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Abstract: The present paper deals with the issue of food waste in selected European countries, in
which we have tried to analyze the socioeconomic rations. The main aim of our research was to
analyze food waste quantity and compare the amount of wasted food in European Union countries
(except Cyprus due to the unavailability of food waste data). The analysis was based on a dataset
provided through the Food Waste Index Report 2021 by the UN environment program and comple-
mented by socioeconomic variables obtained from EUROSTAT. For a deeper analyses of the obtained
results, we formulated three assumptions, which have been tested with the use of several statistical
methods—Pearson’s correlation coefficient, linear regression, the distance from a fictitious object
method, and hierarchical clustering. Our results show that the amount of food wasted in different
sectors (retail, food, households) is not correlated, and any of the analyzed socioeconomic variables
do not influence the ranking of countries by the crucial variable.

Keywords: food loss; food waste; European Union countries; consumption; sector; household

1. Introduction

Food loss and waste can be considered as the amount of food intended for human
consumption that does not fulfil its purpose. Under the term food loss, we refer to spills,
spoils, an abnormal reduction in quality such as bruising or wilting, or food otherwise
getting lost before it reaches the consumer. On the other hand, food waste corresponds to
non-consumed food of good quality, which is suitable for consumers. While food loss is un-
intended, food waste results from conscious decision (Lipinski et al. 2016). Approximately
1.3 billion tons of food is lost or wasted, roughly corresponding to about one-third of food
produced for human consumption (Gustavsson et al. 2011).

Waste of food can be considered as an interdisciplinary problem, including economic,
environmental, and ethical issues. Loss of caloric intake is only one side of the problem
supplemented with the destruction of finite resources (Payne 2014). From an ethical point
of view, the existence of food waste is problematic in itself as there are resources to waste
nutrition sources, and on the other hand, there are millions of people who are starving
or malnourished, while one-quarter of wasted food could feed them (OLIO 2020). FAO
(2014) estimated the total cost of food waste in 2012 as 2625 billion USD, environmental
costs (emissions, water pollution, and waste, soil erosion, deforestation, and biodiversity
impact) as 696 billion USD, social costs represent 882 billion USD, the economic value of
wasted and lost food is estimated at 936 billion USD, and subsidies in OECD countries
regarding food waste and loss are 119 billion USD. About 24% of the fresh water used in
crop production, 23% of cropland area and fertilizers, and 368 mils. metric tons are wasted
every year due to food losses (Joardder and Masud 2019).

Food waste is a comprehensive and multifaceted problem, interconnected across all
stages of the food supply chain, from primary production to final consumption (Canali
et al. 2017). Causes are different on each value chain level. Furthermore, there is evidence
of product group specifics. On the other hand, later stages of the food supply chain can
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influence earlier ones—for instance, standards requested by retail can be considered as an
essential factor of food waste on the farmers’ level (Göbel et al. 2015).

Lack of purchase planning, storage, and preparation of food in connection with
consumerism and abundance culture and the wide availability of food can be considered
as the most critical drivers in the case of individual consumers (Aschemann-Witzel et al.
2015). Factors causing food waste in the processing part of the food supply chain are
primarily losses resulting from processing operations and quality assurance, and non-
compliance with trade quality demands (Raak et al. 2017). Researchers have identified
the following causes of food waste—cold chain breaking, excess production, inadequate
demand forecasting, inadequate packaging, inappropriate work procedures, incorrect
handling, lack of coordination, lack of information sharing, lack of integrated systems, lack
of knowledge, lack of operational control, lack of refrigerated transport, lack of training,
poor inventory control, problems with display, problems with storage, problems with
transport equipment, short shelf life, standards of appearance and shape, sudden changes in
orders, and very restrictive laws (de Moraes et al. 2020). A relatively massive proportion of
wasted food comes from hospitality and food services (16–28% of the amount representing
23% of the purchased value), while the preparation waste can be considered as the most
significant fraction followed by leftovers and waste by customers (Papargyropoulou et al.
2019). Some studies also point out the tendency to waste in school canteens, while the
amount of diner leftovers is mainly affected by the quality of meals, serving size, and
availability of snacks for children during mid-morning breaks (Boschini et al. 2020). It is
unforgettable that socio-demographic characteristics of the consumer and his consumer
behaviour play a key role in food waste drivers (Fanelli 2019), while factors as motives,
financial attitudes, planning routines, food surplus, social relationships also influence the
tendency to wase food (Aktas et al. 2018).

Reducing food waste is considered as an essential factor in ensuring food security
at a global level, as it will allow the use of limited resources for other purposes, reduce
environmental risks, and avoid financial losses (Priefer et al. 2013). Changes in behaviour
towards the minimization of food waste can be achieved due to price consciousness,
environmental concern, and time management (Pellegrini et al. 2019), while embedding
community perspectives into policy instruments can bring value in preventing food waste
(Benyam et al. 2018). It is necessary to connect stakeholders to food waste optimization,
mainly to utilize PPP at the global level and improve communication and bring more
efficient packaging connected with a better interpretation of food labels by consumers
(Halloran et al. 2014). “Food waste is an exemplar of the challenge we face; if we both
see it as a resource opportunity rather than a waste threat and apply our creative science
and technological energies to its valorization, we show the way to other waste-to-resource
opportunities. European Union countries are committed to reducing food waste by 50%
(amount of wasted food per capita) by 2030 (European Commission n.d.). The European
Union also established a Farm-to-Fork strategy to secure enough affordable and nutritious
food, promote more sustainable consumption and healthy eating, halve the use of pesticides
and fertilizers, increase the organic farming ratio, combat food fraud in the supply chain,
improve animal welfare, and reduce food losses and food waste (Horská et al. 2021).

Evaluating the current state and tracking progress on reducing food waste and losses
is necessary to understand the availability of relevant data sources, which is struggling
in data inconsistency and poor temporal, geographical, and supply chain coverage (Xue
et al. 2017). Current methods of food waste and losses quantification include either direct
measurements (physical waste surveys) or measurements based on self-reports (diaries,
interviews, and questionnaires) (Elimelech et al. 2018). Hartikainen et al. (2020) consider
questionnaires as an appropriate way to collect data about food waste from production and
manufacturing stages (except animal production, where they suggest usage of statistics) as
well as in thecase of households, while retail stakeholders and caterers should provide data
collected from their operations (such as food waste diaries). Corrado et al. (2019) suggest
harmonizing food waste account guidelines, increasing the quantity and representativeness
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of data, and developing methods for liquid waste accounting. On the other hand, Elimelech
et al. (2019) point out that relying on people’s estimations could be uncertain, and it is
necessary to use objective measurements such as physical waste surveys.

Calculation of food waste data varies across different countries due to different collec-
tion methodologies and different definitions of food waste (Bagherzadeh et al. 2014), which
causes the problematic comparability of data from local sources. International organizations
provide the following databases dedicated to food waste and losses:

- Food Loss and Waste Database (FAO)
- Food Waste Dataset (OECD)
- Global Food Loss and Waste (World Bank)
- Food Waste Index Report Database (UNEP)

Food Waste Index Report Dataset (UNEP Food Waste Index Report 2021) can be con-
sidered as the most comprehensive food waste data collection that combines different local
data sources. According to the report, only seven countries have high confidence in food
waste estimates from sources stated below. ARCADIS (2019) published the “National Food
Waste Baseline report”, which provides detailed data about food waste in Australia. EPA
(2020) published the “2018 wasted food report”, which provides an analysis of food waste
in the United States of America in 2018 using a new methodology developed by the US
Environmental Protection Agency. The Danish environmental protection agency (2014)
published results of a survey mapping food waste in retail, restaurants, and commercial
kitchens, and the Swedish environmental protection agency (2012, 2020) published compre-
hensive reports about food waste based on analysis from years 2010 and 2018 (Westöö et al.
2018). WRAP (2020) published a report about food waste in the United Kingdom based
on research conducted in 2019. Environment Agency Austria (2017) presented food waste
statistics for Austria. Schmidt et al. (2015) published a comprehensive summary report on
food waste in Germany for 2015.

2. Methodology

The paper’s main objective is to analyze food waste quantity and compare the amount
of wasted food in European Union countries (except Cyprus due to the unavailability of
food waste data). The analysis is based on a dataset provided through the Food Waste
Index Report 2021 by the UN environment program and complemented by socioeconomic
variables obtained from EUROSTAT (2021). Used variables are presented by Table 1.

Table 1. Variables used in analysis.

Label Type Description Year(s)

FW_R Numeric Food wasted in retail sector per person 2015–2020
FW_FS Numeric Food wasted in food services sector per person 2010–2020
FW_H Numeric Food wasted by household per person 2014–2020

GDP Numeric Gross domestic product per person in PPP
(current $) 2019

Poverty Numeric % of people living below the poverty threshold
(EU-SILC) 2019

Urban Numeric % of people living in towns (EU-SILC) 2019
HSize Numeric Average household size in a country 2019

Unempl Numeric Unemployment 2019

In the analysis, we mainly used the methods of multivariate statistical analysis. We
used Pearson correlation coefficients to describe linear relationship between the variables,
to evaluate the development of the relationships between the individual indicators. Linear
regression has been used to identify relevant socio-economic variables that relate to food
waste by households. Relationships and order were analyzed using cluster analysis based
on hierarchical clustering using ward linkage and Euclidian distance. Data analysis was
processed using MiniTab and R Studio base packages.
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Where statistical significance is evaluated using p-value without further explanation,
we assume level of significance at α = 0.05.

In connection with the set goals, we set the following research assumptions:

• Assumption no. 1: Amounts of food wasted in the retail sector, food services, and
households positively correlate.

• Assumption no. 2: Socioeconomic variables influence a country’s ranking based on
the amount of wasted food per capita.

• Assumption no. 3: Socioeconomic variables of EU countries impact amounts of food
wasted by households.

3. Results and Discussion
3.1. Amount of Wated Food

Waste, loss, or spoilage of food are efficiency issues that have attracted increasing
attention from the media, researchers, politicians, companies, and the general public in
last few years. Although the food waste seems to be a “simple problem”, which can
be easily solved by “stopping throwing it away”, it is much more complex (Eriksson
et al. 2018). The complexity of the food loss and waste issue links to the three pillars of
sustainable development, when on one hand the reduction of food loss and waste could
help to recover the economic losses and reduce financial burdens on the world’s most
vulnerable people; on the other hand (from the environmental perspective), food loss and
waste are an extremely inefficient use of resources; and last but not least (from a food
security perspective), reduction of food loss and waste is a major opportunity to close the
calorie gap between where the world is now and where it needs to be to sustainably feed
the planet (Lipinski 2015). The mentioned does not mean that the reduced food waste
automatically results in sustainable development, e.g., if the waste reducing measures are
more recourse demanding then the savings they achieve (Eriksson et al. 2016), but reducing
unnecessary food waste has the potential to make an important contribution and has a high
symbolic value (Eriksson et al. 2018). Despite the fact that the food waste is primarily a
moral issue of throwing away the edible food items when people elsewhere are starving
(Stuart 2009), it is also associated with the unnecessary use of natural resources (Nellemann
et al. 2009) and loss of monetary value (WRAP 2008). Addressing the issue of food waste
and identifying its main “spoilers” is therefore necessary and urgent.

The United Nations environment program published the Food Waste Report 2021
complemented by a dataset that unites different country- and worldwide-level data on
food waste per capita, separating it into three sources of waste—households, retail sector,
and food services. As shown in Figure 1, the highest food waste per capita is, according to
UNEP data, produced by households, followed by the food services and the retail sector.
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It is also evident that countries can be identified as outliers as they have a significantly
higher amount of wasted food than other countries. A visual comparison of countries is
presented in Figure 2. We assumed that amounts of food wasted in the retail sector, food
services, and households should be correlated, but from visual analysis based on Figure 2 it
seems that this is not the case. For a deeper analysis of the formulated assumption, we have
tested correlations using Pearson’s correlation coefficient, which ruled out the existence
of a statistically significant correlation (ρ = 0.1 for all pairs, non-significant at α = 0.05).
Therefore, we can conclude that amounts of food wasted from three different sources are
not dependent on each other.
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For a better comparison of countries, we have constructed integral variables using
the multicriteria evaluation method (distance from the fictitious object), while the Pearson
correlation matrix was used to calculate weights of individual variables. The ranking of
countries is presented in Figure 3, where the lower distance represents a better position.
We assumed that socioeconomic variables (GDP, Gini coefficient, Export, Urbanization,
Unemployment) influence the country’s ranking, but there is no statistically significant
correlation between them (ρ = <0.1, 0.2> for all variables, non-significant at α = 0.05). This
could be caused by globalization of retail and food services sectors and therefore differences
are not present.
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sectors.

For a better understanding of the differences between countries, we have applied hier-
archical cluster analysis using ward linkage and Euclidian distance while input variables
were standardized. Five clusters resulted from analysis as optimal, while the division of
countries according to clusters is presented in Figure 4.
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Figure 4. Affiliation of countries to clusters.

From centroids of clusters calculated as non-standardized variables (Table 2), the
following groups of countries can be described. Optimal countries (CL1) are countries that
reach the minimum amount of food wasted in retail and food services, while food wasted
by households is not very high compared to other clusters. Ambiguous countries (CL 2)
have countries that reach not bad nor best values. Retail wasters (CL3) can be described as
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countries that reach a high amount of food wasted in the retail sector. Household wasters
(CL4) are countries that reach an extremely high amount of food wasted by households,
and finally, foodservice wasters (CL 5) are represented by countries that reach an extremely
high amount of food wasted in food services.

Table 2. Centroids of clusters.

Cluster FW_R FW_FS FW_H

1 8.035 22.35 61.89
2 13.068 25.553 75.95
3 27.7 22.56 83.06
4 10.1 25.57 135.35
5 12.811 56.146 54.7

3.2. Predictors of Food Waste Generated by Household

The second part of the analysis focuses on analyzing whether selected socio-demographic
differences among countries impact the amount of food waste generated by households,
following the fact that the situation of households is a presumed factor influencing possible
differences in food waste also between developed countries. As can be seen from Table 3,
food wasted by households (per capita) is significantly correlated with the unemployment
rate and level of country urbanization.

Table 3. Correlations between the amount of food wasted by households and selected socioeconomic
variables.

Variable 1 Variable 2 N Correlation p-Value

Unempl FW_H 26 0.419 0.033
HSize FW_H 26 0.116 0.572
Urban FW_H 26 0.411 0.037
Gini FW_H 26 0.234 0.250
GDP FW_H 26 −0.118 0.566

Following the results shown above, we have constructed a linear model using men-
tioning two exogenous variables. The model explains 26.5% of food waste variability, is
significant on α = 0.05, and can be described using Equation (1).

FWH = 34.2 + 0.624 ∗ Urban ∗∗ + 2.70 ∗ Unempl ∗∗

(∗∗ p − value < 0.05)
(1)

The amount of food wasted by households is influenced by levels of both country
urbanization and unemployment, while the first predictor can be described by the fact that
the countryside provides opportunities for food residuals in farming activities. On the
other hand, the explanation of the effect of the unemployment rate is not straightforward.
We can presume that employed people eat outside the household during the working week
and therefore waste produced by them is counted to food services instead of households.

As a response to the urgent need to address food waste, a mass of evidence was
created based on the quantities of food wasted and the related emissions along the food
production–consumption chain (Edjabou et al. 2016). The results of many research studies
and evidence show that the largest food-waste faction is represented by private households.
Given the high amounts of food waste occurring on the household level, identification
of the factors affecting the food waste, leading “people” to waste the food, as well as the
prevention of food waste at the final stages of the supply chain, is of utmost importance
(Parfitt et al. 2010).
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4. Conclusions

This paper has studied the state of food waste and losses in selected European coun-
tries, emphasizing inter-community comparison and the impact of sociodemographic
variables. The study was based on data divided into three categories, considered to be
the main sources of wasted food—retail, food sector, and households. Our analysis shows
that amount of food wasted in different sectors is not pairwise interconnected in terms of
amounts. Moreover, there is no influence of sociodemographic characteristics, represented
by selected variables, on the ranking of examined countries; this is based on the integral
wasted amount of food, which we assume can be caused by the globalization of the retail
and food services sectors. Therefore, differences are not present at the country level. On
the other hand, we found that a higher unemployment rate and higher urbanization at
the national level cause the increase. This is due to the continuous population growth,
environmental impacts, and the fact that there are still people who suffer from malnutrition.
We consider it appropriate to start monitoring the real state of food waste within the mem-
ber states of the EU, which would contribute to a better understanding of the given issue
following a more detailed analyses and ultimately facilitate the setting of public policies to
reduce food waste.
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