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Summary
The article presents the relationship between economic growth 
and environmental pressures, highlighting the role and impor-
tance of innovation. Following a comprehensive literature 
review, it is demonstrated through international practice that 
an environmentally responsive innovation ecosystem can effec-
tively support both economic growth and sustainable develop-
ment.
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Introduction
The relationship between environmental pressures and eco-
nomic growth is one of the most important links at the heart of 
research. Interest in the subject has increased particularly since 
the 1990s when concerns about climate change became a grow-
ing preoccupation of the scientific community. Today, it is clear 
that one of the causes of global warming is the increase in car-
bon dioxide emissions, with economic growth being accompa-
nied by increasing environmental pressures. The links between 
economic growth, energy consumption, and carbon emissions 
have also given rise to new research.
 The increase in global energy consumption will exacer-
bate the problem of energy scarcity and pollution, leading to 
increased carbon emissions (Sharif et al., 2019). High carbon 
emissions will have irreversible impacts on global climate con-
ditions (Zoundi, 2017). Climate change will also impact the 
decline in economic performance, with the increasing fre-
quency of extreme weather events making it difficult to control 
risks (Burke et al., 2016).
 The complexity of the issue is indicated by the large differ-
ences in economic development between economies and the 
different resource endowments (Zhang et al., 2023) Europe is 
facing energy shortages, and its dependence on external ener-
gy supplies has reached 60%, despite the EU’s early focus on 
energy security and clean energy (Brodny and Tutak, 2022). 
While the EU has a high and growing share of clean energy 
sources, this is not yet sufficient (Puertas and Marti, 2022). The 
emergence of global epidemics and geopolitical conflicts is a 
further challenge for nations.

Economy and Climate Change
Despite recent increases in the share of renewable energy, fos-
sil fuels continue to dominate globally. The extraction and 
use of fossil energy keep carbon emissions high (Avotra and 
Nawaz, 2023), and inappropriate allocation of resources also 

increases emissions (Xie et al., 2023). Extreme climate condi-
tions interact with energy consumption and carbon emissions. 
Extremely hot summers and cold winters result in increased 
electricity and heating demand, and consequently raise energy 
consumption and lead to increased carbon emissions (Shang 
et al., 2022).
 Growing dependence of industries on fossil fuels exacerbates 
the occurrence of extreme weather events that threaten sus-
tainable economic growth (Zhao et al., 2018). Reduced produc-
tion due to climate change leads to reduced investment, which 
hinders future production. Extreme weather events–tempera-
ture swings, heavy rains, droughts, and hurricanes – directly 
affect agriculture, energy, and construction. For these indus-
tries, investment, labor productivity, and output are reduced, 
resulting in economic losses (Acevedo et al., 2020).

The Role of Innovation  
in Economic Growth
According to the Kuznets theorem, in the early stages of eco-
nomic development, the pressure on the environment is high 
and the environment deteriorates as a result. However, as the 
economy grows, the pressure on the environment is reduced 
and the quality of the environment begins to improve. This is 
of particular importance to policymakers when considering 
the relationship between economic growth and environmental 
protection (Kuznets, 1955).
 According to Todaro, economic growth is supported by 
three important factors: capital accumulation, including new 
investment in land, physical plant, and human resources; pop-
ulation and hence labor force growth; and technological pro-
gress (Todaro, 1997).
 New growth theories emphasize the importance of tech-
nological change as a source of growth. According to these 
theories, innovation is the main driver of economic growth 
(Bayarcelik, Tasel, 2012).
 The question is to what extent innovation contributes to competitive-
ness, and to the growth of companies, industries, and entire national 
economies.
 The literature describes two major growth models, exoge-
nous and endogenous.
 In the exogenous model, technological progress has been 
treated as a process driven only by time (Bayarcelik, Tasel, 
2012), where growth is the increase in GDP per hour of work 
per unit of time (Griffith et al., 2004).
 In endogenous growth models, growth depends on techno-
logical change resulting from deliberate investment decisions 
(Romer, 1990).
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 Schumpeter’s early work (1911) established the concept of 
the “entrepreneur as innovator” as the key to economic devel-
opment. The innovative activity of entrepreneurs fuels the 
process of ‘creative destruction’ (Schumpeter, 1942) by caus-
ing continuous disruption to the equilibrium economic system 
and creating new opportunities. In the process of adaptation, 
new entrepreneurs launch different other innovations and 
enter the economic system therewith contributing to achieve 
a new equilibrium. This development leads to an increase in 
the number of entrepreneurs and thus to further growth of the 
economy (Wong et at., 2005).
 The contribution of technological innovation to economic 
growth is well established in the economic literature, both the-
oretically (Solow, 1956; Romer, 1986) and empirically (Mans-
field, 1972; Nadiri, 1993).
 As a determinant of growth, innovation is well-measured 
in empirical research (Wong et al, 2005). Researchers use 
input-oriented measures such as R&D expenditure (Mansfield, 
1972) or output-side measures that show innovation outcomes 
such as patents (Griliches, 1990). Empirical research suggests 
that technological innovation contributes significantly to eco-
nomic performance, especially at the firm and industry level 
(Wong et al, 2005).
 Studies of the impact of technological innovation on eco-
nomic growth are predominantly based on the neoclassical tra-
dition established by Solow (1956) (Wong et al., 2005), where 
growth is driven by improvements in the quantity, quality, and 
productivity of capital and labor inputs.
 Solow (1956) and Nadiri (1993) summarized studies consist-
ent with this, showing that sustained long-run growth depends 
on the growth rate of inventions, which is exogenously deter-
mined.
 There is no consensus among researchers on the link 
between technological innovation and economic growth. Many 
researchers believe that the relationship between technologi-
cal innovation and economic growth is linear and positive, 
which is consistent with the theory of endogenous economic 
growth (Adak, 2015; Thompson 2018; Yan et al., 2023) Accord-
ing to this school, innovation can be an important driver of 
economic growth and even a source and driver of social devel-
opment (Zhang et al., 2018; Assi et al., 2021). Critics, however, 
note the lack of pattern matching to prove the theory’s validity 
(Zhang et al., 2023)
 Innovation, nevertheless, has an impact on several econom-
ic indicators, including the Sustainable Development Goals 
(SDGs). Innovation affects the achievement of the SDGs and 
the competitiveness of countries (Arcentales et al., (2023).
 Digitalization can reduce environmental pressures by reduc-
ing the intensity of industrial pollution. At the same time, it 
promotes environmental investment and green innovation. 
Companies can both increase their operational efficiency and 
reduce their ecological footprint by proactively integrating 
green initiatives into their digitalization strategies. The syner-
gy between digitalization and environmental sustainability is 
tangible (Yang et al., 2024)
 Lorente et al. (2021) came to a similar conclusion when look-
ing at air transport. They argue that energy innovation mitigates 
the negative impacts of international tourism. Green innovation 
cannot only impact one sector but can also lead to major tech-
nological changes in other sectors (Zhang et al., 2023).

 Research shows that technological innovation can be an 
effective tool for reducing pollution in the long run (Peng et 
al., 2021; Cai et al., 2020; Liu et al., 2022; Li and Ye, 2021).

Relationship Between Gross Domestic 
Product and Carbon Dioxide Emissions
Rich and developed countries have a higher gross domestic 
product (GDP) per capita, but all this comes with huge energy 
consumption. Globally, energy-intensive industries account for 
46% of carbon emissions (Bokde et al., 2021).
 In the Paris Agreement, all Organisation for Economic 
Co-operation and Development (OECD) member countries 
committed to decarbonizing the power sector to keep atmos-
pheric carbon dioxide concentrations below 450 ppm and 
keeping the global average temperature rise below 2 degrees 
Celsius. All this requires the provision of clean energy (Bilgili 
et al., 2016).
 Growth in gross domestic product measures the success of 
the rational and efficient use of available resources but does 
not take into account the negative impact of resource use on 
the environment. Therefore, it cannot be ignored that exist-
ing resources are to be used as efficiently as possible, including 
both environmental and quality-of-life aspects. In many coun-
tries around the world, the fundamental objective of economic 
growth is not only to maximize gross domestic product but also 
to achieve this within the constraints imposed by environmen-
tal protection. Another important question is whether environ-
mental stewardship and the increasing use of renewable ener-
gy sources constrain and slow economic growth (Pejovic et al., 
2021).
 Although developing countries are placing less emphasis on 
clean energy due to technological and financial constraints, 
developed countries are gradually relying more on renewa-
ble energy sources than ever before. Energy is the most fun-
damental driver of economic growth, regardless of the lev-
el of development of a given region. Most energy is produced 
using conventional energy sources, including oil, coal, and gas. 
Developed countries have been focusing on the exploitation 
of clean energy for years, but the lower price and easy avail-
ability of conventional fuels pose a serious dilemma (forcing 
countries not to completely abandon environmentally pollut-
ing resources either) (Cai et al., 2018).
 However, it should also be borne in mind – in sub-Saha-
ran Africa – that regions with potential for renewable energy 
development are not fully exploiting their potential, even when 
clean energy sources are available (da Silva et al., 2018).

Kuznets-Curve Analysis – Research Results
Research in the United States concluded that there is a two-way 
causal relationship between carbon emissions and economic 
performance, energy consumption, and urbanization, but no 
causal relationship between carbon emissions and trade open-
ness and financial development (Pejovic et al., 2021). In the 
context of the United States, Dogan and Turkekul (2016) also 
addressed the Kuznets curve, but they could not confirm the 
existence of the curve.
 Solarin et al. (2017), looking at India and China separate-
ly, confirmed the existence of a curve for carbon emissions, 
gross domestic product, urbanization, and hydropower con-
sumption. In Malaysia, a long-run relationship between car-
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bon emissions and GDP has been shown (Saboori et al., 2012), 
and for the countries that make up the Association of South-
east Asian Nations (ASEAN), the hypothesis that an increase in 
energy consumption can stimulate economic growth has been 
confirmed (Magazzino, 2014). Data for the countries that make 
up ASEAN have also been analyzed by Borhan et al. (2012), and 
data from 1965-2010 indicate that there is a mutual depend-
ence between carbon emissions and income.
 For the emerging economies of BRICS (Brazil, Russia, India, 
China, and the Republic of South Africa), Bildirici and Bakir-
tas (2016) also considered oil and coal consumption. The anal-
ysis shows that there is a unidirectional relationship between 
coal consumption, oil consumption, and carbon emissions and 
that there is a bidirectional relationship between GDP and coal 
consumption. For the OIC (Organization of the Islamic Coop-
eration) countries, it can also be concluded that long-term 
GDP growth contributes to environmental degradation. How-
ever, in the short term, there is no significant impact on carbon 
emissions (Shaari et al., 2020).
 In Turkey, Ozturk and Acaravci (2010) show that neither 
per capita carbon emissions nor per capita energy consump-
tion cause per capita GDP growth, so attempts to reduce car-
bon emissions and rationalize energy consumption will have 
no impact on GDP growth. Based on an analysis of ten Mid-
dle Eastern countries, Magazzino (2016) concludes that for the 
GCC (Gulf Cooperation Council) member countries, there is a 
unidirectional relationship between energy consumption and 
economic growth, i.e., an increase in energy consumption can 
cause economic growth, but for non-GCC countries, there is 
no causal relationship between energy consumption and GDP.
 An analysis of MENA (Middle East and North Africa) coun-
tries concluded that there is a positive relationship between 
GDP growth and carbon emissions (Farhani et al., 2013). Al-Mu-
lali and Sab (2012) analyzed sub-Saharan and African countries 
for the period 1980-2008 and found that energy consumption 
plays an important role in the growth of economic and finan-
cial development of countries. However, as a consequence of 
increased energy use, pollution is also increasing. Similar results 
have also been obtained by researchers who studied the econo-
mies of 22 African countries – for the period 1990-2011 – and 
found that there is a unidirectional and irreversible relation-
ship between energy consumption and gross domestic product 
(Attiaoui et al., 2017). However, we also find results that assume 
a bidirectional relationship (Mensah et al., 2019).
 Research by Huang et al. (2008) concludes that in low-in-
come countries there is no relationship between energy con-
sumption and GDP, in middle-income countries this relation-
ship exists and is positive, while in high-income countries an 
increase in GDP leads to a decrease in energy consumption.
 Kim (2019), using data from 57 developing countries between 
1980 and 2013, concludes that there is no relationship between 
FDI and carbon emissions in the short run, but a cointegrat-
ing relationship between emissions, GDP, and FDI in the long 
run. The results confirm the existence of the Kuznets ecolog-
ical curve.

EU Member States’ Carbon-Dioxide Emissions 
and GDP Trends
Kasperowicz (2015) analyses data from 18 EU Member States 
for the period 1995-2012 and finds that there is a long-term 

negative relationship between carbon emissions and GDP 
growth, due to the development of low-emission technologies. 
These technologies with lower emissions allow for higher GDP 
in the long run.
 Pejovic et al., (2021) looked at data for the 27 EU Member 
States and the Western Balkan countries from 2008-2018. 
They found that the growth rate of carbon dioxide emissions 
is strongly determined by GDP and renewable energy growth. 
In addition, the high growth rate of the economy contributes 
to a reduction in the growth rate of carbon dioxide emissions 
as a result of more energy-efficient technologies and renewable 
energy sources.
 Dogan and Seker (2016) reach a similar conclusion by ana-
lyzing data from 1980-2012. They found evidence of the exist-
ence of an environmental Kuznets curve in the EU. In their 
opinion, the EU should increase the share of renewable ener-
gy sources, as reducing non-renewable energy does not reduce 
the real income of the EU, these policies can be implemented 
without reducing GDP.
 The results of Madaleno and Moutinho (2018) show that eco-
nomic growth outpaced output growth in most of the EU-15 
between 1995 and 2014. However, it is not proven whether eco-
nomic growth is independent of environmental pressures, but 
it can be argued that the economies of the countries stud-
ied were able to grow while carbon emissions growth became 
 slower.
 The relationship between energy consumption and GDP 
was also examined for the 27 EU Member States (2010-2019). 
Török (2023) found that a decoupling of GDP and energy con-
sumption occurred in this period: while the GDP of EU Mem-
ber States increased by 27.6%, consumption of EU Member 
States decreased by 6.5%. This decoupling occurs when ener-
gy consumption (and thus environmental pressure) does not 
increase, but only economic output increases. In those coun-
tries where energy consumption fell by more than 8% above 
average (Slovenia, Finland, Slovakia, Denmark, the Nether-
lands, Germany, France), GDP increased significantly in pur-
chasing power parity terms over the period. Another important 
finding of the study is that countries where the service sector is 
dominant (Ireland, Greece, Malta, Cyprus) have not been able 
to reduce energy consumption significantly, compared to more 
industrialised countries.
 Papiez et al., (2021) conclude from their analysis that the 
decoupling of greenhouse gas emissions from economic 
growth in almost all EU countries is a result of EU energy poli-
cy and not just that of outsourcing.
 Bianco et al. (2024) examined economic growth in the 27 
EU Member States (1995-2019) and found that technical fac-
tors (energy consumption patterns, energy intensity) also sup-
ported the decoupling of carbon emissions and GDP. Although 
increases in economic output and spending capacity contin-
ue to increase carbon emissions, technological innovation can 
reduce this effect.
 In the EU, there is a direct link between energy consumption 
and emissions growth, with investment being inversely propor-
tional, with higher investment rates being associated with low-
er emissions. These investments can increase GDP while help-
ing to reduce energy consumption (Loures and Ferreira, 2019)
 The existence of an environmental Kuznets curve has been 
confirmed by several researchers (Lorente et al., (2021). How-
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ever, there may be differences between countries. The environ-
mental Kuznets curve can be confirmed for the countries of 
the fifth wave of EU enlargement, but not for the former acces-
sion countries (Mert et al., 2019). Economic growth has been 
the main contributor to energy consumption and FDI inflows. 
Papiez et al., (2021) find that old EU countries are better at 
reducing GHG emissions, replacing fossil fuels largely with 
renewable energy.

Conclusions
The relationship between economic growth and environmen-
tal pressures is a leading research topic today. The review of 
major publications on the subject has highlighted the need for 
further research to better understand the relationship between 
economic growth and environmental pressures, with a focus on 
the diffusion of innovation.
 The results have shown that economic growth is associated 
with increased environmental pressures, especially in ener-
gy-intensive industries and emerging economies, and that fur-
ther innovative technological solutions are needed for a sus-
tainable future.
 While international examples have confirmed the Kuznets 
curve, it is also highly dependent on the drivers of economic 
development.
 The link between innovation and sustainability is a new area 
of research. The results achieved are encouraging, but the effi-
cient use of allocated resources is necessary to ensure that an 
environmentally friendly innovation ecosystem can effectively 
support economic growth and sustainable development.

References
ALA, FATHI ASSI – ALIYA, ZHAKANOVA ISIKSAL – TURG-

UT, TURSOY (2021): Renewable energy consumption, fi-
nancial development, environmental pollution, and inno-
vations in the ASEAN 3 group: Evidence from (P-ARDL) 
model, Renewable Energy, Volume 165, Part 1, Pages 689-700, 
link: https://www.sciencedirect.com/science/article/pii/
S096014812031795X letöltve: 2023. 12. 21. DOI: https://doi.
org/10.1016/j.renene.2020.11.052

ANDRIANARIVO, ANDRIANDAFIARISOA RALISON NY 
AVOTRA – AHSAN, NAWAZ (2023): Asymmetric impact 
of transportation on carbon emissions influencing SDGs of 
climate change, Chemosphere, Volume 324, link: https://www.
sciencedirect.com/science/article/pii/S0045653523005684 
letöltve: 2023. 12. 21. DOI: https://doi.org/10.1016/j.chemos-
phere.2023.138301

ATTIAOUI, I. – TOUMI, H. – AMMOURI, B. ET AL. (2017): 
Causality links among renewable energy consumption, CO2 
emissions, and economic growth in Africa: evidence from a 
panel ARDL-PMG approach. Environ Sci Pollut Res 24, 13036–
13048. link: https://link.springer.com/article/10.1007/
s11356-017-8850-7#citeas letöltve: 2023. 12. 21. DOI: https://
doi.org/10.1007/s11356-017-8850-7

BEHNAZ, SABOORI – JAMALLUDIN, SULAIMAN – SA-
IDATULAKMAL, MOHD (2012): Economic growth and 
CO2 emissions in Malaysia: A cointegration analysis of the 
Environmental Kuznets Curve, Energy Policy, Volume 51, Pa-
ges 184-191, link: https://www.sciencedirect.com/science/
article/pii/S0301421512007471 letöltve: 2023. 12. 21. DOI: 
https://doi.org/10.1016/j.enpol.2012.08.065

BILDIRICI, E.M. – BAKIRTAS, T. (2016): The relationship 
among oil and coal consumption, carbon dioxide emissi-
ons, and economic growth in BRICTS countries. J. Renew. 
Sustain. Energy, 8 (4), Article 045903. link: https://pubs.
aip.org/aip/jrse/article-abstract/8/4/045903/841204/
The-relationship- among-oil-and-coal-consumption?redir
ectedFrom=fulltext letöltve: 2023. 12. 21. DOI: https://doi.
org/10.1063/1.4955090

BOJAN, PEJOVIĆ – VESNA, KARADŽIĆ – ZDENKA, DRA-
GAŠEVIĆ – TAMARA, BACKOVIĆ (2021): Economic growth, 
energy consumption and CO2 emissions in the countries of 
the European Union and the Western Balkans, Energy Re-
ports, Volume 7, Pages 2775-2783. link: https://www.science-
direct.com/science/article/pii/S2352484721002894 letöltve: 
2023. 12. 21. DOI: https://doi.org/10.1016/j.egyr.2021.05.011

BORHAN, H. – AHMED, E.M. – HITAM, M. (2012): The impact 
of CO2 on economic growth in ASEAN 8. Procedia-Social and 
Behav. Sci., 35. pp. 389-397. link: https://www.sciencedirect.
com/science/article/pii/S1877042812004156 letöltve: 2023. 
12. 21. DOI: https://doi.org/10.1016/j.sbspro.2012.02.103

BWO-NUNG, HUANG – M.J. HWANG – C.W. YANG (2008): 
Causal relationship between energy consumption and GDP 
growth revisited: A dynamic panel data approach, Ecological 
Economics, Volume 67, Issue 1, Pages 41-54. link: https://www.
sciencedirect.com/science/article/pii/S0921800907005344 
letöltve: 2023. 12. 21. DOI: https://doi.org/10.1016/j.ecole-
con.2007.11.006

DANIEL, BALSALOBRE-LORENTE – OANA, M. DRIHA 
– NUNO, CARLOS LEITÃO – MUNTASIR, MURSHED 
(2021): The carbon dioxide neutralizing effect of energy in-
novation on international tourism in EU-5 countries under 
the prism of the EKC hypothesis. Journal of Environmental Ma-
nagement, Volume 298. link: https://www.sciencedirect.com/
science/article/pii/S0301479721015759 letöltve: 2023. 12. 21. 
DOI: https://doi.org/10.1016/j.jenvman.2021.113513

DOGAN, E. – TURKEKUL, B. (2016): CO2 emissions, real out-
put, energy consumption, trade, urbanization and financial 
development: testing the EKC hypothesis for the USA. Environ 
Sci Pollut Res 23, 1203–1213. link: https://link.springer.com/
article/10.1007/s11356-015-5323-8#citeas letöltve: 2023. 12. 
21. DOI: https://doi.org/10.1007/s11356-015-5323-8

EBRU, BEYZA BAYARÇELIK – FULYA, TAŞEL (2012): Re-
search and Development: Source of Economic Growth. 
Procedia – Social and Behavioral Sciences 58 pp. 744 – 753 
link: https://www.sciencedirect.com/science/article/pii/
S1877042812045144 letöltve: 2023. 12. 21. DOI: https://doi.
org/10.1016/j.sbspro.2012.09.1052

EYUP, DOGAN – FAHRI, SEKER (2016): Determinants of CO2 
emissions in the European Union: The role of renewable and 
non-renewable energy, Renewable Energy, Volume 94, Pages 
429-439. link: https://www.sciencedirect.com/science/ar-
ticle/pii/S0960148116302622#bib102 letöltve: 2023. 12. 21. 
DOI: https://doi.org/10.1016/j.renene.2016.03.078

FAIK, BILGILI – EMRAH, KOÇAK – ÜMIT, BULUT (2016): 
The dynamic impact of renewable energy consumption on 
CO2 emissions: A  revisited Environmental Kuznets Curve 
approach, Renewable and Sustainable Energy Reviews, Volume 
54, Pages 838-845. link: https://www.sciencedirect.com/sci-
ence/article/pii/S1364032115011594 letöltve: 2023. 12. 21. 
DOI: https://doi.org/10.1016/j.rser.2015.10.080



Articles, studies

CONTROLLER INFO

6 2023. SPECIAL ISSUE 2

FARHANI, S. – SHAHBAZ, M. – AROURI, M.E.H. (2013): 
Panel analysis of CO2 emissions, GDP, energy consump-
tion, trade openness and urbanization for MENA countries. 
link: https://mpra.ub.uni-muenchen.de/49258/1/MPRA_
paper_49258.pdf letöltve: 2023. 12. 21.

FENGSHUO, LIU – YOUQING, FAN – SIYING, YANG (2022): 
Environmental benefits of innovation policy: China’s natio-
nal independent innovation demonstration zone policy and 
haze control. Journal of Environmental Management, Volume 
317. link: https://www.sciencedirect.com/science/article/
pii/S0301479722010386 letöltve: 2023. 12. 21. DOI: https://
doi.org/10.1016/j.jenvman.2022.115465

GRIFFITH, R. – REDDING, S. – REENEN, J. V. (2004): 
Mapping the Two Faces of R&D: Productivity Growth in a Pa-
nel of OECD Industries, The Review of Economics and Statistics, 
86 (4), 883-895.

GRILICHES, Z. (1990): Patent Statistics as Economic Indica-
tors: A Survey’, Journal of Economic Literature 28, 1661–1707.

HUI, PENG – NENG, SHEN – HUANQIN, YING – QUNWEI, 
WANG (2021): Can environmental regulation directly pro-
mote green innovation behavior?—— based on situation 
of industrial agglomeration. Journal of Cleaner Production, 
Volume 314. link: https://www.sciencedirect.com/science/
article/pii/S0959652621022629 letöltve: 2023. 12. 21. DOI: 
https://doi.org/10.1016/j.jclepro.2021.128044

ILHAN, OZTURK – ALI, ACARAVCI (2010): CO2 emissions, 
energy consumption and economic growth in Turkey, Re-
newable and Sustainable Energy Reviews, Volume 14, Issue 9, Pa-
ges 3220-3225, link: https://www.sciencedirect.com/science/
article/pii/S1364032110001851 letöltve: 2023. 12. 21. DOI: 
https://doi.org/10.1016/j.rser.2010.07.005

ISAAC, ADJEI MENSAH – MEI, SUN – CUIXIA, GAO – AKO-
TO, YAW OMARI-SASU – DONGBAN, ZHU – BENJAMIN, 
CHRIS AMPIMAH – ALFRED, QUARCOO (2019): Analy-
sis on the nexus of economic growth, fossil fuel energy con-
sumption, CO2 emissions and oil price in Africa based on 
a PMG panel ARDL approach, Journal of Cleaner Production, 
Volume 228. link: https://www.sciencedirect.com/science/
article/pii/S0959652619313721 letöltve: 2023. 12. 21. DOI: 
https://doi.org/10.1016/j.jclepro.2019.04.281

JAROSŁAW, BRODNY – MAGDALENA, TUTAK (2022): 
Analysis of the efficiency and structure of energy con-
sumption in the industrial sector in the European Union 
countries between 1995 and 2019, Science of The Total En-
vironment, Volume 808, link: https://www.sciencedirect.
com/science/article/pii/S004896972107128X?via%3Di-
hub letöltve: 2023. 12. 21. DOI: https://doi.org/10.1016/j.
scitotenv.2021.152052

JIANGXUE, ZHANG – YUAN, CHANG – LIXIAO, ZHANG 
– DING, LI (2018): Do technological innovations promote 
urban green development?—A spatial econometric analysis 
of 105 cities in China, Journal of Cleaner Production, Volume 
182, Pages 395-403, link: https://www.sciencedirect.com/sci-
ence/article/pii/S0959652618303731 letöltve: 2023. 12. 21. 
DOI: https://doi.org/10.1016/j.jclepro.2018.02.067

JIE, YANG – YAOZHONG, WANG – CHANG, TANG – ZHEN-
HUA, ZHANG (2024): Can digitalization reduce industrial 
pollution? Roles of environmental investment and green 
innovation, Environmental Research, Volume 240, Part 1. 
link: https://www.sciencedirect.com/science/article/pii/

S0013935123022466 letöltve: 2023. 12. 21. DOI: https://doi.
org/10.1016/j.envres.2023.117442

KASPEROWICZ, R. (2015): Economic growth and CO2 emis-
sions: The ECM analysis J. Int. Stud., 8 (3) (2015), pp. 91-98. 
link: https://www.jois.eu/files/07_Kasperowicz.pdf letöltve: 
2023. 12. 21. DOI: 10.14254/2071-8330.2015/8-3/7

KIM, S. (2019): CO2 emissions, foreign direct investments, 
energy consumption, and GDP in developing countries: a 
more comprehensive study using panel vector error cor-
rection model. Korean Econ. Rev., 35 (1) (2019), pp. 5-24. 
link: https://keapaper.kea.ne.kr/RePEc/kea/keappr/KER-
20190101-35-1-01.pdf letöltve: 2023. 12. 21.

KUZNETS, S. (1955): Economic growth and income inequality. The 
American Econ. Rev., 45 (1) (1955), pp. 1-28.

L. LOURES – P. FERREIRA (2019): Energy consumption as 
a condition for per capita carbon dioxide emission growth: 
The results of a qualitative comparative analysis in the 
European Union. Renewable and Sustainable Energy Reviews. 
Volume 110, Pages 220-225. link: https://www.sciencedirect.
com/science/article/pii/S1364032119303144 letöltve: 2023. 
12. 21. DOI: https://doi.org/10.1016/j.rser.2019.05.008

LI, J. – YE, S. (2021): Regional policy synergy and haze gover-
nance—empirical evidence from 281 prefecture-level cities 
in China. Environ Sci Pollut Res 28, 10763–10779. link: htt-
ps://link.springer.com/article/10.1007/s11356-020-11251-
8#citeas letöltve: 2023. 12. 21. DOI: https://doi.org/10.1007/
s11356-020-11251-8

M. BURKE, ET AL. (2016): Opportunities for advances in cli-
mate change economics. Science (American Association for the 
Advancement of Science), 352 (6283) (2016), pp. 292-293, link: 
https://www.science.org/doi/10.1126/science.aad9634 le-
töltve: 2023. 12. 21. DOI: 10.1126/science.aad9634

MADALENO, M. – MOUTINHO, V. (2018): Effects decompo-
sition: separation of carbon emissions decoupling and de-
coupling effort in aggregated EU-15. Environ Dev Sustain 20 
(Suppl 1), 181–198 (2018). link: https://link.springer.com/
article/10.1007/s10668-018-0238-4#citeas letöltve: 2023. 12. 
21. DOI: https://doi.org/10.1007/s10668-018-0238-4

MAGAZZINO, C. (2014): A  panel VAR approach of the re-
lationship among economic growth, CO2 emissions, and 
energy use in the ASEAN-6 countries. J. Energy Econ. Policy, 
4, pp. 546-553. link: https://dergipark.org.tr/en/download/
article-file/361341 letöltve: 2023. 12. 21. ISSN: 2146-4553

MAGAZZINO, C. (2016): CO2 emissions, economic growth, 
and energy use in the middle east countries: A panel VAR 
approach. Energy Sources, Part B: Econ. Plan. Policy, 11 (10), 
pp. 960-968. link: https://www.tandfonline.com/doi/full/ 
10.1080/15567249.2014.940092?needAccess=true letöltve: 
2023. 12. 21. DOI: https://doi.org/10.1080/15567249.2014.9
40092

MANSFIELD, E. (1972): Contribution of Research and Devel-
opment to Economic Growth of the United States’, Papers 
and Proceedings of a Colloquim on Research and Develop-
ment and Economic Growth Productivity, National Science 
Foundation, Washington, DC.

MARIA, THOMPSON (2018): Social capital, innovation and 
economic growth, Journal of Behavioral and Experimental Econo-
mics, Volume 73, Pages 46-52, link: https://www.sciencedirect.
com/science/article/pii/S2214804318300375 letöltve: 2023. 
12. 21. DOI: https://doi.org/10.1016/j.socec.2018.01.005



Articles, studies

CONTROLLER INFO

2023. SPECIAL ISSUE 2 7

MEHMET, ADAK (2015): Technological Progress, Innovation 
and Economic Growth; the Case of Turkey, Procedia – So-
cial and Behavioral Sciences, Volume 195, link: https://www.
sciencedirect.com/science/article/pii/S1877042815039579 
letöltve: 2023. 12. 21. DOI: https://doi.org/10.1016/j.sb-
spro.2015.06.478

MERT, M. – BÖLÜK, G. – ÇAĞLAR, A.E. (2019): Interre-
lationships among foreign direct investments, renewable 
energy, and CO2 emissions for different European count-
ry groups: a panel ARDL approach. Environ Sci Pollut Res 
26, 21495–21510. link: https://link.springer.com/artic-
le/10.1007/s11356-019-05415-4#citeas letöltve: 2023. 12. 21. 
DOI: https://doi.org/10.1007/s11356-019-05415-4

MINGMING, ZHANG – WING-KEUNG, WONG – THAI, THI 
KIM OANH – ISKANDAR, MUDA – SAIFUL, ISLAM – SA-
NIL, S. HISHAN – SHAMANSUROVA, ZILOLA ABDU-
VAXITOVNA (2023): Regulating environmental pollution 
through natural resources and technology innovation: Revi-
siting the environment Kuznet curve in China through quan-
tile-based ARDL estimations. Resources Policy, Volume 85, 
Part A. link: https://www.sciencedirect.com/science/article/
pii/S0301420723004993 letöltve: 2023. 12. 21. DOI: https://
doi.org/10.1016/j.resourpol.2023.103788

MONIKA, PAPIEŻ – SŁAWOMIR, ŚMIECH – KATARZYNA, 
FRODYMA (2021): The role of energy policy on the decoup-
ling processes in the European Union countries, Journal of Cle-
aner Production, Volume 318. link: https://www.sciencedirect.
com/science/article/pii/S0959652621026950 letöltve: 2023. 
12. 21. DOI: https://doi.org/10.1016/j.jclepro.2021.128484

NADIRI, I. (1993): Innovations and Technological Spillovers, 
Working Paper 423, National Bureau of Economic Research, 
Cambridge, MA.

NEERAJ, DHANRAJ BOKDE – BO, TRANBERG – GORM, 
BRUUN ANDRESEN (2021): Short-term CO2 emissions fo-
recasting based on decomposition approaches and its impact 
on electricity market scheduling. Applied Energy, Volume 281. 
link: https://www.sciencedirect.com/science/article/pii/
S0306261920314926 letöltve: 2023. 12. 21. DOI: https://doi.
org/10.1016/j.apenergy.2020.116061

PATRÍCIA, PEREIRA DA SILVA – PEDRO, ANDRÉ CERQUEI-
RA – WOJOLOMI, OGBE (2018): Determinants of renewable 
energy growth in Sub-Saharan Africa: Evidence from panel 
ARDL, Energy, Volume 156, Pages 45-54. link: https://www.
sciencedirect.com/science/article/pii/S0360544218308880 
letöltve: 2023. 12. 21. DOI: https://doi.org/10.1016/j.
energy.2018.05.068

POH, KAM WONG – YUEN, PING HO – ERKKO, AUTIO 
(2005): Entrepreneurship, Innovation and Economic 
Growth: Evidence from GEM data. Small Business Economics 
24: 335–350 link: https://link.springer.com/article/10.1007/
s11187-005-2000-1 letöltve: 2023. 12. 21. DOI: https://doi.
org/10.1007/s11187-005-2000-1

ROMER, P. M. (1986): Increasing Returns and Long Run 
Growth, Journal of Political Economy 94, 1002–1037.

ROMER, P. M. (1990): Endogenous Technological Change, 
Journal of Political Economy 98, S71–S102.

ROSA, PUERTAS – LUISA, MARTI (2022): Renewable energy 
production capacity and consumption in Europe, Science of 
The Total Environment, Volume 853, link: https://www.scien-
cedirect.com/science/article/pii/S0048969722056911?via%-

3Dihub letöltve: 2023. 12. 21. DOI: https://doi.org/10.1016/j.
scitotenv.2022.158592

SCHUMPETER, J. A. (1911): Theorie der wirtschaftlichen Ent-
wicklung. Eine Untersuchung ueber Unternehmergewinn, 
Kapital, Kredit, Zins und den Konjunkturzyklus, Berlin: 
Duncker und Humblot; translated by Redvers Opie, 1934 
& 1963, The Theory of Economic Development: an Inquiry 
into Profits, capital, credit, Interest and the Business Cycle, 
Oxford: Oxford university Press.

SCHUMPETER, J. A. (1942): Capitalism, Socialism and De-
mocracy, New York: Harper and Row.

SEBASTIAN, ACEVEDO – MICO, MRKAIC – NATALIJA, 
NOVTA – EVGENIA, PUGACHEVA – PETIA, TOPALOVA 
(2020): The Effects of Weather Shocks on Economic Activity: 
What are the Channels of Impact?, Journal of Macroeconomics, 
Volume 65, link: https://www.sciencedirect.com/science/
article/pii/S0164070420301336 letöltve: 2023. 12. 21. DOI: 
https://doi.org/10.1016/j.jmacro.2020.103207

SHAARI, M.S. – ABDUL, KARIM Z. – ZAINOL, ABIDIN N. 
(2020): The effects of energy consumption and national 
output on CO2 emissions: new evidence from OIC countries 
using a panel ARDL analysis. Sustainability., 12 (8), p. 3312. 
link: https://www.mdpi.com/2071-1050/12/8/3312 letöltve: 
2023. 12. 21. DOI: https://doi.org/10.3390/su12083312

A. SHARIF – S.A. RAZA – I. OZTURK – S. AFSHAN (2019): 
The dynamic relationship of renewable and nonrenewable 
energy consumption with carbon emission: a global study 
with the application of heterogeneous panel estimations. 
Renew Energy, 133 (2019), pp. 685-691, link: https://www.
sciencedirect.com/science/article/pii/S0960148118312369 
letöltve: 2023. 12. 21. DOI: https://doi.org/10.1016/j.rene-
ne.2018.10.052

SHYLA, DEL-AGUILA-ARCENTALES – ALDO, ALVA-
REZ-RISCO – JAIME, A. YÁÑEZ (2023): Innovation and its 
effects on compliance with Sustainable Development Goals 
and competitiveness in European Union countries. Journal 
of Open Innovation: Technology, Market, and Complexity. Volu-
me 9, Issue 3. link: https://www.sciencedirect.com/science/
article/pii/S2199853123002299 letöltve: 2023. 12. 21. DOI: 
https://doi.org/10.1016/j.joitmc.2023.100127

SOLARIN, S.A. – AL-MULALI, U. – OZTURK, I. (2017): Vali-
dating the environmental kuznets curve hypothesis in India 
and China: The role of hydroelectricity consumption Renew. 
Sustain. Energy Rev., 80, pp. 1578-1587. link: https://www.
sciencedirect.com/science/article/pii/S1364032117310973 
letöltve: 2023. 12. 21. DOI: https://doi.org/10.1016/j.
rser.2017.07.028

SOLOW, R. M. (1956): A Contribution to the Theory of Econo-
mic Growth, Quarterly Journal of Economics 70, 65–94.

TODARO, M. P. (1997), Economic Development.(6th ed.). New 
York: Longman, (Chapter 4).

TÖRÖK, LÁSZLÓ (2023): Ambivalent changes in the corre-
lation of energy consumption and economic growth in the 
member states of the European Union (2010–2019), Heliyon, 
Volume 9, Issue 3, link: https://www.sciencedirect.com/sci-
ence/article/pii/S2405844023017577 letöltve: 2023. 12. 21. 
DOI: https://doi.org/10.1016/j.heliyon.2023.e14550

USAMA, AL-MULALI – CHE, NORMEE BINTI CHE SAB 
(2012): The impact of energy consumption and CO2 emis-
sion on the economic growth and financial development in 



Articles, studies

CONTROLLER INFO

8 2023. SPECIAL ISSUE 2

the Sub Saharan African countries, Energy, Volume 39, Issue 
1, Pages 180-186. link: https://www.sciencedirect.com/sci-
ence/article/pii/S0360544212000370 letöltve: 2023. 12. 21. 
DOI: https://doi.org/10.1016/j.energy.2012.01.032

VINCENZO, BIANCO – FURIO, CASCETTA – SERGIO, 
NARDINI (2024): Analysis of the carbon emissions trend 
in European Union. A  decomposition and decoupling 
approach, Science of The Total Environment, Volume 909. 
link: https://www.sciencedirect.com/science/article/pii/
S0048969723071565#bb0100 letöltve: 2023. 12. 21. DOI: htt-
ps://doi.org/10.1016/j.scitotenv.2023.168528

XIANG, CAI – BANGZHU, ZHU – HAIJING, ZHANG – LI-
ANG, LI – MEIYING, XIE (2020): Can direct environmen-
tal regulation promote green technology innovation in 
heavily polluting industries? Evidence from Chinese listed 
companies. Science of The Total Environment, Volume 746. 
link: https://www.sciencedirect.com/science/article/pii/
S0048969720343345 letöltve: 2023. 12. 21. DOI: https://doi.
org/10.1016/j.scitotenv.2020.140810

XIAOBING, ZHAO – MASON, GERETY – NICOLAI, V. KU-
MINOFF (2018): Revisiting the temperature-economic 
growth relationship using global subnational data, Journal 
of Environmental Management, Volume 223, Pages 537-544, 
link: https://www.sciencedirect.com/science/article/pii/
S0301479718306649 letöltve: 2023. 12. 21. DOI: https://doi.
org/10.1016/j.jenvman.2018.06.022

XIE, G. – CUI, Z. – REN, S. ET AL. (2023): Pathways to car-
bon neutrality: how do government corruption and resour-
ce misallocation affect carbon emissions? Environ Sci Pollut 
Res 30, 40283–40297. link: https://link.springer.com/artic-
le/10.1007/s11356-023-25179-2#citeas letöltve: 2023. 12. 21. 
DOI: https://doi.org/10.1007/s11356-023-25179-2

YIFEI, CAI – CHUNG, YAN SAM – TSANGYAO, CHANG 
(2018): Nexus between clean energy consumption, econo-

mic growth and CO2 emissions, Journal of Cleaner Producti-
on, Volume 182, Pages 1001-1011. link: https://www.science-
direct.com/science/article/pii/S095965261830341X#bib7 
letöltve: 2023. 12. 21. DOI: https://doi.org/10.1016/j.jc-
lepro.2018.02.035

YUNFENG, SHANG – DING, HAN – GIRAY, GOZGOR – 
MANTU, KUMAR MAHALIK – BIMAL, KISHORE SA-
HOO (2022): The impact of climate policy uncertainty on 
renewable and non-renewable energy demand in the Uni-
ted States, Renewable Energy, Volume 197, Pages 654-667, 
link: https://www.sciencedirect.com/science/article/pii/
S0960148122011363 letöltve: 2023. 12. 21. DOI: https://doi.
org/10.1016/j.renene.2022.07.159

ZAKARIA, ZOUNDI (2017): CO2 emissions, renewable energy 
and the Environmental Kuznets Curve, a panel cointegration 
approach. Renewable and Sustainable Energy Reviews. Volume 
72, May, Pages 1067-1075. link: https://www.sciencedirect.
com/science/article/pii/S1364032116306682 letöltve: 2023. 
12. 21. DOI: https://doi.org/10.1016/j.rser.2016.10.018

ZHANG, TAO – ZHIXIANG, REN – YADI, CHEN – XIAOYUE, 
HUANG – XIAOJUN, LIU (2023): Pathway to sustainable 
economic growth: Linkage among energy consumption, car-
bon emissions, climate change and technological innovation, 
Energy Strategy Reviews, Volume 50. link: https://www.scien-
cedirect.com/science/article/pii/S2211467X23002031#fig1 
letöltve: 2023. 12. 21. DOI: https://doi.org/10.1016/j.
esr.2023.101253

ZHEMING, YAN – ZAO, SUN – RUI, SHI – MINJUAN, ZHAO 
(2023): Smart city and green development: Empirical evi-
dence from the perspective of green technological innova-
tion, Technological Forecasting and Social Change, Volume 191, 
link: https://www.sciencedirect.com/science/article/pii/
S0040162523001920?via%3Dihub letöltve: 2023. 12. 21. DOI: 
https://doi.org/10.1016/j.techfore.2023.122507




