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ABSTRACT 

This study aims to examine the influence of environmental cost 

and carbon productivity on company profitability, with green 

innovation as a mediating variable. The sample comprises 54 

firm-year observations from 18 basic industry sector 

companies listed on the Indonesia Stock Exchange (IDX) for the 

2022–2024 period. Data were analyzed using Partial Least 

Squares-Structural Equation Modeling (PLS-SEM). The results 

show that green innovation does not mediate the effect of 

environmental cost or carbon productivity on profitability. 

However, environmental cost has a significant direct effect on 

profitability (negative direction), while carbon productivity has 

no significant effect. In addition, green innovation itself exerts a 

significant positive influence on profitability. These findings 

suggest that environmental investment directly impacts firm 

profits and green innovation can enhance profitability, whereas 

improving carbon productivity alone has not yet produced a 

tangible financial impact. Practically, this study provides 

insights for basic industry sector in formulating sustainability 

strategies that balance environmental cost, carbon 

productivity, and green innovation to optimize profitability. 
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INTRODUCTION 

Global climate change caused by increased carbon dioxide (CO₂) emissions has become a 

serious threat to economic, social, and environmental sustainability. This condition is caused by 

the continued dominance of fossil-based energy in the global energy system, resulting in 

negative externalities in the form of global warming (Senna & de Araujo Moxotó, 2025). Zhong et 

al. (2025) revealed that Indonesia is the largest contributor to carbon emissions in Southeast 

Asia, which is projected to grow 375% by 2060. This condition confirms that without strong 

intervention, the rate of emissions growth in Indonesia will be difficult to control. 
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As a concrete step in addressing this situation, the government issued Law No. 7 of 2021 

concerning Harmonized of Tax Regulations (UU HPP), which introduces carbon tax as an 

economic instrument to control carbon emissions. Empirically, carbon tax policies have proven 

effective in reducing carbon emissions and improving energy efficiency in various countries (Chai 

et al., 2025; Kundu et al., 2025; X. Wang & Qiu, 2025). This effectiveness is a strong foundation 

when applied to high-emission sectors, such as the manufacturing industry (Ahmed et al., 2025; 

Wen et al., 2025). Climateworks Centre (2025) shows that the manufacturing sector contributes 

around 28% of total national emissions, with the basic industry sub-sector being one of them. 

The high contribution of these emissions indicates that production activities in this sector are still 

highly dependent on fossil fuels.  

This reliance has led to an increase in production intensity, which generates large 

amounts of emissions and waste, resulting in companies having to bear increasingly high 

environmental cost (X. Wang & Qiu, 2025). Environmental cost includes the economic 

consequences arising from greenhouse gas emissions and pollution waste that require recovery, 

control, and compliance with environmental regulations (Arnold-Keifer et al., 2025). Aliamutu et 

al. (2023) found that increased environmental spending has a positive effect on company 

financial performance with the right management support. However, these findings differ from 

the study by Azizah & Cahyaningtyas, (2023), which shows that environmental cost actually 

reduce profitability.These findings highlight the need for other environmental metrics that 

emphasize efficiency rather than just cost burdens, one of which is carbon productivity. 

According to research by Geldres-Weiss et al. (2025), carbon productivity is defined as the ratio 

of a company's revenue to its CO₂ emissions. The higher the carbon productivity, the greater the 

economic value generated per unit of emissions. Companies with high carbon productivity tend 

to be more efficient in their use of energy and reduce energy costs per unit of output, thereby 

reducing operating costs without sacrificing output (Oltulular, 2025). A leaner cost structure not 

only increases profitability but also promotes carbon efficiency as the key to green innovation. 

Siregar et al. (2024) define green innovation as efforts to produce goods, services, and 

technologies with very low environmental impact or even those that improve the environment.  

A study in China found that green innovation significantly reduces corporate carbon emissions 

(Xie & Wang, 2024). Green innovation is not only beneficial to the environment but can also 

increase long-term profitability. Although green innovation sometimes requires initial 

investment, Batool et al. (2025) shows that companies with strong liquidity are able to absorb 

these costs and obtain long-term benefits. Therefore, adopting green innovation can improve 

operational efficiency and regulatory compliance, thereby improving financial performance. 

Previous literatures have focused on separate analyses of environmental cost and carbon 

productivity on profitability mediated by green innovation. Meanwhile, studies examining all four 

aspects simultaneously are still limited. For example, Ju & Jin (2024) found that green innovation 

improves carbon performance, but did not directly test profitability. Meanwhile, studies in 

Indonesia, such as Febriani & Darmawati (2025), found that carbon productivity and 

environmental cost have a positive effect on financial performance. However, these studies did 

not consider green innovation as a mediating mechanism.  

From a stakeholder theory perspective, companies are expected to not only pursue 

financial profits, but also respond to stakeholder pressures and expectations. Porles-Ochoa & 

Guevara (2024) assert that clean energy innovation can mediate the relationship between carbon 

efficiency and financial performance, indicating that companies' responses to environmental 

issues can simultaneously improve their economic performance. Therefore, this study seeks to 

fill this gap by simultaneously testing the influence of environmental cost and carbon 

productivity on profitability through the mediation of green innovation in the context of basic 

sector industry companies in Indonesia. In addition, this study is expected to make a real 

contribution to the practice of corporate sustainability strategies in Indonesia, particularly in 

promoting carbon efficiency and increasing sustainable profitability. 
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LITERATURE REVIEW 

Stakeholder Theory 

 Freeman & Verlag (2004) believe that the sustainability and long-term success of 

a company greatly depends on its ability to respond to the expectations of various parties such 

as the government, consumers, investors, and non-governmental organizations. In the context of 

environmental sustainability, pressure from these stakeholders is the main driver for companies 

to implement environmentally friendly business practices. This pressure will encourage 

companies to fulfill their social and environmental responsibilities to stakeholders who demand 

more ethical business practices. 

Singh et al. (2021) found that stakeholder pressure encourages increased 

environmentally-based innovation. In Indonesia, Widyantoro et al. (2025) proved that 

stakeholder pressure encourages green innovation and has an indirect impact on company 

financial performance. These findings confirm that the impact of stakeholder pressure on 

performance is highly dependent on the industry context, investor perceptions, and how 

companies execute their social responsibilities and environmental innovations. Additionally, 

Cerciello et al. (2023) revealed that green practices and environmental performance have not 

significantly contributed to profitability, indicating that the impact of stakeholder responses is 

not always direct and can be mediated by other factors, such as cost structure or managerial 

strategies. 

 

Profitability  

Profitability indicates a company's ability to generate profits from the management of its 

resources. In addition, profitability is also an important indicator for assessing the financial 

health of a company. High profitability is also viewed positively because it can increase 

competitive advantage in the market (Saidi et al., 2025). In accounting and finance research, a 

company's financial profitability is most often proxied by Return on Assets (ROA) (Fatimah et al., 

2021; Hertina Dede et al., 2023). This ratio measures how efficiently a company's assets are used 

to generate profits (Safina & Gunawan, 2025).  

    The use of ROA as a measure of profitability is very common in studies examining the 

relationship between sustainability practices and financial performance. Yuniarti et al. (2022), for 

example, used ROA to measure financial performance when testing the mediating role of 

financial performance. Astuti & Ahmar (2025) also used ROA as a profitability indicator and 

found that ROA strengthens the relationship between green factors and company value. 

Research by Yan et al. (2022) found that carbon performance and technological innovation have 

a positive effect on financial performance, as measured using ROA.  

 The research by Akuma et al. (2025) found that environmental commitment and 

stakeholder engagement are significantly positively correlated with company profitability. 

However, several studies note the potential trade-off that short-term and large investments in 

environmentally friendly activities can reduce initial profits (Batool et al., 2025). However, in the 

long term, companies that consistently implement sustainable practices tend to achieve better 

financial performance as stakeholder support increases. Based on this, this study views 

profitability as an important outcome that is influenced by a company's environmental strategy. 

 

Green Innovation Mediates the Relationship Between Environmental Cost and 

Profitability 

Richards (1997) explains the concept of environmental cost, which include costs of 

prevention, detection, remediation, and treatment of waste resulting from corporate activities. 

Environmental costs tend to show a pattern of cost behavior over time. They’re usually grouped 

into control costs (prevention and monitoring/detection) and failure costs (internal and external 

failures). In the early stages, companies may spend more on prevention and monitoring because 
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they need to improve systems and make investments. Over time, these investments help reduce 

waste and environmental incidents, leading to lower failure costs and, ultimately, lower total 

environmental costs. A study by Solovida et al. (2025) shows that identifying, tracking, and 

allocating environmental cost can improve a company's eco-efficiency. Research by Al-Mawali 

(2021) on environmental cost accounting found that good environmental cost accounting has an 

impact on environmental performance and financial performance. 

Historically, environmental expenditures have often been viewed as an additional 

burden that reduces profits (Kotango et al., 2024; Nurhalija et al., 2025). However, stakeholder 

theory provides a different perspective. Under stakeholder theory, a commitment to 

environmental cost actually strengthens stakeholder support, thereby increasing profitability. If 

environmental cost is focused on preventive measures and efficiency, companies can gain 

stakeholder trust. A study by Ma & Peng (2025) found that environmental cost plays a role in 

increasing environmentally friendly innovation. From a stakeholder perspective, green 

innovation is a positive signal that a company is serious about managing its environmental 

impact. J. Wang & Yao (2025) even proved that environmental protection spending sends a 

positive signal to external parties, thereby improving company performance. 

Environmental cost investments encourage environmentally friendly innovations, and 

these innovations then result in cost efficiencies that can contribute to company profits. In other 

words, companies that spend on environmental cost strategically can reap financial benefits if 

green innovations are successfully implemented. 

H₁: Green innovation mediates the effect of environmental cost on profitability. 

 

Green Innovation Mediates the Relationship Between Carbon Productivity and 

Profitability 

Mckinsey (2008) defines carbon productivity as the amount of economic output 

generated per ton of CO₂e emissions. Mckinsey (2008) also asserts that in order to achieve global 

emission reduction targets while maintaining economic growth, the world must drastically 

increase carbon productivity. 

At the sector and country levels, carbon productivity is measured by economic output 

per unit of carbon emissions. A study by Liu & Oka (2024) breaks down carbon productivity into a 

“true carbon productivity” component and other zero-sum components. At the company level, 

this concept is adapted as the ratio between a company's revenue and its total greenhouse gas 

emissions (Bagchi et al., 2022). Research by Ghose et al. (2023) shows that carbon productivity 

has a positive effect on corporate financial performance. A study by J. Wang et al. (2021) also 

shows that increased carbon efficiency is positively related to financial performance. 

According to stakeholder theory, companies that proactively reduce their carbon 

footprint will be viewed positively by stakeholders. Research by Chai et al. (2023) supports this 

view by stating that environmental performance can be a tool to enhance a company's 

reputation and competitive advantage, thereby increasing stakeholder support for the 

company's business activities. With high carbon productivity, companies demonstrate that they 

are responding positively to stakeholder demands. 

Ju & Jin (2024) explain that companies can save energy and reduce emissions through 

green innovation, thereby increasing carbon efficiency and improving corporate carbon 

performance. In other words, efforts to increase carbon productivity almost always involve the 

application of innovative, environmentally friendly technologies or processes. It is this innovation 

that then enables companies to reduce emissions without sacrificing output, often while 

improving operational efficiency. Several cross-country studies support this mediating role. Li et 

al. (2024) found that green financing increases carbon productivity through the mediation of 

green innovation, both in terms of the quantity and quality of innovation. 

H₂: Green Innovation mediates the effect of carbon productivity on profitability.  
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Figure 1 Hypothesis Framework 

 
Source: Data Processed, 2025 

METHODS 

The data collection took place through a documentation of annual reports and/or 

sustainability reports of companies in the basic industry sector during 2022-2024. This study 

used purposive sampling, a type of non-probability sampling in which participants are 

deliberately selected based on criteria that have been set in advance (Juliani & Fachruzzaman, 

2024).  The sample frame was developed from 101 listed companies that published reports 

during that period, then selected purposively based on the following criteria: 

Table 1. Population and Sample 

Description Total 
Basic industry companies listed on the IDX that publish 

annual and/or sustainability reports during the 2022-2024 

period 

101 

Basic industry companies that do not have data for 

environmental cost and/or total GHG emissions 
(56) 

Basic industry companies that record environmental cost in 

currencies other than Rupiah 
(9) 

Basic industry companies that were delisted or suspended 

during the 2022-2024 period 
(9) 

Basic industry companies that suffered operational losses 

during the 2022-2024 period 
(9) 

TOTAL RESEARCH SAMPLE 18 

OBSERVATION PERIOD 3 

TOTAL OBSERVATION DATA 54 

 Source: Data Processed, 2025 

Table 2. Operational Variable 

Variable Measurement Source 

Environmental 

Cost (EC) 

EC =  
(Heryanti & Harahap, 2025) 

Carbon 

Productivity (CP) 

CP =  
(Jung et al., 2021) 
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Green Innovation 

(GI) 

GI =  
(Agustia et al., 2019) 

Profitability 

(ROA) ROA =  
(Yu et al., 2025) 

 Source: Data Processed, 2025 

Data Model Analysis 

The data used are secondary data from basic industry companies obtained from annual 

reports and sustainability reports for the 2022-2024 period.  The analysis was done using Partial 

Least Squares-Structural Equation Modeling (PLS-SEM) with SmartPLS, as suggested by (Hair et 

al., 2019) when the model is predictive, the sample size is relatively small, and mediation 

variables are involved. The analysis began with descriptive statistics to describe the distribution 

of each research variable. Next, an outermodel test was conducted using outer loading values, 

Average Variance Extracted (AVE), as well as composite reliability and Cronbach's alpha. After the 

measurement model met the validity and reliability criteria, a structural model (inner model) test 

was conducted. Hypothesis testing was performed using the bootstrapping procedure in 

SmartPLS. Hypotheses were accepted if the t-statistic value was > 1.96 and the p-value was < 

0.05 at a 5% significance level. Based on this procedure, the research results could be measured 

and tested systematically. 

 

RESULTS 

Descriptive Statistical Analysis 

Table 3. Statistic Descriptive 

Variable Mean Median Min Max Std. Deviation 

Environment

al Cost (EC) 

0.052 0.025 0,001 

 

0.544 

 

0.084 

Carbon 

Productivity 

(CP) 

63,024,605.63

7 

 

16,645,546.83

0 

208,683.02

1 

656,657,847.80

0 

144,159,285.65

4 

Green 

Innovation 

(GI) 

0.769 0.750 0.250 1.000 0.203 

ROA 5.265 4.130 0.100 15.130 4.047 

 Source: Data Processed, 2025 

 

Table 3 shows that the average Environmental Cost is 0.052 with a minimum value of 0.001 

and a maximum value of 0.544, meaning that expenditures related to environmental activities in 

the sample companies are still relatively low and varied. Carbon Productivity has an average of 

63,024,605.637 with a standard deviation of 144,159,285.654, which is quite large, indicating a 

wide difference in the ability of companies to generate economic output in relation to carbon 

emissions. Green Innovation has an average of 0.769 with a range of 0.250-1.000, indicating that 

most companies have implemented green innovation at a medium to high level. Meanwhile, ROA 

has an average of 5.265%, reflecting a moderate level of profitability with considerable variation 

between companies. 
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Outer Loading 

Table 4. Outer Loading Test 

Variable 
Environmental 

Cost 
Carbon Productivity Green Innovation Profitabily 

Environmental 

Cost (EC) 

1.000    

Carbon 

Productivity (CP) 

 1.000   

Green 

Innovation (GI) 

  1.000  

ROA    1.000 

 Source: Data Processed, 2025 

 

Table 4 shows that all indicators in the Environmental cost, Carbon Productivity, Green 

Innovation, and Profitability variables have a loading value of 1.000, well above the minimum 

limit of 0.70. This indicates that each indicator is able to meet the convergent validity criteria for 

all variables in the model. 

 

Construct Relibiality and Validity 

Table 5. Reliability and Validity Test 

Variable Cronbach’s Alpha Composite Reliability AVE 

Environmental Cost (EC) 1.000 1.000 1.000 

Carbon Productivity (CP) 1.000 1.000 1.000 

Green Innovation (GI) 1.000 1.000 1.000 

ROA 1.000 1.000   1.000 

 Source: Data Processed, 2025 

 

The reliability test results in Table 5 show that the four variables have Cronbach's alpha, 

composite reliability, and AVE values of 1.000, respectively. These values exceed the general 

requirements (≥0.70 for reliability and ≥0.50 for AVE), indicating that the instrument used is 

highly reliable and consistent in measuring Environmental Cost, Carbon Productivity, Green 

Innovation, and Profitability. 

 

Discriminant Validity 

Table 6. Discriminant Validity Test 

Variable 
Environmental 

Cost 
Carbon Productivity Green Innovation Profitabily 

Environmental 

Cost (EC) 

1.000    

Carbon 

Productivity (CP) 

-0.209 1.000   

Green 

Innovation (GI) 

0.075 0.119 1.000  

ROA -0.365 0.242 0.195 1.000 

 Source: Data Processed, 2025 

 

Based on the information in Table 6, discriminant validity is fulfilled because the square 

root of AVE for each construct is greater than its correlation with other constructs. For example, 

https://jurnal.unived.ac.id/index.php/er/index
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the correlation between Green Innovation and Profitability is 0.195, and the correlation between 

Environmental cost and Carbon Productivity is -0.209, which is lower than the square root of AVE 

for each construct. These findings confirm that each construct has sufficient uniqueness and 

there is no overlap between variables, thus fulfilling discriminant validity. 

 

Inner Model 

Table 7.  Direct Effect Test 

 Path Coefficient T-Statistic P-Values Results 

Direct Effect 

EC > GI 0.104 0.662 0.508 Insignificant 

EC > ROA -0.350 4.448 0.000 Significant 

CP > GI 0.141 1.143 0.254 Insignificant 

CP > ROA 0.145 0.731 0.465 Insignificant 

GI > ROA 0.204 2.084 0.038 Significant 

 Source: Data Processed, 2025 

 

Based on Table 7, the results of the direct effect test show that Environmental cost do not 

have a significant effect on Green Innovation (t = 0.662; p = 0.508), but have a significant effect 

on profitability (t = 4.448; p = 0.000). Furthermore, Carbon Productivity is not proven to have a 

significant effect on either Green Innovation (t = 1.143; p = 0.254) or profitability (t = 0.731; p = 

0.465). On the other hand, Green Innovation had a significant effect on profitability (t = 2.084; p = 

0.038), so that only Environmental Cost and Green Innovation had a significant effect on the 

direct effect test. 

 

Table 8. Indirect Effect Test 

 Path Coefficient T-Statistic P-Values Results 

Indirect Effect 

BL > GI > ROA 0.021 0.672 0.502 Rejected 

CP > GI > ROA 0.029 0.998 0.319 Rejected 

 Source: Data Processed, 2025 

 

Based on Table 8, the results of the indirect effect test confirm that Environmental cost 

on Profitability through Green Innovation are not significantly proven, with a t-statistic of 0.672 < 

1.96 and a p-value > 0.05. This indicates that H₁ is rejected, and it can be concluded that Green 

Innovation cannot mediate the relationship between Environmental cost and Profitability. 

Furthermore, the indirect effect of Carbon Productivity on Profitability through Green Innovation 

is not significant with a t-statistic of 0.998 < 1.96 and a p-value > 0.05, so H₂ is rejected. 

The inner model is presented in the following figure. 

 

Figure 2 Inner Model 

 
Source: Data Processed, 2025 
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DISCUSSION 

Green Innovation Mediates Environmental cost on Profitability 

The results show that Green Innovation (GI) does not mediate the effect of 

Environmental Cost on Profitability. The indirect effect through Green Innovation proved to be 

insignificant, while the direct effect of Environmental cost on Profitability remained significant. 

Based on the mediation classification according to Nitzl et al. (2018), this finding falls under the 

Only Direct Effect category. This means that the Green Innovation variable does not act as a 

mediator in the relationship between Environmental Cost and Profitability. In other words, an 

increase in Environmental Cost has a direct effect on Profitability, but not through Green 

Innovation. From a theoretical perspective, these results indicate that environmental investment 

has a direct impact on profitability without the need for Green Innovation. These findings are 

also consistent with research by Ibrahim et al. (2024) that found a significant relationship 

between environmental spending and corporate financial performance.  The absence of the 

mediating role of Green Innovation suggests the possibility that corporate environmental 

investment has not been sufficiently directed to encourage innovation that impacts profits. Thus, 

in the relationship between Environmental cost and Profitability in this study, Green Innovation 

has not been proven to be a mechanism that channels influence, so that the dominant influence 

comes from the direct effect of Environmental cost on Profitability. 

 

Green Innovation Mediates Carbon Productivity on Profitability 

Contrary to previous findings, the effect of Carbon Productivity (CP) on Profitability was 

not found to be significant, either as a direct effect or through the mediation of Green 

Innovation. PLS-SEM analysis showed that the indirect effect of CP > GI > ROA was not significant, 

and the direct effect of CP > ROA was also not significant. In other words, an increase in a 

company's carbon productivity was not found to have an effect on profitability. This finding falls 

into the No Mediation – No Effect category (Nitzl et al., 2018). This situation of no mediation and 

no effect means that there is no significant relationship between carbon productivity and 

profitability, either directly or through green innovation as a mediator. These results are in line 

with the study by Tehananda et al. (2025), which found that carbon productivity does not have a 

significant effect on financial performance. One possible explanation is that the increase in 

carbon productivity has not been appreciated by the market or has not reached a scale that 

affects profit. Without external pressure or incentives such as carbon tax regulations, which 

convert low-carbon advantages into profits, the relationship between carbon productivity and 

profitability tends to be weak. 

The inability of Green Innovation to mediate the relationship between Carbon 

Productivity and profitability indicates that Green Innovation cannot change the lack of influence 

of Carbon Productivity on Profitability. The condition where both the direct effect and indirect 

effect paths are insignificant suggests that the theoretical model variables may need to be 

reviewed or that the selected mediation variables are inappropriate. Another alternative for the 

positive impact of increased carbon productivity is environmental performance. Increased 

carbon productivity will first have an impact on environmental performance, not directly on 

profitability. Therefore, this No Mediation – No Effect finding signals for future researchers to re-

explore the mechanism of how emission reduction efforts can create value for profitability. 

 

CONCLUSION 

Based on the results of the study, environmental cost was found to have a significant 

negative effect on company profitability, but this effect was not mediated by green innovation. 

Conversely, carbon productivity was not found to have a significant effect on profitability, either 

directly or indirectly through green innovation. On the other hand, green innovation had a 
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significant positive effect on profitability, but the green innovation variable could not act as a 

mediator in the relationship between the two independent variables and company profitability. 

These findings indicate that sustainability strategies based on environmental cost and green 

innovation can directly drive profitability, even though carbon productivity is not yet a 

determining factor in the current context. 

 

LIMITATION 

This research has limitations in terms of small sample size, narrow sector focus, and 

limited observation period, so the findings cannot be generalized widely. In addition, the results 

showing the insignificance of the mediation path indicate that the selection of mediating 

variables used may not be entirely appropriate in explaining the relationship between variables. 

Therefore, further research is recommended to expand the cross-sector and time period 

samples, while testing other mediating variables such as environmental performance for 

environmental cost and carbon productivity. 
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