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Abstract: Decarbonization is an activity aimed at reducing greenhouse gas emissions to limit climate
change and global warming. Ensuring macroeconomic stabilization is the basis for ecological action.
The question is whether macroeconomic stabilization helps companies, institutions and countries act
for decarbonization. This article presents research on the impact of components of macroeconomic
stabilization on decarbonization and energy efficiency in the largest greenhouse gas emitters in
the European Union from 1990 to 2020. We focus on the following countries, France, Germany,
Italy, Poland and Spain. The contribution to knowledge is using the pentagon of macroeconomic
stabilization to assess macroeconomic stabilization’s impact on decarbonization and energy efficiency.
According to the correlation coefficients, the Ordinary Least Squares and the Seemingly Unrelated
Regression method, there is a statistically significant impact of components of macroeconomics
stabilization on decarbonization and energy efficiency. Moreover, our models show a different
strength and direction of relationships between the explained and explanatory variables. Research
results confirm the necessity to coordinate the macroeconomic with environmental policy. We think
that it is essential to use effective tools of economic support (European Union Emissions Trading
System, environmental taxes) and greater pressure from European Union institutions on countries
that emit harmful substances.

Keywords: energy efficiency; decarbonization; macroeconomic stabilization; economic growth

1. Introduction

Economic growth with respect for nature and social protection is crucial for sustain-
able development. The critical challenge is to ensure appropriate conditions and quality of
life for the present and future generations. Counteracting climate change should focus on
an action aimed at reducing the emission of harmful substances and rational management
of natural resources. The problem is the discrepancy between economic growth and envi-
ronmental protection [1–3]. Economic growth is very often the primary factor contributing
to the destruction of natural resources [4–6].

The key challenge for the economies is decarbonization (eliminating carbon dioxide
emissions due to their harmfulness to the environment) and increasing energy efficiency
(using energy efficiency means acquiring the same effect under the same conditions with
less energy). It seems that macroeconomic stabilization (MSP) is essential for decarboniza-
tion (DCO2) and energy efficiency (EN) [7–9]. Macroeconomic stabilization is one of the
goals of state intervention in the economy. It is the configuration of economic indicators,
political conditions and the country’s position on global markets [10,11]. The balance in
the economy affects citizens’ quality of life and contributes to education and environmen-
tal awareness [12,13]. On the other hand, if the governments focus on macroeconomic
stabilization, it may neglect or reduce socially and environmentally responsible activities.
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A novelty in the article is using the macroeconomic stabilization pentagon to assess the
impact of macroeconomic stabilization and its components on decarbonization and energy
efficiency. Most researchers emphasize that economic growth, globalization and urbaniza-
tion increase carbon dioxide emissions [14–16]. It seems that the impact of macroeconomic
stabilization on decarbonization is still unclear.

This paper aims to assess the impact of internal (MSPI) and external factors (MSPE) of
macroeconomic stabilization on decarbonization and energy efficiency in the largest green-
house gas emitters in the European Union from 1990 to 2020. The analyzed problem is
important, current and poorly recognized. We focus on five countries Germany, Spain, France,
Italy and Poland. Most of the analyzed countries have a high level of economic growth. The
exception here is Poland, which belongs to the emerging and developing economies [17].

We use the Pearson’s r, Spearman-s Rho, Gamma and Kendall rank correlation co-
efficients, Ordinary Least Square (OLS) and the Seemingly Unrelated Regression (SUR).
Linear regression methods have some limitations. They are not very resistant to the few
observations that differ significantly from the others. Moreover, it is necessary to use tests
to assess linearity, normality of distribution, homoscedasticity and autocorrelation.

We create three types of indicators, decarbonization, energy efficiency and macroeco-
nomic stabilization. We separated five components (relations) of MSP: the relation between
the rate of economic growth and unemployment rate (A), the unemployment rate and
inflation rate (B), inflation rate and the budget (C), the budget and the current account
balance (D), current account balance and economic growth (E).

The presented model can support economic decisions that respect the climate aspect.
The model will also help identify which triangle of macroeconomic stabilization pentagon
is essential for the decarbonization process and energy efficiency.

2. Conceptual Background

Decarbonization aims to systematically reduce carbon dioxide emissions to the at-
mosphere, which is crucial to stop global warming [18,19]. Decarbonization can follow
various scenarios, including high energy efficiency, diversified supply technologies, high
renewable energy sources, delayed carbon capture and storage and low nuclear. The key
challenge is implementing an economic growth model to consider social and environmental
goals [20,21].

Economic growth often leads to increased carbon emissions and the degradation of
the natural environment [4,22–24]. There is a statistically significant negative relationship
between carbon dioxide emissions, trade openness and gross domestic product. In energy-
dependent economies, economic growth is strongly correlated with energy consumption,
which requires shifting the energy mix to renewable energy sources [16]. Gross capital
formation, globalization, urbanization and technological innovation increase CO2 [23,25].
On the other hand, global financial development and renewable energy consumption
positively impact the environment [26,27].

A more comprehensive approach to the research problem requires assessing the
impact of macroeconomic stabilization on decarbonization. Macroeconomic stabilization
means equilibrium in the real and monetary sphere [28]. It is a dynamic macroeconomic
system in which the price mechanism operates smoothly, and there is full use of the
production capacity [5,9]. Macroeconomic stabilization is essential for business, national
and international authorities, institutions, rating agencies and investors. It stimulates
investments (helps assess investment risk) and strengthens the economic activity [17,29,30].

Some of the researchers emphasize that macroeconomic stabilization positively im-
pacts sustainable development [9]. Moreover, deep decarbonization is the basis for long-
term economic growth (in developed countries) [18,31–34]. The situation looks different
in emerging and developing economies whose industries are dependent on coal power
(maintaining macroeconomic stabilization may increase carbon dioxide emissions) [35–37].
Hence, investing (generating additional costs) in new green technologies and eco-friendly
solutions are essential here [35].
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Economic growth (GDP growth or, more broadly, maintaining macroeconomic stabi-
lization) must align with social and environmental goals. In the long run, macroeconomic
stabilization should reduce carbon dioxide emissions to the atmosphere. Macroeconomic
stabilization increases research and development and environmental awareness [9,38–40].
Of course, decarbonization requires additional financial outlays, changes in the energy
balance and environmentally friendly technologies [41–44]. On the other hand, decar-
bonization should improve the country’s trade balance (resulting from a decline in fuel
imports fossil). The low-carbon economy can bring many benefits, including investments,
improved quality of life, less degradation of the natural environment [45–47].

There is a consensus in the scientific literature that limiting global warming requires
a profound and rapid transformation in economic activity structure (production, urban,
industrial, transport) [26]. It is related to the necessity of changes in relative energy prices,
investments in green infrastructure, production capacity, renewable energy sources [27,48,49].

The research complements the literature on the subject, in which there is no assessment
of the impact of strictly macroeconomic stabilization on decarbonization and economic
efficiency. Such a study allows assessing which components of macroeconomic stability
are crucial for the implementation of climate policy.

3. Research Methodology

The main aim of the research is to assess the impact of internal and external factors of
macroeconomic stabilization on decarbonization and energy efficiency in the largest green-
house gas emitters in the European Union from 1990 to 2020. The research sample covers
the countries with the largest emitters of carbon dioxide in the EU. Considering this, we
focus on the five countries, including Germany, Poland, France, Italy and Spain. A common
feature of the analyzed countries is the great importance of hard coal for economic growth,
high population, participation in the European Union and related environmental funds
benefits [9]. All countries, except Poland (a developing country), have high socio-economic
growth, high expenditure on research and development, innovation and widespread use
of new technologies, including environmentally friendly technologies [5,17]. Moreover, in
most countries, the political system is stable and society’s ecological awareness is high [29].

Moreover, international institutions and organizations, including the European Union,
began to take more radical steps to reduce the emission of harmful substances into the
environment (climate agreement). The central research hypothesis is: “The internal and
external components of the macroeconomic stabilization have a different statistically signif-
icant impact on decarbonization and energy efficiency in the EU countries with the largest
emission of carbon dioxide in the period from 1990 to 2020”.

The justification for such a research hypothesis is that macroeconomic stabilization is
crucial for economic growth. It means maintaining an appropriate level and relationship
between GDP, stable and low inflation, a balanced budget and low public debt, low (market)
interest rates, high and stable level of employment (low level of unemployment), stable
exchange rate (especially concerning the currencies of the largest regional partners). The
stability of economic indicators affects investments and the economic situation, leads to the
development of society. There is a greater emphasis on meeting the new needs of humanity,
improving citizens’ quality of life and health. From this perspective, macroeconomic
stability is one of the conditions for starting climate and environmental action.

The study assesses only macroeconomic stabilization influencing the decarbonization
processes or energy efficiency. It is a severe limitation because it does not analyze qualitative
factors (legal regulations, public awareness, the quality of implemented environmental
programs) and other quantitative factors (expenditure on innovation, economic structures,
financing of environmental protection). These determinants will be the subject of our
further research.

We also formulate the sub hypotheses as follows:



Energies 2021, 14, 5197 4 of 18

Hypothesis 1 (H1). There is a greater statistical impact of MSPI on DCO2 than MSPE on DCO2
in the analyzed countries in the period from 1990 to 2020.

Hypothesis 2 (H2). There is a greater statistical impact of MSPE on EN than MSPI on EN in the
analyzed countries in the period from 1990 to 2020.

Hypothesis 3 (H3). The components of macroeconomic stabilization have a different impact on
decarbonization and energy efficiency in the analyzed countries.

Our research consists of free stages:

(1) Creation of indicators: we create the indicators: DCO2, EN, MSP, MSPI, MSPE by
normalizing diagnostic variables,

(2) Hypothesis verification:

- we check the level of dependence between the analyzed variables using the t
Pearson’s r, Spearman-s Rho, Gamma and Kendall rank correlation coefficients,

- we create two types of models allowing for the assessment of relationships
between variables (dependent variables are: DCO2 and EN):

# Model 1: the OLS estimation, explanatory variables: MSPI, MSPE MSPI(t−i),
MSPE(t−i),

# Model 2: the SUR method, explanatory variables: A, A(t−1), B, B(t−1), C,
C(t−1), D, D(t−1), E, E(t−1), DCO2, DCO2(t−1), EN, EN(t−1).

(3) Conclusion and discussion.

- We use the Gretl and Statistica to estimate our models.

First, we create the indicators of decarbonization and energy efficiency. We transform
the explanatory variables to unify their measuring scales using the following formulas [9]:

DCO2ij=
minCO2ij

CO2ij
, (1)

where DCO2ij—stands for the normalized value of the j-th variable in the i-th year; CO2ij is
the value of the j-th variable in the i-thyear (tonnes); min CO2ij is the lowest value of the
j-th variable in the i-th year.

ENij =
ENEij

max ENEij
, (2)

where ENij—stands for the normalized value of the j-th variable in the i-th year, ENEij
(million tonnes of oil equivalent) is the value of the j-th variable in the i-year (stimulant),
maxiENEij is the highest value of the j-th variable in the i-th year

We calculate the indicator of macroeconomic stabilization based on a method of
macroeconomic stabilization pentagon. This approach is a method of analysis of the
economy and is derived from the concept of the so-called magic quadrangle, which Mundell
and Phillips proposed [50,51]. Their model presents the economic situation in terms of
full employment, rapid growth, external balance and low inflation. In 1990, this concept
was extended the magic quadrangle model by adding criterion (state budget). In 1993, the
macroeconomic stabilization pentagon model was developed by Polish economist, Deputy
Prime Minister and Minister of Finance—Grzegorz W. Kołodko [28].

The macroeconomic stabilization pentagon is shown in Figure 1.
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Figure 1. Macroeconomic stabilization pentagon. Source: own study based on [28].

The macroeconomic stabilization pentagon focuses on five characteristics, which
should guarantee the economy’s stability. A synthetic approach to macroeconomic stability
shapes base on five basic macroeconomic categories for each year [28]:

- ∆GDP—GDP growth rate (%),
- U—unemployment rate (%),
- CPI—inflation rate (%),
- G—state budget balance as (%) of GDP,
- CA—current account balance as (%) of GDP.

The above indicators must be properly scaled or—saying more precisely—included
in five vertices of the macroeconomic stabilization pentagon. The pentagon’s vertices are
scaled so that if the levels of indicators are better, the points representing them are further
from the center of the pentagon. The macroeconomic stabilization pentagon consists of five
fields of triangles representing both the internal and external balance of a country.

Internal factors that determine the achievement of macroeconomic stabilization by
the economy are included in triangles A, B and C, while external factors are analyze in the
triangle’s D and E.

To calculate the total field of MSP we use the following formula:

MSP = MSPI + MSPE = A + B + C + D + E = [(∆GDP·U) + (U·CPI) + (CPI·G) + (G·CA) + (CA·∆GDP)]·k (3)

where MSPI = A + B + C, MSPE = D + E, A = ∆GDP·U·k—presents triangle area called the
real sphere triangle and characterizes the relation between the rate of economic growth
and unemployment rate; B = U·CPI·k—stands for the stagflation triangle which depends
on the unemployment rate and inflation rate; C = CPI·G·k—is defined as the budget and
inflation triangle; D = G·CA·k—is called the financial equilibrium triangle and depends on
the budget and the current account balance; E = CA·∆GDP·k—means the external sector
triangle and shows the variability of current account balance and rate of economic growth;
k = 1/2 sin 72 (◦) = 0.475—is a constant value.

First, we examine the strength and direction of a linear relationship between the MSP,
MSPI, MSPE, DCO2 and EN. To do this, we use Pearson’s r, Spearman-s Rho, Gamma and
Kendall rank correlation coefficients. We adopt the ranges of correlation strength that were
suggested by Evans: |rxy| = 0—no correlation; 0 <|rxy| ≤ 0.19—very weak; 0.20 ≤ |rxy|
≤ 0.39—weak; 0.40 ≤ |rxy| ≤ 0.59—moderate; 0.60 ≤ |rxy| ≤ 0.79—strong; 0.80 ≤ |rxy|
≤ 1.00—very strong [52].

To assess the Model 1, we apply the OLS method. We checked the assumption of
the method, including unit root tests (KPSS test), homoskedaskity (White test), autocor-
relation (Durbin-Watson and Breuscha-Godfreya tests), normality (Doornik-Hansen test),
collinearity (Variance Inflation Factor).
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The simple linear regression is given by the following formula [53]:

DCO2i = β0 + β1·MSPIi + β2·MSPI(t−i) + β3·MSPEi + β4·MSPE(t−i) + β5·DCO2(t−i) + εi (4)

ENi = β0 + β1·MSPIi + β2·MSPI(t−i) + β3·MSPEi + β4·MSPE(t−i) + β5·EN(t−i) + εi (5)

where DCO2i, ENi are the dependent variable; DCO2(t−i), EN(t−i)i are the independent
variable from previous period; MSPIi and MSPEi are an independent variable; β0 is the
intercept, β1, . . . ,β5 are the slope; εi denotes the i-th residual; i is an observation index.

The estimated models are given by the equations [54]:

DCO2i = β̂0 + β̂1·MSPIi + β̂2·MSPI(t−i) + β̂3·MSPEi + β̂4·MSPE(t−i) + β̂5·DCO2(t−i) + ei = ˆDCO2i + ei, (6)

ENi = β̂0 + β̂1·MSPIi + β̂2·MSPI(t−i) + β̂3·MSPEi + β̂4·MSPE(t−i) + β̂5·EN(t−i) + ei = ˆENi + ei, (7)

We adopt the following ranges of the coefficient of determination (R2) [55]: 0.0–0.5—
unsatisfactory fit, 0.5–0.6—weak fit, 0.6–0.8—satisfactory fit, 0.8–0.9—good fit, 0.9–1.0—
perfect fit.

Model 2: we use the structural equation model to assess the impact of A, B, C, D, E,
DCO2, DCO2(t−1) and En, En(t−1) on DCO2 and En. The model is based on formula:{

DCO2 = β0 + β1·Ai + β2·Bi + β3·Ci + β4·Di + β5·Ei + β6·ENi + β7·EN(t−1)i + β8·DCO2(t−1)i
EN = β0 + β1·Ai + β2·Bi + β3·Ci + β4·Di + β5·Ei + β6·DCO2i + β7·DCO2(t−1)i + β8·EN(t−1)i

(8)

We use feasible generalized least squares to estimate the SUR model. The residuals
from our regression are used to estimate the elements of matrix [56]:

σ̂ij =
1
R
ε̂T

i ·ε̂j (9)

Then, we run generalized least squares regression for using the variance matrix:

Ω = ∑ Ω⊗ IRβ̂ =

(
XT·
(

ˆ∑
−1
⊗ IR

)
·X
)
−1·XT·

(
ˆ∑
−1
⊗ IR

)
·y (10)

The formula for the SUR estimator is as follows:

√
R·
(
β̂− β

) d→
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4. Research Results

Figure 2 presents the DCO2, MSPI, MSPE and EN in Germany, Poland, Italy, France
and Spain from 1990 to 2020. In most countries, DCO2 increases, the exception here is Spain
(α = −0.0014). The negative trend of DCO2 in Spain was in 1996–2007, which resulted
from economic conditions, the need to develop country coal deposits and the increase
in import of hard coal. Since the last economic crisis in Spain, there is a positive DCO2
trend. This phenomenon is particularly important due to the economic crisis that has
hit Spain particularly hard (negative GDP, high unemployment, high inflation, decline in
investments). It can result from restrictive EU regulations ordering to decrease the emission
of harmful substances to the environment.
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Figure 2. DCO2, MSPI, MSPE En in selected EU countries in the period from 1990 to 2020 (n = 31).

EN increase in all countries except Germany. The fundamental transformation of the
energy supply, consumption and energy system may explain Germany’s decline EN. The
energy transformation has made renewable energy the most important energy source, and
it can decrease EN in the short term.

Even though countries have struggled with various socio-economic problems in recent
years, they have a positive trend in the MSPI. The increase in MSPI is a consequence of the
rational macroeconomic policy and financial support programs of the European Union.

MSPE increases in Germany, Poland and Spain, and decreases in France and Italy
from 1990–2020. The last two of these countries have problems with state budget balance
and current account balance.

Table 1 shows the Pearson’s r, Spearman-s Rho, Gamma and Kendall rank correlation
coefficients. The correlation coefficients between the variables are significant (p < 0.05)
in France, Germany and Poland (EN/MSP). There is also a different level of correlation
coefficients in terms of strength and direction of impact. A positive relationship is between
DCO2/MSP in Germany and EN/MSP in France and Poland. A negative relationship is
between DCO2/MSP in France, and En/MSP in Germany.

In France, there is a statistically significant positive relationship between EN/MSPI
and a negative relationship between DCO2/MSPE. In Germany, the positive relationship
is between DCO2/MSPI, DCO2/MSPE and negative between EN/MSPI, EN/MSPE. In
Italy, a positive relationship is between EN/MSPI, DCO2/MSPE. In Poland, the positive
relationship is between EN/MSPI, EN/MSPE. In Spain, a positive relationship is between
EN/ MSPI, DCO2/MSPE and negative DCO2/MSPI, EN/MSPE.

Analyzes show that, apart from Germany, macroeconomic stabilization usually has a
positive effect on EN and a negative on DCO2. In Germany, the situation is different, and it
can be resulting from the transformation of the country’s energy system.

Table 2 presents the results of the OLS estimation (DCO2 as a dependent variable)
with the explanatory variables MSPI, MSPE from the current and previous period and
delayed DCO2. The results meet the OLS estimation conditions, including no collinearity,
homoscedasticity, normal distribution of variables and no autocorrelation.

The estimation results indicate that MSPI and MSPE have a statistically significant
impact on DCO2. However, it is difficult to indicate which internal or external factors of
MSP are more important for DCO2.

In France, there is a statistically significant MSPE(t−2) impact on DCO2, and in Ger-
many, MSPI(t−2) on DCO2. The importance of external factors in France may be related
to macroeconomic policy, a good level of trade balance and the importance of exports for
the economy. On the other hand, France has a relatively low GDP growth rate (in 1990,
DGDP was 2.4, in 2018, 1.51) and an unemployment rate closer to 10% over the entire
analyzed period. Despite a low economic growth rate in Germany, there is low inflation
and a low unemployment rate. France and Germany are the most economically developed
of the analyzed countries. Despite many similarities (including increased environmental
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awareness), their development paths and approach to ecology are different, hence the
impact of only one of the components of MSP.

Table 1. Correlation coefficients between DCO2, EN and MSP, MSPI, MSPE in selected EU countries
in the period from 1990 to 2020, p < 0.05 (n = 31).

Country Correlation Pearson’s r Spearman-s Rho Gamma Kendall Rank

France

DCO2/MSPI −0.132050 −0.179839 −0.109677 −0.109677

EN/MSPI 0.437527 0.452419 0.311828 0.311828

DCO2/MSPE −0.623767 −0.634677 −0.427957 −0.427957

EN/MSPE 0.219453 0.187903 0.122581 0.122581

DCO2/MSP −0.478232 −0.488306 −0.341935 −0.341935

EN/MSP 0.36279 0.404032 0.268817 0.268817

Germany

DCO2/MSPI 0.803855 0.847984 0.664516 0.664516

EN/MSPI −0.556481 −0.568145 −0.380645 −0.380645

DCO2/MSPE 0.824615 0.840726 0.655914 0.655914

EN/MSPE −0.634847 −0.595565 −0.415054 −0.415054

DCO2/MSP 0.856428 0.908871 0.75914 0.75914

EN/MSP −0.634992 −0.63629 −0.449462 −0.449462

Italy

DCO2/MSPI −0.061814 −0.213306 −0.156989 −0.156989

EN/MSPI 0.608403 0.608468 0.419355 0.419355

DCO2/MSPE 0.429818 0.403629 0.303226 0.303226

EN/MSPE −0.779933 −0.757258 −0.539785 −0.539785

DCO2/MSP 0.381587 0.206855 0.148387 0.148387

EN/MSP −0.342537 −0.308468 −0.221505 −0.221505

Poland

DCO2/MSPI 0.257563 0.143548 0.131183 0.131183

EN/MSPI 0.727692 0.699597 0.492473 0.492473

DCO2/MSPE −0.119046 −0.003629 −0.015054 −0.015054

EN/MSPE 0.423710 0.332258 0.208602 0.208602

DCO2/MSP 0.089782 −0.006048 −0.027957 −0.027957

En/MSP 0.730406 0.671371 0.505376 0.505376

Spain

DCO2/MSPI −0.753634 −0.628629 −0.466667 −0.466667

EN/MSPI 0.582826 0.516935 0.376344 0.376344

DCO2/MSPE 0.764991 0.689919 0.483871 0.483871

EN/MSPE −0.464228 −0.543145 −0.367742 −0.367742

DCO2/MSP 0.007958 −0.068548 0.010753 0.010753

En/MSP 0.122449 0.034274 0.053763 0.053763
Source: own study based on Eurostat [https://ec.europa.eu/Eurostat, general and regional statistics, economy
and finance, environment and energy], accessed on: 30 July 2021.

In countries with a lower level of economic development, Italy, Poland and Spain,
both MSPI and MSPE (current and previous periods) impact DCO2. These countries
differ in many aspects, ranging from economic policy, internal development conditions
and environmental policy. In Spain, in the period from 1990 to 2020, there is a negative
decarbonization trend, although in the last decade, DCO2 increases. In Italy there is a
significant impact of MSPI, MSPI(t−2), MSPE, MSPE(t−3), in Poland MSPI(t−1), MSPE(t−1)
and in Spain MSPI, MSPE(t−3). There is also a clear impact of internal and external MSP
from previous periods on decarbonization, which shows that the previously implemented
economic policy impacts current DCO2.

https://ec.europa.eu/Eurostat
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Table 2. The OLS estimation (1990–2020), dependent variable: DCO2.

Country Coefficient Std. Error t-Ratio p-Value R-Squared DW

France (n = 29)

const 0.209067 0.0974777 2.145 0.0415

0.91 2.38MSPE(t−2) −0.497262 0.209345 −2.375 0.0252

DCO2(t−1) 0.880989 0.0778818 11.31 <0.0001

Germany
(n = 30)

const 0.0873249 0.0531576 1.643 0.1120

0.92 2.35MSPI(t−1) 0.363304 0.165038 2.201 0.0364

DCO2(t−1) 0.782834 0.104701 7.477 <0.0001

Italy (n = 28)

const 0.0259761 0.0702087 0.3700 0.7149

0.97 1.89

MSPI −0.490571 0.178142 −2.754 0.0116

MSPI(t−2) 0.779618 0.239724 3.252 0.0037

MSPE 0.533344 0.230027 2.319 0.0301

MSPE(t−3) −0.603974 0.156689 −3.855 0.0009

DCO2(t−1) 0.907178 0.0647742 14.01 <0.0001

Poland (n = 30)

const 0.249712 0.0774693 3.223 0.0034

0.82 1.54
MSPI(t−1) 0.193631 0.0866838 2.234 0.0343

MSPE(t−1) −0.277696 0.0924479 −3.004 0.0058

DCO2(t−1) 0.727109 0.0848544 8.569 <0.0001

Spain (n = 28)

const 0.905051 0.0211443 42.80 <0.0001

0.902283 2.21MSPI −1.20308 0.0895414 −13.44 <0.0001

MSPE(t−3) 0.852579 0.0976702 8.729 <0.0001
Source: own study based on Eurostat [https://ec.europa.eu/Eurostat, general and regional statistics, economy
and finance, environment and energy], accessed on: 30 July 2021.

In France, Germany, Italy and Poland, there is also the impact of DCO2 from the
previous period to the current one, which indicates a continuity of the reduction of carbon
dioxide emissions to the atmosphere. No such link has been found in Spain, and this may
be because the country is struggling with many problems, including a low level of GDP
(negative values) and a high unemployment rate. The importance of coal for the economy
and the low level of development of alternative energy sources are also important here.

Table 3 presents the results of the OLS estimation (EN as a dependent variable) with
the explanatory variables MSPI, MSPE from the current and previous period and delayed
EN. The results of the estimation show that EN depends on the values from previous
periods. Moreover, in analyzed countries there is a different impact of MSPI and MSPE
on EN. In France, EN is influenced by MSPE(t−2), in Germany by MSPE(t−1), MSPE(t−4), in
Italy by MSPE(t−3), in Poland by MSPI and MSPE(t−1) and in Spain by MSPI.

In countries with the highest level of socio-economic growth, MSPE is crucial for
EN. It means that the exogenous factors such as international investments, trade balance,
implementation of new technologies and the development of R&D contribute to the energy
efficiency improvement. A positive impact of MSPE on EN is in France and Italy, and a
negative in Germany (this is due to the transformation of the economic system).

In Poland, both MSPI and MSPE(t−1) impact EN. It can be a resulting from the transfor-
mation of the economic system. Moreover, the increase in energy efficiency is not correlated
with a decrease in energy consumption per capita (in Poland, energy consumption is
up to 40% higher than in Western Europe). Moreover, the trade balance is important to
improve Poland’s EN. The crucial here is raised imports of new environmentally friendly
technologies and open on green consumers from abroad.

In Spain, MSPI has a statistically significant positive impact on EN, which means that
internal economic conditions, including ∆GDP, U and CPI, affect EN. The directions of
economic growth in Spain is related to the new plan that focus on increasing energy efficiency
by 35% to 2030 and introduces a low-carbon economy. Therefore, it will be very important to
stabilize public finances and use EU financial aid related to the COVID pandemic.

https://ec.europa.eu/Eurostat
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Table 3. The OLS estimation (1990–2020), dependent variable: EN.

Country Coefficient Std. Error t-Ratio p-Value R-Squared DW

France (n = 28)

const 0.160960 0.105249 1.529 0.1393

0.73 2.35
MSPE(t−2) 0.503017 0.144673 3.477 0.0020

EN(t−1) 0.388131 0.160760 2.414 0.0238

EN(t−3) 0.333514 0.137262 2.430 0.0230

Germany
(n = 27)

const 2.23623 0.315281 7.093 <0.0001

0.7 2.34

MSPE(t−1) −0.139604 0.0797736 −1.750 0.0947

MSPE(t−4) −0.345930 0.0910329 −3.800 0.0010

EN(t−1) −0.500233 0.176305 −2.837 0.0099

EN(t−3) −0.318389 0.159726 −1.993 0.0594

EN(t−4) −0.401743 0.157102 −2.557 0.0184

Italy (n = 28)

const −0.0578149 0.0817915 −0.7069 0.4862

0.89 2.5MSPE(t−3) 0.289626 0.114871 2.521 0.0184

EN(t−1) 0.999371 0.0757507 13.19 <0.0001

Poland (n = 30)

const 0.206209 0.0894638 2.305 0.0294

0.82 1.5
MSPI 0.256118 0.142415 1.798 0.0837

MSPE(t−1) 0.301939 0.112175 2.692 0.0123

EN(t−1) 0.648553 0.131086 4.948 <0.0001

Spain (n = 30)

Const 0.0833644 0.0233509 3.570 0.0014

0.98 2.04MSPI 0.312940 0.0570046 5.490 <0.0001

EN(t−1) 0.837665 0.0319211 26.24 <0.0001
Source: own study based on Eurostat [https://ec.europa.eu/Eurostat, general and regional statistics, economy
and finance, environment and energy], accessed on: 30 July 2021.

Table 4 presents the results of the SUR estimation. We examine the impact of A, A(t−1),
B, B(t−1), C, C(t−1), D, D(t−1), E, E(t−1), DCO2, DCO2(t−1), EN, EN(t−1) on DCO2 and En.
The SUR is a relatively poorly recognized and rarely used model for the estimation of
interdependent equations. There are conditions for applying the SUR method, but they
are not used restrictively in applied econometrics [57–59]. In our model, we avoided
autocorrelation and heteroscedasticity, achieved a high level of R-squared and a high
p-value for the coefficients.

The coefficient of determination in most countries shows a perfect fit to the model’s
data. The exceptions are Germany and Spain. In Germany, it is a weak fit to the model’s
data (explained variable EN, R-squared is 0.53), and in Spain, it is a satisfactory fit to the
model’s data (explained variable EN, R-squared is 0.77). The Ljung-Box Q’ show that there
is no autocorrelation.

The impact of the explanatory variables on DCO2 and EN is different (in terms of area,
direction and strength). The SUR estimation results indicate that DCO2 is most frequently
influenced (4 times) by C and D from (t) or (t − 1), and the least influenced by B. It means
that budget, inflation and current account play an important role in DCO2.

On the other hand, EN is most frequently affected (4 times) by B from the period (t) or
(t − 1), and the least influenced by C. It means that unemployment rate and budget and
inflation is essential for EN.

The results of the SUR estimation show that in France, DCO2 and EN are influenced
by budget, inflation, current account balance and economic growth. In Germany, DCO2
is influenced by economic growth, unemployment rate, budget, current account balance,
EN by the unemployment rate, inflation rate, budget and current account balance. In Italy,
DCO2 is influenced by the unemployment rate, inflation rate, budget, current account
balance, economic growth and EN by the unemployment rate and inflation rate. In Poland,
DCO2 is influenced by economic growth, unemployment rate, inflation rate, budget,
current account balance and EN by economic growth and unemployment rate. In Spain,

https://ec.europa.eu/Eurostat
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DCO2 is influenced by the inflation rate, budget and current account balance, and EN is
influenced by economic growth, unemployment rate, inflation rate, budget and current
account balance.

DCO2 is most frequently influenced (4 times) by the budget, inflation rate and current
account balance. EN is most frequently affected (4 times) by unemployment and inflation.

Table 4. The SUR estimation (1990–2020) (n = 30).

Country Dependent
Variable Coefficient Std. Error t-Ratio p-Value

France

DCO2

const 0.301889 0.100638 3.000 0.0062

EN −1.15549 0.0727256 −15.89 3.08 × 10−14

EN(t−1) 0.933010 0.0839767 11.11 6.05 × 10−11

C 0.515877 0.204297 2.525 0.0186

E −0.519249 0.20084 −2.585 0.0162

DCO2(t−1) 0.901591 0.0416820 21.63 3.00 × 10−17

EN

const 0.263662 0.0828048 3.184 0.0040

DCO2 −0.853542 0.0537210 −15.89 3.08 × 10−14

DCO2(t−1) 0.768441 0.0641295 11.98 1.29 × 10−11

C 0.445514 0.174042 2.560 0.0172

E −0.444167 0.174158 −2.550 0.0176

EN(t−1) 0.804271 0.0641979 12.53 5.10 × 10−12

Germany

DCO2

const −0.385421 0.214783 −1.794 0.0859

EN −0.439135 0.117039 −3.752 0.0010

EN(t−1) 0.818629 0.123131 6.648 8.78 × 10−7

A 0.387941 0.142926 2.714 0.0124

D 1.14329 0.270021 4.234 0.0003

E −0.813861 0.190388 −4.275 0.0003

DCO2(t−1) 0.968704 0.0619307 15.64 9.48 × 10−14

EN

const 0.994042 0.0359537 27.65 8.31 × 10−21

B −1.04241 0.529784 −1.968 0.0599

B(t−1) 1.24424 0.546360 2.277 0.0312

D −0.459927 0.0960344 −4.789 5.86 × 10−5

Italy

DCO2

const 0.110196 0.110247 0.9995 0.3284

EN −0.966125 0.116617 −8.285 3.29 × 10−8

EN(t−1) 0.861507 0.128524 6.703 9.74 × 10−7

B −0.545374 0.283447 −1.924 0.0674

C(t−1) 0.617873 0.197165 3.134 0.0048

D 1.45409 0.353229 4.117 0.0005

E(t−1) −0.962638 0.223448 −4.308 0.0003

DCO2(t−1) 0.911533 0.0515806 17.67 1.74 × 10−14

EN

const 0.342592 0.0662324 5.173 2.13 × 10−5

DCO2 −0.210239 0.0409018 −5.140 2.32 × 10−5

B(t−1) 0.976391 0.322379 3.029 0.0055

EN(t−1) 0.733382 0.0571832 12.83 9.47 × 10−13
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Table 4. Cont.

Country Dependent
Variable Coefficient Std. Error t-Ratio p-Value

Poland

DCO2

const 0.689958 0.0887598 7.773 9.48 × 10−8

EN −0.332678 0.0854303 −3.894 0.0008

A −0.429664 0.197754 −2.173 0.0409

A(t−1) 0.812529 0.152631 5.323 2.42 × 10−5

B 1.44982 0.342529 4.233 0.0003

C(t−1) 0.529627 0.203689 2.600 0.0163

D(t−1) −0.433437 0.131594 −3.294 0.0033

DCO2(t−1) 0.418504 0.0929501 4.502 0.0002

EN

const 0.278984 0.0959270 2.908 0.007

DCO2 −1.06202 0.104407 −10.17 2.27 × 10−10

DCO2(t−1) 0.966040 0.101350 9.532 8.36 × 10−10

A(t−1) 0.443304 0.134076 3.306 0.0029

EN(t−1) 0.754835 0.0856361 8.814 3.84 × 10−9

Spain

DCO2

const 1.07248 0.0428009 25.06 3.13 × 10−19

EN −1.06698 0.259615 −4.110 0.0004

EN(t−1) 0.701472 0.236152 2.970 0.0065

C −0.775191 0.195985 −3.955 0.0006

D(t−1) 1.77974 0.174263 10.21 2.09 × 10−10

EN

const 0.441866 0.0700321 6.309 1.33 × 10−6

A 2.37998 0.392900 6.057 2.50 × 10−6

B(t−1) 6.05398 1.19997 5.045 3.32 × 10−5

D(t−1) 8.00043 2.47127 3.237 0.0034

E(t−1) −7.27502 1.84395 −3.945 0.0006
Source: own study based on Eurostat [https://ec.europa.eu/Eurostat, general and regional statistics, economy
and finance, environment and energy], accessed on: 30 July 2021.

5. Discussion

According to the United Nations Report, “Pathways to deep decarbonization”, eco-
nomic growth and decarbonization are two sides of the same coin [60]. Moreover, the deep
decarbonization of developed economies can go along with economic growth. Rapid and
effective DCO2 is crucial for the environmental policy of many economically developed
countries. DCO2 requires focusing on EN on a massive scale and switch energy production
to zero-emission sources [18,27,47].

Many researchers emphasize that it was possible to achieve economic growth and
reduce CO2 emissions to the atmosphere in several developed countries. These countries
are characterized by a low share of coal in electricity production, advanced environmentally
friendly technologies and green energy sources [2,17,27].

Apart from economic growth, measured by GDP per capita, several macroeconomic
categories affect the quality of life, the level of socio-economic development and the natural
environment. Such macroeconomic categories such as U, CPI, G and CA are fundamental
for macroeconomic stability, according to our research impact on DCO2 and EN [23,24].

Our research results indicate that DCO2 has a positive trend in France, Germany, Italy,
Poland and a negative trend in Spain from 1990 to 2020. It should be emphasized that
in Spain after 2007, DCO2 increased rapidly. Moreover, Spanish authorities have a new
plan of economic growth, which focuses on increasing energy efficiency by 35% to 2030
and introduces a low-carbon economy. At the same time, EN increased in all countries,
except Germany (the trend is slightly declining and can be a result of the changes in energy
policy) [8,14–16,19].

https://ec.europa.eu/Eurostat
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DCO2 and EN are accompanied by an increase in MSPI in all countries and an increase
in MSPE in Germany, Poland and Spain, and decreases in France and Italy. The MSPI and
MSPE were undoubtedly influenced by the economic crisis from 2008. It hit Spain the
hardest (very high GDP drops, high unemployment rate). Poland was the best through
the crisis, with no negative decline in GDP and only a slight increase in unemployment.
In France, Germany and Italy, economic indicators decreased (negative GDP, increase U).
It seems that after 2014 most of these countries managed to rebuild their economies.
Unfortunately, the covid pandemic caused a decline in macroeconomic indicators in 2020.

Actions taken by countries to reduce emissions of harmful substances are effective,
although they could be more decisive and faster (the case of Polish mines, which the
government is afraid of shutting down due to political goals). These countries are obliged
to implement a low-carbon economy due to membership in the European Union. The
increasing ecological awareness of society also plays a major role in DCO2.

The Pearson’s r, Spearman-s Rho, Gamma and Kendall rank correlation coefficients
indicate a negative statistically significant relationship between DCO2 and MSP in France
and a positive in Germany and Italy (in Italy only Pearson’s r). There is also a positive
relationship between EN and MSP in France and Poland. A negative relationship is in
Germany. MSPI affects positively DCO2 only in Germany and negatively in Spain. Between
MSPE and DCO2 it is a positive correlation in Germany, Italy and Spain. There is a positive
correlation between MSPI and EN in France, Italy, Poland and Spain, and a negative in
Germany. A positive correlation between MSPE and EN is in Poland and Spain. A negative
correlation is in Germany. The correlation coefficients are varied, the direction and strength
of the impact of MSP, MSPI and MSPE on DCO2 and EN are different. Germany stands
out from other countries because they are a negative correlation between MSPI/EN and
MSPE/EN. It may result from deep energy reforms and a greater use of renewable energy
sources in recent years. It seems that in the short term (until the transformation of the
economy into a low-carbon economy), the shift to a low-carbon economy can cause a slight
reduction in EN.

MSPI from the current or previous periods has a statistically significant influence on
DCO2 in Germany, Italy, Poland and Spain. MSPE affects DCO2 in France, Italy, Poland and
Spain. The OLS regressions indicate different directions of impact, which does not make a
specific conclusion. This result may indicate differences in economic growth, development
factors and different approaches to environmental protection.

On the other hand, the results of the second OLS regression shows that in most
countries, MSPE (from previous periods) impact EN (in France, Germany, Italy and Poland).
MSPI impact on EN in Spain and Poland. The solution for increasing EN is creating
sustainable energy systems that focus on long-term economic and environmental goals,
the protection of natural resources and the increase in the use of renewable energy.

The SUR models show that DCO2 is most frequently influenced (4 times) by the
budget, inflation rate and current account balance. EN is most frequently affected (4 times)
by unemployment and inflation. The positive impact of A on DCO2 is in Germany and
on EN in Spain. In Poland, the impact of A on DCO2 is negative and on EN positive.
These results confirm the thesis put forward by several researchers that in developed
countries such as Germany and Spain, GDP growth is accompanied by an increase in
DCO2 (Germany) and EN (Spain). Developing and emerging economies (especially energy-
intensive economies) must change the economy’s structure and move away from fossil
fuels [2,8,21].

The solution for EN is creating sustainable energy systems, which are focus on long-
term economic and environmental goals, the protection of natural resources and the
increase in the use of renewable energy [4,16,26,27]. Changes in the structure of European
economies and increasing the use of renewable energy sources are a priority for improving
energy EN.

Our research confirms the central research hypothesis. The internal and external
factors of macroeconomic stabilization have a statistically significant impact on decar-
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bonization and energy efficiency in the EU countries, with the largest carbon dioxide
emission from 1990 to 2020. However, the direction and the strengths of the impact of MSPI
and MSPE on DCO2 is diversified. In France, Germany and Italy, there is an impact of
MSPE from previous periods on EN. In Poland, MSPI and MSPE from the previous period.
In Spain, MSPI impacts on EN.

We cannot confirm the first sub-hypothesis because MSPI has no more significant
impact on DCO2 than MSPE from 1990 to 2020. The strengths and directions of MSPI and
MSPE on DCO2 are different in all analyzed countries.

We confirm the second sub-hypothesis because MSPE has a higher impact on EN than
MSPI from 1990 to 2020. MSPE is essential in France, Germany, Italy and Poland. Only in
Spain, there is no statistically significant influence of MSPE on EN.

We confirm the third sub-hypothesis because A, B, C, D and E have different impacts
on DCO2 and EN in the analyzed countries. DCO2 is most frequently affected by budget,
inflation rate and current account balance. EN is influenced by the unemployment and
inflation rate.

MSPI and MSPE are essential for DCO2 and EN. A responsible macroeconomic policy
is a key to achieving the SDGs. It is necessary to change the economic structure, move away
from hard coal, develop R&D, introduce ecological technologies and shift the economy to
greater energy from renewable sources.

The research has several limitations, including research sample (we focus only on
countries with the highest emission of CO2), variable normalization and estimation meth-
ods. However, the estimates meet the rigorous assumptions of statistical methods and can
be used for further interesting analyzes and conclusions.

DCO2 and EN are essential to ensure sustainable development. Undoubtedly, it is
necessary to implement agreements and frameworks to achieve climate neutrality. The
course of action of the European Commission is correct and requires action in all member
states. It is crucial to develop the financial and monetary policy instruments, including
financial outlays on environmental protection, environmental taxes, renewable energy
sources and R&D, prices of futures contracts for carbon dioxide emissions and the EU
Emissions Trading System. It is also necessary to mobilize additional funds to introduce
changes to the economy’s sectors (transformation of the energy and mining sectors is
fundamental). Apart from the instruments and tools of macroeconomic policy, it is essential
to increase the awareness of societies about climate change. Hence, it is necessary to increase
spending on education, research and innovation.

The fundamental issues should oscillate around increasing the ecological awareness
of the society through appropriate education, taking actions to protect the natural en-
vironment (even at the cost of slowing down the economic growth). Undoubtedly, the
share of renewable energy should also be increased, and ecological investments should
be implemented [4,7,18,23]. It is necessary to expand and reform economic instruments of
environmental protection. Financial outlays on environmental protection, environmental
taxes, renewable energy sources, prices of futures contracts for carbon dioxide emissions,
outlays on R&D, EU Emissions Trading System should be of key importance here. Essential
is to increase the share of environmental taxes in the total fiscal burden and implement a
more efficient emissions trading system [43,44,47,49].

In our future research, we will focus on assessing the impact of other components
of sustainable development, including social and environmental development, on de-
carbonization. Moreover, we would prefer to create models for all the European Union
countries. The analyzes can contribute to the shaping of a more effective policy of environ-
mental protection.

6. Conclusions

The burning of fossil fuels still produces the vast majority of the energy needed for
the functioning and development of economies. At the same time, it emits greenhouse
gases which contribute to climate change. DCO2 is necessary to limit global warming. Its
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effectiveness depends on EN and the conversion of energy production to zero-emission
sources.

DCO2 and EN are crucial to stop global warming, so it is necessary to maintain an
appropriate balance between economic growth and environmental protection. In economic
practice, this requires taking actions aimed at achieving economic, social and environmental
goals. It is essential to understand that these actions cannot be mutually exclusive.

Our research confirms that MSPI and MSPE impact DCO2 and EN in France, Germany,
Italy, Poland and Spain. At the same time, it should be emphasized that this influence is
diversified in terms of direction and strength. Therefore, the political actions in economic
policy impact the reduction of CO2 emissions to the atmosphere.

MSP, MSPI and MSPE have great importance for environmental actions. Therefore, it is
vital to make rational decisions regarding macroeconomic conditions. Conducting a stable
and responsible fiscal and monetary policy is of crucial importance here. Implementing
the climate framework requires courage among the rulers and making decisions necessary
and difficult (often inconsistent with the expectations of some social groups) for countries’
strategic development.
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Abbreviations
A the relation between the rate of economic growth and unemployment rate
B the unemployment rate and inflation rate
C inflation rate and the budget
CA current account balance as (%) of GDP
CO2 carbon dioxide emissions (millions of tonnes)
CPI inflation rate (consumer price index) (%),
D the budget and the current account balance
DCO2 decarbonization (normalized indicator of decarbonization)
E current account balance and economic growth
EN energy efficiency ((normalized indicator of energy efficiency)
ENE energy efficiency in i-year (million tonnes of oil equivalent)
G state budget balance as (%) of GDP
MSP macroeconomic stabilization
MSPE external dimension of macroeconomic stabilization
MSPI internal dimension of macroeconomic stabilization
U unemployment rate (%)
∆GDP GDP growth rate (%)
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