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1. Introduction
Around one third of the weight of food produced for human consumption is lost or wasted1, and
around a third of crop calories are lost to the food system during livestock production2. Meanwhile,
the global food system causes significant environmental impacts and around 800 million people
are undernourished3. This building block examines the following aspects of food loss and waste:
mainstream definitions and alternative understandings, global statistics, and ‘hierarchies’ for
prevention and treatment.

2. Mainstream definitions of food waste and
food loss
Different stakeholders use different definitions of food loss and food waste, some of which are
outlined below.
According to one set of definitions provided by the Food and Agriculture Organisation of the United
Nations (FAO), the difference between food loss and food waste is as follows1:
·

Food loss is “the decrease in edible food mass throughout the part of the supply chain that
specifically leads to edible food for human consumption”, including the production, postharvest
and processing stages.

·

Food waste is food loss that occurs “at the end of the food chain”, i.e. during retail or final
consumption.

The FAO explicitly states that it excludes both food that is intended for animal feed and inedible
parts of food products from these definitions.
According to another set of definitions from the FAO4,5:
·

Food loss, which “refers to all food produced for human consumption but not eaten by humans”,
is “the decrease in quantity or quality of food”.

·

Food waste, a subset of food loss, is the “discarding or alternative (non-food) use of food that
is safe and nutritious for human consumption along the entire food supply chain, from primary
production to end household consumer level.” This is different to the first FAO definition, because
it is based on whether or not wasted food was safe to eat, rather than where in the supply chain
that waste occurs.

The NGO World Resources Institute (WRI), which has worked extensively on this issue, defines
food loss as food that has become unfit for consumption before it reaches the consumer, and
food waste as the discarding of food that is fit for consumption, either before or after it spoils. The
starting point used by the WRI for measuring food loss and waste is the moment that crops are
ripe, animals are ready for slaughter, milk has been taken from the udder, or wild fish have been
caught6. The WRI explicitly excludes from its definitions the following: by-products that could be
considered unavoidable because they are not intended for human consumption within a specific
supply chain (e.g. bones or peels), surplus food that is redistributed and ultimately eaten by people,
food intentionally produced for feed or other non-food purposes such as biofuels, and consumption
of food surplus to caloric requirements.
The Food Loss and Waste Accounting and Reporting Standard, a global standard developed by
several stakeholders (including the United Nations Environment Programme, WRAP and the World
Resources Institute) for measuring and reporting food losses and waste, allows flexible definitions
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of food loss and waste to be used according to the purpose of the measurement (see the diagram
below). For example, an organisation concerned with food security might only want to measure
the loss of edible food, while other situations might require the measurement of both edible food
waste and associated inedible parts7 (such as when developing waste management infrastructure or
seeking to understand the opportunities for extracting value from food waste).

Image: Material types and possible destinations under the Food Loss and Waste Accounting and Reporting Standard7.

3. Global statistics on food waste
The FAO estimates that roughly one third (by weight) of the edible parts of food produced globally
for human consumption is lost or wasted1, which is around 1.3 billion tonnes of food loss and waste
per year. The WRI converted the same data from weight to calories, finding that 24% of food calories
produced for human consumption are lost or wasted6. The difference is partly because fruit and
vegetables, which account for 44% of food loss and waste by weight, have relatively few calories per
unit weight compared to other food groups.
The FAO’s figure does not include inedible parts of food products, products destined for animal
feed, or losses during the production of said animal feed. It does include loss and wastage during
agricultural production (e.g. damage during harvest, discarded fish, and decreased milk production
due to dairy cow sickness), post-harvest handling and storage, processing, distribution, and
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consumption (including in households). The estimate was produced by combining the FAO’s Food
Balance Sheets with data from a literature search on global food waste and estimates to cover gaps
in knowledge.
Levels and types of food loss and waste vary between regions (see figure below). The fraction of
food losses and waste occurring at the consumer stage is relatively high in North America and
Oceania, Europe, and Industrialised Asia (Japan, China and South Korea), compared to other regions.
Levels of food losses and waste occurring from production to retailing are similar across most
regions1.

Image: Figure 2, FAO (2011)1. Per capita food losses and waste, at consumption and pre-consumption stages, in different
regions.

The study notes that the drivers of food loss and waste vary between countries depending on
income1.
In higher income countries, reasons for food being lost or wasted include:
·

Farmers producing more than necessary to ensure they fulfil their supply contracts.

·

Strict quality standards that lead to edible food not being offered for sale.

·

Trimming of food during processing.

·

Large quantities of food and many brands being displayed in shops, with some food expiring
before it can be sold.

·

People on average being more able to afford to waste food than in lower income countries, since
food constitutes a relatively small part of household expenditure8 and there is an abundance of
food available in restaurants and stores, which can encourage people to buy more food than they
can eat.

In lower income countries, reasons for food being lost or wasted include:
·

©
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unsuitable for consumption.
·

Poor dry or refrigerated storage infrastructure.

·

Insufficient industry capacity for processing and preserving food.

·

Unsanitary conditions in wholesale or retail markets.

In lower income countries, consumer-level food waste is relatively rare, because many people cannot
afford to waste food. Furthermore, people often only buy the food they need for the day of purchase.
Evans and Welch9 point out that the drivers of food waste extend beyond the behaviour of
individuals into household dynamics, cultural expectations and social organisation. For example,
meals eaten with other household members are twice as likely to result in leftovers than meals eaten
alone. Meanwhile, surplus food can be generated if consumers have little control over the portion
sizes they buy, e.g. if they have to choose between buying a pack of three peppers or none at all.
Evans and Welch also note that surplus food is more likely to become wasted food when a relatively
small fraction of a meal is left over (e.g. a meal with less than 10% left over is 130 times more likely to
result in wasted food than a meal with 30-50% left over).
Alexander et al. mapped the flow of food through different stages of the food supply chain10. As
shown in the figure below, 24% of the dry biomass harvested from crops and grassland (some of
which is edible to humans, and some of which is not) is consumed as food by people.

Image: Graphical abstract, Alexander et al. (2017)10. Global food system biomass dry matter in 2011. NPP = net primary
production.
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Only around 22% (rather than 24% as mentioned above) of the biomass harvested from crops and
grassland is consumed as necessary human nutrition. This is because 10% of food eaten by people
is surplus to minimum nutritional requirements (defined as intake greater than 2342 kcal/person/
day and 52 g/person/day of protein). These minimum requirements are estimated for the whole
population, rather than for individuals.
The amount of food required for human nutrition (i.e. 90% of the food actually eaten) is 1.49 Gt
(dry biomass), which is only 22% of the 6.81 Gt harvested from crops and grassland. The loss of
5.32 Gt between the two points can be attributed to several different causes, as shown in the table
below. 3.76 Gt is lost during livestock production (71% of the total loss between the two points),
0.44 Gt (8%) is lost during distribution, 0.22 Gt (4%) during processing, 0.17 Gt (3%) through overconsumption of food by people, 0.16 Gt (3%) due to consumer-level food waste, and 0.56 Gt (11%)
goes towards non-food purposes, is used for seed, or is added to existing stocks of food.

Table: Dry biomass losses throughout the food supply chain. Data from Alexander et al. (2017)10.

The environmental impacts of the food system are higher than they need to be than if food loss
and waste were lower. Each year, globally, food that is produced for human consumption but that
is lost or wasted causes 3.3 Gt CO2 eq. of greenhouse gas emissions excluding emissions from land
use change (compared to, very roughly, 10 to 15 Gt CO2 eq. annual emissions from the whole food
system, based on 20-30%11 of 49 Gt CO2 annual anthropogenic emissions12), consumes 250 km3 of
surface water and groundwater, and uses 1.4 billion hectares of land, which is around 30% of global
agricultural land area13.
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4. Other understandings of food loss and
waste
Some interpretations of what should or should not count as food loss or waste are very different
from the mainstream definitions outlined in Section 2.

‘Avoidable’ food waste
‘Inedible’ parts of food products are not included in the FAO’s definition of food loss or waste.
However, the parts of food that are eaten may vary between cultures, individuals or food preparation
method. For example, people may not be accustomed to eating broccoli stems or chicken feet;
increasingly today many people prefer not to eat animal fat; and consumption of offal has been
falling14. Furthermore, as processing technology develops, it may become possible to extract nutrition
from previously inedible by-products. For example, the 2018 discovery of the cause of bitterness in
rapeseed protein isolates could eventually allow these by-products to be used as food for humans, in
addition to rapeseed’s existing use as animal feed15.

Harvest-level waste
Food that could be harvested, but that is not, is only included within some food waste and loss
definitions. The WRI, for example, considers food loss to cover crops that are not harvested because
they do not meet quality standards or are not profitable to harvest6. The FAO defines food damaged
during harvest, products that are lost prior to harvest (e.g. through livestock disease) and products
discarded after harvest due to quality control as forms of food loss, but it is not clear whether the
definition includes ripe crops that are not harvested for economic reasons. UK charity Feedback
argues that harvest-level waste should be defined as food waste because, for many food types, most
of the environmental impacts occur prior to harvest. Not defining harvest-level food waste as waste
could encourage organisations to reduce, say, retail-level waste even if that reduction meant that
unreported harvest-level waste increased16. However, there are other factors to consider: for example,
ploughing crops into the ground may be beneficial to the soil17. Around 73% of crop biomass is either
crop residue or unharvested crops, but it isn’t clear what proportion could have been edible if it had
been harvested10.

Feeding human-edible food to animals
An estimated 14% of animal feed, globally, is suitable for human consumption (measured as dry
matter)18, although Alexander et al. find that 21% of animal feed is from crops10. Around 40% of global
arable land is used to produce animal feed18.
Human-edible food grown intentionally as animal feed is not generally counted as food loss or waste.
However, animals always produce a lower amount of food (whether measured by dry mass, energy or
protein) than they consume through feed (including both feed crops and grazing) because a portion
of the feed is used by the animal’s body for movement and maintenance, contributes to growing
inedible body parts, or is excreted. Therefore, if an animal eats exclusively human-edible feed, it
produces less food for humans than it consumes. This perceived inefficiency has led some to argue
that it is wasteful to feed human-edible food to livestock19,20.
The efficiency (or otherwise) of feed conversion is commonly illustrated by the Feed Conversion
Ratio (FCR), which is the ratio of feed mass to the resulting livestock mass. As an example, pigs
typically need to consume 2.7 to 5.0 kg of feed to increase their body weight by 1 kg21. However, the
FCR has some limitations: it does not account for the fraction of livestock weight that is edible by
humans2,21 (for example, only around 55% of a cow’s live weight is available as meat22) and it does not
distinguish between human-edible and human-inedible feed18.
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Cassidy et al. do account for the fraction of livestock weight that is edible by humans in their
assessment of how crops are used in the global food system. They find that 36% of crop calories are
used as animal feed. After conversion to food during livestock production, only 4% of crop calories
are available as human-edible animal products. In total, 59% of crop calories grown are available for
human consumption – the 55% of calories in crops grown for direct human consumption plus the
4% embedded in animal products (the remaining 9% are used for non-food purposes). Cassidy et al.
estimate that growing food exclusively for human consumption (as opposed to animal feed or other
uses such as biofuels) would increase calorie availability by 70% (enough to feed another 4 billion
people) and double protein availability2.
There is often a difference in quality between food-grade and feed-grade crops such as maize, barley
or soy, so feeding fewer feed-grade crops to animals might not make an equal quantity of humangrade food available. However, many feed-grade crops are suitable for human consumption, although
they may have different properties to food-grade crops. Feed-grade wheat, for example, might
produce a different texture of bread to that produced using breadmaking varieties23.
The capture and processing of wild fish into fishmeal and fish oil for use in fed aquaculture (as in
reduction fisheries) is regarded as wasteful by some commentaters24–27, particularly because some
of the species targeted could be eaten directly by humans, e.g. Atlantic herring. Many of the species
targeted for use as fishmeal are not normally eaten directly by people, e.g. sand eels, although in
principle they are edible. Around one sixth of the catch of wild fisheries is processed into fishmeal or
fish oil28.

Feeding human-inedible food to animals
Bellemare et al. argue that lost or wasted food that is later recovered for any “productive use”
should not be regarded as food waste29: “…if recovered food is used as an input, such as animal feed,
fertilizer, or biomass to produce output, then by definition it is not wasted.”
Similarly, Stuart suggests that cultures where food scraps are commonly fed to animals may regard
food waste as less problematic (compared to cultures without such a tradition), because the animals
convert the waste stream into human-edible food30.
Many countries, such as Japan and South Korea, feed heat-treated food losses to animals31. However,
feeding some forms of food waste to animals is currently illegal in some countries. For example, the
European Union (EU) currently bans feeding catering waste to animals following the 2001 outbreak
of Foot and Mouth Disease32. UK food waste charity Feedback has campaigned for a return to
feeding food waste to pigs in the UK33, arguing that it would be safe provided the waste was heattreated in regulated facilities34. According to Ermgassen et al., introducing centralised processing of
food waste into animal feed could reduce the land used by EU pork production by 20%, saving 1.8
million hectares of farmland35.
The ‘ecological leftovers’ approach to livestock would only feed human-inedible food to livestock, i.e.
crop residues, grass, food waste and food processing by-products36. This could provide 9 to 23 grams
of animal protein per person per day (out of a 50 to 60 grams daily total protein requirement)37.
Around 700 million hectares of the 2 billion hectares currently used as grassland for livestock could
be converted to cropland18. Therefore, an argument could be made that even although the grass
produced by those 700 million hectares of land (equivalent in area to half of current arable land) is
not edible to humans, it is ‘wasteful’ to use the land for livestock production when crops could be
grown directly for human consumption instead. However, converting grassland to cropland is likely
to release carbon from soils38, showing that many competing objectives must be balanced when
considering land use.
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Using human-edible food for biofuel or other industrial uses
9% of calories from crops are used for biofuel or other industrial uses and are therefore lost from
the food system2. Arguably, this loss to the food system could be defined as food waste, although
mainstream definitions do not do so (see Section 2 above).

Fish discards
Fish discards, i.e. fish that are thrown back into the ocean after being caught (for example due to
not being the target species), are included in the FAO’s estimate that one third of food is lost or
wasted. Estimates of fish discard levels range from 8% to 20% of catches39,40. However, it is difficult to
estimate the true levels of fish discards because they are often unreported.

Consumption of food surplus to requirements
As discussed above, it has been estimated that eating more food than necessary (defined as intake
greater than 2342 kcal/person/day and 52 g/person/day of protein) accounts for a similar level of
food loss as consumer-level food waste10. Consuming more calories than required can cause a person
to become overweight or obese, increasing the risk of several non-communicable diseases41 (see the
building block What is malnutrition?). However, those who eat food surplus to average estimated
minimum nutritional requirements are not necessarily overweight – for example, highly active people
might eat more than average.
It may be regarded as problematic to define over-eating as a form of food waste, particularly in view
of the social stigma surrounding people who are overweight or obese (see What is malnutrition?).
Furthermore, the enjoyment of eating food, even if surplus to nutritional requirements, could be
regarded as a valid output of the food system14. Alternatively, if the aim of the food system were
solely to be defined as providing sufficient and sufficiently nutritious food at minimum environmental
cost, then consumption of food surplus to nutritional requirements could indeed be regarded as a
form of food waste41.

Food waste as a buffer against food insecurity
Some practices have been viewed as wasteful of food by some observers. For example, potlatch,
a gift-giving ceremony traditionally practiced by some peoples of the Northwest Coast of North
America, was outlawed by the Canadian government between 1884 and 1951 because it was
perceived as wasteful of food and other goods42.
However, an alternative interpretation is that so-called ‘wasteful’ practices are a buffer against hunger,
since the ‘wasteful’ practice establishes a production capacity greater than normal requirements,
giving a safety margin when crops fail. Stuart draws parallels with the global modern food system,
suggesting that food aid donations, overconsumption, feeding of livestock and food waste all act
as outlets for surplus food production – but he also notes that surplus production in today’s world
causes unnecessary harm to the environment30.

Waste of nutrients
The FAO considers decreases in food quality to be a type of food loss4. Since nutrient levels in food
can be decreased by processing, cooking or time in storage, these processes could conceivably be
regarded as causing food loss. For example, whole wheat contains higher levels of several vitamins
than milled wheat43, while broccoli and spinach can lose over half their vitamin C when cooked44.

Pet food
The FAO only considers food intended for human consumption within its definitions of food loss and
waste. However, companion animals consume significant quantities of food. In the United States, cats
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and dogs consume 19% of the dietary energy and 33% of the animal-derived energy that humans
do45. In the UK, animal-based pet food must come from animal parts that are legally suitable for
human consumption23, but much pet food uses offal that is no longer popular in some markets46.
This use of offal could be regarded as a good use of low-value by-products14. However, it could be
argued that it is wasteful to have pets at all, particularly carnivorous pets. Another trend that could
be considered wasteful of food is the rise in availability of ‘premium’ pet foods, such as chilled foods
or primes cuts of meat14.

5. Hierarchies of food loss and waste
Food loss and waste ‘hierarchies’ specify a preferred order in which solutions for avoiding or treating
lost or wasted food are applied. For example, the UK legally obliges companies to use the food waste
hierarchy described below, which covers (in order from most to least preferred) waste prevention,
redistribution of food to people, animal feed, recycling, energy recovery and disposal47. Preventing
food loss and waste in the first place, for example through different refrigeration or packaging
practices, would mean lower food production levels are required, lessening the environmental
impacts of the food system. Failing that, redistribution of food to people or as animal feed still
provides nutrition for people. The least preferred options, such as landfill or incineration without
energy recovery, do not recover resources and may also cause environmental impacts such as air
pollution, water pollution or methane emissions as food degrades in landfill48. Feedback points out
that edible food is sometimes sent to anaerobic digestion plants instead of feeding people in need,
contrary to the preferences of this hierarchy49.

Image: WRAP47. Food and Drink Material Hierarchy.
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Alternative hierarchies exist. For example, the flowchart below relies on the distinctions between food
surplus (which is still fit for human consumption) and food waste (in this case defined as not fit for
human consumption), and between avoidable and unavoidable food waste50.

Image: Papargyropoulou et al. (2014)50, Figure 4, Food surplus and waste framework.

Although redistribution of food that would otherwise go to waste can – in the short term – help
people who are food insecure, there is some controversy over whether food redistribution is
beneficial in the long term. For example, it has been suggested that focusing on donating surplus
food to people at risk of hunger could reduce the incentive for governments to find systemic
solutions to both food waste and food insecurity51. Furthermore, food donations might not be able to
provide a reliably nutritious diet52.
Rasmussen et al. argue53 that basing a waste hierarchy (not necessarily for food alone) on
environmental benefits neglects the fact that some environmentally preferable solutions may come
at greater social or economic cost (or vice versa). Social costs include both direct financial costs and
the ‘value’ of environmental damage, such as polluted air. One of many cases cited by Rasmussen et
al. is a 1997 study that found composting waste has higher social costs than landfill54. Therefore, they
argue, the “waste hierarchy must be considered a very general and flexible guideline for formulating
waste policies”53.
Choosing between different uses for food waste involves assessing opportunity costs, i.e. the benefits
foregone by not using a resource for another purpose. For example, composting pineapple leaves
means that they can no longer be used to create textiles55. In this case, the opportunity cost could be
measured as the difference between profit that could have been made by creating textiles and the
profit (if any) that could be made by composting the leaves. Similarly, if a waste stream such as corn
flakes can be used for more than one purpose (such as brewing beer or feeding animals56), pursuing
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either course of action may involve opportunity costs relative to pursuing the other.
The hierarchies described above do not account for all of the possible definitions of food loss and
food waste – for example, overconsumption – which means that there may be ways of reducing food
losses that are not covered by the hierarchies.
Furthermore, the hierarchies do not account for the rebound effect, i.e. the system-wide changes that
may result from a reduction in food waste. If people save money by wasting and buying less food,
that money could be spent on alternative products, such as different food brands, flights or clothing.
For example, WRAP estimated that when UK consumers save money through food waste reduction,
they spend around half of the saved money on ‘trading up’ to more expensive foods57. The alternative
products may have a greater or lesser impact on the environment than the ‘saved’ food would have
had, so there is no guarantee that reducing food waste results in less damage to the environment.
For further discussion of the rebound effect, see the FCRN report Cooking up a storm58 and WRAP
(2009)59.

6. Related concepts
Efficiency
Efficiency refers to the ratio between a desired output (such as food) and a certain input (e.g.
land area) or by-product (e.g. greenhouse gas emissions). For further discussion of the concept of
efficiency in food systems, see the FCRN report Lean, green, mean, obscene…?

Opportunity cost
Sometimes using a waste stream for one purpose means that it cannot be used for another, such
as choosing between composting food waste or feeding it to animals (although there are cases in
which multiple products can be extracted from a single waste stream, such as extracting limonene,
ethanol and feed pellets from waste citrus fruit60). The opportunity cost of a course of action refers
to benefits foregone by not taking another course of action.

Circular economy
The ‘circular economy’ is a concept whereby waste resource streams are transformed into usable
products again, instead of being discarded after one use as would happen in a ‘linear’ economy.
Reduction of those waste streams in the first place is not necessary for an economy to be circular.
Currently, only around 9% of material waste streams in the global economy are recycled61.

Recommended resources
To learn more about food loss and food waste, we recommend the following resources:
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Glossary
Agricultural production
is the range of practices and approaches that are employed to transform agricultural inputs (e.g.
labour, knowledge, land, water, seeds, fertilisers, pesticides) into agricultural outputs (e.g. yields
and environmental impacts). Different types of agricultural production include precision farming,
agroecology, organic farming, and intensive livestock farming.
Anaerobic
Anaerobic processes occur in the absence of oxygen. For example anaerobic respiration occurs when
oxygen is not present.
Aquaculture
Aquaculture refers to the breeding, rearing and harvesting of animals and plants in aquatic
environments.
Biomass
Biomass refers to dry weight of plant-based material that has been harvested or is available on an
area of land. Typically, it refers to the use of plants not for food or fibre, but rather for (bio)energy.
Food chain
is the hierarchical network constituted by the succession of organisms that eat other organisms and
may, in turn, be eaten themselves. The position an organism occupies in a food chain is indicated
by its trophic level. Plants, algae and phytoplankton constitute the lowest trophic level, whereas
predators and carnivores constitute the highest trophic levels. Many humans consume food from
different trophic levels, while those following vegetarian and vegan diets consume all or most of their
food from the primary trophic level.
Food security
Food security is an idealised state or goal where all people, at all times, have physical, social and
economic access to sufficient, safe and nutritious food to meet their dietary needs and food
preferences for an active and healthy life.
Land use
the purpose for which an area of land is used by humans: e.g. cropland, urban settlements, managed
forests. Wild land, by contrast, is that not used by humans.
Non-communicable diseases
Non-communicable diseases are diseases which are not passed from person to person. They are
often long lasting and generally progress slowly. Examples include cardiovascular diseases, cancer,
chronic respiratory diseases and diabetes. Unhealthy diets are one of the major risk factors for noncommunicable diseases.
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