<@ sustainability m\py

Article

Circular Economy in the Context of Food Losses and Waste

Agnieszka Dudziak (9, Monika Stoma * and Arkadiusz J. Derkacz 2

check for
updates

Citation: Dudziak, A.; Stoma, M.;
Derkacz, A.J. Circular Economy in
the Context of Food Losses and
Waste. Sustainability 2022, 14, 10116.
https://doi.org/10.3390/
sul41610116

Academic Editor: Rajeev Bhat

Received: 6 July 2022
Accepted: 11 August 2022
Published: 15 August 2022

Publisher’s Note: MDPI stays neutral
with regard to jurisdictional claims in
published maps and institutional affil-

iations.

Copyright: © 2022 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses /by /
4.0/).

Department of Power Engineering and Transportation, Faculty of Production Engineering,
University of Life Sciences in Lublin, 20-612 Lublin, Poland

Faculty of Social Sciences, Calisia University, 62-800 Kalisz, Poland

*  Correspondence: monika.stoma@up.lublin.pl

Abstract: Although consumption is one of the most important elements of any economy, including
those that are developing, excessive consumerism is becoming increasingly common today, often
resulting in the phenomenon of food waste. Food waste is a multi-aspect issue. It is a topical problem
of varying nature and intensity, particularly for the environment, the economy, and society. In this
context, efforts were made to emphasize the importance of the idea of a circular economy, due to the
fact that the positive effects of its implementation and correct application may be the minimization of
the problem of food waste, which can be seen from an economic, social, or environmental point of
view. To obtain this goal, consumer research was conducted among the inhabitants of Eastern Poland.
Their principal task was to define social attitudes and explain a problem known as household food
waste. The results were subjected to the cluster analysis method and correspondence analysis, and
the corresponding calculations and figures made it possible to draw conclusions from the research.
Consumers seem to be aware of the dilemma of excessive food discarding in their households. They
also recognize their active role in preventing this socio-economic problem. Despite the concerns
expressed by consumers, food waste is still very high. This may most likely be because of a declarative
approach rather than to the actual attitudes of respondents.
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1. Introduction

Over-throwing of food is a serious problem which poses serious difficulties for the
entire economy and for ethical, environmental, and social aspects. It is an interdisciplinary
phenomenon and is increasingly considered and analyzed by various stakeholders: decision
makers at local, national, and European levels, international organizations, NGOs, and
scientists from various fields, as well as society [1-3]. It has also been recognized as one of
the most important issues of sustainable development at the global level [4].

Considering the economic aspect, food waste means money losses, both for individual
units and national economies [5]. Regarding ethical issues, it must be stressed that food
waste is a moral and ethical problem. This is because numerous people in the world are
chronically hungry. When considering the ecological environment, however, it should be
noted that food waste results in a large amount of greenhouse gases. In addition, global
food production consumes large amounts of fertilizers and limited resources (e.g., water,
soil, and labor). This, in turn, contributes to climate change [6].

The dependence of the circular economy on food waste seems to be a simple expla-
nation. Waste, on the one hand, is a troublesome problem, and, on the other hand, an
inevitable problem. However, dealing with it is the need of the present times, especially
now, when the unstable economic and political situation of many countries and its impact
on the economic and environmental systems of the world clearly show that the problem is
enormous and should be dealt with in various aspects. Food that is potentially analyzed in
the context of waste is at different stages; it should certainly be segregated into food that is
wasted and could still be consumed, and food that cannot be used for consumption. Then,
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appropriate instruments should be used, giving the opportunity to treat it as a resource,
which, in turn, should be treated as a raw material. There are already solutions in the world
that enable the production of energy from waste (e.g., in Sweden) also from the agri-food
sector. Hence, combining the waste management scheme with energy production in such a
way that individual countries have practically no problems with either environmental or
energy prices could be a very sensible solution adequate to the contemporary political and
economic situation.

Therefore, it seems that, due to the growing scale of this phenomenon, the conception
of a circular economy is of particular importance [7-11]. The growing importance of this
phenomenon, as well as the growing concerns of the public, producers, and governments
about food safety and the multiple environmental effects, such as resource scarcity, ground
erosion, deforestation, water and air pollution, and greenhouse gas emissions, are, therefore,
also important. This is often related to food production itself, storage, transport, and waste
management [12].

The assumption of the contemporary circular economy is that produce, supplies, and
raw goods should stand in the economy as long as available. However, the volume of
waste must be stored to a minimum. An important phenomenon in the circular economy
seems to be the increasing consumption of various resources used in the processing and
the growing energy demand of various sectors of the economy [13,14].

Just like currently in the lifestyle of the modern consumer, the concepts of zero waste
or less waste are becoming more and more important, so, with production companies, more
and more attention is paid to the phenomenon of waste. If we want to live in accord with
the rules of sustainable improvement, there is no other option than to think about reusing
resources that may seem useless.

The idea of a circular economy considers all stages of the product life cycle [15],
appearing from its conception, through manufacture, consumption, and waste compilation,
to its management. So, we are discussing an escape from a linear economy based on the
doctrine of “take—produce-use-dispose” [16-18], in which waste is often treated as the last
stage of the life cycle. In a circular economy, it is essential that rubbish, if it is made, is
treated as secondary raw materials [11,19,20].

In this paper, an attempt was made to draw attention to the importance of the concept
based on eliminating the problem of waste. The focus is on the food market, but the problem
is much deeper and more complex. The enormous global overproduction applies to all
markets, but, above all, it should start in the minds of consumers and users of products,
which should consequently also change the approach of producers. Therefore, research
was carried out among the inhabitants of Eastern Poland, attempting to identify their
attitudes and declarations towards the issue of wasting food in households, taking into
account two grouping variables that may be important in this matter—namely: gender and
place of residence.

It seems, however, that despite the local extension of the sample and its preliminary
nature, the contribution of the study is significant because, first, there is very little research
on this region of Europe in the context of food waste, referring simultaneously to urban and
rural households, in correlation with the gender of the inhabitants and their declarations of
wasting or not wasting food. In addition, the obtained research results may constitute an
important starting point for further considerations, especially in the context of discrepancies
between the declared and actual attitudes and behaviors of respondents in relation to the
level of awareness of Polish consumers in terms of food waste, on the one hand, and, on
the other, to the actual level of food waste in Poland.

2. Literature Review
2.1. The Essence and Assumptions of the Circular Economy Concept

The circular economy (CE) approach is trending both among scholars and practi-
tioners [20]. It is regarded as an operationalization for corporations to achieve the often-
discussed conception of sustainable improvement [21,22]. Unusual approaches that are
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also supposed to operationalize sustainable development for corporations are the green
economy and green growth approaches [23,24], whereas the CE thought is claimed to be the
one with the most traction at this time [25]. An approach with so much suction is employed
by various shareholders.

Based on the groundbreaking work of Leontief (1991), for a long time, attempts have
been made to develop a new business model in accordance with the logic of circular flows,
which led to the creation of the original circular economy (CE) concept. Also known as
“near-material economy”, “life-cycle economy”, or “closed-loop economy”, the CE concept
is an alternative to an open and linear business model, which is replaced by a closed
material flow loop creating feedback cycles: resources—products-resources. The CE concept
involves the recovery of waste and allows materials to be reused in two types of streams:

(1) Biological streams in which nontoxic materials are cascaded and then returned to the
biosphere for the restoration of natural capital;

(2) Technical streams where the materials used are returned to the economic system,
either through repair and restoration, or—ultimately—recycled [26].

The increasing acceptance of the CE approach results from the weakening condition
of the natural environment and from the need to search for production and consumption
structures that are less dependent on depleting natural sources.

The circular economy is self-regulating in nature [27]. It means an economy in which
the flow of materials, energy, and environmental degradation is minimized, without re-
stricting economic development or technical and social progress [28]. The Ellen MacArthur
Foundation defines four basic principles of the circular economy concept [29]:

(1) Optimizing the use of resources and energy throughout their life cycle;

(2) Maintenance of products, ingredients, and materials in the long term, assuming the
highest possible level of their utility and value;

(3) Passing materials through the system as many times as possible due to their cascading
use in a variety of applications;

(4) Use of clean materials to improve the quality of their reuse.

The implementation of the circular economy approach is based on the so-called 3R
principle (reduce, recycle, and reuse). “Reduce” means that, at a given level of produc-
tion, it is possible to reduce resource inputs and, at the same time, increase production
efficiency [30].

“Reduce” relates to three aspects, i.e., it presupposes: (1) reduction of raw materials
and energy inputs; (2) reducing the amount of products produced that most people do not
need; and (3) reducing the demand while maintaining the current quality of life [31].

“Recycle” means that waste can be transformed for further use [30]. “Reuse”, in turn,
means that recycled materials can become inputs in subsequent production processes [30].
Reuse also relates to three aspects: (1) includes multifunctional goods; (2) includes waste
as raw materials in the production process; and (3) assumes—as far as possible—the
substitution of renewable and nonrenewable resources [31].

Several circularity strategies exist to reduce the consumption of natural resources
and materials, and minimize the production of waste. They can be ordered for priority
according to their levels of circularity (Table 1). Smarter product manufacturing and use,
for example, by product sharing, are generally preferred over extending the lifetime of
products, due to the product being used for the same product function or more users being
served by one product (strategy with high circularity). Lifetime extension is the next option
and is followed by recycling of materials through recovery. Incineration from which energy
is recovered has the lowest priority in a circular economy, because it means the materials
are no longer available to be applied in other products (low-circularity strategy). As a rule
of thumb, more circularity equals more environmental benefits.

The doctrine of the popular linear economy model, i.e., take-make—dispose, is un-
able to deal with the supply and demand balance in consumption of natural resources.
This inequality is affecting the globe’s sustainability and affecting the environmental and
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socio-economic conditions [32]. Some of the related factors of linear economy have proved
that it is unsuitable and resulted in a recent major change, i.e., CE.

The CE concept was popularized in China in the 1990s in the perspective of economic
growth and natural resource limitations [33]. Early studies on CE state that upgrading of
producing systems was focused and there was no explicit realization of social situations
in sustainable improvement. It was suspected that sustainable development reaches the
demand of the present without arbitrating the potential of future generations to meet their
own needs. It is still unclear how CE will meet social dimension and will justify the three
pillars of sustainability: economic, environment, and social. These three important pillars
are missing from the network of sustainable supply chain and need rigorous attention in
the CE [34]. The main aim of the CE is to gain hold on material recycling and to balance
economic and environmental growth [35].

Table 1. Circularity strategies within the production chain, in order of priority.

Increasing Circularity

Make product redundant by abandoning its
RO Refuse function or by offering the same function with a
radically different product

Circular Smarter product use and . Make product use more intensive (e.g., by
Economy manufacture R1 Rethink sharing product)
Increase efficiency in product manufacture or
R2 Reduce use by consuming fewer natural resources

and materials

Reuse by another consumer of discarded product
R3 Reuse which is still in good condition and fulfils its
original function
Repair and maintenance of defective product so it

Extend lifespan of product R4 Repair can be used with its original function

and its parts R5 Refurbish Restore an old product and bring it up to date

Linear R6 Remanufacture U.seh p;rts of d1?card.ed product in a new product
Economy with the same function
R7 Repurpose Use discarded product or its parts in a new
purp product with a different function
Useful application RS Recycle Process materials to obtair'l the same (high grade)
¢ il or lower (low grade) quality
ofmaterials R9 Recover Incineration of material with energy recovery

Resource: [36].

Nowadays, the manufacturing industry is undergoing transformation from linear to
circular economy. In this direction, Industry 4.0 is considered as key innovative technology.

2.2. Circular Economy Indicators

Many devices and indexes are convenient to measure the effects of CE on the conver-
sion to the circular environment and economy [36,37]. It is recommended to formulate
a concept, which should at least include focusing on cradle-to-grave consumption of re-
sources and materials, including food products, as a complementary indicator for the
circular economy; cradle-to-grave monitoring of energy consumption as a proxy for other
environmental factors illustrating impacts along the product chain; and tracking energy
consumption in the closed-loop process itself.

Indicators measuring CE can be classified into three measurement scopes considering
their LCT approach and modeling level (technological cycles and their cause-and-effect
chain)—Figures 1 and 2:

(@) Scope 0: the indicators measure physical properties from the technological cycles
without LCT approach, e.g., recycling rate [38].

(b) Scope 1: the indicators measure physical properties from the technological cycles with
full or partial LCT approach, e.g., the indicator reusability / recyclability / recoverability
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(RRR) in terms of mass includes the potential rate to reuse (products and components),
recycle (materials), and recover (energy) [39].

(¢) Scope 2: the indicators measure the effects (burdens/benefits) from technological cy-
cles regarding environmental, economic, and/or social concerns in a cause-and-effect
chain modeling, e.g., RRR benefit rate (RRR in terms of environmental effects) [40].

- Effects S~ Burdens or Benefits (cause-
el Environment, economy or society S and-effect modelling)
’ ’ ~ N
D e iy A T N —~ Effects from
/ _-7" Tl v Technological cycles
N e P AR N \
I e AN ‘\
1 ,/ ‘\ | hvsical .
I ! == Technological cycles \ I Physical properties
1 / N \
\ ., \ Services \ I
Scope 0 O ) Products . ! /
\ \ v L’ Components , )
AN Materials ’
Scope 1 %\_Q l ' R
Scope 2 @
Figure 1. Proposed classification for the three measurement scopes from CE indicators. Resource: [41].
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Figure 2. Classification framework for CE indicators. Resource: [41].
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2.3. The Problem of Wasting Food

Food waste is a multifaceted, complex, global problem that produces serious social,
economic, and ecological consequences. This is not a problem for which one simple
solution is possible. Nevertheless, ways to prevent food waste should be sought in various
sectors—public, nongovernmental, and market [42].

Food waste and the production of food waste now occur at all stages of the food supply
chain, from production to distribution and final consumption [43,44]; however, in relation
to developed countries, households, which have been identified as key players in the
generation of food waste, undoubtedly have the largest share in this phenomenon [1,45,46].
Nearly 90 million tons of food are lost each year in the EU alone, and households are
responsible for 53% of all food waste [47]. This also applies to Poland, where nearly
5 million tons of food waste is sent to the bin, of which we are responsible for 3 million
tons in our homes. As consumers, we often buy and store too much, and do not plan meals
and purchases. The Institute of Environmental Protection—National Research Institute
reports that, in Poland, every second throughout the year, nearly 153 kg of food are thrown
into the trash in the entire food chain, i.e., from producers, through distribution and
gastronomy, to consumers. We are responsible for 92 kg of this amount, which, for example,
for bread, gives as many as 184 loaves [48]. This may, among other factors, result from
socio-economic development, because, as proved by Parfitt et al. [49]—with an increase
in disposable income and, consequently, a change in lifestyle—the amount of household
waste is constantly growing.

The research results clearly show how important our responsibility at home is on a
daily basis, and, hence, the awareness that we can reduce food waste with little effort. As
adults, we must take care to limit the disposal of food ourselves for the benefit of ourselves
but, most of all, for our children and future generations, to leave the planet in a state no
worse than the present one [50-53]. Household food waste is produced in three certain
stages—during shopping, storage, and serving. This means that food can be bought and
never prepared, prepared and never served, or served and never eaten [54].

An important issue in preventing food waste is the so-called sustainable consumption.
Glowacki et al., making an initial delimitation of circular economy areas as part of sustain-
able consumption, adopted the following assumptions [55]: (1) the focus of sustainable
consumption is the consumer (Latin—consumens)—a person who purchases goods for his
own use; otherwise—a link at the end of the economic chain (the final recipient of goods
and services; and, (2) taking into account the specificity of the project, which is to ultimately
develop a system of measurement indicators related to circular economy, significant from
the perspective of the Polish economy, the areas identified in the Roadmap project were
taken into account as a basis.

Taking the above into account, the following areas of sustainable consumption were
proposed for further analysis: 1. prevention of municipal waste generation, 2. responsible
consumption of food—reducing food waste, 3. education in the field of circular economy;,
4. shared economy in terms of mobility, and 5. energy based on renewable energy sources
(RES) [55].

As part of a partnership between the United Nations and other international organiza-
tions, the first global standard for measuring food loss and waste was created—The Food
Loss & Waste Protocol. This standard enables a broad spectrum of stakeholders, countries,
corporations, and other institutions to measure and inform food waste data in a reliable,
efficient, and consistent manner, thus enabling waste reduction efforts (FLW Protocol) [56].

In conclusion, it can be concluded that, in recent years, many organizations in devel-
oped countries have also made efforts to raise the awareness of various stakeholders and
social groups about sustainable production and consumption, and, above all, to effectively
manage surplus food and to properly address the economic, environmental, and social
effects of food waste. A certain framework for food and waste surplus has also been
developed, establishing a hierarchy of preferred categories of solutions: prevention first
(reducing surplus at source), then recovery (reuse for human consumption), and, finally,
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recycling (animal feeding, energy production, or compost), which is in line with the idea
of a circular economy [12]. Much of the food waste has the potential to be reused in an
industrial symbiosis and is a source of valuable compounds that can be used, for example,
in the pharmaceutical industry [44] but can also be used, for example, as a composter.

3. Materials and Methods
3.1. Study Design—The Choice of the Research Method and Study Area

As already mentioned, food losses both around the world and in Poland are increasing.
Therefore, every year, there is an increasing amount of food waste generated from various
sources [57-59]. Huge amounts of this type of raw material are already wasted in the
household, through irrational food management by consumers, as well as purchasing food
products too often, too much, and not always in a thoughtful and controlled manner.

Hence, in 2021, research was conducted in a group of 384 respondents from Eastern
Poland; their aim was to illustrate the phenomenon of food waste and, above all, to
identify and assess the attitudes and declarations of individual consumers in this area. A
qualitative approach was used for the analysis—tests were carried out using the diagnostic
survey method. The overall ambition of qualitative analysis is to gather large and mixed
knowledge, from various viewpoints, relating to the topics/matters covered by the research.
Hence, the choice of the method used in this study was dictated by the fact that it allows
information to be obtained about both subjective and objective states of the respondents.
The use of a questionnaire as a research tool also allows for appropriate processing of the
obtained data [60-62].

According to Hanssen et al. [63] estimates of the amount of food wasted vary from
country to country, but also between different regions of the country. As added by Garcia-
Garcia et al. [64], differences in estimates of food waste may result from different definitions
and methodologies used by researchers. In addition, despite numerous national studies,
conducted mainly in developed countries and regions of Europe and North America,
some regions are somewhat omitted in the literature on food waste and management,
mainly countries and regions of Southern and Eastern Europe [65-67]. As Florkowski
et al. adds [67], data on food waste in households are usually specific to a specific area. In
addition, national large-scale research may be costly or ignore differences in food waste
due to the location of households, including rural and urban environments, or regional
differences and related consumption choices.

Therefore, the region of Eastern Poland was selected for the study, with an emphasis
on the Lubelskie Voivodeship, because this region is one of the 20 poorest regions of the
EU [68]. It seems that this may be important in the context of wasting food, because
the inhabitants of the region of Eastern Poland have a relatively lower income than the
inhabitants of, e.g., Central or Western Poland, which may result, on the one hand, in
cost-effective expenses, including food purchases, and, on the other hand, a higher share
of food expenditure in relation to other types of products or services. Ultimately, this
may result in greater care for the consumed food, and, consequently, throwing it away in
smaller amounts.

3.2. Survey Questionnaire as a Research Tool

A structured questionnaire, distributed only via the Internet, was used as a research
tool. The survey was anonymous and the respondents were informed about its assumptions
and purpose, and voluntarily decided to complete it.

The questionnaire used in the author’s own research consisted of two parts—the
metric and the substantive part. The metric part of the questionnaire made it possible to
obtain basic information about the respondents in order to make their socio-demographic
characteristics later. The grouping variables were the respondent’s descriptive features,
such as gender, age, and place of residence. On the other hand, the second part of the
substantive questionnaire made it possible to provide information on the research problems
posed. It contained closed-ended, single- or multiple-choice questions. In some questions,
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it was still possible to include your own answer if none of the suggested variants fully
reflected the attitudes, behavior, or feelings of the respondents. The respondents were
asked mainly about whether they waste food, how often they do so, and, above all, what
are the main reasons why they do so.

3.3. Research Sample

It was thought that the probe sample would be at least 350 units—inhabitants of
Eastern Poland. One of the nonrandom methods of selecting the research sample was
used—purposeful sampling. The benchmark of proposed choice was the realization by
the participants of the research of the criteria defining the categories of grouping variables
included in the metric part of the survey questionnaire. The purpose of this approach of
choosing the research sample was to make a sample close to the representative sample [69].

In the research sample, the distribution of respondents by gender was basically the
same, because there were 194 women (50.5%) and 190 men (49.5%). The largest group of
respondents in terms of age was 19-25 years old—168 people, which constitutes 43.8% of all
respondents; the remaining groups were relatively similar in number: under 18—58 people
(15.1%), 41-65 years old—b56 people (14.6%), people aged 26—40 years—70 respondents
(18.2%), and over 65—32 people (they accounted for 8.3% of the survey respondents).

In the case of the last metric variable, i.e., the place of residence, the greatest num-
ber was people living in rural areas—112 respondents (29.1%), people living in cities
with up to 100,000 inhabitants—94 people (24.5%), people living in cities of 100,000 to
300,000 inhabitants—104 people (27.1%), while people living in the largest cities—those
with more than 300,000 inhabitants—accounted for 19.3% of all respondents (74 people).

3.4. Data Analysis

Due to the fact that a qualitative approach was used to conduct the research, it was
necessary to use appropriate methods so that the results of the qualitative analysis would
allow for a reliable and unambiguous interpretation of phenomena and giving meaning
to the responses of the study participants [70,71]. For this purpose, two main methods of
statistical data analysis were used—cluster analysis and correspondence analysis.

In order to distinguish groups of respondents who showed similar behaviors in
relation to the consumption of food, in the first step of the assumed research procedure, a
cluster analysis was carried out for this purpose. It is a series of multidimensional statistical
collection methods, including data segmentation, to extract homogeneous objects from
the population studied. A complete dataset is divided into data groups. This aims to
obtain clusters that comprise similar elements but that differ from the elements of other
groups [72-74].

Then, due to the nature of the research variables (qualitative variables), the correspon-
dence analysis method was used; it was carried out in relation to three selected variables,
i.e., gender, places of living, and food waste declaration.

Correspondence analysis involves the description and exploration of bidirectional
and multidirectional arrays. It uses indicators that characterize the relationship between
columns and rows. These results provide the information needed to analyze the structure
of the qualitative variables in the table [75-77]. The result is a two-dimensional quota
table where the frequency in the quota table has been pre-normalized. This allows you to
calculate the relative frequencies in all fields (cells) of Table 2. One method of presenting the
goals of a typical analysis is to show the relative frequencies as distances between individual
rows or columns in a space with a few dimensions. In this analysis, inertia is defined as the
quotient of the Pearson chi-square statistic calculated from a bidirectional table to an integer
(in this example, the total is 384). The total inertia is a measure of the profile scattering
around the respective average profiles. It should be added that the dimensions are set
in such a way as to maximize the distances between the points representing the rows or
columns. Successive dimensions (independent or orthogonal to each other) always explain
smaller parts of the general square chi (i.e., also inertia).
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Table 2. Food consumer research in Eastern Poland—Dbasic characteristics.

Description Characteristic

- collecting research material enabling the segmentation
of food consumers due to certain determinants
Research objectives determining their behavior in the use of food
- identification of food consumers’ attitudes towards the
market situation and presentation of the translation of
these attitudes into market habits

Research object individual food consumers

Type of research qualitative research

Research method and technique  online survey

proprietary survey questionnaire posted on the

Research tools Google platform

Selection of units for research nonrandom, targeted

individual food consumers, a group differentiated by sex, age,

Sample selection criteria and place of residence

Sample size 384 people
Spatial scope Eastern Poland
Time range January—June 2021

In correspondence analysis, the term inertia is used analogously to the concept of
moment of inertia in applied mathematics, which is defined as the mass integral multi-
plied by the square of the distance from the center of gravity (or to the notion of variance
in statistics).

The analysis of statistics and charts resulting from the correspondence analysis al-lows
for intuitive inference about the relationships between the categories of variables.

Data analyses were carried out on the basis of the statistical processing software
Statistica 13.3 (Set Plus, version 5.0.96, license for University of Life Sciences in Lublin) and
Excel 2013 (Microsoft Office Professional Plus 2013, license for University of Life Sciences
in Lublin).

Table 2 presents basic information on research, methods, and tools, as well as sample
selection criteria, which were implemented for the purposes of this publication.

4. Results and Discussion
4.1. Preliminary Research Results as a Background for Further Analyses

In the initial phase of the analyses, efforts were made to summarize the obtained
results in a consistent and unambiguous manner, so as to provide a background for more
advanced statistical analyses.

The conducted research shows that more women than men deal with household
purchases. With regard to the variable grouping “age”, it can be stated that the vast
majority of respondents aged over 65 write down what they want to buy. On the other
hand, among young people, aged 19-25, there is a certain discrepancy—some of them write
down a shopping list and the rest do it sometimes or not at all. These differences may result
from the fact that some of the respondents from this group have their own families or are
orderly people, and the rest lead a busy lifestyle and do not have time to write down what
they really need. The latter behaviors are responsible for the fact that these people buy
more than they should and, consequently, are forced to throw away unused products many
times. In turn, respondents aged 2640 and 41-65 mostly answered that they made a list
before going shopping; this is due to the fact that these age groups are usually responsible
for running a household and supporting a family.
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For the vast majority of the population living in the countryside, food ends up in
the basket sporadically. In second place in this respect are respondents from cities with
100-300 thousand residents, which may be the result of increased awareness and rational
shopping among consumers. It is very satisfying that only a few respondents throw away
food every day. It is also worth emphasizing that a dozen or so people declared that they
never throw away food.

According to the respondents’ answers, leftovers from meals as well as fruit and
vegetables most often go to the trash; the latter are classified as perishable food and quickly
putrefy if not stored properly, and eating spoiled fruit and vegetables is harmful to the
human body. Bread was ranked second in terms of the amount of food thrown away in
households. Among the respondents, fish and their products are discarded the least; this
may be the result of high prices and good-quality fish. Few people replied that they throw
pasta and groats into the trash because it is a durable food and does not deteriorate as
quickly as other products.

Similar conclusions were also reached by Jungowska et al. [78], where the obtained
results indicated that meat products and dairy products, as well as vegetables and fruit,
were characterized by the highest frequency of wastage. Also, research by Jorissen et al. [66],
conducted among German and Italian households, confirmed that the most wasted prod-
ucts are vegetables, fruit, and bread. Fanelli [79] came to slightly different conclusions,
according to which bread (21%), pasta (18%), fresh fruit (14%), vegetables (11.5%), and milk
(10%) were the products that were wasted the most (74.5%). However, it seems that the
presence of pasta in this comparison may result from the cultural specificity of Italy.

4.2. Cluster Analysis in Relation to Consumer Declarations of Throwing or Not Throwing
Food Away

In accordance with the assumed research procedure, the next stage of research was
to conduct a cluster analysis. Object-oriented grouping in the presented cluster analysis
is based on data mining, thanks to which it is possible to divide the (multidimensional)
dataset into groups in such a way that the elements in the same group are like each other,
and as different as possible from the other elements’ groups. Due to its similarity to a tree,
this representation is called a dendrogram.

Therefore, in Figure 3, using the hierarchical method of cluster analysis (Ward’s
method [74,80]), the entire sequence of combining these clusters in the form of a dendro-
gram is presented in a graphical manner.

Tree diagram
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Figure 3. Dendrogram of hierarchical cluster analysis using the Ward’s method.
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In the dendrogram presented in Figure 3, three clusters have been specified, where
elements were grouped into relatively homogeneous classes, making it easier to distinguish
their basic features—similar within a given class. The base of grouping was the similarity
between the items—indicated by the similarity function (metric). We obtain groups of data
by truncating the dendrogram at any level; in the case of the dendrogram shown in Figure 3,
the cut-off was made when it was possible to distinguish three characteristic clusters (cut-
off points are marked with symbols: C1, C2, and C3). In the case of these clusters, the
distances are relatively the largest, which means that these groups of respondents differ
from each other in the answers given.

Table 3 presents the statistics of significance tests and chi? parameters referring to
membership in clusters in the context of food thrown away by consumers.

Table 3. Statistics belonging to clusters in the context of food being thrown out by consumers.

Statistics X2 df p
Chi? Pearson 768.0000 df=8 p = 0.0000
Chi? NW 803.1489 df=8 p =0.0000

As can be seen from the data presented in Table 3, there is a high correlation according
to the test results obtained between the respondents who were classified into particular
clusters and in relation to the answers given by the respondents about throwing away food.

On the basis of the analyses, an interaction chart was then created that shows the
similarity in the opinions and behaviors of respondents between groups (in this case,
clusters), representing specific attitudes of respondents in the field of food waste (Figure 4).

Interaction graph
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Figure 4. Food throwing event interaction graph in relation to cluster membership.

On the basis of the conducted analysis and the distinguished three groups of clusters,
it can be seen that, in the first group, the most numerous group of people was those who
declared that they do not throw food away. The second group consists of people who
definitely do not waste food and people who rather do it; here, the number of responses
was similar, although the responses are significantly different from each other. The third
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group of respondents are people whose number of responses is significantly higher than
the others, and these are people who sporadically admit that they throw away food.

The personal beliefs of consumers, their attitudes, and declarations are extremely
important in the analysis of the issue of food waste—as research by other authors has
shown—household care for proper food management and its use in accordance with the
principles of the circular economy is a predictor of its reduction [81] and can increase
the desire to avoid wastage in the household [82,83]. However, there is a literature gap.
Implementation of these intentions into practice has not been estimated. In food waste,
there is most likely a significant gap between consumer attitudes and behavior. They can
deal with a similar relationship in environmental issues [84].

Table 4 shows the significance of the relationship between the distribution of the fre-
quency of responses in one variable with respect to the other variable, while Figure 5 shows
the distribution of responses for each of the three clusters identified in the statistical analysis
performed above with respect to the frequency of food throwing out by respondents.

Table 4. Statistics belonging to clusters in the context of the frequency of throwing food away
by consumers.

Statistics X2 df 4
Chi? Pearson 148.5032 df=8 p = 0.0000
Chi? NW 172.5425 df=8 p = 0.0000
Box plot
every day |
never t
2-3times aweek u] *
occasionally = —=
once aweek 4
0O Median

[] 25%—75%
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2 3 1

Belonging to clusters extreme

Figure 5. Box plot belonging to clusters in the context of the frequency of throwing food away
by consumers.

Analyzing the obtained statistics of significance tests and Chi? parameters, presented
in Table 4, it can be concluded that there is a high correlation according to the test results
obtained between the respondents who were qualified for particular focus and in relation
to the answers given by the respondents about the frequency of throwing food away.
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When analyzing Figure 5, it can be concluded that cluster 1 indicates that the respon-
dents declare throwing away food only sometimes. In the case of cluster no. 1, due to
outlier values, it is difficult, however, to clearly define this group of respondents.

The second cluster refers to the responses of respondents that, most often, food is
thrown away by them 2-3 times a week, but there are also other responses indicating
even greater consumer awareness and even less wasting of food products (occasionally
and never).

Cluster no. 3 is mainly respondents who admit that the frequency of throwing food
away is sporadic or that they do so no more than once a week, which, again, shows positive
declarations and attitudes of consumers towards the studied phenomenon.

The obtained results apply to both women and men. This is consistent with the
results of the 2019 research by Bilska and her team [45]. They concluded that there was no
correlation between the frequency of product throw away and gender. Therefore, it can
be assumed that both women and men—if necessary—decide to “throw away” food in
their households.

4.3. Analysis of the Impact of Selected Variables Grouping “Gender” and “Place of Residence” on
the Attitudes and Declarations of Respondents in the Aspect of Food Waste

In order to deepen the analyses, in accordance with the next stage of the assumed
research procedure, a correspondence analysis was then carried out to check whether
the selected grouping variables—gender and place of residence—affect the attitudes and
declarations of the respondents. The qualitative variables that were intended for analysis
were nominally scaled. Table 5 presents basic information on eigenvalue and inertia.

Table 5. Information resources factors.

Eigenvalues and Inertia, Total Inertia = 0.11177, X% = 4435.0, df = 28, p = 0.00000

Number
of Dimensions Singular Value Eigenvalues Percentage of Inertia =~ Cumulative Percentage x>
1 0.260644 0.067935 60.77953 60.7795 2695.542
2 0.179531 0.032232 28.83645 89.6160 1278.882
3 0.104832 0.010990 9.83210 99.4481 436.049
4 0.024838 0.000617 0.55192 100.0000 24.477

According to the information presented in Table 5, it can be concluded that, with one
dimension, 60.78% of inertia can be explained, which means that the relative frequencies
that can be reproduced from one-dimensional information can reproduce 60.78% of the
total value of the chi-square statistic (and, thus, also inertia) for this divisional table; two
dimensions allow the explanation of as much as 89.62%, which means that, with two
dimensions, it is possible to recreate almost 90% of inertia, i.e., 90% of the total value of
the chi-square statistic. It is known from the literature that, if the total inertia exceeds 75%,
we can consider the two-dimensional space as a good representation of the initial data. It
should be added that the connection of inertia with the value of the chi-square test shows
that there is a high chance of a significant relationship between the rows and columns of
the multi-way table.

Figure 6 shows the results obtained from the analysis of the correspondence between
the respondents’ sex and place of residence and their declarations of not wasting food.
The grouping variables used in the analysis (gender and place of residence) are often
used in consumer research. Also, in terms of the socio-demographic characteristics of the
respondents, they capture factors identified in previous studies as related to food waste.
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Figure 6. Correspondence analysis results between three groups of characteristics—gender, places
of living, and food waste declaration. Where: F—female; M—male, RA—rural area, C < 100—
city to 100.000 residents, C 100-300—100.000-300.000 residents, C > 300—city with more than
300.000 residents.

Four groups of respondents can be distinguished, with a clear structure of indicators
(Figure 3); the first group (A1) consists of men living in smaller cities and towns (up to
100,000 inhabitants and 100-300,000 inhabitants), who admit that that they rather waste
food. The second group (A2) were women living in rural areas and large cities (over
300,000 inhabitants), who declare that they do not throw away food. The third (A3) is made
up of men living in rural areas who definitely waste food, while the fourth is composed of
the most average women living in medium-sized cities (from 100,000 to 300,000 inhabitants)
and men from large urban agglomerations—cities with more than 300,000 inhabitants—who
admitted that they sometimes suffer from food waste (A4).

The obtained results seem to be correct and may reflect regularities in the general
population. Women are rather perceived in society as individuals who care more about
the proper management of purchasing, preparation, and consumption of food products.
This is especially true of women living in large urban agglomerations, which are better
educated and are characterized by a higher level of consumer, economic, and environmental
awareness. The same may be true of women living in rural areas. On the one hand, it
may be due to the fact that they are equally educated and aware people, working in large
cities but living on its outskirts or in the villages. On the other hand, however, it should
not be forgotten that people living in rural areas often live off the natural economy, which
results in their increased respect for food and care for the best use of all products, without
having to throw them away—by trying to, with the circular economy concept, ensure their
best possible reuse. Mattar and his team also concluded that rural households are a lesser
contributor to food waste [85].
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In turn, men seem to have a slightly different approach to the issue of managing the
purchase and consumption of food products, without paying much attention to it. The
place of their residence does not matter, as all men, to a greater or lesser extent, admit
that they waste food. This may be due to, inter alia, their ignorance (whether conscious
or unconscious) of the principles of proper planning of purchases, meals, food storage
conditions, etc., which is consistent with the results obtained by Bravi and team [6], who
showed that improper food economy in the household is positively correlated with the
frequency of wasting food in the household and with research by other authors [86,87], who
concluded that cooking in excessive amounts and improper storage of food also contributes
to the phenomenon of throwing food away.

The situation may also result from the fact that women plan shopping and meals
more often than men, drawing up shopping lists, which is also confirmed by the results of
research obtained by Bilska and her team [45].

Research by Secondi et al. [88] confirmed the strong relationship between the amount
of food thrown away in households and the gender of the respondents, who concluded that
women seem to be more aware of food waste than men and, consequently, women’s be-
havior contributes less to food waste than men’s behavior. Other authors [89], Refs. [90,91]
also concluded that women produce less food waste and Fonseca [80] showed that men
are likely to waste more food than women. In turn, Qian et al. [4] found that women have
a higher awareness and ability to detect and cope with eating problems. Also, studies
conducted in Eastern Poland by Florkowski et al. [67] showed that males generate more left-
overs than females, maybe because of the fact that they usually tend to eat larger amounts
of food.

Gender, thus, appears to be the most basic sociodemographic variable that potentially
influences the intention to reduce food waste. However, another grouping variable, the
place of residence, also seems to be important. Various studies confirm that this variable
may have an impact on consumer behavior in terms of food waste [45]. Secondi et al. [88],
Hanssen et al. [63], and Mattar et al. [85] found that people living in small or medium-sized
towns or in big cities are more likely to waste more food than people living in rural areas.
Also, research carried out by Cecere et al. [89] shows that people living in urban areas
generate more food waste. It is not fully correlated with the results of our own research;
however, the obtained results may be determined by many different situational factors.

Other quantitative studies (based on EU data) show that there is no differentiation
between urban and rural households in terms of food waste [92]. It should be emphasized
that the place of residence may, however, determine attitudes. These will influence various
food waste behaviors [93,94].

4.4. Analysis of the Causes of Food Waste in Terms of Gender and Place of Residence

In the conducted research, the causes of food wastage were also analyzed in the
opinion of the respondents, first in relation to the entire research sample, and then in terms
of the previously analyzed grouping variables, i.e., gender and place of residence, because,
as in the research conducted by Bilska et al. [45], missing the expiry date—as one of the
main causes of food waste—depends mainly on the place of residence.

The vast majority of respondents (67%) replied that the main reason for throwing food
away in their households is the process of food spoilage. Another factor of such behavior is
the expiry of the use-by date. Only a few responded that the immediate reason for throwing
away food is too much of the food purchased.

Similar results were obtained by Richter and Bokelmann [95], who stated that the most
common reasons for discarding were that the food has become moldy or spoiled, and that
the best-before date has expired. According to research carried out by the Federation of
Polish Food Banks, the most frequently mentioned reasons for wasting food were the lack
of an expiry date on the product packaging (29%), excessive shopping (20%), too large
portions of meals (15%), poor quality of food products (15%), inadequate storage of articles
(13%), lack of ideas for the use of ingredients (5%), and not using a shopping list (1%) [78].
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This is also confirmed by the results obtained by Bilska et al. [45]; they stated that the vast
majority of respondents throw away food due to deterioration (65.2%) and exceeding the
expiry date (42%).

In turn, the results of an in-depth analysis of the causes of food waste in the surveyed
households are shown in Figure 7.
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Figure 7. Reasons for food wastage in the opinion of respondents due to gender and place of
residence: (a) female; (b) male, where: RA—rural area, C < 100—city to 100.000 residents, C 100-300—
100.000-300.000 residents, C > 300—city with more than 300.000 residents, and variables: X1—the
use-by date has passed, X2—the product has broken down (mold visible and rancid smell), X3—I do
not like it, X4—the use-by date is approaching, X5—products are on the date “but they don’t look
nice”, X6—too much has been bought, X7—I do not throw out, X8—I feed domestic animals.

The analysis shows that the main reason for wasting food, in all groups, both in terms
of gender and place of residence, is that the food has broken down (mold is visible and
rancid smell)—X2; this trend is especially visible among women living in large cities (over
300,000 inhabitants). In addition, a common answer was that the date for consumption has
passed (X1); especially in the responses of women living in medium-sized cities and men
living in rural areas, this situation is clearly visible.

Similar conclusions were reached by Mackova et al. [96]; according to them, the main
reasons for wasting food for this type of people are the expiry of the terms “use by” or
“best before”, loss of food quality, spoilage during storage, bad appearance, and bad taste;
each of these facts is a reason to throw away food.

Summarizing all the analyses carried out, it can be stated that the obtained results
seem to be promising; they indicate relatively positive attitudes of Polish consumers.
Consumers seem to be increasingly aware of the problems associated with food waste and
also see their active role in preventing them [97]. However, despite consumer concerns,
food waste remains very high. It should probably be taken into account here, i.e., the fact
that it may refer to the declared and not actual attitudes of the respondents. Hence, the
research carried out by the authors may constitute a starting point for further, in-depth
research in this area, relating, inter alia, to determinants of the phenomenon of food waste
in households or indication of factors or behaviors (such as planning purchases, planning
meals, managing food stocks, and knowledge of the rules of storing food products), which
may allow avoiding excessive purchases caused by, e.g., promotional campaigns and,
consequently, reduce the phenomenon of excessive waste of food and food products. It is
also consistent with the postulations of other researchers [83,85,97-99].
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5. Conclusions

Food waste is a complex and multidimensional issue as it does not reflect individ-
ual consumer behavior and cannot be attributed to individual variables; rather, it is the
result of many overlapping factors and determinants, such as daily eating and purchas-
ing practices, as well as the way a household plans, manages, prepares, consumes, and
stores food [84,86,97,100]. It also requires a stronger integration of different disciplinary
perspectives [1], as well as a broad approach to analysis taking into account several factors
at the same time [6]. Various studies can be found in the literature indicating, for example,
the fact that food consumption management is of key importance in reducing food waste;
households with better food consumption management generate less food waste [101].
Hence, the identification of attitudes, motives, and determinants of consumer behavior in
the area of food waste generation will allow a better understanding of household practices,
and, consequently, will enable the development of strategies to prevent food waste [1].

Therefore, in order to present the essence of the phenomenon of food waste and
the production of food waste by one of the links in the food chain, which are individual
households, research, analysis, and considerations were carried out, which allowed the
following conclusions to be drawn:

1.  The respondents declare that food is thrown away rarely or very rarely, which may
indicate positive attitudes of consumers towards the studied phenomenon. The
obtained results refer to both women and men.

2. The analysis of the correspondence made it possible to distinguish four groups of
respondents, with a clear structure of indicators: (Al)—men living in smaller cities
and towns, who admit that they rather waste food; (A2)—women living in rural areas
and large cities, who declare that they do not throw away food; (A3)—men living in
rural areas, who definitely waste food; and (A4)—women living in medium-sized
cities and men from large urban agglomerations who admitted that they sometimes
suffer from food waste.

3. Gender seems to be the primary sociodemographic variable that potentially influences
the intention to reduce food waste—women tend to try not to waste food and care
about the proper management of purchases and the consumption of food products;
men, on the other hand, more or less admit that they are wasting food.

4. Place of residence is another grouping variable that seems to be also important—it can
determine attitudes and, thus, influence various behaviors related to wasting food.

5. The main reason why food is wasted among the respondents is that the food has
broken (mold is visible and rancid smell), but a common reason is also the fact that
the best-before date has expired; it was noticed especially by women living in smaller
cities (100-300 thousand inhabitants) and men living in rural areas.

6.  The obtained results indicate relatively positive attitudes and a relatively high level of
awareness of Polish consumers in the aspect of food waste. Nevertheless, the level of
food waste in Poland is still very high. The resulting discrepancy may result from the
difference between the declared and actual attitudes and behaviors of the respondents.

Hence, further, in-depth research concerning, first of all, the identification of the
factors determining the level of food waste in households seems extremely important,
because proper understanding of them will, consequently, allow for the development and
implementation of effective educational programs aimed at consumers, which will then
allow them to increase their awareness in the area of food and food product waste.
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