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ABSTRACT

This study investigates the governance drivers of a firm's eco-efficiency. We measure eco-efficiency using data envelopment anal-
ysis (DEA), emphasizing efficiency measures aimed at minimizing inputs and ensuring constant returns to scale (CRS model).
The governance variables considered within the study include board size, board independence, frequency of board meetings,
and board gender diversity. Specifically, we examine the impact of board effectiveness, as determined by its size, level of inde-
pendence, and frequency of its meetings, as well as sustainable governance, as proxied with board gender diversity. Our analysis
covers two geographical contexts, Europe and the USA, to identify potential disparities between the environmentally regulated
(Europe) and non-regulated (USA) environments. Employing a beta regression model, we show that board effectiveness posi-
tively affects European firms' eco-efficiency, while no impact is found on the sample of US firms. For what concerns board gender
diversity, we provide evidence of a positive impact on eco-efficiency for both samples. As for practical implications, our results
identify the factors, which allow to achieve environmental efficiency while maintaining economic efficiency. Our results suggest
that in highly regulated contexts, specific board characteristics improve board effectiveness and drive impactful, sustainable
outcomes in their environmental efforts. Instead, within less-regulated contexts, strengthening director responsibilities for envi-
ronmental outcomes could lead boards to proactively engage in sustainability issues.

1 | Introduction These frameworks require firms to disclose their sustainability

efforts and comply with rigorous environmental standards. In
In recent years, the debate around the role of businesses in ad- contrast, the United States adopts a more market-driven and
vancing sustainability has gained momentum, bringing envi- voluntary approach, where sustainability initiatives are primar-

ronmental, social, and governance (ESG) factors to the center ily influenced by investor pressure, corporate self-regulation,
of corporate strategy and accountability. Several initiatives have and industry standards rather than government mandates.
been proposed to mandate sustainability practices, with Europe Although emerging frameworks like the SEC's climate-related
emerging as aleader through pioneering regulations such as non- disclosure rules are being introduced, they are still less compre-
financial reporting directive (NFRD) and the corporate sustain- hensive than those in Europe (Cicchiello et al. 2023; De Villiers
ability reporting directive (CSRD) (Damiano and Valenza 2025). et al. 2025).
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In addition to the requirements on reporting ESG issues, the
European Union has also pushed to render Europe a climate-
neutral continent by 2050 through the European Green Deal.
This initiative underscores the primacy of the environmental
pillar within the ESG framework, given the pressing threats that
environmental degradation poses to societal stability (Janicka
and Sajnog 2023). Our paper deals with the E pillar, focusing
particularly on the concept of eco-efficiency. It serves as a tool
for evaluating sustainability, illustrating the relationship be-
tween a firm's economic value and its environmental impacts
(Huanget al. 2018). The theoretical foundations of eco-efficiency
are rooted in ecological economics (Lahouel 2016), a discipline
that explores the interplay between economics and ecology.
This field examines how economic activities affect the natural
environment and, conversely, how the environment influences
economic behavior. It posits that environmentally friendly ini-
tiatives, such as reducing water and energy consumption, can
yield economic benefits for companies while also minimizing
their environmental impact. Thus, it involves striking a balance
between economic performance and environmental respon-
sibility by embracing eco-efficient practices. This dual benefit
underscores the importance of integrating sustainable practices
into business strategies, as it can lead to enhanced competitive-
ness and long-term viability in an increasingly eco-conscious
market (Gupta et al. 2014).

Several studies argued that strengthening corporate gover-
nance mechanisms is essential to achieve sustainability objec-
tives (Haque and Ntim 2018; Oyewo et al. 2023). As posited by
resource-dependence theory and agency theory, the board of
directors performs two distinct functions in this context: mon-
itoring corporate activities and facilitating access to external
resources. According to resource-dependence theory, boards
act as instruments to manage external dependencies and mit-
igate uncertainty by securing valuable resources for the firm
(Haque and Jones 2020; Ortiz-de-Mandojana et al. 2012). On
the other hand, agency theory emphasizes the board's role as
expert monitors whose reputational concerns incentivize them
to protect the interests of shareholders as well as other stake-
holders (Sepulveda-Nurfiez et al. 2024; Shaukat et al. 2016). Both
theories and the roles identified suggest clear linkages between
board governance structures and management decisions, in-
cluding those related to sustainability performance. Agency
theory highlights that effective boards, through rigorous mon-
itoring activities, can mitigate potential managerial conflicts
in pursuing environmental objectives, suggesting that strong
environmental commitments could be undermined by agency
problems, whereas resource dependence theory highlights the
importance of appointing directors who possess experience and
expertise which can provide critical environmental guidance,
facilitate access to specialized resources, and support managers,
which might neglect environmental concerns due to limited ex-
pertise or insufficient resources (De Villiers et al. 2011).

We argue that board effectiveness, as determined by a specific
corporate governance bundle, ensure that the two aforemen-
tioned board functions are properly implemented enhancing
firms' environmental practices (Jain and Zaman 2020). In ad-
dition, sustainable governance completes our framework by il-
lustrating how balancing the tensions and trade-offs inherent
in ethical decision-making is essential for achieving long-term

sustainability through sustainable corporate performance
(Collevecchio et al. 2025). Specifically, for board effectiveness
we consider its size, level of independence and frequency of its
meetings. Smaller boards enhance monitoring effectiveness by
reducing coordination difficulties, minimizing free-rider is-
sues, and improving decision-making efficiency, thus leading to
stronger governance and reduced managerial discretion (Haque
and Jones 2020). Board independence is a critical determinant
of board effectiveness, as independent directors provide rigor-
ous oversight of managerial activities, thereby safeguarding
stakeholders' interests. (Emma et al. 2024). More frequent board
meetings promote transparency and support good governance
principles, providing more time for discussions and implemen-
tation of efficient ESG practices (Alkurdi et al. 2024). For what
concerns sustainable governance, gender-balanced boards are
more likely to offer valuable resources derived from diverse
backgrounds, skills, expertise, and professional experiences
(Menicucci and Paolucci 2024).

Given the marked differences in environmental policies—
strictly enforced in Europe and largely voluntary in the United
States—it becomes particularly relevant to examine how these
contrasting regulatory frameworks influence corporate behav-
ior. By comparing firms from the Stoxx Europe 600 and S&P 500
indices, this study investigates whether governance-driven eco-
efficiency is primarily shaped by internal board mechanisms or
external regulatory pressures, thereby offering valuable insights
into the role of corporate governance in advancing sustainability
across divergent market contexts.

In light of the above considerations, the following research ques-
tions are proposed to guide the empirical investigation:

Research Question 1.  To what extent does board effectiveness—
measured through board size, board independence, and meeting
frequency—opositively influence firms' eco-efficiency? Does the
relationship between board effectiveness and eco-efficiency differ
between highly regulated and less regulated environments?

Research Question 2. To what extent does board gender diver-
sity positively influence firms' eco-efficiency? Does the impact of
board gender diversity on eco-efficiency differ between highly reg-
ulated and less regulated environments?

Our contribution is manifold. First, we contribute to the en-
vironmental performance literature. While many studies fo-
cused on firms' ESG practices (e.g., Chen et al. 2025; Cambrea
et al. 2023; Haque and Ntim 2018; Naciti 2019), whether these
practices are implemented in efficient ways remains an under-
developed area of research. Second, we provide a comprehensive
view of the governance mechanisms, which affect eco-efficiency
by distinguishing between a traditional board-level governance
bundle as represented by board effectiveness, and sustainable
board characteristics, as represented by board gender diversity.
Finally, by examining firms from the Europe Stoxx 600 index
and the US S&P 500, we seek to determine whether varia-
tions exist between an environmentally regulated context (i.e.,
Europe) and a non-regulated one (i.e., USA).

The remainder of the paper is organized as follows: Section 2
provides our theoretical framework; Section 3 presents the
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hypotheses development; Section 4 illustrates the methodology;
Section 5 presents the results. Section 6 discusses the findings,
identifying the theoretical, practical and policy implications and
highlighting the limitations of the study as well as the future
research direction; Section 7 concludes the study.

2 | Theoretical Framework

Consistently with previous studies (De Villiers et al. 2011;
Hillman and Dalziel 2003; Lu et al. 2024), we consider that
board of directors fulfill two key functions, i.e., monitoring
corporate activities, as described in agency theory, and en-
hancing access to resources, as highlighted in resource de-
pendence theory.

Agency theory centers around the relationship between the
principal (shareholders) and the agent (managers). As per this
theory, the principal delegates the task of managing the busi-
ness organization to the agent, with the expectation that their
interests will be prioritized, while often agents focus on max-
imizing their short-term wealth (Jensen and Meckling 1976).
In this context, the board of director exerts a monitoring
function over the managers' activities on behalf of the share-
holders (Hillman and Dalziel 2003). Accordingly, an effective
board ensures that management prioritizes sustainable prac-
tices, aligns corporate strategies with environmental goals,
and upholds accountability, ultimately driving improved
environmental performance (Sepulveda-Nuifiez et al. 2024).
While agency theory emphasizes the board’'s monitoring role,
the resource-dependence theory (Pfeffer and Salancik 2015)
posits that organizations depend on resources from their ex-
ternal environment. The board of directors has the ability to
provide resources as expert guidance, unbiased recommenda-
tions, problem-solving skills, and valuable external network
connections (Iannuzzi et al. 2023), which significantly influ-
ence firms' performance (Hillman and Dalziel 2003; Zahra
and Pearce 1989). It acts as a strategic bridge between the
corporation and its external environment, enabling access to
vital resources that support sustainable growth (Huse 2005;
Ortiz-de-Mandojana et al. 2012). This enables firms to actively
engage into sustainability initiatives (Haque and Jones 2020).
Regarding a firm's environmental impact and opportunities,
directors with access to extensive resources are more likely
to possess in-depth knowledge of environmental issues. Their
expertise positions them to effectively guide the company to-
ward sustainable practices and drive positive environmental
performance (De Villiers et al. 2011). Broadstock et al. (2019)
concluded that board of directors may significantly influence
firms' eco-efficiency by ensuring that sustainability prac-
tices are integrated into the company's strategic objectives,
ultimately leading to enhanced corporate reputation and
stakeholder trust. This alignment between governance and
sustainability not only fosters a culture of responsibility but
also positions the firm to capitalize on emerging market op-
portunities related to environmental stewardship.

Based on our multi-theoretical frameworks, we identify tra-
ditional board characteristics, i.e., board effectiveness as de-
termined by its size, level of independence and frequency of
board meetings, and sustainable board-level characteristics, as

determined by board gender diversity, which affects board abil-
ity to monitor over firms' environmental practices as well as pro-
vide essential resources to enhance them.

3 | Hypotheses Development
3.1 | Board Effectiveness and Eco-Efficiency

Consistently with previous studies (Emma et al. 2024), we con-
sider board effectiveness as determined by board size, board
independence, and frequency of board meeting. Rather than
focusing on individual board characteristics in isolation, we
emphasize the importance of establishing a well-structured
governance bundle. The board's influence on environmental
performance—particularly its efficiency in implementing en-
vironmental practices—derives from its overall effectiveness
rather than any single attribute. This holistic perspective offers
additional value to our study, highlighting the necessity of a
comprehensive governance framework to drive sustainability
outcomes.

Our multi-theoretical framework presents two conflicting
perspectives on the impact of board size on firm performance
(Bhatia and Gulati 2021). The resource dependence theory
supports larger boards, emphasizing that a greater number of
directors enhances expertise, improves decision-making, and
broadens access to critical resources, ultimately benefiting
firm performance. A larger board also may foster diversity,
offering a wider range of expertise and management perspec-
tives (Zahra and Pearce 1989; Husted and de Sousa-Filho 2019).
Furthermore, larger boards facilitate the implementation of sus-
tainability practices, incorporating a broader variety of ESG ex-
pertise (Menicucci and Paolucci 2022), with evidence positively
linking board size to technical efficiency (Adeabah et al. 2019)
and ESG performance (Menicucci and Paolucci 2022; Alkurdi
et al. 2024). Conversely, the agency theory perspective argues
that larger boards reduce monitoring effectiveness due to coor-
dination challenges, free-rider problems, and decision-making
inefficiencies, potentially leading to weaker governance and
greater managerial discretion (Haque and Jones 2020). Large
boards often struggle with internal conflicts that hinder
decision-making effectiveness and may result in poorer envi-
ronmental performance (Muktadir-Al-Mukit and Bhaiyat 2024;
Haque and Ntim 2018). In contrast, smaller boards are associ-
ated with stronger oversight, fewer decision-making challenges,
and improved coordination, ultimately enhancing governance
efficiency. Given our focus on the efficient implementation of
environmental practices, we align with the agency theory per-
spective, which suggests that smaller boards are more effective
in ensuring that environmental initiatives are implemented effi-
ciently and without governance inefficiencies.

The strength of the governance structure of the firms is
strongly influenced by independent directors (Baalouch
et al. 2019). They bring a higher level of objectivity inside
the board, check on firms' activities and contribute to the
improvement of company's performance. This is because in-
dependent directors are less influenced by the CEO, as their
careers do not depend on executive leadership. Regarding
ESG practices, evidence suggests that independent directors
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are also more attuned to social expectations and actively
promote socially responsible practices within their firms.
Previous studies found a positive impact on environmental
performance (Disli et al. 2022) or carbon reduction initiatives
(Haque 2017). With respect to eco-efficiency, a higher level of
board independence may have either an efficiency-improving
effect (Broadstock et al. 2019) determined by improved moni-
toring and control over firms' environmental practices or, con-
versely, inefficiency-worsening effect (Broadstock et al. 2019;
Adeabah et al. 2019). Both agency theory and resource de-
pendence theory suggest that board independence positively
influences ESG performance (Shaukat et al. 2016). From the
agency perspective, independent directors enhance monitor-
ing, reducing opportunism and agency costs while prioritizing
long-term sustainability over short-term financial goals. From
the resource dependence perspective, independent directors
act as boundary spanners, strengthening external relation-
ships, securing valuable resources, and enhancing the firm's
legitimacy in addressing environmental and social concerns
(Hernandez-Atienza et al. 2024).

Adjusting the frequency of board meetings may be a simpler
and less costly option to improve firm governance than to alter
its board composition or ownership structure (Vafeas 1999).
Frequent meetings demonstrate the board's efficiency, which
enhances the supervision of a company's activities, ultimately
driving superior business performance (Disli et al. 2022;
Jackling and Johl 2009). They allow boards to review and
monitor the organization's ESG initiatives and performance,
mitigate ESG risks by discussing emerging sustainability is-
sues, considering evolving stakeholder expectations, eval-
uating constantly how to integrate ESG goals within firm's
strategy, monitoring the effectiveness of ESG initiatives im-
plemented, and setting new goals to ensure constant improve-
ments. By enhancing firms' decision-making process and
board's effectiveness, the frequency of board meetings may
positively affect firms' ESG performance (Alkurdi et al. 2024).
While some studies discussed the impact of the frequency of
board meetings on sustainability disclosure, a few analyzed its
impact on environmental performance (Nguyen et al. 2021).
Some studies found that the board meetings' frequency reduce
sustainability issues (Disli et al. 2022) or improves environ-
mental performance (Nguyen et al. 2021).

Based on the argumentations proposed, we argue:

Hypothesis 1. Board effectiveness, as determined by lower
board size, a higher level of board independence and more fre-
quent board meetings, significantly and positively affects firms’
eco-efficiency.

3.2 | Sustainable Governance and Eco-Efficiency

While the previous section refers to traditional board char-
acteristics, our framework integrates also sustainable board
characteristics in terms of board gender diversity (Latella and
Veltri 2024; Velte 2023). A higher representation of women
on corporate boards contributes to greater cognitive diver-
sity, enriching decision-making with broader perspectives,
enhanced stakeholder sensitivity, and long-term strategic

thinking (Cambrea et al. 2023). Female board members are
more likely to advocate for genuine sustainability invest-
ments and efficiency-driven environmental strategies, ulti-
mately leading to substantial improvements in eco-efficiency
(Nadeem et al. 2020). Previous studies have found that
the presence of women on board enhance firms' efficiency
(Adeabah et al. 2019). Moreover, consistent findings have
been found also with respect to the overall ESG performance
(Alkurdi et al. 2024; Disli et al. 2022) and carbon/environ-
mental performance (Nuber and Velte 2021; Muktadir-Al-
Mukit and Bhaiyat 2024; Garcia Martin and Herrero 2020).
Substantive sustainability strategies involve fundamental
shifts in corporate priorities, behaviors, and resource allo-
cation, leading to tangible improvements in environmental
performance. Gender-balanced boards are likely to enhance
these resources through diverse backgrounds, competencies,
expertise, and varied professional experiences (Menicucci and
Paolucci 2024). While other sustainable governance mecha-
nisms may serve more as reputational safeguards than drivers
of eco-efficiency, we argue that, according to the predictions
of the resource-dependence theory, a higher presence of
women on corporate boards can lead to meaningful advance-
ments in resource efficiency and environmental performance,
reinforcing the firm's long-term sustainability strategy. Thus,
we hypothesize:

Hypothesis 2. Board gender diversity significantly and posi-
tively affects firms’ eco-efficiency.

Figure 1 provides a graphical representation of our concep-
tual model.

4 | Methodology
4.1 | Sample

We conduct the same analysis in two different geographical
contexts, Europe and the USA to assess whether there are dif-
ferences among an environmentally regulated context (i.e.,
Europe) and a non-regulated one (i.e., USA). To achieve this, we
select firms from the Europe Stoxx 600 index and the US S&P
500. We only consider firms for which all the necessary data to
build the eco-efficiency index are available. The sample covers
the period between 2018 and 2022. Table 1 summarizes the sam-
ple selection process.

The decision to include European listed markets lies in the
comprehensive regulatory process embarked by the European
Union (EU) to formalize ESG performance disclosure within
firms' practices (Manes-Rossi and Nicolo’ 2022). Notably, the
introduction of the Non-Financial Reporting Directive (NFRD)
delineated a distinct “reporting cut-off point” between Europe
and other geographic regions. This regulatory trajectory has
been further advanced with the recent issuance of the CSRD by
the EU, aimed at addressing certain limitations of the NFRD
(Mazzotta and Veltri 2022).

Incorporating US companies into the research sample com-
plements the focus on European markets by facilitating
a comparative analysis of eco-efficiency practices across
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FIGURE1 | Conceptual model (source: authors’ elaboration).

TABLE1 | Sample selection process (source: authors' elaboration).

STOXX 600 S&P 500
Initial number of firms 600 500
Number of firms removed due to 297 288
data unavailability
Final number of firms 303 212

different regulatory contexts. By juxtaposing European and
US companies, the study can discern nuanced variations in
eco-efficiency strategies, considering the distinct regulatory
frameworks governing ESG practices in each jurisdiction.
This comparative approach enriches the research findings and
provides valuable insights into the effectiveness and adapt-
ability of eco-efficiency practices within diverse regulatory
environments.

4.2 | Eco-Efficiency Calculation and Research
Variables

We measure eco-efficiency, our dependent variable, based on
previous studies (e.g., Janicka and Sajnég 2023; Lahouel 2016)
by means of data envelopment analysis (DEA), a very spread
methodology for financial applications (Bruni et al. 2014). The
original model of DEA was developed by Charnes et al. (1978).
It assumes constant returns to scale (CRS) production technol-
ogy calculates overall technical efficiency for each decision-
making units (DMU) and identifies both the sources and
amounts of inefficiency (Charnes et al. 1997). Suppose we have
n independent homogeneous DMUs, each of which consumes
m inputs and produces p outputs, this model transforms the
ratio [(more output)/(more input)] into a new ratio (one vir-
tual output/one virtual input). DEA models are divided into
two main categories: input-oriented and output-oriented mod-
els. In input-oriented models, optimization aims to minimize
the amount of input used while maintaining constant output
production. In contrast, in output-oriented models, the aim is
to maximize the outputs generated while maintaining fixed
inputs in the production process. It is essential to note that per-
formance values remain the same regardless of the orientation

of the DEA model used (Lahouel 2016). DEA shifts the focus
of the study from establishing a causal link between ESG and
financial performance to examining the relationship in terms
of inputs and outputs (Veltri et al. 2023). It provides a reli-
able method for identifying top practitioners (i.e., companies
positioned along the efficient frontier) and determining each
company's position in relation to them (Iazzolino et al. 2023).
In the context of an optimization problem, one usually tries to
maximize the values of outputs. When the presence of unde-
sirable outputs is addressed, it is possible to consider them as
inputs to be minimized (Lahouel 2016; Egilmez et al. 2013).
This approach has been used in this study, where the input-
oriented CRS model was employed.

This measure allows to assess the economic efficiency in
terms of minimizing certain inputs (factors that determine
ecological efficiency, such as resource consumption and pol-
lutant emissions). The companies located on the efficient
frontier demonstrate how it is possible to achieve high fi-
nancial performance while reducing their ecological foot-
print. Specifically, we use CO, emissions, energy use, water
consumption, total waste as inputs and the earnings before
interest, taxes, depreciation, and amortization (EBITDA) as
the designated output. All the input variables and the output
one were taken in the logarithmic form to avoid disparities
between the statistical observations (Lahouel 2016). Table 2
illustrates the DEA model variables, while Table 3 shows
our regression model variables. Considering our main inde-
pendent variables, board size represents the total number of
board members; board independence represents the propor-
tion of independent board members; board meeting is identi-
fied by the number of board meetings during the year. Based
on our multi-theoretical framework and on the related ar-
gumentation presented within the hypotheses development
section, our board effectiveness index is calculated as the av-
erage of three dummy variables: Board size_median, which
is a dummy variable that assumes the value of 0 if board size
is higher than the median and 1 otherwise; Board indepen-
dence_median, which is a dummy variable that assumes the
value of 1 if the number of independent director is higher than
the median and 0 otherwise; Board meeting_median, which is
a dummy variable that assumes the value of 1 if the number
of board meetings is higher than the median and 0 otherwise.
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TABLE 2 | DEA model variables (source: authors' elaboration).

Variable name Definition Source
Input variables CO, emissions Natural logarithm of total CO, Emissions in tons Refinitiv
Energy use Natural logarithm of total direct and indirect Refinitiv
energy consumption in gigajoules
Water consumption Natural logarithm of total of water use in cubic meters Refinitiv
Waste total Natural logarithm of total amount of waste produced in tons Refinitiv
Output variable Ebitda Natural logarithm of earnings before interest, Refinitiv
taxes, depreciation and amortization
TABLE 3 | Regression model variables (source: authors' elaboration).
Variable name Definition Source

Dependent variable Eco-efficiency

Traditional governance variables Board size
Board independence
Board meeting

Board effectiveness

Sustainable governance variables Board gender diversity

Executive gender diversity

Control variables Total assets
Cash holdings

Leverage

Calculated using CO, emissions, energy Our elaboration
consumption, water consumption,
and total waste as inputs, and

EBITDA as the designated output

Total number of board members Refinitiv
Percentage of independent board members Refinitiv
Number of board meetings during the year Refinitiv

Mean of the three dummy variables Our elaboration
(Board size_median: a dummy variable,
which assumes the value of 0 if board
size is higher than the median and 1
otherwise; Board independence_median:
a dummy variable, which assumes the
value of 1 if the number of independent
director is higher than the median and
0 otherwise; Board meeting_median: a
dummy variable, which assumes the value
of 1 if the number of board meetings is
higher than the median and 0 otherwise)

Percentage of women on board Refinitiv
Percentage of women among executives Refinitiv
Natural logarithm of total assets Refinitiv
Total cash and equivalents/Total asset Refinitiv
Total debt/Total assets Refinitiv

Finally, board gender diversity represents the proportion of fe-
male directors and executive gender diversity represents the
proportion of women among executives.

4.3 | Beta Regression Model

The linear regression model, in particular the ordinary least
square (OLS) model, is not suitable when the response variable
is constrained within the range (0,1) because OLS may yield es-
timated values for the variable of interest that surpass its lower
and upper bounds (Ferrari and Cribari-Neto 2004).

Consistently with previous studies which assessed the drivers
of technical efficiency (Amornkitvikai and Charoenrat 2024),
we have decided to use the beta regression model (Cribari-
Neto and Zeileis 2010). This model assumes that the depen-
dent variable follows a beta distribution, that is, a continuous
probability distribution defined in the standard unit interval
(Cribari-Neto and Zeileis 2010). By assuming that the response
variable is beta-distributed and ranges from 0 to 1, we can in-
terpret the observations as probabilities. With this in mind, we
aim to test the factors that influence the probability of firms
obtaining a higher or lower score in terms of eco-efficiency.
Since some observations are located on the boundaries of the
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[0,1] interval (i.e., 0 or 1), we have to make the variable suit-
able for beta regression. Hence, we transformed our response
variable according to Smithson and Verkuilen's (2006) work.
The suggested transformation can be summarized as follows:
(y-(n—=1)+0.5)/n where y is our dependent variable and n
is the total number of observations. The formula rescales the

TABLE 4 | Descriptive statistics of eco-efficiency for the STOXX 600
firms (source: authors' elaboration).

Sd.
Variables Obs Min. Max. Mean Devw.
Eco_eff 1356 0.48 1 0.77 0.12

CO,_Emissions 1487 2.12 8.28 5.33 1.06

Energy_use 1456  6.10 21.62 14.92  2.39
Water_ 1435  7.88 23.71 1470 290
consumption

Waste_total 1431 2.13 21.62 10.48 2.84
Ebitda 1501 16.41 25.11 21.15 1.36

TABLE 5 | Descriptive statistics of eco-efficiency for the S&P 500
firms (source: authors' elaboration).

Sd.
Variables Obs Min. Max. Mean Devw.
Eco_eff 886 0.57 1 0.81 0.10

CO,_Emissions 1029 8.29 18.56 13.13 1.89

Energy_use 972  10.05 21.75 15.47 1.93
Water_ 986 6.28 2279 1520  2.35
consumption

Waste_total 966 398 2044 10.81 243
Ebitda 1051 1745 25.51 21.76 1.23

original values to lie strictly within the open interval (0,1), al-
lowing for a proper estimation using beta distribution models.

5 | Analysis
5.1 | Descriptive Statistics

Table 4 and Table 5 show the descriptive statistics related to eco-
efficiency and performance variables used as inputs and outputs
for both samples. The mean of the eco-efficiency for both sam-
ples (STOXX 600 and S&P 500) is around 0.8, thus we can argue
that the companies perform very well in terms of eco-efficiency.
We also disaggregate the scores, calculating the average values
by industry. As a results, Energy for STOXX 600 and Materials
for S&P 500 obtained the lowest eco-efficiency scores, confirm-
ing that environmentally sensitive industries face greater chal-
lenges in maintaining both high environmental efficiency and
economic efficiency.

The board-level variables for both datasets (Table 6 and Table 7)
indicate that, typically, a board consists of 12 members, with 86%
being independent for the S&P500 and 66% for the STOXX600.
The proportion of female board members averages around 30%
for both datasets, while the annual number of meetings is ap-
proximately 10 for the STOXX600 and 8 for the S&P500.

5.2 | Correlation Matrix

Before carrying out our regression model, we calculate the cor-
relation between the variables used in the regression model. The
results are displayed in Table 8 and Table 9. The presence of strong
multicollinearity among the independent variables in the model
can impact the reliability of the results of our regression model
(Zhou et al. 2022). Statistical tests to detect multicollinearity in-
clude Pearson correlation test and variance inflation coefficient
(VIF) test. The results reveal acceptable correlation levels among
all variables included in the empirical models. Additionally, we
calculated the variance inflation factor (VIF) for all independent
variables used. The VIF do not exceed the value of 2 (detailed

TABLE 6 | Descriptive statistics of the regressors for the STOXX 600 firms (source: authors' elaboration).

Variables Obs Minimum Maximum Mean Std. Deviation
Board_effect 1430 0 1 0.58 0.31
B_size 1500 5 26 11.60 3.47
B_ind 1500 0 100 66.03 20.60
B_meet 1440 1 43 10 4.51
B_gender 1500 0 75 35.73 10.24
Ex_gender 1500 0 55.56 18.10 13.17

Ta 1514 19.80 28.64 23.70 1.74
Debt_Ta 1515 0 0.84 0.25 0.14
Cash_hold 1514 0 0.53 0.09 0.08
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TABLE 7 | Descriptive statistics of the regressors for the S&P 500 firms (source: authors' elaboration).

Variables Obs Minimum Maximum Mean Std. Deviation
Board_effect 1039 0 1 0.70 0.22
B_size 1053 6 138 11.44 4.37
B_ind 1053 38.89 100 85.89 7.88
B_meet 1044 1 41 8.39 4.22
B_gender 1053 8.33 58.33 29.46 9.03
Ex_gender 1053 0 60 21.39 12.61
Ta 1059 20.51 28.68 23.99 1.33
Debt_Ta 1060 0 2.44 0.33 0.21
Cash_hold 1059 0 0.63 0.08 0.08

values omitted for brevity). Therefore, we can rule out multicol-
linearity issues.

5.3 | Board Effectiveness Results

Table 10 shows the regression results related to H; for STOXX
600 European companies, while Table 11 shows the results
for S&P 500 US companies. Our results from the STOXX 600
sample corroborate H,; and align with previous works, show-
ing that board effectiveness enhance firms' non-financial prac-
tices (Ben-Amar and Mcllkenny 2015). Instead, for the S&P
500 sample we find no significant evidence. In the realm of
academic literature, the direction of the association between
board size and sustainability performance lacks consensus
(Hussain et al. 2018; Walls et al. 2012). Consistently with previ-
ous studies (Yasser et al. 2017), our analysis reveals a notewor-
thy negative relationship between board size and eco-efficiency
among STOXX600 companies supporting the agency theory
predictions. This confirms that smaller boards perform better
in their monitoring role and yield stronger eco-efficiency out-
comes compared to larger boards, which, despite the resources
they bring as suggested by resource dependence theory, appear
less effective (Bhatia and Gulati 2021). For the S&P 500 com-
panies, no significant association between board size and eco-
efficiency is observed, consistently with Amran et al. (2014).

Board independence (BIND) has a negative and significant im-
pact on eco-efficiency for both companies in the STOXX600 and
S&P500 index. This finding contrasts with prior studies, which
suggest that independent boards enhance environmental per-
formance by effectively monitoring management and resisting
short-term pressures from CEOs that undermine long-term sus-
tainability investments (Benlemlih and Yavag 2024) and with
studies that view independent directors as valuable for bringing
external resources, strengthening legitimacy, and promoting pro-
active environmental strategies (Hernandez-Atienza et al. 2024).
Instead, they align with Naciti (2019), who suggests that indepen-
dent directors may lack access to unbiased, accurate information,
limiting their ability to promote sustainable practices.

Finally, our analysis reveals a positive impact of board meet-
ing frequency (MEET) on eco-efficiency within the STOXX600

sample, supporting the prevailing literature which suggests a
positive relationship between board meeting and sustainability
performance (Ben-Amar and Mcllkenny 2015; Shrivastava and
Addas 2014). Frequent meetings enhance the board's capacity
to monitor the effective implementation of environmental prac-
tices by providing regular opportunities to review ESG initia-
tives, address emerging environmental risks, and ensure that
sustainability objectives are integrated into corporate strategy.
For what concerns US companies, other studies have found no
significant association between the frequency of board meetings
and environmental performance (Tingbani et al. 2020; Harun
et al. 2020).

5.4 | Sustainable Governance Results

Table 12 shows the regression results related to H, for STOXX 600
European companies, while Table 13 shows the results for S&P
500 US companies. While sustainable boards can reflect either
substantive or symbolic ESG strategies (Velte 2023), our findings
provide stronger evidence in favor of the substantive perspective,
suggesting that the implementation of sustainable boards tends to
reflect a genuine commitment to corporate sustainability rather
than merely symbolic actions. Gender-balanced boards are char-
acterized by diverse backgrounds, competencies, expertise, and
varied professional experiences, which improve boards' ability to
identify and evaluate more efficient solutions to sustainability is-
sues (Menicucci and Paolucci 2024). For both samples, the presence
of female directors enhances boards' responsiveness to social and
environmental concerns (McGuinness et al. 2017). Our findings
corroborate those of previous studies on ESG (Alkurdi et al. 2024;
Disli et al. 2022) and carbon/environmental performance (Nuber
and Velte 2021; Muktadir-Al-Mukit and Bhaiyat 2024; Garcia
Martin and Herrero 2020).

We also test the impact of gender diversity among executive di-
rectors. The results derived from the STOXX600 sample support
the perspective outlined by Cambrea et al. (2023), suggesting that
female executive directors enhance the board's advisory capabil-
ities, thereby positively influencing firms" ESG performance pri-
marily through operational decision-making rather than through
monitoring activities. Conversely, our findings from the US sample
align with Hernandez-Atienza et al. (2024), indicating that gender
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TABLE 10 | H, regression results for the STOXX600 sample (source: authors’ elaboration).

ECO-EFFICIENCY

ECO-EFFICIENCY

Board effectiveness

Board_size

Board independence

Board_meeting

Total assets

Debt_TA

Cash holdings

Constant

Observations
R2
Industry fixed effects

Year fixed effects

0.243%*
(0.075)
—0.047%%*
(0.008)
—0.003**
(0.001)
0.009*
(0.005)
0.193%** 0.234%%x
(0.014) (0.017)
0.498%* 0.55%%*
(0.192) (0.191)
0.366 0.35
(0.311) (0.309)
—3.168** —3.338%*
(0.373) (0.375)
1296 1296
0.136 0.147
YES YES
YES YES

*p<0.1.
#p <0.05.
#¥p <0.01.

TABLE 11 | H!regression results for the S&P500 sample (source: authors' elaboration).

ECO-EFFICIENCY

ECO-EFFICIENCY

Board effectiveness
Board_size

Board independence
Board_meeting
Total assets
Debt_TA

Cash holdings
Constant
Observations

R2

Industry fixed effects

Year fixed effects

—0.119 (0.107)

—0.005 (0.004)
—0.010%** (0.003)
0.002 (0.006)
—0.097%%* (0.024) —0.087%%* (0.024)
0.308** (0.138) 0.348%* (0.138)
0.812** (0.373) 0.780%* (0.372)
4.944%%% (0.669) 5.367*** (0.680)
886 886
0.286 0.289
YES YES
YES YES

*p<0.1.
**p <0.05.
D <0.01.
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TABLE 12 | H, regression results for the STOXX600 sample (source: authors’ elaboration).

ECO-EFFICIENCY

ECO-EFFICIENCY

Board_gender_diversity 0.009*** (0.002)
Executive_gender_diversity 0.004** (0.002)
Board_size —0.041*** (0.007) —0.039%** (0.007)

Total assets
Debt_TA

Cash holdings
Constant
Observations

R2

Industry fixed effects

Year fixed effects

0.223%%* (0.015)
0.453** (0.186)
0.356 (0.303)
—3.567*** (0.368)

0.222%%* (0.015)
0.453** (0.186)
0.391 (0.306)
—3.337%%* (0.366)

1356 1356
0.151 0.148
YES YES
YES YES

*p<0.1.
**p <0.05.
***p <0.01.

TABLE 13 | H, regression results for the S&P500 sample (source: authors’ elaboration).

ECO-EFFICIENCY

ECO-EFFICIENCY

Board_gender_diversity 0.017*** (0.003)

Executive_gender_diversity 0.003 (0.002)
Board_size —0.002 (0.004) —0.003 (0.004)
Total assets —0.102%** (0.024) —0.097*** (0.024)

Debt_TA

Cash holdings
Constant
Observations

R2

Industry fixed effects

Year fixed effects

0.361*** (0.136)
0.745%* (0.367)
4.695%** (0.636)

0.324%* (0.138)
0.840%* (0.374)
4.871%%* (0.647)

886 886
0.297 0.286
YES YES
YES YES

*p<0.1.
#p <0.05.
#%p < 0.01.

diversity among executive directors does not significantly influ-
ence firm outcomes, including environmental performance.

6 | Discussion

The integration of resource efficiency actions—such as minimiz-
ing waste and promoting recycling—significantly influences both
operational performance and environmental stewardship within
firms (Umar and Wei 2022). Adopting these practices enables
companies to not only comply with increasing regulatory demands
but also strengthen their competitive advantage in markets that in-
creasingly prioritize sustainability. Nonetheless, firms often find it
challenging to balance economic performance with environmental

considerations (Menon et al. 2024). In addressing this issue, effec-
tive corporate governance mechanisms become crucial. Robust
governance structures may help firms to manage environmental
and climate-related risks effectively and support proactive par-
ticipation in carbon reduction initiatives (Haque 2017; Peters and
Romi 2014). In this context, through an empirical approach, our
research addresses the effect of board effectiveness and sustain-
able governance on firms' ability to achieve a good environmental
performance in an efficient way, by examining whether and how
the aforementioned mechanisms affect firms' eco-efficiency.

The analysis of factors influencing firms' eco-efficiency extends
the existing literature, which has predominantly relied on ESG
ratings (e.g., Cambrea et al. 2023) or carbon emissions (e.g.,
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Oyewo 2023) as proxies for environmental performance, without
adequately integrating environmental and economic efficiency.
Although previous studies (Lu et al. 2023; Broadstock et al. 2019)
have examined the drivers of eco-efficiency, there appears to be a
research gap regarding the traditional as well as sustainable gov-
ernance determinants of eco-efficiency within both the European
and American contexts. This study contributes to both corporate
governance and ESG literature, demonstrating whether firms'
eco-efficiency benefits from board effectiveness and sustainable
governance. Specifically, it shows that effective governance struc-
tures are essential for driving eco-innovation, ultimately leading
to improved ESG outcomes and long-term financial gains (Zhang
and Chen 2023). Furthermore, it provides additional evidence
that board gender diversity constitutes one of the substantive
mechanisms of sustainable governance, reflecting a genuine com-
mitment to corporate sustainability rather than merely symbolic
actions. In terms of ESG practices, focusing on eco-efficiency
not only enriches the literature by offering insights into reducing
firms' environmental impacts but also engages with the discus-
sion on the economic advantages of eco-friendly practices.

First, the results show that our measure of board effectiveness pos-
itively influences European firms' eco-efficiency. The results are
driven by the dimension of the board and the frequency of board
meetings. The negative impact of board size may stem from slower
decision-making processes necessitated by the need to align opin-
ions among a larger number of directors, making it challenging
to gain consensus on eco-friendly initiatives. Consequently, these
findings demonstrate the potential downsides of large boards,
such as free-rider behaviors, communication breakdowns, and co-
ordination challenges, which can heighten conflicts regarding en-
vironmental decisions (Haque and Ntim 2018). Frequent meetings
serve as essential resources, allowing timely identification and
resolution of organizational challenges, thereby enhancing board
performance and efficiency. They also provide opportunities to
monitor the opportunistic behaviors of executive board members
and managers including those, which involve the implementation
of environmental practices, reinforcing oversight (Disli et al. 2022;
Oyewo 2023). Contrary to our expectations, the positive influence
of board effectiveness is not driven by higher board independence.
This could suggest that directors may not be truly independent and
may harbor personal or professional ties that influence their de-
cisions on eco-efficiency initiatives. Furthermore, their typically
conservative approach devoted to mitigate risks might lead them
to oppose eco-efficient initiatives that require upfront investments
or entail uncertain outcomes (Javed et al. 2024). This resistance
could hinder the adoption of innovative practices necessary for
long-term sustainability, emphasizing the need for a reevaluation
of board composition and decision-making processes to better
align with eco-efficient goals.

Finally, our results show that board gender diversity positively
and significantly affected firm eco-efficiency in both Europe
and the USA. This suggests that increasing the representation
of women on corporate boards may lead to more sustainable
business practices, highlighting the importance of diverse per-
spectives in decision-making processes related to environmen-
tal performance. This suggests that, irrespective of regulatory
levels surrounding ESG practices, gender-equal boards are a
valuable asset, characterized by collaboration and long-term
thinking, which align with sustainability goals.

6.1 | Theoretical Implications

Recognizing the evolving nature of board duties and direc-
tors' responsibilities to various stakeholders, we adopt a multi-
theoretical framework to illustrate the relationship between
board characteristics and firm outcomes (Hussain et al. 2018;
Nadeem 2020; Nadeem et al. 2020). Rather than focusing on
individual board characteristics in isolation, we emphasize the
importance of establishing a well-structured governance bun-
dle. Boards exercise oversight by monitoring corporate activ-
ities, ensuring management prioritizes sustainable practices,
and enhancing access to essential resources such as expert
guidance, unbiased recommendations, problem-solving skills,
and valuable external network connections, which collectively
ensure sustainability practices are integrated into the compa-
ny's strategic objectives. For scholars, our findings enhance
the understanding of how key board characteristics—such as
board effectiveness and gender diversity—not only influence
the implementation of environmental practices but also ensure
these practices are effectively integrated and efficiently exe-
cuted. Frequent board meetings serve as critical mechanisms
for effective monitoring that ESG practices are effectively car-
ried out, while our findings also identify potential drawbacks
associated with larger boards, including decision-making in-
efficiencies and coordination challenges. Additionally, our re-
sults demonstrate the importance of gender equality on boards,
demonstrating that diverse expertise among directors facili-
tates the identification and adoption of efficient environmental
practices. Consequently, this study enriches the broader gover-
nance discourse by suggesting that balanced board composi-
tion and proactive engagement are fundamental for achieving
strategic alignment with sustainability goals.

6.2 | Practical and Policy Implications

Our findings are crucial for practitioners, as they identify the
factors that enable firms to achieve environmental efficiency
while maintaining economic efficiency. They suggest that, in
highly regulated environments, specific board characteristics
improve board effectiveness and drive impactful, sustainable
outcomes in their environmental efforts. While previous stud-
ies (e.g., Menicucci and Paolucci 2022; Alkurdi et al. 2024) sug-
gest that larger boards enhance ESG performance, our findings
offer a different perspective by showing that smaller boards are
more effective in simultaneously achieving environmental and
economic efficiency. A more streamlined board may facilitate
faster decision-making, reduce coordination costs, and en-
hance accountability, which are particularly beneficial when
navigating the complexities of integrating sustainability goals
with financial performance. While for European companies
the results suggest that board meetings represent a monitor-
ing mechanism which allows to timely review ESG practices
implemented ensuring their efficient implementation, US com-
panies may need a more strategic approach to plan and execute
board meetings, where the focus shifts from merely increas-
ing their frequency to enhancing the quality and outcomes of
those interactions. Rather than being merely a matter of com-
pliance or representation, fostering gender balance appears to
enrich boardroom deliberations with diverse perspectives and
cognitive approaches. This diversity can enhance the board's
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capacity to address complex sustainability challenges, contrib-
uting to more balanced and forward-looking decisions that
support both environmental and economic efficiency.

In both Europe and U.S., regulatory bodies may need to reassess
current guidelines on board independence to ensure that direc-
tors are genuinely independent and free from conflicts of interest.
Such measures could cultivate a corporate culture that values di-
versity and accountability, ultimately enhancing organizational
performance while advancing sustainability goals. Considering
Europe’s regulatory rigor, policymakers elsewhere, particularly
in the U.S., may explore requiring explicit sustainability-related
board duties and accountability mechanisms. Strengthening di-
rector responsibilities for environmental outcomes could lead
boards to proactively engage in sustainability issues, fostering
improved eco-efficiency.

6.3 | Limitations and Avenues for Future Research

Our research revealed a significant positive impact of gender di-
versity on corporate boards, a key element of sustainable board
governance, as noted by Velte (2023). This finding is particu-
larly important considering that the field of eco-efficiency is still
emerging. Therefore, there is a strong opportunity for future stud-
ies to investigate the effects of various sustainable governance
mechanisms, such as the creation of sustainability committees
and the introduction of sustainability-linked compensation struc-
tures. Additionally, subsequent research should examine a wider
range of diversity metrics beyond just gender, incorporating fac-
tors like age and cultural background. Such a broader approach
could provide valuable insights into how diverse perspectives
enhance governance effectiveness. We also show that board size
negatively influences eco-efficiency. Future studies could inves-
tigate whether these results could be mitigated by providing the
directors with sustainability training. Investigating other gover-
nance elements, such as ownership structures, could also deepen
our understanding of the dynamics within corporate governance
frameworks. Furthermore, our study focuses solely on large-cap
firms due to data availability considerations. However, with the
implementation of the new Corporate Sustainability Reporting
Directive (CSRD), which requires small-cap firms to report non-
financial information, there is an urgent need for future research
to include these companies. This shift could greatly enhance
our understanding of sustainable governance practices across a
wider range of the corporate landscape.

7 | Conclusions

This study contributes to the existing literature by exploring
the drivers of eco-efficiency within firms, emphasizing the crit-
ical interplay between corporate governance and sustainability
practices. By leveraging resource-dependence and agency the-
ories, we elucidate how traditional and sustainable governance
factors can significantly impact a firm's ability to efficiently
implement sustainable initiatives, thereby enhancing both en-
vironmental stewardship and economic performance. The find-
ings suggest that effective governance structures are essential
for fostering a culture of sustainability, which also allows to ob-
tain economic advantages. Furthermore, the transition towards

eco-efficiency is influenced not only by internal governance
mechanisms but also by external pressures, including regula-
tory frameworks.
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