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Abstract:

Worldwide, the number of people suffering from hunger is around 702 and 828 million, and 2.3 billion
people have moderate or severe food insecurity. This situation is striking, considering that the vast
amount of food discarded globally equals 1.3 billion tons annually. For this reason, in 2015, world leaders
agreed to a global agenda for 2030, adopting the Sustainable Development Goals (SDGs). Among its
objectives are to fight against poverty, hunger, and gender inequality worldwide and achieve
environmental sustainability. With this framework, this article uses a top-down mass balance approach
to calculate food loss and waste (FLW) by country’s food security level. In addition, it explores the causes
of FLW and its impacts on natural resources, climate change, food security, and the SDGs in countries
with a weak and moderate level of food security. The estimated global FLW was 1498 million tons of food
in 2017. The most food discarded was concentrated in countries with good food security, 894.3 million
tons. In contrast, the lowest food discard occurred in countries with a weak level of food security, 11.4
million tons. The primary outcome of this paper is to establish a link between the levels of food security
and food loss in different countries, which may serve as a guide for the design of specific public policies.

1. Introduction

Food poverty and insecurity affect broad population groups observing that in high-income countries, the
everyday wastage of food has risen significantly, which has increased public attention (Galli et al., 2019).
In 2021, approximately 702 and 828 million people worldwide were affected by hunger, and around 2.3
billion people had moderate or severe food insecurity (FAO, 2022). According to (Von Grebmer et al.,
2020), global hunger was moderate in 2020, with a Global Hunger Index (GHI) score of 18.2, down from
a severe level of 28.2 in 2000. However, hunger is a significant issue throughout South Asia (26.0) and
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sub-Saharan Africa (27.8), partly because of undernourishment and child stunting. Moreover, the highest
child mortality and wasting rates are in Africa (south of the Sahara) and South Asia. Looking by country,
31 countries have severe levels of hunger, and three countries have alarming levels. The COVID-19
pandemic and the prolonged war between Russia and Ukraine have caused a global economic recession
and jeopardized food security, primarily related to the agricultural labor mobility restrictions (Corrado and
Palumbo, 2022) and changes in imports of Ukrainian grains and Russian fertilizers (Celik and Dane,
2020; Janssen et al., 2021). In this context, the attention to the importance of food loss and waste
becomes relevant due to the enormous amount of food lost in value chains.

The Food and Agriculture Organization (FAO) estimated in 2011, that globally, the amount of food
discarded annually is equivalent to 1.3 billion tons per year. The situation is even more worrying when
considering that for every ton of food produced and not consumed, significant amounts of labor, natural
resources, and capital are also wasted (Shafiee-Jood and Cai, 2016; Sun et al., 2018). Resultantly, the
adverse effects of FLW on the environment are multiple (FAO, 2013); they cause negative impacts on
water, land, climate changes, and biodiversity (Feldstein, 2017; Skawinska and Zalewski, 2022).

During the term of the Millennium Development Goals (MDGs), worldwide efforts and initiatives were
implemented to address the reduction in poverty and hunger and ensure trends of global environmental
sustainability (UN, 2015). The agenda for 2030 is the continuity of these goals by establishing the 17
Sustainable Development Goals (SDGs). SDGs took up the commitment to achieve food security and
solve environmental problems. FLW negatively impacts food security and the environment, hindering the
achievement of SDGs (Dal'Magro and Talamini, 2019). SDG 1, “No Poverty,” and SDG 2, “Zero Hunger”,
are related to food security. SDGs 6, 7, 11, 12, 13, 14, and 15 are connected directly or indirectly to the
environment. There are complex relationships between food security, wealth, and environment, where
weak and moderate food security countries are associated with mainly poor countries.

The world’s population will continue increasing significantly, consequently triggering pressures on natural
resources to meet the population’s food needs (Caldeira et al., 2019). With constrained resources and
changing climate, achieving food security for the world’s population without compromising ecosystem
quality and biodiversity (Godfray et al., 2010) requires a worldwide strategy. The focus must consider all
food security dimensions and an integrated orientation. The Food Supply Chain (FSC) must be more
efficient, and the amount of FLW must reduce (Wang et al., 2021; Foresight, 2011), and generate benefits
for the environment (Cattaneo et al., 2021).

Multiple and multidirectional relationships exist between FLW, food security, natural resources
sustainability, climate change, and SDGs. In the last decades, progress in technology and transport, trade
barriers reduction (Veldhuizen et al., 2020), and climate change impacts on food systems (IPCC, 2019)
have contributed to an FSC that is more globalized, specialized, and complex. Consequently, there is a
mismatch between the places where food is produced and consumed (Princen et al., 2002), involving
many horizontally and vertically connected actors. Then, the probability of FLW along FSC increases
because of more transactions between different FSC actors. On the other hand, food security can
improve because food producers and a population suffering from food insecurity increase their chances
of connection. Mitigating FLW has positive results in various aspects. Firstly, it can enhance food security
levels by increasing high-quality food availability (Lemaire and Limbourg, 2019) and improving food
utilization (HLPE, 2014). Furthermore, a sustainable food system that contributes to less FLW might
reduce food costs, improving vulnerable people’s food access (HLPE, 2014) and the investment risk for
enterprises. For instance, Lemaire and Limbourg, 2019 point out that FLW reduction or food donation
can reduce the food cost if the cost of that action is lower than the cost of disposal of FLW. In addition,



mitigating FLW at the consumption stage of the FSC might increase the consumers’ food budget and
improve their access to food. According to Schanes et al (2018), the general intention behind FLW
reduction at the family level is money-saving before environmental concerns. On the other hand,
sustainable food systems may reduce food price volatility, increasing the food supply’s stability (FAO,
2017). Secondly, mitigation of FLW may improve the efficiency and productivity of natural resource uses.
According to Chen et al (2020) and Del Borghi et al (2020), the water—energy—food nexus shows a clear
relationship between food and the depletion of resources. For example, Kummu et al (2012) estimated
that 24% of total freshwater used in crop production, 23% of the total global cropland area, and 23% of
complete global fertilizer used are wasted, producing food that will not be consumed. Furthermore, FLW
has enormous potential for resource sustainability. For example, for compost returning mineral nutrients
into the soil (Borrello et al., 2017), recovering and reusing phosphorus (Yuan et al., 2018), or using FLW
to produce energy. On the other hand, FLW causes CO,, methane, and nitrogen emissions that cause
climate change and adverse effects on biodiversity (Scherhaufer et al., 2028) and humanity (Chen et al.,
2022). According to Salemdeeb et al. (2017) and Bernstad et al. (2015), prevention of FLW can save
from 800 to 4400 kg CO- equivalent per ton of food waste. Environmental degradation adversely affects
agriculture, causing a vicious circle (IFPRI, 2019). Therefore, climate change events are already
contributing to reducing the yield of agricultural and livestock production (IFPRI, 2022). Therefore,
accounting for FLW at the national, continental, or global level is crucial to prioritize interventions, design
public policies for FLW reduction (Caldeira et al., 2019), and achieve the SDGs. This knowledge allows
us to (1) build a guideline to measure progress in reducing FLW; (2) supervise food generation over time;
(3) decide the way to reduce food waste along the FSC; and (4) establish the pathways for potential food
waste valorization. Nevertheless, although interest in this issue has grown recently, FLW accounting
needs to be expanded [19], especially in developing countries.

2. Definition of Food Losses and Waste and literature review

There needs to be a universal agreement on the FLW definition and its terminologies for food waste and
loss. Literature has different meanings and is often controversial (Scherhaufer et al., 2018). FLW
definitions are expressed in different terms: intended or not for human consumption; in relation to the
time (pre-harvest, ready for harvest, post-harvest); considering criteria such as the edibility, use, or
nutrition; the perspective adopted (social, environmental, food security); and finally, the type (quantitative
or qualitative) (Chaboud and Daviron, 2017). On the other hand, there is no consistent definition of food
loss and food waste (Roodhuyzen et al., 2017). Most researchers distinguish both terms regarding the
stage of FSC (Spang and Stevens, 2018). Food loss refers to the diminished bulk of consumable food
that happens from production to the processing stages in the FSC (Vilarifio et al., 2017; Huang et al.,
2020). Food waste indicates the amount of food with good quality that is unsuitable for human
consumption and then wasted at the end of the FSC in distribution, retail, or consumption stages (Huang
et al., 2020; Parfitt et al., 2010). Despite these differences, at least two main approaches describe FLW.
The food focus contemplates the discarded edible food destined initially for human consumption as FLW.
The waste focus studies FLW as both edible and inedible food discarded; however, only some FLW
approaches consider FLW food meant for other uses, such as animal feed, energy production, and seed
(Bellemare et al., 2017).

This paper uses, on the one hand, the FAO definition of FLW, which tries to harmonize different concepts
and align them with SDG 12.3. Moreover, it defines it as the reduction in quality or quantity of food along
the FSC, from harvest, slaughter, and catch-up, not including the retail level. The case of food waste



occurs at the retail and consumption level (Alexander et al., 2017). This paper also focuses on three
concepts to implement the above definition of FLW. First, the food loss and waste rate (FLWR) are the
food loss and waste ratio to total food production; second, the allocation factors determine the proportion
of food destined for human consumption; and finally, the conversion factors for assessing the percentage
of edible food.

In relation to FLW calculation, a literature review shows a proliferation in the last fifteen years of studies
for estimating FLW worldwide. FAO (2011) and Gustavsson et al. (2013) estimated that 1300 million tons
of food per year are wasted worldwide, equivalent to 33% of the total food production. Kummu et al (2012)
and Alexander et al (2017) measure food waste in kilocalories, implying a percentage of food loss
between 24% and 20% dumped in the FSC. Porter et al (2016) estimated that 1646 million tons of food
were discarded in 2011. FAO (2019), using the Food Loss Index, estimated that globally nearly 14% of
the food produced worldwide is lost during production before being sold in stores. Regarding food waste,
UNEP (2021) estimated an amount of 931 million tons of waste each year from different sectors related
to the human food supply chain, of which 570 million tons directly come from households. Other studies
collected by (Xue et al., 2017) have focused on quantifying food loss in specific countries. In contrast,
others, for example, (Schanes et al., 2018), have focused on the household level with attention to types
of food and food loss. Furthermore, countries have different causes of FLW. In industrialized countries,
most FLW occurs in the food supply chain’s retail, food service, and household phases (Thyberg and
Tonjes, 2016). Examples include food not consumed in time, spoiling, burning, personal preferences, or
leftover waste (Jellil et al., 2018). In developing and underdeveloped nations, FLW is primarily due to a
lack of infrastructure, knowledge, and storage technology investment (Cicatiello et al., 2016).

The previous studies have provided valuable knowledge on the trends and scale of FLW, although they
have yet to be exempt from criticism, as compiled in the work of (Spang et al., 2019; Hoehn et al., 2023).
On the other hand, these studies have yet to estimate the FLW considering the countries’ food security
level. This paper addresses these limitations by estimating FLW by the country’s level of food security,
by different food groups, and including all stages of the FSC. Then, it analyses the causes of FLW
according to the level of food security. Finally, it briefly explores FLW’s impact on natural resources,
climate change, food security, and the SDGs in countries with a weak and moderate level of food security.

3. Calculation of Food Loss and Waste

The mass balance method designed by (FAO, 2011; Gustavsson et al., 2013) is used in this research.
This method calculates the amount of FLW as the difference between inputs and outputs of food, their
stock variations, and weight changes during the process (Hanson et al., 2016). The accounting approach
to estimate FLW is described in Annex 1 (Tostivint et al., 2016; Duran-Sandoval et al., 2021). The mass
balance method is appropriate. It covers FSC worldwide, in all stages, and includes a wide range of food
products. In addition, the amount of FLW estimated for each country was associated with its level of food
security, using the four clusters formed by the Global Food Security Index (GFSI) designed by The
Economist Intelligence Unit. These clusters are “very good”, “good”, “moderate”, and “weak”. Moreover,
it added a new category for countries where The Economist Intelligence Unit did not calculate the level
of food security. This category was labeled as countries “without EIU Index” and a set of indicators
calculates them based on four categories related to food security: affordability, availability, quality, and
safety, and natural resources and resilience. The GFSI is calculated for 113 countries, while FLW is
estimated for 171 countries, gathering a population of 7369 million people in 2017; therefore, the rest of
the countries were classified in a “without EUI index” cluster. Except for countries without EIU Index (63
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countries), the most significant number of countries are in the category of good and moderate levels of
food security, in total 88 countries. Most of the world’s population also lives in these two types of countries,
that is 6345 million people, 86% of the world’s population. A considerable contribution to the population
comes from China (1452 million people) and India (1338 million people) for good and moderate levels of
food security, respectively.

Analyzing the absolute volume of total domestic food supply, countries with good food security hold the
most significant amount of available food, 4734 million tons. Nevertheless, as expected in per capita
terms, there is a positive correlation between food security and the amount of per capita food available.

Thus, countries with very good levels of food security had 1912 kg per capita, while countries with weak
levels of food security had 481 kg per capita, which means four times less than countries with the highest
level of food security. Regardless of the level of food security, cereals represented the most significant
food group available in every type of country. In contrast, the second largest food group available changes
with the level of food security. In countries with very good food security, milk is the second largest food
group available, followed by oil crops. In these countries, the number of vegetables, fruit, and meat is
similar, around 115 kg per capita, higher than in countries with low levels of food security. In countries
with moderate and weak levels of food security, the second largest food group available is starchy roots.
In addition, countries with a moderate and weak level of food security have low availability of dairy
products and meat, corroborating their poor diet (Schonfeldt and Gibson, 2012), which supports the
argument that countries with a high level of food security usually have high incomes per capita. They
have access to a more varied, balanced, and healthy diet than those with a low level of food security
(Schonfeldt and Gibson, 2012).

Table 1. Domestic supply quantity in a million tons by country’s level of food security and by each food
group in 2017. Number of countries by level of food security and population in a million people. Own
elaboration based on FAOSTAT data (2017), World Bank data (2019), and The Economist Intelligence Unit
data (2019).

Level of food security

Food group Very good Good Moderate Weak Without EUT Index Total
Cereals - Excluding Beer 940.4 439.2 241.4 179.8 305.8 2106.6
Eggs 16.9 17.6 3.7 2.5 7.0 47.7
Fish, Seafood 29.2 35.3 9.3 9.2 10.9 93.9
Fruits - Excluding Wine 113.3 112.1 65.0 49.8 89.1 429.3
Meat 107.1 60.1 10.8 25.3 32.4 235.8
Milk - Excluding Butter 291.8 79.4 103.0 43.2 90.0 607.3
Oilcrops 198.9 197.6 46.7 18.6 31.1 492.9
Pulses 10.9 6.6 20.2 5.8 8.3 52.0
Starchy Roots 87.3 116.3 121.7 117.6 64.0 506.8
Vegetables 115.8 243.7 83.0 29.2 129.9 601.5
Total 1911.5 1307.9 704.8 481.0 768.6 5173.9
N° Countries 14 52 36 6 63 171
Population (Million people) 610.8 3619.7 2725.6 110.4 302.8 7369.3

3.1. Overall FLW by Food Security Level and Stage of the FSC

The total FLW was 1498.2 million tons of food in 2017. The greatest discard, 894.3 million tons, was
concentrated in countries with good food security. In contrast, the lowest food discard, 11.4 million tons,
occurred in countries with weak food security. This result is expected due to the difference in both
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countries’ total domestic food supply. In addition, FLW in China, equivalent to 402 million tons, contributes
significantly to the high amount of FLW in countries with good food security. FLW represents around 20%
of the total domestic food supply in countries with good, moderate, and weak food security. In contrast,
in countries with very good food security, FLW represents 14%. The reasons that explain FLW in countries
with different levels of food security vary from country to country. In general, countries with a very good
and good level of food security are those with high and medium income, while countries with a moderate
and weak level of food security are those with a reasonable and low-income level. The reasons for FLW
in high/medium-income countries are related to consumer behavior and a lack of coordination between
actors in the FSC (FAO, 2011; Degueurce et al., 2019; Holsteijn and Kemna, 2018). In contrast, in
countries with moderate/low-income levels, the reasons for FLW are financial and managerial, some
limitations are related to harvesting techniques, lack of storage, and cooling facilities in countries with
difficult climatic conditions, infrastructure, packaging, and marketing systems (Krzywoszynska, 2011; Thi
et al., 2015). Analyzing by stage of the FSC, the hotspots of FLW differ depending on the country’s food
security level (Table 2). In countries with a very good level of food security, FLW occurred mainly in the
consumption stage of the FSC, around 43% of the total FLW in these countries. According to Han et al
(2018), FLW at the consumption stage of the FSC is directly related to social factors, such as the level of
education and cultural behaviors. In turn, Benyam et al (2018) takes a more complex approach than (Han
et al., 2018), considering that psychological, socioeconomic, environmental, and regulatory factors affect
consumers’ attitudes towards FLW. Another reason that might explain FLW at the consumption stage is
the inconsistency between the consumer’s demand and a need for more general awareness of the
existing waste problem (Alexander et al., 2017).

Table 2. FLW in a million tons calculated for the country’s level of food security and FSC stage in 2017.

Food losses and waste (M) Food

Level of Food ~ Domestic supply - .
" Agricultural Postharvest Total waste/Domestic

. . Processin, e .
Security quantity (Mt) Distribution Consumption

production and storage and packaging FLW by supply quantity
Very good 1167.6 46.3 15.7 11.9 18.2 68.3 160.5 14%
Good 4734.3 259.3 207.9 75.8 132.2 219.1 894.3 19%
Moderate 1921.1 122.3 130.5 223 76.5 36.8 388.3 20%
Weak 53.1 3.5 3.3 1.0 2.1 1.5 11.4 21%
Without EUI Index 232.7 13.5 10.3 2.7 8.8 8.4 43.7 19%
Total 8108.8 444.8 367.8 113.7 237.7 334.1 1498.2 18%

FLW is distributed more equally among the stages of FSC in countries with a good level of security than
in countries with other food security groups. One of the reasons to explain this pattern is that this category
gathers countries with a high heterogeneity with each other. For instance, the most significant amount of
FLW in this category of countries occurred in China. The FLW mainly happened at the end of the FSC,
129 (32%) and 109 (27%) million tons in the agricultural production and consumption stages, respectively,
with considerable FLW in post-harvest and storage and distribution stages, 89 (22%) and 63 (16%) million
tons, respectively. However, in Chile, FLW mainly occurred at the first two stages of the FSC, namely,
agricultural production and post-harvest and storage stages, with 2897 (60%) thousand tons of FLW. The
other three stages represent a similar percentage, around 13% of total FLW. In contrast with the countries
with a very good level of food security, in countries with a moderate and weak level of food security, FLW
occurred mainly in the first two stages of the FSC, namely, agricultural production and post-harvest and
storage. The reasons that explain the FLW in these stages are several: for instance, difficulties in
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managing the factors that affect the agricultural production process, such as weather conditions
(Adamashvili et al., 2019); lack of efficient irrigation systems (Spang and Stevens, 2018); insects,
diseases, rodents, weeds, inefficient seeding, and severe weather conditions during planting (Liu, 2014);
death and disease, such as animal death during breeding for bovine, poultry, and pork meat, discards
during fishing for fish, and decreases in milk production due to dairy cow diseases such as mastitis (Liu,
2014); mechanical damage during harvesting (Lemaire and Limbourg, 2019); market prices lower than
the harvesting cost (Lemaire and Limbourg, 2019); and poor storage facilities and lack of infrastructure
(FAO, 2011).

3.2.. Overall FLW by Food Security Level and Food Group

The analysis of FLW by food group and in terms of volume shows that in countries with very good levels
of food security, FLW occurred mainly in five food groups. These are vegetables, milk, starchy roots,
cereals, and fruit, with about 25 million tons of each food group. Pulses, eggs, fish, and seafood showed
the lowest FLW, between 0.4 and 3.4 million tons. Food groups with the highest FLW as a percentage of
the domestic food supply quantity were starchy root, vegetables, and fruit, 52%, 40%, and 36%,
respectively. However, meat, fish and seafood, milk, and eggs also showed a significant amount of FLW
compared with the domestic supply quantity, between 15% and 20%. In every food group, FLW occurred
mainly in the consumption stage. However, for starchy roots, vegetables, milk, and fruit, the agricultural
production stage also concentrated a significant amount of FLW.

In countries with good food security, FLW mainly occurred in vegetables, 273.4 million tons, equivalent
to 31% of the total FLW in this category of countries. An exceptional case is Chinese FLW which
represents 66% of the total FLW of vegetables in this category of countries. Other groups with a significant
amount of FLW are fruit and cereals, with around 150 million tons each. Food groups with the highest
FLW as a percentage of the domestic food supply quantity were fruit, vegetables, and starchy root, 37%,
31%, and 30%, respectively. However, the rest of the food groups also showed a significant amount of
FLW compared with the domestic supply quantity, a range between 12% and 19%, except for cereals
and pulses, which have a low level of FLW. Analyzing by stage of the FSC, in countries with a good level
of food security, FLW is more equally distributed through the FSC than in countries with the best level of
food security. The exception is the processing and packaging stage, which is small in every food group
except for oil crops.

The reasons that explain FLW in this category of countries are like the causes that explain FLW in
countries with a very good level of food security. Nevertheless, it is possible to mention some additional
reasons related to the agricultural, post-harvest, and storage stages. Firstly, some characteristics of fruits,
vegetables, starchy roots, and cereals production reduce the possibility of predicting supply and demand
volumes. This situation hinders the capacity of FSC operators to adapt to changing markets, which
generates FLW (Canali et al., 2016). An example of this situation is at the agricultural production stage;
the uncertainties in weather conditions, frosts, droughts, rodents, or disease might cause the FLW of
fruits, vegetables, and starchy roots. This situation induces farmers to overplant to avoid the risks of not
fulfilling their contract conditions. Consequently, unsold and unharvested products are generated
(Buchner et al., 2012). Secondly, many fruits and vegetables are delicate by nature, which renders them
vulnerable to injury during automated or human harvesting and handling (Canali et al., 2016). Thirdly,
different conditions, such as bites of birds, frosts, droughts, and weather conditions, provoke the FLW of
these products (FAO, 2015). The conditions above also cause the vegetables, fruits, and starchy roots



not to satisfy the market standards, such as appearance, shape, and weight. Hence, farmers discard
them to avoid harvesting costs (Mena et al., 2011).

In countries with moderate food security, the largest FLW occurred in the starchy root, 106.6 million tons,
equivalent to 27% of the total FLW in this category of countries (Figure 4). Other groups with a significant
amount of FLW are vegetables, cereals, fruit, and milk. Starchy root, vegetables, and fruit groups have
the highest FLW as a percentage of the domestic food supply quantity, around 32% of each group.
However, the rest of the food groups also showed a significant amount of FLW compared with the
domestic supply quantity, between 10% and 19%. Analyzing by stage of the FSC, in countries with
moderate food security, almost every food group FLW is concentrated mainly in the first two stages of the
FSC. Nevertheless, a significant amount of FLW occurred in the distribution stage. The causes that
explain FLW at the agricultural and post-harvest and storage stages in this category of countries are
related to the lack of infrastructure, knowledge, and investment in storage technologies (Krzywoszynska,
2011; Thi et al., 2015) and limited capacity to face environmental and weather conditions and climate
change (Atanda et al., 2011; Lundqvist et al., 2008), for instance: (i) inadequate systems of control in
production and processing, for example, slaughtering and processing losses in the meat industry
(Whitehead et al., 2011); (ii) suboptimal operation and ease of use of equipment (Mena et al., 2011); (iii)
poor storage handling (Atanda et al., 2011; George et al., 2010); (iv) damage during transport due to
suboptimal transport infrastructure (Canali et al., 2016); (v) cold chain inefficiencies (George et al., 2010);
(vi) incorrect application or absence of inventory turnover (Canali et al., 2016); (vii) and lack of finance
that hinders the setting of facilities for proper conservation and processing of food (FAO, 2011; Canali et
al., 2016). In countries with the worst level of food security, the largest FLW occurred in the starchy root,
4.1 million tons, equivalent to 36% of the total FLW in this category of countries, a very high percentage
compared with the other food groups (Figure 5). In this category, FLW occurred mainly in the first two
stages of the FSC. Some reasons for this are the lack of storage infrastructure and technology to control
pests, rodents, insects, diseases, weeds, inefficient seeding, and extreme weather conditions (Liu, 2014).
In fruit and cereals, a significant amount of FLW occurred, 2.13 and 1.85 million tons, respectively. Food
groups of fruit, vegetables, and starchy root represent a high amount of FLW as a percentage of the
domestic food supply quantity, 39%, 38%, and 32%, respectively. Nevertheless, the rest of the food
groups also showed a significant amount of FLW compared with the domestic supply quantity, ranging
between 15% and 20%. The only exceptions are cereals and pulses with 9% of FLW. As a percentage of
the domestic food quantity, countries with a weak level of food security lost the same or even more fruit
and vegetables than countries with a very good and good level of food security. This situation is consistent
with the diet of these countries, which can be more diversified, mainly based on starchy roots, cereals,
and vegetables due to their lower cost than other food groups, such as meat or fish. In this sense, the
main reasons for FLW are the lack of storage infrastructure and investment in agricultural technologies,
the lack of knowledge of proper technology use (Krzywoszynska, 2011), and a limited ability to adapt to
changing environmental and meteorological circumstances and climate change. In countries with a weak
level of food security, FLW is concentrated in distinct stages of the FSC, depending on the food group. In
the starchy root, 80% of FLW occurred in the first two stages of the FSC. FLW in fruit was concentrated
in agricultural production and distribution, but a necessary amount of FLW also happened in the other
stages. In cereals, the hotspot is the consumption stage, with 41% of the FLW in this food group. The
causes that explain FLW in this category of countries are like those in countries with a moderate level of
food security. Nevertheless, in countries with a weak level of food security, political instability or even
wars significantly impact the sustainability of food systems, therefore, their FLW.



4. Conclusions

This article estimated the FLW by the country’s level of food security, by different food groups, including
all stages of the FSC. It analyzed the causes of FLW according to the level of food security and explored
the impact of FLW on natural resources, climate change, and SDGs. The estimated global FLW was 1498
million tons of food in 2017. The greatest discard was concentrated in countries with good food security,
894.3 million tons. In contrast, the lowest food discard occurred in countries with a weak level of food
security, 11.4 million tons. FLW represents around 20% of the total domestic food supply in countries with
good, moderate, and inadequate food security. By contrast, in countries with a very good level of food
security, FLW represents 14% of it, and the hotspot of FLW is mainly concentrated in the consumption
phase. However, in countries with good food security, FLW is generated primarily in the last step of the
FSC. On the other hand, in countries with moderate and weak food security, FLW occurred mainly in the
first two stages of the FSC.

It was observed that countries with a moderate and weak level of food security must face significant
challenges to achieve the SDGs. Another challenge for scientists, government, policymakers, and civil
organisms is to improve statistical data on FLW, especially primary data. Efforts must be oriented to
obtain more accurate FLWR, conversion, and allocation factors for every country, especially those with a
weak and moderate level of food security that usually need more precise and reliable statistical
information. Furthermore, quantitative connections between FLW and the SDGs indicators are needed
to comprehend better how they affect food safety, the environment, and broader sustainable development
trajectories. Despite these challenges, the economic, social, and environmental impact of FLW is
enormous. Therefore, considering that in countries with a weak and moderate level of food security, FLW
accounted for 21% and 20% of the domestic food supply, respectively, it is possible to argue that there is
a gap in contributing to the achievement of SDGs through reducing FLW. It is necessary to enhance food
security, lift people from poverty, and achieve environmental sustainability.

For this purpose, public policies play a crucial role in designing measures according to the food security
dimension to which they contribute. Public policies can improve the efficiency of productive processes,
translating to decreased food costs and, therefore, a possible price reduction. Additionally, the design of
public policies must consider each country’s different economic, institutional, human resources, and
infrastructure contexts. In addition to these public policy solutions, others are proposed for structural
causes of food loss and waste. These measures involve the entire food chain and require the participation
of multiple actors.

Finally, in the actual development of a circular economy, it is of great importance to provide value to the
rescued surplus food and the by-products, which can be used in other production processes as inputs,
thus, contributing to better use of resources and reduction in environmental impact.

In this sense, possible future research lines are improving primary statistical data on FLW in weak and
moderate food security countries and analyzing the quantitative relationships between FLW and the
SDG’s performance, and investigating the impacts of the global food supply chain in the generation of
FLW in weak and moderate food security countries and proposing circular economy models to reduce
FLW in countries with problems of food security.
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Figure 1. Accounting approach to estimate FLW.

The following equations represent the estimation of FLW and pooling.

n
FLW, = Z QAjjk * Aiji * Pijk * Vijk 1)
i=1
5
FLW = ) FLW,, (2
=1

where

i is the food group: fruit, cereals, milk, fish and seafood, meat, eggs, starchy roots, pulses, oil crops,
and vegetables;

J is the stage of the FSC: agricultural production, post-harvest, storage, processing and packaging,
distribution, and consumption;

k is the country;

[ is the level of food security according to the Global Food Security Index of The Economist
Intelligence Unit, which are very good, good, moderate, weak, very weak, and without EIU Index;

QA;ji is the domestic food supply quantity, which is the quantity of food available in the food group i
in stage j of the FSC in the country k.

a;jk is the food loss and waste rate (FLWR) in the food group i in stage j of the FSC in the country
k, defined as the ratio of food loss and waste to the total amount of food production;

Bijk is the allocation factor in the food group i in stage j of the FSC in the country k, which defines
the proportion of the food meant for human consumption.
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*  7ijk is the conversion factor in the food group i in stage j of the FSC in the country k, which defines
the proportion of edible food.

e FLW,, is the food loss and waste in the country k with the level [ of security.

The mass balance method distinguishes between edible and non-edible food. Regarding FLW,
quantification only considers edible food and discordance in the FLW estimation. Several causes
contribute to decreased edible food mass in FSC stages [63]. In this sense, food loss occurs at all stages
except consumption when food waste occurs [32,39].

Therefore, the FLW is calculated, by multiplying the amount of food available at each step of the food
chain by FLWR and the allocation and conversion factors. Finally, the FLW considers the country’s level
of food security.

Then, the following equation was used to calculate the per capita FLW.

FLW

FLWPC = P
n

®3)

where FLW, is the per capita food loss and waste and B, is the population.

The geographical area selected for this study is worldwide, using the FAOSTAT datasets for 2017 for the
production and yield of food information. The per capita results are calculated using population data from
the World Bank. FLWR, conversion and allocation factors were taken from [8,21] and contrasted with
[20]. The Global Food Security Index of December 2019, designed by The Economist Intelligence Unit,
indicated the different countries’ food security levels.
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