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Abstract

:

The paper aims at establishing an associative link between supervisory board members’ independence and the dynamics of environmental policy transformations in the energy sector. To that end, we apply static panel models and binary logistic regression analysis to an international sample of 358 energy companies observed over the period between 1990 and 2020. Our empirical results point to a lack of any persistent link between board independence and energy transition after controlling for country-specific effects and firm-level financials. Although firms with a higher percentage of independent directors on boards are more likely to set emission targets and implement resource reduction policies, they are simultaneously more likely to be involved in environmental controversies and increase coal output. They are also significantly less likely to enforce an energy efficiency policy. No significant link is found between board independence and environmental expenditures, CO2 equivalent emissions, and renewable energy use by energy companies. Overall, despite the widespread expectation that independent boards will accelerate energy transition, empirical evidence suggests that they are more likely to maintain the status quo. Delving into the problem of incentives in the energy sector, we find that executive compensations and corporate profitability exhibit a persistent positive link with CO2 emissions.






Keywords:


corporate governance; board independence; energy transition












1. Introduction


The energy sector is notoriously conservative in reforming its corporate governance mechanisms. The rigidity of corporate oversight [1], which features among the industry’s critical shortcomings, may stem from the unique nature of strategic business choices that energy firms are forced to tackle. The advancement of issues related to climate change in the global political and societal agenda drew a wedge between executives of energy giants. The primary difference of opinions resides in the perception of the speed of upcoming changes in the sector’s modus operandi. While some placed early bets on the acceleration of transition towards renewable energy, others continue to rely on upward projections of demand for fossil fuel, therefore continuing to invest in their core business of oil, gas, and coal. With the latter group being subject to public outcry, regulators across the majority of jurisdictions are looking for ways to accelerate the sector’s transition towards sustainable and clean energy.



Switching from commitment to fossil fuel to renewable energy involves a complex array of pre-requisites, including top-down legislative action, imposition of environmentally-focused market discipline, and overhaul of internal governance structures. However, with regulatory action moving slowly across many of the highest-pollution jurisdictions and market discipline exercising only a moderate impact on strategic financial decisions within energy conglomerates [2], internal corporate governance settings are frequently regarded as a suitable transmission mechanism for accelerating change.



The advocates of independent corporate governance postulate that replacement of insider directors with independent supervisory board members carrying contrarian views should prompt a fundamental revision of energy firms’ corporate strategies [3,4]. The latter should trickle down to the level of tactical and operational decision-making, thus setting the firms’ transition in motion.



The present study subjects this premise to empirical verification. Relying on an international panel dataset of 378 energy companies observed between 1990 and 2020, we attempt to establish whether board independence is associated with shifts towards more environmentally friendly operations and climate-focused internal policies.



The nexus between board independence and energy transformation is analyzed along a number of dimensions. In particular, we check whether changes to the supervisory board structure are associated with subsequent shifts in renewable energy production and use, setting resource reduction and emission targets, scaling up environmental expenses, and engaging into environmental controversies.



The research problem tackled in the paper is of significant relevance for regulators engaged in designing incentive mechanisms in the energy sector. The problem of interconnection between corporate governance mechanisms and firms’ strategic decisions remains scarcely covered in the extant empirical literature. The prevailing consensus posits that the instruments fostering independent corporate oversight may be sufficient to push energy firms towards environmental policy transition without concomitant coercive regulatory action. However, this postulate lacks any corroboratory empirical evidence. The present study aims at providing such evidence by studying rich empirical material.



Our findings unequivocally suggest that board independence is not significantly associated with energy firms’ transition towards sustainable energy generation. We find no relationship between board independence on one hand and renewable energy use, environmental expenses, and CO2 emissions on the other. While firms with a higher share of independent directors on board are more likely to set emission targets and implement resource reduction policies, they are simultaneously more likely to be involved into environmental controversies and increase coal output instead of slashing it.



The findings reported in the paper carry significant business and regulatory implications. First, we show that independent corporate oversight is unlikely to accelerate transformation within energy companies on its own. Therefore, bottom-up societal action and top-down regulatory pressure constitute necessary pre-requisites for enforcement of sustainable energy generation. Secondly, investors seeking to incite strategic changes within firms’ development path should look for mechanisms supplementing corporate governance levers, since the latter appear insufficiently effective at catalyzing internal changes [5].



Delving deeper into the possible causes of the discovered empirical relationships, we find that the existing regulatory framework failed to create economic incentives to dynamize energy transition. In particular, we demonstrate that executive compensation and overall business profitability remain positively correlated with energy-firms’ CO2 emissions, regardless of the board structure. Thus, we postulate that modifying the current economic incentives and promoting board independence, rather than just focusing on the latter, constitutes the critical factor for shaping internal changes in the energy sector.



The paper contributes to the growing body of empirical literature exploring the role of independent corporate governance in advancing environmental and social causes [6]. While the conventional wisdom postulates that independent and competent supervisory boards may precipitate or accelerate business transformations, we argue that oversight is only one of the co-requisites, which by itself is insufficient to re-shape corporate strategy and alter incentives. To date, this is the first study presenting comprehensive international evidence on the nexus between board independence and transition towards sustainable energy.



The remainder of the paper is organized as follows. First, we present a literature review along with the key research question. Then we summarize the data collection process and present the methodology applied in the paper. Discussion of empirical findings concludes.




2. Literature Review and Research Question


The extant empirical literature presents an overwhelming consensus regarding the beneficial role of independent corporate oversight in improving business performance and promoting corporate accountability. However, the declared positive impact hinges upon two critical functions performed by boards of directors with a two-tier system of corporate governance-advisory and monitoring [7].



The presence of independent supervisory board members is primarily supposed to preclude board capture by executives [8]. Directors are expected to impartially analyze and assess the viability of strategic business decisions contemplated by senior management. Excessive forbearance of supervisory board members with respect to managerial initiatives stemming from the long-standing social ties, material business relationships, or executives’ impact on the hiring process may bear detrimental consequences for shareholders by creating favorable ground for managerial opportunism [9]. In addition to disciplining managers, independent directors are presumed to be better positioned to fulfil their advisory functions by bringing external expertise, resources [10], connections, and diverse viewpoints with regards to the firms’ strategic challenges.



Numerous empirical studies demonstrated that board independence allows to improve executive accountability, ameliorate the efficiency of corporate resource allocation [11], and preclude corporate fraud or internal irregularities. Additionally, by virtue of possessing valuable market expertise, independent boards are able to draft long-term strategies for firms without being constrained by short-termism [12], the latter being more prevalent among executives whose compensation package is frequently tied to short-term shareholder wealth outcomes. In light of academic research, most jurisdictions have taken legislative action aimed at increasing board independence and thus enhancing the effectiveness of corporate governance mechanisms.



Within the context of energy sector, the nexus between independent governance and corporate outcomes has been much less studied [13]. The number of papers exploring the link between the quality of corporate governance and environmental transition with energy firms is lower still [14].



The fundamental research question we attempt to answer may be formulated as follows:



RQ. Does board independence accelerate energy firms’ transition towards sustainable development, cleaner energy generation and more environmentally friendly operations?



The formulated research question requires empirical investigation, since the extant literature offers viable explanations for both positive and negative answers.



To start with, transition towards environmentally friendly operations involves substantial up-front financial outlays, which carry long-term payback periods [15]. As part of the process, firms have to launch a distinct pipeline of investment projects, which carry no immediate explicit incremental cash flow growth, but rather divert a significant part of internally generated cash flows towards non-core activities. The upside potential of such investments hinges upon upcoming regulatory action, burdensome institutional mechanisms, and long-term projections, which are not commensurate with the relatively short-term operational decision-making cycle. Within such environments, the long-term contingent upside may not compensate for the costs of strategic shifts [16]. Since independent board members are primarily tasked with protecting shareholder value and maximizing economic efficiency of resource deployment within a company [17], they may be reluctant to advocate environmentally friendly policies whenever the predominant structure of economic incentives does not put a sufficient premium on them. Regardless of their composition, boards are unlikely to occupy a contrarian position with respect to sustainable transition issues whenever the latter contradicts the principal objective of shareholder value maximization. Therefore, if one assumes that the boards’ standpoint derives from the prevailing system of economic incentives, one should expect no significant relationship between board composition and firms’ transition towards environmentally friendly policies. Rather, the causal nexus is expected to be intermediated by institutional settings, regulatory action [18], and bottom-up societal pressure.



The alternative viewpoint—arguing that independent boards are expected to actively promote a strategic shift towards environmentally responsible and sustainable modes of operations in the energy sector—stands on a different set of assumptions. To start with, independent boards are presumed to adequately assess and reconcile the interests of a broad and diverse group of firms’ stakeholders, including employees, clients, and suppliers, with the goal of overall utility maximization for the broader community [19]. This comprehensive focus implies prioritization of large-scale business risks, which are not internalized within the existing market structure. This assumption relies on the premise that stakeholder utility and shareholder value are ultimately closely interrelated, which is not always the case. Independent boards are also expected to pay attention to and anticipate the changing societal attitudes, public consensus, and regulatory reaction. The gain from adoption of environmentally responsible policies and carbon-neutral technologies comprises direct pecuniary savings from ‘cap-and-trade’-like schemes, regulatory penalties and the future costs of compliance, lower cost of capital [20], higher customer recognition, reputational improvements [21], etc. Early transition towards environmentally responsible energy generation is supposed to give firms a long-lasting competitive edge, improve their chances of survival, and make them primary beneficiaries of any pilot incentive schemes designed to foster transition of industry laggards. Assuming reasonable expectations with regards to pending regulatory changes, early transition may thus represent a rational long-term bet on large-scale institutional changes. Independent supervisory boards, by virtue of their capability to collect material non-public information on such changes, may be well-positioned to plan, implement, and enforce large-scale strategy shifts.



The described decision-making logic, however, does not change the fact that supervisory boards are reacting to external circumstances and pressure rather than driving the changes relying on a pre-specified set of values. Therefore, the boards’ policy priorities represent a superset of the existing institutional settings and economic incentives embedded in the market structure. The existing empirical evidence largely supports this line of reasoning.



To start with, energy firms’ propensity to invest in environmental transition has been shown to depend on executive compensation structure [22]. In particular, firms in which senior management’s remuneration carries a variable component tied to the fulfilment of environmental, social, and governance (ESG) goals have been documented to channel more resources towards implementing environmentally friendly policies. In this context, the role of independent supervisory boards is limited to enforcement of managerial accountability by making sure that pay actually tracks ESG performance. In turn, the pressure to implement ESG-related compensation packages comes from outside the firms, i.e., from the regulatory action and societal attitudes. Some studies [23] attribute the recurrence to ESG-linked compensation to independent supervisory boards: independent directors are presumed to prioritize the interests of all stakeholders over those of shareholders. However, two essential factors weaken this argument. First, ESG-tracking remuneration mechanisms tend to be implemented in waves [24] in response to either a regulatory push or shift in institutional investors’ requirements. Secondly, while a part of executive compensation may be tied to the fulfillment of environmental goals, the bulk of remuneration is contingent upon the performance of firms’ core operations, whose environmental footprint may outweigh the gains from ESG goals pursuit.



A growing body of literature recognizes that regardless of organization-level settings and internally enforced policies, any large-scale shifts towards sustainable energy generation are possible only if they are likely to bring material gains in shareholder value or limit the scale of value destruction. In view of the capital intensity and disruptive nature of changes, which need to be implemented to bring energy transition to fruition, the only possible scenario in which such changes allow firms to reach positive short- and medium-term shareholder wealth effect is the one in which markets put a significant premium on such decisions detached from short-term economic fundamentals. Evidence of the presence of such premia marks an important shift in investors’ expectations towards scenarios, in which energy transition brings material pecuniary benefits in the medium term. Empirical literature already corroborated the validity of such expectations across a range of developed markets. In particular, energy firms with a good performance record in the domain of environmental policy enforcement have been evidenced to enjoy lower cost of capital [25], while another study [26] found that such stocks generated positive long-term abnormal returns compared to peers that did not embark on energy transition. Importantly, the superior performance of firms with improved ESG scores is not related to the dynamics of their cash flows—the primary marker of shareholder value. Rather, it is the perceived riskiness of the said stocks which drives shareholder gains. Thus, investors appear to put a premium on energy firms transitioning towards sustainable energy operations, while simultaneously imposing a discount on their peers, who are likely to face steep compliance costs and turbulent transformations in the long term. Some studies [27] found that higher ESG scores are associated with better operational performance. However, such studies inevitably face the problem of reverse causality. Superior performance and the resulting spare financial resources may fuel implementation of ESG policies. While the board can and should perform the role of steward navigating the firm through changes aimed at benefiting from shifts in investors’ sentiment, their decisions are reactive with respect to the broader shifts in the investors’ community.



The crucial question, which necessitates an answer, is whether independent supervisory boards in energy companies are capable by themselves of becoming a catalyst of the sector’s transition towards clean energy. Some believe they are [28]. Promoting environmentally responsible decision-making may thus become the personal cause of board members. However, any such initiatives may eventually halt if their economic outcomes clash with shareholder value maximization principles.



The existing empirical literature investigating the role of corporate governance in accelerating energy transition has important gaps in terms of methodology, geographical coverage, and theoretical framework [29]. The majority of studies approach the problem by analyzing the determinants of energy firms’ carbon footprint. Cross-sectional econometric analysis comparing firms’ performance in terms of key environmental indicators remains the tool of choice in the majority of studies. While being suited to ranking firms and designing economic incentives within cap-and-trade network, this methodological framework does not allow to explore the determinants and causal links standing behind firms’ strategic choices and energy transition initiatives. Multiannual longitudinal analysis controlling for organization-level changes appears to be better suited to investigate problems of similar scope. Secondly, the existing studies are largely constrained to mature markets, where shifts in public opinions have already initiated changes to the regulatory framework. Comparative international studies englobing multiple jurisdictions with heterogenous disclosure and mitigation requirements remain scarce [30]. The present study attempts to fill these gaps by employing panel econometric analysis to a broad international sample of energy companies in order to bring empirical evidence to the problem of nexus between corporate governance and environmental transition in the energy sector.




3. Database Design and Methodology


For the purposes of the study, we compiled a longitudinal dataset covering 378 publicly listed energy companies from across 73 countries over the period between 1990 and 2020.



The data collection process started with filtering the population of public companies, for which financial data were available in the Thomson Reuters Database. In order to qualify for sample inclusion, a company had to meet a number of criteria. To start with, it had to operate fully or partially (in case of holding companies and vertically integrated conglomerates) in one of the following industries: (1) oil/gas/energy consumables (including exploration/refining/storage/delivery); (2) energy equipment and services; (3) electric/gas utilities; (4) power/electricity producers. The industry classifications/subclassifications comply with the Global Industry Classification Standard (GICS). Importantly, the listed types of activity had to feature in the firms’ core business profile description.



Secondly, the company had to be publicly listed. This criterion is dictated by the constraints related to data availability. Only listed companies fulfil disclosure requirements with regards to variables which are of interest for the present study (such as CO2 emissions, executive compensation, or board structure). It is worth noting that the stringency of disclosure requirements, as well as control of adherence to regulatory standards, differ across the studied jurisdictions, which introduced an additional methodological complication into our empirical analysis.



Since the studied sector is comprised of large capital-intensive businesses frequently operating as natural monopolies on national markets, choosing a single jurisdiction for analysis would not yield sufficient empirical material for quantitative analysis. Therefore, a decision was made to create an international sample and control for its geographical heterogeneity by including appropriate controls into regression models. The sample is reasonably well-balanced in terms of geographical structure, with the largest jurisdiction (USA) taking up ca. 25.4% of firm-year observations (data are allotted based on the relative size of economies constituting the sample).



We ejected firms that had gaps in the time series of financial data present. Similarly, a reported zero value of assets or revenues during any year in the time series disqualified a company from consideration. We did not impose any requirements with regards to the length of time series for sampled firms. The resulting panel dataset is, therefore, unbalanced.



The data we assembled for each firm may be broken down into the following four categories: (1) general data; (2) corporate governance proxies; (3) environmental policies proxies; (4) financial data. The frequency of data points is one calendar year. The first category of data comprises the date of incorporation, age, time of listing, ownership structure (whether a company is state-owned), and industry classification codes for activities carried out by firms during a given year. The set of corporate governance variables include board size, percentage of independent board members, average number of directors’ outside affiliations (defined as having a directorship or executive position within another company not operating with the current employer’s capital structure), departures of directors (voluntary and involuntary) during a given year, whether or not CEO is a board member and whether there is a separation between CEO and board chair positions, total board member and executive compensation (comprising any compensation enhancement tools such as options), whether or not executives receive variable compensation comprising a part linked to fulfilment of specific operational goals. The set of environmental policy proxies comprises reported CO2 emissions, renewable energy production and use, total environmental expenses (including any remediation fees and cleanup costs but excluding penalties), implementation of resource and emission reduction targets, implementation of environmental policies, and occurrences of environmental controversies. The latter variable encodes environmental accidents/disputes (including those reported in the media) regardless of the scale/damages/parties involved/geographical scope. It is worth noting that regulatory standards of dealing with environmental accidents differ across jurisdictions, therefore, occurrences of such events are much more likely to be reported and brought to public attention on mature markets, making cross-geography generalizations difficult.



The category of financial data comprises a set of standard normalized financial metrics. These include total reported assets, revenues, operating profit margins, overall business profitability (return on assets—ROA), cash reserves, indebtedness, and total tangible investments.



Qualitative data were re-coded into binary variables. Nominal variables were first scaled using standard deflators utilized in the extant literature (such as total assets or total revenues) and then winsorized at 1% and 99% levels to eliminate outliers. The definitions of variables collected and used in the present study are presented in Table 1. Summary statistics (after winsorization) are shown in Table 2.



In order to ascertain and quantify the strength of the link between supervisory board independence and environmental policies in the energy sector, we rely on univariate tests and static panel regression modeling. The key experimental variables used in our analysis comprehensively describe energy firms’ transition towards sustainable energy generation. The baseline specification of panel regression models are as follows:


  EN . SUST .  PROXY  i t   =  β 0  +  β 1  IND .  BOARD  i t   +  β 2  GOV .  CONTROL i  +  β 3  FIRM .  CONTROL  i t   +  β ′    Year i   +  β ′    Country i   +  β ′    Error  i j    ,    



(1)




where   EN . SUST .  PROXY  i t    —explained variable operationalizing firms’ energy transition (a number of alternative proxies are tested),   GOV .  CONTROL i   —a vector of corporate governance proxies controlling for the quality of internal corporate oversight,   FIRM .  CONTROL  i t    —a set of firm−level financial controls. All models include time and country fixed effects in order to control for sample heterogeneity. Whenever the explained variable is binary, we use binary logit regression analysis relying on the same equation specification.



The set of variables describing firms’ energy transition includes the following: (1) environmental controversies (ENV.CONTR); (2) emission targets (EMISS.TGT); 3) resource reduction policy (RES.RED.POL); (4) energy efficiency policy (ENERG.EFF.POL); (5) total environmental expenses (ENV.EXP); (6) renewable energy output (RENEW.ENERG); (7) coal output (COAL.PROD); (8) CO2 equivalent emissions (CO2.EQUIV.EMIS). The use of a multitude of different proxies for firms’ environmental policies allows for robust generalization and corroboration of empirical results.



The key regressor measures board independence (IND.BOARD). Importantly, we utilized a number of alternative proxies for the degree of board independence to conduct robustness checks. In particular, we recorded instances (firm−years) when energy firms hired new independent supervisory board members in place of insiders, thus increasing the overall board independence (IND.INCREASE). Using the occurrence of such events as a natural experiment, we attempted to verify whether similar changes in the board structure initiate changes in firms’ energy transition pace. As an extension of these tests, we created another variable (DIR.REPLACE) binary−coding instances of any voluntary or involuntary departure of supervisory board members, regardless of the underlying reason of departure. This variable allows us to conduct placebo tests and compare the obtained results against those for the IND.INCREASE variable. If changes to firms’ environmental policies following the appointments of new supervisory board members are similar regardless of whether directors are independent, the effect may not be unequivocally attributed to independence as a distinct explanatory factor.



We also checked for the presence of non-linearities in the nexus between board independence and energy transition. To that end, we created a binary variable encoding firms where board independence exceeds 75% (IND.HIGH.75). Thus, we attempted to establish whether boards dominated by independent directors are associated with speedier energy transition and whether the said effect accelerates in the tail of the IND.BOARD variable’s distribution.



In the concluding part of our empirical analysis, we delved into the problem of incentives in the energy sector. Trying to elucidate the link between the pace of energy transition and corporate governance settings, we checked whether the existing performance management system and compensation structure in the energy sector incentivizes implementation of environmentally friendly policies or slows them down.




4. Empirical Results


We began with graphical analysis of the key experimental variables and univariate statistical tests to catch the principal associative links between them. Figure 1 presents the intertemporal evolution of board independence and CO2 equivalent emissions (log-transformed) in the energy sector. The computed correlation between the graphed variables is negative after 2010, with board independence on the rise (from 60% to 65%) and the average CO2 equivalent emissions experiencing a slight decrease (ca. −4.3% over a 10-year period) or staying level. It would appear, therefore, that changes in corporate governance may be at least in part responsible for the observed changes in the emitted CO2 levels.



While CO2 emissions of the energy sector have exhibited a steady downward trend, different dynamics are observed in coal output (Figure 2). Our findings suggest that over the last decade (2010–2019) the average coal output in the energy sector increased by ca. 1.8%, driven primarily by emerging markets. At the same time, across all geographies we documented a steady increase in independence of supervisory boards of energy firms. Thus, our preliminary graphical analysis suggests that the nexus between board independence and transition towards sustainable energy operations depends on geography and may vary significantly across time.



For further empirical investigation, we used univariate statistical tests of differences in means. First, we split the research sample into three equal subsamples based on firms’ board independence (subsample 1 features firms with the lowest level of board independence in the sample; subsample 3—with the highest). We subsequently compared the created subsamples across a number of parameters characterizing their environmental policies and energy transition. The results are presented in Table 3. It is worth noting that the tests are based on comparison of subsample means, which may be subject to distortionary impact of outliers. In order to rule out this possibility, we ran variable winsorization and checked for normality of distributions of the tested variables (results are not shown). Log-transformation was used in the event that variables’ distributions deviated from normal.



To start with, we demonstrate that firms with higher board independence are significantly more likely to be involved in environmental controversies (5.5% higher chances—as measured by cross-sample contrast—in subsample 2 compared to subsample 1; 4.8% higher chances in subsample 3 compared to subsample two). Firms in subsamples 2 and 3 are also significantly less likely to implement resource use reduction targets (contrast: −8.9%; sig.: 1%). The same negative link is observed between board independence and firms’ propensity to adopt energy efficiency policy (contrast: −25.06% between subsamples 2 and 1; sig.: 1%).



Coal output, in contrast, is positively associated with board independence. Firms from the top tercile in terms of board independence have the highest coal output (contrast: 1.32; sig.: 1%), with a gradual decrease observed across the remaining subsamples. Likewise, CO2 equivalent emissions are also rising along with board independence (contrast: 0.78 between subsamples 3 and 1; sig.: 1%). The production of renewable energy exhibits no link with board independence, possibly due to the fact that many of the sampled companies are not involved in this type of activity. Environmental expenses are significantly lower in firms with a higher percentage of independent directors.



Overall, univariate statistical tests strongly suggest that board independence is not associated with faster transition towards sustainable energy generation or better environmental performance. In contrast, we find that energy companies with the highest percentage of independent directors report lower environmental expenses and higher coal output. In order to ensure robustness of the obtained results, we verified them relying on multivariate econometric analysis (model specification (1)).



Table 4 summarizes the results of logit regression models exploring factors affecting energy firms’ likelihood of being involved in environmental controversies. Our findings clearly suggest that board independence is positively associated with the likelihood of such events (coefficient: 0.047; sig.: 1%). The highest likelihood of environmental controversies is reported in the subsample of firms where the share of independent directors exceeds 75% (odds ratio: 4.76; sig.: 1%). Importantly, neither replacements of supervisory board members with outsiders nor voluntary/involuntary incumbents’ departures appear to alter the discovered pattern. While it is unlikely that the described nexus is causal, independent boards appear to be incapable of reducing the likelihood of environmental controversies. Since the latter are frequently occurring for reasons related to deficient compliance controls or supervisory forbearance, further investigation is necessary to investigate the fundamental reasons behind the reported empirical links. Other corporate governance settings, such as average board tenure or the presence of CEO on the board, do not affect the likelihood of adverse events.



Table 5 reports the findings of binary logit models in which the explained variable is a dummy encoding the presence of emission targets within sampled energy companies. It is worth emphasizing that disclosure of emission targets in firms ESG reports does not necessarily translate into enforcement of the said targets. Therefore, their purpose is frequently to signal intentions rather than outline a strategic plan of energy transition. We demonstrate that emission targets are more likely to feature in ESG reports of firms, where independent directors constitute a majority in the supervisory boards (OR: 1.55; sig.: 1%). Two-tier corporate oversight structures, where supervisory boards have greater autonomy, are also documented to increase the likelihood of emission targets’ implementation (OR: 2.32; sig.: 1%). Similar findings concern resource reduction policies implementation (Table 6). We established that firms where board independence exceeds 75% are 1.65 times more likely to report implementing dedicated policies aimed at reducing their carbon footprint, improving the efficiency of operational processes and cutting costs. While these policies are gradually becoming a standard element of firms’ CSR strategy, the targets set in those policies remain optional. Thus, we established a robust link between board independence and declarative commitment to emission reduction. It suggests that within specific institutional environments, independent supervisory boards may become effective conduits for environmentally responsible energy policies.



In addition to frequently declarative resource reduction policies and emission targets, we investigated the more rigorously enforced energy efficiency policies, which consisted of implementation of operational solutions aimed at reducing energy inputs per unit of output and revenue. In contrast to those already discussed, energy efficiency policies carry enforceable and measurable key performance indicators, and therefore their implementation may be regarded as actual progress towards sustainable energy operations.



In Table 7, we present the results yielded by binary logit models exploring the likelihood of implementation of energy efficiency policies. We demonstrate that such policies are more likely to be implemented within a two-tier system of corporate governance, where supervisory boards wield greater decision-making power. At the same time, such policies are much rarer (OR: 0.71; sig.: 5%) in firms where the share of independent board members exceeds 75%. Dynamic changes to the supervisory board structure are found to exercise no impact on the likelihood of energy efficiency policy adoption.



Environmental expenses in the form of remediation fees, cleanup costs, and environmentally friendly technology improvements constitute one of the most important pecuniary elements of energy firms’ environmental policies. While the nominal value of such expenses has been on a steady rise over the last decade, important differences are observed between companies. Our study aims at verifying whether independence of supervisory boards of energy firms is associated with higher value of environmental expenses. We modeled ENV.EXP as a function of firms’ financials and corporate governance proxies. Our findings are reported in Table 8. We documented no significant link between board independence and firm-level environmental costs, regardless of a firms’ carbon footprint. Changes to board structure are evidenced to exercise no impact on the intertemporal dynamics of these costs. The only variable which turned out to be a strong reliable predictor of the scale of firms’ environmental costs is state ownership; the difference in environmental expenses borne by state-owned energy companies approaches 20%.



We also find that the output of renewable energy exhibits no associative link with board independence or any other corporate governance proxies (Table 9). None of the studied variables have been found to be a reliable predictor of renewable energy output. This result should be interpreted with caution, since many of the studied companies are not engaged in renewable energy business (therefore, we assign zero to their records of energy output).



In contrast, the coal output exhibits a strong and statistically significant link with board independence (Supplementary 1, Table S1). On average, an increase of board independence by one percentage point between companies was found to be associated with a 0.19% increase of coal output. The highest coal output is recorded among firms where independent supervisory board members constitute more than 75% of the board. The largest producers of coal are state-owned (coeff.: 1.77; sig.: 1%). Interestingly, we find that an increase of board independence following a replacement of insider director with an independent board member is associated with a subsequent reduction of coal output by ca. 2.4%. However, the coefficient is not robust under different model specifications and carries statistical significance of 10%, therefore, it should be interpreted with caution. Overall, our findings suggest that higher board independence is unlikely to lead to slashing coal output and increasing renewable energy production.



Finally, in Table S2 (Supplementary 1) we summarize the findings of empirical tests of determinants of CO2 equivalent emissions. We find that on average, an increase of board independence by one percentage point is associated with a reduction of CO2 emissions by 0.036%. That translates into a very minor effect: an increase of board independence by 50% is likely to be associated with a reduction of emissions by ca. 1.5%. Overall, our findings suggest that board independence plays a negligible role in shaping firms’ movement towards sustainable [31] and emission-free energy generations.




5. Discussion: The Problem of Incentives in the Energy Sector


The findings ensuing from our empirical study strongly suggest that independent supervisory boards are unlikely to spur energy firms’ transition towards sustainable energy generation. Nevertheless, the discovered negligible impact of one of the core pillars of corporate stewardship on the pace of energy transition encouraged us to delve into its possible underlying causes.



The regulatory toolkit used for incentivizing energy transformation features two principal instruments: (1) coercion; (2) pecuniary penalties. While the former brings the externality-generating activity to a halt, the latter helps modify economic incentives by making environmentally irresponsible operations less profitable. Given the widespread adoption of the latter instrument across the majority of jurisdictions, we attempted to establish whether their use effectively modified the architecture of economic incentives. To that end, we assembled data on financial performance, executive compensation, and environmental footprint of sampled energy companies and analyzed co-dependencies between them.



To start with, an analysis of the interrelation between firms’ operational performance measured by return on assets (ROA) and CO2 emissions (Figure 3) clearly suggests that polluters report higher profitability than their less-polluting counterparts. Only in the case of state-owned companies does the relationship appear to be inverted. Thus, it seems that the prevalent cap-and-trade and penalties systems fail to render high-carbon-footprint activities less profitable. That, in turn, undermines incentives to implement environmentally responsible policies. Since the supervisory boards’ primary responsibility is to prioritize shareholders’ interests and aim at value maximization, pushing for implementation of energy transition appears to run against their core duties.



Further analysis of the link between executive compensation and CO2 emissions reveals similar results (Figure 4). Energy firms with a higher carbon footprint pay their executives more than their less-polluting counterparts. The existing system of economic incentives thus favors the status quo by not penalizing excess carbon footprint. Once again, supervisory boards’ possible decisions represent only a reaction to the existing system of incentives and institutional action. Any impending reforms aimed at fostering energy transition should, therefore, primarily target the existing set of economic incentives instead of imposing formal requirements on firms’ corporate governance structures.



The empirical results reported in the paper are in line with the extant literature, which suggests that independent supervisory boards tasked with protecting shareholder value are unlikely to advocate an overhaul of firms’ environmental policies whenever the existing incentive structure does not compensate for the explicit costs of such changes [17]. The observed lack of persistent link between supervisory board independence and energy transformations suggests that changes in the firms’ institutional and regulatory environments may be regarded as necessary prerequisites for launching sector-wide changes.




6. Conclusions


The purpose of the present study was to establish whether independent supervisory boards could accelerate transition of energy companies towards sustainable energy generation. The findings reported in the paper strongly suggest that board independence is not a sufficient precondition for radical changes in energy firms’ mode of operations. Instead, independent boards merely navigate firms through the changing regulatory environment by implementing changes in response to top-down legislative pressure. We also evidence that the reason behind the established weak link between corporate governance and firms’ environmental performance may stem from the prevailing system of economic incentives, which appears to insufficiently penalize environmentally irresponsible operational activities. The findings reported in the study could serve as a background for further regulatory modifications by offering relevant targets for further remedial action.



To our knowledge, the present study is the first to undertake an extensive comparative international analysis of environmental policies of energy companies while investigating the underlying system of economic incentives. Prior studies are geographically constrained and encompass very limited samples of firms. The present paper accomplishes two complementary tasks. First, it points to a lack of any significant link between board structure of energy firms and the pace of environmental policy transition. Secondly, it hints at the underlying reason of the discovered empirical relationships, i.e., a misalignment of economic incentives. Both have significant implications for further development of sector-specific regulations and long-term business planning.



While the paper relies on robust methodological toolkit and utilizes a number of complementary experimental variables, a few limitations impacting the interpretation of research results should be pointed out. To start with, the study is based on an international sample. While including country dummies into the regression models alleviates concerns related to a sample’s geographical heterogeneity, the latter may not allow for formulating policy recommendations carrying high jurisdiction specificity. Secondly, further empirical analysis is necessary to elucidate the exact transmission mechanisms by which supervisory boards may impact energy firms’ environmental policy transformations. Such studies would need to focus on exploring internal organizational dynamics and roles of decision-making centers (executives, supervisory boards, other stakeholders, etc.) in advocating policy transformations. In view of the highly complex nature of such decisions, a qualitative methodological toolkit may be better suited to tackling the enumerated tasks. Finally, further corroboratory studies should delve deeper into the problem of economic incentives in the energy sector. Further modifications of regulatory mechanisms aiming at fostering energy transition should assure that pecuniary compensation for undertaking costly energy transformations outweigh the upfront costs ensuing therefrom. Further empirical studies exploring incentive compatibility between different stakeholder groups in the energy sector are warranted.
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Figure 1. Board independence vs. CO2 equivalent emissions (log-transformed). 
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Figure 2. Board independence vs. energy firms’ average coal output (log-transformed). 
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Figure 3. The relationship between CO2 equivalent emissions and return on assets. 
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Figure 4. The relationship between CO2 equivalent emissions and executive compensation. 
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Table 1. Definitions of variables.






Table 1. Definitions of variables.





	
Variable Name

	
Definition






	
Environmental Policy Proxies




	
ENV.CONTR

	
Binary variable equal to 1 if during a given year a company was involved in an environmental controversy (self-disclosed or described by media)




	
RES.RED.TGT

	
Binary variable equal to 1 if a company discloses resource reduction targets for the upcoming fiscal year




	
ENERG.EFF.POL

	
Binary variable equal to 1 if a company claims to implement an energy efficiency policy. The actual outcomes of the policy implementation are not assessed




	
COAL.PROD

	
Total coal output during a given year (log-transformed)




	
CO2.EQUIV.EMISS

	
CO2 equivalent emissions (tons) disclosed by the company (log-transformed)




	
ENV.EXP

	
Total environmental expenses borne by a company during a given fiscal year




	
RENEW.EN.PROD

	
Total renewable energy output during a given year (log-transformed)




	
EMISS.TGT

	
Binary variable equal to 1 if a company discloses emission targets for the upcoming fiscal year




	
Firm Financials




	
LEVERAGE

	
The ratio of total interest-bearing debt to total assets




	
CASH.RESERVES

	
The ratio of cash and cash equivalents to total assets




	
TANGIBILITY

	
The ratio of gross property/plant and equipment to total assets




	
EBITDA.MARG

	
The ratio of normalized EBITDA to total revenue




	
STATE.OWN

	
Binary variable equal to 1 if a company has the state government as its majority or largest shareholder




	
INVESTMENTS

	
The ratio of capital expenditures to total assets




	
Corporate Governance Proxies




	
CEO.BOARD.MEM

	
Binary variable equal to 1 if the firm’s CEO is simultaneously a member of the supervisory board




	
AVG.TENURE

	
The average tenure of supervisory board members




	
IND.BOARD

	
Percentage of independent members on the supervisory board




	
IND.HIGH.75

	
Binary variable equal to 1 if the percentage of independent board members exceeds 75%




	
IND.INCREASE

	
Binary variable equal to 1 if during a given year the company hired a new independent board member, thus increasing board independence




	
DIR.REPLACE

	
Binary variable equal to 1 if during a given year the company disclosed a voluntary or involuntary replacement of a supervisory board member








Note: prefix L(n). appended to variable’s name denotes a lag of the n-th order.
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Table 2. Descriptive statistics.






Table 2. Descriptive statistics.





	Variable
	Mean
	Std.Dev.
	Min
	Max





	AVG.TENURE
	6.763
	3.567
	0
	24.75



	IND.BOARD
	63.61
	24.793
	0
	100



	CEO.BOARD.MEM
	0.873
	0.333
	0
	1



	EX.COMPENSATION
	16.295
	1.658
	0
	26.092



	FIRM.SIZE
	21.698
	3.202
	0
	32.568



	LEVERAGE
	0.257
	0.288
	0
	0.98



	CASH.RESERVES
	0.127
	0.161
	0
	1



	TANGIBILITY
	0.812
	0.547
	0.003
	1.98



	EBITDA.MARG
	0.147
	0.606
	−2.717
	0.835



	INVESTMENTS
	0.098
	0.146
	−0.008
	0.89



	STATE.OWN
	0.099
	0.299
	0
	1



	ROA
	1.223
	13.937
	−96.081
	75.316



	ENV.CONTR
	0.05
	0.218
	0
	1



	COAL.PROD
	17.717
	1.198
	14.922
	20.224



	EMISS.TGT
	0.287
	0.452
	0
	1



	CO2.EQUIV.EMISS
	13.765
	2.414
	2.833
	20.954



	ENV.EXP
	18.77
	4.28
	0
	27.903



	ENERG.EFF.POL
	0.486
	0.5
	0
	1



	RENEW.EN.PROD
	11.336
	3.777
	0
	19.292



	RES.RED.TGT
	0.175
	0.38
	0
	1
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Table 3. Univariate test results.






Table 3. Univariate test results.





	

	
Contrast

	
Std.Err.

	
t

	
[95%_Conf

	
Interval]






	
ENV.CONTR




	
2_vs_1

	
0.007524

	
0.009189

	
0.82

	
−0.01402

	
0.029069




	
3_vs._1

	
0.055515

	
0.009349

	
5.94 ***

	
0.033595

	
0.077436




	
3_vs._2

	
0.047992

	
0.009382

	
5.12 ***

	
0.025992

	
0.069991




	
RES.RED.TGT




	
2_vs._1

	
−0.08923

	
0.015803

	
−5.65 ***

	
−0.12629

	
−0.05218




	
3_vs._1

	
−0.06174

	
0.016082

	
−3.84 ***

	
−0.09944

	
−0.02403




	
3_vs._2

	
0.027497

	
0.01614

	
1.7

	
−0.01035

	
0.065341




	
ENERG.EFF.POL




	
2_vs._1

	
−0.25061

	
0.020424

	
−12.27 ***

	
−0.2985

	
−0.20272




	
3_vs._1

	
−0.1954

	
0.02078

	
−9.4 ***

	
−0.24413

	
−0.14668




	
3_vs._2

	
0.055205

	
0.020855

	
2.65 **

	
0.006306

	
0.104103




	
COAL.PROD




	
2_vs._1

	
−0.2695

	
0.248612

	
−1.08

	
−0.85626

	
0.317253




	
3_vs._1

	
1.05321

	
0.236237

	
4.46 ***

	
0.495659

	
1.610761




	
3_vs._2

	
1.322714

	
0.319376

	
4.14 ***

	
0.568944

	
2.076485




	
CO2.EQUIV.EMISS




	
2_vs._1

	
0.116477

	
0.134983

	
0.86

	
−0.20015

	
0.433109




	
3_vs._1

	
0.783329

	
0.134733

	
5.81 ***

	
0.467284

	
1.099374




	
3_vs._2

	
0.666852

	
0.137958

	
4.83 ***

	
0.343243

	
0.990462




	
ENV.EXP




	
2_vs._1

	
−1.59801

	
0.333484

	
−4.79 ***

	
−2.38076

	
−0.81525




	
3_vs._1

	
−1.53239

	
0.316396

	
−4.84 ***

	
−2.27504

	
−0.78974




	
3_vs._2

	
0.065617

	
0.367126

	
0.18

	
−0.79611

	
0.927339




	
RENEW.EN.PROD




	
2_vs._1

	
−0.05213

	
0.623092

	
−0.08

	
−1.52204

	
1.417778




	
3_vs._1

	
−1.34127

	
0.680088

	
−1.97

	
−2.94563

	
0.263098




	
3_vs._2

	
−1.28914

	
0.80847

	
−1.59

	
−3.19636

	
0.61809








Note: statistical significance of the t-tests for difference of means is indicated with ** for p < 5%, *** for p < 1%.
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Table 4. Environmental controversies/disputes.






Table 4. Environmental controversies/disputes.





	
Model No

	
(1)

	
(2)

	
(3)

	
(4)






	
Explained Variable: ENV.CONTR

	

	

	




	
FIRM.SIZE

	
0.534 ***

	
0.519 ***

	
0.511 ***

	
0.500 ***




	

	
(10.535)

	
(10.399)

	
(10.004)

	
(8.801)




	
LEVERAGE

	
−1.864 *

	
−1.910 *

	
−1.853 *

	
−1.697




	

	
(−2.381)

	
(−2.495)

	
(−2.355)

	
(−1.907)




	
CASH.RESERVES

	
−4.539 *

	
−4.172 *

	
−4.653 *

	
−5.860 **




	

	
(−2.460)

	
(−2.338)

	
(−2.520)

	
(−2.787)




	
TANGIBILITY

	
0.047

	
0.096

	
0.030

	
−0.006




	

	
(0.302)

	
(0.669)

	
(0.189)

	
(−0.030)




	
EBITDA.MARG

	
0.677

	
0.759

	
0.673

	
0.431




	

	
(1.306)

	
(1.478)

	
(1.300)

	
(0.743)




	
STATE.OWN

	
0.224

	
−0.162

	
0.215

	
0.402




	

	
(0.533)

	
(−0.423)

	
(0.513)

	
(0.861)




	
CEO.BOARD.MEM

	
1.014 *

	
0.657

	
0.983 *

	
1.045 *




	

	
(2.260)

	
(1.617)

	
(2.204)

	
(2.002)




	
AVG.TENURE

	
−0.041

	
−0.039

	
−0.053

	
−0.063




	

	
(−1.026)

	
(−0.993)

	
(−1.277)

	
(−1.323)




	
IND.BOARD

	
0.047 ***

	

	
0.045 ***

	
0.043 ***




	

	
(6.704)

	

	
(6.397)

	
(5.561)




	
IND.HIGH.75

	

	
1.561 ***

	

	




	

	

	
(5.778)

	

	




	
L.IND.INCREASE

	

	

	
0.162

	




	

	

	

	
(0.715)

	




	
DIR.REPLACE

	

	

	

	
0.290




	

	

	

	

	
(1.124)




	
_cons

	
−18.188 ***

	
−14.969 ***

	
−17.421 ***

	
−17.378 ***




	

	
(−10.545)

	
(−10.080)

	
(−10.043)

	
(−8.925)




	
ll

	
−323.976

	
−333.859

	
−319.883

	
−254.643




	
chi2

	
226.475 ***

	
206.710 ***

	
212.197 ***

	
164.199 ***




	
r2_p

	
0.259

	
0.236

	
0.249

	
0.244




	
Country Fixed Effects

	
Yes

	
Yes

	
Yes

	
Yes




	
Year Fixed Effects

	
Yes

	
Yes

	
Yes

	
Yes




	
N

	
1553

	
1553

	
1426

	
1258








Note: The table presents maximum likelihood estimates of binary logit models with the explained variable being the occurrence of environmental disputes/controversies during a given year. All models include control variables, year, and country fixed effects. Z—coefficients are reported in parentheses beneath coefficients. Significance of respective variables is denoted with asterisks: * p < 0.1, ** p < 0.05, *** p < 0.01.
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Table 5. Emission targets.






Table 5. Emission targets.





	
Model No

	
(1)

	
(2)

	
(3)

	
(4)






	
Explained Variable: EMISS.TGT

	

	

	




	
FIRM.SIZE

	
0.503 ***

	
0.498 ***

	
0.498 ***

	
0.511 ***




	

	
(13.857)

	
(13.891)

	
(13.203)

	
(12.416)




	
LEVERAGE

	
0.060

	
0.067

	
−0.083

	
−0.155




	

	
(0.148)

	
(0.165)

	
(−0.195)

	
(−0.322)




	
CASH.RESERVES

	
−0.058

	
−0.064

	
−0.175

	
0.142




	

	
(−0.070)

	
(−0.077)

	
(−0.202)

	
(0.155)




	
TANGIBILITY

	
0.073

	
0.078

	
0.062

	
0.082




	

	
(0.840)

	
(0.911)

	
(0.673)

	
(0.753)




	
EBITDA.MARG

	
0.386

	
0.444

	
0.338

	
0.240




	

	
(1.355)

	
(1.538)

	
(1.176)

	
(0.735)




	
STATE.OWN

	
−0.929 ***

	
−0.947 ***

	
−0.863 **

	
−0.913 **




	

	
(−3.405)

	
(−3.500)

	
(−3.041)

	
(−3.088)




	
CEO.BOARD.MEM

	
−0.841 ***

	
−0.820 ***

	
−0.896 ***

	
−0.890 ***




	

	
(−4.596)

	
(−4.513)

	
(−4.679)

	
(−4.232)




	
AVG.TENURE

	
−0.005

	
−0.004

	
−0.006

	
−0.007




	

	
(−0.238)

	
(−0.201)

	
(−0.252)

	
(−0.273)




	
IND.BOARD

	
0.010 **

	

	
0.010 **

	
0.011 **




	

	
(3.091)

	

	
(3.001)

	
(3.064)




	
IND.HIGH.75

	

	
0.441 **

	

	




	

	

	
(3.055)

	

	




	
L.IND.INCREASE

	

	

	
0.253

	




	

	

	

	
(1.734)

	




	
DIR.REPLACE

	

	

	

	
−0.182




	

	

	

	

	
(−1.135)




	
_cons

	
−11.678 ***

	
−11.134 ***

	
−11.485 ***

	
−12.427 ***




	

	
(−12.293)

	
(−12.327)

	
(−11.608)

	
(−11.286)




	
ll

	
−733.157

	
−733.348

	
−686.159

	
−565.743




	
chi2

	
378.028 ***

	
377.646 ***

	
356.824 ***

	
289.186 ***




	
r2_p

	
0.205

	
0.205

	
0.206

	
0.204




	
Country Fixed Effects

	
Yes

	
Yes

	
Yes

	
Yes




	
Year Fixed Effects

	
Yes

	
Yes

	
Yes

	
Yes




	
N

	
1636

	
1636

	
1496

	
1341








Note: The table presents maximum likelihood estimates of binary logit models with the explained variable being the implementation of emission targets by energy firms. All models include control variables, year, and country fixed effects. Z—coefficients are reported in parentheses beneath coefficients. Significance of respective variables is denoted with asterisks: ** p < 0.05, *** p < 0.01.
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Table 6. Resource reduction policy.
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Model No

	
(1)

	
(2)

	
(3)

	
(4)






	
Explained Variable: RES.RED.POL

	

	

	




	
IND.BOARD

	
0.003

	

	
0.003

	
0.002




	

	
(0.815)

	

	
(0.855)

	
(0.470)




	
IND.HIGH.75

	

	
0.506 **

	

	




	

	

	
(3.031)

	

	




	
L.IND.INCREASE

	

	

	
0.052

	




	

	

	

	
(0.308)

	




	
DIR.REPLACE

	

	

	

	
−0.087




	

	

	

	

	
(−0.493)




	
_cons

	
−8.938 ***

	
−9.242 ***

	
−8.940 ***

	
−9.361 ***




	

	
(−9.512)

	
(−10.084)

	
(−9.084)

	
(−8.693)




	
ll

	
−607.217

	
−602.913

	
−560.861

	
−488.283




	
chi2

	
264.152 ***

	
272.759 ***

	
253.012 ***

	
207.220 ***




	
r2_p

	
0.179

	
0.184

	
0.184

	
0.175




	
Country Fixed Effects

	
Yes

	
Yes

	
Yes

	
Yes




	
Year Fixed Effects

	
Yes

	
Yes

	
Yes

	
Yes




	
N

	
1645

	
1645

	
1502

	
1350








Note: The table presents maximum likelihood estimates of binary logit models with the explained variable being the implementation of resource reduction policy by energy firms. All models include control variables, year, and country fixed effects (not reported for brevity). Z—coefficients are reported in parentheses beneath coefficients. Significance of respective variables is denoted with asterisks: ** p < 0.05, *** p < 0.01.
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Table 7. Energy efficiency policy.






Table 7. Energy efficiency policy.





	
Model No

	
(1)

	
(2)

	
(3)

	
(4)






	
Explained Variable: ENERG.EFF.POL

	

	

	




	
FIRM.SIZE

	
0.731 ***

	
0.742 ***

	
0.771 ***

	
0.751 ***




	

	
(16.338)

	
(16.458)

	
(15.632)

	
(15.021)




	
LEVERAGE

	
−0.577

	
−0.585

	
−0.576

	
−0.697




	

	
(−1.571)

	
(−1.590)

	
(−1.455)

	
(−1.666)




	
CASH.RESERVES

	
−0.016

	
−0.013

	
0.264

	
−0.162




	

	
(−0.022)

	
(−0.017)

	
(0.335)

	
(−0.194)




	
TANGIBILITY

	
−0.020

	
−0.013

	
−0.041

	
0.060




	

	
(−0.244)

	
(−0.166)

	
(−0.480)

	
(0.658)




	
EBITDA.MARG

	
0.031

	
0.033

	
0.034

	
0.032




	

	
(0.862)

	
(0.901)

	
(0.868)

	
(0.739)




	
STATE.OWN

	
−0.138

	
−0.139

	
−0.320

	
−0.099




	

	
(−0.312)

	
(−0.314)

	
(−0.667)

	
(−0.209)




	
CEO.BOARD.MEM

	
−0.806 ***

	
−0.812 ***

	
−0.886 ***

	
−0.843 ***




	

	
(−4.413)

	
(−4.465)

	
(−4.484)

	
(−4.143)




	
AVG.TENURE

	
−0.005

	
−0.004

	
−0.016

	
−0.012




	

	
(−0.281)

	
(−0.235)

	
(−0.780)

	
(−0.548)




	
IND.BOARD

	
−0.006

	

	
−0.005

	
−0.006




	

	
(−1.941)

	

	
(−1.671)

	
(−1.840)




	
IND.HIGH.75

	

	
−0.343 **

	

	




	

	

	
(−2.684)

	

	




	
L.IND.INCREASE

	

	

	
0.170

	




	

	

	

	
(1.197)

	




	
DIR.REPLACE

	

	

	

	
−0.128




	

	

	

	

	
(−0.880)




	
_cons

	
−14.034 ***

	
−14.532 ***

	
−14.886 ***

	
−15.008 ***




	

	
(−13.425)

	
(−14.042)

	
(−12.983)

	
(−12.795)




	
ll

	
−820.764

	
−819.042

	
−736.765

	
−663.943




	
chi2

	
638.824 ***

	
642.268 ***

	
606.124 ***

	
541.905 ***




	
r2_p

	
0.280

	
0.282

	
0.291

	
0.290




	
Country Fixed Effects

	
Yes

	
Yes

	
Yes

	
Yes




	
Year Fixed Effects

	
Yes

	
Yes

	
Yes

	
Yes




	
N

	
1645

	
1645

	
1502

	
1350








Note: The table presents maximum likelihood estimates of binary logit models with the explained variable being the implementation of energy efficiency policy by energy firms. All models include control variables, year, and country fixed effects. Z—coefficients are reported in parentheses beneath coefficients. Significance of respective variables is denoted with asterisks: ** p < 0.05, *** p < 0.01.
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Table 8. Total environmental expenses.






Table 8. Total environmental expenses.












	Model No
	(1)
	(2)
	(3)
	(4)





	Explained Variable: ENV.EXP
	
	
	
	



	L.LEVERAGE
	0.182
	0.731
	0.154
	0.070



	
	(0.110)
	(0.437)
	(0.092)
	(0.043)



	L.CASH.RESERVES
	1.116
	1.094
	1.145
	1.144



	
	(0.487)
	(0.478)
	(0.499)
	(0.500)



	L.TANGIBILITY
	−0.991 *
	−0.999 *
	−0.992 *
	−0.943 *



	
	(−2.499)
	(−2.524)
	(−2.498)
	(−2.373)



	L.EBITDA.MARG
	−2.642 *
	−2.605 *
	−2.637 *
	−2.538 *



	
	(−2.389)
	(−2.359)
	(−2.379)
	(−2.292)



	STATE.OWN
	3.409 ***
	3.383 ***
	3.403 ***
	3.330 ***



	
	(4.088)
	(4.043)
	(4.072)
	(3.988)



	CEO.BOARD.MEM
	1.120
	1.270
	1.110
	1.171



	
	(1.452)
	(1.644)
	(1.432)
	(1.519)



	L.AVG.TENURE
	−0.033
	−0.045
	−0.034
	−0.082



	
	(−0.371)
	(−0.505)
	(−0.378)
	(−0.852)



	L.IND.BOARD
	−0.003
	−0.012
	−0.003
	−0.003



	
	(−0.270)
	(−1.127)
	(−0.299)
	(−0.294)



	IND.HIGH.75
	
	0.920
	
	



	
	
	(1.940)
	
	



	L.IND.INCREASE
	
	
	0.040
	



	
	
	
	(0.169)
	



	L.DIR.REPLACE
	
	
	
	−0.324



	
	
	
	
	(−1.365)



	_cons
	16.131 ***
	17.185 ***
	16.162 ***
	16.723 ***



	
	(5.618)
	(4.987)
	(5.613)
	(5.764)



	chi2
	52.128 ***
	55.576 ***
	52.079 ***
	54.072 ***



	Country Fixed Effects
	Yes
	Yes
	Yes
	Yes



	Year Fixed Effects
	Yes
	Yes
	Yes
	Yes







Note: the table reports the results of static panel regressions. The explained variable is total environmental expenses (log-transformed). Al models include firm−level controls (financials and corporate governance proxies), year, and country fixed effects (the respective coefficients are not reported for brevity). The models include heteroscedasticity-robust standard errors. Significance of respective variables is denoted with asterisks: * p < 0.1, *** p < 0.01 (t-values are reported in parentheses).
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Table 9. Renewable energy output.






Table 9. Renewable energy output.





	
Model No

	
(1)

	
(2)

	
(3)

	
(4)






	
Explained Variable: RENEW.ENERG

	

	

	




	
L.LEVERAGE

	
2.930

	
2.990

	
2.924

	
2.938




	

	
(1.660)

	
(1.693)

	
(1.644)

	
(1.668)




	
L.CASH.RESERVES

	
2.149

	
2.004

	
2.102

	
1.798




	

	
(0.995)

	
(0.922)

	
(0.959)

	
(0.823)




	
L.TANGIBILITY

	
0.350

	
0.333

	
0.359

	
0.306




	

	
(0.880)

	
(0.836)

	
(0.888)

	
(0.768)




	
L.EBITDA.MARG

	
−0.189

	
−0.180

	
−0.189

	
−0.150




	

	
(−0.857)

	
(−0.817)

	
(−0.853)

	
(−0.671)




	
STATE.OWN

	
2.176

	
2.187

	
2.205

	
2.355




	

	
(1.204)

	
(1.198)

	
(1.211)

	
(1.289)




	
CEO.BOARD.MEM

	
−0.314

	
−0.315

	
−0.303

	
−0.262




	

	
(−0.453)

	
(−0.454)

	
(−0.432)

	
(−0.378)




	
L.AVG.TENURE

	
0.082

	
0.071

	
0.081

	
0.126




	

	
(0.992)

	
(0.840)

	
(0.974)

	
(1.320)




	
L.IND.BOARD

	
−0.014

	
−0.015

	
−0.012

	
−0.013




	

	
(−0.952)

	
(−1.039)

	
(−0.772)

	
(−0.907)




	
IND.HIGH.75

	

	
0.219

	

	




	

	

	
(0.497)

	

	




	
L.IND.INCREASE

	

	

	
−0.031

	




	

	

	

	
(−0.164)

	




	
L.DIR.REPLACE

	

	

	

	
0.179




	

	

	

	

	
(0.926)




	
_cons

	
8.941 ***

	
8.971 ***

	
8.876 ***

	
8.539 ***




	

	
(6.419)

	
(6.415)

	
(6.058)

	
(5.865)




	
chi2

	
23.215 *

	
23.595 *

	
22.868 *

	
24.252 *




	
Country Fixed Effects

	
Yes

	
Yes

	
Yes

	
Yes




	
Year Fixed Effects

	
Yes

	
Yes

	
Yes

	
Yes








Note: the table reports the results of static panel regressions. The explained variable is total renewable energy output (log-transformed). All models include firm−level controls (financials and corporate governance proxies), year, and country fixed effects (the respective coefficients are not reported for brevity). The models include heteroscedasticity-robust standard errors. Significance of respective variables is denoted with asterisks: * p < 0.1, *** p < 0.01 (t-values are reported in parentheses).
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