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ABSTRACT
Food waste contributes to social inequalities and sustainability issues source
overuse and environmental harm. The United Nations Sustainable t Goal 17

highlights the importance of reducing food waste to address hungg ote a sustainable,
economically viable global food system. This paper examines the ic d¥ferences in food
waste levels among European Union member nations and analyses\Qie associations between
food waste and diverse environmental, geographic, socia, onom?® indicators, including

reduction methods, non-trivial multivariate con
parameters were identified, allowing for the c atioWPof countries based on a few

roups: (1) those with elevated food
ibution stages; (2) those with lower waste
in these domains yet greater waste in resfgurants@nd households; and (3) those with all of their
food waste components are smal al to the average. The multivariate linear
correlation between the PCA fa -economic parameters is non-significant, but a
few (non-linear) regularities cg d: five of the six countries of the first group above
are characterized by plai
observed is that former Eg ountries belong to the third group. The research findings
orm the efforts of environmental experts, professionals and
ircular economy and waste management domains. This
e development of more effective strategies aimed at mitigating food
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INT CTION

Food waste is a complex issue influenced by various factors, including the perishable nature
of food, unpredictable supply and demand dynamics, limited control over production factors, as
well as social elements like household composition, lifestyle choices and eating habits. Both
private and public stakeholders may prioritize other concerns, such as profit maximization or
regulatory compliance, over addressing food waste. The inefficient use of technology in the supply
chain, organizational weaknesses, inadequate legislation and lack of awareness about proper
consumption further worsen the problem [1].
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In the near future, food production will face numerous challenges as the world's population
continues to grow, and per capita intake of calories, protein and cereals is expected to increase
further. According to the World Resources Institute, feeding 9-10 billion people by 2050 will
require a 70% increase in food calories compared to 2006 levels. Mitigating food waste is a
potential approach to achieving a sustainable food supply, but it alone cannot completely solve
the problem. According to UNEP, in 2016, a total of 931 Mt of food was wasted from households,
retail establishments, and the food service industry, which suggests that 17% of total global food
production may be wasted [2]. It is reported that 61%, nearly 570 Mt, of this waste comes from
households, 26% from food service, and 13% from retail. The average global per capita food
wastage stands at 74 kg, with minor difference between various income level countries (high-
income countries: 79 kg/capita/y, upper middle-income countries 76 kg/capita/y, lowez middle-
income countries: 91 kg/capita/y). This indicates the necessity of improvement in ngst gations
irrespective of their economic status [2].

The EU generates over 58 Mt of food waste annually [3], with a market valuefe
billion euros [4]. According to Eurostat estimation, approximately 10% of fag
consumers may be wasted across retail, food services and households. A
than 37 million people cannot afford a quality meal every second day

The total food waste data for EU-27 is 130 kg/capita in 2020, inci@ SUkg/capita (9.4%)
for primary production, 26.85 kg/capita (20.6%) for manufacturggRgon cts, 8.95 kg/capita
(6.9%) for retail and other distribution, 11.86 kg/capita (9.1% cstaBrants and food services
and 70.25 kg/capita (54%) for households [3].

The analysis of the reviewed literature clearly demgfistrgs that food waste is an extremely
complex issue influenced by numerous factors, 4
unpredictable supply and demand dynamics, and€li

Additionally, social elements such as house}&‘ igon, lifestyle choices and eating habits

play a significant role. Both private and publfc stakeho¥ers often prioritize other concerns, such

as profit maximization or regulatory congpliance, which further exacerbates the problem of food
waste. Previous research has shown ghaf§gonsulhers' perceptions, behaviours, attitudes, beliefs,
and values regarding food and was{€ arggth ary factors driving food waste and loss [7].

Food waste has numerg vigghmental, economic and social consequences.
Unnecessarily wasting resouf food production, such as water and energy, places a
significant burden on thg anment. Food waste accounts for approximately 6% of total
greenhouse gas emissid Onomically, food waste represents a substantial loss for both

producers and cong# Y
where it is a serio @ pnl. Much of this wastage occurs at the point of consumption in the
developed wi IMILbghe factors lead to the discarding of edible food that could have been
consumed r%ﬁ unnecessary waste and its associated negative impacts [10].

101 pounds present in food waste offer promising opportunities to convert

into value-added products across diverse fields [11], such as nutritional foods,
iosurfactants, biofertilizers and single-cell proteins, which have identified food

and lipid-rich residues, can be utilized for the synthesis of various biopolymers,
including polyhydroxyalkanoates, starch, cellulose, collagen and others [13]. Studies
conducted in Malaysia have demonstrated the public's favourable reception of rice crackers
produced from rice food waste [14]. Furthermore, the people's willingness to pay a specific
amount to process their food waste suggests a high potential for the marketability of food waste
recycling [14].

Repurposing food waste into energy also offers potential economic and environmental
advantages within a circular economic framework. Food waste can be addressed through a
range of treatment methods, encompassing thermochemical (incineration, pyrolysis,
gasification, torrefaction and hydrothermal carbonization), biological (anaerobic digestion,
composting, aerobic fermentation, dark fermentation and photofermentation) and chemical



processes (transesterification) [15]. The environmental impacts of the various methods were
thoroughly examined through life cycle assessment studies. Based on this comparative
analysis, anaerobic digestion emerges as one of the most effective conventional approaches,
while esterification, gasification and hydrothermal carbonization prove to be the superior
thermochemical methods [16].

Reducing food waste is crucial not only for environmental sustainability, such as resource
exploitation and greenhouse gas emissions [17] but also for economic and social reasons as
well as addressing food insecurity [18]. Various methods can be used at the household level to
reduce food waste, including meal planning and mindful shopping [19], proper food storage
such as refrigeration or freezing, creative repurposing of leftovers into new meals, composting
food scraps instead of discarding them, and donating excess food to local food banks ogshelters
[20]. Increasing the efficiency of food production and transport is also crucial ingfreygntion
efforts [21].

Community dining venues such as school canteens and university cafetg . ploy
various strategies to mitigate food waste, including testing spoons, awareng . Jns, plate
waste tracking, guest forecasting tools, reducing plate and utensil sites, g @ nicnu options,
adapting online prebooking meal system etc. [22]. According to rese ggndugted in Swedish
school canteens, awareness campaigns proved most effective in r c waste (by 13 g
per portion), while forecasting and plate waste tracking intervgmmgmg€werc most successful in
reducing serving waste (by 34 and 38 g/portion) [23].

The paper focuses on examining geographical variations in fO&] waste quantities within EU-
countries and its possible connection with various eny gntal, Social and economic factors
including selected indicators of Sustainable Develo

comparison of food waste behaviour across cou regions [24].

In our previous work [25], correlationfCocfticierf®calculation was used to find the relationship
between food wastage and predefinedgenWironm@ntal, economic, and social indicators. However,
the results did not reveal any nongfivigh c ctions between food waste and social-economic

parameters. It is assumed that t some connections, but a more sophisticated method
is needed to uncover them be ct of unknown parameters and measurement error bias
them. Two methods wer find non-trivial multivariate connections between food waste
and other parameters: s clustering method and the principal component analysis

method. In our pre E“ ak, the K-means clustering method was applied to find the groups

every group
in food wagte

VIt Sguldlbe proven by cluster analysis that historical past has a significant role
ram@ers, and several significant differences between socio-ecological parameters
; wpaper, the results of the examination based on the Principal Component
Anal ethod are introduced.

integra®®d, multidimensional analysis of food waste profiles across EU member states. These
findings are not only relevant to the academic community but also hold practical significance for
professionals and policymakers in the fields of circular economy and waste management,
facilitating the development of more effective strategies.

DATA AND METHODS
Data

The research is based on the datasets of the Statistical Office of the European Union, which
have been published on the Eurostat website. The quantitative assessment commenced by



collecting relevant tabular data from Eurostat about food waste datasets for the EU-27 Member
States for 2020, as well as thirty-three selected environmental, geographical, social, and economic
indicators that are assumed to have connections with food waste generation. The basic year (2020)
was selected due to the availability of comprehensive data-set at the time of manuscript
preparation. Table 1 provides a summary of the indicators investigated during the research.
Regarding the six types of food waste data, the total amount of food waste (TOTAL) consists of
the sum of the following 5 food waste parameters (Eq. (1)): food waste from primary production
of food (FP), manufacture of food products and beverages (MFP), retail and other distribution of
food (RDF), restaurants and food services (RFS) and the total activity of households (HHA):

TOTAL = FP + MFP + RDF + RFS + HHA (1)
Table 1. Selected indicators for the research m

Abbreviation Indicators Reference
TOTAL Total (aggregate changing according to the context) - Food Waste (t, [26]

kg/capita)
FP Food waste from primary production of food - agriculture, fishing and [26]

aquaculture (t, kg/capita)
MFP Food waste from manufacture of food products and beverages (t, kg/capita) [26]
RDF Food waste from retail and other distribution of food (t, kg/capita) [26]
RFS Food waste from restaurants and food services (t, kg/capita) [26]
HHA Food waste from total activities by households (t, kg/capita) [26]
AOQOF Area under organic farming (% of total utilized agricultural area) [27]
COFP Consumption footprint (per inhabitant) [28]
CMR Circular material use rate (%) [29]
ELET Early leavers from education and training by sex (%) [30]
FECH Final energy consumption in households per capita (kg of oil equivalent) [31]
GDP GDP and main components (output, expenditure, and income) (current [32]

prices, million euro and per capita)
GVAEGS  Gross value added in environmental goods and services sector, reference year  [33]
2010 (million euro and per capita, chain-linked volumes at 2010 exchange

rates)
GWHP Gross weight of goods handled in all ports by direction - annual data (kt) [34]
HCOR Housing cost overburden rate by poverty status (%) [35]
IAF Inability to afford a meal with meat, chicken, fish (or vegetarian equivalent) [36]
every second day - EU-SILC survey (%)
MF Material footprint (tonne/capita) [37]
MSDR Severe material and social deprivation rate (%) [38]
MWG Municipal waste by waste management operations (kt and per capita) [39]
NSFET Nights spent at tourist accommodation establishments by residents/non- [40]

residents (number)
POP2020  Population on 01.01. 2021 - total (number)
POPCHG  Difference between population 01.01. 2021 and 01.01. 2020 (%)

[41]

[41]
POPCHTOT Crude rates of population change, total (%) [42]
POPCHNAT Crude rates of population change, natural (%) [42]
POPCHMIG Crude rates of population change, migration + statistical correction (%) [42]
PPGDP Purchasing power adjusted GDP per capita (GDP/capita in purchasing power  [43]

standards)

PUKHW Population unable to keep home adequately warm by poverty status (%) [44]

REG_URB Region type: Urban (% of the total area of the country) [45]



REG_INT Region type: Intermediate (% of the total area of the country) [45]

REG_RUR Region type: Rural (% of the total area of the country) [45]
REG_COA Region type: Coastal (% of the total area of the country) [45]
REG_MOU Region type: Mountain (% of the total area of the country) [45]
REG_ISL  Region type: Island (% of the total area of the country) [45]
REG_BOR Region type: Border (% of the total area of the country) [45]
RMRPG Relative median at-risk-of-poverty gap (%) [46]
RMW Recycling rate of municipal waste (%) [47]
RPS People at risk of poverty or social exclusion (thousand persons and per [48]
capita)
TEA Tertiary educational attainment by sex (%) [49]
WGPC Waste generation per capita (kg/capita) [50]
According to the methodology of the EU database, geographical data such or

REG_MOU are based on the population parameters of the regions. Therefogmi
zero if there are mountains in the country, but no region has a domin,
population.

Investigation procedure

Every country has five food waste parameters of different food waste generated by the
primary production of food (FP), the manufacture of fogeagroducty and beverages (MFP), the
retail and other distribution of food (RDF), restaurant @ d services (RFS), and households
(HHA) (see Table 1). Mathematical methods for a ing¥Qog@waste characteristics handle these
parameters as five-dimensional vectors. One poggi to analyse this 5-dimensional data
set is clustering, which was performed in our [24]. Another method is reducing the
dimension of the data set.

A classical method of dimensionalityfteduction is Principal Component Analysis (PCA) [51],
which begins by calculating the avgfage Sgcta# of the set and then determining the difference
between each vector and the mean 1. The next step is finding the direction in which the set
of these difference vectors igg € ted — representing the “most important” one — and

characterising it with a ynitNgg ector. Then, the subsequent (second, third, etc.) most
important directions tha h8gonal to the previous ones are calculated. In our case, it means
that there are five 5-dj dOnarwase vectors; however, the first ones are more important than the
subsequent ones. I plications, just the first two or three PCA components are enough
to reproduce t n ensional data points with measurement accuracy. PCA for the dataset
was performef usin it-Learn software

the av nstruction accuracy was 4.51 kg/capita/y for the country data. Although the data
sourc not provide numerical measurement error values, it can be estimated that the average
efdgr of od waste components is approximately within this range. It is noteworthy that the
mai r's components have an average distance from the table data of 13.13; however, with

one PCA component, this error reduces to 7.44 and further decreases to 4.51 when utilising two
components and then to 3.27 with three components - indicating only a small improvement upon
adding a third component. The outcome of PCA resulted that instead of five components for each
country, the mean vector and two base vectors (s1 and s2) were provided for the entire dataset (Eq.
(2)) (see right-side diagram of Figure 1); thus, food waste of each country can be characterised by
using only two components: P1 and P2:

foodwastecomponents ~ mean P1 X s; + P2 X s, (2)

The P1 component encompasses food waste from primary production (FP), the manufacturing
of food production (MFP), and the distribution of food production (RDF). These activities are less



dependent on individual habits and are more reflective of the specificities of the economic sector
(like agriculture, industry, and transportation). The P2 component includes food waste from
restaurants and other food services (RFS) as well as from households (HHA), which are assumed
to be much more strongly influenced by individual consumption, eating, and cooking habits than
in the case of the previous three indicators.

One- and multidimensional linear regression between PCA factors and non-food waste
indicators were applied to find possible linear connections. In the multivariate case, the Lasso
method [52] with 2 to 10 variables was applied. This regression algorithm tries to use as few base
functions as possible to avoid the artefact of overfitting.

Additionally, a visual analysis of plots was performed to find a nonlinear relation between
PCA factors and socio-economic-geographical indicators.

RESULTS

The left diagram of Figure 1 shows the five food waste parameters of the 27@: 1S.
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Figure 1. Food waste compog !

While there are peéi e vartiations in the quantity of various components, it is evident that
different types of db \ be identified: some exhibit a high value of food waste from the
manufacture products and beverages (MFP) but relatively low food waste from retail
and other digtributign 0t food (RFS), while others show values above the average for both

rthgless, recognizing patterns in this diagram proves to be challenging.
ws EU members in the P1-P2 plane after conducting PCA on the dataset. The

FP MFP RDF RFS HHA FP MFP RDF RFS HHA

(

manufacturing of food production), FP (food waste from primary production), and RDF (food
waste from distribution of food production), according to the s1 base vector. Meanwhile, they have
approximately zero P2 values, which includes food waste from restaurants and other food services
(RFS) as well as from households (HHA). Three more countries (Greece, Ireland, and
Netherlands) have positive P1, and all of them have moderate P2 values. This reveals a non-trivial
connection between food waste components: if a country’s first PCA component is over the
average, the second component is close to the average. On the other hand, if P1 is negative, then
P2 can be a significant negative or positive value. This special connection between PCA
components results in large empty areas in Figure 2 over and under the green dotted lines.
According to this, the countries can be divided into three groups:



1. P1>0: Cyprus, Belgium, Denmark, Netherlands, Ireland, and Greece. Their difference
from the average food waste characteristics is mainly in s1 direction, which means high
excess in food waste from manufacture of food products (MFP), and significant excess in
food waste from primary production (FP) and food waste from distribution of food
production (RDF) components.

2. P1<0 and P2>0: Portugal, Italy, Malta, Luxembourg, Lithuania, Latvia, Austria,
Germany. They have below the average values in FP, MFP, and RDF, but excess in food
waste from households (HHA) and food waste from restaurants and other food services
(RFS) values.

3. P1<0 and P2<0: Romania, Czech Republic, Slovakia, Hungary, Sweden, Poland,
Estonia, France, Croatia, Bulgaria, Finland, Slovenia, Spain. All of their fogd waste
components are smaller than or equal to the average. 6
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Figure 2. EU countries in P1-P2 plandd (Abb viations: AT Austria, BE Belgium, BG Bulgaria,
CY Cyprus, CZ Czech Republic, DE #€rm Denmark, EE Estonia, ES Spain, FI Finland, FR
France, GR Greece, HR Croatia, H oary, IE Ireland, IT Italy, LT Lithuania, LU Luxembourg,
LV Latvia, MT Malta, NL afgls, Poland, PT Portugal, RO Romania, SE Sweden, SI
enia, SK Slovakia).

Uncovering the reé
correlation coefficygms not reveal a clear connection with the examined geographic,
economic and socil .

Belgium, 8 agk. DWetherlands and Ireland are geographically close to each other and
have similar geographical features such as seashores and weather conditions. The relief is
similar in J
com ct on their agriculture systems, similar to the case of Greece and Cyprus. In
these ies, the primary production, manufacturing and distribution of food result in more
fo waste compared to others. This raises intriguing but challenging questions that encourages
furthShffvestigation. Economic factors associated with food waste on farms and throughout
the supply chain, are encompassing price fluctuations, workforce insurance costs, supply chain
constraints, commercial and client performance, agreement incentives and other existing
policies [6]. Foregoing the harvesting of fields due to low market demand or low prices is one
of the primary causes of food waste [7].

Geographically and culturally, Portugal, Italy and Malta share similar features. It is
reasonable to assume that eating out is more common in these countries, which could be linked
to a higher P2 value associated with a higher amount of food waste from restaurants and other
food services (RFS). There is also a cultural and/or historical similarity due to the geographical
proximity between Austria-Germany-Luxembourg and Lithuania-Latvia. In these eight
countries, the amount of food waste from households (HHA) and food waste from restaurants



and other food services (RFS) are higher compared to other countries, indicating more wasteful
eating and cooking habits. This is particularly noteworthy in the case of the three Mediterranean
countries.

The history of the countries must have a significant effect on food waste parameters,
because most of the formal Eastern Bloc countries are in the third group. This is in good
accordance with the results of our former cluster analysis results [25].

The connection between the PCA components (P1, P2) and the selected indicators was
investigated. At first, the linear correlation coefficient was calculated for every possible pair of
a socio-economical parameter and a PCA component. The result is negative: there was no case
with at least 0.7 correlation coefficient. To extend the calculations in multi-dimension, the
hypothesis that a linear combination of a few socio-economic parameters is suigable for
reconstructing PCA components was investigated. Unfortunately, the result is negfftivg; with
ten or fewer components, the maximum correlation factor did not reach 0.7.

After the negative results of linear regression, plot pairs for all 33 geograpff 1 and
economic parameters and the two PCA components were generated, and Jasud ked for
any pattern. On a few of these plots, the members of the first group (P1 odWfiCed above,
formed a special set. Figure 3 shows the mountain type area percentagc W
an example. Here 5 of the 6 members of the first group have alx

value, which means that no region has a dominant mountain-(w ation.
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Figure 3. Plots of mountain area versus PCA components

imild regularity is present in the IAF (Inability to afford a meal with meat, chicken, fish
(orv rian equivalent) every second day) plot (Figure 4). The only exception is Greece,
which has the smallest P1 value in the first group. It can be established that the five countries
with the largest P1-value (Ireland, Netherlands, Denmark, Belgium, and Cyprus) have a below-
average percentage of mountain areas and a small percentage of persons who cannot afford
meat or fish every second day. Moreover, these 5 countries have near to zero P2 values, which
means average amount of food waste from household (HHA) and average amount of food
waste from restaurants and other food services (RFS).

Despite the many uncertainties, the quantity of food waste, and especially its RFS (food
waste from restaurants and other food services) and HHA (food waste from household)
components that determine the P2 component, can be related to cultural and historical events
affecting the countries. According to a study on the determinants and country differences of



food consumption in the EU during the last decade of the 20th century, food consumption in
European Union countries can be summarized by four major trends [53] (countries that joined
later were not part of the study): a decrease in the proportion of expenditure allocated to food,
already at very low levels; reaching maximum level in total food consumption; a shift in the
structure of food consumption; and an increase in the proportion of food consumed outside
home. This latter trend is common for all countries but varies widely in intensity based on
labour circumstances and social aspects. Single-person households, younger individuals and
families with young children may be more inclined to seek out various meal options outside
the home [6], which can be related to the increased amount of food waste from restaurants and
other services. Palatability, pricing, portion size, temporal limitations, dishware dimensions,
suboptimal catering operations, fluctuating diner populations and caloric content can gepresent
the prevailing originating factors of food waste in the case of restaurants and other fQ#d sgrvices
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Figure 4. Plots of [A]; TIP0 afford a meal with meat, chicken, fish (or vegetarian
i @ e second day) versus PCA components

and perceptions regarding food appearance, quality, and the ability
es and a diverse range of foods, regardless of geographic location or

According to
personal habit
to consume Idfge q

season [0, . Cofjlsumers' tendency to engage in excessive purchasing can be attributed largely
to theiqgi | uying behaviour and lack of mindfulness when shopping. Conversely,
cons tened disgust sensitivity may lead them to discard products beyond the
reQmm best before date without verifying their edibility [55, 56]. The main causes of food

wastingprivate households are food overprovisioning, improper storage, transportation
challenges, overcooking, large portions, difficulty managing leftovers, lack of knowledge
about assessing food edibility and packaging issues [7].

In a previous study [57], the analysis focused on whether Europeans (including only
member states at that time) were homogeneous or heterogeneous in terms of food behaviour
and attitudes. The findings indicated that despite the globalization of food processes, Europe
could not be conclusively seen as a uniform bloc with regard to food culture. The research
suggests that national boundaries combined with language barriers remain strong indicators
and best predictors of variations in food-related behaviours [58].

Research utilizing primary data from the United States, Canada, the United Kingdom and
France examined and compared consumers' food waste behaviours. The findings indicate that



age, dining outside the home, and using expiration dates and appearance to assess food spoilage
are associated with increased frequency of food waste, and these trends are consistent across
the studied countries. Furthermore, the researchers observed notable differences in food waste
behaviour among the countries, suggesting that cultural factors play a significant role in
shaping such practices [24].

Cultural values, acquired preferences, and ways of life all play a substantial role in shaping
food consumption. The formation of habits influences attitudes and inclinations towards food
products, which persist over time. Variations in dietary patterns across different countries can
largely be attributed to historical factors such as local production and physical availability [59].

Governments can play a significant role by incorporating education campaigns to change
consumer habits and preferences [60], implementing municipal composting programs, and
providing tax credits to farmers who donate excess produce [61]. These actions helpg i
and households reduce their food waste while contributing to national target o
waste by 50% by 2030 aimed at improving overall food security and co y
resources. Collective action is required to tackle this pressing global problgm

Findings from our present study and previous research [24] also suggest Shat tesearchers
and policymakers should account for cultural factors when develop; ategis and policies
to mitigate food waste within their respective countries. It is
effective food waste reduction policy requires country-specifigg as consumers exhibit
varying food waste behaviours across different nations. The ful®pproach implemented
in one country or region may not necessarily be applicable to d§gers. Consequently, research

and policies should focus on addressing the unique ¢ nces of each individual country
or region to ensure contextual relevance and effic

CONCLUSIONS

The current research aims to explore clalignship between indicators of food waste and

anld economic factors, using multivariate

statistical methods to reveal their i cies. Due to the complexity of this field and
the limited data availability, previ ould not find any measurable connection.

Our investigation produc ve and negative results. The analysis presented in
this paper indicates that foo 1cators do not exhibit a linear association with socio-
economic factors. Univg r analysis revealed no significant correlation between any of

the examined five food Wgs ameters and the 33 socio-economic parameters. This finding
aligns with precedj . The Lasso method with 2 to 10 variables was applied, but the
current multivaria r regression investigations did not find statistically significant
correlations.

Princi mpdhent Analysis demonstrated that the five parameters characterizing food

waste githi ber states could be reduced to two PCA components. These two principal
com marize key food waste characteristics and enable cross-country comparisons.
Fythe this result may be significant for further research as dimensional reduction can

aid visualization and understanding. The plane of these two components is not evenly
covered by the countries, which indicates a hidden relationship behind these parameters. The
recognized pattern was described in the article, but the exploration of the underlying reasons is
the subject of further research.

The present study identified three distinct clusters in the PCA-based classification of
countries. The first group, characterized by high food waste in the early stages of the supply
chain, includes six countries where primary production, manufacturing, and distribution waste
is predominant. In contrast, the second group (8 countries) experiences lower waste generation
in these domains but more significant waste generation in restaurants and households. The third
cluster, comprising 13 countries, can be characterized by reduced food waste across the studied
sectors.



The analysis determined that these patterns are shaped by geographic, cultural, and
historical factors rather than by direct socio-economic influences. The multivariate linear
correlation between the PCA factors and socio-economic parameters remains weak, but a few
non-linear regularities could be identified. For instance, five of the six countries in the first
group above are characterized by plains and an above-average supply of meat or fish. Another
pattern observed is that former Eastern Block countries belong to the third group. Additional
research is necessary to investigate the underlying factors driving these trends.

These results provide important information for decision-makers, environmental
specialists, and practitioners in the circular economy and waste management fields.
Understanding these country-level patterns may contribute to developing more effective food
waste mitigation strategies, tailored to regional characteristics.
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