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Abstract: This study examines the impact of banking sector development, economic
growth, energy consumption, and renewable energy consumption on environmental
quality (CO2 emissions) and sustainability-oriented policy design in 26 OECD coun-
tries over the period 2001-2021. Utilizing robust econometric techniques for panel
data, including LLC/IPS unit root tests, Pedroni/Kao cointegration, FMOLS/DOLS
estimations, and Dumitrescu-Hurlin (2012) causality tests, this study aims to clarify
the environmental role of the financial system. The empirical findings demonstrate
that banking sector development and renewable energy consumption significantly re-
duce CO?2 emissions, while economic growth leads to an increase in emissions. Fur-
thermore, the causality analysis reveals a bidirectional relationship between banking
sector development, renewable energy, and CO2 emissions. The study s 20-year scope
and robust methodology enhance its credibility. Its main contribution lies in revealing
the environmental benefits of financial development—an underexplored topic offering
valuable insights for green growth and sustainability-oriented policy design. These
findings suggest that policymakers should promote green credit allocation and inte-
grate ESG frameworks into banking regulations to accelerate the transition to sustain-
able energy.
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INTRODULTION

The OECD is an international organization comprised of countries with
high economic development and democratic principles. It consists of 38 member
states, including the EU, the US, Canada, Japan, South Korea, Sweden, and Tur-
key (OECD, 2025). These countries, possessing vast energy resources, play a
dominant role in global energy dynamics, with the power to regulate global mar-
ket stability and influence energy security (Umar and Safi, 2023). However, this
critical role also necessitates the diversification of economies and the fight against
environmental challenges such as climate change. Financial development plays a
significant role in this pursuit of sustainability (OECD, 2020; Shahbaz et al., 2023;
Ganda, 2019).

Although green environmental policies have become a rising trend in the
last decade, global carbon emissions continue to increase (Shahbaz et al., 2018;
Haug and Ucal, 2019). In OECD countries, the average per capita CO2 emissions
for 2023 are reported to be approximately 6.43 metric tons (Umar and Safi, 2023;
Ganda, 2019). IEA reports also confirm that this upward trend continues (IEA,
2025). Environmental economists attribute this negative trend to policy failures
and the exploitation of resources by industrial sectors while disregarding green
sustainability (Ren et al., 2022). Environmental degradation is more pronounced
in developing economies due to low technological advancement and lack of leg-
islation (Adams and Klobodu, 2018). In this process, the banking sector, one of
the most important actors in the financial system, can promote environmental
sustainability by directing capital flows (Ahad et al., 2019). Environmentally sen-
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sitive green financing practices contribute to protecting environmental quality,
while policies that do not take these dynamics into account can finance activities
that harm the environment. Therefore, systematically examining the relationship
between banking development and environmental quality is critical for aligning
the financial system with the Sustainable Development Goals (Acheampong,
2019; Yang et al., 2021).

Operating with this perspective, OECD countries are using the banking
sector as a tool to develop environmental policies (Samour et al., 2022; Umar and
Safi, 2023). Many strategic practices have been implemented in member states to
this end. For instance, under the European Green Deal, climate risks have become
a key criterion in credit allocation. The EBA has developed sustainability stand-
ards, and the German KfW Bank offers low-interest loans to low-carbon projects
(KfW Bank, 2025). In France and Canada, the Banque de France is conducting
stress tests for climate risks (OECD, 2018), while the Bank of Canada is con-
ducting a "Climate Scenario Analysis" to measure financial stability (BoC, 2025).
Similarly, in the US and Japan, JPMorgan Chase has committed $2.5 trillion in
financing for climate initiatives, and the Bank of Japan (BoJ) has launched a
low-interest loan program for green investments (World Bank, 2016, 2018; BoJ,
2025). Furthermore, South Korea restructured its banking sector with the "Korean
Green New Deal" (Korea's GND, 2020), while the Swedish Central Bank re-
moved carbon-intensive sector bonds from its reserves (WCED, 1987; Riksbank,
2020). The OECD's "Green Finance and Investment Centre" also promotes in-
formation sharing and the development of environmentally friendly financial
products among member countries (OECD, 2020). For clarity, these practices
across the OECD are visualized in Table 2.

Tahle 2. Banking sector pracrices towards sustainable envirenmental guality in OCCD countrises
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This study examines the impact of the banking sector on environmental
sustainability (CO2) using data from 26 OECD countries for the period
2001-2021 (OECD, 2020). Stationarity of the series was investigated using LLC
and PP tests, long-term relationships using Pedroni and Kao cointegration tests;
coefficients were estimated using FMOLS and DOLS methods. Causality between
variables was analyzed using the Dumitrescu—Hurlin test. According to the
FMOLS and DOLS results, the development of the banking sector and renewable
energy consumption significantly reduce CO2 emissions, while economic growth
leads to an increase in emissions. Causality analysis reveals a bidirectional rela-
tionship between banking sector development, renewable energy, and CO2 emis-
sions. In conclusion, the study empirically demonstrates that a mature banking
structure is a critical driving force in carbon reduction in OECD countries.

LITERATURE BACKGROUND

The Impact of the Banking Sactor on Environmental Quality and

Sustainable Financial Development

In academic literature, the role of the banking sector on environmental
quality is a complex area explained by two fundamental opposing mechanisms.
First, the "scale effect" argues that financial development stimulates economic
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activity, increasing energy consumption and exacerbating environmental
degradation. Sadorsky (2010) supported this view by confirming, in a panel data
analysis of 22 developing countries, that financial development, as measured by
banking and equity indicators, significantly increased energy consumption.
Similarly, a quantile regression analysis by Radulescu et al. (2022) revealed that a
1% expansion in the banking sector in OECD countries increased the ecological
footprint due to the flow of resources to carbon-intensive sectors. Second, the
"technical and structural effect" argues that the financial system improves
environmental quality by directing capital to efficient projects, financing
technological innovations, and promoting green investments.

Proponents of this view include Tamazian et al. (2009), who empirically
demonstrated in their study of BRIC countries that a well-functioning banking
sector reduces CO2 emissions by facilitating technology transfer and financing
energy-efficient projects. This study aims to determine whether economies of scale
or technical effects are more dominant in the context of OECD countries. Current
literature emphasizes the critical role of the banking sector in structuring
sustainable development and environmental quality in OECD countries, where
economic development and regulatory policies converge to shape green activities
(Halkos and Polemis, 2017; Li and Ayub, 2025).

The Relationship Between Banking Sector Development and Sustaina-

ble Environmental Quality in OECD Countries

Effective banking practices can both accelerate and hinder environmental
progress depending on their strategic orientations. Consequently, banking
institutions in OECD countries are increasingly recognized as critical structures
capable of mobilizing resources for sustainable infrastructure, driven by a complex
interplay of risk management and technological innovation (Halkos and Polemis,
2017; Wang et al., 2023; Li and Ayub, 2025).

The expansion of the banking sector affects environmental outcomes by
creating resources for both traditional and green investments. For example, using
quantile regression, Radulescu et al. (2022) provide empirical evidence that 1%
growth in the banking sector is associated with an increase in ecological footprint
in OECD countries. This finding shows that misguided banking sector develop-
ment can worsen environmental degradation. On the other hand, a strong banking
system can direct funds to renewable energy projects and clean technology in-
vestments. Beka and Abazi-Alili (2024) showed that the increase in banking per-
formance, measured by financial stability and return on assets, in OECD countries
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is positively correlated with renewable energy consumption. Furthermore, as dis-
cussed by Aras and Kazak (2022) and Shabir et al. (2024), banks integrating en-
vironmental, social, and governance (ESG) practices into their lending decisions
are more likely to support sustainable projects. Including ESG criteria in lending
processes mitigates the negative effects of uncontrolled credit expansion. Banks'
interest in ESG criteria stems from a sense of corporate social responsibility, as
well as the need to manage physical risks related to climate change and transition
risks to the devaluation of fossil fuel assets (Bolton et al., 2020).

The effects of the banking sector are also evident in the real economy. In
OECD countries, there is a long-term interdependence between the banking sector
and the real sector, and financed activities can cause positive or negative envi-
ronmental externalities (Sendeniz-Yuncu et al., 2008). Increased credit flows to
carbon-intensive industries lead to high emissions (Radulescu et al., 2022), while
a transition to sustainable development may be possible when banks prioritize
green technology and are supported by effective ESG frameworks (Aras and Ka-
zak, 2022; Shabir et al., 2024). The effects of the banking sector cannot be con-
sidered independently from the economic growth dynamics explained by the En-
vironmental Kuznets Curve (EKC) hypothesis. Formulated by Grossman and
Krueger (1995), this hypothesis suggests that growth initially increases environ-
mental degradation, but after a certain income level, structural change and envi-
ronmental awareness lead to improvements in environmental quality. However,
the validity of the EKC hypothesis is debatable; many studies, even in OECD
countries, have shown that a monotonically increasing relationship has been
found between economic growth and emissions (Apergis and Payne, 2010; Aper-
gis and Ozturk, 2015; Acheampong, 2019).

At this point, financial development can "flatten" the EKC curve by fi-
nancing technological innovations and initiating environmental improvements at
lower income levels (Tamazian et al., 2009; Zhang, 2011). Shahbaz et al. (2013)
showed that in the case of Malaysia, financial development can alter the EKC
model with investments that increase energy efficiency. Dang and Dang (2019)
emphasize that improving environmental quality requires coordinated policy
measures that target resource efficiency while reducing pollution. This shows that
the impact of banking sector development depends on institutional frameworks.
Therefore, policymakers in OECD countries should consider regulatory reforms
aimed at aligning banking practices with goals such as tax incentives that en-
courage green loans.

At the heart of environmental quality discussion lies the structure of energy
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consumption. Dogan and Seker (2016), in their panel analysis of EU countries,
showed that a 1% increase in non-renewable energy consumption increased CO2
emissions by 0.32%, while a 1% increase in renewable energy consumption re-
duced emissions by 0.16%. Renewable energy projects are dependent on external
financing due to high initial investment costs. Empirical studies by Ren et al.
(2022) and Mehmood (2023) demonstrate that banking sector development di-
rectly encourages investment in renewable energy projects by providing low-cost,
long-term loans and facilitates the achievement of emission reduction targets.

The literature shows that the banking sector plays a key role in achieving
the Sustainable Development Goals in OECD countries, and that this effect de-
pends on credit quality. Creating regulatory frameworks that encourage green in-
vestments in banking (e.g., climate stress tests) can be a significant catalyst in
reducing the environmental costs of growth and accelerating the transition to re-
newable energy. Therefore, the relationship between banking development and
environmental quality, along with economic growth, total energy consumption,
and renewable energy dynamics, should be evaluated within a multidimensional

framework. This study aims to fill precisely this gap.

METHODOLOGY

Data and Research Model

This section examines the relationship between banking sector develop-
ment, economic growth, energy use, renewable energy consumption, and CO2
emissions across 26 OECD member countries over the period 2001-2021. To
form a balanced panel dataset and empirically analyze the impacts of financial
development and economic growth on carbon emissions, the baseline econometric
model is formulated in logarithmic form, following the frameworks of Samour et
al. (2022) and Mehmood (2023). The mathematical formulation of the baseline
model is presented in Equation (1), and its conceptual framework is illustrated in
Figure 1.

InC02; = By + BinBANK; + BolnGDPPCy + By MENU + By lnRENE+ & (1)
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EMPIRICAL RESEASCH MODEL: BANKING SECTOR AND ENVIRONMENTAL QUALITY IN OECD COUNTRIES (2008-2021)

INDEPENDENT VARIRSLES

| Damessc craat 0 private sectar ]
- et DEPENDENT VARIAZLE

oS o
" ECONOMIC GROWTH dWI
(GOPPC) «
GOP per capla jcorsast 2019 USH | Paw ADLS
Festve Coevoey LIS OOLE o [} 1

() /®
e @F =

Figure 1. Research Model
Source: authors

The natural logarithm of all variables in the model has been taken. /nCO2, repre-

senting environmental quality, is carbon dioxide emissions per capita; (nBANK,

representing banking sector development, is the domestic credit to the private

sector by banks; /nGDPPC, representing economic growth, is GDP per capita. As

control variables, /nENU represents total energy use, /nRENE represents renewa-

ble energy consumption, and 4 ¢ represents the error term. Detailed information

about the variables is presented in Table 3.
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Methodologically, the study first examines the stationarity of the variables
using the Levin et al. (2002) and Im et al. (2003) panel unit root tests. Following
the stationarity analysis, the cointegration relationship among the series is tested
using the Pedroni and Kao cointegration methods. Furthermore, the cointegration
coefficients and their direction are analyzed using the FMOLS (Fully Modified
Ordinary Least Squares) method developed by Pedroni (2000) and the DOLS
(Dynamic Ordinary Least Squares) method developed by Stock and Watson
(1993). Finally, the causal relationship between the variables is investigated with
the Dumitrescu-Hurlin (2012) panel causality test.

Initially, the Levin et al. (2002) and Im et al. (2003) panel unit root tests are
used to determine the stationarity of the series. The LLC test is one of the signifi-
cant tests that examines the common unit root process in panel data sets. The as-
sumption of a common autoregressive coefficient () for all cross-sectional units
increases the power of the test, but it can be restrictive due to its homogeneity
assumption. It has been reported that the test can be applied in models with a con-
stant, a constant and trend, or with a constant and lagged differences (Baltagi,
2005). The equation for the LLC panel unit root test is expressed as follows:

Ay = "I-F}"lt—l + .Ef.[ II-:"l|J'.-":"..'|"'|E|.‘—J'. 00 gy + Eqe, m= 123 ()

The HO hypothesis of the LLC test is "there is a unit root in the panel," while
the alternative hypothesis H1 is "there is no unit root in the panel." The IPS test, the
second unit root test applied to the model, allows for different autoregressive co-
efficients in individual cross-sections. In this test, where the ADF test is applied
separately for each cross-section, the test statistic is generated by taking the average
of these results. The equation for the /PS panel unit root test is as follows:

Ayre = oy + pr¥ie-1 + 8 Q)

The HO hypothesis of the more flexible /PS panel unit root test is "all series
have a unit root," whereas the H1 hypothesis posits the assumption that "some
series are stationary." The Pedroni cointegration test, applied to perform cointe-
gration analysis in panel data, presents seven different test statistics (Pedroni,
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2004). These tests include both group and panel statistics. Allowing for heteroge-

neous cointegration vectors is considered a strength of the method. The formulas

for the test are presented in Table 4. The Kao cointegration test is a test with the

same approach as the Pedroni test (Pedroni, 1999). Proposing DF and ADF-type

tests to examine the cointegration relationship, the Kao test is frequently used due

to its simple structure.

Table 4, Pedroni cointegraticon test statistics

(Within-dimension]
3 Pames| Tl.'i'j".lzr_-.- = TiN? |:EI'-:I H—l 'I-'I;:II '-"I!.:—J.::"l
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[
1 Panvel t-statis- Ty = (o DL Bl LT el )
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ich
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Source; authors

To analyze the cointegration coefficients of the dependent and independent
variables in the model, the FMOLS (Fully Modified Ordinary Least Squares)
method developed by Pedroni (2000) is used. This method offers the ability to
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estimate coefficients accurately and without bias when a cointegration relationship
exists in panel data. Its strengths are particularly noted in its ability to correct for
serial correlation and endogeneity problems between the error terms and explana-
tory variables. The panel regression model on which the FMOLS method is based is
as follows:

Uie = o + Bxpe+ pye Xip = Kijpy + “4)

In the equations, y_it represents the dependent variable, x_it the independent
variable, o_i the constant term, and u_if the error term. In this model, both x_if and
y_it are I(1) processes and are cointegrated. Pedroni (2001) applied the FMOLS
method to panel data. The extended equation for the panel is as follows:

Bape = N"LEL Brur (5

In Equation 5, f_(FM,i)™* represents the cointegration coefficients obtained

from the FMOLS estimation for each cross-section. Additionally, the t-statistics
for the group-mean panel FMOLS method are derived from the statistics of the

cointegration coefficient obtained from the FMOLS estimation for each individual
cross-section. The calculation of these t-statistics is performed as follows:

- =152
e ™ N El'lrﬂi‘ﬁa‘.: ©)

In the equation, ¢ (B~ (FM,i)"* ) represents the t-statistic for the cointegra-
tion coefficient obtained for each cross-section included in the panel (Nazlioglu,
2010).

The Dumitrescu-Hurlin (2012) Panel Granger causality test, frequently
used to investigate causality in panel data studies, calculates average statistics by
performing individual Granger tests for each unit. The advantages of this method
include its applicability in cases where the time dimension is larger than the
cross-sectional dimension (T > N) as well as when the cross-sectional dimension
is larger than the time dimension (N > T). The model, which analyzes the causali-
ty relationship between stationary series, is as follows (Dumitrescu and Hurlin,
2012):

Y = oy + E’:.lﬁ[k]ﬂr:-x '['E:.Lﬁ?,-[k:'-rrr-k + € (7)

The HO hypothesis of the test is "there is no Granger causality from x to y,"
while the alternative hypothesis H1 is "there is Granger causality from x to y." In
this model, which has a heterogeneous structure, the null hypothesis assumes ho-



A. Selcuk Koyluoglu, et al.
760 THE IMPACT OF BANKING SECTOR DEVELOPMENT ON SUSTAINABLE ENVIRONMENTAL QUALITY: APPLICATION OF OECD COUNTRIES

mogeneity of the results, whereas the alternative hypothesis allows for heteroge-
neity. It is also noted that the stationarity of the series is important for the applica-
tion of the test (Celik and Unsur, 2020).

RESULTS

This section of the study presents the results from the analysis methods ap-
plied to the model constructed to explain the relationship between CO2 emissions,
banking sector development, economic growth, energy use, and renewable energy
consumption in OECD member countries. Before presenting the findings, de-
scriptive statistics for the dependent and independent variables that constitute the
model are presented in Table 5. Upon examining the descriptive statistics in Table
5, it is seen that the maximum logarithmic value of 8.680 for the /nCO2 emissions
variable occurred in the USA in 2004 with 5,888.17 MT COZ2e. The minimum
logarithmic value of 1.084 was observed in Iceland in 2001 with 2.959 MT CO2e.
For the InBANK variable, which indicates banking sector development, the highest
logarithmic value of 5.718 was in Iceland in 2006 with 304.575 (% of GDP), while
the minimum value of 2.401 was recorded in Mexico in 2001 with 11.087 (% of
GDP). For the InGDPPC variable, the maximum logarithmic value of 11.453 was
in Ireland in 2021 with $94,184, and the minimum logarithmic value of 8.299 was
in Colombia in 2001 with $4,020. The maximum logarithmic value of 9.809 for the
InENU variable was observed in Iceland in 2013 with 18,212 kg of oil equivalent
per capita.

Table 5. Descriptive statistics far the variables

Variables InCO2 InBANK InGDPPC InENU InRENE
Mean 48641 4349 10211 8085 2624
Median 4603 A4 10463 8175 2653
Maximum 8.680 5718 11453 9.809 4417
Minirmurm 1.084 24 8259 6418 0355
Std. ey, 1545 0573 a3 0631 0985
Skewsnass 0.044 Q.91 0728 Q.11 0s20
Kurtosis i3a7 1698 2538 1p73 1044
Qhservations 2464 2414 =6 2416 2464

Source; alithors

In panel data analyses, stationarity of the series is necessary to obtain reliable
results. Accordingly, the stationarity of the series must be tested to establish a
significant relationship and achieve accurate results. The results of the Levin et al.,
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(2002) and Im et al., (2003) panel unit root tests, which are frequently used
methods in panel data analysis, are shown in Table 6.

Table 6. Panel unit root test results

LLC IPS

Level With constant and trend

t- statistic Prob. t- statistic Prob.
InCG2 1.645* 0.o4ag 1.145 0124
InEAME 2227 oma3 0288 0385
InGOPRL 2120 oor 1 12nxe (L
InCHU SoE 1 EE 0.0G0 S.012%x 0000
InRCME 1.845" 003 0043 019
First Difference
AINCG2 SAFgRes Q000 B gaqres Q000
BlRBAMNE 13,3487 0.0G0 QGG 0.0G0
&lnGoPPL 1378 %= 0.0G0 12526% 0.0G0
&lRCML 15,034%%s 0.0G0 15.055% 0.0G0
AREMC 18,066 0.0G0 16,17 3%*+ 0.0G0

Maote: A indicates the first difference of the series, *** and ** denote significonce at the 1% and
5% levals, respectively

Source: alithors

When the results of the unit root tests are examined, it is observed that in
both test results, the /nGDPPC and [nENU variables are stationary at the level,
while the other variables have a unit root at the level. However, after applying the
first difference, it is determined that all variables become stationary according to
both the LLC and /PS unit root test results.

Table 7. Panel caintegration test results

e i With Constant (Mo Trend) Weighted

tegration Test t- statistic Prob. t-statistic Frob.
Fanel v statistic 1.078 0140 0248 0598
Fanel rho statistic 0573 0&3s 0.782 0.782
Fanel PP statistic RS i 0.0G0 3367 0.0G0

Panel ADF statistic A2 EEA 0.020 40735 0.020
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Group rhg sbatistic 27587 0097
Garoup PP stakistic FAR | Q000
Group ADF sratistic S PR 0.000
Kao Panel Cointe-

) t- statistic Prob.
gration Test
ALF 2.hpared 0005

Mote: *** denotes significonce at the 1% level

Sowrce: althors

After determining the stationarity of the series, the cointegration relationship
among them was examined using the Pedroni and Kao cointegration tests. In the
results of the Pedroni cointegration test shown in Table 7, the null hypothesis is
rejected at the 1% significance level in two of the four panel tests, indicating the
existence of a cointegration relationship. The Group PP and Group ADF statistics
from the Pedroni method's Group tests are also statistically significant at the 1%
level. The results of the Kao cointegration test, the second cointegration test ap-
plied to verify the analysis, also confirm the presence of a cointegration relation-
ship.

The coefficient and direction of the cointegration relationship obtained from
the Pedroni and Kao tests were analyzed using FMOLS and DOLS estimators, and

the results are presented in Table 8.

Table 8. Coefficient estimation test results

Modd  [nC02, = By + B IMBANK, + B-InGDPPC, + Py MENT, + B, InRENE,+ 1,

FMOLS
Wariable InBARNK InGIPPC InEMLY InREME
Coefficiemt Prob.  Coefficient Prob.  Coefficiest Prob.  Coefficient  Prob.
Fane LT 2R 0000 11855 L] 245 0000 -[LEggee QL
DOLS
Wariable ImBANK InGIPFC InEMU InREME
" Coefficient Prob. Coefficient Prob. Coefficient Prob.  Coefficient  Prob.

ALGR5* 0000 1.2G7ee* D] -1.307=+ 0000 -1.370 OLOH

Mote: *** denotes significance at the 1% level
Sowrce: authors
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The results of the coefficient estimation tests applied to the model are shown
in Table 8. According to these results, it is understood that the outcomes from the
FMOLS and DOLS methods are consistent. When the results are examined, both
tests show that banking sector development (/nBANK) has a statistically significant
and negative effect on CO2 emissions. This result indicates that banking sector
development contributes positively to the reduction of environmental pollution.
Furthermore, the results reveal that energy use (InENU) and renewable energy
consumption (/nRENE) also have a reducing effect on CO2 emissions. Finally, the
results suggest that for the 26 OECD member countries, economic growth (/nG-

DPPC) has a positive impact on environmental pollution.

After examining the cointegration relationship between the variables, the causal
relationship was analyzed using the Dumitrescu-Hurlin (2012) causality test.

Table 9. Dumitrescu-Hurlin panel causality test results

Wald 5ta-  I-bar Statis-

Null (H:) Hipotez o i Prob,
InBANK + InCD2 4, QR 4,504 (L0
InCOZ + InBANK 5.835% L (L0
InGDPPC - InCO2 15559 G (L0
InCoZ - InGDPPC 2585 L6dh (642
InENU = [nC02 475" .08 0035
InCOZ + InENU 4,439 3889 D000
INRENE = InCO2 FRC T 10,355 (L0
InCOZ - InRENE 4,480 3964 (L0

*Note: **, = aond * denode significance of the 15, 5%, and 10% levels, respectively
Sowrce: authors

Examining Table 9, which contains the results of the Dumitrescu-Hurlin
(2012) panel causality method, a bidirectional causality is found between banking
sector development and CO2 emissions. Other results in the table show a bidirec-
tional relationship between energy use, renewable energy consumption, and CO2
emissions, and the null hypothesis is rejected. Another finding reveals a unidirec-

tional causality relationship from economic growth to CO2 emissions.
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DISCUSSION

This study examines the impact of banking sector development on CO2
emissions in OECD countries for the 2001-2021 period, using modern panel data
techniques. The findings provide significant contributions to the core debates in the
literature regarding the environmental role of the banking sector. The most im-
portant result of the study is that the development of the banking sector signifi-
cantly reduces CO2 emissions. This indicates that banks in OECD countries are
undertaking a role that improves environmental quality by directing their resources
toward green technologies and sustainable projects rather than carbon-intensive
sectors. This finding confirms the real-economy impact of sustainability-focused
practices, such as Environmental, Social, and Governance (ESG) criteria.

Other findings show that economic growth increases emissions, while re-
newable energy consumption decreases them. The causality analysis revealed a
bidirectional feedback mechanism between banking development and CO2 emis-
sions, and a unidirectional relationship from economic growth to emissions. A
significant consistency in the findings can be observed when comparing the results
with studies in the literature. The most striking finding of this study is that banking
sector development (InBANK) has a negative and significant effect on CO2 emis-
sions. This finding suggests that the banking sector in OECD countries plays a role
in enhancing environmental quality by directing funds towards green technology
and sustainable projects rather than carbon-intensive industries. These findings are
supported by the works of Aras and Kazak (2022) and Shabir et al. (2024), who
suggest that banks that adopt ESG criteria in their lending practices successfully
reduce the ecological footprint. This suggests that the “green banking” mechanism
may be more dominant in the OECD, which is contrary to the finding by Radulescu
et al. (2022) that banking expansion increases the ecological footprint. Subse-
quently, the fact that economic growth (InGDPPC) increases CO2 emissions is
consistent with arguments within the framework of the Environmental Kuznets
Curve (EKC) hypothesis.

This result suggests that OECD countries as a panel have not yet fully tran-
sitioned to a growth path that reduces emissions and are in the increasing segment
of the EKC during the period under review. This finding is consistent with studies
by Acheampong (2019) and Apergis and Ozturk (2015) questioning the validity of
the EKC hypothesis for CO2 or finding that the turning point occurs at high income
levels. Finally, consistent with expectations, the fact that renewable energy con-
sumption (INRENE) reduces emissions confirms a broad consensus in the literature
(Samour et al., 2022; Mehmood, 2023). This result is consistent with studies
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showing a reciprocal causal relationship between banking growth, energy con-
sumption, and CO2 emissions like Shahbaz et al., 2013; Al-Mulali et al., 2015, who
find a mutual feedback mechanism between financial development, energy con-
sumption, and environmental degradation. On the other hand, our results are in-

consistent with studies (e.g., Sadorsky, 2010) that only find a unidirectional effect
between financial development and emissions. In particular, the reciprocal causal

relationship between banking development and CO2 emissions suggests that these
two variables influence each other. While the banking industry influences envi-
ronmental quality through financial decisions (InBANK — InCO2), increasing
environmental concerns and regulations also influence banking practices (e.g.,
adoption of ESG standards) (InCO2 — InBANK). The unidirectional causal rela-
tionship between economic growth and emissions (InGDPPC — InCO2) supports
the "growth-related emissions" hypothesis proposed in the literature and confirms
that economic activity is the primary driver of environmental degradation. The lack
of a causal relationship between CO2 emissions and economic growth can be ex-
plained by the fact that environmental policies implemented in OECD countries
during the study period did not statistically significantly hinder economic growth.

CONCLUSION

This study examines the impact of banking sector development, economic
growth, energy use, and renewable energy consumption on CO2 emissions in 26
OECD countries over the period 2001-2021. Utilizing panel data econometric
techniques, including Pedroni and Kao cointegration tests, FMOLS and DOLS
estimators, and Dumitrescu-Hurlin causality tests, the results reveal that banking
sector development and renewable energy consumption significantly reduce CO2
emissions, whereas economic growth increases them. Furthermore, the causality
analysis confirms bidirectional relationships between banking development, re-
newable energy consumption, and CO2 emissions.

These findings indicate that the banking sector in OECD countries contrib-
utes to environmental quality through a “technical and structural effect,” suggest-
ing that financial development can support the transition toward sustainable in-
vestment rather than carbon-intensive activities. This finding also highlights the
potential real-economy effects of sustainability-oriented practices, including ESG
integration. For policymakers, the results emphasize the importance of leveraging
the financial system as a catalyst for the green transition. Strengthening regulatory
tools such as climate stress testing, providing tax incentives for green investments,
and integrating ESG criteria into banking regulations may help align financial



A. Selcuk Koyluoglu, etal.
766 THE IMPACT OF BANKING SECTOR DEVELOPMENT ON SUSTAINABLE ENVIRONMENTAL QUALITY: APPLICATION OF OECD COUNTRIES

development with environmental objectives and reduce the environmental costs of
economic growth.

While this study provides empirical evidence on the banking-environment
nexus, its focus on OECD countries represents a limitation. Future research should
include developing and emerging economies to enable comparative analysis and
incorporate micro-level banking data to examine how specific financial instru-
ments influence environmental sustainability. Overall, the findings suggest that a
well-regulated and sustainability-oriented banking sector can play an important
role in supporting the transition toward a low-carbon economy.
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