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Abstract

This study aims to analyze the effect of eco-efficiency and carbon emission disclosure on firm value, with
environmental performance as a moderating variable and firm size as a control variable. The research object
consists of energy sector companies listed on the Indonesia Stock Exchange (IDX) during the 2021-2024
period. A quantitative method was employed using panel data regression with a fixed effect model, and a
purposive sampling technique yielded a sample of 12 companies. Secondary data were obtained from financial
statements, annual reports, and sustainability reports. The results indicate that eco-efficiency has no significant
effect on firm value, carbon emission disclosure has a significant positive effect on firm value, environmental
performance is unable to moderate the effect of eco-efficiency on firm value, environmental performance
weakens the effect of carbon emission disclosure on firm value, and firm size has a significant negative effect
on firm value.
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Introduction

Firm value is a key benchmark for investors in assessing corporate performance, as it reflects market
confidence in a company's future business prospects and is often regarded as an indicator of the success of the
business strategies a company has implemented (Tonay & Murwaningsari, 2022; Septianingrum, 2022).
Indonesia's energy sector, which encompasses oil, gas, coal, and renewable energy, is a strategic sector that
contributes significantly to national economic growth. However, this sector has faced considerable pressure
with respect to sustainability and market confidence in recent years.

This phenomenon is reflected in the performance of the Indonesia Composite Index (IHSG) during the first
half of 2023. Based on Indonesia Stock Exchange (IDX) data, energy sector shares recorded a significant
decline of up to 25% on a year-to-date basis between January and May 2023, while the IHSG itself fell by
217.36 points (3.79%) to 6,633.26 by the end of May 2023. Five of the ten shares that most heavily weighed
down the index during this period originated from the energy sector, particularly coal issuers: PT Bayan
Resources Tbk (BYAN) fell by 28.6%, PT Adaro Energy Indonesia Tbk (ADRO) weakened by as much as
47%, PT Bumi Resources Tbk (BUMI) dropped by 40.4%, PT Indo Tambangraya Megah Tbk (ITMG) declined
by 43.3%, and PT Adaro Minerals Indonesia Tbk (ADMR) fell by 54% (Situmorang, 2023; Taufani, 2023).
This sustained decline in share prices indicates deteriorating firm value among energy sector issuers and signals
weakening investor confidence in the sector's future prospects, despite firm value being known to be influenced
by multiple factors, including eco-efficiency, carbon emission disclosure, profitability, dividend policy, and
stock price (Kurnia, 2019; Pratama & Ainiyah, 2023).

The first research gap concerns the effect of eco-efficiency on firm value, where prior findings remain
inconsistent. Bongsoikrama et al. (2024) and Damas et al. (2021a) report that effectively implemented eco-
efficiency helps stabilize stock prices, improve profitability, and enhance firm value through operational cost
efficiency and improved corporate reputation. In contrast, Yuliandhari et al. (2023) find that eco-efficiency has
no significant effect on firm value, suggesting that not all investors regard environmental efficiency as a
material valuation factor.

A second, related gap concerns carbon emission disclosure. Rahmanita (2020a) finds that carbon emission
disclosure enhances firm value through greater transparency to investors, and Liu et al. (2023) show that
companies with comprehensive and well-structured carbon disclosure tend to attract greater interest from
institutional investors. Conversely, Dianti & Puspitasari (2024) find that insufficient carbon emission
disclosure can generate negative perceptions among stakeholders, while Anggraeni (2024) reports that carbon
emission disclosure has no significant effect on firm value at all — indicating that the market's response to this
disclosure is not yet uniform across firms and industries.
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A third gap concerns the moderating role of environmental performance. Kristianto et al. (2024) indicate
that sustainability strategies, including eco-efficiency and carbon emission disclosure, jointly have a positive
impact on firm value in the energy sector, whereas Surianti et al. (2024) find that this relationship is not always
consistent, particularly when it is not supported by strong environmental performance. Similarly, Sagala &
Kusumadewi (2023) find that environmental performance, as reflected in a company's PROPER rating,
positively affects firm value, while Fitriana et al. (2024) report that companies with poor environmental
performance experience declining investor trust even when they have implemented eco-efficiency measures
— suggesting that environmental performance may not always strengthen, and may even offset, the benefits
of sustainability-related disclosures.

Firm size is commonly used as a control variable in sustainability research, as larger firms tend to be more
proactive in implementing sustainability strategies and have broader access to the financial and human re-
sources needed to support such implementation (Santoso & Yanti, 2024; Mansour et al., 2024). Given the
persistent inconsistency of prior findings regarding the effect of eco-efficiency and carbon emission disclosure
on firm value — and the unclear role of environmental performance as a moderator — this study seeks to fill
that gap by examining the effect of eco-efficiency and carbon emission disclosure on firm value, with environ-
mental performance as a moderating variable and firm size as a control variable, focusing on energy sector
companies listed on the IDX during 2021-2024. Specifically, this study aims to: (1) examine the effect of eco-
efficiency on firm value; (2) examine the effect of carbon emission disclosure on firm value; (3) examine the
moderating role of environmental performance on the effect of eco-efficiency on firm value; and (4) examine
the moderating role of environmental performance on the effect of carbon emission disclosure on firm value.

Literature Review

Signalling theory explains that management provides signals in the form of information to investors in
order to reduce information asymmetry regarding a firm's future prospects (Rochman & Andayani, 2023;
Saraswati & Herawaty, 2019). In the context of this study, the implementation of eco-efficiency and the
disclosure of carbon emissions represent voluntary signals through which management communicates its
environmental responsibility and operational efficiency to the market; a company that discloses such
information more extensively is understood to be sending a more credible positive signal than one that does
not, since it demonstrates that management possesses favorable information about the firm's environmental
management that it is willing to share. Likewise, a company's environmental performance, as reflected in its
PROPER rating, functions as an additional, externally verified signal that either reinforces or undermines the
credibility of its eco-efficiency and carbon disclosure practices in the eyes of investors. When these signals are
perceived as positive and credible, investors are expected to respond favorably, which in turn drives up stock
prices and firm value; conversely, weak or inconsistent signals may fail to move investor perception, which
helps explain why not every sustainability-related disclosure examined in this study translates into a higher
firm value (Setiawan & Wibowo, 2021).

Legitimacy theory posits that companies must continuously ensure that their operations align with prevail-
ing societal norms in order to gain acceptance from external stakeholders (Sulistiawati & Dirgantari, 2017;
Hapsari, 2023). This is particularly relevant to the energy sector examined in this study, which is widely re-
garded as one of the largest contributors to environmental degradation and carbon emissions in Indonesia and
therefore faces heightened scrutiny from the public, regulators, and investors regarding its environmental con-
duct. Within this framework, eco-efficiency initiatives, carbon emission disclosure, and participation in the
government's PROPER environmental performance assessment can be understood as legitimizing actions
through which energy companies seek to demonstrate compliance with environmental norms and secure a so-
cial license to operate. Legitimacy is regarded as a strategic asset that supports the long-term sustainability of
a company (Emalia & Shauki, 2023); accordingly, companies that are perceived by stakeholders as having
successfully legitimized their environmental practices are expected to enjoy greater market trust and, ulti-
mately, higher firm value than those whose legitimacy remains in question.

Firm Value (dependent variable) represents the market's assessment of a company as reflected in its stock
price, and is regarded as a critical indicator because it embodies investors' collective judgment of a firm's
investment decisions, financing decisions, and asset management, ultimately representing the level of wealth
held by the company and its shareholders (Salim & Murtanto, 2024). A higher firm value reflects greater
investor confidence in the company's future business prospects and its ability to preserve and grow shareholder
wealth (Rahmanita, 2020a; Liu et al., 2023). In this study, firm value is measured using Tobin's Q, a market-
based ratio that captures both a company's current investment opportunities and its overall market valuation
relative to the capital invested in its productive assets.

Eco-efficiency (independent variable) is an environmental management philosophy that encourages
companies to pursue economic gain while simultaneously improving environmental quality, by optimizing the
use of raw materials and energy and minimizing the waste generated from business operations (Marini &
Herawaty, 2024; Damas et al., 2021a). Beyond serving as an internal operational strategy, eco-efficiency also
functions as an image-building mechanism that signals a company's responsible stance toward the
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environmental risks arising from its activities, making it a relevant strategy for energy sector firms whose core
operations are inherently resource- and emission-intensive.

Carbon Emission Disclosure (independent variable) refers to the recording, recognition, measurement, and
disclosure of quantitative and qualitative information related to the greenhouse gas emissions a company
generates from its operational activities (Rochmah, 2022; Dewi & Agustina, 2023). This practice is closely tied
to global reporting frameworks such as the Global Reporting Initiative (GRI) and IFRS S1/S2, and is typically
communicated through information on energy use, emission-reduction targets, and climate-related risks and
opportunities (Aulia et al., 2024); as a voluntary disclosure, it serves as a key channel through which energy
companies convey their moral and social accountability for the carbon footprint of their operations.

Environmental Performance (moderating variable) refers to a company's ability to generate profit while
maintaining regard for its environmental impact and fulfilling its environmental responsibilities (Oriska &
Kusumawardani, 2024; Wahyuningrum et al., 2024). In the Indonesian context, environmental performance is
formally assessed through PROPER (Program for Pollution Control, Evaluation, and Rating), a government-
administered rating ranging from gold (best) to black (worst) that reflects the extent to which a company
manages its environmental impact responsibly; because participation in PROPER is closely tied to a company's
real environmental conduct, this variable is theorized to strengthen or weaken the credibility of the signals
conveyed through eco-efficiency and carbon emission disclosure.

Eco-efficiency reflects a company's efficiency in using resources while reducing negative environmental
impact. Marini & Vinola Herawaty (2024) and Santoso & Yanti (2024) find that eco-efficiency has a positive
effect on firm value, as companies that implement eco-efficiency are often perceived as more innovative and
socially responsible, thereby attracting investor attention and enhancing firm value. However, Yuliandhari et
al. (2023a) find no such effect among high-profile industries, suggesting that investors in certain industries
may prioritize direct profitability over environmental efforts. Consistent with signalling theory, the
implementation of eco-efficiency is expected to convey a positive signal to the market regarding a company's
environmental responsibility and operational efficiency, providing information investors need for their
investment decisions and thereby increasing firm value.

Hi: Eco-efficiency has a positive effect on Firm Value.

Carbon emission disclosure represents a form of transparency reflecting a company's responsibility toward
climate change. Hardiyansah et al. (2021) and Nisa (2023) find that carbon emission disclosure has a significant
positive effect on firm value, as it strengthens investor trust and corporate reputation, and Oriska &
Kusumawardani (2024) similarly emphasize that transparency in carbon disclosure is important for attracting
stakeholders. However, Rochmah (2022) and Gayatri (2024) find no significant effect, possibly due to low
disclosure levels or investors not yet fully valuing this information. From a signalling theory perspective,
carbon emission disclosure is expected to send a positive signal to investors that a company is concerned about
environmental and sustainability issues, thereby reducing information asymmetry, increasing investor
confidence, and lowering investment risk.

Hz: Carbon emission disclosure has a positive effect on Firm Value.

Environmental performance is often considered a key element that can strengthen the relationship between
eco-efficiency and firm value. Under signalling theory, companies with strong environmental performance
tend to send positive signals to stakeholders, demonstrating their commitment to sustainability; Ericho & Amin
(2024) find that environmental performance plays an important role in moderating the relationship between
eco-efficiency and firm value, as the combination of eco-efficiency strategies with strong environmental
performance is capable of creating additional value for the company. When a company's environmental
performance is consistent with its eco-efficiency practices, investors are expected to receive a more positive
signal, thereby increasing firm value.

H3: Environmental performance strengthens the effect of Eco-efficiency on Firm Value.

Carbon emission disclosure is an important strategy reflecting a company's transparency in addressing en-
vironmental issues, and environmental performance is expected to strengthen this relationship by lending ad-
ditional credibility to the information disclosed. Rahmanita (2020a) finds that environmental performance
moderates the relationship between carbon emission disclosure and firm value, as companies with strong en-
vironmental performance tend to be valued more highly by the market given their perceived greater responsi-
bility toward environmental issues; this view is supported by Hardiyansah et al. (2021), who likewise find that
environmental performance can strengthen the positive effect of carbon emission disclosure on firm value.
Strong environmental performance demonstrates a company's commitment to global environmental standards,
which can increase investor trust in its sustainability policies and reinforce the positive signal the company
conveys to the market, thereby further enhancing firm value when environmental performance supports carbon
emission disclosure.

Hs4: Environmental performance strengthens the effect of Carbon emission disclosure on Firm Value.
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Research Method

This study employs a quantitative method, with the population consisting of all energy sector companies
listed on the IDX during 2021-2024. The sample was determined using a purposive sampling technique based
on the following criteria: (1) listed on the IDX during 2021-2024; (2) possessing complete financial statements,
annual reports, and sustainability reports; and (3) participating in the PROPER program throughout the obser-
vation period. Secondary data were obtained from the official IDX website (www.idx.co.id) and each compa-
ny's official website.

Table 1. Variable Measurement

Variable Proxy / Measurement

Firm Value (FV) Tobin's Q = (MVE + Total Debt) / Total Assets

Eco-efficiency (ECO) Index of 8 disclosure items in the annual report (scored 1/0), £Xj /N

Carbon Emission Disclosure (CED) | Index of 5 categories and 18 carbon-emission disclosure indicators,

(Z items disclosed / Z items) x 100%

Environmental Performance (EP)

PROPER rating (Gold=5, Green=4, Blue=3, Red=2, Black=1)

Data were analyzed using panel data regression with a Moderated Regression Analysis (MRA) approach
to test the moderating role of environmental performance (Ghozali & Ratmono, 2017a). The regression
equation used in this study is as follows:

FV =g +BIECO + B2CED + B3ECO*EP + B4CED*EP + BSFS + ¢

Where: FV = Firm Value; a = constant; ECO = Eco-efficiency; CED = Carbon emission disclosure; EP =
Environmental Performance; FS = Firm Size; f1-5 = regression coefficients; £ = error term. Model selection
tests (Chow, Hausman), classical assumption tests (normality, multicollinearity, heteroscedasticity, autocorre-
lation), and hypothesis tests (coefficient of determination, F-test, and t-test) were conducted using EViews 12.

Result and Discussion
Table 2. Coefficient of Determination Test Result

Indicator Value
R-squared 0.7936
Adjusted R-squared 0.6767

The Adjusted R-squared value of 0.6767 indicates that eco-efficiency, carbon emission disclosure, their
interactions with environmental performance, and firm size jointly explain 67.67% of the variation in firm
value, while the remaining variation is explained by other variables outside the model.

Table 3. F- Test Result

Indicator Value
F-statistic 6.785
Prob(F-statistic) 0.000

The F-statistic probability value of 0.000 (< 0.05) indicates that the regression model used is fit to
simultaneously explain the effect of the independent variables on firm value.

Table 4. t- Test Result

Variable Coefficient t-Statistic Prob.
C 76.890 6.998 0.000
ECO -5.587 -0.901 0.375
CED 20.097 2.467 0.020
ECO*EP 1.685 0.963 0.344
CED*EP -4.700 -2.163 0.039
FS -2.834 -7.485 0.000

Effect of Eco-efficiency on Firm Value (H1). The probability value for ECO of 0.375 (> 0.05) indicates
that eco-efficiency has no significant effect on firm value; thus, H1 is rejected. Logically, this suggests that the
market does not yet treat a company's internal eco-efficiency initiatives as a decisive signal in the sense
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envisioned by signalling theory: because eco-efficiency indicators are self-reported within the annual report
and are not verified by an independent external body, investors may find it difficult to distinguish genuine
efficiency gains from symbolic disclosure, weakening the credibility of the signal. Furthermore, since eco-
efficiency chiefly affects operational cost structures rather than a firm's reported earnings or cash flow in the
short run, investors evaluating energy companies over a four-year window may simply be prioritizing more
directly observable financial indicators over environmental efficiency claims. This finding is consistent with
Yuliandhari et al. (2023) and Rafael & Lastanti (2025), who concluded that the implementation of eco-
efficiency is not necessarily regarded by investors as an important indicator in valuing a company.

Effect of Carbon Emission Disclosure on Firm Value (H2). The probability value for CED of 0.020 (< 0.05)
with a positive coefficient indicates that carbon emission disclosure has a significant positive effect on firm
value; thus, H2 is accepted. This result is logically coherent because carbon emission disclosure, unlike eco-
efficiency, is guided by structured external reporting frameworks (such as the GRI and IFRS S1/S2) and is
often cross-referenced against a firm's sustainability report, giving investors a more standardized and verifiable
basis for judgment; a company that discloses its emissions more completely is therefore seen as reducing
information asymmetry rather than merely claiming environmental responsibility. In the energy sector
specifically, where carbon exposure is a material financial and regulatory risk, comprehensive disclosure
signals that management is proactively managing this risk, which investors are willing to reward with a higher
valuation. This finding aligns with signalling theory and with studies by Dewi & Budiadnyani (2024),
Rahmanita (2020a), and Yuliandhari et al. (2023) — the higher the level of carbon emission disclosure, the
greater investor confidence in the company.

Moderating Role of Environmental Performance on Eco-efficiency (H3). The ECO*EP interaction has a
probability value of 0.344 (> 0.05), indicating that environmental performance is unable to moderate the effect
of eco-efficiency on firm value; thus, H3 is rejected. This is logically consistent with the rejection of H1: since
eco-efficiency itself carries no significant signal to investors, adding a strong PROPER rating on top of it does
not meaningfully change how the market interprets that signal, because the underlying eco-efficiency
information was not being used as a valuation input in the first place — a moderator cannot strengthen a
relationship that is not present to begin with. This result is consistent with Sutjiati et al. (2025), who attribute
it to the still-inadequate standards and transparency in corporate environmental performance reporting.

Moderating Role of Environmental Performance on Carbon Emission Disclosure (H4). The CED*EP
interaction has a probability value of 0.039 (< 0.05) with a negative coefficient (-4.700), meaning
environmental performance actually weakens the positive effect of carbon emission disclosure on firm value;
H4 is therefore rejected in its hypothesized direction. A plausible logical explanation is that when a company
already holds a strong PROPER rating, additional carbon emission disclosure may be perceived by investors
as incremental or even redundant information, since the environmental performance rating already conveys
much of what the disclosure is meant to signal — in effect, the marginal informational value of carbon
disclosure diminishes once environmental performance is independently verified as strong, dampening rather
than reinforcing its positive effect on firm value. This finding reinforces Damas et al. (2021a) and Rahmanita
(2020a), suggesting that the PROPER rating has not yet become a primary consideration for investors relative
to carbon emission disclosure itself.

Effect of Firm Size on Firm Value. The control variable FS shows a significant negative effect (prob. 0.000)
on firm value. Logically, this indicates that, within this sample, a larger asset base does not automatically
translate into greater investor confidence; large energy companies often carry correspondingly large liabilities,
capital-intensive legacy assets, and slower growth trajectories, which can depress the market-to-book valuation
captured by Tobin's Q even as their absolute asset size grows. This suggests that investors are evaluating asset
efficiency and quality of management rather than sheer scale, consistent with Pradanimas & Sucipto (2022)
and Fajriah et al. (2022) — a large total asset base is not always accompanied by optimal management, and
therefore does not necessarily enhance investor confidence.

Conclusion

Based on the results and discussion presented above, this study concludes that eco-efficiency has no
significant effect on firm value, indicating that the market does not yet regard a company's internal eco-
efficiency initiatives as a credible or decisive valuation signal. Carbon emission disclosure, by contrast, has a
significant positive effect on firm value, reflecting the greater weight investors place on standardized,
externally referenced environmental reporting when assessing energy sector companies. With respect to the
moderating role of environmental performance, the results show that environmental performance does not
moderate the effect of eco-efficiency on firm value, which is logically consistent with the absence of a direct
eco-efficiency effect to begin with, while environmental performance actually weakens the positive effect of
carbon emission disclosure on firm value, suggesting that a strong PROPER rating may render additional
carbon disclosure informationally redundant in the eyes of investors rather than reinforcing it. Taken together,
these findings indicate that among the sustainability-related variables examined, carbon emission disclosure is
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the most consistent and credible driver of firm value in the energy sector, whereas eco-efficiency and
environmental performance play a more limited or even offsetting role.

This study is limited by its focus on a single sector (energy), a relatively short observation period (2021 -
2024), and a limited sample size, as participation in the PROPER program remains voluntary. Future research
is recommended to broaden sector coverage, extend the observation period, and incorporate additional varia-
bles to obtain more comprehensive results.
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