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Abstract
[bookmark: _Hlk235602326]This study examines the effect of green credit and Non-Performing Loans (NPL) on Return on Assets (ROA) and investigates the moderating role of bank size in these relationships among conventional commercial banks. Using a quantitative explanatory approach, this study analyses secondary data from audited financial statements and sustainability reports of 41 Indonesia Stock Exchange (IDX) listed conventional commercial banks during 2021-2024, resulting in 164 panel observations. Data were analysed using fixed-effects panel regression with mean-centered Moderated Regression Analysis (MRA). The findings show that green credit has a positive but weak effect on ROA, while NPL has no significant effect under stable post-pandemic credit conditions. Bank size moderates the green credit-ROA relationship, indicating that the profitability benefits of green lending are stronger among smaller banks and decrease as bank size increases. However, bank size does not moderate the NPL-ROA relationship. The profitability impact of sustainable financing depends on bank scale, suggesting that green credit strategies generate different outcomes across banks of different sizes. This study is limited to IDX-listed conventional commercial banks and covers a four-year observation period. This study provides empirical evidence for bank managers and regulators to design green-credit strategies by considering bank size, as smaller banks appear to obtain greater profitability benefits from sustainable lending.
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1. INTRODUCTION
The banking sector occupies a strategic position in the architecture of a country's financial system. Beyond performing the intermediation function between surplus parties and parties requiring financing, banking also serves as a catalyst for national economic growth and a transmission channel for monetary policy. In this position, profitability is not merely a measure of commercial success, but a reflection of the bank's ability to maintain public trust and to accumulate capital to support the expansion of its intermediation function. Bank profitability is commonly proxied by Return on Assets (ROA) because this ratio measures management's effectiveness in generating profit from total assets without being distorted by differences in capital structure across banks (Puspita, Yahya, Adha, & Juliandari, 2025; Riyanti, Wulandari, Prijadi, & Tortosa-Ausina, 2025).
The dynamics of Indonesian banking profitability during the 2021-2024 period reveal an interesting phenomenon worth examining. Based on Indonesian Banking Statistics, the average ROA of conventional commercial banks moved from 1.85% in 2021 to 2.45% in 2022, peaking at 2.78% in 2023, before correcting to 2.72% in 2024. At the same time, the global sustainable development agenda through the Sustainable Development Goals (SDGs) 2030 and the Paris Agreement encourages the financial sector to channel investment flows toward a low-carbon economy (Mirza, Afzal, Umar, & Skare, 2023). Akomea-Frimpong, Adeabah, Ofosu, and Tenakwah (2022) emphasize that banks now play a central role in financing the transition toward a low-carbon economy through green credit instruments, financial-system alignment with sustainability goals can be an important driver of long-term productive investment. The expansion of green-bond and green-credit markets in emerging economies, as documented by Anh Tu, Sarker, and Rasoulinezhad (2020), further illustrates how sustainable finance has evolved from a peripheral concern into a core pillar of contemporary banking strategy. Kashif, Pinglu, Ullah, and Qian (2025) and Park and Kim (2020) confirm that green finance instruments have become a structural feature of bank balance sheets across both developed and developing economies. In Indonesia, this mandate is translated through Peraturan Otoritas Jasa Keunagan (POJK) No. 51/POJK.03/2017 on the Implementation of Sustainable Finance, which obliges financial-services institutions to integrate Environmental, Social, and Governance (ESG) aspects into their operational activities (Riyanti et al., 2025; Sutrisno, Widarjono, & Hakim, 2024). Indonesia's total sustainable banking credit grew consistently from IDR 1,409 trillion in 2021 to IDR 2,075 trillion in 2024, indicating that green credit has become an integral part of the national banking intermediation strategy.
This phenomenon raises issues within the financial industry, particularly regarding banks' financial performance. On the one hand, banks are required to maintain profitability amid increasingly intense competition and rising efficiency demands (Shalahuddin, Aswan, Abdullah, Jimainal, & Yusof, 2025). On the other hand, regulations encourage banks to allocate financing to green sectors whose risk characteristics are different and whose returns are not always optimal in the short term (Andaiyani, Muthia, & Novriansa, 2023). Aydoğmuş, Gülay, and Ergun (2022) and Buallay (2019) note that integrating ESG dimensions into banking strategy can affect short-term profitability differently across institutional contexts, with effects ranging from negative to positive depending on disclosure maturity and regulatory pressure. This pressure is compounded by credit-quality concerns. Although Indonesian banking gross NPL aggregately improved from 3.00% in 2021 to 2.08% in 2024, its distribution still varies widely across banks (Khakim, Santosa, Dewayana, & Koro, 2025). A high NPL is a manifestation of management failure in credit supervision that depresses profitability through two simultaneous channels, namely the increase in the Allowance for Impairment Losses (Cadangan Kerugian Penurunan Nilai or CKPN) burden, which directly erodes operating profit, and the loss of interest income from non-performing loans (Gupta & Bansal, 2026). Thus, green credit and NPL constitute two crucial contemporary determinants influencing bank profitability.
The empirical literature reveals a clear inconsistency in explaining the relationship between green credit and bank profitability. Lian, Gao, and Ye (2022) demonstrate that green credit increases the ROA and NIM of commercial banks in China, and Mirza et al. (2023) confirm similar findings in MSME credit portfolios across BRIC countries. In the Indonesian context, Sutrisno et al. (2024) found a significant positive effect of the green credit ratio on ROA in 35 banks during the 2019-2022 period. Conversely, Andaiyani et al. (2023) and Riyanti et al. (2025) found that green loans have a significant negative impact on the ROA, ROE, and NIM of Indonesian conventional banks. Galan and Tan (2024), and Wu and Zhou (2024) likewise found that green credit erodes the efficiency and profits of banks in China and across countries. The most striking inconsistency is observed when two studies based on the same Indonesian banking data, namely Sutrisno et al. (2024) and Riyanti et al. (2025), produce diametrically opposed conclusions. This fact suggests the existence of a conditional variable that has not yet been formally identified.
The conditional variable suspected to explain such inconsistency is bank size. Sutrisno et al. (2024), in a subgroup analysis, found that the effect of green credit was only significant in small banks, whereas Gupta and Bansal (2026) and Kumari and Hiremath (2025) documented that the negative impact of NPL on profitability is far greater in small banks than in large banks. Galan and Tan (2024) and Fata and Arifin (2024) demonstrate that large banks possess relatively higher resilience to the efficiency pressure caused by green credit. These findings implicitly indicate the moderating role of bank size, which has not yet been formally tested in an empirical configuration that simultaneously combines green credit and NPL within the post-pandemic Indonesian banking context. This is the research gap that becomes the focus of this study.
Based on the discussion above, this study has strong academic and practical urgency. Academically, this research contributes to closing three literature gaps by re-examining the effect of green credit in the most recent Indonesian context using broader data, integrating the sustainability variable (green credit) with a fundamental banking variable (NPL) within a single empirical framework, and formalizing bank size as a moderator of both relationships. Practically, the findings are expected to provide evidence-based recommendations for bank management in formulating green-credit allocation strategies that do not sacrifice profitability, while also serving as input for the Indonesian Financial Services Authority in evaluating the effectiveness of sustainable finance regulation according to bank size.



2. LITERATURE REVIEW
This research is built upon three complementary main theories. Signaling theory Spence (1978) explains that under asymmetric information, entities possessing superior information will send credible signals to external parties to reduce uncertainty. Green credit practices can be understood as strategic signaling instruments that reflect the bank's quality of governance, sustainability commitment, and risk-management capacity (Fatemi, Glaum, & Kaiser, 2018). Agency theory Jensen and Meckling (2019) explains that the principal agent relationship within banks inherently contains conflicts of interest, manifested in financing decisions and credit supervision. Berger and DeYoung (1997) developed the bad management hypothesis, which states that high NPL reflects management's failure in supervision. Resource-based theory Barney (1991) explains that sustainable competitive advantage stems from resources that are Valuable, Rare, Inimitable, and Non-substitutable (VRIN). Large banks that accumulate VRIN resources are predicted to be able to convert each performance variable into profitability more efficiently, so that bank size is positioned as a moderating variable.

2.1 Profitability (Return on Assets)
Profitability is the company's ability to generate profit from the utilization of the resources it owns. In the banking context, profitability reflects management's effectiveness in converting all entrusted resources into profit (Sutrisno et al., 2024). This study uses Return on Assets (ROA) as a profitability proxy because ROA measures profit relative to total assets without distortion from differences in capital structure across banks, in contrast to Return on Equity (ROE), which is influenced by leverage (Lian et al., 2022; Riyanti et al., 2025). Lamothe, Delgado, Solano, and Fernández (2024) in a cross-country study covering 110 countries, confirm that ROA remains the most robust and comparable profitability indicator across banks. Tan and Floros (2012) similarly emphasize that ROA captures bank profitability more accurately than alternative measures because it directly reflects how efficiently total assets are deployed to generate earnings, particularly in emerging-market contexts where capital-structure heterogeneity is high. The regulatory reference follows SEOJK No. 14/SEOJK.03/2017 on the Soundness Assessment of Commercial Banks. The ROA measurement formula is expressed as follows:

	
	(1)



Formula 1 shows ROA represents the bank's profitability level, profit before tax refers to earnings generated before the deduction of income tax expenses, and total assets represent the overall resources controlled by the bank during the observation period. This measurement is commonly applied in banking studies because it reflects managerial effectiveness in utilizing assets to create profitability.

2.2 Green Credit
Green credit is credit disbursed by banks to debtors for the financing of projects or business activities that have a positive impact on the environment and support sustainable development (Lian et al., 2022; Mirza et al., 2023). T. H. Nguyen, Elmagrhi, Ntim, and Wu (2021) document that environmental performance and sustainability disclosure are positively associated with financial performance, particularly in industries with significant ecological footprints, suggesting that green-financing initiatives translate into measurable economic returns. Ozili (2022) further argues that sustainability has become a defining theme of contemporary financial research, especially in emerging economies where regulatory pressure and stakeholder expectations are converging. Cui, Geobey, Weber, and Lin (2018) and Zhang and Vigne (2021) provide early evidence from China that green-credit policy reshapes bank lending patterns and reduces exposure to high-pollution sectors, while Haibo and Manu (2022) extend this evidence to African banking systems, demonstrating that green-credit adoption is associated with improved financial outcomes once supportive regulation is in place. In the Indonesian banking context, the recording of sustainable credit portfolios refers to the 12 Categories of Sustainable Business Activities (Kategori Kegiatan Usaha Berkelanjutan or KKUB) as stipulated in the technical guidelines of POJK No. 51/POJK.03/2017, consisting of 11 categories of Environmentally Sound Business Activities (Kegiatan Usaha Berwawasan Lingkungan or KUBL) and 1 category of Micro, Small, and Medium Enterprise (MSME) financing as a manifestation of the principle of sustainable financial inclusion. This classification is reinforced by the Indonesian Sustainable Finance Taxonomy (Taksonomi Keuangan Berkelanjutan Indonesia  or TKBI) issued by OJK in February 2024. This study uses the Green Credit Ratio (GCR) as the proxy, which measures the ratio of total sustainable credit to total disbursed credit, consistent with the approach of Sutrisno et al. (2024), Riyanti et al. (2025), and Fata and Arifin (2024). The use of a ratio is selected because it controls for differences in bank size. The GCR measurement formula is as follows:
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Formula 2 shows GCR represents the proportion of sustainable financing within the bank’s overall credit portfolio, Total Sustainable Credit refers to the amount of credit allocated to sectors or activities categorized as sustainable based on applicable sustainable finance frameworks, and Total Credit represents the total credit extended by the bank during the observation period. This measurement provides an indicator of banks’ green financing commitment and allows empirical evaluation of whether sustainable credit allocation contributes to financial performance.

2.3 Non-Performing Loan
Credit risk is the risk that a debtor will fail to fulfill its credit obligations to the bank. Non-Performing Loan (NPL) measures the proportion of problematic credit relative to total disbursed credit, thereby reflecting the quality of the credit portfolio as well as management's effectiveness in selecting and supervising debtors (Berger & DeYoung, 1997; Ekinci & Poyraz, 2019). Problematic credit covers loans with substandard, doubtful, and loss collectability classifications in accordance with Bank Indonesia Regulation (PBI) No. 14/15/PBI/2012 on the Asset Quality Assessment of Commercial Banks. The negative effect of NPL on profitability operates through two simultaneous channels: an increase in the CKPN burden, which directly reduces operating profit, and the loss of interest income from non-performing loans (Gupta & Bansal, 2026). Recent studies by Kumari and Hiremath (2025) in India and P. D. Nguyen (2025) in Vietnam confirm the consistency of this pattern across emerging markets. Ozili and Outa (2017) further document that loan-loss provisioning behavior, which is closely tied to NPL dynamics, is shaped by both macroeconomic conditions and institutional governance, while Mateev, Sahyouni, and Tariq (2023) provide cross-country evidence that NPL determinants and their effect on profitability vary significantly with bank-specific characteristics in emerging-market settings.The NPL measurement formula is as follows:
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Formula 3 shows NPL represents the proportion of impaired loans within the bank’s total loan portfolio, Total Non-Performing Loans refers to loans classified as non-performing due to failure to meet repayment obligations, and Total Loans represents the total amount of credit provided by the bank during the observation period. This ratio is widely used in banking research to evaluate credit quality and assess the potential impact of credit risk on financial performance.

2.4 Bank Size
Bank size refers to the scale of a bank's operations, reflected in the total asset resources under management. Based on POJK No. 12/POJK.03/2021 on Commercial Banks, banks in Indonesia are classified into four groups according to their core capital (KBMI 1 to KBMI 4), reflecting the very wide range of capacity among banks listed on the IDX. Bank size is positioned as a moderating variable that is presumed to alter the strength of the effect of independent variables on profitability (Barney, 1991; Jensen & Meckling, 2019; Sutrisno et al., 2024). Recent empirical evidence from Arhinful, Mensah, Gyamfi, and Obeng (2025) on banks in the United States indicates that bank size significantly moderates the relationship between NPL and bank performance. Berger and DeYoung (1997) demonstrate that larger banks generally exhibit higher cost efficiency due to scale economies and superior diversification, while Saif-Alyousfi (2022) finds in a study of emerging-market banks that asset size is a key determinant of profitability dispersion across the banking sectorNatural-logarithm transformation is used to address the extreme skewness in the distribution of total assets, given that KBMI 4 banks have total assets hundreds of times larger than those of KBMI 1 banks. The bank-size measurement formula is as follows:
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Formula 4 shows SIZE represents the scale of the bank, Ln refers to the natural logarithm transformation, and Total Assets represent the total resources owned and controlled by the bank during the observation period. The use of logarithmic transformation is commonly applied in banking research to provide a more comparable measurement of bank size across institutions with different asset scales. This variable is further examined as a moderating variable to determine whether bank scale influences the relationship between green credit, non-performing loans, and bank profitability.

2.5 Synthesis of Previous Research and Research Gap
The synthesis of previous research indicates three research gaps that justify this study. First, the inconsistency of empirical findings regarding the effect of green credit on bank profitability. The group of studies finding a positive effect includes Lian et al. (2022), Mirza et al. (2023), and Sutrisno et al. (2024), whereas the group reporting a negative effect includes Andaiyani et al. (2023), Galan and Tan (2024), Wu and Zhou (2024), and Riyanti et al. (2025). Even in a meta-analysis covering 28 empirical relationships, Muchiri, Fekete-Farkas, and Erdei-Gally (2025) conclude that the relationship between green banking and profitability is heterogeneous and statistically inconclusive. Second, previous research tends to test green credit separately from fundamental banking variables, so that it has not yet integrated the sustainability dimension and the credit-risk dimension into a single coherent empirical framework. Third, the role of bank size has more often been treated as a control variable rather than as a moderator. In fact, Muchiri et al. (2025) and Arhinful et al. (2025) explicitly demonstrate that institutional size modifies the direction and strength of the ESG-profitability and NPL-profitability relationships. This study contributes to filling these three gaps simultaneously by formalizing bank size as a moderator of the green credit-ROA and NPL-ROA relationships in the post-pandemic Indonesian banking context.
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Figure 1. Conceptual framework 

Figure 1 shows the research framework illustrating the direct effects of Green Credit (GCR) and Non-Performing Loans (NPL) on Profitability (ROA), with Bank Size (Firm size) as a moderating variable in both relationships.

2.6 Hypothesis Development
2.6.1 The Effect of Green Credit on Profitability
Signaling theory predicts that green credit functions as a credible signal regarding the quality of bank management to the market, which lowers the cost of capital and strengthens reputation, thereby increasing profitability. Lian et al. (2022), Mirza et al. (2023), and Sutrisno et al. (2024) found a positive impact of green credit on ROA. Buallay, Fadel, Alajmi, and Saudagaran (2021) reinforce this view by showing that sustainability orientation is positively associated with bank profitability across both developed and emerging-market samples. In the post pandemic Indonesian banking context, the increasingly mature ESG-reporting infrastructure enables banks to translate their green commitments into signals that are efficiently captured by the market. Accordingly, the first hypothesis is formulated as follows:
H1: Green credit has a positive effect on bank profitability

2.6.2 The Effect of NPL on Profitability
Agency theory through the bad management hypothesis Berger and DeYoung (1997) states that high NPL is a manifestation of management's failure in credit supervision that depresses profitability through an increase in CKPN expense and a loss of interest income. Ekinci and Poyraz (2019), Gupta and Bansal (2026), Sutrisno et al. (2024), and Kumari and Hiremath (2025) consistently confirm a significant negative effect of NPL on ROA. The consistency of findings across various emerging-market contexts strengthens this theoretical prediction. Therefore, the second hypothesis is formulated as follows:
H2: Non-Performing Loan (NPL) has a negative effect on bank profitability

2.6.3 The Moderating Role of Bank Size on the Effect of Green Credit on Profitability
The direction of bank size's moderating effect is theoretically ambiguous, as two competing mechanisms operate in opposite directions. On one hand, signaling theory suggests that the fixed cost of green-credit signal investment allows large banks to reach break-even more quickly, while resource-based theory posits that the VRIN resources of large banks enable more efficient conversion of green commitments into profitability (Galan & Tan, 2024). On the other hand, smaller banks may capture proportionally larger marginal gains from green lending: operating from a lower profitability base and a less diversified portfolio, a strategic shift toward green credit can act as a more material differentiator, while diminishing returns weaken the incremental benefit for already-large institutions. Consistent with this latter view, Sutrisno et al. (2024) and Fata and Arifin (2024), in subgroup analyses, found that the effect of green credit on profitability was significant only among smaller banks. Because these mechanisms pull in opposite directions, bank size is expected to moderate the relationship without a firmly predetermined direction. Muchiri et al. (2025), analyzing 159 banks across 42 countries, further demonstrate that institutional size modifies the ESG-profitability relationship. Accordingly. Accordingly, the third hypothesis is formulated as follows:
H3: Bank size moderates the effect of green credit on bank profitability

2.6.4 The Moderating Role of Bank Size on the Effect of NPL on Profitability
Agency theory predicts that large banks possess more effective monitoring mechanisms in controlling agency costs arising from non-performing loans. Resource-based theory explains that the sophisticated risk-management systems in large banks constitute VRIN resources that cannot be replicated instantly by small banks. Gupta and Bansal (2026) and Kumari and Hiremath (2025) directly document that the negative impact of NPL on profitability is far greater in small banks than in large banks. Arhinful et al. (2025), in U.S. banks, prove that bank size and the capital adequacy ratio moderate the NPL-bank growth relationship. Therefore, the fourth hypothesis is formulated as follows:
H4: Bank size moderates the effect of Non-Performing Loan (NPL) on bank profitability

3. METHODOLOGY
This study is quantitative in nature with an explanatory research approach, namely research that aims to explain the causal relationships among variables through hypothesis testing. This approach is selected because the research objective is not merely to describe a phenomenon, but to explain how green credit and NPL affect ROA, and to test whether bank size moderates these relationships. The data used are secondary data in the form of ratio-scale quantitative data, sourced from audited annual financial reports and sustainability reports published by each bank through the official website of the Indonesia Stock Exchange (IDX) and the banks' official websites. The research population comprises all conventional commercial banks listed on the IDX during the 2021-2024 period, totaling 47 banks. Sampling was conducted using the purposive sampling technique based on the criteria of availability of audited annual financial statements and explicit disclosure of green credit data during the observation period, resulting in 41 banks as the final sample, generating 164 balanced-panel observations. The analytical tool used is panel data regression with the Moderated Regression Analysis (MRA) approach, processed using EViews software version 12.
The selection of the panel-data estimation model was carried out hierarchically through three statistical tests. The Chow test (F-test) was used to compare the Pooled Least Square (PLS) and the Fixed Effect Model (FEM), if the Cross-section Chi-square probability is <0.05, FEM is selected. Subsequently, the Hausman test was used to compare FEM with the Random Effect Model (REM), if the Cross-section random probability is <0.05, FEM is selected. If the Hausman test favors REM, the analysis is followed by the Breusch-Pagan Lagrange Multiplier (LM) test to compare PLS with REM. After the model has been chosen, a battery of classical assumption tests is conducted. Residual normality is assessed using the Jarque-Bera test, based on the Central Limit Theorem, the normality assumption becomes less critical when the number of observations is sufficient (N>30), though it is still reported to ensure the validity of statistical inference (Ghozali, 2018). Multicollinearity is examined through Variance Inflation Factors (VIF), with values below 10 indicating the absence of serious multicollinearity. Heteroskedasticity is tested using the Breusch-Pagan-Godfrey test, and autocorrelation is evaluated through the Durbin Watson statistic. Where heteroskedasticity is detected, White cross-section robust standard errors are applied.
Hypothesis testing was conducted through Moderated Regression Analysis (MRA) developed by Baron and Kenny (1986). Prior to constructing the interaction variables, all independent and moderating variables were mean-centered to reduce multicollinearity and to produce more meaningful interpretations of the main coefficients. Post-estimation variance inflation factors confirmed the effectiveness of this procedure (all VIFs<2). The MRA regression-model equation is formulated as follows:
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Formula 5 shows hypothesis testing was conducted at the significance level α=5% (0.05). The F-test (simultaneous test) is used to assess the overall fitness of the model, where the model is deemed fit if the F-statistic probability is <0.05. The t-test (partial test) is used to examine the significance of the effect of each independent variable and interaction variable on ROA, where a variable is deemed to have a significant effect if the t-statistic probability is <0.05 (Ghozali, 2018). The significance of the coefficients β₁ and β₂, respectively, provides empirical evidence for H1 and H2, while the significance of the coefficients β₄ and β₅ provides empirical evidence for H3 and H4. The Coefficient of Determination (R² and Adjusted R²) is used to measure how much variation in the dependent variable can be explained by the independent variables in the model. If the moderating effect is proven significant, simple slope analysis is performed to interpret the direction of moderation under three bank-size conditions, namely small banks (mean - 1 SD), medium banks (mean), and large banks (mean + 1 SD).

4. RESULTS AND DISCUSSIONS
This study uses panel data consisting of 164 observations from 41 banking companies in Indonesia during the 2021-2024 period. The variables used in this research consist of dependent and independent variables. The dependent variable is Return on Assets (ROA), serving as an indicator of banking financial performance. Meanwhile, the independent variables are Green Credit (GCR), reflecting environment-based financing, and Non-Performing Loan (NPL), describing the level of credit risk. In addition, this study uses bank size (Firm size) as a moderating variable to determine whether bank size strengthens or weakens the relationship between the independent variables and ROA. The descriptive test results for each variable are presented as follows:


Table 1. Descriptive statistics
	Statistic
	ROA
	GCR
	NPL

	Mean
	1.057
	21.665
	2.950

	Median
	1.165
	19.060
	2.715

	Maximum
	11.430
	99.900
	10.660

	Minimum
	−13.710
	0.153
	0.000

	Std. Dev.
	2.885
	18.703
	1.967

	Skewness
	−1.657
	2.071
	1.748

	Kurtosis
	12.493
	8.450
	6.834

	Jarque-Bera
	690.85
	320.18
	184.00

	Probability
	0.000
	0.000
	0.000

	Observations
	164
	164
	164



Table 1 shows ROA has a mean of 1.057, with 88 of the 164 observations lying above this average. The three banks with the highest average ROA are Bank BTPN Syariah (BTPS), Bank Bisnis Internasional (BBSI), and Bank Mega (MEGA). Green Credit (GCR) has a mean of 21.665, with the highest average green-credit intensity recorded at Bank BTPN Syariah, Bank Amar Indonesia, and Bank Rakyat Indonesia. The average Non-Performing Loan (NPL) is 2.950, below the regulatory threshold of 5%, indicating that credit risk generally remained under control. The highest average NPLs were recorded at Bank KB Bukopin (BBKP), Bank Amar Indonesia (AMAR), and Bank of India Indonesia (BSWD). The average bank size (FIRMSIZE) is 11.016, and the largest banks in the sample are Bank Mandiri (BMRI), Bank Rakyat Indonesia (BBRI), and Bank Central Asia (BBCA), reflecting an asset base substantially above the sample average.
The minimum values reflect the lowest observations during the period, such as ROA of −13.71 at Bank Neo Commerce (BBYB) in 2021, GCR of 0.15 at Bank Woori Saudara Indonesia 1906 (SDRA) in 2024, NPL of 0.00 at Bank Capital Indonesia (BACA) in 2021, and FIRMSIZE of 7.82 at Bank Bisnis Internasional (BBSI) in 2021. The maximum values indicate the highest observations, such as ROA of 11.43 at Bank BTPN Syariah (BTPS) in 2022, GCR of 99.90 at Bank BTPN Syariah in 2021, NPL of 10.66 at Bank KB Bukopin (BBKP) in 2021, and FIRMSIZE of 14.70 at Bank Mandiri (BMRI) in 2024. These figures indicate substantial variation across banks in the sample with respect to normality, the Jarque-Bera test yields probabilities below 0.05 for ROA, GCR, and NPL (and 0.020 for FIRMSIZE), indicating that the variables are not normally distributed an expected outcome given a small number of extreme observations (the −13.71 ROA of a digital bank in 2021). Following the Central Limit Theorem, normality is not a binding requirement for the consistency of the panel estimator when the sample is sufficiently large (N=164>30) (Ghozali, 2018). White cross-section robust standard errors are additionally employed to guard against violations of the classical assumptions. 

4.1 Classical Assumption Test
Table 2. Variance Inflation Factors (VIF)
	Variables
	VIF

	GCR_C
	1.17

	NPL_C
	1.48

	SIZE_C
	1.16

	GCR×SIZE_C
	1.36

	NPL×SIZE_C
	1.57



Table 2 shows moderated regression is prone to multicollinearity between predictors and their interaction terms, all predictors and the moderator were mean-centered prior to constructing the interactions. The resulting variance inflation factors range from 1.16 to 1.57, all well below the threshold of 10, confirming that multicollinearity is not a concern. This is a substantial improvement over the uncentered specification, in which the same terms produced VIFs of 48-58. Mean-centering therefore resolves the coefficient instability that would otherwise distort the main effects.
4.2 Heteroskedasticity Test
Residual-based heteroskedasticity test indicates the presence of heteroskedasticity (LM=12.58, p=0.028), unsurprising given the extreme observations in the descriptive statistics. Accordingly, Table 2 reports results under two covariance specifications conventional and White cross-section heteroskedasticity-robust standard errors. Because heteroskedasticity is confirmed, the robust estimates serve as the primary basis for hypothesis testing, with the conventional estimates reported for transparency.

4.3 Autocorrelation Test
The Durbin-Watson statistic of 1.833 lies close to 2, indicating no serious first order autocorrelation in the residuals. Furthermore, based on the panel-data regression model selection using EViews, the Chow test and Hausman test indicate probability values <0.05, so that the Fixed Effect Model (FEM) is more appropriate than the Common Effect Model (CEM) and the Random Effect Model (REM). The FEM result obtained in this study is presented below:

Table 3. Fixed effect model
	Variables
	Coefficient
	SE (Conventional)
	p-value (Conventional)
	SE (Robust)
	p-value (Robust)

	Constant (C)
	0.896
	0.158
	0.000
	0.179
	0.000

	Green Credit
	0.055
	0.031
	0.078
	0.029
	0.060

	NPL
	0.022
	0.192
	0.910
	0.173
	0.899

	Bank Size
	2.428
	1.132
	0.034
	1.637
	0.141

	Green Credit × Bank Size
	−0.066
	0.024
	0.007
	0.036
	0.068

	NPL × Bank Size
	−0.200
	0.112
	0.076
	0.130
	0.128



Table 3 shows the moderated regression analysis results. The findings indicate that green credit has a positive but marginal effect on ROA (β=0.0552; p=0.0600), while NPL has no significant effect on profitability (β=0.0219; p=0.8996). The interaction between green credit and bank size shows a negative moderating effect (β=−0.0658; p=0.0677), suggesting that bank size may weaken the impact of green credit on ROA. Meanwhile, bank size does not significantly moderate the NPL-ROA relationship (β=−0.2001; p=0.1276).

Table 4. Regression diagnostics
	Statistic
	Value
	Statistic
	Value

	R-squared
	0.728
	Mean dependent variable
	1.057

	Adjusted R-squared
	0.624
	Standard deviation dependent variable
	2.885

	Standard error of regression
	1.768
	Akaike information criterion
	4.210

	Sum squared residual
	369.045
	Schwarz criterion
	5.079

	Log likelihood
	−299.212
	Hannan-Quinn criterion
	4.563

	F-statistic
	7.016
	Durbin-Watson statistic
	1.833

	Probability (F-statistic)
	0.000
	
	



Table 4 shows the model goodness-of-fit and diagnostic statistics. The results indicate that the regression model has strong explanatory power, with an R-squared value of 0.728and an adjusted R-squared value of 0.624, meaning that the independent variables explain approximately 62.42% of the variation in ROA. The F-statistical probability of 0.000 confirms that the model is statistically significant. Furthermore, the Durbin-Watson statistic of 1.833 indicates that the model does not experience serious autocorrelation problems.



4.4 Moderated Regression Analysis 
Moderated Regression Analysis (MRA) is a regression analysis method used to test whether a moderating variable strengthens or weakens the relationship between an independent variable and a dependent variable. In this study, the analysis was conducted to examine how green credit and Non-Performing Loan (NPL) affect Return on Assets (ROA), and how the moderating variable of bank size (FIRMSIZE) plays a role in strengthening or weakening such relationships through the formation of interaction variables. Based on the estimation results using EViews, the regression equation obtained is as follows:


	
	(6)



Formula 6 shows the constant coefficient of 0.8955 indicates that when all centered predictors are equal to zero (representing the mean level of each variable), the estimated ROA is 0.90. This value represents the baseline level of bank profitability before considering the influence of the explanatory variables included in the model. The green credit coefficient of 0.0552 indicates a positive but weak relationship with ROA at the mean level of bank size. However, this effect is only marginally significant and its magnitude is influenced by the moderating role of bank size through the interaction term. Meanwhile, the NPL coefficient of 0.0219 is statistically insignificant (p=0.910), indicating that credit risk does not have a meaningful direct effect on ROA at the average level of bank size. Therefore, the positive coefficient should not be interpreted substantively due to its lack of statistical significance.
Furthermore, the interaction coefficient between green credit and bank size is negative (β=−0.0658), indicating that an increase in bank size reduces the positive impact of green credit on ROA. Similarly, the interaction between NPL and bank size also shows a negative coefficient (β=−0.2001), suggesting that larger bank size may reduce the effect of NPL on ROA. However, this relationship is not statistically significant. The hypothesis testing results show that green credit has a positive coefficient with marginal significance (p=0.078 under conventional standard errors and p=0.060 under robust standard errors), providing weak support for H1. NPL is statistically insignificant (p=0.910 under conventional standard errors and p=0.900 under robust standard errors), indicating that H2 is not supported. The green credit × bank size interaction is negative and significant under conventional estimation (p=0.007) but becomes marginal under robust estimation (p=0.068), providing suggestive support for H3 that the profitability benefits of green credit decrease as bank size increases. Finally, the NPL × bank size interaction is not significant (p=0.076 under conventional estimation and p=0.128 under robust estimation), indicating that H4 is not supported.

4.5 Simultaneous Test (F-test)
Based on the F-test results using EViews, the F-statistic value is 7,016 with a Prob(F-statistic) value of 0,000, which is smaller than 0,05. This indicates that the variables of green credit, NPL, and the moderating variable of bank size simultaneously have a significant effect on Return on Assets (ROA). It can therefore be concluded that all the independent variables used in the research model jointly explain the variation in ROA, so the regression model is deemed fit and possesses a strong capability in explaining the relationships among the variables in this study.

4.6 Coefficient of Determination Test
The model yields an R-squared of 0.7279 and an adjusted R-squared of 0.6242. Because a fixed-effects specification is employed, this figure largely reflects time-invariant heterogeneity across banks captured by the entity fixed effects, in addition to the explanatory variables. The adjusted R-squared of 0.6242 indicates that, after accounting for the number of parameters and the bank-specific effects, the model explains a substantial share of the variation in ROA.



Table 5. Simple slopes of green credit on ROA by bank size
	Bank Size Level
	Simple Slope
	Robust SE
	t-statistic
	p-value (Robust)

	Small (Mean − 1 SD)
	0.165
	0.083
	1.98
	0.048

	Medium (Mean)
	0.055
	0.029
	1.90
	0.058

	Large (Mean + 1 SD)
	−0.054
	0.043
	−1.27
	0.203



Table 5 shows because the green credit × bank size interaction is significant under conventional standard errors and marginal under robust standard errors, a simple slope analysis was conducted to interpret the moderation, evaluating the conditional effect of green credit on ROA at three levels of bank size. The results reveal a clear monotonic pattern. For small banks, green credit has a significant positive effect on ROA (slope=0.165, robust p=0.048), a one-unit increase in the green credit ratio is associated with a 0.165-point increase in ROA. For medium-sized banks the effect is positive but only marginal (slope=0.055, p=0.058), and for large banks it is statistically indistinguishable from zero and even slightly negative (slope = −0.054, p = 0.203). As illustrated in Figure 2, the slope of the green credit-ROA relationship flattens and eventually reverses as bank size increases. The profitability benefit of green credit is therefore concentrated among smaller banksm consistent with the view that green lending is a more material strategic differentiator for institutions operating from a lower base, whereas larger, already-diversified banks capture limited incremental profitability from additional green credit.

[image: ]
Figure 2. Moderating effect of bank size on the green credit-ROA relationship.

Table 6. Robustness Checks
	Variables
	Model 1: Base Model
	Model 2: Full MRA Model
	Model 3: Excluding BTPS

	GCR_C
	0.081 (0.072)
	0.055 (0.060)
	0.056 (0.055)

	NPL_C
	0.148 (0.504)
	0.022 (0.900)
	0.046 (0.793)

	SIZE_C
	2.463 (0.120)
	2.428 (0.141)
	2.508 (0.131)

	GCR × SIZE_C
	—
	−0.066 (0.068)
	−0.061 (0.093)

	NPL × SIZE_C
	—
	−0.200 (0.128)
	−0.201 (0.123)

	N
	164
	164
	160


	
Table 6 shows three specifications were estimated with heteroskedasticity-robust standard errors. Model 1 is a base model without interaction terms, model 2 is the full moderated model, and model 3 re-estimates the full model excluding Bank BTPN Syariah (BTPS), the outlier that drives the extreme values reported in the descriptive statistics. The results are stable across all specifications. NPL is consistently insignificant, confirming that the resolution of the earlier positive-coefficient anomaly is not specification-dependent. The green credit × bank size interaction remains negative and marginally significant in both Model 2 and Model 3 (p=0.068 and 0.093), indicating that the size-contingent pattern is not an artifact of the outlier observation. The base model further shows that, absent the interaction terms, green credit retains a marginally positive direct association with ROA, consistent with the main results.
4.7 Discussion
4.7.1 The Effect of Green Credit on Profitability
The analysis provides only weak support for H1. At the mean level of bank size, green credit exhibits a positive but marginally significant association with ROA (p=0.078 conventional, 0.060 robust), suggesting that sustainable financing contributes modestly to profitability through reputational signaling, improved risk screening, and access to green market segments, though not strongly enough to be robust at conventional thresholds for the average bank. As the moderation analysis shows, this average effect masks substantial heterogeneity across bank sizes. The positive direction is consistent with Lian et al. (2022), Mirza et al. (2023), and Sutrisno et al. (2024), and with Yin, Zhu, Kirkulak-Uludag, and Zhu (2021) and Song, Cao, and Shan (2025), who document that green credit can simultaneously raise profitability and improve risk screening in Chinese banks, the marginal significance observed here also reflects the broader empirical inconsistency in which green-credit effects range from positive to negative depending on institutional context.

4.7.2 The Effect of NPL on Profitability
H2 is not supported. NPL has no significant effect on ROA (p=0.910). This reflects the stable post-pandemic environment, in which industry NPL remained below the 5% threshold and was cushioned by credit-restructuring relief and strengthened provisioning, decoupling reported credit risk from short term earnings. The result is consistent with Setyarini (2020) and indicates that, under controlled risk conditions, credit quality is not a primary determinant of profitability variation.

4.7.3 The Moderating Role of Bank Size on the Green Credit-ROA Relationship
H3 receives suggestive support. The green credit × bank size interaction is negative and significant under conventional standard errors (β=−0.066, p=0.007), weakening to marginal significance under robust inference (p=0.068). The simple slope analysis clarifies the pattern: green credit significantly raises ROA for small banks (slope=0.165, robust p=0.048), has a marginal effect for medium banks (slope=0.055), and no significant effect for large banks (slope=−0.054). The profitability benefit of green credit is thus concentrated among smaller institutions and dissipates as bank size increases. This directly answers the study's central question: bank size matters, but opposite to the scale-advantage prediction rather than large banks converting green commitments more efficiently, smaller banks reap the larger marginal gains. A plausible mechanism is that for smaller banks, operating from a lower base and a less diversified portfolio, green lending is a more material differentiator and a stronger market signal, whereas larger, already-diversified banks capture limited incremental profitability. This is consistent with Sutrisno et al. (2024) and Fata and Arifin (2024), whose subgroup analyses found green credit effects significant only among smaller banks, and complements (Muchiri et al., 2025).

4.7.4 The Moderating Role of Bank Size on the NPL-ROA Relationship
H4 is not supported. The NPL × bank size interaction is not significant (p=0.076 conventional, 0.128 robust). Bank size neither amplifies nor buffers the (already insignificant) effect of credit risk on profitability. This contrasts with Gupta and Bansal (2026) and Kumari and Hiremath (2025), who found the adverse NPL effect stronger in smaller banks; the divergence likely reflects the benign credit-risk environment of the post-pandemic Indonesian sample.

4.7.5 Regional positioning
In regional context, these results occupy a middle ground. The positive-but-conditional green-credit effect echoes Chinese evidence Yin et al. (2021), Lian et al. (2022), and Song et al. (2025), where green lending is generally profit-enhancing. The size-contingent pattern resonates with Indian evidence Kumari and Hiremath (2025) on the salience of bank scale and with Association of Southeast Asian Nations (ASEAN) studies documenting heterogeneous ESG performance links across institutional settings. The Indonesian case suggests that the profitability payoff of sustainable finance is neither universal nor scale-neutral, but is realized most strongly where green lending represents a meaningful strategic reorientation, most notably among smaller banks.

5. CONCLUSIONS
5.1 Conclusion
This study examined the effects of green credit and non-performing loans on the profitability (ROA) of Indonesian conventional commercial banks during 2021-2024, and the moderating role of bank size. Three conclusions emerge. First, green credit has a positive but only marginal direct effect on ROA at the average bank size, indicating modest and non-uniform profitability benefits from sustainable financing. Second, NPL has no significant effect on ROA, reflecting the stable, well-provisioned post-pandemic credit environment. Third, and most importantly, bank size moderates the green credit-ROA relationship: the profitability benefit of green credit is significant for small banks and diminishes as bank size increases, becoming negligible for the largest banks; bank size does not moderate the NPL-ROA relationship. The study thus answers its central question in the affirmative - bank size matters for the profitability of green credit while noting that this moderating effect, though economically meaningful, is only marginally significant under heteroskedasticity-robust inference and should be read as suggestive rather than definitive.

5.2 Research Limitations
This study has several limitations. First, the observation period (2021-2024) is short and coincides with atypical post-pandemic conditions, limiting the capture of long-term dynamics. Second, the analysis is confined to green credit, NPL, and bank size, omitting other potential determinants of ROA. Third, the key moderating effect is significant under conventional standard errors but only marginal under robust inference, so the evidence for size-based moderation is suggestive rather than conclusive. Fourth, the study is limited to Indonesian conventional commercial banks, constraining generalizability.

5.3 Suggestions and Directions for Future Research
Future research should address these limitations concretely. First, dynamic panel GMM estimation should be employed to account for potential endogeneity and the persistence of profitability. Second, macroeconomic controls inflation, GDP growth, and the BI policy rate should be incorporated to isolate bank-level effects from the macro-financial cycle. Third, a sectoral breakdown of green credit (renewable energy, sustainable agriculture, green transport) would identify which categories drive profitability. Fourth, textual analysis of sustainability reports could construct ESG-maturity scores, providing a richer moderator than asset size alone. Finally, extending the sample to other ASEAN economies would test the external validity of the size-contingent pattern documented here.
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