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Abstract: This article analyzes the phenomenon of deconsumption, which is relatively new and
insufficiently researched or defined. Based on a review of the literature on the subject, it was found
that there was little interest in deconsumption compared with sustainable consumption. Moreover,
the number of scientific publications was negligible as the concept of deconsumption was rarely
studied as a phenomenon. In addition, it should be noted that deconsumption can play a role in
sustainable development and care for the environment and natural resources. Our study on this
phenomenon sought to determine whether the phenomenon has spread to a noticeable degree, despite
the deconsumption trend, which is important for its effective popularization in societies. Therefore,
the aim of this study was to analyze whether the deconsumption phenomenon was reflected in
macroeconomic data on consumption in selected European Union countries prior to the COVID-19
pandemic. The analysis of macroeconomic data on per capita consumption in the years 2000–2019 did
not reveal a clear phenomenon of deconsumption; however, changes in the consumption structure
were identified. In some countries, consumption fluctuated or decreased in certain sectors, suggesting
the possible emergence of deconsumption. The computation method used in this study was fuzzy
c-means clustering (FCM).

Keywords: consumption; deconsumption; fuzzy c-means; European Union; consumption structure

1. Introduction

Sustainable development is one of the main objectives of the European Union (EU).
During this time of rapid climate change and increasing demand for energy and resources,
the EU has introduced a number of policies and initiatives aimed at sustainable consump-
tion and production. Within the framework of the European Green Deal, and in particular,
the Action Plan on a Closed Economy, a legislative initiative on sustainable product policy
was announced with the aim of adapting products to a climate-neutral, resource-efficient,
closed-loop economy.

There is an urgent need for a public debate about encouraging all economic actors
to adopt more sustainable consumption patterns. To achieve Sustainable Development
Goal 12, it will be necessary to use resources much more efficiently. This requires, among
other things, a reduction in waste in general with a particular reduction in wasted food.
The world’s population currently consumes more resources than ecosystems can provide.
Therefore, fundamental changes are needed in the way societies, companies, and indi-
viduals produce and consume goods and services. Interest in sustainable development
is heterogeneous and evolves over time. This is important from the perspective of this
research as it refers to analyzing consumption-related behaviors in a broader scope. At
the same time, the literature on the subject indicates that a frequently analyzed scientific
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research topic of sustainable consumption relates to textiles, electronic equipment, cars, and
modern services. In its direct and macroeconomic meaning, the topic of deconsumption
is extremely rarely discussed in scientific works; therefore, the analyses in question are
critical to understanding the essence of this phenomenon. Therefore, our research goal
was to verify the research hypothesis that the deconsumption phenomenon emerged in
macroeconomic data in the 2000s and 2010s.

2. Literature Review

One of the first studies that referred to the phenomenon of deconsumption was pub-
lished by Gregg [1], who used the phrase “voluntary simplicity” in the context of reducing
consumer spending. It referred to the voluntary reduction in spending on consumer goods
and services and the promotion of lifestyles that involved increased consumption of intan-
gible goods [1]. Other researchers, such as Etzioni [2], Shaw and Newholm [3], Huneke [4],
and McDonald et al. [5], also used the term in their papers. However, these articles did not
define the phenomenon of deconsumption directly [6].

In the context of desk study that attempts to define the phenomenon of deconsumption,
it can be said that there are many studies that use the word “deconsumption” but do not
define the phenomenon itself. This prompted the authors of this study to take a closer look
at the definitions of deconsumption, their characteristics, and their mutual connections.
Accordingly, a table was compiled that organized the articles chronologically, part of which
is devoted to the definition of deconsumption itself (Table 1). The common elements of
each definition are marked with colors (the same color indicates a common element).

The yellow color indicates the characteristics of each definition related to a conscious,
voluntary reduction in consumption in favor of higher-quality goods, as well as a reduction
in material consumption in favor of immaterial consumption. At the same time, based on
one of the definitions (the feature marked in black), the authors emphasize that deconsump-
tion is not necessarily a predictable process. The orange color indicates the environmental
aspects appearing in the definitions. These primarily concern deconsumption in terms of
limiting the use of natural resources and supporting zero-waste activities. On the other
hand, the aspects of the definitions that deal with changing consumer lifestyles and habits
are circled in green. An interesting aspect that appears in terms of defining the phenomenon
of deconsumption is the concept of sharing, which is marked with purple. Ideological
elements also appeared in the definitions (marked in red).

Please note that in this study, the most important features of the various definitions
were those related to the macroeconomic perspective (indicated in blue). They indicate
that deconsumption can have the effect of reducing current consumption, as reflected by
reduced direct and indirect costs. This also indicates that a decline in consumption in an
area, sector, or country can be evident and that the phenomenon of deconsumption can
emerge during situations of economic uncertainty.
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Table 1. A summary of selected features of deconsumption definitions in chronological order, according to the publication date of each study.
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and Consumer Habits
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Deconsumption as
an Unpredictable

Process
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1997 Cova [7] X X

2000 De Young [8] X

2000 Senda [9] X X

2002, 2010 Bywalec, Rudnicki
[10,11] X X X

2003 Woś [12] X X X X X

2005 Marchand, De Coninck,
Walker [13] X

2009 Grinstein, Nisan [14] X X

2010, 2014,
2017

Kieżel, Smyczek [15,16];
Grzega, Kieżel [17] X X X

2010 Botsman & Rogers [18] X

2012, 2013,
2018 Zalega [19–21] X X X

2012, 2015 Burgiel, Zrałek [22];
Zrałek [23] X X X
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Table 1. Cont.
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Sustainability 2024, 16, 4860 5 of 24

Table 1. Cont.

Conscious, Voluntary Reducted
Consumption in Favor of

Higher-Quality Goods, as Well as
Limited Material Consumption

in Favor of Immaterial
Consumption

Deconsumption in the Context of
Limiting the Use of Natural
Resources and Supporting

Zero-Waste Activities

Change in Lifestyle
and Consumer Habits

Deconsumption
as a Sharing

Concept
Deconsumption as an

Ideology
Deconsumption in the

Economic Aspect
Deconsumption as
an Unpredictable

Process

Year of
Publica-

tion
Author(s) of the

Publication

C
on

su
m

pt
io

n
D

is
or

de
r

G
iv

in
g

up
C

on
su

m
pt

io
n

B
eh

av
io

r

Li
m

it
in

g
M

at
er

ia
lC

on
su

m
pt

io
n

Li
m

it
in

g
th

e
A

m
ou

nt
of

G
oo

ds
C

on
su

m
ed

Im
pr

ov
in

g
th

e
Q

ua
li

ty
of

C
on

su
m

ed
G

oo
ds

In
cr

ea
si

ng
Im

m
at

er
ia

lC
on

su
m

pt
io

n

R
at

io
na

li
za

ti
on

of
C

on
su

m
pt

io
n

an
d

C
on

su
m

er
B

eh
av

io
r

A
ss

um
es

th
e

U
se

of
th

e
3R

Pr
in

ci
pl

es
(R

ed
uc

e,
R

eu
se

,R
ec

yc
le

)

R
es

po
ns

ib
il

it
y

fo
r

th
e

Lo
ng

-T
er

m
Ef

fe
ct

s
of

C
on

su
m

er
D

ec
is

io
ns

Pr
ot

ec
ti

on
of

N
at

ur
al

R
es

ou
rc

es

R
ed

uc
in

g
W

as
te

of
R

es
ou

rc
es

W
hi

le
M

ee
ti

ng
In

di
vi

du
al

N
ee

ds

A
ss

um
es

th
e

U
se

of
th

e
6R

Pr
in

ci
pl

es
(R

et
hi

nk
,R

ef
us

e,
R

ed
uc

e,
R

eu
se

,R
ec

yc
le

,R
ec

ov
er

)

A
Li

fe
st

yl
e

B
as

ed
on

Si
m

pl
ic

it
y

an
d

Fr
ug

al
it

y

C
on

su
m

pt
io

n
of

Ec
ol

og
ic

al
Pr

od
uc

ts
an

d
Se

rv
ic

es

C
on

su
m

er
Is

N
ot

G
ui

de
d

by
Fa

sh
io

n
an

d
Tr

en
ds

A
lt

er
na

ti
ve

Li
fe

st
yl

e

Em
ph

as
is

on
So

ci
al

Id
en

ti
ty

R
es

tr
ic

ti
ng

H
ed

on
is

ti
c

B
eh

av
io

r

C
on

ne
ct

in
g

Pe
op

le
W

ho
Pr

ef
er

a
Si

m
pl

ifi
ed

Li
fe

st
yl

e

C
re

at
in

g
C

oo
pe

ra
ti

on
N

et
w

or
ks

an
d

D
ev

el
op

in
g

th
e

Sh
ar

in
g

Ec
on

om
y

to
A

ll
ow

A
cc

es
s

to
Pr

od
uc

ts
w

it
ho

ut
th

e
C

os
ts

of
O

w
ne

rs
hi

p

D
ec

on
su

m
pt

io
n

as
a

V
al

ue
in

th
e

Lo
ng

Te
rm

A
Fo

rm
of

R
es

is
ta

nc
e

to
A

tt
em

pt
Li

m
it

in
g

C
on

su
m

er
s’

A
bi

li
ty

to
C

on
su

m
e

Tr
ie

s
to

C
ha

ng
e

C
on

su
m

er
B

eh
av

io
r

It
U

se
s

th
e

Sa
m

e
M

ec
ha

ni
sm

s
of

In
flu

en
ce

as
th

e
Id

eo
lo

gy
of

C
on

su
m

er
is

m

Pr
io

ri
ti

zi
ng

Lo
ca

lC
on

su
m

pt
io

n
ov

er
In

te
rn

at
io

na
lC

on
su

m
pt

io
n

Li
m

it
in

g
C

ur
re

nt
C

on
su

m
pt

io
n

(R
ed

uc
in

g
D

ir
ec

ta
nd

In
di

re
ct

C
os

ts
)

A
D

ec
li

ne
in

C
on

su
m

pt
io

n
in

a
G

iv
en

A
re

a,
Se

ct
or

,o
r

C
ou

nt
ry

Li
m

it
in

g
C

on
su

m
pt

io
n

B
ec

au
se

of
Ec

on
om

ic
U

nc
er

ta
in

ty

U
np

re
di

ct
ab

il
it

y
of

C
on

su
m

er
D

ec
is

io
ns

2022 Borin et al. [40] X X

2023 Ciechomski [41] X X X

2023 Szuszkiewicz [42] X X X X X

Source: our study, May 2024.
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Some researchers emphasize that the post-pandemic reality can be an opportunity
to change lifestyles that require large amounts of energy and materials. Please note that
the COVID-19 pandemic had a significant impact on consumption patterns, including
changing some consumer behaviors and the frequency of consumption practices. Changes
in consumption in Europe were reflected in lower demand for entertainment products
and services [43]. Phenomena related to limiting consumption, including deconsumption
became observable and thus, researchable.

The observability of macroeconomic changes in deconsumption is indicated by the
elements of its definition (marked in blue in Table 1). The elements of the definition of
the deconsumption phenomenon (Table 1) indicate that it is an important and beneficial
phenomenon in the context of sustainability and care for the environment and natural
resources. At the same time, the authors investigated whether, despite the emergence
of deconsumption trends, this phenomenon has spread to a noticeable extent. This is
important for the effective popularization of the deconsumption trend in societies [44].
Therefore, in connection with the desire for a deeper understanding of the processes
influencing the spread of deconsumption, the aim of this study was to analyze the possibility
that this phenomenon was present in macroeconomic data on consumption in selected
European Union countries before the COVID-19 pandemic.

The phenomenon of deconsumption has not yet been thoroughly researched or defined.
Analyses that touch on this concept are carried out mainly regarding the sustainable
consumption of textiles, food, electronics, and services. However, the phenomenon of
deconsumption itself has been analyzed to a very limited extent. For example, simple
English queries in Google Scholar, conducted on 30 June 2023, show that the largest
number of publicly available scientific publications since 2019 pertain to the research
topic concerning the concept of “sustainable consumption”. Compared with sustainable
consumption, there is little interest in deconsumption, anti-consumption, and minimalist
consumption (Table 1). The ratio of scientific publications on deconsumption to those on
sustainable consumption was approximately 0.003 (see item 8/item 5, Table 2). At the
same time, the analysis of the literature on the subject showed that no research has been
conducted to explain deconsumption in detail.

Table 2. The number of search results for publicly available scientific publications based on queries
pertaining to the phenomenon of sustainable consumption, deconsumption, anti-consumption, and
minimalist consumption.

ID Google Scholar Query Results (Approx.)

1 “sustainable consumption” “clothes” filetype:pdf 1390
2 “sustainable consumption” “fashion” filetype:pdf 2460
3 “sustainable consumption” “food” filetype:pdf 8550
4 “sustainable consumption” “electric” filetype:pdf 2350
5 “sustainable consumption” filetype:pdf 12,400
6 “anti-consumption” filetype:pdf 584
7 “anticonsumption” filetype:pdf 101
8 “deconsumption” filetype:pdf 36
9 “minimalistic consumption” filetype:pdf 6

Source: our study, March 2023.

As shown, the research relating to deconsumption was carried out mainly when
explaining sustainable consumption in various aspects. For example, the phenomenon of
sustainable consumption in fashion has been studied in recent years by many researchers.
The study by Park and Lee [45] demonstrated that purchasing is only a partial behavior of
the entire consumption process. The actual stages of consumption are more complex. They
involve consumer awareness and behavior in different areas and stages of consumption.

Moreover, Armstrong and Park [46] noted that a consumer’s environmental awareness
has a significant impact on the decision to engage in shared consumption. The relevance of
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the issue of consumption and deconsumption is highlighted by the UN Agenda for Goal 12,
pointing to the need for sustainable consumption and production patterns [47].

In his research on the textile industry, Muthu [48] outlined what consumers can do
about fast fashion, as well as the important aspects that need to be addressed for fast fashion
to be sustainable. Hasbullah et al. [49,50] investigated the factors influencing perceived
value, which certainly had an impact on sustainable fashion consumption.

Research related to the topic of sustainable clothing consumption was conducted in the
context of business models aimed at sustainable consumption and transitioning to a circular
economy. It was shown that comprehensive changes to business models are required to
transform unsustainable consumption patterns [51]. Also, sustainable consumption and
anti-consumption were studied for electronic and electrical appliances, electric cars, and
modern services.

On the other hand, Dutta and Hwang [52] showed that an individual’s concern for the
environment is an important type of personal belief. Thus, consumers’ beliefs on environ-
mental care are a potential factor shaping their decision to use green products. Moreover,
Zorn and Suni [53] proved that economic and psychological reasons help explain why
consumers engage in environmentally friendly behavior. They maximize their personal
utility, so personal benefits motivate them. When the benefits of purchasing green products
outweigh their costs, consumers are more likely to buy them. Gontarz and Sulich [54]
pointed out that a sustainable economy can provide a clear impetus for socially and ecolog-
ically responsible actions in terms of the social motivation of the economy and sustainable
use of resources. Chang et al. [55] emphasized that consumer cognition and personal factors
have a key influence on responsible environmental behavior and intentions. Consumers
who care about the environment are inclined to buy green products. Islam et al. [56] pro-
vided evidence that sustainable consumption can be facilitated by redesigning e-commerce
platforms. In turn, de Silverira et al. [57] proposed a theoretical–empirical model that ex-
plains the relevance of sustainable collaborative practices through bike sharing. The largest
group of publications on sustainable consumption since 2019 pertained to the food market.
Authors who have discussed this issue include Goryńska-Goldmann [58]; Zalega [59],
Kutty and Abdella [60], and Haque, Yamoah, and Sroka [61]. Their research focused on
food waste management in a closed food supply chain and on information management
systems able to address common challenges. The analysis of the literature on the subject
shows that an attempt has been made to reveal factors relevant to consumer involvement
in sustainable consumption for a broad range of product types and services associated with
environmental protection [62]. In conclusion, based on the literature study, deconsumption
can be defined as a conscious reduction in consumption to a rational size, resulting from the
natural, individual, physical, and mental characteristics of the consumer. It is an alternative
trend to consumerism, promoting moderate consumption [40]. This phenomenon also
refers to changing consumption habits to obtain products that cause less harm or consume
fewer resources.

3. Materials and Methods

To study the deconsumption phenomenon, figures were obtained to demonstrate
the various components of per capita consumption (in euros), covering the period from
2000 to 2019 in each country [63]. Data on shares of consumption components (food and
non-alcoholic beverages; alcoholic beverages, tobacco, and narcotics; clothing and footwear;
housing, water, electricity, gas, and other fuels; furnishings, household equipment, and
routine household maintenance; health; transport; communications; recreation and culture;
education; restaurants and hotels; and miscellaneous goods and services) were converted
into percentage shares. The classification covered 25 European Union countries (Austria,
Belgium, Bulgaria, Croatia, Cyprus, Czech Republic, Denmark, Estonia, Finland, France,
Greece, Spain, the Netherlands, Ireland, Lithuania, Latvia, Luxembourg, Malta, Germany,
Poland, Portugal, Slovakia, Slovenia, Hungary, and Italy) in 20 periods. Based on the
data review, 2 countries were excluded from the analysis—Romania and Sweden. The
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consumption structure in these countries was incomplete—the database had significant
deficiencies in individual components. Additionally, the period of the COVID-19 pandemic
(from 2020 to 2022) was excluded from this study. Because of governmental restrictions,
the pandemic had a significant impact on the consumption structure [64–67].

Differences in the structure of consumption indicate that its level was non-uniform in
these European countries during the period under study.

The introduced time factor was of particular importance for the fuzzy c-means method
used. It allowed for tracking changes in structure over time in individual countries based
on the analysis of their migration between individual clusters.

Cluster analysis performed using the fuzzy c-means method is widely used in the
study of macroeconomic data [68–71] and many other types of data. Developed by Bezdek
in 1973 [72], fuzzy c-means clustering allows for dividing records into clusters based on
probability [73]. This algorithm solves problems related to recognizing patterns occur-
ring within a phenomenon. To correctly present the research procedure, we provide the
following detailed explanations of the symbols used:

xn—set of n objects;
xk—kth vector of the base data of the training set;
nv—number of input (base) variables in the data set;
T—transposition;
µik—value of the kth input vector’s membership in the ith cluster;
J—value of the objective function;
c—number of clusters;
n—number of observations in the training data set;
m—optimal fuzziness level;
d2(xk, vi)—distance between the kth object and the ith cluster center (Euclidean distance
was adopted as the distance measure);
v—nv dimensional vector;
t—iteration index;
µik

(t)—value of the kth input vector’s membership to the ith cluster identified during the
tth iteration;
vi—cluster center;
vi

(t)—vector of the center of the cluster identified in the tth iteration of the algorithm;
vj

(t)—vector of the center of the cluster of the jth variable identified in the tth iteration of
the algorithm;
xij—jth vector variable of the kth data vector.

The c-means fuzzy clustering procedure implemented in this study was enriched with
a time factor. The set of n objects was represented by X = {x1, x2, . . ., xn}, and each k object
(k = 1, 2, . . ., n) was represented by an nv dimensional vector xk = [x1,k, x2,k, . . ., xnv,k]T ∈ Rnv.
The cluster of n vectors was represented by an n x nv data matrix [74].

X =


x1,1 x1,2 . . .
x2,1 x2,2 . . .

...
...

. . .

x1,nv
x2,nv

...
xn,1 xn,2 . . . xn,nv

 (1)

Clustering was performed for data with an assigned time stamp. Therefore, the
columns of the X matrix contained individual observations over time, and the rows con-
tained the components of the consumption structure. The fuzzy clustering algorithm
divides the data set X into c overlapping clusters, creating a partition matrix U. It is com-
posed of the membership degrees of objects xk (k = 1, 2, . . ., n) to each cluster i (i = 1, 2, . . ., c).
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The membership degree of the vector k to the cluster is represented by µik ∈ U, and the
partition matrix takes the form [75]:

U =


µ1,1 µ2,1 . . .
µ1,2 µ2,2 . . .

...
...

. . .

µc,1
µc,2

...
µ1,n µ2,n . . . µc,n

 (2)

Each cluster is represented by a vector called the “cluster center” or the “cluster
prototype”, which can be used to represent cluster structures in the entire set X [76].

The fuzzy clustering algorithm identifies the number c of cluster center vectors in
a data set X composed of nv dimensional vectors, V = {v1, v2, . . ., vc} ∈ Rc x nv, where
each cluster center vi ∈ Rnv is also an nv dimensional vector. The cluster center is usually
represented as the center of nv objects. For example, it could be represented as the average
of all data for the cluster [77]. Fuzzy c-means clustering assumes that the number of clusters
is known. The algorithm divides the data set X = {x1, x2, . . ., xn} into c clusters.

The fuzzy c-means clustering algorithm tries to minimize the objective function with
two pieces of information including the number of clusters c and the fuzziness parameter m,
as follows:

minJ(X; U, V) = ∑c
i=1 ∑n

k=1 (µik)
md2(xk , vi

)
(3)

The objective function will take the value 0 if all data objects are clusters in centers
(c = n). However, when data objects are located further from the cluster centers (vi), the
objective function will be larger. Therefore, the partition matrix is restricted as follows:

∑c
i=1 µik= 1, ∀ k > 0 (4)

0 < ∑n
k=1 µik= n, ∀ i > 0 (5)

They result in at least one observation being assigned to each cluster [78]. The optimal
centers can be obtained by solving the optimization problem using the Lagrange multipliers
method [75]:

v(t)
i =

∑n
k=1

(
µ
(t)
ik

)m
xk

∑n
k=1

(
µ
(t)
ik

)m , ∀ i = 1, 2, . . . , c (6)

The equation for calculating the fuzzy share value is defined by:

µ
(t)
ik =

∑c
j=1

(
d(xk, vt−1

i

d(xk, vt−1
j

) 2
m−1
−1

(7)

where vand
(t) represents the cluster center vector obtained in the (t − 1) iteration and µik

(t)

stand for optimal share values calculated for the tth iteration. The share values and cluster
centers are interdependent. The objective function Jt in each iteration is measured by [74]:

Jt = ∑c
i=1 ∑n

k=1

(
µ
(t)
ik

)m
d2
(

xk, v(t)
i

)
(8)

The fuzzy c-means clustering algorithm stops after a certain number of iterations or
when a previously set stopping criterion is met. The study of the consumption structure
was supplemented by the analysis of two-dimensional Flexplot charts.

4. Results and Discussion

According to the Eurostat classification, the consumption structure consisted of aggre-
gates such as food and non-alcoholic beverages; alcoholic beverages, tobacco, and narcotics;
clothing and footwear; housing, water, electricity, gas, and other fuels; furnishings, house-
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hold equipment, and routine household maintenance; health; transport; communications;
recreation and culture; education; restaurants and hotels; and miscellaneous goods and
services. The main aim of this study was to analyze changes in the consumption struc-
ture in countries over time. JASP software (JASP 0.17.3, 2023) was used for the cluster
analysis. Fuzzy c-means clustering was used to identify groups of EU countries in the
years 2000–2019. The appropriate number of clusters was determined using the elbow
technique [79] and the homogeneity in the clusters was assessed using the t-Distributed
Stochastic Neighbor Embedding (t-SNE) plot [80]. The procedure assumed the following
training settings: maximum number of iterations—17, blur parameter—2, and optimization
of the number of clusters (according to the BIC criterion).

4.1. Determining the Number of Clusters

The number of clusters was determined using the elbow technique, considering the
BIC criterion. Figure 1 shows elbow plots that consider AIC, BIC, and WSS criteria. As a
result of grouping, five clusters were obtained.
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The elbow technique allows for determining the number of clusters to be used with
various metrics. The measures of model performance are the Akaike Information Criterion
(AIC), Bayesian Information Criterion (BIC), and the Within-Cluster Sums of Squares
(WSS), which are responsible for measuring the distance of observations from the cluster
center [81,82]. If the number of clusters is higher than the elbow point (the lowest BIC), it
will not significantly reduce the AIC, BIC, or WSS coefficients. The first knee point was
observed with five clusters, which means that the adopted solution was optimal for the
batch data.

4.2. Cluster Validation

Figure 2 presents a t-SNE cluster plot for data from 2000 to 2019. An unsupervised
machine learning algorithm revealed the probability distribution of the data points, from
which clusters were created. The results indicated that the cluster observations were well
grouped, which confirms the choice of a five-class solution.

Table 3 presents the AIC, BIC, and Silhouette indexes for the adopted fuzzy c-means
clustering in the years 2000–2019. These measured the appropriate fit of data within
designated clusters.
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Table 3. AIC, BIC, and Silhouette indexes of the fuzzy c-means clustering for observations from 2000
to 2019.

Clusters N R2 AIC BIC Silhouette

5 500 0.540 3768.430 4021.310 0.160
Source: our study, 2023.

4.3. Cluster Comparison

The grouping of objects with structural similarity was performed using the fuzzy
c-means clustering method. The analysis used data on per capita consumption in the
studied countries in the years 2000–2019. Data on individual consumption components
were converted into percentage shares. In total, 25 countries were classified in 20 periods,
which produced five clusters with a significant degree of diversity. The number of clus-
ters was as follows: 156—cluster 1 (approximately 31% of the population), 45—cluster 2
(approximately 9% of the population), 179—cluster 3 (approximately 36% of the popula-
tion), 86—cluster 4 (approximately 17% of the population), and 34—cluster 5 (approximately
7% of the population) (Table 4).

Compared with the remaining groups, cluster 1 (156 observations) was distinguished
by the share of the “food and non-alcoholic beverages” variable, which amounted to
approximately 19%. This was the highest average share among all the clusters. This
cluster was also characterized by the lowest values for the components “recreation and
culture” (approximately 7%), “furniture, household appliances, and routine household
maintenance” (approximately 4.8%), and various goods and services (approximately 8%).

The second cluster comprised 45 objects. In relation to the first cluster, it was charac-
terized by a quite high (amounting to approximately 17%) but still lower share of the “food
and non-alcoholic beverages” variable (by approximately 2.6%). At the same time, this clus-
ter was characterized by the highest average values of variables such as “housing, water,
electricity, gas, and other fuels” (approximately 27%) and “alcoholic beverages, tobacco,
and narcotics” (approximately 6.8%). The lowest shares were those of “health” (approxi-
mately 2%), “transport” (approximately 8.6%), “clothing and footwear” (approximately
4%), and “restaurants and hotels” (approximately 7%).

The third cluster consisted of 179 objects and was characterized by the highest average
shares in the consumption structure, such as recreation and culture (approximately 9%) and
various goods and services (approximately 12%). The third cluster was also distinguished
by the lowest average values of components, such as food and non-alcoholic beverages
(approximately 12%), means of communication—communication (approximately 2.6%),
and education (approximately 0.8%).



Sustainability 2024, 16, 4860 12 of 24

Table 4. Consumption per capita—characteristics of clusters selected using the fuzzy c-means
clustering method.

Cluster 1

V1 V2 V3 V4 V5 V6 V7 V8 V9 V10 V11 V12

x 19.24 6.75 4.76 19.23 4.75 4.21 12.89 3.41 7.32 1.35 8.40 7.69

V 0.19 0.20 0.25 0.12 0.21 0.18 0.15 0.23 0.18 0.44 0.50 0.22

Cluster 2

V1 V2 V3 V4 V5 V6 V7 V8 V9 V10 V11 V12

x 16.64 6.77 4.19 27.22 5.48 2.32 8.55 3.25 9.26 1.05 6.88 8.38

V 0.11 0.18 0.15 0.11 0.12 0.35 0.20 0.12 0.09 0.44 0.23 0.14

Cluster 3

V1 V2 V3 V4 V5 V6 V7 V8 V9 V10 V11 V12

x 12.03 4.78 4.88 23.42 5.72 4.10 13.37 2.61 9.41 0.76 6.97 11.94

V 0.19 0.39 0.11 0.12 0.14 0.28 0.11 0.24 0.18 0.49 0.35 0.15

Cluster 4

V1 V2 V3 V4 V5 V6 V7 V8 V9 V10 V11 V12

x 13.54 4.22 6.14 19.06 6.27 3.80 13.29 2.65 8.02 1.17 11.48 10.36

V 0.22 0.27 0.10 0.15 0.12 0.18 0.10 0.16 0.19 0.36 0.25 0.10

Cluster 5

V1 V2 V3 V4 V5 V6 V7 V8 V9 V10 V11 V12

x 13.98 4.47 5.57 12.81 6.00 3.99 13.80 3.12 8.14 2.02 17.19 8.91

V 0.10 0.13 0.08 0.13 0.23 0.17 0.14 0.13 0.19 0.25 0.12 0.11

V1—food and non-alcoholic beverages; V2—alcoholic beverages, tobacco, and narcotics; V3—clothing and
footwear; V4—housing, water, electricity, gas, and other fuels; V5—furnishings, household equipment, and
routine household maintenance; V6—health; V7—transport; V8—communications; V9—recreation and culture;
V10—education; V11—restaurants and hotels; V12—miscellaneous goods and services. x—arithmetic mean,
V—coefficient of variation. Source: our study, 2023.

Cluster 4 consisted of 86 objects, which were characterized by the highest average
expenditure in the consumption structure on clothing and footwear (approximately 6%) and
furniture, household appliances, and routine household maintenance (approximately 6.3%).
At the same time, the average percentage of expenses for means of communication was
relatively low in cluster 4 (approximately 2.6%). A similar situation was observed for the
“alcoholic beverages, tobacco, and narcotics” component—it accounted for approximately
4.2% of the consumption structure.

In cluster 5, the characteristic feature was high average values of the following vari-
ables: transport (approximately 14%), education (approximately 2%), and restaurants and
hotels (approximately 17%). This cluster, in relation to cluster 4, had similar shares of the
following components: “food and non-alcoholic beverages”, “alcoholic beverages, tobacco,
and narcotics”, “clothing and footwear”, “furniture, household appliances, and routine
household maintenance”, and “health, recreation, and culture”. At the same time, the
average share of the variable “housing, water, electricity, gas, and other fuels” was the
lowest in cluster 5 and amounted to approximately 13%.

The surveyed countries included those that underwent changes in the per capita
consumption structure (Table 5). Two sets of areas were distinguished. The first included
countries whose per capita consumption structure was stable—it did not change over
time, or the transformations were insignificant and occurred in the middle periods of this
study. It included countries such as Austria, Belgium, Bulgaria, Croatia, Czech Republic,
Denmark, Estonia, Finland, France, Germany, Greece, Hungary, Italy, Luxembourg, Malta,
the Netherlands, and Slovakia. The second set included countries that changed their
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consumption structure including Cyprus, Ireland, Latvia, Lithuania, Poland, Portugal,
Slovenia, and Spain.

Table 5. The change in qualifying the results into clusters using the fuzzy c-means clustering method.

Year
Country 00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19

Austria
Belgium
Bulgaria
Croatia
Cyprus
Czechia

Denmark
Estonia
Finland
France

Germany
Greece

Hungary
Ireland

Italy
Latvia

Lithuania
Luxembourg

Malta
The Netherlands

Poland
Portugal
Slovakia
Slovenia

Spain
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In the group of countries that changed their consumption structure, we note the area
of Cyprus. Over time, it shifted from cluster 5 in 2008 to cluster 4. From 2012 to 2014,
the consumption structure in the country changed once again—it migrated to cluster 1.
Finally, in 2016, Cyprus returned to cluster 5 and remained in this cluster in subsequent
study periods.

Similarly, Ireland experienced changes in its consumption structure as many as five
times. This country was balanced among clusters 4, 3, and 1. In 2007, Ireland shifted from
cluster 4 to cluster 3 and remained there until 2010. From 2011 to 2014, it was classified in
cluster 1, and in 2015, it migrated to cluster 3, only to return to cluster 1 in 2016. Ultimately,
from 2017 to 2019, Ireland was included in cluster 3.

Latvia and Lithuania experienced minor shifts among clusters over the study pe-
riod. In 2008–2009, Latvia migrated from cluster 1 to cluster 2. This shift, however, was
temporary—in 2010, the country returned to cluster 1 and remained there for the remaining
periods of this study. However, Lithuania experienced three changes in the per capita
consumption structure. For most of the study period, this country belonged to cluster 1, but
in 2007, it shifted temporarily (for one period) to cluster 4. Lithuania’s migrations among
clusters were also observed in 2018–2019. In 2018, the country shifted to cluster 4, and in
2019, to cluster 3.

The consumption structure in Poland was characterized by quite large and long-lasting
changes. This country moved from cluster 1 to 2 in 2004–2006. In 2007, Poland returned
to cluster 1 and remained there until 2012. In 2013, the country migrated to cluster 3 and
remained there for the rest of the study period. Portugal experienced structural changes in
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consumption, and in 2012–2013, it belonged to cluster 3. In the remaining periods of this
study, Poland belonged to cluster 1. Changes in consumption structure were also observed
in Slovenia. This country shifted from cluster 4 to cluster 3 in 2004; however, from 2004 to
2019, the consumption structure did not change significantly—Slovenia remained assigned
to cluster 3 over this period.

Consumption in Spain was characterized by multiple changes within clusters deter-
mined by the fuzzy c-means method. In 2000–2001, the country belonged to cluster 4, in
2002, it shifted to cluster 5, and in 2003, it returned to cluster 4 and remained there until
2010. Spain experienced a sudden shift to cluster 3 in 2011, while from 2012 to 2015, it
belonged to cluster 1. From 2016 to 2019, Spain was a member of cluster 3.

The observed movements of countries among individual clusters over time allow
for determining the countries in which the consumption structure changed. According
to economic theory, human needs are constantly growing, but within the consumption
structure, a decline in the value of its individual components can be observed, with simul-
taneous growth in other variables. This means that the deconsumption phenomenon can
be observed in selected sectors. Changes in structure, which indicate lower consumption
of material goods, are a particularly interesting phenomenon. Therefore, analyzing the
diagram of variability in cluster membership allowed for selecting countries in which the
consumption structure changed in the recent study periods. Two-dimensional Flexplot
charts were used to present changes in the selected consumption components in selected
countries. The Loess regression algorithm was used to generate the graphs and delineate
a smooth curve along the scatterplot points. This can help reveal trends and cycles that
are difficult to detect with parametric curve modeling [83]. If one of the studied countries
experienced changes in the consumption structure only in the middle periods of this study,
and in the final periods the observations returned to the original clusters, these changes
were classified as fluctuations in the consumption structure. Such fluctuations concerned
countries such as Cyprus, Lithuania, and Portugal. It is possible that these fluctuations
represent the beginning of a change that will lead to a permanent transformation of the
consumption structure in these countries in the coming years. On the other hand, shifts
to other clusters in the final periods of this study in relation to initial group membership
were recorded in the following countries: Ireland, Lithuania, Poland, Slovenia, and Spain.
Characteristic changes in individual components of the consumption structure of the above
countries over time were illustrated on Flexplot charts.

In Ireland (Figure 3), there were clear fluctuations in per capita consumption from
2010 to 2016 in the following structure components: “alcoholic beverages, tobacco, and
narcotics”, “clothing and footwear”, “furnishings, household equipment, and routine
household maintenance”, “communication”, “recreation and culture” and “miscellaneous
goods and services”. Only in the case of the “clothing and footwear variable” did the 2019
levels of consumption return to the level of 2000–2007.

In Lithuania (Figure 4), the per capita expenditure on education stabilized in the years
2007–2016. Starting in 2016, an increase in expenditure in this respect was observed.

In Poland (Figure 5), a slowdown in per capita consumption was observed in
2010–2016 in sectors such as “food and non-alcoholic beverages”, “alcoholic beverages, to-
bacco, and narcotics”, “housing, water, electricity, gas, and other fuels”, “communications”
and “education”. Then, after 2015, the above-mentioned variables (except for education)
showed an increasing trend.

Per capita consumption in Slovenia (Figure 6) slowed down in 2010–2016 for variables
such as “alcoholic beverages, tobacco, and narcotics”, “clothing and footwear”, “furnish-
ings, household equipment, and routine household maintenance”, “communications”, and
“recreation and culture”. It was observed that in the case of structure components such
as “alcoholic beverages, tobacco, and narcotics”, “communications”, and “furnishings,
household equipment, and routine household maintenance”, per capita consumption did
not return to high values after 2016. At the same time, as part of the analysis of the variable
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“furnishings, household equipment, and routine household maintenance”, it was observed
that its values increased from 2016 to 2019.
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In Spain (Figure 7), a clear collapse in per capita consumption occurred in three periods.
From 2007 to 2013, no growth or declines in consumption were observed for the following
structure components: “food and non-alcoholic beverages”, “alcoholic beverages, tobacco,
and narcotics”, “recreation and culture”, “restaurants and hotels” and “miscellaneous
goods and services”. The slowdown in per capita consumption also concerned the years
2010–2016 for variables such as “alcoholic beverages, tobacco, and narcotics”, “housing, wa-
ter, electricity, gas, and other fuels”, and “communications”. Consumption per capita also
declined in 2007–2016 for the following components: “furnishings”, “household equipment
and routine household maintenance”, and “clothing and footwear”. At the same time, the
level of per capita consumption did not return to previous values for the variable “clothing
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and footwear”, and the increases in consumption from 2013 compared with 2000–2013
were smaller for the “housing, water, electricity, gas, and other fuels” component.
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Deconsumption research is often carried out in qualitative forms that involve survey
groups, in which people answer questions about their consumption behavior. In this
context, one research paper comes to mind, in which the authors aimed to understand
new knowledge about the factors impacting the role of students in increasing food savings
coming from reducing food waste. This is a behavior that fits into the definition of the
deconsumption phenomenon [84]. The results of the 2022 survey indicated that there were
differences in the behavior of consumers (students) in the process of food management,
which were less favorable for saving food during the lockdown than during the threat of a
pandemic. Based on these results, it can be pointed out that the lockdown did not force
frugal behavior among students.
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Another qualitative study that is interesting in the context of deconsumption analysis
is a paper that analyzed the consumption behavior of seniors in Poland [21]. Its author
showed that the level of deconsumption was influenced by demographic and social charac-
teristics of people aged 65+, such as age, gender, education, income, and place of residence.
Female seniors showed greater interest in deconsumption compared with male seniors. On
the other hand, according to the author of the publication, seniors who were college and
high school graduates and residents of large cities, with monthly income above PLN 3000
(~EUR 700) per capita were highly influenced by the deconsumption trend. This could
represent an increasingly common way of life for seniors.
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Qualitative research on consumption is also being conducted in the tourism sector.
The work of Manczak et al. [85] is worthwhile in this regard. Based on the opinions of
experts participating in interviews, it attempted to outline changes in tourism after the
COVID-19 pandemic. The results of the analysis indicated that the pandemic intensified the
virtualization of tourism, which could have been reflected in the slow recovery of this sector.
This is why the tourism sector can be an interesting subject in deconsumption analysis.

Elements of the study of deconsumption also appeared in the work presented by
Zywiołek et al. [86]. Although the studied households declared that they were saving
energy, the percentage of their expenditures on energy actually increased. The authors
emphasized that the dissonance between declarations and consumer behavior may be due
to the subjective assessment of a household’s financial situation or the overall economic
condition of the country [86]. This is an important finding because it indicates the need
to reduce the element of subjectivity in studies that cover the extent of the real incidence
of deconsumption. It suggests that quantitative research in the area of deconsumption
analysis makes sense.

In terms of quantitative and qualitative research, the work published by
Szwacka-Mokrzycka [38] is worth mentioning. The author showed that in terms of the
formation of consumption of food products in Poland, there was a significant variation
depending on the category of products consumed. However, in the case of basic prod-
ucts, the author noted a slight increase in consumption, while the demand for highly
processed products remained at a relatively high level. This could confirm the absence of
the phenomenon of deconsumption in this sector. In addition, the author emphasized the
occurrence of qualitative changes in the consumption of food products, which were due to
the intensification of substitution processes among product groups, changes taking place in
the consciousness of consumers, and the transformation of consumer preferences [38]. The
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phenomenon of substitution itself could be part of changes in consumption patterns but
does not necessarily indicate the occurrence of deconsumption.

In the pre-pandemic period, Swietlik [87] conducted quantitative research on trends
in the behavior of modern food consumers in Poland. It showed that in 2013–2017, upward
trends in the economy were reflected in the increase in demand for food. Moreover,
consumption of the most basic food groups increased. On the other hand, studies of budgets
showed that changes in consumer preferences occurred in the form of the amount of food
consumed in terms of basic products (low-processed) in favor of more processed products
with a higher unit price. The author of the article called this phenomenon deconsumption,
but in the opinion of the authors of this study, this does not fit the definition of the
phenomenon of deconsumption as per its characteristics indicated in the Introduction of
this article, based on the analysis of the subject literature.

5. Conclusions

This study demonstrated how the consumption structures of only a few EU coun-
tries have undergone significant and lasting transformations. This is undoubtedly a phe-
nomenon that can monitored over time using the fuzzy c-means method. It allows for
isolating extensive clusters of observations and identifying shifts in individual objects
within them. Intergroup migration of objects over time was observed for eight countries.
However, 17 of 25 countries studied experienced no changes in their consumption structure,
or only minor ones. At the same time, in the remaining eight countries, there were ambigu-
ous changes that suggest fluctuations or reductions in consumption in individual sectors.

In countries where there were observable changes in the per capita consumption
structure as part of inter-cluster shifts, no common pattern was detected in terms of
transformations in the value of the per capita consumption variables over the study period.
This means that different variables in different countries showed declines or minor changes
in per capita consumption.

Macroeconomic data on per capita consumption did not highlight the occurrence of
deconsumption in the years 2000–2019. At the same time, it was found that there were
changes in the consumption structures of individual countries. The study of variables over
time also showed that in countries that experienced changes in the consumption structure,
the values of individual variables fluctuated over time. At the same time, consumption
within some of its components showed decreasing or slightly increasing trends. This could
indicate the emergence of the phenomenon of deconsumption, which was still in its initial
stage in the period under study.

The analysis of the per capita consumption structure in EU countries highlighted yet
another important aspect. In 17 out of 25 surveyed countries, there were no significant
changes in the per capita consumption structure in the 2000s and 2010s. Stabilization
of the structure could indicate the existence of the phenomenon of deconsumption in at
least some of the studied countries. At the same time, a preliminary review of the data
showed that in most countries, per capita consumption increased over the years. Therefore,
the authors of this study believe that only an inflation-adjusted data analysis can show
deconsumption changes that are visible directly. Therefore, this work can serve as an
inspiration for further research on deconsumption. This article investigates a fragment
of reality, allowing for drawing theoretical conclusions and constructing a specific model
of the support environment for the processes under study—in this case, deconsumption.
The results highlight the timeliness and validity of the issues raised in theoretical, cogni-
tive, methodological, and utilitarian areas. This work also has utilitarian qualities, i.e., it
formulates arguments for decision-makers, practitioners, managers, and consultants who
diagnose the industry regarding the direction and formulation of models of deconsumption
for sustainable development. The above considerations do not undermine the research
results presented in this article because the subject of the analysis was the structure of con-
sumer spending, which will not differ significantly even after inflation correction. It should
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be added that deconsumption is a relatively new and not yet widespread phenomenon;
hence, its visibility in macroeconomic data in the examined period could have been limited.
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6. Niklewicz-Pijaczyńska, M.; Stańczyk, E.; Gardocka-Jałowiec, A.; Gródek-Szostak, Z.; Niemczyk, A.; Szalonka, K.; Homa, M. A

Strategy for Planned Product Aging in View of Sustainable Development Challenges. Energies 2021, 14, 7793. [CrossRef]
7. Cova, B. Community and consumption: Towards a definition of the “linking value” of product or services. Eur. J. Mark. 1997,

31, 297–316. [CrossRef]
8. De Young, R.D. Expanding and evaluating motives for environmentally responsible behavior. J. Soc. Issues 2000, 56, 509–526.

[CrossRef]
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24. Wilczak, A. Współkonsumpcja jako wyzwanie dla współczesneo marketingu. In Aktualne Problemy Zarządzania–Teoria i Praktyka;
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68. Bublyk, M.; Kowalska-Styczeń, A.; Lytvyn, V.; Vysotska, V. The Ukrainian Economy Transformation into the Circular Based on
Fuzzy-Logic Cluster Analysis. Energies 2021, 14, 5951. [CrossRef]

69. Aryandani, A.I.S.Y.A.H.; Solimun, N.; Rinaldo Fernandes, A.A.; Efendi, A.C.H.M.A.D. Implementation of Fuzzy C-Means in
Investor Group in the Stock Market Post-COVID-19 Pandemic. WSEAS Trans. Math. 2022, 21, 420–422. [CrossRef]

70. Ansari, A.; Riasi, A. Customer clustering using a combination of fuzzy c-means and genetic algorithms. Int. J. Bus. Manag. 2016,
11, 62–64. [CrossRef]

71. Giles, D.; Draeseke, R. Econometric Modelling Based on Pattern Recognition via the Fuzzy c-Means Clustering Algorithm; Working
Paper EWP0101; University of Victoria: Victoria, BC, Canada, 2001. [CrossRef]

72. Bezdek, J.C.; Ehrlich, R.; Full, W. FCM: The fuzzy c-means clustering algorithm. Comput. Geosci. 1984, 10, 191–203. [CrossRef]
73. Kim, M.S.; Choi, E.S.; Lee, J.Y.; Kang, M.S. A study on the analysis of stability indicators in financial statements using fuzzy

c-means clustering. Int. J. Appl. Eng. Res. 2017, 12, 9864.
74. Celikyilmaz, A.; Türksen, I.B. Modeling Uncertainty with Fuzzy Logic: With Recent Theory and Applications; Springer:

Berlin/Heidelberg, Germany, 2009; pp. 62–64. [CrossRef]
75. Gokten, P.O.; Baser, F.; Gokten, S. Using fuzzy c-means clustering algorithm in financial health scoring. Audit. Financ. J. 2017,

15, 385. [CrossRef]
76. Cannon, R.L.; Dave, J.V.; Bezdek, J.C. Efficient implementation of the fuzzy c-means cluster-ing algorithms. IEEE Trans. Pattern

Anal. Mach. Intell. 1986, 2, 248–255. [CrossRef]
77. Basri, Z.A.; Mohamad, N. A new hybrid of Fuzzy C-Means Method and Fuzzy Linear Regression Model in Predicting Manufac-

turing Income. Int. J. Eng. Technol. 2018, 7, 474–476. [CrossRef]
78. Destia, B.; Kartikasari, M.D. Comparison of fuzzy c-means and fuzzy Gustafson-Kessel cluster-ing methods in provincial grouping

in Indonesia based on criminality-related factors. Barekeng J. Ilmu Mat. Dan Terap. 2023, 17, 1095–1104. [CrossRef]
79. Bholowalia, P.; Kumar, A. EBK-means: A clustering technique based on elbow method and k-means in WSN. Int. J. Comput. Appl.

2014, 105, 18–21.
80. Van der Maaten, L.; Hinton, G. Visualizing data using t-SNE. J. Mach. Learn. Res. 2008, 9, 2579–2587.
81. Tian, Y.; Wu, J.; Wang, Z.; Lu, D. Fuzzy clustering and Bayesian information criterion-based threshold estimation for robust voice

activity detection. In Proceedings of the 2003 IEEE International Conference on Acoustics, Speech, and Signal Processing, Hong
Kong, China, 6–10 April 2003; Proceedings. (ICASSP ’03). pp. 444–447. [CrossRef]

82. Gan, G.; Lan, Q.; Sima, S. Scalable clustering by truncated fuzzy c-means. Big Data Inf. Anal. 2016, 1, 247–259. [CrossRef]
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