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 This study examines the effects of participation in carbon trading and 

carbon management strategies on emissions reduction performance 

and financial performance in energy companies in Indonesia. A 

quantitative research design was employed using primary data 

collected from 55 respondents through structured questionnaires 

measured on a five-point Likert scale. The respondents consisted of 

managers, supervisors, sustainability officers, finance managers, and 

executives with knowledge of environmental and carbon management 

practices. Data were analyzed using Structural Equation Modeling–

Partial Least Squares with SmartPLS 3. The results indicate that 

participation in carbon trading has a positive and significant effect on 

emissions reduction performance and financial performance. Carbon 

management strategy also positively and significantly affects 

emissions reduction performance and financial performance. 

Furthermore, emissions reduction performance has a positive and 

significant effect on financial performance. The model explains 65.1% 

of the variance in emissions reduction performance and 70.3% of the 

variance in financial performance. These findings demonstrate that 

internal carbon management capabilities have a stronger influence on 

emissions reduction than participation in carbon trading alone. They 

also confirm that improved environmental performance can generate 

economic benefits through operational efficiency, reduced regulatory 

risk, enhanced reputation, and stronger stakeholder confidence. The 

study highlights the importance of integrating carbon trading 

participation with comprehensive carbon management strategies to 

support the transition of Indonesia’s energy sector toward low-carbon 

and financially sustainable operations.  
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1. INTRODUCTION  

Climate change has become one of the 

most pressing global challenges affecting 

environmental sustainability, economic 

development, and corporate governance. The 

continued increase in greenhouse gas (GHG) 

emissions, particularly carbon dioxide (CO₂), 

has accelerated global warming and 

intensified environmental risks, including 

extreme weather events, biodiversity loss, 

ecosystem degradation, and economic 

disruption. The energy sector remains the 

largest contributor to global carbon emissions, 

accounting for nearly three-quarters of total 

GHG emissions, making it a primary focus of 

international climate mitigation policies [1], 

[2]. Consequently, governments, regulators, 

investors, and international organizations 

increasingly encourage corporations to 

incorporate climate-related strategies into 

their business operations while 

simultaneously maintaining long-term 

financial resilience. Market-based 

mechanisms such as carbon trading have 

emerged as one of the most prominent policy 

instruments for achieving emission reduction 

targets because they create economic 

incentives for firms to reduce emissions 

through technological innovation and 

operational efficiency rather than relying 

solely on traditional command-and-control 

regulations [3], [4].  

Beyond participation in carbon 

markets, corporations have increasingly 

recognized that effective carbon management 

constitutes a strategic organizational 

capability rather than merely a regulatory 

compliance activity. Carbon management 

encompasses systematic processes of 

measuring, monitoring, reporting, reducing, 

and continuously improving carbon 

emissions throughout organizational 

operations [5], [6]. These practices enable 

firms to optimize resource utilization, 

improve production efficiency, strengthen 

environmental transparency, and reduce 

climate-related risks. From the perspective of 

the Natural Resource-Based View (NRBV), 

environmental capabilities such as carbon 

management represent valuable, rare, and 

difficult-to-imitate strategic resources capable 

of generating sustainable competitive 

advantage. Simultaneously, Stakeholder 

Theory suggests that increasing pressure from 

regulators, investors, customers, and society 

encourages companies to demonstrate 

stronger environmental responsibility 

through both internal management practices 

and external participation in carbon markets 

[7], [8]. Consequently, environmental 

initiatives are increasingly viewed as strategic 

investments capable of improving both 

environmental and financial performance 

rather than merely increasing operational 

costs.  

Despite the growing importance of 

carbon-related strategies, previous empirical 

findings remain inconclusive regarding their 

effectiveness in enhancing corporate 

performance. Several studies report that 

carbon trading participation significantly 

improves environmental performance by 

encouraging technological innovation and 

cleaner production, whereas others argue that 

carbon markets produce limited benefits 

when carbon prices remain relatively low or 

when firms participate only to satisfy 

regulatory requirements [9], [10]. Likewise, 

while carbon management has consistently 

demonstrated positive associations with 

operational efficiency and environmental 

performance, evidence regarding its 

contribution to financial performance remains 

mixed because substantial investments in 

environmental management may delay 

financial returns. These inconsistent findings 

indicate that the relationship between carbon-

related strategies and organizational 

outcomes remains insufficiently understood 

and warrants further investigation [11], [12].  

Another important limitation of the 

existing literature concerns the fragmented 

examination of carbon trading and carbon 

management. Most previous studies 

investigate these variables independently, 

emphasizing either external market 

mechanisms or internal environmental 

management practices without considering 

their complementary relationship. 
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Consequently, limited empirical evidence 

explains how participation in carbon trading 

and effective carbon management jointly 

influence both emissions reduction 

performance and financial performance 

within an integrated research framework [13], 

[14]. Furthermore, this limitation is 

particularly evident in developing economies 

where environmental governance systems, 

corporate sustainability practices, and carbon 

markets continue to evolve. As a result, the 

interaction between external environmental 

policies and internal organizational 

capabilities remains underexplored in 

sustainability accounting and environmental 

management research [15], [16].  

Indonesia provides an important 

empirical setting for addressing these 

research gaps because it is among the world's 

largest greenhouse gas emitters while 

simultaneously experiencing rapid 

industrialization and increasing energy 

demand. The Indonesian government has 

committed to achieving Net Zero Emissions 

by 2060 or earlier through various climate 

policies, including the implementation of 

carbon economic value regulations, 

mandatory greenhouse gas reporting, and the 

operationalization of the Indonesia Carbon 

Exchange. Nevertheless, corporate 

participation in carbon trading remains 

relatively limited, while the implementation 

of carbon management practices differs 

substantially across organizations due to 

variations in technological readiness, 

managerial commitment, organizational 

capability, and financial resources [17]. These 

differences raise important questions 

regarding whether participation in carbon 

trading alone is sufficient to improve 

corporate performance or whether 

comprehensive carbon management 

capabilities are required to translate climate 

initiatives into measurable environmental and 

financial outcomes.  

Against this background, the present 

study develops an integrated framework 

combining carbon trading participation and 

carbon management strategies to explain 

organizational performance among energy 

companies in Indonesia. Specifically, this 

research examines the direct effects of carbon 

trading participation and carbon 

management on emissions reduction 

performance and financial performance, 

while also investigating the contribution of 

emissions reduction performance to corporate 

financial outcomes. By integrating external 

market-based environmental policies with 

internal organizational capabilities, this study 

extends the sustainability accounting 

literature and contributes empirical evidence 

from an emerging carbon market. The 

findings are expected to provide practical 

implications for policymakers, regulators, and 

corporate managers seeking to accelerate 

Indonesia's transition toward a competitive 

low-carbon economy while maintaining 

corporate financial sustainability. 

 

2. LITERATURE REVIEW 

2.1 Natural Resource-Based View 

(NRBV) 

The Natural Resource-Based 

View (NRBV), developed by 

Hart (1995), extends the 

Resource-Based View by 

positioning environmental 

capabilities as strategic resources 

that can generate sustainable 

competitive advantage. Through 

pollution prevention, carbon 

monitoring, energy efficiency, 

low-carbon technologies, carbon 

accounting, renewable energy 

adoption, and organizational 

learning, firms can reduce 

emissions, improve resource 

efficiency, minimize 

environmental risks, and 

strengthen stakeholder 

confidence [18], [19]. NRBV also 

explains carbon trading 

participation because firms with 

stronger carbon management 

capabilities are better able to 

meet emission targets, generate 

surplus allowances, and 

transform environmental 
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performance into economic 

value. Therefore, NRBV 

provides a relevant theoretical 

foundation for explaining the 

effects of carbon trading 

participation and carbon 

management strategies on 

emissions reduction and 

financial performance. 

2.2 Stakeholder Theory 

Stakeholder Theory, 

introduced by Freeman (1984), 

argues that organizational 

success depends on the ability to 

address the interests of multiple 

stakeholders, including 

regulators, investors, customers, 

employees, financial institutions, 

communities, and 

environmental organizations. 

Growing demands for climate 

accountability, ESG 

performance, transparent 

reporting, and environmentally 

responsible business practices 

encourage firms to participate in 

carbon trading and implement 

comprehensive carbon 

management strategies [7], [8]. 

These initiatives demonstrate 

regulatory compliance, 

managerial commitment, 

measurable emissions reduction, 

and organizational 

accountability. By meeting 

stakeholder expectations, firms 

can strengthen legitimacy and 

reputation, reduce regulatory 

uncertainty, enhance investor 

confidence, and improve 

financial performance [7], [20]. 

Therefore, Stakeholder Theory 

complements NRBV by 

explaining the external pressures 

that motivate companies to 

adopt carbon-related strategies. 

2.3 Participation in Carbon Trading 

Carbon trading is a market-

based mechanism that assigns 

economic value to greenhouse 

gas emissions by allowing firms 

operating below their emission 

limits to sell surplus allowances, 

while firms exceeding their 

quotas must purchase additional 

allowances or reduce emissions. 

This mechanism provides 

greater flexibility and cost 

efficiency than command-and-

control regulation by 

encouraging technological 

innovation, cleaner production, 

renewable energy adoption, and 

operational improvements [5], 

[6]. Participation also requires 

reliable emissions inventories, 

continuous monitoring, carbon 

accounting, and effective 

environmental governance. 

Accordingly, carbon trading can 

improve emissions performance, 

reduce compliance costs, 

strengthen corporate reputation, 

enhance competitiveness, and 

create revenue through carbon 

credit sales [21], [22]. In this 

study, carbon trading 

participation refers to the extent 

to which energy companies 

engage in carbon markets, 

comply with relevant 

regulations, incorporate carbon 

pricing into business decisions, 

and use trading mechanisms as 

part of their environmental 

strategy. 

2.4 Carbon Management Strategy 

Carbon management strategy 

refers to an integrated 

organizational approach for 

measuring, monitoring, 

controlling, reporting, and 

continuously reducing 

greenhouse gas emissions across 

business operations. It 

incorporates carbon accounting, 

emissions reduction planning, 

energy efficiency, low-carbon 

technology investment, 

renewable energy use, supply 
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chain management, employee 

engagement, climate risk 

management, and transparent 

disclosure into corporate 

governance and strategic 

decision-making [13], [14]. 

Effective carbon management 

enables firms to identify 

operational inefficiencies, reduce 

energy consumption and 

production costs, optimize 

resource utilization, mitigate 

regulatory risks, and strengthen 

organizational resilience. It can 

also improve environmental and 

financial performance through 

lower emissions, enhanced 

reputation, stronger investor 

confidence, and improved ESG 

outcomes [16], [23]. In this study, 

carbon management strategy is 

defined as the internal 

organizational capability that 

translates climate commitments 

into measurable operational and 

performance improvements. 

2.5 Emissions Reduction 

Performance 

Emissions reduction 

performance refers to an 

organization’s measurable 

effectiveness in lowering 

greenhouse gas emissions 

through operational 

improvements, technological 

innovation, energy efficiency, 

renewable energy adoption, and 

sustainable resource 

management. Organizations 

with strong emissions reduction 

performance typically establish 

clear reduction targets, 

continuously monitor emissions, 

adopt cleaner technologies, and 

integrate sustainability into 

operational decision-making 

[24], [25]. Beyond supporting 

environmental sustainability, 

improved emissions reduction 

can reduce energy consumption, 

increase operational efficiency, 

lower compliance costs, 

strengthen corporate reputation, 

and improve access to 

sustainable financing. Therefore, 

emissions reduction 

performance functions as both 

an environmental and strategic 

business indicator [14], [26]. In 

this study, it is defined as the 

measurable success of energy 

companies in reducing 

greenhouse gas emissions 

through the systematic 

implementation of carbon-

related initiatives. 

2.6 Financial Performance 

Financial performance 

reflects an organization’s ability 

to generate sustainable economic 

value through efficient resource 

utilization and is commonly 

assessed through profitability, 

operational efficiency, revenue 

growth, return on investment, 

cost efficiency, and long-term 

financial sustainability [27], [28]. 

In environmental management, 

financial performance also 

captures value created through 

sustainability initiatives, 

including lower energy and 

production costs, innovation, 

stronger reputation, increased 

customer loyalty, greater 

investor confidence, and 

reduced regulatory risk. Carbon 

trading participation may 

enhance financial outcomes 

through carbon credit revenues, 

lower compliance costs, and 

improved competitiveness, 

while carbon management 

strategies can reduce waste, 

optimize resources, and 

strengthen organizational 

resilience [21], [29]. Accordingly, 

this study defines financial 

performance as the perceived 

improvement in profitability, 
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operational efficiency, 

competitive advantage, and 

long-term economic 

sustainability resulting from 

carbon-related strategic 

initiatives. 

2.7 Conceptual Framework 

This study integrates the 

Natural Resource-Based View 

(NRBV) and Stakeholder Theory 

to explain how carbon trading 

participation and carbon 

management strategies influence 

organizational performance. 

NRBV positions environmental 

capabilities as strategic resources 

that can generate competitive 

advantage through operational 

efficiency, emissions control, and 

sustainability, while Stakeholder 

Theory explains how firms 

respond to environmental 

expectations from regulators, 

investors, customers, and society 

to strengthen legitimacy and 

financial outcomes. Within this 

framework, carbon trading 

participation represents an 

external market-based 

mechanism that provides 

economic incentives for 

emissions reduction, whereas 

carbon management strategy 

represents an internal 

organizational capability for 

planning, measuring, 

monitoring, controlling, and 

continuously improving carbon-

related activities. Accordingly, 

carbon trading participation and 

carbon management strategy are 

positioned as exogenous 

variables, emissions reduction 

performance as an 

environmental outcome and 

mediating mechanism, and 

financial performance as the 

ultimate organizational 

outcome. 

Carbon trading participation 

is expected to improve emissions 

reduction performance by 

encouraging firms to adopt 

cleaner technologies, increase 

energy efficiency, and 

continuously improve 

environmental operations. It 

may also enhance financial 

performance through lower 

compliance costs, carbon credit 

revenues, improved operational 

efficiency, and stronger 

corporate reputation. Similarly, 

comprehensive carbon 

management strategies are 

expected to improve emissions 

reduction performance through 

systematic emissions 

monitoring, reduction programs, 

energy optimization, and 

environmental governance, 

while also strengthening 

financial performance by 

reducing environmental risks, 

increasing stakeholder 

confidence, and enhancing long-

term competitiveness. 

Furthermore, successful 

emissions reduction is expected 

to contribute to superior 

financial performance by 

lowering operating and 

regulatory costs, improving 

corporate reputation, and 

increasing investor confidence. 

H1: Participation in carbon 

trading positively affects 

emissions reduction 

performance. 

H2: Participation in carbon 

trading positively affects 

financial performance. 

H3: Carbon management 

strategy positively affects 

emissions reduction 

performance. 

H4: Carbon management 

strategy positively affects 

financial performance. 
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H5: Emissions reduction 

performance positively affects 

financial performance. 

 

 

3. METHODS 

3.1 Research Design 

This study employed a quantitative 

explanatory approach to examine the 

relationships among carbon trading 

participation, carbon management strategy, 

emissions reduction performance, and 

financial performance in Indonesian energy 

companies. Data were collected through a 

cross-sectional survey using structured 

questionnaires, enabling the objective 

measurement of latent constructs and 

statistical testing of direct relationships 

among the variables. The proposed model 

was analyzed using Structural Equation 

Modeling–Partial Least Squares (SEM-PLS) 

with SmartPLS 3 because this method 

supports predictive analysis, accommodates 

relatively small samples, does not require 

strict multivariate normality, and enables 

simultaneous assessment of the measurement 

and structural models. 

 

3.2 Population and Sample 

The population comprised energy 

companies operating in Indonesia that had 

implemented environmental sustainability 

initiatives, greenhouse gas management 

practices, or carbon-related programs, 

including firms engaged in electricity 

generation, oil and gas, coal mining, 

renewable energy, and other carbon-intensive 

energy industries. Respondents were selected 

using purposive sampling based on four 

criteria: the company operated in Indonesia’s 

energy sector, had implemented 

environmental or sustainability programs, 

and the respondent possessed relevant 

knowledge of environmental management, 

sustainability, carbon emissions, or corporate 

strategy while holding a managerial, 

supervisory, sustainability, environmental, 

finance, or executive position. Based on these 

criteria, 55 valid responses were included in 

the final analysis, which was considered 

adequate for exploratory and predictive SEM-

PLS analysis. 

 

 

3.3 Data Collection Technique 

Primary data were collected through 

a structured questionnaire developed from 

previously validated measurement scales in 

the sustainability management, 

environmental accounting, carbon 

management, and corporate performance 

literature. All items were measured using a 

five-point Likert scale ranging from 1 

(strongly disagree) to 5 (strongly agree), and 

respondents were asked to assess each 

statement based on their company’s current 

practices and organizational conditions. 

Before distribution, the questionnaire 

underwent content evaluation to ensure 

clarity, relevance, and consistency with the 

research constructs, after which it was 

administered to eligible respondents through 

electronic and direct survey methods. 

 

3.4 Operational Definition of 

Variables 

This study comprises two exogenous 

variables—Participation in Carbon Trading 

(PCT) and Carbon Management Strategy 

(CMS)—one mediating endogenous variable, 

Emissions Reduction Performance (ERP), and 

one final endogenous variable, Financial 

Performance (FP). PCT measures the extent to 

which companies engage in carbon credit 

transactions, comply with carbon market 

regulations, integrate carbon pricing into 

business decisions, demonstrate commitment 

to carbon market participation, and use 

carbon trading as an emissions reduction 

strategy. CMS reflects organizational 

practices for measuring, planning, 

monitoring, reporting, and continuously 

reducing emissions through energy 

efficiency, low-carbon technology, and 

employee involvement. ERP captures the 

achievement of emissions reduction targets, 

lower carbon emissions, improved energy 

efficiency, greater use of clean technologies, 

and continuous environmental improvement, 
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while FP measures perceived improvements 

in profitability, cost efficiency, revenue 

growth, competitive advantage, and long-

term financial sustainability. All constructs 

were measured reflectively using multiple 

indicators adapted from prior sustainability 

accounting, environmental management, 

carbon accounting, and corporate 

performance studies, with minor wording 

adjustments to ensure relevance to 

Indonesia’s energy sector. 

 

3.5 Data Analysis Technique 

Data were analyzed using Structural 

Equation Modeling–Partial Least Squares 

(SEM-PLS) with SmartPLS 3 because this 

method is prediction-oriented, suitable for 

relatively small samples, capable of 

simultaneously examining complex causal 

relationships, and robust to non-normal data. 

The analysis involved evaluating the 

measurement and structural models. The 

measurement model was assessed using outer 

loadings of at least 0.70, although indicators 

between 0.60 and 0.70 could be retained when 

construct reliability remained adequate, 

Cronbach’s alpha and composite reliability 

values of at least 0.70, an Average Variance 

Extracted (AVE) value of at least 0.50, and 

discriminant validity based on the Fornell–

Larcker criterion, cross-loadings, and an 

HTMT ratio below 0.90. After reliability and 

validity were established, the structural 

model was evaluated using the coefficient of 

determination (R²), effect size (f²), predictive 

relevance (Q²), Standardized Root Mean 

Square Residual (SRMR), path coefficients, 

and bootstrapping with 5,000 subsamples. 

Hypotheses were considered statistically 

significant when the t-value exceeded 1.96 

and the p-value was below 0.05 at the 95% 

confidence level. 

 

4. RESULTS AND DISCUSSION 

4.1 Respondent Profile 

A total of 55 valid questionnaires 

were collected from respondents representing 

energy companies operating in Indonesia. The 

respondents consisted of managers, 

sustainability officers, environmental 

specialists, finance managers, operational 

managers, and senior executives who 

possessed sufficient knowledge regarding 

carbon management practices and corporate 

sustainability strategies. 

 

Table 1. Respondent Characteristics 

Characteristics Category Frequency Percentage (%) 

Gender 
Male 37 67.3 

Female 18 32.7 

Age 

<30 Years 9 16.4 

30–39 Years 19 34.5 

40–49 Years 17 30.9 

≥50 Years 10 18.2 

Education 

Bachelor's Degree 31 56.4 

Master's Degree 21 38.2 

Doctorate 3 5.4 

Position 

Manager 23 41.8 

Supervisor 11 20.0 

Sustainability Officer 8 14.5 

Finance Manager 6 10.9 

Executive 7 12.8 

Working Experience 

1–5 Years 10 18.2 

6–10 Years 17 30.9 

11–15 Years 15 27.3 

>15 Years 13 23.6 
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The respondent profile shows that 

most participants were male (67.3%), while 

female respondents accounted for 32.7%. The 

largest age group was 30–39 years (34.5%), 

followed by 40–49 years (30.9%), respondents 

aged 50 years or older (18.2%), and those 

below 30 years (16.4%). Most respondents 

held a bachelor’s degree (56.4%), followed by 

a master’s degree (38.2%) and a doctorate 

(5.4%). In terms of position, managers 

represented the largest group (41.8%), 

followed by supervisors (20.0%), 

sustainability officers (14.5%), executives 

(12.8%), and finance managers (10.9%). 

Regarding work experience, 30.9% had 6–10 

years of experience, 27.3% had 11–15 years, 

23.6% had more than 15 years, and 18.2% had 

1–5 years, indicating that most respondents 

possessed substantial professional experience 

relevant to the study. 

 

4.2 Descriptive Statistics 

 

Table 2. Descriptive Statistics 

Variable Mean Standard Deviation Min Max 

Participation in Carbon Trading 3.97 0.61 2.40 5.00 

Carbon Management Strategy 4.15 0.54 2.90 5.00 

Emissions Reduction Performance 4.08 0.58 2.80 5.00 

Financial Performance 3.94 0.63 2.50 5.00 

Table 2 presents the descriptive 

statistics for the study variables. Overall, all 

variables exhibit relatively high mean scores, 

ranging from 3.94 to 4.15 on a five-point Likert 

scale, indicating that respondents generally 

agreed with statements related to carbon 

trading participation, carbon management 

strategy, emissions reduction performance, 

and financial performance. Carbon 

Management Strategy recorded the highest 

mean (M = 4.15; SD = 0.54), suggesting that the 

sampled energy companies have broadly 

implemented systematic carbon management 

practices. This was followed by Emissions 

Reduction Performance (M = 4.08; SD = 0.58), 

Participation in Carbon Trading (M = 3.97; SD 

= 0.61), and Financial Performance (M = 3.94; 

SD = 0.63). The relatively low standard 

deviation values (0.54–0.63) indicate limited 

variability in responses, reflecting a relatively 

consistent perception among respondents. 

Furthermore, the observed minimum and 

maximum values demonstrate sufficient 

variation across respondents while remaining 

within the expected measurement range, 

supporting the suitability of the data for 

subsequent SEM-PLS analysis. 

 

4.3 Measurement Model 

Evaluation (Outer Model) 

4.3.1 Convergent Validity 

Table 3. Outer Loadings 

Variable Indicator Loading 

Participation in Carbon Trading 

PCT1 0.845 

PCT2 0.871 

PCT3 0.884 

PCT4 0.838 

PCT5 0.857 

Carbon Management Strategy 

CMS1 0.842 

CMS2 0.889 

CMS3 0.876 

CMS4 0.903 

CMS5 0.852 

CMS6 0.871 

CMS7 0.846 

Emissions Reduction Performance 
ERP1 0.872 

ERP2 0.891 
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ERP3 0.914 

ERP4 0.862 

ERP5 0.885 

Financial Performance 

FP1 0.861 

FP2 0.887 

FP3 0.904 

FP4 0.869 

FP5 0.882 

Table 3 presents the outer loading 

values for all measurement indicators. The 

results show that all indicators have loading 

values ranging from 0.838 to 0.914, exceeding 

the recommended threshold of 0.70. 

Specifically, the Participation in Carbon 

Trading construct has loadings between 0.838 

and 0.884, Carbon Management Strategy 

between 0.842 and 0.903, Emissions Reduction 

Performance between 0.862 and 0.914, and 

Financial Performance between 0.861 and 

0.904. These findings indicate that each 

indicator exhibits a strong correlation with its 

respective latent construct, confirming 

satisfactory indicator reliability and 

convergent validity. Therefore, all indicators 

were retained for subsequent structural 

model analysis, as they adequately represent 

their underlying constructs. 

 

4.3.2 Construct Reliability 

 

Table 4. Reliability and Convergent Validity 

Variable Cronbach's Alpha Composite Reliability AVE 

Participation in Carbon Trading 0.911 0.934 0.739 

Carbon Management Strategy 0.948 0.956 0.756 

Emissions Reduction Performance 0.927 0.945 0.775 

Financial Performance 0.925 0.944 0.771 

Table 4 demonstrates that all 

constructs satisfy the recommended reliability 

and convergent validity criteria. Cronbach’s 

alpha values range from 0.911 to 0.948, while 

composite reliability values range from 0.934 

to 0.956, exceeding the minimum threshold of 

0.70 and indicating strong internal 

consistency. In addition, the Average 

Variance Extracted values range from 0.739 to 

0.775, which are well above the recommended 

threshold of 0.50. These results confirm that 

Participation in Carbon Trading, Carbon 

Management Strategy, Emissions Reduction 

Performance, and Financial Performance are 

measured reliably and explain a substantial 

proportion of the variance in their respective 

indicators. Therefore, the measurement 

model demonstrates satisfactory internal 

consistency reliability and convergent 

validity. 

 

4.3.3 Discriminant Validity 

 

Table 5. Fornell–Larcker Criterion 

Variable PCT CMS ERP FP 

Participation in Carbon Trading 0.860    

Carbon Management Strategy 0.604 0.869   

Emissions Reduction Performance 0.638 0.728 0.880  

Financial Performance 0.593 0.675 0.746 0.878 

Table 5 confirms adequate 

discriminant validity based on the Fornell–

Larcker criterion, as the square root of the 

Average Variance Extracted for each 

construct, represented by the diagonal values, 

exceeds its correlations with the other 

constructs. Specifically, the diagonal values 

for Participation in Carbon Trading (0.860), 
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Carbon Management Strategy (0.869), 

Emissions Reduction Performance (0.880), 

and Financial Performance (0.878) are higher 

than all corresponding inter-construct 

correlations. Although the relationship 

between Emissions Reduction Performance 

and Financial Performance is relatively strong 

(r = 0.746), it remains below the square root of 

the AVE for both constructs. Therefore, each 

construct is empirically distinct and measures 

a concept different from the other variables in 

the model. 

 

4.4 Structural Model Evaluation 

(Inner Model) 

4.4.1 Coefficient of Determination 

(R²) 

The coefficient of determination 

results indicate that the structural model has 

substantial explanatory power. Participation 

in Carbon Trading and Carbon Management 

Strategy jointly explain 65.1% of the variance 

in Emissions Reduction Performance (R² = 

0.651), indicating a moderate-to-strong level 

of explanation, while the predictors of 

Financial Performance explain 70.3% of its 

variance (R² = 0.703), reflecting strong 

explanatory power. The remaining 34.9% of 

the variance in Emissions Reduction 

Performance and 29.7% of the variance in 

Financial Performance are attributable to 

factors outside the proposed model.  

 

4.4.2 Effect Size (f²) 

 

Table 6. Effect Size 

Relationship f² Effect 

PCT → ERP 0.192 Medium 

CMS → ERP 0.347 Large 

PCT → FP 0.126 Small 

CMS → FP 0.234 Medium 

ERP → FP 0.381 Large 

Table 6 shows that the effect sizes of 

the relationships in the structural model vary 

from small to large. Participation in Carbon 

Trading has a medium effect on Emissions 

Reduction Performance (f² = 0.192) but only a 

small effect on Financial Performance (f² = 

0.126), indicating that its contribution is 

stronger for environmental outcomes than for 

direct financial gains. Carbon Management 

Strategy has a large effect on Emissions 

Reduction Performance (f² = 0.347) and a 

medium effect on Financial Performance (f² = 

0.234), demonstrating the strategic 

importance of internal carbon management 

capabilities. Meanwhile, Emissions Reduction 

Performance has the largest effect on 

Financial Performance (f² = 0.381), suggesting 

that successful emissions reduction is a major 

mechanism through which carbon-related 

initiatives generate financial benefits. 

 

4.4.3 Predictive Relevance 

The predictive relevance results 

indicate that the proposed structural model 

has satisfactory predictive capability. The Q² 

value for Emissions Reduction Performance is 

0.442, while Financial Performance records a 

Q² value of 0.506, with both values exceeding 

the recommended threshold of zero. These 

findings demonstrate that the model 

possesses adequate predictive relevance, 

indicating that Participation in Carbon 

Trading and Carbon Management Strategy 

are capable of predicting Emissions Reduction 

Performance, which in turn contributes to 

predicting Financial Performance. Overall, 

the results confirm that the model has strong 

predictive accuracy and is suitable for 

explaining the environmental and financial 

outcomes of energy companies in Indonesia. 

 

4.4.4 Model Fit 

Table 7. Model Fit 

Index Value Threshold Result 

SRMR 0.061 <0.08 Good Fit 
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NFI 0.921 >0.90 Good Fit 

 

Table 7 indicates that the structural 

model demonstrates an acceptable overall fit. 

The Standardized Root Mean Square Residual 

(SRMR) value of 0.061 is below the 

recommended threshold of 0.08, indicating a 

relatively small discrepancy between the 

observed and model-implied correlation 

matrices. Similarly, the Normed Fit Index 

(NFI) value of 0.921 exceeds the minimum 

criterion of 0.90, confirming that the proposed 

model fits the empirical data adequately. 

Therefore, both indices support the 

conclusion that the model has a good fit and 

is appropriate for subsequent interpretation 

of the structural relationships. 

 

4.5 Hypothesis Testing 

 

Table 8. Path Coefficients 

Hypothesis Relationship β t-value p-value Decision 

H1 PCT → ERP 0.334 3.124 0.002 Supported 

H2 PCT → FP 0.229 2.185 0.029 Supported 

H3 CMS → ERP 0.527 5.764 <0.001 Supported 

H4 CMS → FP 0.301 2.967 0.003 Supported 

H5 ERP → FP 0.472 4.651 <0.001 Supported 

Table 8 shows that all proposed 

hypotheses are statistically supported. 

Participation in Carbon Trading has a positive 

and significant effect on Emissions Reduction 

Performance (β = 0.334, t = 3.124, p = 0.002) and 

Financial Performance (β = 0.229, t = 2.185, p = 

0.029), indicating that carbon market 

engagement contributes to both 

environmental and financial outcomes. 

Carbon Management Strategy also positively 

affects Emissions Reduction Performance (β = 

0.527, t = 5.764, p < 0.001) and Financial 

Performance (β = 0.301, t = 2.967, p = 0.003), 

with its strongest influence observed on 

emissions reduction. Furthermore, Emissions 

Reduction Performance has a positive and 

significant effect on Financial Performance (β 

= 0.472, t = 4.651, p < 0.001), confirming that 

improved environmental performance 

contributes to superior financial outcomes.  

 

Discussion 

The findings demonstrate that 

participation in carbon trading positively and 

significantly improves emissions reduction 

performance. Companies engaged in carbon 

markets are more likely to strengthen 

emissions monitoring, optimize production 

processes, and invest in cleaner technologies 

because carbon trading creates economic 

incentives to reduce emissions beyond 

minimum regulatory requirements. This 

result supports the Natural Resource-Based 

View (NRBV), which positions environmental 

capabilities as strategic resources that can 

enhance sustainability performance. It is also 

consistent with prior evidence that market-

based environmental instruments encourage 

technological innovation, cleaner production, 

and greater environmental efficiency [18], 

[19]. 

Participation in carbon trading also 

has a positive and significant effect on 

financial performance, although its effect is 

relatively smaller than the effects of carbon 

management strategy and emissions 

reduction performance. This finding indicates 

that involvement in carbon markets can 

generate economic value through reduced 

compliance costs, improved operational 

efficiency, enhanced corporate reputation, 

and potential revenue from carbon credit 

transactions [5], [6]. Therefore, participation 

in carbon trading should not be viewed solely 

as a regulatory obligation, but also as a 

strategic mechanism that can support 

corporate competitiveness and long-term 

financial sustainability. 

Carbon management strategy has the 

strongest effect on emissions reduction 
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performance, indicating that internal 

organizational capabilities are more 

influential than external market participation 

in achieving measurable emissions 

reductions. Companies that systematically 

measure, monitor, report, and control carbon 

emissions, implement energy-efficiency 

programs, and adopt low-carbon technologies 

are better positioned to achieve their 

environmental targets. This finding strongly 

supports the NRBV argument that well-

developed environmental management 

capabilities enable firms to utilize resources 

more efficiently, reduce ecological impacts, 

and produce superior environmental 

outcomes that competitors may find difficult 

to replicate [13], [14]. 

The results further show that carbon 

management strategy positively influences 

financial performance. Effective carbon 

management enables organizations to reduce 

energy consumption, improve resource 

utilization, control environmental risks, and 

strengthen operational efficiency. At the same 

time, proactive environmental practices 

improve corporate legitimacy and 

stakeholder confidence among investors, 

regulators, customers, and financial 

institutions. This finding is consistent with 

Stakeholder Theory, which suggests that 

responding effectively to environmental 

expectations can strengthen organizational 

relationships, reduce uncertainty, and 

ultimately enhance financial outcomes [30], 

[31]. 

Finally, emissions reduction 

performance has the strongest direct effect on 

financial performance, confirming that 

environmental improvement can serve as an 

important mechanism for economic value 

creation. Companies that successfully reduce 

emissions are more likely to benefit from 

lower energy and operating costs, reduced 

regulatory exposure, stronger reputations, 

and greater investor confidence. Overall, the 

findings indicate that carbon management 

strategy is the primary driver of emissions 

reduction performance, while emissions 

reduction performance is the key pathway 

through which carbon-related initiatives 

improve financial outcomes. The study 

therefore contributes to sustainability 

accounting literature by showing that 

integrating carbon trading participation with 

strong internal carbon management 

capabilities can simultaneously strengthen 

environmental and financial performance in 

Indonesia’s evolving energy sector. 

 

5. CONCLUSION 

This study concludes that 

participation in carbon trading and carbon 

management strategies significantly improve 

emissions reduction and financial 

performance among Indonesian energy 

companies. Carbon trading encourages 

stronger emissions monitoring, cleaner 

technology adoption, operational efficiency, 

and regulatory compliance, while also 

generating financial benefits, although these 

depend on carbon market maturity, pricing, 

transaction volume, and regulatory certainty. 

Carbon management strategy exerts the 

strongest influence on emissions reduction 

performance because systematic carbon 

measurement, reduction planning, energy 

efficiency, low-carbon technology adoption, 

and continuous evaluation enable firms to 

achieve meaningful environmental 

improvements. It also enhances financial 

performance through improved resource 

efficiency, lower operational and 

environmental costs, reduced climate-related 

risks, and stronger corporate reputation. 

Moreover, the positive effect of emissions 

reduction performance on financial 

performance confirms that environmental 

and economic objectives are complementary, 

as lower emissions can reduce energy 

consumption, improve production efficiency, 

strengthen investor confidence, and expand 

access to sustainable financing. These findings 

support the Natural Resource-Based View by 

demonstrating that carbon management 

capabilities constitute valuable strategic 

resources and support Stakeholder Theory by 

showing that proactive carbon practices 

strengthen corporate legitimacy and 

responsiveness. Therefore, Indonesian energy 
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companies should integrate carbon trading 

into a comprehensive carbon management 

framework, while policymakers should 

strengthen market governance, emissions 

reporting, verification mechanisms, carbon 

price certainty, and incentives for low-carbon 

investment.  
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