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Abstract: Climate change and efforts to mitigate it have given rise to an interest in the relationship
between industry competitiveness, energy efficiency, and carbon emissions. A better understanding
of this relationship can be essential for economic and environmental decision-makers. This paper
presents empirical research evaluating industry competitiveness through the factors of energy effi-
ciency and carbon emission in Europe’s most energy-intensive industries. The designed industry
competitiveness measure index consists of seven components, grouped into three equally weighted
sub-indexes: export performance, energy, and environmental. The export performance of the industry
is described by the industry export growth rate, the share of the industry’s export, and the effects on
the industry’s competitiveness of changes in a country’s export. The energy intensity of the industry
and energy prices are integrated into the energy sub-index. The environmental sub-index consists of
the industry’s emissions intensity, and the ratio of freely allocated allowances and verified emissions
indicators. The findings indicate that countries with the highest index value also have a positive
energy intensity and carbon emission indicator value. The average index value of each industry
gradually reduces to zero, and the standard deviation of the index value shows a diminishing trend
throughout all sectors, which implies that competitiveness in all sectors is increasing and that all
countries are nearing the industry average. The ANOVA results show that: (1) the competitiveness
index value was statistically significantly different in the investigated countries; (2) the competitive-
ness index value was statistically non-significantly different in the investigated industries; (3) there
was a significant effect of the interaction between country and industry on the competitiveness index
value. These results suggest that the country itself and industry/country interaction significantly
affect the competitiveness index. However, it should be mentioned that industry per se does not
substantially affect the competitiveness index score.

Keywords: energy efficiency; industry competitiveness; energy-intensive industries

1. Introduction

Setting ambitious environmental targets has been a hallmark of European Union
(EU) policy for decades. The EU Framework Strategy for a Resilient Energy Union with a
Forward-Looking Climate Change Policy [1] has three goals: (1) make the EU significantly
less CO2-intensive by 2030; (2) make economic development sustainable and climate-
neutral; (3) keep energy prices affordable for end-consumers. In 2019, the new European
Commission announced its long-term strategy—“A European Green Deal” [2]. The Com-
mission’s vision is to decouple the EU’s growth from energy use and transform the economy
towards zero net greenhouse gas emissions by 2050, which means that no more CO2 es-
capes into the air from industry, transport, agriculture, or housing than nature can bind out
of the air again [3].

To make this vision a reality and keep the EU’s industry competitive, the EU plans
to invest in environmentally friendly technologies, support innovative sectors, reduce
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the energy sector’s dependence on fossil fuels, and improve energy efficiency, among
other measures.

With the increase in efforts to mitigate climate change, the relevance of the link be-
tween industrial energy efficiency and competitiveness has also grown [4]. The industry
competitiveness question is on the top of the political agenda in many countries, and has
been analyzed by many researchers (e.g., [5–7]). Furthermore, a recent court decision [8]
stated that the state’s duty also includes the obligation to protect life, health, and property
from climate change. A better understanding of the competitiveness, energy efficiency,
and carbon emission relationship would be essential for political, economic, and environ-
mental decision-makers [9]. Neuhoff et al. [10] stated that EU competitiveness is based
on innovative and research-intensive products, and not on high energy consumption and
low costs. Many industrial companies in Europe have low energy costs, except in a few
highly energy-intensive sectors. To not suppress the competitiveness of EU industries,
some exceptions in the regulation (e.g., large electricity consumers pay lower grid fees, and
they also receive some tax and apportionment exceptions) have been made [10].

After summarizing the most recent scientific research and assessments of competi-
tiveness, we conclude that the energy aspects are not being widely used. This paper aims
to outline the impacts of energy efficiency and carbon emission on the industry compet-
itiveness index and test this index on European energy-intensive industries. The results
of the empirical tests fill a research gap linked to energy efficiency and carbon emissions’
impact on competitiveness in different European energy-intensive industries, offering other
perspectives on the nature of this impact.

The structure of this paper is as follows: Section 1 presents a short introduction;
Section 2 provides a literature review of competitiveness, climate change, and energy
efficiency; Section 3 describes the research data and methodology; Section 4 presents the
index calculation and ANOVA results; Section 5 summarizes the conclusions and indicates
the future research aspects.

2. Literature Review

Despite the fact that, every year, researchers pay increasing attention to different as-
pects of competitiveness, some facets are still not widely discussed. The scientific literature
examines the concept of competitiveness [11,12], identifies the factors determining competi-
tiveness [13,14], and analyzes the impact of these factors on overall competitiveness [15,16].

There is no consensus on the definition of competitiveness [17], but in general, it is
agreed that the concept of competitiveness is complex. As stated by many researchers,
the nature of competitiveness involves trying to be better than other market participants
in specific, comparable parameters [15]. Gries and Hentschel [18] distinguish two main
features of competitive industries: selling and earning profit. Other researchers [9] share
a similar opinion and have stated that international trade and export is closely related to
industry competitiveness. Kaušylienė et al. [19], when analyzing competitiveness in the
agricultural sector, indicated that the key indicators of competitiveness are output prices,
product quality, labor productivity, changes in exports, and production. Some researchers
studying competitiveness emphasize the issue of sustainable economic development and
competitiveness [20]. Capobianco-Uriarte et al. [21] performed a bibliometric study on
competitiveness for the 1983–2017 period and concluded that competitiveness and envi-
ronmental aspects are increasingly being addressed in the scientific literature. One of the
first attempts to combine environmental factors and competitiveness was proposed by the
European Commission and has since been incorporated into other research [17,22,23].

As Matuzevičiūtė et al. [24] stated, the scientific literature focuses mainly on the
competitiveness of companies, groups of companies (clusters), regions, countries, or groups
of countries. However, the competitiveness of individual industries is still not widely
explored. In this paper, industrial competitiveness is understood as the ability of domestic
industries to profitably sell, and increase and maintain sales of, their sustainably produced
products on local and export markets.
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The strategic vision of the European Commission for Climate Change and Energy
Policy is to achieve carbon neutrality by 2050, increase energy security, and simultaneously
achieve the long-term competitiveness of European industry. The determination of policy
leaders to mitigate climate change [2] has led scientists [25–28] to assess the impact of
environmental aspects on industrial competitiveness. As shown by several scientists, the
best way to achieve the EU’s long-term climate and energy goal is to increase energy
efficiency and stimulate the modernization of energy efficiency technology [29,30]. As
Andrei et al. [31] mentioned, it will be hard to maintain long-term industry competitiveness
and achieve decarbonization without improving energy efficiency in cost-effective ways.

Several researchers [32–34] have empirically investigated the relationship between in-
come and carbon emissions, but their conclusions are different and sometimes contradictory.
To promote the decarbonization of the economy, the European Commission introduced
the European Emission Trading System (ETS) in 2005 [35]. This system has become one of
the mainstays of EU environmental policy [36]. It established a new tradable commodity—
emission allowances (the right to emit a ton of greenhouse gas (GHG) emission (mainly
CO2)). ETS works as follows: for every ton of CO2 released into the atmosphere, polluters
require an allowance. Every participant in the system has a certain amount of freely al-
located emission allowances. Every year, the amount allowable of emissions decreases,
but every participant can buy or sell allowances according to their needs. Given that the
amount of freely allocated emission allowances shrinks with time, the EU Commission ex-
pects that allowances will become more expensive, and companies will be forced to switch
to a less carbon-intensive energy source or invest in energy-efficient technologies [35]. Thus
far, industry, power plants, and airlines have been involved in the EU’s ETS. Some studies
have focused on the impact of the ETS on EU industries and concluded that the price
of allowances impacts industry competitiveness [36,37]. Bassi et al. [38] concluded (and
other researchers agreed [39,40]) that the carbon price could significantly impact the global
competitiveness of energy-intensive industries, as well as industry structure, if this price
is higher in one country or region. Many researchers have analyzed the link between the
company or industry competitiveness and the emission trading system [36,37,41,42], but
a generalized view of competition and a comparison of EU countries is missing. Khastar
et al. [39] also concluded that by introducing a carbon tax, governments can not only
address greenhouse gas emission mitigation, but can also pursue other political goals,
i.e., a higher tax income, the stimulation of renewable energy deployment, and increases
in efficiency. Although this topic remains to be analyzed thoroughly, the tightening of
environmental regulations will likely impact industry competitiveness in the future.

As stated by de Macedo the framework for analyzing the interconnectivity of energy
efficiency, environmental improvement, and sustainable industrial development remains
incomplete [43].

Several researchers [44–47] have stated that competitiveness assessment is a multi-
faceted, complex process requiring an appropriate assessment methodology and indicator
system. In practice, competitiveness analysis models explore and compare several statisti-
cal indicators, and combine them into a competitiveness assessment index [16,48,49]. In
2019, the founders of the Competitiveness Industrial Performance index added a new car-
bon emission dimension to their index. They expect that this supplementation will enable
the index to better reflect industry’s negative environmental impact [26]. Myung et al. [50]
proposed a conceptual model of company competitiveness measurement in relation to
climate change. The proposed model can help practitioners to proactively solve climate
change issues. Global Reporting Initiative guidelines are often used to judge climate change
competitiveness [51]. The empirical results from the Mexican industry have also shown that
optimized energy use increases competitiveness [52]. However, after reviewing the most
popular competitiveness indexes, we noted that the dimensions of energy and emissions
are not widely used. This was the main motivation to build an industry competitiveness
measure index focusing on industry export performance, carbon emission, and energy
efficiency, and to test this index on the European Union’s high-energy-intensity industries.
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3. Data and Methodology
3.1. Data

This paper relies on data from Eurostat, the European Union Emissions Trading
System; the United Nations’ (UN) Comtrade, and the International Energy Agency’s
(IEA) energy efficiency indicators database, for the period between 2009 and 2018. The
International Standard Industrial Classification (ISIC) was used to synchronize, compare,
and filter the data between all databases. The ISIC correspondence table, devised by the UN,
was used to match the data from the different databases with different classifications. Only
EU countries that are members of the IEA were analyzed in this paper (i.e., Austria (AT),
Belgium (BE), Czech Republic (CZ), Denmark (DK), Finland (FI), France (FR), Germany
(DE), Greece (GR), Hungary (HU), Ireland (IE), Italy (IT), Lithuania (LT), the Netherlands
(NL), Poland (PL), Portugal (PT), Slovakia (SK), Spain (ES), Sweden (SE), the United
Kingdom (UK)).

According to IEA classification, the basic metal (ISIC 24), non-metallic mineral (ISIC 23),
chemical and chemical product (ISIC 20–21), paper pulp, and printing industries (ISIC
17–18) are the primary high-energy-intensity industries. These industries are analyzed in
this paper.

If some data were missing, then the average value of all the available data was used.
All statistical calculations and hypothesis testing were performed using the R programming
language (version 4.1.0) and MS Excel 2016. The significance level (P) for all statistical
estimations was set as <0.05.

3.2. Methodology

The industry competitiveness measure index we designed consists of seven compo-
nents, grouped into three equally weighted sub-indexes: export performance, energy, and
environmental. Figure 1 shows the structure of the index.
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Figure 1. Industry competitiveness index of energy efficiency and carbon emission.

The idea of an equally weighted measure index is derived from a heuristic. As
Gigerenzer and Todd [53] stated, the performance of equally weighted models (unit weight
models) is often almost as good as that of multiple regression, especially when the ratio of
alternatives is equal to or less than 10. Besides this, recent empirical studies showed that
equally weighted indexes and portfolios are more robust and produce significantly better
average outputs than other weighted portfolios [54–56]. Marewski et al. [57] stated that
unifying the weights makes analysis models both simple and robust enough for predicting
complex events.

All indicators are briefly described below. The export performance sub-index includes
three equally weighted indicators:

1. The industry export growth rate (1). The industry export and its growth rate are
amongst the primary indicators of an industry’s competitiveness. Many researchers
used export performance to analyze the competitiveness of countries or industries or
integrated it into a competitiveness index calculation [9,44,58,59].
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Xg =
Xt

Xt−1
− 1, (1)

where Xg—industry export growth rate, Xt—industry export in period t, and Xt−1—
industry export in period t − 1.

2. The share of the industry’s export in the entire country’s export (2) shows the impor-
tance of a particular industry in the country’s economy. Many researchers used a
country’s export share in different ways [60,61]; however, the link between energy
efficiency and a country’s export share has not been analyzed sufficiently.

Xs =
Xt

X
, (2)

where Xs—share of the industry export, Xt—industry export in period t, and X’—country’s
export in period t.

3. The competitiveness effect of change in a country’s industry export. Tyszynski [62]
suggested a method to compartmentalize the difference in a country’s export into four
components: world growth, commodity, regional market, and competitiveness effects.
This method is known as constant market share analysis and has undergone some
modifications. Due to its simple calculation method and the data availability, many
researchers have used constant market share decomposition in different countries
and different industries [9,63–65]. For this paper, we used this methodology (3) as
described by Leamer and Stern [66] and as used in ECB papers [67], including only
the calculation of the effect of competitiveness on the index.

CE = ∑i ∑p

(
gip − gi

)
Xt

ip, (3)

where CE—competitiveness effect, X—industry export, t—period, i—commodity, p—
export market, gip, gi—the export growth rate in the commodity and market.

The energy sub-index consists of two equally weighted indicators:

1. The energy intensity shows the efficiency of energy use in the economy, industry, or
company. Scientists [68–71] and statisticians [72,73] use the energy intensity indicator
to measure energy efficiency. Energy intensity (4) is the ratio between consumed
energy and value added in the industry.

Ie =
Ei

VAi
, (4)

where Ie—energy intensity in the industry, Ei—the energy used in the industry, VAi—value
added in the industry.

Many researchers have looked into the relationship between energy intensity and
economic development in different countries and industries, and at various points [74–76].
The International Energy Agency [77] argues that energy intensity is the most critical
indicator of the energy efficiency trend. The latest empirical research shows [78–80] that
the GDP growth rate is more significant than the energy consumption of the economy.
Martinez et al. [81] stated that the main reason for this is the service sector, which generates
greater added value and consumes less energy as a production industry. Neuhoff et al. [10]
drew similar conclusions regarding EU industries. Besides this, the use of modern technolo-
gies and updated processes in energy-intensive industries reduces energy consumption.

2. Some researchers argue that an industry’s energy prices (5) are one of the main ele-
ments of its competitiveness [82]. Empirical studies show that the causal relationship
between energy prices and economic growth is not neutral [83]. Crespo [84] stated
that a high energy cost negatively impacts the export potential of European com-
panies. Crespo also concluded that a growth in energy efficiency did not offset the
increase in energy prices. The findings regarding energy cost and export potential
in the EU manufacturing sector correspond to the results for the US manufacturing
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sector [38]. For index calculation, the electricity and gas prices for manufacturing
companies are used as follows:

Pi =
1
2

pe +
1
2

pg, (5)

where Pi—energy price for industry; pe—electricity price for industry customers, re-
calculated to a standard score; pg—gas price for industry customers, recalculated to a
standard score.

The environmental sub-index consists of the following two equally weighted indicators:

1. The industry’s emissions intensity (6) is calculated as the ratio of industry carbon
emission per year to industry value added. Omri et al. [80] found a bidirectional
causality between economic growth and CO2 emission. The industry sector is one
of the primary sources of carbon emissions worldwide, accounting for roughly 20%
of total emissions in 2018. The largest share of this comes from energy-intensive
industries [77]. As Worrell et al. [30] stated, and as also discussed by the IEA, various
technologies can mitigate industrial GHG emissions; however, in the short term, an
increase in energy efficiency is the most essential and cost-effective option.

Im =
CMi
VAi

, (6)

where Im—emissions intensity in the industry, CMi—the industry’s carbon emissions, and
VAi—value added in the industry.

2. The ratio of freely allocated allowances and verified emissions (7) from the EU Emis-
sion Trading System is calculated as follows:

EUETSR =
FAA
VE

, (7)

where EUETSR—the ratio of freely allocated allowances and verified emissions, FAA—
freely allocated allowances, and VE—verified emissions.

The preliminary analysis showed that there are some rows in the available data set in
which the freely allocated allowances or verified emission value are zero. For this reason, if
the value of the FAA is greater than zero and the VE value is zero, then the EUETSR is set to
ten, but if the values of FAA and VE are equal to zero, then the EUETSR is also set to zero.

The standard score of each indicator for each year has been calculated. Each calculated
indicator can obtain values from −∞ to +∞, with a mean of zero. An index score of zero
represents the theoretical average score for a particular year and industry. The country with
the highest positive index score is the most competitive in the specific year and industry.

Furthermore, after calculating the index scores, the results are analyzed via analy-
sis of variance (ANOVA). Researchers [85–89] and many others have used the ANOVA
method in their competitiveness research. Sergi et al. [85] investigated the relationship
between selected factors of the Global Competitiveness Index and the Logistics Perfor-
mance Index, and for the implementation of their research in Africa, Asia, and the EU,
the ANOVA method was used. Their study results highlight that a range of factors might
affect logistic sector performance in terms of both geography and stage of development.
Acquaah and Yasai-Ardekani [86] used the ANOVA method to investigate the effects of
cost-leadership and differentiation strategies on firm competitiveness. The findings high-
light that companies implementing a coherent competitive strategy perform better than
companies deploying other strategies. Kisel’áková et al. [89] used regression models to
assess the interaction among competitiveness, business environment and human develop-
ment, and sustainable growth. The ANOVA method was used to assess the adequacy of the
regression models. The results of the study revealed that the business environment and hu-
man resources have an impact on global macroeconomic competitiveness. In what follows,
a two-way ANOVA will be conducted to detect any statistically significant differences
between the countries and industries indices. The following ANOVA hypotheses will be
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tested: H1—the competitiveness index means grouped by industry are the same; H2—the
competitiveness index means grouped by country are the same; H3—there is no interaction
between industries and countries. Post hoc comparison will not be implemented.

4. Results of the Research

This paper presents our developed index that evaluates industry competitiveness as
regards energy efficiency and carbon emission. Based on three sub-indexes (i.e., export
performance, energy, and environment), this paper proposes an industry competitiveness
evaluation system focusing on energy efficiency and carbon emissions. The index includes
seven equally weighted indicators, which are relatively easy to calculate and interpret. The
main descriptive statistic of each index value is presented in Table 1. Attention should be
paid to the average index value for each country.

Table 1. Average, median, and standard deviation index values in 2009–2018. Source: own processing.

Country
Basic Metal Industry Non-Metallic

Minerals Industry
Chemicals and Chemical

Products Industry
Paper Pulp and

Printing Industry

Mean Median Std.
Dev. Mean Median Std.

Dev. Mean Median Std.
Dev. Mean Median Std.

Dev.

CZ −0.47 −0.46 0.30 −0.35 −0.35 0.15 −0.59 −0.52 0.16 −0.31 −0.36 0.20
SK −0.67 −0.68 0.38 −0.32 −0.22 0.33 −0.21 −0.20 0.48 −0.18 −0.13 0.22
LT 0.33 0.26 0.23 0.38 0.39 0.28 0.08 0.02 0.35 0.58 0.46 0.37
PT 0.48 0.40 0.20 0.14 0.22 0.18 0.07 0.01 0.45 0.02 0.01 0.21
PL −0.07 −0.01 0.21 0.17 0.16 0.27 −0.28 −0.30 0.21 0.16 0.21 0.14
HU 0.14 0.10 0.27 0.50 0.57 0.22 0.15 0.11 0.17 0.36 0.29 0.38
AT 0.17 0.18 0.13 0.20 0.20 0.13 0.16 0.27 0.30 −0.27 −0.27 0.07
BE −0.01 −0.06 0.13 −0.37 −0.35 0.24 0.04 0.00 0.21 −0.11 −0.10 0.29
DK 0.12 −0.01 0.38 −0.45 −0.33 0.30 −0.16 −0.15 0.15 0.04 −0.03 0.39
FI −0.10 −0.19 0.48 0.14 0.18 0.22 −0.47 −0.46 0.39 −0.68 −0.70 0.24
FR −0.16 −0.17 0.14 −0.18 −0.16 0.10 0.19 0.22 0.09 −0.02 −0.05 0.09
DE 0.12 0.07 0.21 0.11 0.12 0.11 0.05 0.02 0.13 −0.21 −0.22 0.11
GR 0.15 0.33 0.58 −0.60 −0.43 0.50 −0.15 0.02 0.63 −0.03 0.19 0.58
IR −0.80 −0.77 0.40 −0.31 −0.30 0.23 0.79 0.76 0.33 0.17 0.18 0.38
IT 0.19 0.25 0.32 0.15 0.14 0.40 0.10 0.17 0.29 −0.05 0.00 0.21
NL −0.45 −0.43 0.24 0.13 0.05 0.25 −0.87 −0.87 0.20 −0.14 −0.18 0.18
ES 0.20 0.19 0.17 0.14 0.05 0.27 0.20 0.21 0.13 0.12 0.14 0.18
SE 0.18 −0.05 0.61 −0.04 −0.01 0.26 0.11 0.07 0.37 −0.07 −0.03 0.14
UK 0.30 0.36 0.28 0.21 0.26 0.19 0.43 0.48 0.15 0.26 0.25 0.13

The quantitatively expressed competitiveness estimates for the period of 2009 to 2018
were also calculated for each country. The competitiveness index results for the basic metal
(ISIC 24), non-metallic mineral (ISIC 23), chemical and chemical product (ISIC 20–21), paper
pulp, and printing (ISIC 17–18) industries for each country in the period 2009–2018 are
shown in Tables 2–5, and consist of 760 observations.

In the following section, we present our calculated competitiveness index results of
the basic metal industry (ISIC 24) in each EU country. Table 2 below shows the index scores
computed during the analyzed period of 2009 to 2018.

The EU’s basic metal industry’s competitiveness index between 2009 and 2018 varies
in the range [−1.51; 1.21], with a mean of −0.02 and a standard deviation of 0.46. The
mean varied between −0.05 and 0.00, while the standard deviation varied between 0.40
and 0.53, depending on the year, and both tended to decrease. The Pearson’s correlation
coefficient was calculated between the basic metal industry’s export value and the lag one
of the competitiveness index value. A weak correlation between industry’s export and
index value was found (r = 0.15, p = 0.03).

The industry competitiveness index results for the basic metal industry in the analyzed
countries show that the basic metal industries of Portugal, the United Kingdom, Lithuania,
Austria, Italy, Spain, and Germany were the most competitive during the analyzed period
(six or more positive index scores between 2009 and 2018). The only two countries with
all negative index scores were the Czech Republic and Ireland. The lowest score (−1.51 in
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2009) in the basic metal industry was measured in Ireland, and the highest (1.21 in 2018)
was in Sweden. In the last assessed year, the country with the highest (1.21) index score
was Sweden, and that with the lowest (−0.83) index score was the Czech Republic.

The highest serial correlation of the index values was found for Poland, the Czech
Republic, and Denmark (the autocorrelation coefficients are 0.79, 0.67 and 0.65, respec-
tively). The slopes of index value for these countries are negative and significant (Poland—
β0 = −0.06, p = 0.000, add. R2 = 0.77; Denmark—β0 = −0.10, p = 0.01, add. R2 = 0.52; the
Czech Republic—β0 = −0.05, p = 0.01, add. R2 = 0.52), which implies that the index value
of these countries declined over the research period.

Table 2. EU basic metal industry (ISIC 24) competitiveness measure index, 2009–2018. Source: own processing.

Country 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018

CZ −0.43 −0.29 −0.05 −0.01 −0.41 −0.56 −0.68 −0.49 −0.93 −0.83
SK 0.05 −0.41 −1.04 −0.30 −1.09 −1.03 −0.96 −0.52 −0.67 −0.68
LT 0.29 0.05 0.73 0.53 0.17 0.23 0.23 0.48 0.55 0.07
PT 0.66 0.35 0.68 0.82 0.30 0.36 0.20 0.65 0.43 0.38
PL 0.14 0.06 0.10 0.12 −0.12 0.04 −0.07 −0.22 −0.29 −0.48
HU −0.11 0.07 −0.13 0.13 0.33 −0.11 −0.08 0.47 0.62 0.21
AT 0.45 0.27 0.16 0.22 −0.01 0.19 0.13 0.19 0.03 0.08
BE 0.29 −0.08 −0.01 −0.12 0.09 −0.14 0.08 −0.05 −0.11 −0.09
DK 0.44 0.43 0.80 0.44 −0.23 −0.13 −0.01 −0.32 −0.26 −0.01
FI −0.84 0.51 −0.69 −0.27 −0.23 −0.32 −0.15 0.12 0.47 0.44
FR 0.14 −0.25 −0.27 −0.20 −0.16 −0.12 −0.07 −0.12 −0.17 −0.39
DE 0.61 0.08 0.05 −0.09 0.18 0.31 0.07 0.14 −0.04 −0.06
GR −0.17 −0.76 −0.22 −0.70 0.37 0.59 0.82 0.28 0.58 0.70
IR −1.51 −0.73 −0.85 −1.18 −0.81 −0.48 −0.39 −1.26 −0.39 −0.46
IT −0.09 −0.58 0.20 0.37 0.28 0.47 0.22 0.53 0.19 0.28
NL −0.26 −0.36 −0.44 −0.53 −0.39 0.04 −0.56 −0.42 −0.79 −0.74
ES 0.12 0.07 −0.03 0.17 0.20 0.51 0.33 0.40 0.22 0.01
SE −0.34 −0.17 0.08 −0.33 1.17 −0.30 0.62 −0.32 0.19 1.21
UK −0.44 0.56 0.25 0.28 0.35 0.47 0.28 0.45 0.39 0.37

Table 3. EU non-metallic minerals industry (ISIC 23) competitiveness measure index, 2009–2018. Source: own processing.

Country 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018

CZ −0.37 −0.19 −0.06 −0.33 −0.47 −0.23 −0.34 −0.52 −0.46 −0.50
SK −0.11 −0.24 0.01 0.16 −0.62 −0.68 −0.75 −0.12 −0.66 −0.19
LT 0.18 0.92 0.56 0.50 0.33 0.01 0.17 0.58 0.45 0.06
PT 0.03 −0.17 −0.14 0.21 0.31 0.23 0.25 0.26 0.13 0.28
PL −0.34 0.16 0.16 −0.19 0.32 0.38 0.43 0.14 0.09 0.50
HU 0.67 0.63 0.51 0.65 0.78 0.65 0.40 0.41 0.10 0.20
AT 0.16 0.39 0.18 0.05 0.22 0.42 0.04 0.09 0.21 0.21
BE −0.04 −0.20 −0.35 −0.56 −0.06 −0.81 −0.60 −0.39 −0.35 −0.34
DK −0.28 −0.89 −0.30 −0.59 −0.85 −0.11 −0.26 −0.08 −0.36 −0.75
FI −0.04 0.22 0.22 0.24 0.27 0.15 −0.23 −0.06 0.10 0.56
FR −0.19 −0.09 −0.29 −0.30 −0.34 −0.13 −0.05 −0.14 −0.09 −0.18
DE 0.22 0.17 0.11 −0.13 0.14 0.24 0.11 0.08 0.01 0.14
GR −0.19 −1.63 −1.35 −0.63 −0.25 −0.41 −0.16 −0.35 −0.57 −0.45
IR −0.61 −0.32 −0.53 0.02 −0.44 −0.25 0.09 −0.29 −0.52 −0.20
IT −0.38 −0.44 0.06 0.18 0.31 0.18 0.10 0.09 1.01 0.38
NL 0.45 −0.01 0.58 −0.12 0.16 −0.08 0.08 0.36 −0.13 0.03
ES 0.13 −0.04 −0.17 −0.01 0.43 −0.02 0.24 0.12 0.74 −0.02
SE −0.37 0.13 −0.29 −0.14 −0.36 0.42 0.21 −0.01 0.02 0.00
UK 0.07 0.40 0.44 0.35 0.13 0.03 0.26 −0.15 0.28 0.26
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Table 4. EU chemicals and chemical products industry (ISIC 20–21) competitiveness measure index, 2009–2018. Source:
own processing.

Country 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018

CZ −0.53 −0.43 −0.46 −0.73 −0.74 −0.42 −0.82 −0.78 −0.51 −0.44
SK 0.25 0.22 0.41 −0.42 0.13 −0.08 −0.32 −0.41 −0.93 −0.94
LT −0.46 0.31 0.59 0.63 −0.17 0.14 0.02 −0.19 0.03 −0.06
PT −0.58 −0.29 −0.07 −0.46 0.49 0.72 0.25 0.67 0.04 −0.02
PL −0.64 −0.10 −0.24 −0.33 −0.26 −0.35 −0.17 0.11 −0.43 −0.44
HU 0.43 0.35 0.23 0.32 0.07 −0.03 0.16 0.00 0.06 −0.06
AT 0.44 0.34 0.37 0.56 −0.11 0.21 −0.11 −0.23 0.39 −0.22
BE 0.26 −0.03 −0.07 −0.01 0.37 −0.34 0.01 0.02 −0.11 0.26
DK −0.02 −0.48 −0.07 −0.14 −0.02 0.01 −0.22 −0.16 −0.33 −0.19
FI −1.08 0.19 −0.54 −0.58 −0.38 −1.01 −0.66 −0.37 −0.22 −0.08
FR 0.29 0.08 0.08 0.25 0.08 0.11 0.27 0.31 0.24 0.20
DE 0.26 −0.13 −0.04 −0.03 0.00 0.06 0.00 0.11 0.26 0.04
GR −0.75 −0.78 −1.13 −0.64 0.42 0.21 −0.17 0.51 0.29 0.56
IR 1.06 0.54 0.70 0.38 0.34 0.84 1.15 0.68 0.81 1.35
IT −0.30 −0.53 0.15 0.38 0.29 0.20 0.05 0.37 0.19 0.15
NL −0.79 −0.89 −0.74 −0.60 −0.97 −1.02 −1.29 −0.91 −0.65 −0.86
ES 0.22 0.20 −0.10 0.13 0.30 0.17 0.32 0.33 0.27 0.19
SE 0.34 −0.15 −0.13 0.17 −0.32 0.40 0.91 −0.25 0.11 0.03
UK 0.59 0.38 0.38 0.46 0.49 0.19 0.62 0.19 0.50 0.53

Table 5. EU paper pulp and printing industry (ISIC 17–18) competitiveness measure index, 2009–2018. Source: own processing.

Country 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018

CZ −0.65 −0.36 0.08 −0.36 −0.41 −0.37 −0.08 −0.34 −0.17 −0.40
SK −0.16 −0.47 −0.41 0.08 −0.09 −0.31 0.13 −0.01 −0.46 −0.06
LT 0.49 1.08 1.01 1.05 0.28 0.83 0.13 0.24 0.44 0.26
PT 0.18 0.24 −0.09 −0.15 0.29 −0.05 0.18 −0.05 −0.38 0.07
PL 0.20 0.24 0.23 0.29 0.25 0.05 −0.03 −0.04 0.04 0.35
HU 0.91 0.27 0.14 0.71 0.19 0.32 0.85 0.49 0.00 −0.27
AT −0.18 −0.25 −0.16 −0.33 −0.36 −0.21 −0.32 −0.34 −0.30 −0.22
BE 0.00 −0.09 −0.12 0.06 0.42 −0.51 −0.12 −0.22 0.03 −0.60
DK −0.28 −0.54 −0.02 −0.03 −0.30 −0.01 −0.08 0.35 0.71 0.56
FI −1.09 −0.70 −0.80 −0.77 −0.58 −0.70 −0.60 −0.84 −0.53 −0.15
FR 0.12 −0.01 0.12 −0.06 −0.14 −0.07 −0.04 −0.07 0.01 −0.06
DE −0.02 −0.11 −0.16 −0.32 −0.34 −0.12 −0.34 −0.23 −0.26 −0.21
GR −0.24 −0.85 −1.00 −0.47 0.34 0.67 0.40 0.25 0.53 0.13
IR −0.33 0.23 0.08 −0.34 0.29 0.28 0.12 0.97 −0.06 0.46
IT −0.24 −0.55 0.06 0.06 0.16 0.10 −0.04 −0.09 −0.03 0.03
NL 0.16 −0.08 0.00 −0.28 −0.39 −0.12 −0.26 −0.24 0.07 −0.26
ES 0.01 0.40 0.30 0.02 0.17 −0.21 −0.08 0.11 0.22 0.20
SE 0.06 0.04 −0.34 −0.04 −0.23 0.06 0.03 −0.09 −0.18 −0.02
UK 0.03 0.28 0.38 0.22 0.46 0.37 0.15 0.15 0.32 0.21

A deeper look into the industry competitiveness index results for Portugal’s basic
metal industry (all positive index scores and highest (0.48) average value) shows that
the score changed from 0.66 in 2009 to 0.38 in 2018, and manifested a non-significant
decreasing trend (slope β0 = −0.02, p = 0.06, add. R2 = 0.12). The energy intensity and
carbon emission indicators for Portugal were always positive and between 0.09 and 0.19,
but the industry export growth and competitiveness effect indicators reduced from 0.19
and 0.23 to −0.10 and −0.13, respectively. This represents the most significant drop in the
basic metal industry group.

Ireland’s (all negative index values and lowest (−0.80) average index value) basic
metal industry’s competitiveness index changed from −1.51 in 2009 to −0.46 in 2018. This
is a non-statistically significant positive trend (slope β0 = 0.08, p = 0.08).
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In the text below, some main observations regarding competitiveness in the EU’s
non-metallic minerals industry (ISIC 23) between 2009 and 2018 are discussed. Table 3
presents all the calculated index scores for this industry.

The EU’s non-metallic minerals industry’s competitiveness index between 2009 and
2018 varied in the range of −1.63 and 1.01, with a mean of −0.02 and a standard deviation
of 0.39. Depending on the year, the mean of the calculated index values in this industry
varied between −0.06 and 0.00, and the standard deviation varied between 0.28 and 0.55,
with a decreasing trend. The Pearson’s correlation coefficient was calculated between the
non-metallic minerals industry’s export value and the lag one of the competitiveness index
value. A weak correlation between industry’s export and index value was found (r = 0.14,
p = 0.04).

The industry competitiveness index results for the non-metallic minerals industry
in the analyzed countries show that the industries of Austria, Lithuania, Hungary, the
United Kingdom, Germany, Portugal, Poland, and Italy were the most competitive during
the analyzed period (at least eight positive index scores between 2009 and 2018). The
non-metallic minerals industries of the Czech Republic, Belgium, Denmark, France, and
Greece all show the lowest competitiveness index scores (all negative index scores). The
lowest index value between 2009 and 2018 was held by Greece (−1.63 in 2010), and the
highest by Italy (1.01 in 2017); Greece also showed the lowest average index value (−0.60).
The highest average index value was shown by Hungary (0.50). In 2018, the country with
the highest (0.56) index score was Finland, and that with the lowest (−0.75) index score
was Denmark.

The highest serial correlation of index values was displayed by Hungary and Portugal
(first-order autocorrelation coefficients of 0.71 and 0.59, respectively). The slope of the
index value for Hungary is negative (β0 = −0.06, p = 0.01, add. R2 = 0.54), and the slope of
the index value for Portugal is positive (β0 = 0.04, p = 0.03, add. R2 = 0.38).

Hungary’s non-metallic minerals industry showed all positive competitiveness index
scores, which changed from 0.67 in 2009 to 0.20 in 2018. The average value of Hungary’s
competitiveness index was 0.50, and this was the highest average value among all countries
in this industry. Hungary’s energy intensity and carbon emission indicators were always
positive, between 0.08 and 0.20, but the industry’s electricity and gas price indicators
dropped from 0.10 and 0.18 to −0.12 and −0.19, respectively.

Lithuania and Austria’s non-metallic minerals industries also had all positive com-
petitiveness index scores. However, their average values (0.38 and 0.20, respectively)
were lower, their serial correlations were very weak, and their slopes are non-significant
(β0 = −0.03, p = 0.29 and β0 = −0.01, p = 0.66, respectively).

In the subsequent section, the results of the competitiveness index for the chemical
and chemical products industries (ISIC 20–21) of the EU countries are discussed. Table 4
shows the index scores for the analyzed period of 2009 to 2018.

The competitiveness index of the EU’s chemical and chemical products industries
between 2009 and 2018 varied in the range of −1.29 and 1.35, with a mean of −0.02 and
a standard deviation of 0.47. Depending on the year, the average of the calculated index
values in this industry varied between −0.06 and 0.00, and the standard deviation varied
between 0.40 and 0.57, with a decreasing trend. The Pearson’s correlation coefficient was
calculated between the chemical and chemical products industries export value and the lag
one of the competitiveness index value. A weak correlation between an industry’s export
and index value was found (r = 0.15, p = 0.04).

The industry competitiveness index results for the chemicals and chemical products
industries in the analyzed countries show that the industries of Ireland, the United King-
dom, France, Spain, Hungary, and Italy were the most competitive during the analyzed
period (more than eight positive index scores between 2009 and 2018). The chemicals and
chemical products industries of the Czech Republic and the Netherland displayed the
lowest competitiveness index scores (all negative index scores). The lowest index value
between 2009 and 2018 was reached by the Netherlands (−1.29 in 2015), and the highest by
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Ireland (1.35 in 2018); both countries also had the lowest and highest average index values
(the Netherlands −0.87; Ireland 0.79). In 2018, the country with the lowest (−0.94) index
score was Slovakia.

The highest serial correlation of the index values was achieved by Greece, Hungary,
and Slovakia (first-order autocorrelation coefficients of 0.66, 0.62, and 0.62, respectively).
The slopes of index values for Slovakia and Hungary are negative (Slovakia—β0 = −0.14,
p = 0.001, add. R2 = 0.73; Hungary—β0 = −0.05, p = 0.001, add. R2 = 0.73), which implies
that the index values of these countries declined over the research period. The slope of the
index value for Greece is positive (β0 = 0.17, p = 0.02, add. R2 = 0.66), which implies that
the index value of this country increased over the research period.

A closer look at the industry competitiveness index results for Ireland’s chemicals
and chemical products industry (all positive, and with the highest average (0.79) index
score) shows an increase from 1.06 in 2009 to 1.35 in 2018, and this was always one of
the best scores in this industry. Ireland’s average score was also the highest among all
other industries. However, the serial correlation was very weak (0.16), and the slope is
non-significant (β0 = 0.04, p = 0.25). The energy and carbon emission intensities, and the
share of industry export indicators, were always positive, between 0.18 and 0.40. After 2013,
the industry’s export growth rate and its effect on competitiveness changed from negative
to positive. However, the freely allocated allowances and verified emissions indicators
were always negative, and the energy prices for the industry were also relatively high.

France and the United Kingdom’s chemicals and chemical products industries’ com-
petitiveness values during the research period were above the EU average (all positive
index scores), but their average values (0.19 and 0.43, respectively) and serial correla-
tions were low, and their slopes are non-significant (β0 = 0.01, p = 0.40 and β0 = −0.003,
p = 0.85, respectively).

The results from the last studied industry (i.e., EU paper pulp and printing industry
(ISIC 17–18)) are described in the section below, and are shown in Table 5.

The competitiveness index of the EU’s paper pulp and printing industry between
2009 and 2018 varied in the range of −1.09 and 1.08, with a mean of −0.02 and a standard
deviation of 0.37. Depending on the year, the average calculated index value varied
between −0.07 and 0.00, and the standard deviation varied between 0.30 and 0.46, with a
decreasing trend. The Pearson’s correlation coefficient was calculated between the paper
pulp and printing industry’s export value and the lag one of the competitiveness index
value. A weak correlation between an industry’s export and index value was found
(r = 0.32, p < 0.001).

The competitiveness index results show that the paper pulp and printing industries of
Lithuania, the United Kingdom, Hungary, Poland, and Spain were the most competitive
during the analyzed period (more than eight positive index scores between 2009 and 2018).
Austria, Finland, and Germany’s paper pulp and printing industries achieved the lowest
competitiveness index scores (all negative index scores). The lowest index value between
2009 and 2018 was shown by Finland (−1.09 in 2009) and the highest by Lithuania (1.08
in 2010); both countries also had the lowest and highest average index values (Finland—
−0.68, and Lithuania—0.58). In 2018, the country with the highest (0.56) index score was
Denmark, and that with the lowest (−0.60) was Belgium.

Lithuanian had all positive scores and the highest average (0.58) value of competi-
tiveness for its paper pulp and printing industry, but its score decreased from 0.49 in 2009
to 0.26 in 2018; the first-order autocorrelation coefficient was low (0.23), and the slope is
negative and non-significant (β0 = −0.08, p = 0.06). The energy intensity, carbon emission,
and ratio of freely allocated allowances and verified emissions indicators were always
positive, between 0.01 and 0.46. However, the industry’s electricity price indicator was
negative, and changed from −0.01 in 2009 to −0.04 in 2018.

The highest serial correlation of index values was found for Greece and Denmark
(first-order autocorrelation coefficients of 0.71 and 0.68, respectively). The slopes of index
values for both the countries are positive and significant (Greece—β0 = 0.13, p = 0.03, add.
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R2 = 0.42; Denmark—β0 = 0.11, p = 0.001, add. R2 = 0.70), which implies that the index
values of these countries decreased over the research period.

A two-way ANOVA was used to evaluate the effect of industry and country on the
competitiveness index score. The ANOVA assumption check flagged 17 outliers (seven in
ISIC 17–18, two in ISIC 20–21, three in ISIC23, and five in ISIC24), but the index values are
normally distributed between the industries. Table 6 shows the results of the computation.

Table 6. ANOVA results using index value as the criterion. Source: own processing.

Predictor Sum of Squares df Mean Square F p

(Intercept) 0.26 1 0.26 3.08 0.080
Industry 0.00 3 0.00 0.00 0.999
Country 35.89 18 1.99 23.28 0.000

Industry * Country 40.41 54 0.75 8.74 0.000
Error 58.60 684 0.09

The ANOVA results are as follows: (1) the competitiveness index value was statistically
significantly different between the investigated countries; (2) the competitiveness index
value was statistically non-significantly different between investigated industries; (3) there
is a significant interaction between country and industry in terms of the competitiveness
index value. The detailed findings can be summarized as follows: the simple main effect
analysis showed that there were no differences between industries as regards the index
score (F(3, 684) = 0.00, p = 0.99), but there was a significant effect of country on the
competitiveness index score (F(18, 684) = 23.28, p < 0.001). Therefore, we failed to reject the
H1 hypothesis, but we rejected the H2 hypothesis. We also found a statistically significant
interaction between the effects of country and industry on the competitiveness index
score (F(54, 684) = 8.74, p < 0.001); consequently, we rejected the H3 hypothesis. Post hoc
comparison was not implemented.

These results suggest that the country alone, and industry/country interaction, signif-
icantly affect the value of the competitiveness index. However, it should be mentioned that
the industry per se does not substantially affect the competitiveness index score.

5. Conclusions and Discussion

To conclude, this article presents an evaluation of industry competitiveness via the
effects of energy efficiency and carbon emission. Based on three sub-indexes (i.e., export
performance, energy, and environment), this paper has proposed an industry competitive-
ness evaluation system focusing on energy efficiency and carbon emissions. The presented
industry competitiveness evaluation index was tested on the EU basic metal (ISIC 24),
non-metallic mineral (ISIC 23), chemical and chemical product (ISIC 20–21), paper pulp,
and printing (ISIC 17–18) industries.

Portugal’s basic metal industry achieved the best industry competitiveness index re-
sults (all positive index scores and highest (0.48) average value). Its index value varied from
0.90 in 2009 to 0.15 in 2018, and showed a non-significant decreasing trend. Its energy inten-
sity and carbon emission indicators were always positive (above industry average), but the
value of industry export growth and its effect on competitiveness indicators was reduced.
The country with the highest serial correlation within this industry was Poland (0.79).

Within the non-metallic minerals industry, Hungary achieved the best industry com-
petitiveness index results (all positive index scores and highest (0.50) average value).
However, its index score changed from 0.67 in 2009 to 0.20 in 2018, and showed a signifi-
cant decreasing trend. Its energy intensity and carbon emission indicators were always
positive (above industry average), but its industry electricity and gas price indicators
decreased over time. The country with the highest serial correlation within this industry
was also Hungary (0.71).

As regards the chemical and chemical products industry, Ireland achieved the best
industry competitiveness index results (all positive and highest average (0.79) index score),
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displaying a non-significant increase in the index from 1.06 in 2009 to 1.35 in 2018. Ireland’s
average score was also the highest among all other industries. Its energy intensity and
carbon emission intensity indicators were always positive (above industry average), but its
freely allocated allowances and verified emissions indicators were always negative (below
industry average). The country with the highest serial correlation within this industry was
Greece (0.66).

Lithuania’s index results were the best in the EU paper pulp and printing industry
(all positive and highest average (0.58) index score), showing a non-significant decreas-
ing trend, from 0.49 in 2009 to 0.26 in 2018. The energy intensity, carbon emissions, and
ratio of freely allocated allowances and verified emissions indicators were always posi-
tive (above industry average). However, its industry electricity price indicator remained
mostly negative. The country with the highest serial correlation within this industry was
Greece (0.71).

The average index value within each industry eventually dropped to zero, and the
standard deviation of the index value showed a diminishing trend through all sectors,
which implies that the competitiveness in all sectors was increasing and that all countries
were approaching the industry average.

The findings indicate that the countries with the highest index value will also have a
positive energy intensity and carbon emission indicator. Still, the causal assumption of this
statement should be checked in future research.

It must be stated that the countries with the highest average index value and highest
positive index score are not the same as the countries with the highest serial correlation,
except for the case of Hungary in the non-metallic minerals industry. This linkage should
be investigated further in the future.

The ANOVA results show that (1) the competitiveness index value was statistically
significantly different between the investigated countries; (2) the competitiveness index
value was statistically non-significantly different between the investigated industries;
(3) there is a significant interaction between the effects of country and industry on the
competitiveness index value. These results suggest that the country alone, and the in-
dustry/country interaction, significantly affect the value of the competitiveness index.
However, it should be mentioned that industry per se does not substantially affect the
competitiveness index score.

There are many limitations to this paper. First, the countries’ macroeconomic develop-
ment is not integrated into the index structure. Second, the limited number of countries,
and their placement in only one region, limits the applicability of the results. There may be
factors specific to other countries that impact industry competitiveness outside of Europe.
Third, the authors had no intention to identify the causes of competitiveness.

In the future, this study could be expanded by adding more indicators to the sub-index
structure, evaluating additional indicators’ usefulness, and concentrating on the search for
the main drivers.
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Ekon. Ir Vadyb. Aktualijos Ir Perspekt. 2015, 37, 38–53.
25. Bosma, N.; Hill, S.; Ionescu-Somers, A.; Kelley, D.; Levie, J.; Tarnawa, A. Global Entrepreneurship Monitor 2019/2020 Global Report;

Global Entrepreneurship Research Association: London, UK, 2020; ISBN 978-1-9160178-3-2.
26. Correa, N.; Nice, T.; Upadhyay, S. Competitive Industrial Performance Report 2018; United Nations Industrial Development

Organization (UNIDO): Vienna, Austria, 2019.
27. Semieniuk, G.; Taylor, L.; Rezai, A.; Foley, D.K. Plausible Energy Demand Patterns in a Growing Global Economy with Climate

Policy. Nat. Clim. Chang. 2021, 11, 313–318. [CrossRef]
28. Stoever, J.; Weche, J.P. Environmental Regulation and Sustainable Competitiveness: Evaluating the Role of Firm-Level Green

Investments in the Context of the Porter Hypothesis. Environ. Resour. Econ. 2018, 70, 429–455. [CrossRef]
29. Malinauskaite, J.; Jouhara, H.; Egilegor, B.; Al-Mansour, F.; Ahmad, L.; Pusnik, M. Energy Efficiency in the Industrial Sector in the

EU, Slovenia, and Spain. Energy 2020, 208, 118398. [CrossRef]
30. Worrell, E.; Bernstein, L.; Roy, J.; Price, L.; Harnisch, J. Industrial Energy Efficiency and Climate Change Mitigation. Energy Effic.

2009, 2, 109–123. [CrossRef]

https://eur-lex.europa.eu/legal-content/EN/ALL/?uri=CELEX:52015DC0080
https://eur-lex.europa.eu/legal-content/EN/TXT/?qid=1588580774040&uri=CELEX:52019DC0640
https://eur-lex.europa.eu/legal-content/EN/TXT/?qid=1588580774040&uri=CELEX:52019DC0640
http://doi.org/10.1016/j.forpol.2020.102256
http://doi.org/10.1016/j.jengtecman.2021.101629
http://doi.org/10.1016/j.jclepro.2021.127492
https://www.bverfg.de/e/rs20210324_1bvr265618.html
https://www.bverfg.de/e/rs20210324_1bvr265618.html
http://doi.org/10.1016/j.acclit.2016.09.001
http://doi.org/10.1787/885511061376
http://doi.org/10.1016/j.strueco.2015.11.001
http://doi.org/10.1007/s10098-014-0755-2
http://doi.org/10.3390/su11071877
http://doi.org/10.1038/s41558-020-00975-7
http://doi.org/10.1007/s10640-017-0128-5
http://doi.org/10.1016/j.energy.2020.118398
http://doi.org/10.1007/s12053-008-9032-8


Energies 2021, 14, 4700 15 of 16

31. Andrei, M.; Thollander, P.; Pierre, I.; Gindroz, B.; Rohdin, P. Decarbonization of Industry: Guidelines towards a Harmonized
Energy Efficiency Policy Program Impact Evaluation Methodology. Energy Rep. 2021, 7, 1385–1395. [CrossRef]

32. Kasman, A.; Duman, Y.S. CO2 Emissions, Economic Growth, Energy Consumption, Trade and Urbanization in New EU Member
and Candidate Countries: A Panel Data Analysis. Econ. Model. 2015, 44, 97–103. [CrossRef]

33. Li, L.; Hong, X.; Peng, K. A Spatial Panel Analysis of Carbon Emissions, Economic Growth and High-Technology Industry in
China. Struct. Chang. Econ. Dyn. 2019, 49, 83–92. [CrossRef]

34. Soytas, U.; Sari, R. Energy Consumption, Economic Growth, and Carbon Emissions: Challenges Faced by an EU Candidate
Member. Ecol. Econ. 2009, 68, 1667–1675. [CrossRef]

35. Rickels, W.; Görlich, D.; Oberst, G.; Rickels, W.; Görlich, D.; Oberst, G. Explaining European Emission Allowance Price Dynamics:
Evidence from Phase II. Kiel Work. Pap. 2010, 1650, 1–24. [CrossRef]

36. Zapletal, F. On Influence of Emissions Trading on Efficiency of the EU National Steel Sectors. Carbon Manag. 2021, 12, 249–264.
[CrossRef]

37. Demailly, D.; Quirion, P. European Emission Trading Scheme and Competitiveness: A Case Study on the Iron and Steel Industry.
Energy Econ. 2008, 30, 2009–2027. [CrossRef]

38. Bassi, A.M.; Yudken, J.S.; Ruth, M. Climate Policy Impacts on the Competitiveness of Energy-Intensive Manufacturing Sectors.
Energy Policy 2009, 37, 3052–3060. [CrossRef]

39. Khastar, M.; Aslani, A.; Nejati, M.; Bekhrad, K.; Naaranoja, M. Evaluation of the Carbon Tax Effects on the Structure of Finnish
Industries: A Computable General Equilibrium Analysis. Sustain. Energy Technol. Assess. 2020, 37, 100611. [CrossRef]

40. Alshammari, Y.M. Scenario Analysis for Energy Transition in the Chemical Industry: An Industrial Case Study in Saudi Arabia.
Energy Policy 2021, 150, 112128. [CrossRef]

41. Larsson, M.; Wang, C.; Dahl, J. Development of a Method for Analysing Energy, Environmental and Economic Efficiency for an
Integrated Steel Plant. Appl. Therm. Eng. 2006, 26, 1353–1361. [CrossRef]

42. Oda, J.; Akimoto, K.; Tomoda, T.; Nagashima, M.; Wada, K.; Sano, F. International Comparisons of Energy Efficiency in Power,
Steel, and Cement Industries. Energy Policy 2012, 44, 118–129. [CrossRef]

43. Celani de Macedo, A.; Cantore, N.; Barbier, L.; Matteini, M.; Pasqualetto, G. The Impact of Industrial Energy Efficiency on
Economic and Social Indicators. SSRN Electron. J. 2020. [CrossRef]
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89. Kisel’áková, D.; Šofranková, B.; Gombár, M.; Čabinová, V.; Onuferová, E. Competitiveness and Its Impact on Sustainability,
Business Environment, and Human Development of EU (28) Countries in Terms of Global Multi-Criteria Indices. Sustainability
2019, 11, 3365. [CrossRef]

http://doi.org/10.1111/j.1467-9957.1951.tb00012.x
http://doi.org/10.7220/AESR.1822.7996.2012.6.2.3
http://doi.org/10.1016/j.eneco.2017.05.015
http://doi.org/10.1007/s12053-016-9448-5
http://doi.org/10.1007/s12053-011-9131-9
http://doi.org/10.1016/j.reseneeco.2007.03.001
https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Glossary:Energy_intensity
https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Glossary:Energy_intensity
http://doi.org/10.1016/j.energy.2015.10.072
http://doi.org/10.1002/wene.72
http://doi.org/10.1007/s10668-014-9543-8
http://doi.org/10.1080/23322039.2016.1152729
http://doi.org/10.1016/j.eneco.2015.01.008
http://doi.org/10.1016/S0140-9883(00)00050-5
http://doi.org/10.1016/j.scs.2021.102845
http://doi.org/10.1016/j.jbusres.2007.06.021
http://doi.org/10.1016/0148-2963(94)00064-L
http://doi.org/10.1016/j.ijpe.2021.108115
http://doi.org/10.3390/su11123365

	Introduction 
	Literature Review 
	Data and Methodology 
	Data 
	Methodology 

	Results of the Research 
	Conclusions and Discussion 
	References

