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Abstract: The fact that European Union (EU) countries have adopted an ambitious plan to achieve
zero greenhouse gas emissions by 2050 requires decisive action within the scope of innovation and of
the level of energy consumption, especially of the energy from renewable sources. Being directed
toward innovation within the scope of renewable energy technology, as well as the proper manage-
ment of renewable energy consumption, are the main actions aimed at increasing the efficiency of
using clean energy, and which also bring the EU closer to the implementation of the assumptions
adopted in the European Green Deal. The aim of our study was to assess the progress toward the
management of renewable energy consumption in the innovativeness context and the relationship
between energy consumption and selected indicators of innovativeness in European Union countries.
We present an original ranking assessment of the progress toward the management of renewable
energy consumption and identify relationships between the energy consumption of selected energy
sources (both renewable and non-renewable) and of selected innovation assessment indicators. The
data used to develop the original rating were optimized using the procedures of the MULTIMOORA
method, while the relationships between variables were identified through correlation analysis. Our
findings provide evidence of significant relationships between the consumption of selected energy
sources (in the group of non-renewable sources, e.g., peat and peat products and oil and petroleum
products, and in the group of renewable sources, e.g., wind, biofuels, and renewable waste) and of
selected indicators of innovation evaluation (e.g., human resources, finance, and support).

Keywords: consumption management; renewable energy; innovativeness; multiple-criteria decision
making (MCDM)

1. Introduction

Energy is an essential element, making it easier for people to function in society,
creating the right conditions for work, development, and rest [1,2]. Access to energy is one
of the most important aspects of the prosperity and sustainable development of modern
societies. Energy is present in all spheres of human life; for example, it is necessary both
for the production and distribution of goods and for their use. Thanks to energy, we can
travel, as well as build schools, hospitals, and roads, among other things [3,4].

The global energy system is facing challenges related to deregulation, new technolo-
gies, governance, policy, and changes in production structure [5]. Before the COVID-19 pan-
demic crisis, the global energy demand was projected to increase by 45% by 2030 and
by more than 300% by the end of the 21st century [3]. Currently, according to the Stated
Policies Scenario (STEPS), the global energy demand will reach pre-crisis levels in early
2023, while according to the Delayed Recovery Scenario (DRS), it could be delayed until
2025 if the pandemic prolongs and there is a deeper collapse [6]. According to the “Net
Zero by 2050” report, approximately 55% of the cumulative emission reductions are related
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to consumer choices, such as retrofitting a home with energy-saving technologies, installing
a heat pump, or purchasing an electric vehicle [7].

The need for change in the management of energy consumption and production is
particularly evident in European countries. According to the Treaty on the Functioning of
the European Union (TFEU), there are various measures at the heart of European energy
policy aimed at creating an integrated energy market and ensuring the security of energy
supply and a stable energy production sector [8].

The EU is obliged to face many challenges in the field of energy production. Despite
the decline in energy demand caused by the 2008 crisis and the 2020 COVID-19 pan-
demic [6], the demand of European Union (EU) economies for energy exceeds their produc-
tion capacity. An additional EU problem is the lack of local energy resources (in particular,
oil and natural gas), which results in a high dependence on energy imports [3,9]. Diver-
sification of energy sources and a greater focus on renewable energy sources (RESs) are
therefore necessary. The process of liberalization and consolidation of the European energy
production markets is reinforced by the European Union and is reflected in EU legislation,
imposing new tasks, powers, and obligations on the regulators of individual countries
(e.g., [10–15]). Moreover, the renewable energy market is largely shaped by regulations and
legislation (environmental regulations, tax incentives, utility regulations, authorization
rules, etc.), which have a huge impact on the market potential, economics, and the use of
clean technologies (e.g., [16,17]).

As noted by Alvarez-Herranz et al. [18], the traditional model based mainly on natural
and fossil resources has changed in the last decade. This is due to the growth of renewable
sources and the implementation of innovations that favor a more sustainable model in the
energy sector. Innovation and technological progress are key to finding lasting solutions
to today’s economic and environmental problems, such as increased resource and energy
efficiency [19]. As energy dependency increases, forms of energy with greater flexibility
and user-friendly characteristics become more popular [20]. Providing all people with
access to stable, sustainable, and modern energy sources at an affordable price and building
resilient infrastructure, promoting sustainable industrialization, and fostering innovation
are two of the 17 Sustainable Development Goals (SDGs) adopted by the United Nations
in the 2030 Agenda for Sustainable Development [19,21]. The European Union has also
committed itself to achieving the objectives of the 2030 Agenda by adopting the European
Green Deal Action Strategy, which address climate and environmental challenges. It is
a set of measures leading to the transition to a circular economy, halting climate change,
reversing biodiversity loss, and reducing pollution [22–24]. It is assumed that by 2050,
electricity will account for almost 50% of the total energy consumption, and almost 90%
of electricity production will come from renewable sources (wind and solar photovoltaic
together will account for nearly 70%) [7].

As Schipper et al. [25] pointed out, energy efficiency and energy saving are key to
meeting future national and global energy needs. Achieving this requires a comprehensive
look at the management of energy consumption and production, as well as the involvement
of economies and businesses in innovation activities.

Although numerous studies on energy consumption (e.g., [26–31]) or innovation issues
(e.g., [32–38]) can be found in the scientific literature, few of them deal with the evaluation of
renewable energy consumption management in the context of specific innovation indicators.
Yahya and Rafiq’s [39] research can be distinguished among the few current studies that
include an analysis of the demand for renewable energy and the level of innovation.
However, they identified the relationship between innovativeness and renewable energy
consumption in four sub-panels, which were divided based on the state of democracy.
They showed that a higher level of innovativeness and regulatory quality can increase the
consumption of renewable energy in countries where their democratic system is stronger.
Accordingly, we tried to link the level of innovativeness of countries with the consumption
of renewable energy, taking into account the type of energy source. This paper seeks
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to fill this gap and to provide a practical guide for policymakers on how to assess the
management of renewable energy consumption by the source type.

To the best of our knowledge, the empirical link between these two variables is not
available in prior literature. Therefore, the aim of our study was to assess the progress
toward the management of renewable energy consumption in the innovativeness context
and the relationship between energy consumption and selected indicators of innovativeness
in European Union countries.

Our research questions are:
RQ1: What changes have occurred in the management of renewable energy consump-

tion in EU countries in the period 2015–2019?
In order to obtain the answer to RQ1, we used the MULTIMOORA method, which

was introduced by Brauers and Zavadskas [40] and further developed by them in 2010 [41].
These methods have been applied in different studies in many different areas. A compre-
hensive review of studies using this method was presented by Arian Hafezalkotob et al. [42]
in their study “An overview of MULTIMOORA for multi-criteria decision-making: Theory,
developments, applications, and challenges.” We used the MULTIMOORA method for
the assessment of changes in the management of renewable energy consumption in EU
countries as suitable for the analysis of problems in which there are several alternatives (in
this case, 28 countries) and several objectives (in this case, 14 energy sources and 11 EIS
composite indicators). Additionally, as indicated by research—for example, Hafezalkotob
et al. [42] and Ijadi Maghsoodi et al. [43]—the MULTIMOORA multicriteria evaluation
tool is objective and makes it possible to systematize information and draw impartial
conclusions about different phenomena. Since the complexity increases with the increas-
ing choices of alternatives and features, MULTIMOORA is useful for selecting the best
alternatives [44].

RQ2: Are there significant relationships between energy consumption by source and
innovation evaluation indicators?

RQ3: The consumption of which energy sources is significantly correlated with inno-
vation evaluation indicators?

In order to obtain the answers to RQ2 and RQ3, we used correlation analyses. The
purpose of our correlation analyses was to determine whether there is a relationship
between the consumption of energy from equal sources (renewable and non-renewable)
and the indicators characterizing the innovativeness of the economy.

2. Literature Review

Solving energy and climate problems is not easy. In the economies of the European
Union countries, around three quarters of energy consumption still comes from non-
renewable sources and is used for electricity, heat, transport, and as a material in certain
industrial processes, leading to air pollution and carbon dioxide emissions [45]. According
to the European Environment Agency (EEA) and the European Environment Information
and Observation Network (Eionet), innovative solutions in many sectors can contribute to
reducing energy-related greenhouse gas emissions [46,47]. However, Ucala and Xydisb [48]
noted that fossil fuels dominate energy production as innovation and changes in production
technology take time, and Gareiou et al. [49] pointed out that renewable energy requires the
acceptance of citizens, as no new RSE-related technology can be effectively implemented
without public acceptance.

The use of energy as an incentive for energy efficiency requires the creation of a
number of tools for energy management at the household level [50]. It is necessary to
change consumer habits toward more environmentally friendly practices, both at work
and at home, and to promote self-consumption facilities in both the industrial and service
sectors [51]. Education is key to environmental sustainability; it develops an attitude to
comply with environmental regulations, use renewable energy products, and invest in
green technology [52].
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Modifying consumers’ energy demand through various methods, such as finan-
cial incentives and behavioral change through education, or demand side management
(DSM) [53], is gaining more and more attention due to its potential to control electricity
consumption [54]. DSM provides greater demand-side flexibility in the energy system and
helps to achieve environmental goals through controlled consumption [55]. Pérez-García
and Moral-Carcedo [56] pointed out that managing household electricity demands requires
price-fixing measures (taxes, etc.) or subsidizing investments in more efficient technologies,
as well as psychology-based incentives or coercive measures.

Renewable energy sources (hydro, solar, biomass, wind, and geothermal energy) are
the main drivers increasing the diversification of the energy supply [57]. They contribute,
among others, to reducing greenhouse gas emissions, diversifying energy supplies, and
reducing dependence on fossil fuel markets (in particular, oil and gas) [50]. The use of
renewable energy to protect the environment may be encouraged by legislation promoting
this type of energy source [48]. Increased investment in renewable energy sources is the
optimal way to reduce the dominance of older fossil fuel power plants and increase the
role of local resources [3]. The transition from fossil fuels to renewable energy sources
is necessary to achieve a cleaner future [58]. The separation of energy production from
fossil fuels creates opportunities for new green industries, technological innovations, and
structural changes linked to the transition to a green economy [48]. Technologies based on
non-fossil fuels create more jobs per unit of energy than coal and natural gas—and even
the entire fossil fuel sector [59,60].

With changes in social needs and lifestyles, economic development and prosperity,
and technological innovations, shaped by financial investment and increasing the scale
and dissemination of technological applications in society, as well as research and inno-
vation policies, are developing. Innovative solutions are key to ensuring that the storage
and transmission of clean energy can be achieved on an appropriate scale. In this area,
technological innovation in the private sector plays an important role, as confirmed by the
activities of companies such as Tesla, Danfoss, and Siemens. They are the leaders in the
implementation of innovative solutions in the areas of energy storage, connection network-
ing, or intelligent energy systems [9,47]. The innovation of economies is determined by the
level of research and innovation performance of countries, the strengths and weaknesses
of their research and development (R&D) systems [61,62], decisions on financial support at
the level of individual EU countries, and bottom-up support for the processes, products,
foreign investments, and legal regulations [63]. Wu et al. [64] pointed out that increased
funding and multisubject participation will accelerate green technology innovation and the
path to green development. According to this, government R&D subsidies can effectively
promote renewable energy investment and, furthermore, could attract VC and increase
renewable energy investment. The ability of economies to create, implement, and absorb
innovations involves actively engaging in and taking action in innovative processes. It also
means a commitment to acquire the resources and skills necessary to participate in these
processes [65].

The European Commission has proposed the Summary Innovation Index (SII) to
measure the competitiveness of European countries in terms of innovation activities. The
methodology for calculating the SII distinguishes between eight different steps, and the
adopted division makes it possible to identify the degree of modernity and innovation of
individual countries [61,66]. The value of this index is included in the research of many
authors (e.g., [67–72]).

The SII includes a total of 27 different indicators, divided into four main action
groups [73]:

1. Framework conditions, which include the main drivers of innovation outside the
company, including three dimensions of innovation—human resources, attractive
research systems, and innovation-friendly environment;

2. Investments, which include investments made in both the public and business sectors,
including in two dimensions—finance and support and firm investments;
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3. Innovation activities, which include innovative efforts at the company level, grouped
into three dimensions of innovation—innovator, linkages, and intellectual assets;

4. Impacts, which record the effects of actions at the levels of employment impacts and
sales impacts. Employment impacts include indicators that measure employment in
knowledge-based activities and employment in fast-growing companies in innovative
sectors. Meanwhile, sales impacts measure the economic impact of innovation and
include three indicators that measure the exports of mid- and high-tech products, the
exports of knowledge-based services, and the sales as a result of innovation.

Identification of the degree of modernity and innovation of individual countries
makes it possible to indicate the strengths and weaknesses of national innovation systems
and helps economies to point out the areas that they need to address. The European
Innovation Scoreboard assesses a country’s results in terms of making decisions about
innovation policy strategies or decisions regarding innovation, technology, and science in
order to achieve the goals of sustainable development, especially in the management of
renewable energy consumption. However, as Marinas, et al. [74] pointed out, the transition
from an economy based on efficiency to an economy based on innovation depends on
increased energy efficiency and increasing the share of renewable energy. It should be
noted that renewable energy transition policies differ from region to region due to resource
availability [75]. In the years to come, considerable efforts in innovation are needed to
ensure that the technologies necessary for zero net emissions reach the markets as quickly
as possible.

3. Materials and Methods

The aim of our study was to assess the progress toward the management of renewable
energy consumption in the innovativeness context and the relationship between energy
consumption and selected indicators of innovativeness in European Union countries.

3.1. Materials

The assessment of changes in the management of renewable energy consumption in
EU countries in the period 2015–2019 (RQ1) was carried out by creating original rankings
based on the MULTIMOORA method. In our approach, we used the MULTIMOORA
method as an instrument to assess changes in renewable energy consumption in EU coun-
tries over the period 2015–2019. These changes reflect national approaches to managing
energy consumption.

The analysis of changes in country positions in the 2015 vs. 2019 ratings allowed us to
assess changes in the management of renewable energy consumption. The rationale for
the scope of our analysis was as follows: 2015 was taken as the initial period of analysis,
because this is the year of publication of “A Framework Strategy for a Resilient Energy
Union with a Forward-Looking Climate Change Policy” [76], which is, in turn, the last year
for which data were available.

The significant relationships (RQ2 and RQ3) between variables (energy sources vs.
innovation evaluation indicators) were identified through correlation analyses.

The data were gathered from the energy statistical datasheets for EU countries for
the period 2015–2019. These energy statistical datasheets are produced by the European
Commission Directorate-General for Energy based on data from Eurostat and from the EU
greenhouse gas monitoring mechanism [77]. Based on these data, we analyzed the energy
consumption indications of the following energy sources (in relation to non-renewables,
such as solid fossil fuels (SFF), peat and peat products (PPP), oil shale and oil sands (OS), oil
and petroleum products (OPP), natural gas (NS), and nuclear (N), as well as for renewable
ones such as hydro (H), wind (W), solar photovoltaic (SP), solar thermal (ST), tide, wave,
and ocean (TWO), biofuels and renewable waste (BRW), geothermal (GEO,) and ambient
heat (AH) (heat pumps)). In total, we used 784 variables to verify RQ1.

In the second part of our research, we confronted the previously obtained data on
energy consumption by source with indicators defining innovation parameters based on
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the European Innovation Scoreboard 2020 [61]. To evaluate the relationship between energy
consumption by source and innovation, we used the 11 EIS composite indicators (from
the European Innovation Scoreboard 2020), such as the Summary Innovation Index (SII),
human resources (HR), research systems (RS), innovation-friendly environment (IF-E),
finance and support (FS), firm investments (FI), innovators (I), linkages (L), intellectual
assets (IA), employment impacts (EI), and sales impacts (SI). In total, we used 795 variables
to verify RQ2 and RQ3, and determined 56 correlation coefficients from them.

3.2. Methods

The MULTIMOORA method is an extension of the multi-objective optimization by
ratio analysis (MOORA) method. This method consists of three parts, namely, a ratio
system, a reference point, and a full multiplicative form. The MULTIMOORA method was
selected to design the approach for the assessment of the management of renewable energy
consumption in EU countries. The approach presents the relationship of 15 combined
indicators (types of energy sources). The MULTIMOORA calculation method used in the
development of the original rankings of the management of renewable energy consumption
in EU countries is presented in Table 1.

The final results of the calculation are presented in Section 4.1 of the results. The
relationships between energy consumption by source and innovation evaluation indica-
tors were identified through correlation analyses. The final results of the calculation are
presented in Section 4.2 of results. Excel and IBM SPSS Statistics were used to validate the
MULTIMOORA algorithm and correlation analyses.

Table 1. The Multi-Objective Optimization by Ratio Analysis with the Full Multiplicative Form of Multiple Objectives
(MULTIMOORA) procedure.

Calculation Steps Methods Formula Description of Symbols

Step 1 Raw data
matrix — —

Step 2 Data
normalization x∗ij =

xij√
∑m

j=1 x2
ij

xij − response of alternative j on objective i
j = 1, 2, . . . , m m – number of alternatives
i = 1, 2, . . . n n – number of objectives
x∗ij − normalized response of alternative j on objective i

Step 3 The Ratio
System (RS) y∗j = ∑

i=g
i=1 x∗ij −∑i=n

i=g+1 x∗ij

y∗j − normalized assessment of alternative j
with respect to all objectives
i = 1, 2, . . . . g, as the objectives to be maximized
i = g + 1, g + 2, . . . n, as the objectives to be minimized

Step 4
The

Reference Point
(RP)

min
(i)

{
max
(j)

∣∣∣rj − x∗ij
∣∣∣} rj −maxx∗ij in maximization case

Step 5
Full

Multiplicative
Form (FMF)

U′i =
Ai
Bi

Ai =
g

∏
j=1

xij

Bi =
n
∏

j=g+1
xij

Ai − the product of the objectives of the i alternative
to be maximized with g
n−the number of objectives to be maximized
Bi − the product of the objectives of the i alternative
to be minimized with n
g−the number of objectives (indicators) to be minimized

4. Results and Discussion

This section presents the results of the application of the proposed approach to the
assessment of the management of renewable energy consumption (15 types of energy
sources) in 28 EU countries. Moreover, we indicate the consumption of which energy
sources is related to innovation evaluation indicators.

4.1. Management of the Renewable Energy Consumption in EU Countries (2015 vs. 2019 Ratings)

Using the decision optimization method presented in the previous section, a decision
matrix was created from raw data (for the years 2015 and 2019) on energy consumption
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in EU countries, analyzed with respect to the type of energy source [77]. Our motivation
regarding the selection of the years for the analysis was as follows: 2015—the publication
“A Framework Strategy for a Resilient Energy Union with a Forward-Looking Climate
Change Policy” [76]; 2019—the latest available data on energy consumption. Our approach
assumes, based on the 2015 Energy Union’s assumptions on increasing the share of energy
from renewable sources, that countries should aim to reduce their consumption of energy
from non-renewable sources in favor of renewables. Accordingly, in our approach, the
consumption of non-renewable energy sources was treated as a non-benefit criterion, while
consumption of renewable energy sources was treated as a benefit criterion.

Tables 2 and 3 (normalized decision matrix for 2015, normalized decision matrix for
2019) illustrate the normalized decision matrices according to the formula presented in
Step 2 in our procedure.

Next, in Table 4, the values of the ratio system (RS), the reference point (RP), and the
utility of the analyses alternatives (in our case, countries) in full multiplicative form of
multiple objectives (FMF) are presented.

Table 2. Energy consumption in EU countries in 2015—normalization data.

C
ou

nt
ry

Energy Source

Non-Renewables Renewables and Biofuels

SFF PPP OS OPP NG N H W SP ST TWO BRW GEO AH

Min Min Min Min Min Min Max Max Max Max Max Max Max Max

BE 0.033 0.000 0.000 0.130 0.116 0.057 0.003 0.050 0.064 0.009 0.000 0.072 0.000 0.015
BG 0.065 0.000 0.000 0.024 0.022 0.033 0.047 0.013 0.029 0.008 0.000 0.030 0.006 0.026
CZ 0.162 0.000 0.000 0.049 0.054 0.058 0.015 0.005 0.048 0.007 0.000 0.096 0.000 0.038
DK 0.018 0.000 0.000 0.037 0.024 0.000 0.000 0.128 0.013 0.014 0.000 0.088 0.001 0.068
DE 0.785 0.000 0.000 0.608 0.543 0.197 0.159 0.730 0.816 0.255 0.000 0.653 0.039 0.316
EE 0.000 0.020 1.000 0.002 0.003 0.000 0.000 0.006 0.000 0.000 0.000 0.021 0.000 0.000
IE 0.014 0.480 0.000 0.039 0.031 0.000 0.007 0.060 0.000 0.004 0.000 0.011 0.000 0.009
EL 0.055 0.000 0.000 0.067 0.022 0.000 0.051 0.042 0.082 0.100 0.000 0.033 0.002 0.000
ES 0.134 0.000 0.000 0.290 0.205 0.124 0.236 0.447 0.174 0.953 0.000 0.169 0.003 0.148
FR 0.092 0.000 0.000 0.450 0.292 0.949 0.466 0.194 0.163 0.062 1.000 0.368 0.055 0.647
HR 0.006 0.000 0.000 0.018 0.017 0.000 0.054 0.007 0.001 0.004 0.000 0.033 0.002 0.005
IT 0.122 0.000 0.000 0.314 0.461 0.000 0.382 0.134 0.484 0.073 0.000 0.334 0.997 0.000
CY 0.000 0.000 0.000 0.012 0.000 0.000 0.000 0.002 0.003 0.026 0.000 0.001 0.000 0.000
LV 0.000 0.000 0.000 0.008 0.009 0.000 0.016 0.001 0.000 0.000 0.000 0.034 0.000 0.000
LT 0.002 0.013 0.000 0.014 0.017 0.000 0.003 0.007 0.002 0.000 0.000 0.033 0.000 0.000
LU 0.000 0.000 0.000 0.015 0.006 0.000 0.001 0.001 0.002 0.001 0.000 0.004 0.000 0.001
HU 0.023 0.000 0.000 0.039 0.062 0.033 0.002 0.006 0.003 0.004 0.000 0.070 0.019 0.000
MT 0.000 0.000 0.000 0.004 0.000 0.000 0.000 0.000 0.002 0.002 0.000 0.000 0.000 0.000
NL 0.108 0.000 0.000 0.168 0.239 0.008 0.001 0.068 0.023 0.010 0.000 0.068 0.011 0.047
AT 0.032 0.000 0.000 0.066 0.057 0.000 0.312 0.044 0.020 0.071 0.000 0.146 0.006 0.089
PL 0.478 0.000 0.000 0.133 0.115 0.000 0.015 0.098 0.001 0.017 0.000 0.194 0.004 0.017
PT 0.032 0.000 0.000 0.057 0.034 0.000 0.073 0.105 0.017 0.031 0.000 0.072 0.034 0.210
RO 0.058 0.005 0.000 0.048 0.074 0.024 0.140 0.064 0.042 0.000 0.000 0.093 0.005 0.000
SI 0.011 0.000 0.000 0.013 0.006 0.011 0.032 0.000 0.006 0.004 0.000 0.016 0.007 0.000
SK 0.032 0.000 0.000 0.017 0.032 0.034 0.032 0.000 0.011 0.002 0.000 0.030 0.001 0.000
FI 0.027 0.873 0.000 0.047 0.019 0.047 0.141 0.021 0.000 0.001 0.000 0.220 0.000 0.000
SE 0.020 0.085 0.000 0.053 0.006 0.129 0.632 0.148 0.002 0.004 0.000 0.279 0.000 0.497
UK 0.244 0.000 0.000 0.393 0.510 0.129 0.053 0.365 0.159 0.020 0.004 0.246 0.000 0.388

Source: own compilation.
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Table 3. Energy consumption in EU countries in 2019—normalization data.

C
ou

nt
ry

Energy Source

Non-Renewables Renewables and Biofuels

SFF PPP OS OPP NG N H W SP ST TWO BRW GEO AH

Min Min Min Min Min Min Max Max Max Max Max Max Max Max

BE 0.042 0.000 0.122 0.113 0.103 0.003 0.060 0.075 0.010 0.000 0.070 0.001 0.023 0.015
BG 0.072 0.002 0.026 0.018 0.039 0.026 0.008 0.025 0.010 0.000 0.042 0.006 0.023 0.026
CZ 0.195 0.000 0.055 0.053 0.071 0.018 0.004 0.041 0.007 0.000 0.099 0.000 0.044 0.038
DK 0.012 0.000 0.038 0.019 0.000 0.000 0.100 0.017 0.025 0.000 0.098 0.000 0.062 0.068
DE 0.737 0.000 0.609 0.561 0.175 0.174 0.776 0.820 0.268 0.000 0.619 0.061 0.273 0.316
EE 0.000 1.000 0.000 0.003 0.000 0.000 0.004 0.001 0.000 0.000 0.026 0.000 0.000 0.000
IE 0.005 0.000 0.041 0.034 0.000 0.008 0.062 0.000 0.005 0.000 0.014 0.000 0.011 0.009
EL 0.071 0.000 0.065 0.033 0.000 0.035 0.045 0.078 0.105 0.000 0.027 0.002 0.075 0.000
ES 0.067 0.000 0.311 0.229 0.138 0.217 0.343 0.166 0.947 0.042 0.179 0.003 0.187 0.148
FR 0.101 0.000 0.428 0.278 0.944 0.501 0.214 0.216 0.069 0.999 0.375 0.085 0.592 0.647
HR 0.006 0.000 0.018 0.018 0.000 0.051 0.009 0.001 0.006 0.000 0.033 0.009 0.003 0.005
IT 0.089 0.000 0.299 0.452 0.000 0.408 0.125 0.418 0.084 0.000 0.317 0.993 0.541 0.000
CY 0.000 0.000 0.013 0.000 0.000 0.000 0.001 0.004 0.027 0.000 0.002 0.000 0.011 0.000
LV 0.001 0.000 0.009 0.008 0.000 0.019 0.001 0.000 0.000 0.000 0.038 0.000 0.000 0.000
LT 0.002 0.000 0.017 0.014 0.000 0.003 0.009 0.002 0.000 0.000 0.032 0.000 0.006 0.000
LU 0.001 0.000 0.016 0.005 0.000 0.001 0.002 0.002 0.001 0.000 0.006 0.000 0.000 0.001
HU 0.025 0.000 0.045 0.063 0.037 0.002 0.004 0.026 0.005 0.000 0.057 0.029 0.003 0.000
MT 0.000 0.000 0.003 0.002 0.000 0.000 0.000 0.004 0.002 0.000 0.000 0.000 0.003 0.000
NL 0.088 0.000 0.166 0.238 0.008 0.001 0.071 0.094 0.011 0.000 0.083 0.024 0.056 0.047
AT 0.038 0.000 0.072 0.057 0.000 0.356 0.046 0.030 0.066 0.000 0.128 0.006 0.079 0.089
PL 0.600 0.000 0.173 0.125 0.000 0.017 0.093 0.013 0.026 0.000 0.187 0.005 0.055 0.017
PT 0.017 0.000 0.060 0.039 0.000 0.078 0.084 0.024 0.035 0.000 0.071 0.036 0.148 0.210
RO 0.067 0.000 0.054 0.068 0.026 0.137 0.042 0.031 0.000 0.000 0.091 0.007 0.000 0.000
SI 0.015 0.000 0.013 0.005 0.012 0.039 0.000 0.005 0.004 0.000 0.015 0.003 0.009 0.000
SK 0.037 0.000 0.020 0.030 0.037 0.038 0.000 0.010 0.003 0.000 0.040 0.002 0.009 0.000
FI 0.029 0.000 0.047 0.016 0.052 0.109 0.037 0.003 0.001 0.000 0.233 0.000 0.130 0.000
SE 0.025 0.000 0.059 0.007 0.147 0.575 0.122 0.012 0.004 0.000 0.285 0.000 0.354 0.497
UK 0.080 0.000 0.395 0.496 0.120 0.052 0.397 0.228 0.020 0.029 0.318 0.000 0.241 0.388

Source: own compilation.

Table 4. Relations of a selected part of MULTIMOORA procedure-related management of renewable energy consumption
in EU countries (2015 vs. 2019).

Country
2015 2019

RS RP FMF RS RF FMF

Austria AT 0.532 0.065 0.018 −0.079 0.356 0.000
Belgium BE −0.122 0.128 0.000 −0.128 0.121 0.000
Bulgaria BG 0.017 0.065 0.000 −0.042 0.072 0.000
Croatia HR 0.064 0.017 0.000 −0.027 0.051 0.000
Cyprus CY 0.021 0.010 0.000 0.032 0.013 0.000
Czechia CZ −0.115 0.162 0.000 −0.159 0.195 0.000
Denmark DK 0.233 0.035 0.000 0.300 0.038 0.000
Estonia EE −0.998 1.000 0.568 −0.972 1.000 0.000
Finland FI −0.629 0.873 0.000 0.150 0.109 0.000
France FR 1.173 0.949 0.000 0.945 0.944 0.000
Germany DE 0.837 0.785 0.000 0.879 0.737 0.000
Greece EL 0.165 0.065 0.000 0.127 0.071 0.000
Hungary HU −0.053 0.062 0.000 −0.048 0.063 0.000
Ireland IE −0.473 0.480 0.000 0.014 0.041 0.000
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Table 4. Cont.

Country
2015 2019

RS RP FMF RS RF FMF

Italy IT 1.508 0.461 0.004 1.231 0.452 0.002
Latvia LV 0.033 0.009 0.003 0.003 0.019 0.000
Lithuania LT −0.001 0.017 0.000 0.013 0.016 0.047
Luxembourg LU −0.011 0.013 0.000 −0.010 0.016 0.000
Malta MT 0.000 0.002 0.000 0.004 0.002 0.000
Netherlands NL −0.294 0.239 0.000 −0.114 0.238 0.000
Poland PL −0.378 0.478 0.000 −0.521 0.600 0.000
Portugal PT 0.418 0.055 0.000 0.414 0.078 0.000
Romania RO 0.134 0.074 0.000 −0.181 0.137 0.000
Slovakia SK −0.039 0.034 0.000 −0.099 0.038 0.000
Slovenia SI 0.026 0.011 0.000 −0.049 0.039 0.000
Spain ES 1.377 0.289 0.000 1.054 0.311 0.000
Sweden SE 1.270 0.129 0.000 0.460 0.575 0.000
United Kingdom UK −0.042 0.510 0.000 0.477 0.496 0.000

Source: own compilation. The ratio system (RS), The reference point (RP), Full multiplicative form of multiple objectives (FMF).

Finally, in Table 5, we present the results of our original rating of the management of
renewable energy consumption in EU countries (2015 vs. 2019).

We calculated the original rankings based on the MULTIMOORA method to assess
the changes in the management of renewable energy consumption in EU countries in the
period 2015–2019 (RQ1). As shown by the results of our analysis, out of 28 countries,
14 improved their starting position in their ranking, two countries did not change their
position, and in the case of 12 countries, their ranking deteriorated. Italy (ranked #1 in both
rankings), Germany (ranked #2 in both rankings), France (ranked #3 in 2015 and ranked
#4 in 2019), and Sweden (ranked #5 in 2015 and ranked #3 in 2019) were the highest ranked
countries. The countries that improved their ranking the most over the five-year period
were the United Kingdom and the Netherlands (improved their ranking by nine positions),
Denmark (improved their ranking by five positions), and Finland and Poland (improved
their ranking by four positions). The observed changes in this group of countries indicate
that the consumption of energy from non-renewable sources reduced during the period
under study. On the contrary, the countries with the worse rankings over five-year period
were Romania (down 16 positions), Latvia (down nine positions), and Austria (down six
positions). The observed changes in this group of countries indicate that not only was
the consumption of non-renewable energy sources not reduced in the period in question,
but it actually increased. Thus, the actions taken by these countries in the field of energy
consumption management did not bring them closer to achieving the adopted assumptions
of the energy union.

The results of our analysis allowed us to identify the changes that occurred in the
management of renewable energy consumption in EU countries in the period 2015–2019
(see RQ1). In particular, we identified those countries in which the approach to energy
consumption management has reduced their consumption from non-renewable sources
and those countries in which the currently implemented energy consumption management
policy has not brought about tangible changes in this respect. Moreover, the assessment
of changes in the position of a given country in the developed rankings allowed us to
determine how strong the changes in energy consumption management in that country
have been in comparison to other European Union countries.
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Table 5. MULTIMOORA ranking of management of renewable energy consumption in EU countries 2015. vs. 2019.

Country

Ranking 2015 Ranking 2019

Rating Change
2015 vs. 2019 *R

S R
P

FM
F

R
an

ki
ng

Su
m

Fi
na

lR
an

k

R
S

R
P

FM
F

R
an

ki
ng

Su
m

Fi
na

lR
an

k

Austria AT 6 17 2 25 6 21 8 11 40 12 −6
Belgium BE 23 13 26 62 25 24 13 21 58 22 +3
Bulgaria BG 15 15 16 46 13 18 16 10 44 15 −2
Croatia HR 11 22 20 53 18 17 19 23 59 23 −5
Cyprus CY 14 26 12 52 17 11 27 18 56 21 −4
Czechia CZ 22 11 15 48 15 25 11 17 53 19 −4
Denmark DK 8 20 18 46 14 8 23 5 36 9 +5
Estonia EE 28 1 1 30 7 28 1 1 30 6 +1
Finland FI 27 3 14 44 12 9 14 12 35 8 +4
France FR 4 2 13 19 3 3 2 13 18 4 −1
Germany DE 5 4 7 16 2 4 3 7 14 2 −
Greece EL 9 16 10 35 9 10 17 9 36 10 −1
Hungary HU 21 18 19 58 24 19 18 15 52 18 +6
Ireland IE 26 6 21 53 19 12 20 16 48 16 +3
Italy IT 1 8 3 12 1 1 7 3 11 1 −
Latvia LV 12 27 4 43 11 15 24 14 53 20 −9
Lithuania LT 17 23 9 49 16 13 25 2 40 13 +3
Luxembourg LU 18 24 24 66 26 16 26 22 64 24 +2
Malta MT 16 28 25 69 28 14 28 27 69 27 +1
Netherlands NL 24 10 22 56 23 23 10 8 41 14 +9
Poland PL 25 7 23 55 21 27 4 19 50 17 +4
Portugal PT 7 19 6 32 8 7 15 6 28 5 +3
Romania RO 10 14 11 35 10 26 12 28 66 26 −16
Slovakia SK 19 21 27 67 27 22 22 26 70 28 −1
Slovenia SI 13 25 17 55 22 20 21 24 65 25 −3
Spain ES 2 9 8 19 4 2 9 20 31 7 −3
Sweden SE 3 12 5 20 5 6 5 4 15 3 +2
United Kingdom UK 20 5 28 53 20 5 6 25 36 11 +9

* Green—improvement in the ranking of management of renewable energy consumption 2015 vs. 2019; orange—drop in the ranking of
management of renewable energy consumption 2015 vs. 2019. Source: own compilation. The ratio system (RS), The reference point (RP),
Full multiplicative form of multiple objectives (FMF).

4.2. Energy Consumption by Source vs. Innovativeness Indicators in EU Countries

The observed changes in the management of energy consumption over the five-year
period (2015–2019) led us to ask the question: Are there significant relationships between
energy consumption by source and innovation evaluation indicators? In the theoretical
background of our research, we indicated that innovativeness is the crucial element for
the development of economies, including in the field of energy management. For this
purpose, we conducted a correlation analysis between energy consumption by source
and key innovation indicators according to the European Innovation Scoreboard. This
section presents the results of this correlation analysis. We used data for 2018–2019 to
identify the relationships (the latest available data for all variables concerned). The initial
data were normalized according to the MULTIMOORA method procedure described in
Section 3. The results are presented in Tables 3 and 6 for data on energy consumption
by source and in Tables 7 and 8 for key innovation indicators according to the European
Innovation Scoreboard.
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Table 6. Energy consumption in EU countries in 2018—normalization data.

C
ou

nt
ry

Energy Source

Non-Renewables Renewables and Biofuels

SFF PPP OS OPP NG N H W SP ST TWO BRW GEO AH

Min Min Min Min Min Min Max Max Max Max Max Max Max Max

BE 0.034 0.000 0.000 0.126 0.113 0.066 0.003 0.052 0.071 0.011 0.000 0.074 0.001 0.014
BG 0.063 0.000 0.000 0.025 0.020 0.037 0.043 0.009 0.024 0.010 0.000 0.041 0.006 0.021
CZ 0.175 0.000 0.000 0.054 0.052 0.066 0.014 0.004 0.043 0.009 0.000 0.095 0.000 0.039
DK 0.019 0.000 0.000 0.039 0.020 0.000 0.000 0.098 0.017 0.027 0.000 0.103 0.000 0.057
DE 0.775 0.000 0.000 0.600 0.557 0.173 0.150 0.773 0.835 0.317 0.000 0.620 0.052 0.263
EE 0.000 0.018 1.000 0.001 0.003 0.000 0.000 0.004 0.001 0.000 0.000 0.026 0.000 0.000
IE 0.008 0.377 0.000 0.041 0.034 0.000 0.006 0.061 0.000 0.006 0.000 0.015 0.000 0.010
EL 0.051 0.000 0.000 0.063 0.031 0.000 0.048 0.044 0.069 0.115 0.000 0.028 0.002 0.073
ES 0.128 0.000 0.000 0.318 0.205 0.128 0.287 0.358 0.144 0.928 0.000 0.184 0.003 0.168
FR 0.101 0.000 0.000 0.425 0.278 0.949 0.547 0.201 0.193 0.075 1.000 0.382 0.082 0.549
HR 0.004 0.000 0.000 0.019 0.017 0.000 0.064 0.009 0.001 0.006 0.000 0.033 0.002 0.003
IT 0.095 0.000 0.000 0.303 0.451 0.000 0.408 0.125 0.413 0.091 0.000 0.320 0.994 0.588
CY 0.000 0.000 0.000 0.013 0.000 0.000 0.000 0.002 0.004 0.030 0.000 0.002 0.000 0.010
LV 0.001 0.002 0.000 0.009 0.009 0.000 0.020 0.001 0.000 0.000 0.000 0.040 0.000 0.000
LT 0.002 0.023 0.000 0.017 0.013 0.000 0.004 0.008 0.002 0.000 0.000 0.033 0.000 0.006
LU 0.000 0.000 0.000 0.016 0.005 0.000 0.001 0.002 0.002 0.001 0.000 0.006 0.000 0.001
HU 0.024 0.000 0.000 0.045 0.063 0.035 0.002 0.004 0.011 0.005 0.000 0.060 0.026 0.002
MT 0.000 0.000 0.000 0.003 0.002 0.000 0.000 0.000 0.003 0.002 0.000 0.000 0.000 0.003
NL 0.091 0.000 0.000 0.176 0.233 0.007 0.001 0.074 0.067 0.011 0.000 0.073 0.016 0.049
AT 0.030 0.000 0.000 0.069 0.056 0.000 0.315 0.042 0.026 0.075 0.000 0.132 0.007 0.076
PL 0.548 0.000 0.000 0.170 0.122 0.000 0.016 0.090 0.005 0.024 0.000 0.183 0.004 0.014
PT 0.030 0.000 0.000 0.056 0.038 0.000 0.104 0.089 0.018 0.039 0.000 0.071 0.039 0.147
RO 0.056 0.009 0.000 0.054 0.075 0.025 0.148 0.044 0.032 0.000 0.000 0.091 0.007 0.000
SI 0.013 0.000 0.000 0.014 0.005 0.012 0.039 0.000 0.005 0.005 0.000 0.015 0.009 0.000
SK 0.037 0.000 0.000 0.021 0.031 0.033 0.030 0.000 0.011 0.003 0.000 0.029 0.002 0.000
FI 0.031 0.918 0.000 0.049 0.016 0.048 0.111 0.041 0.002 0.001 0.000 0.236 0.000 0.129
SE 0.022 0.118 0.000 0.061 0.008 0.148 0.521 0.117 0.007 0.005 0.000 0.287 0.000 0.370
UK 0.090 0.000 0.000 0.400 0.513 0.124 0.046 0.400 0.234 0.022 0.019 0.298 0.000 0.246

Source: own compilation.

Table 7. Key innovation indicators 2018—EU countries—normalization data.

C
ou

nt
ry

Composite Indicators of Innovation

SII
Framework Conditions Investments Innovation Activities Impacts

HR RS IFE FS FI I L IA EI SI

BE 0.238 0.289 0.173 0.231 0.262 0.308 0.245 0.180 0.141 0.248 0.231
BG 0.089 0.037 0.080 0.034 0.084 0.055 0.050 0.159 0.210 0.096 0.090
CZ 0.165 0.114 0.131 0.105 0.201 0.200 0.134 0.137 0.229 0.228 0.213
DK 0.261 0.333 0.380 0.245 0.223 0.200 0.218 0.292 0.192 0.177 0.165
DE 0.235 0.153 0.181 0.231 0.308 0.282 0.204 0.268 0.185 0.295 0.275
EE 0.192 0.169 0.164 0.195 0.191 0.219 0.190 0.250 0.121 0.159 0.148
IE 0.220 0.238 0.165 0.156 0.190 0.274 0.124 0.121 0.345 0.313 0.292
EL 0.150 0.106 0.053 0.100 0.138 0.302 0.176 0.085 0.158 0.160 0.149
ES 0.157 0.147 0.175 0.166 0.134 0.094 0.096 0.152 0.177 0.206 0.192
FR 0.208 0.209 0.173 0.290 0.174 0.263 0.151 0.174 0.166 0.217 0.202
HR 0.112 0.074 0.059 0.067 0.199 0.198 0.107 0.076 0.113 0.087 0.081
IT 0.156 0.155 0.111 0.114 0.150 0.269 0.078 0.203 0.135 0.202 0.188
CY 0.158 0.188 0.092 0.057 0.149 0.170 0.080 0.201 0.131 0.253 0.236
LV 0.121 0.071 0.159 0.223 0.095 0.082 0.079 0.116 0.179 0.132 0.124
LT 0.149 0.064 0.202 0.124 0.161 0.228 0.169 0.111 0.073 0.133 0.124
LU 0.241 0.361 0.246 0.263 0.139 0.292 0.116 0.290 0.259 0.197 0.184
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Table 7. Cont.

C
ou

nt
ry

Composite Indicators of Innovation

SII
Framework Conditions Investments Innovation Activities Impacts

HR RS IFE FS FI I L IA EI SI

HU 0.128 0.088 0.151 0.093 0.172 0.070 0.089 0.102 0.252 0.201 0.188
MT 0.165 0.101 0.213 0.190 0.180 0.123 0.030 0.325 0.294 0.149 0.139
NL 0.247 0.313 0.285 0.272 0.149 0.259 0.226 0.228 0.218 0.227 0.212
AT 0.230 0.235 0.145 0.185 0.244 0.311 0.257 0.271 0.119 0.203 0.189
PL 0.109 0.050 0.195 0.079 0.154 0.033 0.054 0.142 0.176 0.132 0.123
PT 0.181 0.189 0.225 0.165 0.172 0.360 0.092 0.156 0.147 0.131 0.122
RO 0.060 0.039 0.121 0.058 0.013 0.000 0.064 0.056 0.082 0.148 0.138
SI 0.171 0.149 0.150 0.064 0.227 0.141 0.166 0.170 0.153 0.162 0.151
SK 0.128 0.072 0.089 0.053 0.140 0.086 0.094 0.096 0.209 0.274 0.256
FI 0.266 0.242 0.308 0.249 0.277 0.353 0.243 0.256 0.149 0.216 0.201
SE 0.273 0.303 0.364 0.243 0.265 0.238 0.230 0.262 0.263 0.216 0.202
UK 0.236 0.291 0.166 0.236 0.206 0.217 0.202 0.168 0.284 0.277 0.258

Source: own compilation.

Table 8. Key innovation indicators 2019—EU countries—normalization data.

C
ou

nt
ry Composite Indicators of Innovation

SII
Framework Conditions Investments Innovation Activities Impacts

HR RS IFE FS FI I L IA EI SI

BE 0.234 0.276 0.179 0.215 0.251 0.297 0.241 0.173 0.169 0.239 0.236
BG 0.088 0.043 0.084 0.022 0.084 0.053 0.051 0.164 0.212 0.093 0.091
CZ 0.163 0.121 0.138 0.110 0.192 0.193 0.133 0.109 0.263 0.218 0.215
DK 0.260 0.325 0.373 0.276 0.221 0.193 0.221 0.290 0.209 0.170 0.167
DE 0.231 0.152 0.192 0.227 0.300 0.272 0.200 0.253 0.201 0.274 0.270
EE 0.191 0.176 0.156 0.172 0.195 0.212 0.191 0.238 0.140 0.153 0.151
IE 0.216 0.247 0.169 0.136 0.180 0.264 0.120 0.113 0.355 0.296 0.292
EL 0.148 0.113 0.087 0.101 0.135 0.291 0.186 0.083 0.101 0.156 0.153
ES 0.164 0.152 0.223 0.148 0.132 0.091 0.097 0.148 0.203 0.193 0.190
FR 0.202 0.204 0.162 0.261 0.172 0.254 0.148 0.167 0.164 0.204 0.201
HR 0.114 0.073 0.081 0.074 0.186 0.191 0.097 0.069 0.143 0.088 0.087
IT 0.160 0.161 0.137 0.107 0.150 0.260 0.099 0.203 0.154 0.185 0.182
CY 0.172 0.210 0.159 0.143 0.160 0.164 0.088 0.207 0.133 0.227 0.223
LV 0.122 0.076 0.156 0.208 0.117 0.079 0.081 0.125 0.177 0.117 0.115
LT 0.154 0.078 0.212 0.160 0.160 0.220 0.156 0.111 0.114 0.122 0.121
LU 0.243 0.341 0.267 0.201 0.129 0.282 0.129 0.298 0.334 0.195 0.192
HU 0.128 0.097 0.163 0.088 0.168 0.068 0.087 0.094 0.265 0.195 0.192
MT 0.162 0.127 0.264 0.176 0.167 0.118 0.024 0.272 0.330 0.136 0.134
NL 0.247 0.319 0.317 0.228 0.155 0.250 0.228 0.222 0.245 0.216 0.212
AT 0.227 0.243 0.148 0.180 0.201 0.301 0.269 0.267 0.133 0.193 0.190
PL 0.114 0.053 0.239 0.077 0.152 0.032 0.058 0.139 0.187 0.128 0.126
PT 0.187 0.195 0.257 0.158 0.197 0.348 0.093 0.150 0.170 0.128 0.126
RO 0.061 0.047 0.128 0.079 0.017 0.000 0.058 0.050 0.080 0.143 0.141
SI 0.164 0.146 0.162 0.060 0.213 0.137 0.166 0.173 0.186 0.156 0.154
SK 0.129 0.082 0.099 0.046 0.131 0.083 0.090 0.084 0.248 0.263 0.259
FI 0.270 0.251 0.364 0.261 0.267 0.341 0.240 0.251 0.165 0.207 0.204
SE 0.272 0.305 0.351 0.232 0.277 0.230 0.222 0.259 0.296 0.205 0.202
UK 0.233 0.290 0.184 0.223 0.202 0.209 0.200 0.160 0.291 0.259 0.255

Source: own compilation.

The normalized data were subjected to correlation analysis to identify any potential
relationships between energy consumption by source and innovation evaluation indicators.
The analysis confirmed the existence of relationships between these groups with respect
to the selected variables (Table 9). We used correlation analysis to detect significant
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relationships. Pearson correlation coefficients were determined as a measure of the strength
of a linear association between our selected variables. Consistent with Haldun’s paper [78],
we adopted the following interpretation of the coefficient values when discussing the
results of our analysis later in our paper:

- Zero strength of association: 0;
- Negligible strength of association: 0.1 or (−0.1);
- Weak strength of association: 0.2 or (−0.2);
- Moderate strength of association: 0.3 or (−0.3);
- Strong strength of association: [0.4–0.6] or [(−0.4)–(−0.6)];
- Very strong strength of association: [0.7–0.9] or [(−0.7)–(−0.9)];
- Perfect strength of association: 1.0 or (−1.0).

Table 9. Energy consumption by source vs. innovativeness indicators in EU countries—correlation matrix (Pearson’s
correlation coefficient).

Composite Indicators of Innovation

SII
Framework Conditions Investments Innovation Activities Impacts

HR RS IFE FS FI I L IA EI SI

En
er

gy
so

ur
ce

SFF 0.030 −0.150 0.004 0.052 0.268 * −0.045 0.030 0.080 0.017 0.242 0.245
Sig.(2-tailed) 0.824 0.270 0.978 0.706 0.045 0.740 0.826 0.559 0.904 0.072 0.068

PPP 0.359 ** 0.223 0.346 ** 0.234 0.320 * 0.339 * 0.266 * 0.137 0.112 0.244 0.246
Sig.(2-tailed) 0.007 0.098 0.009 0.083 0.016 0.011 0.047 0.313 0.411 0.069 0.067

OS 0.038 −0.001 −0.061 0.066 0.052 0.035 0.141 0.180 −0.176 −0.115 −0.116
Sig.(2-tailed) 0.780 0.993 0.654 0.627 0.703 0.797 0.299 0.185 0.194 0.397 0.395

OPP 0.254 0.149 −0.004 0.357 ** 0.269 * 0.195 0.195 0.125 0.020 0.435 ** 0.436 **
Sig.(2-tailed) 0.059 0.275 0.978 0.007 0.045 0.150 0.150 0.358 0.885 0.001 0.001

NG 0.212 0.153 −0.051 0.276 * 0.200 0.173 0.167 0.102 0.054 0.438 ** 0.440 **
Sig.(2-tailed) 0.116 0.259 0.708 0.040 0.139 0.202 0.217 0.454 0.692 0.001 0.001

N 0.170 0.112 0.004 0.371 ** 0.112 0.127 0.104 0.019 −0.009 0.205 0.206
Sig.(2-tailed) 0.211 0.411 0.979 0.005 0.413 0.351 0.447 0.892 0.948 0.130 0.128

H 0.231 0.177 0.134 0.263 0.186 0.212 0.198 0.192 −0.097 0.117 0.117
Sig.(2-tailed) 0.087 0.192 0.325 0.050 0.170 0.117 0.143 0.155 0.476 0.392 0.391

W 0.291 * 0.147 0.113 0.341 * 0.357 ** 0.143 0.216 0.185 0.088 0.422 ** 0.424 **
Sig.(2-tailed) 0.030 0.280 0.406 0.010 0.007 0.294 0.109 0.173 0.519 0.001 0.001

SP 0.163 0.007 −0.100 0.190 0.302 * 0.218 0.131 0.181 −0.052 0.377 ** 0.377 **
Sig.(2-tailed) 0.230 0.957 0.463 0.160 0.024 0.107 0.337 0.181 0.702 0.004 0.004

ST −0.008 −0.050 −0.013 0.051 −0.024 −0.095 −0.053 −0.007 −0.059 0.131 0.130
Sig.(2-tailed) 0.953 0.716 0.926 0.711 0.863 0.487 0.699 0.960 0.667 0.337 0.341

TWO 0.086 0.072 −0.044 0.307 * −0.011 0.121 0.024 −0.019 −0.075 0.076 0.076
Sig.(2-tailed) 0.527 0.597 0.748 0.021 0.937 0.376 0.862 0.892 0.580 0.577 0.576

BRW 0.341 * 0.151 0.177 0.395 ** 0.454 ** 0.250 0.297 * 0.263 * −0.022 0.381 ** 0.382 **
Sig.(2-tailed) 0.010 0.268 0.192 0.003 0.000 0.063 0.026 0.050 0.874 0.004 0.004

GEO −0.068 −0.031 −0.147 −0.101 −0.074 0.151 −0.151 0.071 −0.146 0.025 0.024
Sig.(2-tailed) 0.618 0.821 0.279 0.458 0.589 0.267 0.267 0.604 0.284 0.854 0.858

AH 0.353 ** 0.285 * 0.169 0.424 ** 0.297 * 0.300 * 0.216 0.198 0.075 0.272 * 0.271 *
Sig.(2-tailed) 0.008 0.034 0.213 0.001 0.026 0.025 0.110 0.143 0.585 0.043 0.044

* correlation is significant at the 0.05 level (two-tailed test); ** correlation is significant at the 0.01 level (two-tailed test); N = 56. Source:
own compilation.

We identified 37 statistically significant relationships between the type of energy
consumption source and the innovativeness determinants. Of these, 19 correlations were
statistically significant at the 0.01 level. All the identified relationships were positive (range
from 0 to 1). Most of them were moderate (0.3) or strong (0.4–0.6) relationships.

As our study indicates, the consumption of energy from renewable sources such as
wind, biofuel and renewable waste, and ambient heat pumps was dependent on the level
of innovativeness of the country (in our study, measured by the SII). In the group of non-
renewable energy sources, such regularity was identified only in relation to peat and peat
products. Biofuels and renewable waste, ambient heat pumps, and wind were the sources
of energy with the most correlations with the indicators of innovation (BRW-7, AH-7, and
W-5). Biofuels and renewable waste were the only sources of energy in relation to which the
correlations with all group of innovativeness indicators have been identified. Ambient heat
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pumps were the source of renewable energy in relation to which correlations with all group
of innovativeness indicators were identified, excluding factors included in the “innovation
activities” (IA) group. Similar relationships were identified for the non-renewable energy
sources of peat and peat products. The strongest correlation was identified between the
“finance and support” indicator (from the innovation factors group, subsection “invest-
ment”) and the renewable sources of biofuels and renewable waste. “Finance and support”
and “innovation friendly environment” were indicators (components of the country’s
innovativeness level score) for which correlations with energy consumption from seven
sources (out of 14 analyzed) were identified. Among the four subgroups of innovation
performance indicators (framework conditions, investments, innovation activities, and
impact), the highest number of correlations (n = 12) was identified in the “impact” group.
This group of subcriteria of innovation performance illustrates how innovation translates
into benefits for the economy as a whole: Employment impacts and sales effects. Thus, we
can conclude that changes in the consumption of energy from renewable sources such as
wind, solar photovoltaic, biofuels and renewable waste, and ambient heat pumps have
a direct impact on the level of benefits in the area of employment impacts and sales ef-
fects, which, among other things, captures the country’s ability to quickly transform the
economy to respond to new needs and to take advantage of emerging demand. Among
non-renewable energy sources, similar correctness was found for natural gas and oil and
petroleum products. A single relationship was found between the energy source and the
level of collaboration between innovative firms, including research collaboration between
the private and public sectors and the extent to which the private sector funds public R&D
(only for biofuels and renewable waste). Furthermore, a relationship was found between
the availability of a high-skilled and educated workforce and energy consumption from
ambient heat pumps and between the international competitiveness of the science base and
the energy consumption from peat and peat products. Interestingly, no relationship was
found between intellectual assets (which captures different forms of intellectual property
rights generated in the innovation process) and energy consumption by source.

5. Discussion

This study provided an assessment of energy consumption by source in EU countries
through an original ranking using a multi-criteria decision analysis, i.e., the MULTIMOORA
tool. The analysis of changes in the country’s position in the rankings allowed us to
determine the directions of energy consumption management by individual countries in
the context of the objectives of the energy union. The research results reflect that using the
MULTIMOORA multi-criteria evaluation tool makes it possible to systematize information
and draw impartial conclusions about the directions of management of renewable energy
sources in EU countries. As reported by Jelena Stankevičienė et al. [44], “The complexity
increases with increasing choices of alternatives and features, therefore MULTIMOORA
is useful in selecting the best alternatives.” The use of the MULTIMOORA method by
researchers in the study of renewable energy problems is increasing (e.g., [42,43,79,80]).
Our research is therefore in line with this research trend.

In the next step, by means of correlation analyses, we identified the relationship
between energy consumption by source and the main innovation performance indicators.
Among the energy sources whose consumption levels were analyzed, the correlation with
innovation performance indicators was mainly shown for renewable energy sources such as
biofuels and renewable waste, ambient heat pumps, wind, and solar photovoltaic. Biofuels
and renewable waste and ambient heat pumps were the sources of energy in relation to
which the most correlations with indicators of innovation were identified. Biofuels are
an alternative low-emission fuel for transport, among other things. However, there is
currently no large-scale industrial production of biofuels. Converting advanced feedstocks
into biofuel is challenging, as each requires new technologies. Many experts have pointed
out that the availability and cost of financing are major barriers to investment in advanced
biofuels [81,82]. Investment risks are closely linked to the challenges of financing biofuels,



Energies 2021, 14, 5064 15 of 20

and without appropriate risk mitigation strategies, they are an impenetrable barrier to the
growth of the sector [83].

Similar to biofuels and renewable waste, ambient heat pumps were the sources of
energy in relation to which the most correlations with indicators of innovation were
identified. Heat pumps are electrical devices that convert energy from external heat sources
(air, groundwater, soil, etc.) into useful heat. They are considered to be one of the most
energy-efficient and environmentally friendly technologies that increase the degree of use
and effective integration of intermittent renewable energy sources [84].

The results showed that the level of innovativeness can increase energy consumption
from heat pumps. Despite wide-range benefits, their global uptake rate remains very
low. The potential of heat pumps is highly dependent on the type of technology, the
location, and the electricity mix [85]. In the years to come, the driving force behind the
reduction in the price of industrial heat pumps may be the rapid growth in technology
from manufacturers, suppliers, and research facilities, coupled with increased plant and
end-user experience [86].

However, some limitations of this study must be noted. First of all, in our opinion,
the fact that we focused on the total parameters of energy consumption in individual
countries should be considered as such a limitation. A more detailed analysis, for example,
taking into account the sectoral approach, could provide interesting insights. This may
provide a direction for future research in this area. The most recent available data used
for our study were for the year 2019. The changes that have taken place in the last two
years in terms of managing energy consumption in individual countries (especially in the
context of the EU’s latest energy efficiency targets [87]) may have undoubtedly affected the
changes in the ranking. We consider it advisable to update our rankings, as this will allow
monitoring of changes in this area. Both the monitoring of changes in the ranking according
to our proposed approach and the specification of the analysis with other parameters (e.g.,
related to legislative changes undertaken in relation to energy management, taking into
account the provisions of the national energy and climate plans for 2021–2030, which were
prepared by individual EU countries and serve the implementation of the overarching
EU objective—the transition to clean energy) could be interesting developments of our
findings. Additionally, analysis of the root causes of energy consumption could be an
interesting development of our approach.

6. Conclusions

Energy production and consumption are particular issues in today’s world. The neces-
sity to take into account a sustainable approach to energy management and consumption is
a key issue for companies and whole countries. The purpose of this paper was to assess the
progress toward the management of renewable energy consumption (by preparing original
rankings) and to identify any significant relationships between energy consumption by
source and selected indicators of innovativeness in European Union countries.

In terms of methodology, this research paper extended the application of the capabil-
ities of the MULTIMOORA method and applied it to assess the management of energy
consumption in the context of innovativeness.

Some of the main findings of our research are:

- Analysis of the original rankings of EU countries showed that the vast majority of
them have made changes in their management of energy consumption at the level of
the whole economy (out of 28 countries, only two showed no change) (RQ1);

- Fourteen countries have developed their energy consumption management toward
renewable energy sources (improved their starting position in the ranking); in the case
of 12 countries, energy consumption was mainly from non-renewable energy sources
(their ranking deteriorated) (RQ1);

- We found multiple (37 statistically significant correlations; RQ2) relationships between
the level of energy consumption by source and the main indicators of innovation
performance;
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- The relationships mainly concerned renewable energy sources such as biofuels and
renewable waste, ambient heat pumps, wind, and solar photovoltaic (RQ3).

The research findings suggest that not all countries have developed their energy
consumption management in the direction of renewable energy sources. Moreover, the
findings indicate a significant association between the level of innovativeness of the country
and the consumption of energy from some types of renewable sources. Thus, to improve
environmental performance, economies should put more emphasis on activities that in-
crease the share of RES consumption in the total energy consumption. The involvement
of governments to increase the economic innovation and consumption of energy from
renewable sources is necessary, especially in economies with high energy shortages.

As for the dependencies indicated in the study, leaders should pay particular attention
to the activities aimed at increasing the consumption of energy from renewable sources
by boosting economic innovation, especially in the areas mentioned. It is essential to
financially support investments in both the public and private sectors. Regulations in
pro-innovation policy must take into account the appropriate level of expenditure on R&D
in the public sector (at universities and governmental research organizations). In European
countries with the highest SII levels, the gross domestic expenditure on R&D is over 3%
of GDP (they set 4% of GDP as their target). Regulations supporting the development
and availability of venture capital (VC) are important as well. This is frequently the only
possible way to finance companies that are growing or develop new (risky) technologies.

It is also advisable to introduce legal and institutional regulations that favor financing
public research and development activities by the private sector and establishing and devel-
oping research cooperation between the private and public sectors, as well as cooperation
between innovative companies. Special attention should be paid to the sector of small-
and medium-sized companies and their level of innovation. Entities of this scale require
institutional support and appropriate tools to support their innovative activities.

A reasonable regulatory policy should include activities that boost human potential
and knowledge resources. Individual economies must focus on increasing the resources
of their highly skilled and educated workforce by supporting the process of education
at universities and promoting the concept of lifelong learning. It is also crucial to im-
plement legal regulations and institutional solutions for businesses that will encourage
entrepreneurs to take action to improve the skills of their employees regarding information
and communication technologies (ICT), and invest in both research and development ac-
tivities, as well as innovations not related to R&D (non-R&D innovation) yet undertaken to
generate innovation (e.g., equipment, machinery, acquiring patents and licenses), in order
to measure the spread of new production technologies and ideas. Legal and administrative
regulations aimed at creating an innovation-friendly environment are required, with the
best possible access to broadband and entrepreneurship based on searching/spotting new
opportunities. It is also essential to focus on increasing the level of employment in sectors
requiring great knowledge (knowledge-intensive) and in rapidly growing companies oper-
ating in innovative sectors, as well as increasing the exports of technologically advanced
products, services based on knowledge, and innovations introduced to the market and
within the company. Having an environment that is perfect for creating new innovations
does not translate directly into the ability to introduce new products to the market. Effective
participation in global value chains based on knowledge and exporting services with a
high level of added value can be facilitated by regulations that increase trade openness or
the creation of knowledge exchange networks. There is also necessity for institutions and
tools supporting the acquisition of requisite knowledge about foreign markets.

Regulatory policy related to innovation can increase the consumption of clean energy,
but the heterogeneity of countries in terms of their natural resources and renewable energy
sources means that the implemented internal policies should also have a varied nature.



Energies 2021, 14, 5064 17 of 20

Author Contributions: Conceptualization, M.S. and I.G.-M.; methodology, M.S. and I.G.-M.; valida-
tion, M.S. and I.G.-M.; formal analysis, M.S. and I.G.-M.; investigation, M.S. and I.G.-M.; resources,
M.S. and I.G.-M.; data curation, M.S. and I.G.-M.; writing—original draft preparation, M.S. and
I.G.-M.; writing—review and editing, M.S. and I.G.-M.; visualization, M.S. and I.G.-M.; supervision,
M.S. and I.G.-M.; project administration, M.S. and I.G.-M.; funding acquisition, M.S. and I.G.-M. Both
authors have read and agreed to the published version of the manuscript.

Funding: This research was funded by Czestochowa University of Technology, Poland, grant number
SPB-600/3016/2021.

Acknowledgments: We would like to thank the reviewer for their detailed comments and suggestions
for developing the manuscript.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Martchamadol, J.; Kumar, S. Thailand’s energy security indicators. Renew. Sustain. Energy Rev. 2012, 16, 6103–6122. [CrossRef]
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