Bio by Deloitte 2014). Similarly, in Spain 35% of the net value of the food
donated can be claimed as a corporate tax credit (Bio by Deloitte 2014). To a certain extent,
this can explain why 100,000 tonnes of food in France and 118,000 tonnes in Spain are
donated by retailers and suppliers every year, compared with only 5,900 tonnes in the UK
(Webster 2014).

To push for an expansion of these initiatives in the UK it would require the presence of
fiscal incentives to support food donation and redistribution at a larger scale. Furthermore, it
would need a constant and rather large amount of food to be made available to.them, and at a
readily manner, so that surplus food markets have a suitable’ basis. for development.
Currently, the unpredictable nature of surplus food availability acts as a barrier to the
expansion of food re-use initiatives. Collaborations between different redistribution
organisations across sectors can reduce risks related to food redistribution at different levels
of the supply chain, and provide certified information about the quantity and quality of the
food that is made available.

At present redistribution efforts remain largely fragmented and independent from each
other, and logistic issues relating to transport, availability of the processing facilities and
storage space, create further difficulties to their long-term existence. Therefore, the
development of a larger redistribution system needs to be supported and sustained through a
stronger national commitment, but also a stronger communication and collaboration between
allstakeholders involved. This can be achieved by the development of a network of
producers, retailers and other supply chain stakeholders, connected through specific online
platforms and providing up-to-date information on the level, location, amount and type of
surplus food available. This could enable redistribution initiatives to be swiftly responsive to
the amount and types of surplus food that are available, reducing its wastage up to

extraordinary levels. Hence, the development of a food surplus database is essential not only
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from an economic and social perspective, but also from the environmental, as it will
essentially circulate food back into the supply chain enabling its efficient utilisation,
preventing its wastage and salvaging its value.

Arguments that surplus food redistribution offers little incentive to change industry
behaviour, cannot be ignored (Midgley 2014). Although these arguments point to the
fundamental inefficiencies that characterise our food system, they fail to considerthe far-
reaching opportunities that food redistribution initiatives can bring about; as they are
instrumental in raising awareness about food waste and can transform wasteful behaviours.
The truth is that people are not fully aware of the scale of food waste and surplus food
generated, because a large part of it is invisible to them. At the same time, they are presently
disconnected from how food is produced, which has an adverse effect on the way they value
food.

As such, surplus food redistribution initiatives can essentially lead to a change in the
cultural mindset and the way consumers currently value and engage with food, which is one
of the underlying causes of food.waste. In fact, increased awareness can have significant
trickle down effects: as food waste becomes more visible, people become more conscious of
waste, and this can have an impact in terms of food waste generation at the household level.
This can be compared to the impact that separate food waste collection schemes have been
found to-have on the reduction of household food waste generation, as they help people
realize how much food they actually waste, which in turn motivates them to implement ways
to avoid some of that wastage (WRAP 2011a). This is especially meaningful not only
because it can reduce food waste generation, but also because it can make people more
aware of the value embedded in any resource or product they use, taking responsibility for

its proper disposal at the end of its lifetime.
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Conclusions

A glimpse into the UK food supply chain, has unveiled potential stages at which
interventions can be made in order to either gain better data on food production and
management (hence addressing important research gaps), or address food waste
minimisation goals. Currently only a small fraction of food is redistributed back in to the
system. Yet, a considerable fraction of food waste generated is edible, emphasising that
better planning, storage and coordination amongst the different stakeholders in:the food
supply chain, could prevent its wastage and promote its reuse in accordance with the waste
hierarchy. Although there are numerous prevention strategies that focus on reducing food
wastage, surplus food redistribution has not been gaining the same attention. This might be
because, current policies incentivise food waste prevention and management options, like
campaigns, and waste treatment via anaerobic digestion and composting, neglecting to
account for the multiple benefits that surplus food redistribution can provide to the
environment, economy and society.

At present, food redistribution initiatives have a limited outreach and are largely
fragmented and independent from each other. Yet the development of a larger and more
coherent food surplus redistribution system appears to be promising in achieving food waste
prevention at-all stages of the food supply chain, and is considered to be instrumental in
promoting the recovery of food’s multi-dimensional (i.e. environmental, economic, social
and technical) value. A strong national commitment and governmental support through the
provision of fiscal incentives, are fundamental in creating the enabling environment required

for a large surplus food redistribution system to be developed.
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Tables Table 1 Edible vs. Non-edible fractions of food waste

Data Mt/year Edible % Non-edible % Source
Household food | 7.0 5.4 Mt 77% 1.6 Mt 23% | WRAP, 2013b
waste (4.2 Mt

avoidable,
1.2 Mt
possibly
avoidable)
Retail / wholesale | 0.446 0.446 Mt 100% Allof this waste is WRAP, 2013¢
food waste assumed to be
avoidable, as it is in
principle all fit for
human consumption.
Hospitality/ 0.92 0.68 Mt 75% 0.24 Mt 25% | WRAP, 2013a
catering food
waste
Manufacturing 3:908 3.908 Mt 100% All of this waste is WRAP, 2013c¢
food waste assumed to be

avoidable. It is
possible that a small
proportion of
manufacturing waste
is unavoidable, though
it appears that the

majority of this
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material is disposed to

animal feed.

Other sectors 3 N.A. N.A. WRAP, 2013a
food waste
Total food waste | 15.2 9.2-10.4 60.5 -68% Estimated
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Table 2 London food redistribution initiatives

Sources of surplus Tonnes of food
Initiative name Initiative type Activity
food supply saved (as in 2013)

Fare Share Registered charity. Comprises a Supermarket Redistributes 5,500
network of 19 distribution centres | tonnes of food a
regional centres that | and manufacturers. | year across the UK
save surplus food (85% is surplus).
and send it to
charities and
community projects
across the UK.

Feedback Registered charity. | Gleaning Farms, wholesale Approximately 1
unharvested crops markets and tonne per event (the
from farms and supermarkets. Gleaning Network
raising awareness of saves about 50
food waste through tonnes of food per
large events where year).
the public is offered
free lunch made
with surplus food.

The Dinner Volunteer-run Organises vegan Wholesale markets | Estimated 0.2

Exchange East | initiative. dinners using and local grocery tonnes per event.

surplus food.

shops (mostly
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organic shops).

The People’s Volunteer-run Brings people Local grocery Estimated about
Kitchen initiative. together every shops. 0.05 tonnes per
Sunday to cook a event.
meal using surplus
food.
The Real Junk | Community café. Offers meals on a Supermarkets, Saved 10 tonnes of
Food Project donation basis markets, restaurants, | food in 6 months.
Pay-As-You- prepared using only | concert venues.
Feel donated surplus
Café food.
Food Cycle — Community cafg. Sells breakfast and | Supermarkets, Between 0.6 - 1.2
Pie In The Sky lunches made from | wholesalers, tonnes of food per
Community surplus food. producers and month.
Café events.
Snact Social enterprise. Turns surplus fruit Wholesale markets | Approximately 0.75
into healthy fruit and plan to expand | tonnes of fruits
jerky. to farms. processed in 6
months.
Juice Cube Social enterprise. Juice bar that uses Wholesalers and About 0.07 tonnes

surplus fruits and
vegetables to make
healthy juices and

smoothies.

local shops.

per week.
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Food For Good | Social enterprise. Ethical catering Wholesale markets | 0.035 tonnes a day
service using and bakeries. on average when
surplus food. organizing catering

events.

Thornton’s Retailer initiative. Retail store that Products -

Budgens sends zero food approaching their
waste to landfill. sell-by date.

Food Save Project funded by Project helping Food businesses 46 tonnes of food

public bodies. small and medium- | across London. waste prevented to

sized food date and 669 tonnes
businesses in diverted from
London to prevent landfill through
food waste and prevention or
divert surplus food feeding people/
waste to useful livestock.
purpose.

Plan Zheroes Internet platform. Online map that Anyone who Expect to monitor

helps connecting
businesses with
surplus food with
distributors,
charities and
community projects

that redistribute it.

produces or

distributes food (e.g.

shops, restaurants,
cafes, hotels,

schools).

donations in their
new platform,
launched in January

2015.
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Figure 1 UK food supply chain
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Figure 2 UK Food flow analysis
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Figure 3 The UK domestic food supply chain (incl. production and imports) with a focus on

the distribution of food available for human consumption across the supply chain
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Figure 4 Food waste hierarchy (Adapted by Papargyropoulou et al. 2014 and Vision 2020)
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