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Abstract: The ongoing digitization of the economy has led to the creation and functioning of platform
model socio-economic systems. It is also reflected in the changes in patterns of energy consumption
in households. In the first cross-section, it is an industrial revolution, with environmental benefits.
However, platforms are primarily a revolution in the consumption sphere, and here, the effects of
digitization are not fully recognized. Our social needs are increasingly met “through accessibility”
without us leaving our home. Due to the home’s multifunctionality, based on the availability
of platform services, household energy consumption should be viewed differently today than
before. The article aims to show the changes in Central and Eastern Europe (CEE) household
energy consumption between 2008–2018 and their assessment through the prism of the economy’s
platformization methods. The study presents the changes in energy consumption in households
and determines the correlations between platformization (the author’s index) and changes in energy
consumption in households with the use of taxonomic methods. The platformization leaders—
Estonia and Lithuania—were subjected to a more detailed analysis. The presented method(s) may be
useful in predicting the changes in households’ energy consumption caused by the digitization of
other countries in the region (countries under transformation and outsiders-Bulgaria, Romania), in
implementing household energy management systems, and in a better adjustment of regulations
directed at these consumers.

Keywords: households; energy consumption; platform

1. Introduction

The socio-economic systems of the current platform business model are a consequence
of continuous digitization of the economy [1]. Platforms help the market forces of supply
and demand work together. In the first cross-section, we are dealing with an industrial rev-
olution (industry 4.0). Less energy and natural resources consumed and fewer greenhouse
gases emitted are just a few of the environmental benefits [2–6]. Here platforms primarily
revolutionize consumers’ market, so the effects of digitization are not fully recognized.
This reduced level of resource consumption broadly affects socio-economic activity, that
is the consumption of energy. The emphasis is attached to the energy-intensive industry
and transport sectors [7–11]. Yet digitization has brought about significant changes to both
the labor market [12–14] and the way we live [15,16]. Thanks to digital competencies and
advances in technology, work environments are becoming more virtual. These virtual
offices are supported by both open or closed platforms. Due to the different activities that
take place in the modern residence, the energy consumption in today’s households should
be viewed differently than in the industrial era. The problem gained importance by 2020.
The COVID-19 pandemic has significantly changed socio-economic life, with households
wired for digital platforms that will take an increasing share of energy consumption.

The issues of energy consumption in households are not new [17,18]. There is plenty
of space in the subject literature dedicated to them in the context of digitization [19].

The literature indicates the household is better and better equipped with digital con-
sumer devices (e.g., personal computers, mobile phones, TV sets, and home entertainment
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systems [20], it also shows the increasing energy efficiency of these devices [21] and the
optimization of energy consumption [22]. The considerations disregard the digital com-
petences which, when better developed, allow us to understand how to implement and
operate energy-efficient digital household solutions based on platforms. The article aims to
try to show the changes in energy consumption in households in 2008–2018 in Central and
Eastern Europe (CEE) countries, and, using taxonomic methods, to identify the correlation
between energy consumption and platform adoption by these economies.

The article begins with the literature review that consists of three steps: (1) the plat-
forms’ specificity, (2) key factors influencing the amount of energy consumption in house-
holds, (3) digitization versus location’s multifunctionality. It aims to show how the resi-
dence’s multifunctionality which is continuously growing thanks to platforms can affect
the energy consumption in households.

In the context of changes in energy models, it is subject to debate what has a greater
role: technologies or behavioral factors [23]. The influence of behavioral and techno-
logical factors is not linear [24]. Our activities are often routine and our practices are
interrelated [25]. Similar observations result from digital competences.

The third section is methodological. For the purposes of this article, we constructed
an indicator of economic platformization. Synthetic indicators of the digitization of the
economy and society are encountered in practice. They are based on indicators of the
availability of digital infrastructure and digital competences (e.g., DESI [26] and IMG [27]).
In contrast, the proposed platformization indicator is based on the actual use of platform
tools, and not only their availability, in three sections: society, economy, and administration.
The platformization index is a new, original research perspective on changes in energy
consumption in households.

The taxonomic methods used in the study–section fourth, based on Euclidean distance
matrices (EDMs) [28,29], are classified as important data mining techniques [30]. They
are used, among others, to study the development of phenomena in spatial terms [31]
and to classify objects based on data identifying these objects. Although the first applica-
tions of EDMs date back to the 1930s [32], these methods are gaining momentum due to
new applications, in particular in research based on machine learning [33,34]. Agglom-
eration methods made it possible to divide the CEE countries into three groups. Their
separation was based on similarities in terms of the interdependencies between the level
of platformization and changes in energy consumption in households. The platformiza-
tion leaders, Estonia and Lithuania, were subjected to a detailed analysis explaining the
obtained regularities.

The approach presented may also be useful in (a) predicting changes in household
energy consumption caused by digitization, (b) implementing energy management systems,
and (c) better adjustment of regulations addressed to platform users.

2. Literature Review
2.1. Internet Platforms

The dynamic development of the platform-based economy creates a new landscape for
the global economy and affects the lives of citizens around the world [35]. The very term
“platform” is defined very differently [36–38]. Gawer [38] defines platforms as evolving
organizations or meta-organizations that: (1) bring together and coordinate the activities of
constitutive, innovative, and competing agents; (2) create value, generate and use benefits
from the supply and/or demand side of the market; (3) are characterized by a modu-
lar technological architecture that consists of a core and a periphery [39]. A platform is
typically recognized as a set of subsystems and interfaces (in the broader sense, the Inter-
net [40]), that makes up the company’s own business ecosystem for customers, partners,
programmers, institutions, or is used by them. Platforms operate on the so-called multi-
sided market-on multilateral platforms, sometimes referred to as a two-sided market [41].
Platforms are generally recognized as a meeting place that facilitates interactions between
individuals [42].
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Platforms operate in production and consumers’ markets concurrently. In the context
of production, we are dealing with the industrial revolution (industry 4.0) [43], according
to which the reduction of costs, improvement of efficiency, and quality of products are
achieved through automation employing real-time data exchange and artificial intelli-
gence. Industry platforms are open to external connections, which facilitate innovation
into their ecosystems [44]. Digital transformation brings environmental benefits such as
lower consumption of energy, lower use of natural resources, and reduced greenhouse
gas emissions.

Platforms also play an important role in the energy sector [45], most importantly,
in the distribution of energy [46]. However, platforms are primarily a revolution in ex-
change [36]. They completely change how we think, work, and learn. At work and home,
we increasingly meet our needs through available and open platforms. The price we pay
for it is our data [47]. The more data platforms have about their customers, the more
they can offer them. The most famous 1.0 platforms (Amazon, Facebook, and Google)
are investing heavily in and developing artificial intelligence and blockchain technologies
which are expected to become the basis of 2.0 platforms. Algorithms based on machine
learning and deep learning supported by artificial intelligence not only meet our needs
to an increasingly better extent but also create them (they know faster and better what
we need). To use their services, all you need is the Internet, a computer (more and more
often a smartphone), and digital competences. The latter is a set of knowledge, skills,
and attitudes necessary for active participation in social life. The Digital Competence 2.0
framework, defined by the European Commission, covers five areas: information and data
literacy, communication and collaboration, digital content creation, security, and problem
solving [48]. Thanks to them, we navigate through the virtual network provided to us by
platforms with growing efficiency.

2.2. Energy Consumption in Household Factors

Households have for a long time been assigned an important role in the implemen-
tation of a country’s energy policy, in the literature that has been written on the subject,
as well as in the economic practice. In the EU, the strategic goal of improved climatic
conditions is sought through energy transformation, primarily industry, transport, and
construction sectors [49]. In Europe, the housing sector is responsible for approx. 30% of
energy consumption and 16% of total CO2 emissions [50]. These values are influenced
not only by the state of the construction industry and the energy demand related to its
operation (although it is responsible for the most important part of energy consumption in
this cross-section [51]) but also by household energy consumption models. The latter, along
with technological progress [52], may play an important role in the transition of European
economies to the path of sustainable development.

The factors influencing the amount of energy consumption in households are ex-
tremely diverse. They are the result of individual decisions made under the influence of
socio-economic and contextual conditions. The role of behavioral factors (attitudes, beliefs,
norms) is widely recognized in the field of social and environmental psychology [53–57].
It is often emphasized that consumer decisions are often irrational and routine. Their
declarations, for example, on the importance attached to the problem of climate change,
do not translate into practical actions, such as saving energy or changing the sources of
energy [58]. Consumers’ environmental “awareness” is important, but not sufficient to
implement the principles of sustainable development at the household level [58,59]. Con-
sumers’ energy-related behavior is strongly embedded in their environment [60,61]. The
latter are sometimes seen through the prism of institutional economics [62]. According
to North’s approach [63], the institutional environment consists of (a) formal institutions-
legal regulations (tax incentives, regulations, standards), (b) informal institutions-customs,
culture, fashion (e.g., ecology [64]), and (c) a mechanism for implementing and enforcing
formal and informal rules of the game (e.g., enforcement of penalties for air pollution).
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In explaining household consumption patterns, much attention is paid to contextual
factors. These are permanent or temporary factors influencing the energy usage behavior
of individuals or households, specific to place and time of energy consumption [65,66].
The Covid-19 pandemic should be recognized as a contextual factor. Contextual factors
play an important role in energy management [67], i.e., ensuring: (a) energy availability,
(b) energy security, (c) household energy efficiency. The implementation of the above
objectives requires many coordinated actions, such as assessment of the real needs of
the household, selection of an energy mix adequate to the needs and possibilities, and
monitoring of equipment operation based on safety and efficiency standards in accordance
with the country’s energy policy [68].

The complexity and interdependence of household energy consumption model fac-
tors prompt many authors to treat them holistically and interdisciplinary [17,18,62,69].
One of the most comprehensive and, at the same time, structured classification of factors
influencing energy consumption in households is the approach of Frederiks et al. [69].
Individual prognostic factors and situational factors are distinguished in their classification.
There are two categories in the first group: (a) socio-demographic factors (e.g., age, gender,
education, employment status, household type, or location) and (b) psychological factors
(e.g., values, motivation, vulnerability). According to this approach, situational factors, in
turn, are legal regulations, available technology, prices, infrastructure, as well as all other
unmentioned political, economic, social, and cultural factors influencing the environment.
The above-mentioned factors are interdependent and change over time. Household energy
consumption models evolve over time [70]. The digital revolution appears to be a substan-
tial driving force behind these changes. In the second decade of the 21st century, attention
is paid primarily to the so-called intensifying technologies. They are characterized by wide
application (they can be used in various contexts), easy to adapt to individual needs, and
practically trouble-free updating [71–73]. The group of important supporting technologies
driving the digital economy includes Internet of Things (IoT), cloud computing, artificial
intelligence algorithms, robotics, and blockchain.

Digitization has also penetrated individual prognostic factors shaping household en-
ergy consumption patterns (see Figure 1). This point of view broadens the holistic approach
of Frederiks et al. to include digital components [69]. In the group of socio-demographic fac-
tors, these are digital competences-not always dependent on age or education level. Digital
competences can be acquired formally through training courses, and informally [74,75]. The
daily use of generally available platforms is part of the second source-informal. Research
confirms that even using Wikipedia can increase our digital competences [76]. Thanks to
them, the Internet and the media are an important source of information. They strongly
influence the consumption decisions we make, also in the area of shaping pro-ecological
practices [76,77].

Digitization also affects the human psyche. The negative phenomena include com-
puter addiction, Internet addiction, addiction to social networks, cybersickness problems
of perception of reality [78,79].

2.3. Digital Transformation of Households

The digital transformation of households has two interdependent dimensions: (a) a
technological one, (b) and a social dimension, which are expressed through the growth
of digital competencies and the increase of family online daily activity thanks to plat-
forms [80]. The first dimension consists primarily of digital solutions that can lead to
a reduction in household energy consumption and a change in their consumption pat-
terns [22,81]. Intensifying technologies play an important role in households’ technological
digital transformation. IoT-the network of connections between physical objects equipped
with sensors enables the data to flow between them.
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Figure 1. Household energy behavior in the digital era main factors.

The objects that belong to the network identify one another and communicate digi-
tally with other devices-the objects “talk to each other” behind the scenes [82]. Thus IoT
technology, supported by artificial intelligence, allows us to monitor all devices that use
energy in the household and optimize the energy consumption at the same time [83–85].
The projects implemented in the EU, namely USmartConsumer [86] and E-Balance [87]
are good examples thereof. These projects spent significant financial resources to help the
end-user [88]. These digital solutions fit into the concept of the so-called “smart homes”.
Their popularity is largely determined by environmental awareness [89]. The main barriers
to the dissemination of this concept (i.e., smart homes), however, are the complexity and
variety of systems and their price.

The methods for forecasting household energy consumption are based on new techno-
logical possibilities (IoT, cloud computing, algorithms) and disregard the impact of social
transformation. They focus on the technological possibilities of the measure only [90].
The social digital transformation before the pandemic was slow. Working remotely was
reserved for the so-called liberal professions and not for full-time workers [91]. Digital com-
petences were most often perceived through the prism of institutional solutions-study and
work [92]. As a result of the covid-19 pandemic and the need to keep social distance, the
social digital transformation has accelerated significantly. During the Covid-19 pandemic,
the home has become a workplace for many. An estimated 40% of Europeans have moved
to work remotely during the pandemic, while only about 15% had ever done it before its
outbreak [93]. Not only work, but also learning takes place online. We satisfy various types
of our needs—shopping, entertainment, and social contacts—through publically accessible
platforms. The result is a drastic decline in total energy consumption [94,95], its growth in
households [96], and, due to it, a noticeable increase in the cost of living for households [97].
Consumption of electricity has become the primary concern. It has been observed in all
regions of the world affected by the pandemic [98–100]. Surveys show that the increase
in energy consumption in households varies according to their size. In small families-up
to 2 members in 2018–2019, this is an increase of approx. 10.8%, 18% in medium-sized
families (3–4 people) and as much as 37% in large families (over 4 people) [101]. Research
also shows that consumers are afraid of an increase in energy expenditure, especially while
there is a decline in their income [102]. With the increasing platformization of the economy,
access to household energy, energy management, and its affordability are the elements that
are taking on a slightly different meaning than they had in the past [103]. They determine
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not only the basic conditions of life, but also work, study, and the fulfillment of higher-order
needs (e.g., culture).

On the other hand, the accelerated digital social transformation implies a significant
increase in digital competences. We increase digital competences not only through remote
working and learning but also through routine activities (such as paying bills online).
Zoom data shows that from March to April 2020 alone, the daily number of users of this
platform increased from 200 to 300 million, compared to about 10 million in December
2019. That’s a 30-fold increase in just four months. In turn, Microsoft Teams announced
that the user base in April 2020 was 44 million compared to 20 million in March of the same
year [104]. Acquiring digital competences does not apply to everyone equally. Their lack
may even lead to digital exclusion [105].

3. Data and Methodology

The research methodology consists of three stages.
Stage 1—volatility in household energy consumption in 2008–2018 for the following

developed CEE countries: Bulgaria, Estonia, Lithuania, Latvia, Poland, Czech Republic,
Romania, Slovakia, Slovenia, and Hungary [29]. A similar level of development allows for
a wider inference. The basis of the statistical analysis is the Eurostat database [106]. Due
to its limitations (the latest data most often comes from 2018), as well as the possibility of
making comparisons of the phenomena included in the study, the analysis covered the
years 2008–2018.

The study covered changes in energy consumption in households in general and
per capita. Patterns, including similarities and differences between CEE countries, were
assessed in a wider context. The benchmark for this assessment was the trends in changes
in total energy consumption, energy prices, and the level of socio-economic development
of the surveyed countries.

Stage 2—platformization of CEE economies and the amount of energy consumption.
To synthetically assess the level of platformization of the CEE countries, the taxo-

nomic method of the development pattern, initiated by Professor Zdzisław Hellwig [107],
was applied. This method is one of the taxonomic methods included in the clustering
methods group [29]. It is based on the study of Euclidean distances between the studied
objects [108,109]. Taxonomic methods are used to assess the level of differentiation of
objects (in this case countries) in terms of the statistical features assigned to them. This
approach provides the basis for grouping like objects based on similar properties [110].
Objects that have similar characteristics are grouped in the same group.

The research algorithm categorized the CEE countries into groups (i.e., high, medium,
and low) based on their level of economic platformization, using the following approach:

1. Selection of variables. When selecting partial measures, the criteria used in spatial
research were taken into account, including (a) significance from the point of view
of the analyzed phenomenon and exhausting its scope, (b) maintaining proportion-
ality in the representation of partial phenomena, (c) measurability, availability, and
completeness of statistical information.

The degree of platformization of the CEE countries was determined based on the
selection of 45 diagnostic variables covering various aspects of digitization, both of society
(natural persons) and enterprises. The variables presented both the technical and social
dimensions of digitization.

The independence of selected features was set by determining the Pearson linear
correlation coefficient (r) between all variables [111]. It is one of the most frequently used
coefficients (the correlation coefficient of zero means no relationship between the variables,
and the further it reaches +1 or −1, the stronger the relationship between the variables,
positive or negative, respectively).

The criterion of a strong correlation of variables was r3 0,7 (with such a correlation one
variable explains 50% of the variability of the other). The application of the above criterion
has made it possible to eliminate the mutually strongly correlated features.
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As a result of the correlation analysis, 11 variables were omitted in the further study:
X4, X5, X7, X12, X15, X20, X30, X33, X34, X37, X43. This meant that a total of 34 variables
were used to evaluate the synthetic index, which are presented in Table 1 (their description
below the table). As a result of the correlation analysis, 11 variables were omitted in the
further study: X4, X5, X7, X12, X15, X20, X30, X33, X34, X37, X43. This meant that a total of
34 variables were used to evaluate the synthetic index, which are presented in Table 1.

Variables description:

X1 Individuals carried out free online training or self-study to improve skills relating to
the use of computers, software, or applications in total,

X2 Individuals carried out training paid by themselves to improve skills relating to the
use of computers, software, or applications in total,

X3 Enterprises that employ ICT specialists as % of all enterprises without the financial
sector, and employing 10 or more people,

X4 The development of web solutions is mainly performed by own employees as % of all
enterprises without the financial sector, and employing 10 or more people—omitted
in the further study,

X5 Enterprises with e-commerce sales of at least 1% turnover,
X6 Enterprises’ total turnover from e-commerce sales,
X7 Use enterprise’s blog or microblogs (e.g., Twitter, Present.ly, etc.) (as of 2014),
X8 Use social media to develop the enterprise’s images or market products,
X9 Use social media to share opinions of customers,
X10 Involve customers in the innovation of goods or services through social media,
X11 Involve customers in the development or innovation of goods or services through

social media,
X12 Enterprises that have ERP software package to share information between different

functional areas,
X13 Enterprises that bought cloud computing services,
X14 Enterprises that bought Customer Relationship Management software (as a CC ser-

vice),
X15 Enterprises analyzing big data from social media,
X16 Individuals used a laptop, notebook, netbook, or tablet computer to access the internet

away from home or work,
X17 Individuals used a mobile phone (or smartphone) to access the internet,
X18 Individual’s main job tasks changed as a result of the introduction of new software or

computerized equipment,
X19 Individuals needed further training to cope well with the duties relating to the use of

computers, software, or applications at work,
X20 Individuals’ skills correspond well to the duties related to the use of computers,

software, or applications at work,
X21 Individuals choosing, modifying, or testing new software or computer equipment

at work,
X22 Individuals whose main job tasks changed as a result of the introduction of new

software or computer equipment,
X23 Individuals had to learn how to use new software or computer equipment at work
X24 Individuals needed further training to cope well with the duties relating to the use of

computers, software, or applications at work,
X25 Individuals used social media at work,
X26 Individuals created or supported IT software or programs,
X27 Individuals used specialized software at work,
X28 Individuals created or edited electronic documents in their work,
X29 Individuals used computers, laptops, smartphones, tablets, or other portable devices

at work,
X30 Individuals used computers, laptops, smartphones, tablets, other portable devices, or

other computerized equipment or machinery,



Energies 2021, 14, 1002 8 of 22

X31 Individuals’ satisfaction level on the usefulness of available information: greatly
satisfied,

X32 Individuals carried out at least one financial activity over the internet,
X33 Individuals used smartphones with some security system, installed automatically or

provided with the operating system,
X34 Individuals used smartphones with some security system, installed by them or pro-

vided with the subscription,
X35 Individuals already lost information, pictures, documents, or other kinds of data on

the smartphone as a result of a virus or other hostile type of programs,
X36 Individuals never restricted or refused access to personal data, when using or in-

stalling an app on the smartphone,
X37 Individuals did not know it was possible to restrict or refuse access to personal data

when using or installing an app on the smartphone,
X38 Individuals used the internet to interact with public authorities,
X39 Households-level of internet access,
X40 Individuals used computers, laptops, smartphones, tablets, or other portable devices

away from home and work,
X41 Internet use: seeking transportation service,
X42 Internet use: seeking housing service,
X43 Internet, phone, video call use,
X44 Individuals using social media (creating profiles, publishing information, posting on

Facebook, Twitter, etc.),
X45 Internet use: seeking health information.

2. Standardization [111] of variables performed to obtain the comparability of variables.
Standardization was performed using the formula:

zik =
xik − xk

Sk
; Sk =

[
1
w

w

∑
i=1

(xik − xk)
2

] 1
2

(1)

where: w–number of units (country) and i ∈ 1 . . . w, xik–value of the k-th variable in the
i-th unit, xk–arithmetic mean of the kth variable, Sk–standard deviation of kth variable,
zik–standardized value of k-th variable in i-th unit.

3. Setting a pattern of development P0-combining all the best features of the surveyed
units. The basis for the construction of an abstract pattern of development is a
normalized matrix of features (Z). To distinguish the stimulant and destimulant
subsets from the set of features (s), the vector P0 is defined, where:

P0 = [z01, z02, . . . z0s, . . . z01], z0s = max
i

zis ⇒ s ∈ Iz_0s = (min)iz_is⇒ s /∈ I (2)

The diagnosis of the diagnostic variables adopted in the study shows that all of them
turned out to be stimulants.

4. Calculation of taxonomic distances between the studied units and the develop-
ment pattern.

ci0 =

[
n

∑
s=1

(zis − z0s)
2

] 1
2

(3)

where: n–number of features, zis–value of the s-th variable in the i-th unit.
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Table 1. Diagnostic variables in platformization study of the CEE countries after verification * in 2018.

Kraj X1 X2 X3 X6 X8 X9 X11 X12 X14 X15 X17 X18 X20 X23 X24 X26 X28 X29 X30 X31 X32 X33 X34 X35 X36 X37 X38 X39 X40 X41 X42 X43 X44 X45

Bulgaria 8 1 20 4 74 21 14 23 2 2 72 12 21 2 35 8 9 11 2 82 4 30 7 6 27 6 25 75 25 2 9 58 53 30
Czechia 24 2 20 32 88 26 21 38 5 3 77 17 15 2 56 23 29 20 5 78 16 27 23 3 46 3 54 87 31 6 5 45 59 56
Estonia 8 1 15 14 93 21 24 26 7 6 80 29 27 12 43 26 30 40 8 94 50 29 13 2 14 4 80 90 33 29 25 53 65 60
Latvia 7 1 20 7 92 26 39 32 3 3 69 11 17 4 51 19 27 20 4 91 30 30 19 3 27 3 70 85 16 8 8 57 65 48

Lithuania 14 2 15 13 81 33 25 48 6 8 76 19 25 6 43 18 19 16 4 91 20 40 6 3 27 9 55 82 28 14 14 61 61 61
Hungary 5 2 26 24 77 20 16 14 5 3 77 20 11 5 46 16 15 29 8 88 11 52 17 8 20 3 53 86 47 6 23 61 69 60
Poland 6 2 23 18 89 23 26 29 3 2 66 16 20 4 43 13 14 18 5 86 7 35 9 4 24 3 40 87 34 7 20 49 53 47

Romania 12 1 10 7 84 18 26 23 - 5 77 18 22 7 21 7 7 10 2 63 2 31 8 4 19 7 12 84 32 4 9 49 60 31
Slovenia 15 3 18 17 70 23 13 33 5 3 79 21 18 9 52 19 27 23 13 92 8 40 7 3 21 6 53 89 22 7 9 42 52 48
Slovakia 12 3 18 21 67 23 18 31 6 3 71 19 18 3 47 10 7 17 2 72 10 31 12 3 21 4 59 82 40 15 21 55 59 53
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5. Determining the di * development measure on the basis of taxonomic distances:

d∗i =
ci0
c0

, where c0 = c0 + 2S0, c0 =
1
w

w

∑
i=1

ci0, S0 =

[
1
w

w

∑
i=1

(ci0 − c0)
2

] 1
2

(4)

The development index (di) is in the range of 0–1 and the closer the value of the
measure approaches zero, the higher the level of development of a given unit. This allows
the ranking of the CEE countries according to the degree of development of platformization.
This ranking was the basis for the division of the surveyed countries into three groups
that differ least in terms of the studied characteristics. A group was selected with a high,
medium, and low level of economic platformization. A detailed analysis of the studied
regularities is presented based on Lithuania and Estonia.

Stage 3—Lithuania and Estonia-case study taking into account the Global Connectivity
Index (GCI) indicator.

The Global Connectivity Index (GCI) indicator was used to conduct a comprehensive
approach in assessing the digitization of the economy, including the advancement of the
implemented technologies and the possibility of their different impact on the level of energy
consumption (also as a result of various digital competences) in countries with the highest
level of platformization, namely Lithuania and Estonia [112]. GCI consists of four pillars:
the supply of ICT products and services, the demand for these products, the experience
of the end-users (individuals and organizations), and the ICT potential. It comprises
40 indicators measuring the impact of ICT on the economy, digital competitiveness, and
future growth. Their selection was aimed at capturing the development of ICT and digital
transformation in terms of four levels of technology, i.e., broadband, cloud, IoT, and AI.
The comparability of indicators between countries was ensured by relating them to the
potential of the economy (e.g., GDP), the number of households, or the population. Each
indicator is rated on a scale of 1 (low) to 10 (high). The final total GCI level (10–100) is an
aggregation of indicators from the four segments indicated above.

Given the above, the analysis of the relationship between platformization and energy
consumption in households will be embedded in the differences in the digitization of the
different examples of Lithuania and Estonia.

4. Results
4.1. Changes in Household Energy Consumption

The changes taking place in societies and the economy, largely caused by the digital
revolution, mean that there are significant shifts in the structure of energy consumption,
i.e., between its main consumers. Hence, in the search for answers to the questions posed
in the article, it is important to analyze changes in energy consumption in the countries in
the study. Among the CEE countries, households account for a significant share of the total
energy consumption. In 2018, it ranged from approx. 1/5 of total consumption in countries
such as Slovakia, Slovenia, and Bulgaria to approx. 30–33% of total consumption in Latvia,
Estonia, Hungary, and Romania [113]. Between 2008 and 2018, most CCE countries saw
a decline in total household energy consumption. The highest was recorded in Latvia
(by 15.2%), the remaining countries recorded a decline of 0–5% (see Figure 2). Only in
Bulgaria and the Czech Republic, we saw an increase (by 5.5% and 8.2%, respectively).
It is worth adding that these changes took place in the context of a decrease in total
energy consumption in the CEE countries. It amounted to approx. 6%, except for Poland,
Lithuania, Hungary, and Bulgaria, where actually an increase in total energy consumption
was recorded (the highest in Poland, reaching almost 15% in 2008–2018).
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Figure 2. Total changes in energy consumption in households in CEE countries in 2008–2018.

At the same time, the CEE countries with the highest energy consumption in house-
holds per capita include Estonia, the Czech Republic, and Lithuania, where in 2018 it was
at a level exceeding 600 thousand tons (in oil equivalent—TOE) [113,114]—see Figure 3.
The smallest consumption, on the other hand, was characteristic of Bulgaria, Slovakia, and
Romania, where it did not exceed 400 thousand tons of energy per capita.

Figure 3. Changes in energy consumption in households per capita in the CEE countries in 2008–2018.

It was related to the level of socio-economic development and a different course
of the political and energy transformation [115,116]. The group of countries with the
highest energy consumption includes countries with the highest level of socio-economic
development among the CEE countries. Countries with the lowest energy consumption
were also characterized by a relatively low level of development-Figure 4.

In the analyzed period, there was a decrease in this consumption in half of the
analyzed countries (the largest in Slovenia, slightly lower in Slovakia and Latvia). In turn,
a large increase in per capita household energy consumption was recorded in Bulgaria
and Lithuania, (i.e., about 10–15%), i.e., countries representing both high and low levels of
this consumption.
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Figure 4. Energy consumption in households per capita and GDP per capita in the CEE countries in
2007 and 2018.

Also, in the case of electricity consumption, one of the forms of energy consumption
in households (expressed in thousands of tons of oil equivalent) in 2008–2018, in most CEE
countries we saw an increase (except for Latvia and Hungary). It ranged from approx.
1−2% (Estonia, the Czech Republic), through 5–9% (Slovenia, Poland, Bulgaria, Lithuania)
to approx. 12% in Slovakia and the largest amount was 22% in Romania [117]. Only in
2015–2020, it was accompanied by an increase in energy prices in households (euro per
kilowatt excluding taxes and charges). The highest increase was recorded in Lithuania
(by 28.7%) as well as the Czech Republic and Romania (14.6% and 11.4% respectively) [117].

In turn, their highest level in this period (2015–2020) was characteristic in 2018 for
the Czech Republic, Slovenia, Latvia, Estonia (0.13–0.10 EUR) and in 2020 for the Czech
Republic, Lithuania, Slovakia, Slovenia and Romania (from 0.13 to 0.10 euro).

Countries such as Estonia, the Czech Republic, Latvia and Lithuania are also countries
with a high level of energy consumption in households per capita-Figure 5.
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Figure 5. Electricity prices and energy consumption per capita in households in CEE countries
in 2020.

In 2018, in the Czech Republic, Slovenia, Estonia, Poland, Romania, and Latvia, the
price of electricity was higher in households than in other sectors of the economy [118,119].
In 2020, it was characteristic of the Czech Republic (5.89), Slovenia (2.52), Lithuania (2.40),
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and Estonia (2.07). Only in Hungary, the price of electricity in households was lower than
that offered to other users by (0.37).

4.2. The Platformization of CEE Economies and the Amount of Energy Consumption

Taking into account the applied research approach, i.e., the taxonomic method of
distance from the pattern, which was used to classify the CEE countries in terms of the
level of platformization, the highest level was achieved by Lithuania and Estonia. As a
result, they were included in the first group (Figure 3). The average level of platformization
was characteristic of the Czech Republic, Hungary, Slovenia, Poland, Slovakia, and Latvia.
The lowest level of digitization as defined above (group III) was achieved by Romania
and Bulgaria. Among the CEE countries, they recorded the lowest level of socio-economic
development measured by GDP per capita and expressed both according to the official
exchange rate and purchasing power. Only countries with a high level of platformization
showed relatively low energy consumption in total and in households. In other groups
distinguished in terms of platformization, it is difficult to notice the relationship between
the level of platformization and the above-mentioned energy consumption (e.g., Bulgaria,
representing the 3rd platformization group, has a level of energy consumption in total and
in households similar to Slovakia’s from group II, and Latvia’s level, from group II, is lower
than Lithuania’s, included in group I).

Taking as the reference point energy consumption per capita total, one can state that
relatively more often its higher level is observed in the countries with a higher level of
platformization. Such a tendency, however, cannot be observed in the case of energy
consumption in households per capita (see Figure 6). The levels of implementation of
digital solutions are varied in these countries. Their level of modernization varies as well.
This translates in turn into different energy efficiency and is associated with different
ranges of skills needed to use digital solutions. These countries also show large differences
in demographic and economic potentials and their structures.
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Figure 6. Platformization of CEE countries and the level of energy consumption in total and in
households in 2018 per capita (in thousand tons of oil equivalent).

The trends in energy consumption outlined above do not clearly indicate dependence
and appear to result from many conditions, including the force of individual factors,
internal or external in nature. The percentage of people who worked remotely during
the pandemic (2020) confirms cardinally the emerging trends. The percentage of people
surveyed shows differences among the CEE countries. It ranges from about 1/5 in Poland,
Slovakia, Bulgaria, and Hungary, through about 1/4 in Romania and the Czech Republic,
to about 1/3 in Lithuania (Estonia, Latvia and Slovenia were excluded in the study due
to insufficient case studies).Moreover, the research shows that these people indicated the
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regular performance of work-related duties also in their free time more often than those,
who worked at their employer’s premises or in various places away from home (this
concerned approx. 1/5 of the respondents, while in the case of working at the employer’s
or other places away from home-6% of respondents in both cases) [93].

Taking into account the progress in the digitalization of societies and the economy
(platformization), it would seem that the increase in household energy consumption will
mostly affect the countries that show its greatest advancement, i.e., Estonia and Lithuania.
Yet no clear tendency emerges, in this respect, from the analysis of the current trends in the
changes in household energy consumption, including per capita. The overall growth of
consumption (only in the Czech Republic and Bulgaria), high level per capita (in Slovenia,
Estonia, and Latvia), and changes in the latter (the largest in Lithuania, Latvia, and Poland)
refer to the countries that differ from one another in terms of their level of platformization.
Moreover, these trends result from factors that interpenetrate or even “cancel” themselves
at times.

5. Case-Study-Lithuania and Estonia

The GCI data for 2015–2019 show that of the 79 countries that study the impact of ICT
on the economy (they collectively generate 95% of global GDP), Estonia (21) ranked highest
among the CEE countries-indicator value at 62, followed by Czech Republic (25)-indicator
value 58, Lithuania (28, 56, respectively), Slovenia (29, 56), Hungary (31, 54), Slovakia (32,
53), next Bulgaria (34, 51), Poland (36, 51), and Romania (37, 51) [112].

Estonia, known as ‘e-Estonia’, achieved particularly high positions, exceeding the
global average for broadband technologies (84 against the average of 63 for the countries in
the study), but also for IoT (42 against 35, respectively). Taking into account the examined
pillars included in the GCI, Estonia stands out in particular in terms of the users’ demand
and experience in the use of communications (70 against 53 and 75 against 61, respectively).
The development of broadband technology and its high accessibility level were associated
with great affordability, much higher than the world average. High-speed broadband
has been widely available and used in providing digital public services, including tax
system support. Recognition of Estonia as a pioneer of the electronic transformation of
public services ensured the implementation of Government Cloud solutions. A certain
drawback in this area is the lower level of saturation of less urbanized areas with broadband
connections. Their implementation in rural areas may improve general access to such a
network and reduce costs for its users. The modernization of the information systems in
use is aimed at maintaining the efficiency in providing e-services by government agencies
and also by other service providers. In Estonia, much of the local data is stored in the
cloud and the use of the cloud is widely accepted. The created legal provisions relating to
individual ICT areas, including digital signatures, consumer protection, and e-commerce
have built a base for the dynamic development of ICT. The level of their implementation
was rated above the average of the surveyed countries (9 against 7).

Similarly, among the partial indicators in the delivery pillar, the level of subscription
of 4G services is highly rated, i.e., mobile devices of people and organizations giving
access to the 4G network (8 vs. 6), as well as Internet capacity in relation to the total
capacity of the international internet band (in Mb/s)-(5 against 3). Values above average,
often reaching the maximum value (i.e., at the level of 9–10 points), are also characteristic
in the procurement pillar for the share of smartphones in overall connections, mobile
broadband subscription, server security, as well as the number of households with access
to a computer.

In the area of user experience in using connectivity, Estonia records higher levels of
indicators in most of the indicators included in this pillar (mobile broadband availability,
e-government services, percentage of inhabitants using the Internet, awareness of cyberse-
curity, and affordability of access to fixed broadband) than the average among the surveyed
countries. The indicators in the potential pillar were scored slightly higher than those in the
supply pillar. This concerned in particular the impact of ICT on the implementation of new



Energies 2021, 14, 1002 15 of 22

business models, the assessment of the forecast of the annual growth rate on the IoT and
AI market, and the number of programmers per capita. The latter was reflected in the level
of indicators (within 5–8 points), still above the average level of the surveyed countries.

The indicators of GC for Lithuania, ranked 28th, are also above the world average. It
especially refers to users’ demand for connectivity and their experience in this area (68 with
an average of 62 and 62 against 53, respectively). On the other hand, in the case of basic
technologies for the development of GCI, higher than average level of indicators is recorded
(in particular) in the area of broadband technologies and access to the cloud (84 against
the average of 63 and 54 against 51, respectively). Lithuania has performed particularly
well in smartphone penetration and mobile broadband subscriptions (availability and
affordability stimulate demand while network security and speed build a good experience)
and has reached a level exceeding the global average. User interest in the areas of e-
commerce and server security has also increased. In the demand area, a high level (above
the world average) was recorded in the number of households with Internet access (8 vs. 7),
apart from the broadband network subscription and connection penetration dominated by
smartphones. In the area of experience, Lithuania stands out in terms of the cost-effective
subscription for mobile and wired broadband, the development of e-government services,
the universal use of the Internet by citizens, and also the quality of services available in
the cloud.

To a large extent, the basis for a good user experience are the activities in the supply
pillar, especially investments in modern network infrastructure (7 vs. 4). They manifested,
among others, through an increase in 4G coverage in 2019, high quality of services pro-
vided by access to the 4G network (7 vs. 6), and the adequacy of regulations related to the
development of ICT (global average). As mentioned above, in terms of the development
of technologies crucial for the development of communications, the global average was
exceeded by investments in "cloud" technologies (54 against 51). However, Lithuania still
lags behind in the area of factors enabling the development of advanced information and
communication technologies. Investments in the potential area are among the lowest,
especially those relating to the implementation of artificial intelligence and IoT. These in-
vestments are below average, especially in AI, with a slightly better rating of IoT (18 against
27 and 33 against 35, respectively).

Lithuania is taking steps to increase state expenditure on the development of infras-
tructure that provides access to the Internet of new generation and support for this type of
investment undertaken by the private sector. Such initiatives are manifested by, among
others, support by the National Digital Agenda for investments in broadband infrastruc-
ture, also in cases where the limitation is the low economic profitability of the investment.
An important task in increasing Lithuania’s digitalization is to improve the digital skills of
Lithuanians, apart from stimulating the demand for access to high-quality communication.
The goal is to achieve 100% coverage of the country with the Internet with a speed of
30 Mb/s and 50% of households with a network with a speed of 100 Mb/s by 2020.

When comparing the two countries with the highest level of platformization among
the CEE countries surveyed, it is Estonia that has generally achieved a higher level of
the implementation of key technologies underpinning the digital economy (high-speed
broadband, cloud services, AI, and IoT). This difference applies in particular to IoT and
AI technologies-(Figure 7) (i.e., 42 against 33 in Lithuania, respectively, with the world
average being 35, and 27 against 18 in Lithuania, with an average of 27). Estonia, in the
group of CEE countries, also records large investments in the cloud. As a result, Estonia
is included in the group of adapters (after the beginners and ahead of the leaders in the
three-tier classification in the GCI ranking), also in terms of achievements in the field of
IoT technology. The development of AI requires a solid foundation in the field of cloud
technology and IoT. In the list of adapters in the general classification of GCI, Estonia took
1st place, Lithuania was 8th.
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Figure 7. The level of digitization of Lithuania and Estonia based on GCI by types of technology
(Broadband, Cloud, IoT, and AI) and digitization pillars (SDEP–Supply, Demand, Experience, and
Potential) in 2019 compared to the average of the surveyed countries.

Lithuania, on the other hand, has made more progress in the field of technologies
related to cloud services. The highest level amidst the indicated technologies was achieved
in the development of broadband technologies; it is at the same level in both countries.

Taking the pillars of the digital economy, i.e., demand, supply, experience, as a point of
reference, it is worth noting that both countries exceeded the global average in these areas,
but only Estonia has exceeded it in the potential pillar. Taking into account the individual
indicators included in the pillars of the digital economy, one must note Estonia’s advantage
in accessing the 4G network, regulations on ICT technology, equipping farms with the
necessary equipment, server security, development of e-administration services, awareness
of cybersecurity as well as activities for the development of the IoT market. On the other
hand, when compared to Estonia, Lithuania has had greater achievements recorded in
terms of telecommunications investments and equipping households with optical fiber,
as well as the quality of services available in the cloud and the created potential of the
IoT market.

6. Conclusions and Perspectives for Further Research

In 2008–2018, in most CEE countries, we observe a decrease in energy consumption
by households (except Bulgaria and Romania). In the case of energy consumption in
households per capita, it concerns already half of the studied group of CEE countries,
with a significant increase in energy consumption in Lithuania and Bulgaria. However,
we cannot clearly evaluate these trends from the point of view of the ongoing economic
platformization underway in these countries. On the one hand, platformization, the impact
of which is exacerbated by the pandemic, may lead to an increase in energy consumption,
especially electricity consumption in households. Digital technologies based on freely
available networks create new opportunities for companies: they delegate more tasks to
consumers, tighten their relationship with the customer thanks to complex and integrated
applications, and deliver personalized product packages at any time and place. As a
result, we can do many more routine activities remotely at home, and, if there are any
infrastructure limitations in the office, we perform more of them at work too. Similar
observations are made regarding working remotely and the wider growth of the home
office, especially at the present requirements of social distancing.
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Working from home blurs the boundaries between the workspace and family life. It
also leads to an increase in costs imposed on households. In the case of work performed
at the company’s premises, these costs are borne by the employer. We include among
them the costs of water consumption, waste disposal, and also energy costs. This type
of phenomenon may, at least in the short term, lead to an increase in energy consump-
tion in households, which can be verified already at the beginning of 2021 (there are no
comprehensive post-covid statistics at present).

On the other hand, the expected increase in energy consumption does not have to
be a long-term trend. Although the home use of many different types of devices for
activities related to work, study, entertainment, or simply social contacts is increasing, its
impact on the energy costs of households can be verified by various factors. This is due
to technologies that contribute to the introduction of more effective solutions reducing
energy consumption, as well as the increased demand for work organization management
systems. Moreover, the accelerated digitization leads to an increase in digital competences
and so-called “smart” solutions are becoming much more affordable than in the past. In
other words, platformization has a positive long-term effect on energy consumption in
households, provided that its level is high and is based on the latest solutions.

There are tangible benefits for enterprises. These are: (1) costs passed on to the
customer (e.g., online transactions via financial platforms), advertising (e.g., opinions
about the product, the seller posts by customers in social networks), product testing, etc.
In return, the customer receives “attractive ” affordable offers. By entering into more and
more advanced relations with various types of organizations (e.g., e-commerce companies,
e-administration), the client increases his digital competences in an informal manner.

The above interdependencies are confirmed by an in-depth analysis of countries with
the highest level of platformization, namely Lithuania and Estonia. In these countries,
changes in energy consumption in households are associated with different progress in
the digitization of society and the economy. It is reflected in the level of platformization,
as well as the GCI index used in the study. Estonia appears to be an example of an earlier
entry into the digitization processes and thus shows smaller increases in this respect. As a
consequence, we observe a relatively small decrease in energy consumption in households
and a slight increase in energy consumption per capita. In turn, Lithuania has been catching
up with digital backlogs revealed by their dynamic development, has achieved both a
high level of platformization and associated with it increase in energy consumption in
households per capita. This increase in the burden of costs on households (the largest
increase among CEE countries) is related to a greater inclination of the Lithuanians to bear
these costs by individuals working from home. It also results from the introduction of
large-scale working from home. In this crisis situation, the Lithuanians used their savings
to a greater extent, which allowed them to maintain the current standard of living (only 10%
of teleworkers and 15% of partial teleworkers indicated no savings during the pandemic,
compared to 28% of employees working at employer’s premises) [76].

The above analysis does not give a full picture of the impact of the transfer of our
professional and private activity via platforms onto households and their energy consump-
tion. It shows, however, that in the long run, platformization can reduce this consumption,
but it does not happen automatically. The two key elements responsible for the course of
this process are: (1) the level of platformization and quality of digital infrastructure (in
general, not limited to energy distribution), and (2) digital competences. These are promis-
ing research areas from the point of view of energy management in the household and
energy policy. In the first cross-section, the main question is: how do platformization and
digital competences affect household implementations of intelligent energy management
systems? The issues related to the impact of platformization on energy consumption in
households constitute one of the potential dimensions of energy policy in the 21st century.
The Covid-19 pandemic also creates new challenges. The basic insight relates to solving
this dilemma: should the states support subsidies to the rising energy costs in households
or invest in science and digital competences and publicly available digital infrastructure,
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that actively counteracts digital exclusion? These questions are important because, even
though the pandemic should be seen as a contextual, time-related factor, our digital habits
might not go back to the times before the pandemic. Platformization is our future.
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