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Abstract. 
The mining industry faces increasing pressure to balance financial performance with environmental sustainability. This study aims to analyze the effect of capital structure and operational efficiency on financial performance, as well as to examine the role of Green Innovation as a moderating variable in mining sector companies listed on the Indonesia Stock Exchange (IDX) for the period 2019–2023. Financial performance is measured using Return on Assets (ROA), capital structure is measured by Equity Ratio (ER), operational efficiency is assessed through Total Asset Turnover (TATO), and green innovation is measured based on sustainability reporting indicators (GRI). This research adopts a quantitative approach using the WarpPLS analysis method. The results of the analysis indicate that capital structure has a positive and significant effect on ROA, and operational efficiency also has a positive and significant effect on ROA. Furthermore, green innovation is found not to moderate the effect of capital structure on ROA, but does moderate the effect of operational efficiency on ROA in a positive and significant direction. These findings indicate that green innovation plays an important role in strengthening or weakening the relationship between internal financial variables and the company's financial performance. Therefore, mining sector companies are advised to consider integrating green innovation into their financial strategies to enhance long-term sustainability and profitability.
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INTRODUCTION
The mining industry is one of the sectors with a significant impact on both the environment and the national economy. In Indonesia, mining companies listed on the Indonesia Stock Exchange (IDX) are increasingly pressured to adopt more sustainable strategies, one of which is through Green Innovation. This concept includes the use of environmentally friendly technology, energy efficiency, and better waste management. Green Innovation is not only aimed at meeting increasingly stringent environmental regulations but also serves as a strategy to enhance the long-term competitiveness of companies.
The implementation of Green Innovation is believed to improve both operational and financial performance. A study by Widyastuti et al. (2024) revealed that companies implementing Green Innovation consistently tend to gain a higher competitive advantage and greater investor trust. However, the success of such implementation heavily depends on internal financial factors, particularly capital structure. An optimal capital structure provides the necessary funding flexibility to adopt green technologies without compromising long-term profitability. Theoretical frameworks such as the Trade-Off Theory and Pecking Order Theory explain how firms should balance between debt and equity to maximize firm value.
In addition, operational efficiency plays a crucial role in enhancing a firm's financial performance. It reflects the company's ability to optimize resources, control costs, and improve productivity. According to Sari & Widagdo (2022), firms with high operational efficiency are better positioned to withstand market uncertainties due to their ability to maintain stable earnings and capital returns. Therefore, alongside capital structure, operational efficiency becomes a strategic managerial indicator in assessing financial performance.
Although various studies have examined the effects of capital structure and operational efficiency on financial performance, few have explored how Green Innovation functions as a moderating variable. In the mining industry context—known for its capital intensity and operational complexity—the interaction between efficiency, capital structure, and sustainable strategies is pivotal. While optimal capital structure supports investment and operational efficiency enhances profit margins, Green Innovation may reinforce the synergy between the two. However, limited scholarly exploration of this relationship has left practical business strategies in Indonesia’s mining sector less optimized.
Empirical evidence shows that Return on Assets (ROA) in Indonesia’s mining sector has fluctuated over the past five years. In 2019, the average ROA stood at 4.04%, indicating modest financial stability. However, this dropped sharply to 0.91% in 2020 due to the COVID-19 pandemic, which disrupted supply chains and reduced global demand and commodity prices. A significant recovery occurred in 2021 and 2022, with ROA rising to 10.86% and peaking at 14.99%, driven by a global energy crisis and increased commodity demand. Nevertheless, in 2023, ROA declined to 10.67%, reflecting market normalization, new environmental regulations, and global geopolitical instability, all of which challenge the industry's resilience.
Previous studies have reported mixed findings regarding the impact of capital structure. Indriyani & Haq (2025) found that high leverage could improve financial performance if managed properly. In contrast, Wardoyo (2025) suggested that capital structure had no significant effect, especially in highly profitable firms relying more on internal capital. These inconsistencies imply that the effect of capital structure depends on factors such as industry type, business scale, and dividend policy (Rahmansyah, 2024). Some studies argue that high leverage leads to financial pressure and negatively affects profitability (Aprilya, 2025), while others, like Rasadi et al. (2025), suggest that equity-based structures offer greater long-term stability but are less aggressive in business expansion.
Similarly, studies on operational efficiency and financial performance have shown varied results. Most studies, such as those by Nurdin et al. (2024) and Sari & Widagdo (2022), found a strong positive relationship, especially in banking and manufacturing sectors. However, Amalia & Firmansyah (2020) noted that in industries with high fixed costs, such as energy and processing, operational efficiency does not always correlate with improved financial performance. Additionally, many of these studies only examine direct relationships, without considering moderating factors like digitalization, company scale, or Green Innovation. In the Industry 4.0 era, operational efficiency is increasingly shaped by technological adoption, environmental sustainability, and market responsiveness (Yuliani & Handayani, 2021; Rahmah et al., 2023).
Another research gap lies in the role of Green Innovation as a moderating variable in the relationship between capital structure, operational efficiency, and financial performance. Although Rahmah et al. (2023) suggest that Green Innovation strengthens these relationships, few studies have examined the three variables simultaneously—particularly in capital-intensive sectors like mining. Astuti et al. (2023) found that companies effectively implementing Green Innovation gained competitive advantage and better financial performance. However, Putri et al. (2024) argued that Green Innovation does not always moderate the relationship between capital structure and financial performance, especially when constrained by limited resources or regulatory burdens. Furthermore, most prior studies have focused on banking and service sectors, while research on manufacturing and mining industries remains scarce (Prastyawan & Astuti, 2023).
Therefore, this research is essential to fill this gap by simultaneously analyzing the influence of capital structure and operational efficiency on financial performance (measured by ROA), while examining the moderating role of Green Innovation. By using theoretical frameworks such as Stakeholder Theory, Trade-Off Theory, Resource-Based View (RBV), and Dynamic Capabilities, this study aims to contribute both theoretically and practically to financial policymaking in Indonesia's mining sector. The specific objectives of this research are: (1) to analyze the direct effects of capital structure and operational efficiency on financial performance in mining companies; (2) to examine the moderating role of Green Innovation in the relationship between capital structure and financial performance; (3) to investigate how Green Innovation moderates the relationship between operational efficiency and financial performance; and (4) to provide strategic recommendations for mining companies to integrate sustainability practices with financial optimization.
The benefits of this research include contributing to the theoretical understanding of sustainable finance in capital-intensive industries, providing empirical evidence for policymakers regarding green finance regulations, and offering practical guidance for mining companies seeking to balance profitability with environmental responsibility. Ultimately, this research seeks to support the development of environmentally conscious financial strategies that foster sustainable business growth.

METHOD
The type of research used is quantitative research in the form of explanatory research to determine the influence of capital structure and operational efficiency on ROA moderated by green innovation. The population in this study is 63 companies in the mining industry sector listed on the Indonesia Stock Exchange (IDX) in the 2019–2023 period. The research sample is a company that has a complete sustainability report listed on the Indonesia Stock Exchange IDX for the 2019-2023 period. This research was conducted using secondary data sources obtained from the www.idx.co.id website and the website of each of 20 companies, which included financial statements and sustainability reports during the 2019-2023 period.

Table 1. Research Sample Criteria
	NO
	CRITERIA
	NUMBER

	1
	Mining companies listed on the Indonesia Stock Exchange (IDX) for 2019-2023
	63

	2
	Companies that did not completely publish sustainability reports for 2019-2023
	(35)

	3
	Companies that do not have an official website
	(8)

	4
	Number of mining company samples on IDX
	20

	
	Number of observational data for 5 years
	100





[image: ]
Figure 1. Conceptual Framework

In this study, the data obtained was analyzed using a quantitative approach with the help of statistical software such as SPSS.

RESULTS AND DISCUSSION
Research Object Description
The data of this research consists of 20 companies over a period of 5 years (2019-2023) so that a number of 100 research observation data were obtained. 
Results of Descriptive Statistical Analysis Test
Descriptive statistical analysis was used to provide an overview of the data characteristics of each research variable, namely Capital Structure (X₁), Operational Efficiency (X₂), Return on Assets/ROA (Y), and Green Innovation (M). Descriptive statistics include the minimum, maximum, median, mode and skewness values of each variable.
Based on the results of descriptive statistics, this variable shows very abnormal data distribution characteristics. This can be seen from the skewness value of -2,368 with a value range of 5,694 which shows that there are quite a few companies in the sample that have a very low, even negative, Equity Ratio (ER) value, which accounting indicates the possibility of a deficit equity or greater liability than assets. In addition, the minimum value was recorded at -4,331, and the maximum was 1,363 and the median was 0.263, while the mode was actually at the negative extreme of -4,331, which corroborated the existence of a group of companies operating with very low or negative equity. 
Total Asset Turnover (TATO) has a minimum value of -1,417 and a maximum value of 2,845 with a range of 4,262, indicating that there is considerable variation in the efficiency of asset use between companies in the sample. The median value is -0.217 and the mode is also at -1.417, suggesting that most of the data is on the lower end of the efficiency scale. However, in terms of distribution, a skewness value of 0.964 indicates that the TATO data has a slope to the right (positively skewed), meaning that there are some companies with a much higher TATO value than the majority of others. This condition illustrates that a small percentage of companies are very efficient in utilizing their assets to generate sales, while most are still at low efficiency levels. 
Meanwhile, the minimum value of ROA is -2,371, while the maximum reaches 3,689 with a value range of 6,060, indicating significant variation in the ability of companies to generate profits from assets, including the possibility of companies incurring losses. The median ROA value was recorded at -0.229 and the mode was -2.371, which means that more than half of the companies in the sample had a ROA below 0. This reflects that in this data sample, most companies are in poor profitability or loss-making conditions. The distribution of ROA data also shows a slope to the right (positively skewed), with a skewness value of 1,422. This means that while the majority of the data is concentrated around low or negative values, there are a small number of companies with very high ROA that are pulling the distribution in the right direction. This indicates that most companies face low profitability, with a small number showing very high performance, which indicates significant variation in the company's ability to leverage assets to generate profits. 
Likewise, the minimum value of green innovation is -1.466 and the maximum is 2.212, which indicates a data dissemination range of 3.678. This indicates that there is considerable variation in the application of green innovation between companies in the sample. The median value is -0.184, and the mode is also -1.466, indicating that most companies tend to be below the middle value or even at a low rate of adoption of green innovation. However, the distribution has a positively skewed slope, with a skewness value of 0.692, which means that there is a very high percentage of companies in implementing green innovations, pulling the distribution towards positive values. This can be interpreted that although the majority are not yet optimal in green innovation practices, some companies are pioneers in this regard.
Determination Coefficient (R²) Test Results
The determination coefficient test was carried out to determine the extent of the ability of the regression model to explain the dependent variable, namely Return on Assets (ROA). The value of the determination coefficient (R Square) represents the proportion of variance in the ROA that can be explained by the independent variables used in the model.



Table 2. Determination Coefficient Test Results (R²)
	Model
	R
	R Square
	Adjusted R Square
	Std. Error of the Estimate

	1
	0.390
	0.390
	0.364
	0.798


Source: Processed data, (2025)

Based on the output results in the table, an R value of 0.390 was obtained, which shows that there is a fairly strong correlation between the combination of independent variables (Capital Structure, Operational Efficiency, Green Innovation, and X1M and X2M moderation interactions) and ROA. This correlation is positive, meaning that an increase in independent variables tends to be followed by an increase in ROA. An R-square value of 0.390 means that 39% of the variation that occurs in ROA can be explained by independent variables in this model, namely Capital Structure, Operational Efficiency, Green Innovation, and the two interaction variables X1M and X2M. The remaining 71% is explained by factors outside the model such as macroeconomic conditions, industry competition, external factors of the company, and other managerial variables that are not included in this research model.
Furthermore, the Adjusted R-square value of 0.364 shows that after adjusting for the number of predictors in the model, the model's ability to explain the ROA is quite high, which is 36.4%. Adjusted R-square is important because it provides a more realistic estimate of the model's predictive capabilities, especially when the number of independent variables is more than one. Thus, the model is feasible to perform an analysis of the influence between variables and further hypothesis testing.

[bookmark: _Toc201735501]Partial Significance Test Results (t-Test)
The t-test (partial test) is used to find out whether each independent variable in the regression model has a significant effect on the dependent variable, namely Return on Assets (ROA). This analysis is important to identify the individual role of each independent variable in influencing a company's financial performance.
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Figure 2. Partial Significance Test Results (t-Test) and Moderation Test Results
Source: Processed data, (2025)

The results of the t-test showed that the Capital Structure variable had a coefficient value of 0.40 and a significance value of p<0.01, which was smaller than the significance limit of 0.05. This means that the capital structure has a significant and positive effect on ROA. In other words, the better the capital structure the company has, the ROA tends to increase. Furthermore, the Operational Efficiency variable had a coefficient of 0.44 and a significance value of p<0.01, which indicates that the effect was positive and significant on ROA. This means that the higher the TATO that the company has, the higher the ROA.
The interaction variable X1M (interaction between Capital Structure and moderator) shows that green innovation does not moderate the influence of capital structure on ROA with a significance value of p>0.05. This means that the magnitude of green innovation does not strengthen or weaken the relationship between ER and ROA. Possibly, the effect of ER on ROA is direct without being influenced by the existence of green innovations. Meanwhile, the X2M interaction variable (interaction between Operational Efficiency and moderator) has a significance value of p<0.01 which shows that green innovation significantly moderates and strengthens the influence of operational efficiency on ROA. This means that companies that are efficient in operations and at the same time implement green innovations will get a greater increase in financial performance. Thus, Green innovation serves as a reinforcer in the relationship between operational efficiency and profitability.
Moderation Test Results (WarpPLS)
The moderation test was carried out to determine whether the moderator variable was able to strengthen or weaken the influence between independent variables and dependent variables. In this model, testing is carried out on two interaction variables: X1M, which is the interaction between the capital structure and the moderator, and X2M, which is the interaction between operational efficiency and moderator. The purpose of this analysis was to see how the role of moderators affects the relationship between key variables to Return on Assets (ROA) as dependent variables.
The regression results showed that the X1M variable had a significance value of p>0.05. This shows that X1M has no significant effect on ROA, so the moderator weakens the relationship between the capital structure and the ROA. This means that the higher the moderator level, the less the positive influence of the capital structure on ROA. In this context, capital structures that are supposed to be able to increase profitability lose their strength when influenced by certain moderator variables, such as managerial instability, external contexts, or ownership structures.  Meanwhile, X2M has a significance value of p<0.01, which has a significant effect on ROA. These findings suggest that the moderator variable has the influence of strengthening the relationship between operational efficiency and ROA. This means that under certain conditions influenced by moderators, operational efficiency has a greater impact on increasing ROA. In addition, operational productivity will also have a greater impact on profitability if supported by contextual variables such as a strong internal control system or effective leadership.

CONCLUSION
This study concludes that capital structure significantly influences a company’s financial performance, especially Return on Assets (ROA), with an optimally balanced debt-equity mix enhancing asset returns and reflecting productive financial resource use. Operational efficiency also positively impacts ROA, as effective asset utilization drives better financial outcomes, though its effect can be moderated by external factors such as unexpected costs or inefficiencies. The moderating role of Green Innovation shows mixed results: while it lessens capital structure’s direct impact on ROA—likely due to the long-term, resource-intensive nature of green investments—it significantly strengthens the relationship between operational efficiency and ROA by boosting financial returns from sustainable operational practices. These findings highlight the importance of integrating sustainability into operational strategies to enhance both ecological and financial performance. For future research, it is recommended to explore the long-term financial impacts of Green Innovation under varying capital structure scenarios and to investigate additional external factors that may influence the dynamic between operational efficiency, sustainability initiatives, and financial performance in capital-intensive industries.
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