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Abstract
Food production addresses one of the most important and basic human
needs and has developed in parallel with the evolution of humanity to ensure
steady provision, safety and variety of food as well as improved nutritional
composition. The global agricultural and food industry is a $9 trillion enterprise
and 10% of the world's Gross Domestic Product (GDP). Global food exports
totaled $1.5 trillion (World Trade Organization, WTO). Farming provides jobs
for more than 1 billion people (19% of the world‘s population) and in some
developing and Third World countries farmers are more than 50% of the
working population. Despite the adequate amounts of global food produced,
statistics showed that around 700-800 million people on our planet are
going hungry while 1.9 billion are suffering from the ill effects of too much food
consumption leading to overweight and obesity. But global agriculture and the
food industry face challenging conditions (shortage of water, droughts, soil
erosion, climate change) in modern consumer demands and food export and
distribution. Food Agriculture Organization (FAO) has estimated that more
than 15% of the food produced globally is lost during the post-harvest
production stage before reaching the retail stage of the food system, [FAO
2019 State of Food and Agriculture (SOFA) report. Some regional losses are
higher (North America and Europe) and over 20% in Central and South Asia.
Food loss and waste has indeed become a global issue of great public
concern to commercial agriculture. The Target 12.3 of the U.N. Sustainable
Development Goals calls for 50% reduction of per capita global food waste at
retail and consumer levels by 2030. This review explores statistical data on
the dimensions of global food loss and food waste. Food loss is widespread
(on farm, as packaged food items, processed, stored, distributed and held as
food produce in commercial). Also, food waste is the section of the food
industry where commercial food are sold to consumer and stored, used and
cooked and then is wasted in the home of the consumer. [FAO SOFA (State
of Food and Agriculture, report, 2019)]. Global organizations, like UN, FAO,
European Union, and World Bank, as well as national organizations have
initiated in the last decade a series of initiatives and practical solutions to
reduce food loss and food waste.
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Introduction: Global agricultural and food industry
The global agricultural and food industry for the 2018-20 totaled about
$9 trillion (in dollars) or about 10% of the world's Gross Domestic Product
(GDP). Global food exports totaled $1.47 trillion in 2017, according to the
World

Trade

Organization

(WTO). Despite

the

dramatic

economic

development of the last decades, today, 50% of world‘s population lives with
less than 2 dollars/day and nearly 5 billion people live in developing and Third
World countries. The term Third World is often replaced by the terms Least
Developed

Countries (UN) or Low-Income

Countries

(World

Bank.)

The term designates countries that suffer from food shortage, high poverty,
high child mortality, low economic and educational development.1
Global food shortages and steep price increases are very common in
the last decade. The situation is already having serious consequences and it
could set back welcome progress in many developing and Third world
countries towards growth, development and poverty reduction.

Figure 1. World Food Programme. The international food price spikes over
the last decade highlighted the impact of price shocks on the food security, or
the ability to access enough food for healthy living, of vulnerable populations.
The global agricultural sector constitutes a $2.4 trillion global industry
that is expanding in the last decades. Farming and fishing provide jobs for
more than 1 billion people (~19% of the world‘s population). In some
developing countries farmers are more than 50% of the working population, in
India for example, agriculture is the primary source of livelihood for about 60%
of the population.
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Agriculture is the mainstay of the Least-developed countries (LDCs)
economies, underpinning their food security, export earnings and rural
development. Yet, their agricultural production for the domestic and export
markets has lagged behind, with growth in per caput output declining in the
1990s. Slow production growth and sharp annual fluctuations in output have
continued to be chronic problems for the LDCs, constituting the main causes
of their persistent poverty and rising food insecurity. The proportion of
undernourished in the total LDC population increased from 38% percent to
40% between 1969-71 and 1996-98, while the absolute number rose from 116
million to 235 million. As regards trade, the LDCs have continued to be
marginalized in world agricultural markets, accounting for only 5% percent of
global agricultural exports in the early 1970s and barely 1% percent in the late
1990s. LDC nations rely on agriculture for a high portion of their GDP,
employing more people than any other industry.2
In LDC countries, food loss is prevalent at the production and postharvest stages of the value chain, while in middle- and high-income regions,
food waste at the retail and consumer levels tends to be higher. Food Loss
and Waste impacts the economic, social and environmental sustainability of
global food systems.3
The global picture in the last decade of food and consumption is very
distorted between overdeveloped and poor countries. Statistics showed that
around 700 million people on our planet are going hungry while 1.9 billion are
suffering from the ill effects of too much food consumption leading to
overweight and obesity. In 2019 more grain was harvested than ever before:
2.7 billion tons worldwide. Despite this record-breaking harvest, only 43% was
used to feed people. The rest was used to feed livestock, fill our petrol tanks
(biodiesel), support industrial production processes or was simply wasted. Our
global food system is one of the most significant contributors to climate
change, loss of biodiversity, pollution and water shortage.4
The technological developments in mechanized agricultural farming
influenced the prices of basic foods. Households in well-developed nations
such as the U.S., Canada, Singapore and countries in Europe, spend a
relatively modest portion of household income on food, typically 11%-15%. In
less-developed nations, such as Pakistan, Nigeria, Philippines, other African
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and Latin America countries, food make account for more than 40% of
household spending, making it hard for families to invest in education or
health care. In America, the average household spent $7,729 on food during
2017, that included $4,363 spent on food at-home and $3,365 for eating out,
restaurants, bars, etc.1,4

Figure 2. The proportion of undernourished people in the world has declined
from 15% in 2000-2004 to 8.9% in 2019. It is estimated that around 700
million people on Earth are going hungry every day. Hunger and food
deprivation, or undernourishment, is fewer than 1,800 calories per day.
Malnutrition and undernutrition goes beyond calories to signify deficiencies in
energy, protein, and/or essential vitamins and minerals.
Households in well-developed nations such as the U.S., Canada,
Singapore and countries in Europe, spend a relatively modest portion of
household income on food, typically 11%-15%. In less-developed nations,
such as Pakistan, Nigeria, Philippines, other African and Latin America
countries, food make account for more than 40% of household spending,
making it hard for families to invest in education or health care. In America.1,4

Subsistence and intensive commercial agriculture
In the last decades agricultural practices have diverted into two
divisions, subsistence and commercial agriculture. Subsistence agriculture is
practiced in Third World, less developed-poor countries. The commercial
agriculture is predominant in developed regions where yields of crops have
been increasing with the use of mechanized means of cultivation, fertilizers,
pesticides and vast irrigation schemes. Most people in less developed
4

countries are farmers, producing the food they and their families need to
survive. There is small-scale farming with primarily purpose to grow food for
consumption by the farmer and their family.

In contrast, fewer than 5%

percent of the people in USA and Western Europe are farmers because they
can use modern and extensive productive technological methods. Farmers
can produce enough food to feed the majority of inhabitants in the developed
countries and to produce a substantial surplus for commercial use.

Figure 3. In many Third World countries, subsistence farming is a common
way of life. Farmers will normally grow just enough to food to feed themselves
and their families, occasionally selling or trading surplus food produce.
Subsistence farming allows food to be produced with very little cost, it lessens
their need for transportation to a city, and it creates opportunity to continue
living in a village (where housing and land are much more affordable).

The Food industry is emerging as a high-growth (2-3,5% per year),
high-profit industry with huge potential, especially in the food processing,
packaging and functional foods segment. The advent of technology provides
information for companies in making better decisions and providing
transparency to consumers that is required in the supply chain.
According to the collection of statistical data worldwide from Statista in
2021 (https://www.statista.com/outlook/cmo/food/worldwide) revenue in the
Food market amounts to US$ 8-9 trillion in 2021. The market is expected to
grow annually by 3.14%. In global comparison, most revenue is generated in
China (US$1.3 trillion in 2021). In the Food market, volume is expected to
amount to 2.78 trillion kg by 2025. The Food market is expected to show a
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volume growth of 0.7% in 2022. The average volume per person in the Food
market is expected to amount to 338.9kg in 2021.

Figure 4. Farmers drive harvesters to collect soy bean at a farm. Commercial
agriculture use highly technological machinery for boosting high yield crops.
Chemical fertilizers, pesticides and irrigation play an important role in
mechanized or intensive and commercial agriculture. In Europe Organic
farming area is made up 8.5 % of total EU agricultural land in 2019.

Food Loss and Food waste
Agricultural researchers and the Food and Agriculture Organization
(FAO, Rome) have calculated for many decades the amazing large amounts
of food loss and food waste of the commercial food industry.

FAO has

estimated that 15% of the food produced globally is lost during the postharvest production stage before reaching the retail stage of the food system,
[FAO 2019 State of Food and Agriculture (SOFA) report]. While significant,
this figure is less than an earlier FAO loss estimate of 1/3 of all food. Some
regional losses are higher, reaching over 15% in North America and Europe
and over 20% in Central and South Asia.5
Food loss and waste has indeed become an issue of great public
concern to commercial agriculture. The 2030 Agenda for Sustainable
Development reflects the increased global awareness of the problem. Target
12.3 of the Sustainable Development Goals calls for halving per capita
global food waste at retail and consumer levels by 2030, as well as reducing
food losses along the production and supply chains.
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Figure 5. Food loss is the decrease in the quantity or quality of food resulting
from decisions and actions by food suppliers in the chain, excluding retailers,
food service providers and consumers (SOFA, 2019). Food waste refers to
the decrease in the quantity or quality of food resulting from decisions and
actions by retailers, food service providers and consumers (SOFA, 2019).
Food Loss: 1. On farm, 2. Packaged, Processed, Stored, 3. Distributed and
Held, Food Waste: 4. Sold to Consumer, 5. At Home of Consumer.
[FAO SOFA (State of Food and Agriculture) report 2019: New insights into
food loss and waste 22.10. 2019. http://www.fao.org/publications/ SOFA/en/ ].

All analytical studies on food loss and waste find that roots, tubers
and oilseeds showed the highest rates of loss and waste during their
collection in the fields and then in the transport and retail shops. Then come
fruits and vegetables that inevitably show high rate of loss and waste along all
stages of the food supply chain. In the other hand, cereals and pulses have
much lower losses along all stages of commercial food supply. Globally, 1/3 of
all food (1.3 billion metric tons worldwide every year) that is produced each
year is wasted. Adding to agricultural losses (in the farming fields) is supply
chain inefficiencies that results in millions of tons of damaged food produce.6
Vol. 44Roots and tubers as food contribute substantial amounts of economical
sources of dietary energy, in the form of carbohydrates, in different
populations. Potatoes and yams contain high amounts of proteins. The
relative importance of these crops is evident through their annual global
production which is approximately 836 million tones. Asia is the main
producer followed by Africa, Europe, and America. Asian and African regions
produced 43% and 33%, respectively, of the global production of roots and
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tubers. A number of species and varieties are consumed but cassava,
potatoes, and sweet potatoes consist of 90% global production of root and
tuber crops (FAO, STATistics, 2013, http://faostat3.fao.org.).

Figure 6. Roots, tubers and oilseeds. Fruit and vegetables. Starchy root and
tuber crops are second only in importance to cereals as global sources of
carbohydrates (energy). Both types of food provide a substantial part of the
world‘s food supply and are also an important source of animal feed and
processed products for human consumption and industrial use.

It is estimated that 45% of the world's fruit and vegetables go
to waste each year. In developing countries 40% of food loss occurs at postharvest and processing levels while in industrialized countries more than 40%
of food loss happens at retail and consumer levels.
FAO estimated that globally, 30-35% of all food that is produced each
year is wasted (it is estimated at 1.3 billion tonnes of edible food). The value
of food lost or wasted annually at the global level is estimated at US$ 1 trillion.
(UN FAO Global; Initiative on Food Loss and Waste Reduction, 2015.
http://www.fao.org/3/i4068e/i4068e.pdf).

Studies

commissioned

by FAO

estimated yearly global food loss and waste by quantity at roughly 30% of
cereals, 40–50% of root crops, 40% fruits and vegetables, 20% of oilseeds,
20% meat and dairy products, and 35% of fish. Food loss and waste are
heavily dependent on the specific technological conditions and facilities at
local situation in a given country or farming culture.7,8,
There are some confusing estimations for the total food loss and waste
in the various stages of food production-distribution-consumption. FAO
estimates that around 14% of food produced globally is lost between harvest
and retail, with significant quantities also wasted at the retail and consumption
levels. The figure is higher in the case of fruits and vegetables, where more
8

than 20% is lost. When food is loss or wasted, all the resources that were
used to produce it – including water, land, energy, labour and capital – go to
waste. In addition, the disposal of food loss and waste in landfills, leads to
greenhouse gas emissions, contributing to climate change (United Nations,
2020, https://news.un.org/en/story/2020/09/1074122).
Statistical evidence on food loss and waste showed that approximately
45% of all fruits and vegetables grown will never be eaten. Globally, 1/3 of all
food that is produced each year is wasted. Adding to agricultural losses are
supply chain inefficiencies that results in millions of tons of damaged produce,
(10% of such loss attributed to transporting products in disposable
packaging). For growers and retailers, billions of dollars are lost through this
massive business inefficiency. Harvested food that is lost in the supply chain
contributes 6-8% of the world‘s greenhouse gas GHG) emissions as food
decomposes on fields or in landfills. Overall, food loss is the 3rd largest
source of greenhouse gas emissions.9,10,11

The global agricultural sector
The global agricultural sector is a fundamental economic and
technological sector of the world providing adequate food to a growing world
population (7,8 billion in 2020). Technological advances in certain farming
sectors increased production by 50% in the last decade. According to FAO,
agriculture employed 884 million people in 2019, which was 27% of the global
workforce, compared to 1.050 million (or 40%) in 2000. The modern
agricultural sector uses vast amounts of fertilizers, 190 million tonnes in 2018,
of which 58% was nitrogenous (nitrates). Agriculture‘s share of the Gross
National Product (GDP in global scale) was 4% since 2000. Primary crops
(sugar, cereals, rice, etc) constituted the biggest part of the farming products
with 9.2 billion tones in 2018, which was 50% more than in 2000. The 4 crops
that constituted 50% of the global primary crop production were: sugar cane,
maize, wheat and rice. Production of vegetable oils doubled in the period
2000-2017 with sharp increase in palm oil. In 2018 there were in terms of
livestock 342 million tones of meat produced, which was 47% more than in
2000. Chicken meat represents 50% of the increase. Cereals are most traded
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food commodities, USA and Europe are the largest exporters and Asia
countries the largest importers.12
Growth in the agricultural sector is 2-4 times more effective in raising
incomes among the poorest farmers compared to other sectors of the
economy. Analyses in 2016 found that 65% of poor working adults made a
living through agriculture. Agriculture is also crucial to global economic growth
(4% of global GDP), but in some developing countries, it can account for more
than 25% of GDP. But agriculture-driven growth, poverty reduction, and food
security are at risk. Rising atmospheric CO2 and climate change could
(droughts, flooding, pests) cut crop yields, especially in the world‘s most foodinsecure regions. Agriculture, forestry and land use changes are responsible
for about 25% percent of greenhouse gas (GHG) emissions.13,14

Figure 6. The agri-food industry is situated at the centre of a very important
economic complex that is called the "food system", the purpose of which is to
feed rising global population, from 7,8 billion (2020) to estimated 10 billion in
2050. In 2017, the United Nations increased the medium variant projections to
9.8 billion for 2050 and 11.2 billion for 2100. The projections show that
feeding a world population of 9-10 billion people in 2050 would require raising
overall food production by some 70% between 2005/07 and 2050. Production
in the developing countries would need to almost double.
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The food industry covers a wide range of areas, including those listed below.
Agriculture: Crop farming, livestock raising, and fishing (or fish farming)
Manufacturing: Agrochemicals, seed, farm machinery and supplies, and
agricultural construction
Food processing: Preparation of fresh products for market, manufacture of
prepared food products
Marketing: Promotion of generic products, new products, public
opinion, advertising, packaging, and public relations
Wholesale and distribution: Warehousing, transportation, logistics
Retail: Supermarket chains and independent food stores, direct-to-consumer,
restaurant, food services
Regulation: Local, regional, national, and international rules and regulations
for food production and sale, including food quality and food safety, and
industry lobbying activities
Education: Academic, vocational, consultancy, nutritional value, superfoods
Research and development: Food technology, hygiene food packing
Financial services: Insurance, credit

Modern intensive agricultural sector
Modern intensive agricultural methods (85-90% of land used) have
brought spectacular increases in productivity. Research and technological
applications increased crop yields, progress in growing larger more productive
animals, saving labour through chemical pesticides, fertilizers and new soil
analysis

technologies.

Modern agriculture routinely

uses

sophisticated

technologies (mechanized robots, temperature & moisture sensors, aerial
images, and GPS technology).

Figure 7. Innovation is more important than ever in Modern Agriculture. The
industry faces huge challenges, from rising costs of supplies, labor shortages
and changes in consumer preferences for sustainability and transparency in
the cycle of food production and retail distribution.
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In the last decades agriculture witnessed significant growth in
investment for major technological improvements. A typical example is Bayer.
With an annual investment of 2 billion Euro, Bayer is operating one of the
largest R&D budgets in innovation of agriculture, combining world-class
chemistry, biology, biotechnology & data science platforms into smart, digitally
enabled solutions to be the partner of choice for farmers worldwide. The most
recent innovation of Bayer is with Short Stature Corn, a hybrid crop which
grows shorter and sturdier than traditional corn, and use the latest
technologies in traditional breeding, biotechnology, and gene editing. Corn is
the most grown crop (1.116 million metric tonnes, wheat 764 mmt in the
world, 2019.2020) and any increase in crop production will impact on
agricultural sustainability, efficiency, and food security. Also, Bayer is a world
leader in digital farming solutions. [Bayer, https://www.bayer.com/en/cropscience/crop-science-innovations].
Major advances in agricultural innovation are moisture sensors,
drones, smart irrigation, terrain contour mapping, self-driving and GPS
enabled tractors - to produce food more sustainably. Other technological
applications have focused on indoor vertical farming, robotics, livestock
technology and automation.

Figure 8. Precision agriculture made farming more efficient, safer and
environmentally friendly. Robots are taking on many tasks in agriculture,
including planting greenhouse crops and pruning vineyards. Innovations in
precision irrigation technologies are growing even more crucial as growers
face water scarcity. Wireless sensors have been used in precision agriculture
and gather data on soil water availability, soil compaction, soil fertility, leaf
temperature, leaf area index, plant water status, local climate data, insectdisease-weed infestation, and more.
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Precision agriculture made farming more profitable, efficient, safer,
and more environmentally friendly. Farmers no longer have to apply water,
fertilizers, and pesticides uniformly across entire fields. Instead, they can use
the minimum quantities required and target very specific areas. Benefits
include: higher crop productivity, decreased use of water, fertilizer, and
pesticides, which in turn keeps food prices down, reduced impact on
natural ecosystems, less runoff of chemicals into rivers and groundwater,
increased worker safety. In the last 10 years, agriculture technology has seen a
huge growth in investment for advanced technologies [artificial intelligence,
blockchain, precision

agriculture, modern

greenhouses, livestock farmer

technology (nutrition, genetics, etc), farm automation, vertical farming, better
refrigeration of perishable foods]. The delegates in the Earth Summit of 1992
(Rio de Janeiro) adopted Agenda 21 to provide a forum for developing a plan
of action to confront and overcome the most pressing environmental, health,
and social problem issues facing the environmental degradation of the planet.
Since the publication of Agenda 21 agricultural sustainability has become an
internationally important goal. Whereas in the past issues of food security and
sustainability centred on the developing world only, where large sections of
the population are undernourished, it is today increasingly recognised that the
developed world also has a 'food problem', with rising levels of obesity and
environmental damage, goals of sustainable agriculture are as pertinent in the
developed world as the developing.15,16,17,18
Japan has one of the most technological advanced agricultural sector.
Agriculture, forestry, and fishing were integral parts of the Japanese economy
well into the first half of the 20th century. The Japanese agricultural sector
continued to function as the largest employer during the post-World War II
years, introducing new technologies, such as mechanized farming, mass crop
production, and the usage of chemical fertilizers. Now, Japan is a country with
very advanced agricultural sector, although the land is not as good as in other
countries. The high-quality of food in Japan has impressed agricultural
specialists and the key success achieved is because its agricultural
technology is very advanced and use cutting-edge scientific techniques and
biotechnological innovations. Japanese agricultural technology is arguably
13

very comprehensive both from planting process to the harvesting process.
The Japanese government invests substantially and researchers have
influenced with their innovations the success of agriculture.19,20

Figure 9. Although the soil conditions are not as good in Japan its agriculture
produces high quality agricultural products have world quality. Japanese
agricultural technology has very high standards from the planting to the
harvesting process. In addition, support from the government and researchers
also have an enormous influence in the success of agriculture in Japan. On
the right, harvest asparagus using robot agriculture technology in Japan.

Worldwide food loss and food waste
A recent report from the UN Environment Programme (UNEP) on food
loss and waste in various areas of the Earth [UNEP, Worldwide Food Waste,
2020, https://www.unep.org/thinkeatsave/get-informed/worldwide-food-waste],
estimated the global food loss and waste in countries like USA, European
Union, Latin America, Asia, Australia , Africa, etc.21
United States of America (USA). The USA represents a highly developed
country and a typical example of a hyper-consumerist society. It is estimated
that 30% per cent of all food, worth US$48.3 billion, is thrown away each year.
Losses at the farm level are probably about 15–35% (a percentage which
constitutes wasted 50% of amounts of fresh water used in planting crops).
The US food retail sector has comparatively high rates of loss of about 26%,
while supermarkets, surprisingly, only lose about 1%. Overall, losses amount
to around US$90-100 billion per year.22
Latin America food waste. Latin America and the Caribbean countries waste
substantial amounts of food every year. FAO estimates that 6% of global food
losses occur in Latin America and the Caribbean and the region lost each
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year or wasted about 15% of their food available, even though 47 million
people still suffer hunger in the area. Food loss and waste occurs in stages of
the food chain: 28% occur at the consumer level; 28% in terms of production,
17% in marketing and distribution and 22% during handling and storage, and
the remaining 6% at the processing level. The food currently lost or wasted in
Latin America could feed 30-50 million people.23
Food loss and waste in Europe.

Eurostat in the European Union (EU)

countries, estimated that 20% of the total food produced is lost or wasted,
while 33 million people cannot afford a quality meal every second
day (Eurostat, 2018). European households generate more than 50% of the
total food waste in the EU (47 million tonnes) with 70% of food waste arising
at household, food service and retail.

The most recent comprehensive

estimates of European food waste levels come from the EU FUSIONS (Food
Use for Social Innovation by Optimising Waste Prevention Strategies)
project. It reveals that over 50% of edible and inedible food waste in the EU
comes from private households. It amounts to 47 million tonnes of waste, at a
cost of €98 billion each year.24
Retailers in Europe are also very strict on how they want their food to
look and so a lot of food suppliers produce is not acceptable. Fish, for
instance, are held to very high standards. Nearly 2.3 million tonnes of fish are
discarded each year and approximately 40 to 60% of all fish caught in Europe
are discarded. The food currently wasted in Europe could feed 200 million
people (FAO, 2013).
In the United Kingdom (UK) households waste 4.5 million tonnes of food
each year (2020). Although total food waste in the UK has fallen by the
equivalent of 7% per person over the past three years. The volume of food
waste generated in the UK retail supply chain, the hospitality sector
(restaurants, etc), and in homes stood at 9.5m tonnes in 2018, down from
10m tonnes in 2015 and 11.2m in 2007, according to a detailed study from the
Waste and Resources Action Programme (WRAP) [WRAP, Jan 2020,
https://wrap.org.uk/resources/report/food-surplus-and-waste-uk-key-facts].
The waste of 4.5 million tonnes of food a year is worth £14 billion,
amounting to £700 for an average family with children. Although the figures
for the UK are still high, the country has made headway. In fact, the UK is the
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first country to get more than halfway toward meeting the 50% reduction of
food waste by 2030. An achievement which gained it an honorary mention in
the Champions 12.3 Food Loss and Waste: 2020 Progress Report.
Between 2007 and 2018, the UK reduced its national levels by 27%. Key to
the UK‘s success has been the commitment το the food industry.25
The study in the UK suggests that around 13 million tonnes of food
waste is generated annually in the UK across all the supply chains, leading to
the GHG emissions of 27 Mt of CO2 eq./year. The highest volume of waste is
generated in the cereals (31%) and vegetables & roots subsectors (28%).
However, meat and fish are the major contributors to the total life cycle
environmental impacts, even though they account for only 10% of the overall
food waste. Although post-consumer waste has the highest contribution, both
in terms of waste quantities and environmental impacts, the contribution of
other stages (primary production, food processing and distribution) is also
significant.24,25
Food waste in Australia. In a survey of more than 1,600 households in
Australia in 2004, on behalf of the Australia Institute, it was concluded that on
a country-wide basis, $10.5 billion was spent on items that were never used
or thrown away. This amounts to more than $5,000 per capita/year.Australia
Australia wastes a total of 7.3 million tonnes of food each year, which costs
the economy an estimated A$20 billion (€12.4 bn.) annually.26
Food waste in Africa. Inefficient processing and drying, poor storage, and
insufficient infrastructure are instrumental factors in food waste in Africa. In
Sub-Saharan Africa, post-harvest food losses are estimated to be worth US $
4 billion per year - or enough to feed at least 48 million people. In many
African countries, the post-harvest losses of food cereals are estimated at
25% of the total crop harvested. For some crops such as fruits, vegetables,
and root crops, being less hardy than cereals, post-harvest losses can reach
50%. In East Africa, economic losses in the dairy sector due to spoilage and
waste could average as much as US$90 million/year (FAO, 2004). In Kenya,
around 95 million litres of milk, worth around US$22.4 million, are lost each
year. Cumulative losses in Tanzania amount to about 59.5 million litres of milk
each year, over 16 per cent of total dairy production during the dry season,
and 25 per cent in the wet season. In Uganda, approximately 27 per cent of
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all milk produced is lost, equivalent to US$23 million/year (FAO, 2004).
Losses of food in Africa could feed 300 million people. (FAO, 2013),27
Food waste in China, India and other Asian countries. Chinese
consumers in the country‘s biggest cities wasted 17-18 million tonnes of
food in 2015, enough to feed 30-50 million people in China for a year
(People‘s Daily Online). Statistics show that China wastes 50 million tonnes of
grain annually, accounting for 10% of the country's total grain output. It is also
estimated that enough food to feed 200 million people, about 1/6 of the
country's population, goes to waste annually. In India food losses for cereals
and oilseeds are about 10–12% (according to the Food Corporation of India).
Some 23 million tonnes of food cereals, 12 million tonnes of fruits, and 21
million tonnes of vegetables are lost each year, with a total estimated value of
240 billion Rupees (recent estimate by the Indian Ministry of Food
Production). Recent estimates for food waste showed that in India wastes
large amounts of household food, estimated at 50 kg per capita (population 1
billion,

300

million)

per

year,

or

68,760,163

tonnes

a year.

The

household food waste estimate in the US is 59 kg per capita per year, or
19,359,951 tonnes a year, while for China these estimates are 64
kg per capita per year or 91,646,213 tonnes a year.28
Food waste in France. As well as taking pride in its reputation as a gourmet
nation, France can also be proud of its record in curbing food waste. France
repeatedly earned the top spot in the Food Sustainability Index. This regular
survey ranks over 60 countries according to their food waste, sustainable
agriculture practices and record on health and nutrition. According to the
latest survey, consumers in France waste 67.2 kg of food per person per
year, compared to 95.1 kg in the US, 87.1 kg in Belgium and 78.2 kg in
Canada.

[IFCOhttps://www.ifco.com/countries-with-the-least-and-most-food-

waste/].
A United Nations study (UNEP, Food Waste Index Report, 2021,
Nairobi,

2021.

file:///C:/Users/User/Downloads/FoodWaste.pdf2020)

An

estimated 931 million tonnes of food were wasted globally in 2019, enough to
circle the Earth seven times, according to a UN report which said that
household food waste in India is about 68.7 million tonnes a year. The Food
Waste Index Report 2021, from the United Nations Environment Programme
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(UNEP) and partner organisation WRAP, said that around 931 million tonnes
of food waste was generated in 2019, 61% of which came from households,
26% from food service and 13% from retail.

Figure 10. Sustainable Development Goal 12.3 aims to halve food waste and
reduce food loss by 2030. In support of this vital target, UNEP‘s first Food
Waste Index report (2021) provides insights into the scale of food waste and
a methodology that enables countries to measure baselines and track
progress. The report estimates that food waste from households, retail
establishments and the food service industry totals 931 million tonnes (Mt)
each year. Nearly 570 million tonnes of this waste occurs at the household
level. The global average of 74 kg per capita of food wasted each year is
remarkably similar from lower-middle income to high-income countries,

What are the Key Findings of food loss and waste in the last
decades worldwide
The key findings of a series of reports on food loss and waste worldwide are:
a.

Roughly 1/3 of the food produced in the world for human consumption
every year - approximately 1.3 billion tonnes - is lost or wasted in the
agricultural fields, in harvesting, post-harvest, in transport, retail
distribution, food stalls, supermarkets and household consumption
stages (these phases are typical for most food produced).

b.

Food losses and waste amount to roughly US$ 680 billion in
industrialized countries. Population estimates showed that 20% of
the world's population lives in industrialized nations, yet they account for
more than 70% of the world's Gross Domestic Product (GDP). The food
loss and waste is estimated at US$ 310 billion in developing countries
(with 80% of the world‘s population)..
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c.

Industrialized and developing countries dissipate roughly the same
quantities of food - respectively 670 and 630 million tones every year.

d.

Fruits and vegetables, plus roots and tubers have the highest wastage
rates of any food.

e.

Global quantitative food waste per year is roughly 30% for cereals, 4050% for root crops, fruits, and vegetables, 20% for oilseeds, meat and
dairy plus 30% for fish.

f.

Every year, consumers in rich countries waste almost as much food (222
million tonnes) as the entire net food production of sub-Saharan Africa
(230 million tonnes).

g.

The amount of food wasted every year is equivalent to more than 50% of
the world's annual cereals crop (2.3 billion tonnes in 2009/2010).

h.

Per capita waste by consumers is between 95-115 kg a year in Europe
and North America, while consumers in sub-Saharan Africa, South and
Southeastern Asia, each throw away only 6-11 kg a year.

i.

Total per capita food production for human consumption is about 900 kg
a year in rich countries, almost twice the 460 kg a year produced in the
poorest regions.

j.

In developing countries, 40% per cent of losses occur at post-harvest
and processing levels while in industrialized countries more than 40% of
losses happen at retail and consumer levels.

k.

At the retail level, large quantities of food are wasted due to quality
standards that over-emphasize appearance in the supermarkets.

l.

Food loss and waste also amount to a major squandering of resources,
including fresh water, farming land, energy for irrigation, harvest, farming
labour, and capital for seeds, fertilizers, pesticides, machinery, storage,

m.

At the same time, agriculture produces greenhouse gas (GHG)
emissions, contributing to global warming and climate change.

n.

All studies indicate that with better agricultural practices and better
management and transport, just 25% of the food currently lost or wasted
globally could be saved. This amount of food would be enough to feed
870 million hungry people in the world, especially in Third World
countries.
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o.

In developing countries, food waste occurs mainly at the early stages of
the food value chain and can be traced back to financial, managerial and
technical constraints in harvesting techniques as well as storage and
cooling facilities. Strengthening the supply chain through the direct
support of farmers and investments in infrastructure, transportation, as
well as in an expansion of the food and packaging industry could help to
reduce the amount of food loss and waste.

p.

In medium and high-income countries, food is wasted and lost mainly at
later stages in the supply chain. Differing from the situation in developing
countries, the behaviour of consumers plays a huge part in industrialized
countries. Coordination between supply chains is a crucial factor.
Farmer-buyer agreements can be helpful. Raising awareness among
industries, retailers, and consumers as well as finding beneficial use for
food that is presently thrown away are useful measures.

Agricultural production, planting, harvest, processing
The Food and Agriculture Organization (FAO) is a highly respected
international organization of the United Nations (Rome) and publishes every
year well researched statistical evidence for food loss and food waste. Initially,
the percentage of global food loss was 30%, but in the last decade this
percentage is detailed more for the various stages of production to retail.
Globally, around 14% of food produced between harvest and retail. But
significant qualities of food are also wasted in retail and the consumption
level. Food loss of 6% occurs at post-harvest, 3% at processing and
packaging, 18% percent at retail and distribution, and 42% percent at
consumption. FAO launched the Global Initiative on Food Loss and Waste
Reduction, also known as ‗SAVE FOOD‘ in conjunction with trade fair
organizers Messe

Düsseldorf, and

the United

Nations Environment

Programme (UNEP). SAVE FOOD coordinates efforts on food loss and waste
reduction and has four main pillars; awareness raising on food loss and
waste, partnership and coalition building and facilitation, policy and strategy
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development and supporting investment programmes and projects. For more
information http://www.fao.org/food-loss-and-food-waste/en/. ].

Figure 11. According to the Food and Agriculture Organization (FAO), loss
and waste in fruits and vegetables are the highest among all types of foods,
with up to 60% of all fruits and vegetables thrown away to the landfill.

Industry and entrepreneurs have come up with various solutions to
reduce food loss at the farm level. A market for ―seconds‖ has emerged,
referring to crops that do not receive the top grade needed to enter the
conventional wholesale market but are still edible. Specialized companies with
a mission to reduce food waste have entered the market to collect and deliver
to consumers produce that is blemished for the conventional market.
However, when harvested produce is not of high enough quality to be
purchased by a wholesaler, diverting crops away from the wholesale supply
chain could avoid wasting further resources. In this instance, food loss at the
farm level would be preferable to loss at a later stage in the supply chain.
Food that is grown but not consumed uses resources all along the
farm-to-fork chain – in its production, transportation, storage, and marketing.
Growing food uses fertilizer, arable land, pesticides, energy, and water; and
can degrade the environment through nutrient runoff or effects of pesticides
on non-target organisms. In addition, an estimated 12% of American
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households were food insecure at least some time during the year in 2017,
meaning they lacked access to enough food for all household members to
enjoy an active, healthy life.

Practical solutions and actions for food loss and waste
Many national and international organizations recognized for decades
the need to undertake action in partnership with other regional organizations,
and with food chain actors ranging from farmers, livestock herders and fishers
to global retail companies (small, medium shops and supermarkets) to reduce
food loss and food waste. Any practical solution and approach to reducing
food loss and waste must be embedded in the broader concept of promoting
sustainable food systems, which encompasses sustainable food production
on the one hand, and sustainable diets and consumption (such as through the
reduction of food waste) on the other. Practical solutions and strategies for
reducing food loss and waste must focus on systemic improvements of the
efficiency and sustainability of food supply chains. From an economic point of
view, supply chain actors will adopt food loss and waste reduction measures
only if they are profitable or at least cost-effective. Food waste is expected to
constitute a growing problem in developing countries given the changes that
food systems in these countries are undergoing because of such factors as
rapid urbanization, expansion of supermarket chains, and changes in diets
and lifestyles. The Save Food Initiative gives priority to interventions that
prevent food loss and waste from occurring in the first place, followed by
interventions that can lead to reduced loss and waste. The initiative also
supports cost-effective and environmentally friendly reuse (such as for animal
feed) and recycling (as compost) of lost and wasted food.
An excellent example of public private engagement, FAO and Messe
Düsseldorf lead the SAVE FOOD initiative. Together, they collaborating with
donors, bi- and multi-lateral agencies and financial institutions and private
sector partners (the food packaging industry and others) to develop and
implement the programme on food loss and waste reduction. The initiative
aims to encourage dialogue across sectors and bring together actors to
develop effective solutions. SAVE FOOD has four guiding pillars: Awareness
22

raising; Collaboration; Policy, strategy and programme development ; and
Investment programmes and projects. [https://nutritionconnect.org/resourcecenter/save-food-global-initiative-food-loss-and-waste-reduction ]
[FAO, Global Initiation on Food Loss and Waste Reduction, FAO, 2015,
http://www.fao.org/3/i4068e/i4068e.pdf ].

Figure 12. The UNECE Minimum Quality Specifications (MQS) for Fresh Fruit
and Vegetables (UNECE-MQS) developed by the Specialized Section on
Standardization of Fresh Fruit and Vegetables provide a simple trading
language that is easy to apply. The United Nations Economic Commission for
Europe (UNECE) was set up in 1947 by ECOSOC. It is one of five regional
commissions of the United Nations.

The US, Department of Agriculture (USDA) and the Environmental
Protection Agency (EPA) are working in the last decades for practical
solutions to reduce food loss and waste. Through workshops, research, and
other programmes, USDA continues in its mission to reduce food loss and
waste with the goal of ending hunger, enabling farmers to financially benefit
from all of the crops they grow, and reducing resources spent on growing food
that is not consumed. For more information, please see the USDA Food
Loss page and an ERS report on food loss at the retail and consumer level.
[UNECE, https://unece.org/trade/wp7/food-loss-and-waste ].
In 2016, U.S. Food Loss and Waste 2030 Champions (initiated by
USDA and EPA) for businesses and organizations that have made a public
commitment to reduce food loss and waste in their own operations in the US
by 50% by the year 2030. Also, EPA initiated the Food Recovery Challenge,
that offers participants access to data management software and technical
assistance to help them quantify and improve their sustainable food
management practices. Participants enter goals and report food waste
diversion data annually into EPA‘s data management system. They then
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receive an annual climate profile report that translates their food diversion
data results into greenhouse gas reductions as well as other measures such
as ―cars off the road‖ to help participants communicate the benefits of
activities implemented. EPA provides on-going technical assistance to EPA‘s
Food Recovery Challenge participants to encourage continuous improvement.
[EPA, Sustainable Management of Food, https://www.epa.gov/sustainablemanagement-food/learn-about-food-recovery-challenge].
The European Commission, Stop Food Waste. The European Union
Platform on Food Losses and Food Waste issued a set of key
recommendations in food waste prevention to inspire and encourage public
and private players to take action. The recommendations address action
required at each stage of the food supply chain (including food redistribution).
Consumers can play an important role in reducing food waste with minimal
effort. Consumers can follow simple steps to cut down food waste, saving
money and helping to protect the environment.

Companies of the food

industry can implement food waste reduction initiatives in their daily
operations reaping financial benefits of their actions. After evaluating cost and
benefit data for 1,200 business sites across 700 companies in 17 countries,
researchers from the World Resources Institute (WRI) and the Waste &
Resources Action Programme (WRAP) found that for most companies, for
every $1 invested in reducing food waste, they saved $14 or more. [Business
Case for Reducing Food Loss and Waste report by WRI & WRAP, 27.3.2017,
https://champions123.org/publication/business-case-reducing-food-loss-andwaste].
Governments and governmental organizations. They should create
enabling policy environments that stimulate food waste prevention and
reduction initiatives, including economic incentives for application of the waste
hierarchy (e.g. fiscal incentives for food donation). Food waste is a crosscutting issue affecting different policy areas; therefore relevant public services
should coordinate efforts and develop integrated action plans to tackle food
waste effectively. [European Commission, Stop Food Waste, 2020,
[https://ec.europa.eu/food/safety/food_waste/stop_en].
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Food loss and waste in the food processing industry
Food loss and waste takes place at various stages of the food supply
chain, such as harvesting, postharvest, processing and distribution. The food
loss and waste within an industrial food processing system is also substantial.
The most significant challenges is the collection of reliable data on food loss
during the industrial processing stage for the large variety of food products
before moving to the retail stage. At the manufacturing level, there are many
reasons for food losses, such as overproduction (food pass the permitted
consumption dates and has to be discarded), deformed products, product and
packaging damage, poor housekeeping procedures and poor conformity to
hygiene standards. Similarly, during food manufacturing there are spillages,
damage and contamination of products (through negligence, poor handling
procedures, and equipment failure resulting in improper seals on packaging).
Food loss may also occur because of poor conformity with respect to any
ingredient or product failing to adequately comply with specifications for
quality, appearance, flavor, or aroma. 29,30,31,32

Future 13. Food processing includes many forms of processing foods, from
grinding grain to make raw flour to home cooking to complex
industrial methods used to make convenience foods. Processing and final
packaging makes food more edible, palatable and safe (hygiene of foods is
very important), and preserves the food item so it can be eaten beyond the
harvest season.
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Food loss and waste in global food supply chain.
The vast global food transportation network in each country that is
required by the food industry to distribute the whole range of foods in the retail
sector, shops and supermarkets, is involved in food loss and waste. Transport
and distribution of food is a highly complicated service involving storage
facilities (refrigeration), distances and complex timing of services, taking into
account the sensitivity of various food items. Logistics management is the
part of supply chain management and supply chain engineering that plans,
implements, and controls the efficient, effective forward, and reverse flow and
storage of goods, services, and related information between the point of origin
and point of consumption to meet customer's requirements. A vast global
transportation network is required by the food industry in order to connect its
numerous parts. These include suppliers, manufacturers, warehousing,
retailers and the end consumers. There are also those companies that, during
the food processing process, add vitamins, minerals, and other necessary
requirements usually lost during preparation.33,34,35

Figure 14. Support from the logistics and transportation industry plays an
important role in providing warehousing infrastructure, and in making goods
and services available to customers from manufacturing facilities. The ecommerce market in food and retail sector is booming in countries such as the
UK, the US, South Korea, France, and Germany. These regions are emerged
as key contributors to the organized food logistics market.

The global food supply chain, upstream processes of production and
post-harvest handling account for approximately 54% of food loss and waste
(FLW), and the remaining 46% of loss occurs during processing, distribution,
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and consumption. In upstream processes, crops are unharvested because of
pests, disease, weather (droughts), and failure to meet quality standards.
During food production, FLW occurs because of degradation, damage, and
trimmings from food preparation. At retail stores and restaurants, FLW occurs
when food nears its expiration date, becomes blemished or bruised, or is not
purchased. Food damaged during transportation, handling, and storage
between all steps of the food supply chain often because of inadequate
refrigeration during food transportation. FLW in consumer homes stems from
excess purchases and preparation, food degradation, and consumer
preferences.36,37,38

Food loss and waste in North America (USA, Canada, Mexico)
In the last decades food loss and waste has become an increasingly
important issue in Canada, Mexico and the United States, where close to 170
million tonnes of food produced for human consumption are lost and waste.
Each year this loss and waste is happening across the food supply chain,
from the pre-harvest and up to the consumer sectors. Food waste in landfills
is also a significant source of methane gas (CH4), which is strong greenhouse
gas (GHG). In the last decade, the Commission for Environmental
Cooperation established the North American Initiative on Food Waste
Reduction and Recovery as part of its Green Economy and Climate Change
portfolios, enhancing the reduction of food waste. It is estimated that 168
million tonnes of food loss and waste are generated in North America each
year. This estimate encompasses all stages of the food supply chain. This
waste equates to 13 million tonnes in Canada, 28 million tonnes in Mexico
and 126 million tonnes in the United States. When excluding the pre-harvest
and consumer stages, approximately 52 million tonnes of food waste are
generated in North America each year. Each year, the food we waste costs
the North American (USA, Canada, Mexico) economy US$ 278 billion and
could have fed 260 million people.39,40
North American countries waste roughly 40% of its food.1 Of the
estimated 125 to 160 billion pounds (2.2 pounds =1 kg) of food that goes to
waste every year, much of it is perfectly edible and nutritious. Food is lost or
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wasted for a variety of reasons: bad weather, processing problems,
overproduction and unstable markets cause food loss long before it arrives in
a grocery store, while overbuying, poor planning and confusion over labels
and safety contribute to food waste at stores and in homes. Food waste also
has a staggering price tag, costing approximately $218 billion per
year. Uneaten food also puts unneeded strain on the environment by wasting
valuable resources like water and farmland. It is estimated that reducing food
waste can save the global economy $300 billion every year.41,42,43,44,45

Global and national Initiatives for reduction of food loss and
waste
In 2019, the 74th United Nations General Assembly designated 29
September as the International Day of Awareness of Food Loss and Waste,
recognizing the fundamental role that sustainable food production plays in
promoting food security and nutrition.

Figure 15. The European Commission welcomed the initiative of the UN and
joined the Food and Agriculture Organisation (FAO) of the United Nations and
other relevant organisations in the global call to action against food loss and
waste. Reducing food loss and waste is an integral part of the EU‘s Farm to
Fork Strategy for a fair, healthy and environmentally friendly food system,
which proposes to set legally binding targets to reduce food waste across the
EU by 2023.
The

US

Department

of

Agriculture

(USDA

organized

various

programmes to help make preventing food waste the first-best option for
farmers, businesses, organizations, and consumers. A large number of USDA
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programs contribute to this objective, ranging from those supporting market
and distributional efficiencies to those educating consumers about safe food
storage. USDA‘s Rural Development has developed a guide to programmes
that could potentially provide funding for food loss and waste reduction
projects. Also, USDA's National Institute of Agriculture (NIFA) has
developed a guide to programmes that provide funding for research on food
loss and waste. The USDA Center for Nutrition Policy and Promotion has
developed a new initiative Let’s Talk Trash, with information on food loss and
waste facts and reduction tips. Moreover, a new section on MyPlate.gov will
educate consumers about reducing food waste to help stretch household
budgets. Since the launch of MyPlate in 2011, MyPlate.gov has become a
popular federal resource for consumers seeking information on nutrition and
health. Finally, USDA, through the Food Safety and Inspection Service,
educates consumers about the importance of safe food storage as a means of
reducing the risks of acquiring a foodborne illness. [US Department of
Agriculture, 2019, Food waste activities, https://www.usda.gov/foodwaste/
activities ].

Figure 16. Commissioned FAO work attracted worldwide attention. Current
world population is expected to reach 9.7 billion in 2050, further adding to
global food security concerns. In order to feed this larger, more urban
population, food supply will need to increase by a staggering 70%. With food
production being continuously challenged by limited land and water
resources, as well as weather variability due to climate change, achieving the
goals of food security in a sustainable way would also require reduction of
losses, in particular, at the harvest and post-harvest stages.
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The European Union has initiated in the last decade a series of
practical measures and education actions to prevent food loss and waste in
the member states. In the EU, around 88 million tonnes of food waste are
generated annually with associated costs estimated at 143 billion euros
(European

Commission,

Food

waste,

/food_waste_en, and FUSIONS, 2016).

https://ec.europa.eu/food/safety
FUSIONS (Food Use for Social

Innovation by Optimising Waste Prevention Strategies) is a project about
working towards a more resource efficient Europe by significantly reducing
food waste. The project runs for 4 years, from August 2012 to July 2016. It is
funded by the European Commission Framework Programme 7. FUSIONS
has 21 project partners from 13 countries, bringing together universities,
knowledge institutes, consumer organisations and businesses, and a variety
of sectors have pledged their support to FUSIONS. The project established
a European Multi-Stakeholder Platform to generate a shared vision and
strategy to prevent food loss and waste across the whole supply chain
through social innovation. More than 200 leading European organisations
have pledged their support. Wasting food is not only an ethical and economic
issue but it also depletes the environment of limited natural resources. By
reducing food losses and waste to help achieve Sustainable Development
Goals. Reduction of food loss and waste support the fight against climate
change (food waste alone generates about 8% of Global Greenhouse Gas
Emissions, save nutritious food for redistribution to those in need, helping to
eradicate hunger and malnutrition (some 33 million people in the EU cannot
afford a quality meal every second day), save money for farmers, companies
and households. According to the European Union, all actors in the food chain
have a role to play in preventing and reducing food waste, from farmers, food
manufacturers and food processors who produce and process foods, to those
who make foods available for consumption (hospitality sector, retailers) and
ultimately consumers themselves. EU establishes food safety policy
standards in co-operation with Member States and stakeholders.

EU

actions to tackle food waste, include the work of the EU Platform on Food
Losses and Food Waste, communications materials to help raise awareness
about the issue, information about the International Day of Awareness of Food
Loss and Waste and a resources library. [European Commission, EU
Platform on Food Losses and Food Waste, https://ec.europa.eu/food/
safety/food_waste/eu_actions/eu-platform_en ].
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Figure 17. Publications for Global Food Loss and Food Waste
World Bank Group. 2020. Addressing Food Loss and Waste : A Global
Problem with Local Solutions. World Bank, Washington, DC. © World Bank.
[https://openknowledge.worldbank.org/handle/10986/34521 ].
Blakeney M. Food Loss and Food Waste. Casues and Solutions. Edward
Elgar, Publishing, 2019. [Michael Blakeney provides a well-rounded view of
FLW from production to plate. He begins by examining the problems
associated with defining and measuring food waste, arguing that more reliable
data on FLW is key to the creation of effective FLW reduction policies. He
goes on to address the drivers of FLW, the environmental impacts of FLW
and the moral and ethical considerations that are linked to the issue. Food
Loss and Waste concludes with a critical assessment of FLW reduction
strategies across the food supply chain.
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