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Abstract

Enterprises that reduce their consumption of raw materials and production of pollution should
observe the resulting high degree of environmental efficiency, which is understood as the
minimisation of environmental costs (energy and water consumption, carbon dioxide
production and waste). High environmental efficiency should translate positively into their
financial performance. Our study compares the environmental efficiency of companies listed
on the regulated markets of the European Union and its impact on their market value from the
point of view of natural resource management. We use the non-parametric Data Envelopment
Analysis method and the Ohlson Valuation Model to assess the impact of environmental
efficiency on companies’ market value. The research sample includes public companies from
the 27 EU Member States listed on their respective stock exchanges during the period 2014—
2023. Data come from the Refinitiv Eikon database. The research shows that while the surveyed
companies cannot be considered environmentally efficient, there is a positive relationship
between environmental efficiency and market value. Companies’ environmental performance

may, therefore, be an important factor for investors.
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Introduction

Sustainable transformation is an inherent element of the modern global economy. There is a
growing awareness among societies and businesses of the threats that result from the
progressive degradation of the natural environment, which contributes to destructive and
irreversible changes. Consequently, narratives discrediting the growing concerns and pointing
to climate change cycles as a natural consequence of the development of the Earth’s ecosystem
are slowly disappearing. Never before have natural resources been consumed and the
environment polluted on such a large scale. This resulted not so much from conscious economic
policies pursued by countries but from technological limitations and because enterprises
internationalised to a lesser extent.

Although rankings and criteria for assessing businesses still focus on their financial
performance, environmental changes have forced the global community to question the
environmental costs of the global race, which are inextricably linked to business activities.
Questions have arisen regarding not only deteriorating living conditions (e.g., increased air
temperature, more frequent dangerous natural phenomena, species extinction, and ecosystem
pollution) but also the prospects for life as such on our planet.

Production and service companies, in their constant pursuit of profit, market value, and
global expansion, are major contributors to this situation. Therefore, to halt the environmental
decline, most companies need to change their operating model to include their environmental
impact in their strategies.

Many companies delay taking actions that are a financial burden and require a change
in the way they operate. To address this, many countries have adopted regulations requiring
them to publish information on their impact on the natural environment. The European Union
(EU) exemplifies this with its latest Directive EU (2022 — 2022/2464/EU), which requires
companies to disclose non-financial information. Currently, reports are still prepared based on
the provisions contained in Directive EU (2014 — 2014/95/EU), and the first reports based on
the provisions of the new directive will not be available until 2025. According to the 2014
Directive, public companies have been required to provide non-financial ESG (environmental,
social, and governance) information since 2018.

Our focus of interest is the environmental area. We hypothesise that companies that
reduce their consumption of raw materials and the production of pollution will achieve high
levels of environmental efficiency as a result. We understand environmental efficiency as
minimising environmental costs (energy and water consumption, as well as carbon dioxide

(CO2) and waste production), i.e., reducing the negative impact on the environment. It is
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reflected in environmental metrics like the Environmental Pillar Score published by rating
agencies. A high degree of environmental efficiency should translate positively into economic
performance. Improving a company’s environmental impact, as well as its financial results,
should translate into improved stakeholder opinions and a higher market valuation.

Therefore, we have formulated the following research question:

1. Does adecrease in a company’s resource consumption and production of environmental
pollutants lead to higher environmental efficiency?
2. Does a company’s environmental efficiency significantly increase its market value?

The study aims to compare the environmental efficiency of EU-listed companies and
show how it impacts their market value from the point of view of natural resource management.
How a company’s environmental performance impacts its market value has not been still
resolved. Previous studies documented both positive and negative effects of environmental
performance on market valuation (e.g., Al-Tuwaijri et al., 2004; Elsayed and Paton, 2005;
Nakaoet al., 2007; Horvathova, 2010; Albertini, 2013; Dixton-Flower et al., 2013; Trumpp and
Guenther, 2015; Li et al., 2017; Manrique and Marti-Ballester, 2017). Therefore, we want to
use a different methodical approach to investigate this relationship using EU listed companies.

The EU and its member states have set very ambitious challenges related to sustainable
economic reconstruction, which have been specified in EU plans and legal regulations. To
assess environmental efficiency, we use the non-parametric DEA (Data Envelopment Analysis)
method, which is commonly used to assess economic and especially environmental efficiency.
In our study, efficiency refers to the relationship between a company's outputs and the inputs it
uses. The analysis is carried out with efficiency measures oriented at minimising inputs and
constant return to scale (CRS model). The measures are calculated using Performance
Improvement Management Software (PIM-DEA, version 3). We define inputs as
environmental resources consumed (energy and water) and pollutants generated (carbon
dioxide and waste). We took the Environmental Pillar Score as the output. From the DEA
perspective, the outlays incurred as a result of environmental efficiency should be as small as
possible, which translates into greater environmental efficiency.

In the next stage of our research, we assess the impact of environmental efficiency on
market value using a regression analysis based on the Ohlson Valuation Model (OVM). The
model shows that a company’s market value can be estimated based on financial and non-
financial information (e.g., ESG). In our version of the OVM, we use the environmental

efficiency calculated by the DEA method as an explanatory variable. This is a novelty and an



innovative approach which creates a theoretical framework for assessing a company’s Omarket
value through economic and environmental efficiencies using the DEA method.

The research sample includes public companies listed on the stock exchanges in the 27
EU Member States (as of May 1, 2024) that were headquartered in a given country. For the
study of environmental and economic efficiencies, the Refinitiv database® is used, which
contains financial and non-financial data (ESG). The initial research sample included 4,547
companies listed in 27 European markets during the period 2003-2023. Given the low quality
of the reported data and the increase in ESG disclosure in recent years, we limited our final
study to the last ten years (2014-2023). As a result, our final sample comprises 411 companies.

The paper is structured as follows. In the first section, we provide an overview of the
research on environmental efficiency perceived as minimising the consumption of natural
resources. In the next section, we describe the recent studies on the relationship between
economic and environmental efficiencies and the possible impact of ESG performances on
market value. In section 3, we present the research sample, the data used, and the methodology,
while the results are given in section 4. Section 5 provides conclusions.

1. Environmental efficiency

In general, efficiency is defined as the relationship between the effects achieved by a company
and the inputs it incurs. In the case of environmental efficiency, the key inputs and/or effects of
actions relate to the natural environment in the company’s activities. Environmental efficiency
refers to the ability to produce goods and services while having less impact on the environment
(Silva and Magalhies, 2022). This concept was introduced in 1992 by the Business Council for
Sustainable Development (since 1995, the World Business Council for Sustainable
Development (WBCSD)) in its publication “Changing Course”. It was based on the idea of
creating more goods and services while continuously reducing the ecological impacts of
production, using fewer resources, and creating less waste and pollution.

Environmental efficiency is also called eco-efficiency or ecological efficiency
(Dyckhoff and Allen, 2001). These three concepts can almost be seen as synonyms, although
there are differences. Eco-efficiency is defined as the general goal of creating value while
decreasing environmental impact, measured by the ratio between environmental impact and
economic cost or value (Huppes and Ishikawa, 2005). Meanwhile, ecological efficiency refers

to achieving a high level of human well-being while reducing emissions and consumption of

1 On December 1, 2023, Refinitiv's name was changed to LSEG (a name associated with the London Stock
Exchange Group). Given the greater recognition of Refinitiv than LSEG, we use the name Refinitiv.



natural resources. More generally, it refers to the environmental impact of humanity
(Tamburino and Bravo, 2024). Apostu et al. (2022) synthesised the definitions of other authors
to indicate that ecological efficiency can be understood as increasing production while using
few resources or value generation reported per unit of environmental influence.

In our research, environmental efficiency is defined as the expected minimisation of a
company’s environmental outlays, seen as the relatively low consumption of environmental
resources and emissions of waste in a group of companies in a given country. This efficiency
is measured using the company’s aggregated Environmental Pillar Score (E-score).

The growing social awareness of the environmental damage caused by companies,
coupled with the increase in the costs of using natural resources, has prompted companies to
adopt pro-ecological strategies and implement technologies that reduce both resource
consumption and environmental pollution. This change is also due to stricter environmental
reporting regulations in many countries, as well as the change in the attitudes of consumers (the
recipients of goods and services) and investors (capital donors), who expect companies to be
environmentally responsible and publish information in this area. Environmental information
is published in non-financial reports and enables companies that provide data (e.g., rating
agencies) to produce collective summaries in which each company is assigned measures that
illustrate its environmental performance. We hypothesise that a company’s high environmental
efficiency, achieved through minimising energy and water consumption, as well as carbon
dioxide emissions and waste production, directly translates into lower operating costs. This
reduction in costs should lead to increased profitability and a higher market valuation.

Currently, the most recognised global providers of ESG data are Bloomberg,
Morningstar, MSCI, Refinitiv, and S&P Global. However, the lack of standardised non-
financial reporting standards raises a significant problem regarding the comparability of this
data and the reliability of the assessments they publish (Escrig-Olmedo et al., 2010; Amel-
Zadeh and Serafeim, 2018; Boffo et al., 2020). We have used the Refinitiv Eikon database,
which provides the most comprehensive analysis of companies’ activities (Garcia et al., 2017;
Huber et al., 2017). Refinitiv’s ESG indicators are available both at the aggregate (ESG) and
the individual level (E, S, and G). Our primary focus is on the E-score, whose components are

presented in Table 1.



Table 1. Pillars, categories, calculations, and measures on the Refinitiv E-score

Pillars/ Categories/ Catedor Catedor
Number of Number of tegory egory Themes
definitions weights
measures measures
Measures a company’s Emissions
commitment and effectiveness Waste
Emissions/ | towards reducing environmental 0.10 Biodiversity
28 emissions in its production and Environmental
operational processes. management systems

Reflects a company’s capacity to
reduce the environmental costs
and burdens for its customers,

Innovation/ | thereby creating new market Product innovation

0.08 Green revenues/R&D/

Environmental/ 20 opportunities through new canex
68 environmental technologies and P
processes or eco-designed
products.
Reflects a company’s performance Water
and capacity to reduce the use of
Resource . Energy

materials, energy or water, and to ! .

use/ - . . 0.10 Sustainable packaging
find more eco-efficient solutions .

20 : . - Environmental supply
by improving supply chain chain
management.

Source: based on Refinitiv Eikon.

In most research, only the aggregated E-index is extracted from the ESG index (e.g.,
Albertini, 2013; Dixon-Flower et al., 2013; Trumpp and Guenther, 2015; Manrique and Marti-
Ballester, 2017; Hang et al., 2019; Gao and Wan, 2023). Very few break down the E-index into
its components, i.e., the consumption of natural resources (water and energy) and the production
of pollutants (carbon dioxide and waste). We disaggregate the environmental measure and
consider the components that relate to the consumption of key resources (energy and water) and

the emission of key pollutants (carbon dioxide and waste).

2. Environmental and economic performance

The relationship between companies’ economic and environmental performance has been the
subject of research for years, yet the conclusions are varied. Some studies do not confirm the
positive impact of increasing environmental efficiency on economic performance. Our article
focuses on a selected aspect of economic performance: corporate financial performance (CFP).
CFP is a general term that includes different financial ratios that characterise a company’s
financial situation.

The vast majority of studies investigated the relationship between ESG and CFP. Cheng
et al. (2014), Ting et al. (2020), Ahmad et al. (2021), and Bukari et al. (2024) confirmed that
ESG initiatives have a positive impact on firm performance and CFP. However, Naimy et al.
(2021) found that the ESG—CFP relationship depends on the ESG pillar or the sector under
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study. Meanwhile, Rohendi et al. (2024) showed that ESG disclosure did not affect firm value;
however, the situation changed when the competitive advantage was included as an additional
variable, and the research showed a significant positive direction toward firm value.

A positive relationship was not confirmed in a few studies, such as Singh et al. (2022),
which found a negative correlation between ESG and CFP. Friede et al. (2015) analyzed over
2,000 studies that looked for a link between ESG criteria and CFP. 5H3Y found that not only
did roughly 90% of studies confirm a non-negative ESG—CFP relationship, but the large
majority of them confirmed a positive relationship.

In our study, however, we only deal with one of the ESG components, i.e., the E-score.
We hypothesise that companies with a higher E rating have a better CFP thanks to reducing
environmental costs. However, as with studies on the relationship between ESG and CFP, the
results of the previous studies on the relationship between E and CFP are mixed. For example,
Al-Tuwaijri et al. (2004) found that positive environmental performance is significantly
associated with positive economic performance. Nakao et al. (2007), Albertini (2013),
Manrique and Marti-Ballester (2017), and Li et al. (2017) confirmed the positive relationship
between a company’s environmental performance and its financial/economic performance.
However, Trumpp and Guenther (2015) were among the few to point out a negative relationship
between environmental performance and CFP, but only for companies with low environmental
performance. For companies with high environmental performance, this relationship was
positive.

According to Horvathova (2010), the likelihood of finding a negative link between
environmental and financial performance significantly increases when using simple correlation
coefficients instead of more advanced econometric analysis. Equally ambiguous conclusions
were obtained by King et al. (2001). This time, the direction of the relationship did not result
from the adopted research method but from the sector in which the company operates. They
showed that a company’s environmental performance is relative to its industry, and it can be
associated with higher financial performance.

Elsayed and Paton (2005) reached interesting conclusions. They stated that
environmental performance has a neutral impact on firm performance. Their explanation is
based on theoretical premises, which show that firms invest in environmental initiatives until
the point where the marginal cost of such investments equals the marginal benefit. Al-Issa et
al. (2022) indicated that a company’s environmental responsibility alone cannot be enough to
enhance its value, and stakeholders are more concerned about the company’s social

engagement, which should be communicated.



Cheng et al. (2023) examined both the relationship between ESG and CFP, as well as
between the individual E, S, and G components. They found that disclosing ESG-related
information significantly increases firm value. When considering the E, S, and G components,
only the environmental score significantly affects company value and the social and governance
scores.

Research covering both the relationships between ESG and CFP, as well as between the
E, S, and G components and CFP, was also conducted by Thamid et al. (2022). They
demonstrated that the ESG score has a significant and positive impact on companies’ value and
performance. As far as firm value is concerned, the G-score is statistically insignificant;
conversely, the S-score and E-score are positively significant. This means that a company’s
ESG initiatives, such as reusing resources, innovating, and reducing emissions to improve its
public image, improve its value.

To sum up, research on the impact of the E-score on CFP is conducted much less often
than on the relationship between ESG and CFP. Most studies confirm the positive impact of the
E-score on CFP, including the company’s value. Thus, from the company’s perspective,
conducting business in a way that considers its impact on the natural environment should be

positively reflected in the development of its market value.

3. Material and methods

Our research sample includes public companies listed on the stock exchanges in the 27 EU
Member States (as of May 1, 2024) that were headquartered in a given country. The Refinitiv
database is used, which contains financial and non-financial data (ESG). As Refinitiv’s ESG
database includes companies from key European stock exchange indices (e.g., SMI, DAX,
CAC, FTSE, S&P, NASDAQ, etc.) only from 2003, the annual data from 2003-2023 were
reviewed. The initial research sample included 4,547 companies listed in 27 European markets.
Firstly, we assessed the quality of environmental reporting, that is, the number of periods for
which ESG data were available in at least three, five or ten years, as well as throughout the
twenty-one-year research period (see Table 2).

Unfortunately, the total number of companies reporting ESG data over different time
spans was as follows: 1,215 companies reported data for at least three years, 841 for at least
five years, 428 for at least ten years, and 174 for 21 years. For the 389 companies listed on the
stock exchanges in Bulgaria, Croatia, Estonia, Latvia, Lithuania, Malta, and Slovakia, no ESG

data were published in at least three years.



Table 2. ESG reporting of public companies in the EU Member States, 2003—2023

ESG data:
EU Number for 3 years and for 5 years and for 10 years and for all 21 years
Member of more more more
States companies Nurc‘)nfber Share Nurg:fber Share Nur:fber Share Nur:fber Share
e (%0) o (%0) e (%) e | (%)
companies companies companies companies

Austria 66 35| 53.0 33| 50.0 15| 227 6 9.1
Belgium 121 45| 37.2 42| 34.7 23| 19.0 11 9.1
Bulgaria 209 0 0.0 0 0.0 0 0.0 0 0.0
Croatia 67 0 0.0 0 0.0 0 0.0 0 0.0
Cyprus 83 1 1.2 1 1.2 1 1.2 0 0.0
gzgﬂg"c - 3| 130 3| 130 2| 87 ol 00
Denmark 151 59| 39.1 43| 285 23| 152 11 7.3
Estonia 27 0 0.0 0 0.0 0 0.0 0 0.0
Finland 180 73| 40.6 34| 18.9 23| 128 11 6.1
France 570 166 29.1 135 23.7 78 13.7 34 6.0
Germany 476 195| 41.0 135| 284 61| 12.8 27 5.7
Greece 145 25| 17.2 24| 16.6 15| 103 7 4.8
Hungary 40 7 175 6 15.0 4 10.0 0 0.0
Ireland 24 16| 66.7 14| 58.3 10 417 3| 125
Italy 413 115 27.8 82| 19.9 31 7.5 14 3.4
Latvia 12 0 0.0 0 0.0 0 0.0 0 0.0
Lithuania 29 0 0.0 0 0.0 0 0.0 0 0.0
Luxembourg 15 4| 26.7 4| 26.7 4| 26.7 0 0.0
Malta 33 0 0.0 0 0.0 0 0.0 0 0.0
Netherlands 87 51| 58.6 46| 52.9 25| 28.7 12| 138
Poland 550 38 6.9 37 6.7 26 4.7 0 0.0
Portugal 36 14| 389 14| 38.9 71 194 2 5.6
Romania 187 3 1.6 2 1.1 0 0.0 0 0.0
Slovakia 12 0 0.0 0 0.0 0 0.0 0 0.0
Slovenia 52 1 1.9 1 1.9 0 0.0 0 0.0
Spain 245 68| 27.8 66| 26.9 36| 147 14 5.7
Sweden 694 296 | 427 119 17.1 45 6.5 22 3.2
Total 4,547 1,215 26.7 841 18.5 428 9.4 174 3.8

Source: own study based on Refinitiv data.

The same low quality of ESG reporting was observed in Cyprus, the Czech Republic,
Hungary, Luxembourg, Romania, and Slovenia, with data available for only a few companies.
Given the low quality of the reported data and the increase in ESG disclosure in recent years,
we limited our study to the last ten years (2014-2023). We also included only those countries
where the number of companies reporting non-financial data was at least ten. As a result, our

research sample comprises 411 companies listed on the stock exchanges in 13 EU Member



States: Austria, Belgium, Denmark, Finland, France, Germany, Greece, Ireland, Iltaly, the
Netherlands, Poland, Spain, and Sweden.

Our environmental efficiency and market value analysis consist of two stages. In the
first stage, we investigate the environmental efficiency of companies with the use of the DEA
method. In the second stage, we investigate its impact on the market value of companies by
using a regression analysis based on the OVM.

The DEA method has been used by many authors when studying energy and
environmental economics (Mardani et al., 2018), energy efficiency (Wang et al., 2018;
Molinos-Senante and Sala-Garrido, 2019), energy-environmental efficiency (Vaninsky, 2018;
Djordjevi¢ and Krmac, 2019), and especially environmental efficiency (Song et al., 2012; Chen
et al., 2019; Hermoso-Orzaez et al., 2020; To6th et al., 2023). Some authors also used the DEA
method to estimate the relationship between corporate efficiency and ESG disclosure (Xie et
al., 2019).

The DEA method was first developed in 1978 and comes from the concept of the
microeconomic productivity function defined by Debreu (1951) and Farrel (1957). Building on
this foundation, Charnes, Cooper and Rhodes (1978) addressed the challenge of analysing
multidimensional data and created the first model to measure effectiveness, known as CCR
(taken from the authors’ names). This model makes it possible to measure practical efficiency
using many inputs (outlays) and outputs (effects). It is defined as the quotient of the weighted

sum of outputs to the weighted sum of inputs:

” 2% UnYn

N
v,
ax —EII\; nJn <1
Z‘l’l umxm

v, =20,u, =0,

m

m

where: y,, — n-th output, x,,, — m-th input, v,, — weight of the output, u,,, — weight of the input,
N — number of outputs, and M — number of inputs.

Not only does the DEA method determine the relationship between numerous inputs
and outputs, but it also clears the path for synthetic calculations of economic
efficiency. Importantly, it does not require prior knowledge of the weights that determine the
importance of individual inputs and outputs because, during the calculations, weights are
generated that maximise the effectiveness of each facility. The measure ranges from 0 to 1, with
indicators of exactly 1 indicating fully effective objects from the DEA perspective.
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The DEA method makes it possible to calculate three types of effectiveness measures:
(1) input-oriented (the goal is to minimise specific inputs while keeping the outputs unchanged),
(2) output-oriented (the goal is to maximise specific outputs while keeping the inputs
unchanged), and (3) without orientation. Additionally, three return-to-scale models are
available: fixed (CRS), variable (VRS), and non-increasing (NIRS) (Banker et al., 1984; Faare
etal., 1985).

Our choice of the input-oriented model with fixed effects of scale (CRS) aligns with our
hypothesis about minimising energy use and water resources and the production of
environmental pollution to achieve an effect in the form of the Environmental Pillar Score (E).
As a result, our model consists of four inputs and one output (see Table 3). Based on the
Refinitiv methodology, all inputs are treated as costs and divided by revenues in US dollars in
millions to reflect the company’s size. This method allows us to find the most environmentally
efficient public companies in the EU and compare the efficiency of other companies to those

leaders.

Table 3. Description of the DEA CRS model

Total direct and indirect energy consumption in gigajoules divided by revenues
ENERGY . A
in US dollars in millions.
WATER ;?Itﬁlor\:\;ater withdrawal in cubic meters divided by revenues in US dollars in
Inputs COo2 Total direct and indirect CO2 and CO2 equivalents emission in tonnes divided
by revenues in US dollars in millions.
Total non-hazardous and hazardous amounts of waste produced in tonnes divided
WASTE - S
by revenues in US dollars in millions.
The environmental pillar measures a company’s impact on living and non-living
Output | E natural systems, including the air, land and water, as well as complete
ecosystems.

Source: own study based on Refinitiv methodology.

In the second stage of our analysis, the calculated DEA environmental efficiency
measures are used as variables that could influence a company’s economic efficiency. To study
economic efficiency, understood as the maximisation of a company’s market value, we use the
model presented by Ohlson (1995) and later promoted by Graham (2005) and Dechow and
Schrand (2010). Their model posits that a company’s market value (expressed as market
capitalisation) is a function of three key factors: the book value of equity (BVE), net profit (NI),
and information not disclosed in financial statements but relevant for predicting future above-

average profits (Ol; other intangibles) (Ohlson, 1999):

MC;; = By + B1BVE;; + BoNI;+ + B30It +&; ¢,
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where: MC — market capitalisation, BVE — book value of equity, NI — net income, OI — other
information.

Following Guenster et al. (2011), Bajic and Yurtoglu (2018), and Torre et al. (2020),
our study modifies the original OVM model by replacing BVE and NI as explanatory variables
with the Return on Total Assets (ROTA). We hypothesise that high profitability of total assets
is associated with the company’s economic efficiency and its development on the market
(Fatemi etal., 2018; Wong et al., 2021). Therefore, the market will value such companies higher
than those with lower profitability. We assume a positive impact of ROTA on market
capitalisation (MC).

In the OVM, the author did not specify the Ol to reflect the company’s future results
(Ohlson, 2011). To address this gap, we include environmental performance, calculated using
the DEA method, as an explanatory variable. This procedure creates a theoretical framework
for assessing market value through the prism of financial and non-financial (ESG) results (Torre
et al., 2020). Similar approaches have been employed in recent ESG research (Fatemi et al.,
2018; Khan, 2019; Cornell and Damodaran, 2020; Pedersen et al., 2021; Wong et al., 2021,
Giannopoulos et al., 2022; Naffa and Fain, 2022).

The rationale is that companies use environmental resources for their own needs.
Therefore, one of their operation goals should be to minimise the use of resources and the
production of unnecessary pollution to take care of the environment, leading to improved
financial and market performance. Therefore, a positive relationship is expected between
environmental efficiency (EEF) and MC.

As a company’s market value is influenced by many additional factors, following
previous research (Velte, 2017; Atan et al., 2018; Bajic and Yurtoglu, 2018; Fatemi et al., 2018;
Cornell and Damodaran, 2020; Wong et al., 2021; Abdi et al., 2022; Giannopoulos et al., 2022),
our model also includes the following control variables: enterprise size (SIZE), leverage (GDR),
current liquidity ratio (CR), growth rate (GROW), and asset tangibility (AT).

SIZE is measured by the natural logarithm of total assets (Yang and Baasandorj, 2017).
Larger companies are more stable and in a better financial condition than smaller companies,
which is why investors with a higher valuation (we assume a positive impact of SIZE on MC).
Some authors have also presented a positive relationship between total assets and ESG
measures (Clarkson et al., 2008; Atan et al., 2018).

We also use the General Debt Ratio (GDR), defined as the book value of total debt to

the book value of total assets for the company’s leverage. It measures the company’s capital

12



structure and indicates its level of risk, thereby influencing its market value (Guenster et al.,
2011; Zhao et al., 2018; Lee et al., 2019; Bahadori et al., 2021). The results of many studies of
ESG are inconsistent. They show that a company’s leverage significantly negatively or
positively influences its economic and financial performance (Nollet et al., 2016; Fatemi et al.,
2018; Cristache et al., 2019; Garcia and Orsato, 2020; Giannopoulos, 2022). We assume a
positive leverage effect and, as a result, a positive impact of GDR on MC. In line with lancu et
al. (2023), we also use the current liquidity ratio (CR), calculated by dividing current assets by
short-term liabilities, which could positively influence the market value.

GROW is calculated using the revenue growth rate. It is considered the ‘purest measure’
of a company’s growth (Cornell and Damodaran, 2020) and reflects the process of increasing
its market value (we assume a positive relationship between GROW and MC). Following
Limkriangkrai et al. (2017), we also use the asset tangibility ratio (AT) as the relationship
between the book value of fixed assets and the book value of total assets. Akintoye (2009)
indicated that companies have smaller financial costs if they retain large investments in tangible
assets, generating more revenue and positively influencing firm value. Therefore, a positive
relationship is expected between AT and MC.

The analysis of companies from different sectors also requires a variable to eliminate
the problem of inter-sectoral transparency and distortions in the comparability of environmental
indicators. Previous studies also included a variable related to the sector or industry
(Limkriangkrai et al., 2017; Xie et al., 2017; Garcia and Orsato, 2020). We use a control
variable (dummy), SECTOR, which takes a value of 1 for the Financials sector and 0 for other
sectors®. Companies from the Financials sector conduct slightly different types of business; they
are subjected to additional regulations and report certain information differently. Our final

version of OVM is as follows:

MC;: = Bo + B1ROTA;+ + B2EFF;; + B3SIZE; 1+ B4GDR; s + BsCR; ¢ + BeAT; ¢ +
B7GR0Wi,t + ﬁgSECTORL-,t + & ;.

Table 4 presents a description of all the variables considered in our study.

2 Refinitiv uses its own methodology (TRBC, The Refinitiv Business Classification) to classify these entities into
one of 13 economic sectors (Basic Materials, Consumer Cyclicals, Consumer Non-Cyclicals, Energy, Financials,
Healthcare, Industrials, Real Estate, Technology and Utilities). Financials includes Investment Holding
Companies, Investment Banking & Investment Services, Banking Services, Insurance, and Collective Investments
(TRBC Industry Group Names). https://www.lseg.com/content/dam/data-
analytics/en_us/documents/methodology/Iseg-esg-scores-methodology.pdf
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Table 4. Description of variables considered in the study

Variables Description

ROTA Return on Total Assets, calculated as net income/average value of total assets

EEF Environmental Efficiency —a DEA-based indicator

SIZE Natural logarithm of total assets

GDR General Debt Ratio, computed as the book value of total debt/book value of total assets
CR Current Ratio, calculated by dividing current assets by short-term liabilities

AT Assets Tangibility, computed as the book value of fixed assets/book value of total assets
GROW Growth Rate — a percentage change in revenues over a given period

SECTOR | Dummy, 1 if companies belong to the Financials sectors

Source: authors’ study.

All independent variables were winsorised at the top and bottom 1% using OLS panel
data regression analysis®. Based on the results of the Hausmann test, it was considered justified
to use fixed effects (FE), and they were selected for the FE model (Redundant Fixed Effects
Test) using the Chi? statistic. For the redundant effects (RE), we used the Breusch-Pagan test
using the Lagrange Multiplier.

4. Results
Before conducting the cross-country assessment, we analysed the average value of the inputs
(ENERGY, CO2, WASTE, WATER) and output (E), from 2014 to 2023 (see Table 5).

Table 5. Average values of inputs and outputs used in the DEA method, 2004—2023

EU Member Inputs Output
States in USD millions
ENERGY WATER CcOo2 WASTE E
Austria 197,670.52 12,745.94 285.52 33.03 61.87
Belgium 579,13.83 38,553.09 3,825.83 4,431.28 51.32
Denmark 2,549.00 634.27 163.90 29.71 53.40
Finland 2,314.17 36,717.84 241.60 50.78 71.42
France 1,511.83 7,033.32 137.42 48.75 73.94
Germany 2,228.10 8,302.58 302.95 173.50 66.98
Greece 9,653.44 95,613.31 477.23 65.68 47.05
Ireland 2,925.42 28,877.12 316.80 29.74 49.39
Italy 2,282.95 28,618.99 291.68 36.11 63.77
Netherlands 4,136.82 1,685.49 186.36 60.79 60.33
Poland 1,626.26 125,422.18 1,136.76 1,351.49 41.71
Spain 3,886.95 14,636.50 187.22 1,842.43 68.75
Sweden 2,987.68 10,806.55 92.14 681.74 62.85

Source: own study/calculations based on Refinitiv data.

3 We use the EViews 10 software for all statistical and econometric analyses.
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The average values of ENERGY show that public companies were not stable in total
energy consumption measured in gigajoules and divided by revenues in US dollars in millions.
The variables varied significantly, ranging from approx. 1.5 billion USD in France to approx.
197.7 billion USD in Austria. Companies listed in Belgium can also be considered highly
energy-intensive, in contrast to those from the Warsaw Stock Exchange (Poland). However,
these companies report the highest water withdrawal in cubic meters divided by revenue. The
average value of WATER was approx. 125.4 billion USD. The lowest water consumption was
recorded in Denmark (634.3 million USD).

The results show considerable disparities among public companies in the EU regarding
their CO2 emissions in tonnes divided by revenue, ranging from 92.1 million in Sweden to
approx. 3.8 billion USD in Belgium. A similar trend was observed for waste production in
tonnes divided by revenue. The minimum average values of WASTE were in Ireland and
Denmark (approx. 29.7 million USD) with a maximum of approx. 4.4 billion USD in Belgium.
The E-ratio also varied widely — from 41.71 in Poland to 73.94 in France, giving them “C+”
and “B+” ratings in Refinitiv’s environmental score, respectively. This variation in inputs and
output can affect differences in environmental efficiency measures from the DEA perspective.

To address our research objectives, we first calculated the DEA measures* for 411 public
companies as their indexes of environmental efficiency. Table 6 presents selected statistics of
environmental efficiency results for 13 EU countries using the DEA CCR method.

Table 6. Selected statistics for environmental efficiency using the DEA method

EUSh:Iaigber N Mean Median Minimum Maximum Std. Dev.

Austria 150 31.41 8.85 0.11 100.00 36.71
Belgium 230 28.18 9.99 0.00 100.00 35.28
Denmark 230 23.98 10.74 0.07 100.00 30.25
Finland 230 35.05 17.74 0.12 100.00 36.77
France 780 12.04 2.72 0.01 100.00 23.63
Germany 610 8.16 0.90 0.00 100.00 20.32
Greece 150 42.53 27.68 0.15 100.00 38.13
Ireland 100 55.92 58.04 0.59 100.00 37.40
Italy 310 20.37 5.61 0.00 100.00 30.93
Netherlands 250 32.74 14.14 0.03 100.00 36.69
Poland 260 38.27 25.24 0.01 100.00 35.56
Spain 360 30.38 13.11 0.04 100.00 34.88
Sweden 450 31.26 17.33 0.21 100.00 33.71

Source: own study based on Refinitiv data.

4 We use the Performance Management Improvement Software (PIM-DEAsoft-V3.0).
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It is important to note that analysed companies are generally environmentally
inefficient, with the average of the DEA measures for all entities being only 24.47. Only Ireland
and Greece were slightly highly efficient from the DEA perspective. Their average DEA ratios
were 56.92 and 42.53, respectively. Therefore, public companies listed on the Irish Stock
Exchange and the Athens Stock Exchange require few changes in inputs (ENERGY, WATER,
CO2, and WASTE) to achieve output (E) from the DEA perspective. Considering the variation
of environmental efficiency between countries, the lowest DEA efficiency was observed in
Germany and France; the average efficiency ratios were only 8.16 and 12.04, respectively. In
other countries, the calculated DEA measures are also significantly below unity (below 0.4),
suggesting that they should focus on strategic decisions that improve environmental efficiency
by minimising resource use and pollutant emissions.

To confirm how environmental efficiency, calculated using the DEA method, affects
the market value of companies, a regression analysis was carried out. Table 7 provides the

descriptive statistics of the variables used in our OVM.

Table 7. Selected statistics of variables considered in the OVM

Variables Mean Median Minimum Maximum Std. Dev.
MC* 16.038 5.789 0.003 460.801 29.897
EFF 24.468 7.320 0.000 100.000 33.180

ROTA 3.196 3.153 -29.157 72.283 10.662
SIZE* 78.947 11.023 0.006 3,039.193 252.667
GDR 0.663 0.671 0.000 0.998 0.167
CR 1.336 1.173 0.001 9.753 0.850
AT 0.458 0.429 0.002 0.993 0.309
GROW 1.751 0.934 0.001 396.874 12.351

* Given in nominal units, i.e. the value of market capitalisation and assets in billion USD (not as a logarithm).
Source: authors’ study.

The analyzed companies exhibit significant variation in their financial health. The level
of MC varies significantly, ranging from 0.003 to 460.801 billion USD, with an average of
approx. 16 billion USD. Based on the calculated DEA measures, the EFF range ranges from 0
to 100, and the mean and median are approx. 24.5 and 7.3, respectively. One significant factor
that differentiates MC is the profitability ratios (ROTA), which ranged from -29.157 to 72.283
(with a standard deviation of 10.662).

In terms of leverage and financial liquidity, these companies have adopted different
policies in these areas. Several companies use a lot of debt to finance their assets, as the GDR

ranges from 0 to 0.998 with a mean of 0.663. The average of CR is 1.336, while the median is
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slightly lower, at 1.173. However, they have problems maintaining financial liquidity or
overliquidity, with CR ranging from 0.001 to 9.753. AT also varied significantly (from 0.002
to 0.993). What may differentiate MC most is the GROW ratios, which ranged from 0.001 to
396.874 (with a standard deviation of 12.351).

Table 8 presents the results of our regression analysis. The model fit reports an adjusted
R-squared of 0.688.

Table 8. The impact of environmental efficiency (EFF) on firm market value (MC)

Unbalanced Panel (Fixed effects)
Specification Coefficient p-Value

EFF 0.0011 0.017
ROTA 0.0342 0.000
SIZE 0.7945 0.000
GDR 0.0000 0.027
CR 0.0192 0.000
AT 0.0000 0.000
GROW -0.0004 0.010
SECTOR -1.5540 0.000
Intercept 4.0418 0.000
Hausman 23.859 0.002
Ch? 23.954 0.004

Fixed effects Yes
F test 534.804 0.000

Adj-R? 0.688

N 4,110

Source: authors’ own study.

The results indicate that there is a positive correlation between environmental efficiency
and market value, which is in line with our predictions. The coefficient on EFF is statistically
significant at the 5% level. This finding is consistent with the previous studies that documented
the positive effect of environmental performance (E) on companies’ value (Guenster et al.,
2011; Nollet et al., 2016; Atan et al., 2018; Bajic and Yurtoglu, 2018; Abdi et al., 2022). With
respect to control variables, all coefficients are statistically significant and, except for GROW,
generally consistent with our expectations. The increase in ROTA is positively associated with
market value. The results are similar to other researchers (Guenster et al., 2011; Fatemi et al.,
2018; Garcia and Orsato, 2020; Wong et al., 2021).

Firm size has a significant positive coefficient in OVM, suggesting that larger firms
have higher market valuations. This is consistent with a number of studies that use firm size as
a control variable (Clarkson et al., 2008; Limkriangkrai et al., 2017; Atan et al., 2018; Abdi et
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al., 2022). The effect of leverage and financial liquidity on market value is also positive, which
is partially consistent with the previous studies presented, although there are also ambiguous
results in this regard (Atan et al., 2018; Garcia and Orsato, 2020; Wong et al., 2021; Abdi et al.,
2022; Giannopoulos et al., 2022). Asset tangibility is connected with higher market valuations.
These findings are in line with Limkriangkrai et al. (2017) and Wong et al. (2021).

Firms which report higher firm GROW have lower market capitalisation. On the one
hand, these findings contradict previous studies (Guenster et al., 2011; Bajic and Yurtoglu,
2018). On the other hand, some authors received similar results (Wong et al., 2021). Firms with
lower asset growth opportunities, all else being equal, should have higher market value. In our
sample, this may be the result of significant differences in the growth rate in the analysed
companies, as mentioned earlier. The negative impact of SECTOR on market valuation is not
consistent with previous empirical studies (Limkriangkrai et al., 2017; Xie et al., 2017; Fatemi
et al., 2018; Garcia and Orsato, 2020). It may, therefore, be assumed that in the Financials
sector, the relationship between environmental efficiency and firm market value is usually

lower than in other sectors.

5. Conclusions

The unfavourable changes that are currently taking place in the natural environment are mainly
a consequence of the activities of the production and service enterprise sector, so it is mainly
companies that should undergo pro-environmental transformations. Financial arguments also
constitute an additional incentive to undertake such actions — reducing the consumption of
natural resources and the consumption of waste. Although it may initially entail additional costs
(e.g., implementing pro-ecological technologies), in the long run, it should mean an increase in
economic efficiency. The improvement in a company’s financial situation should translate into
increased investor interest and, consequently, increase its market value. Companies should,
therefore, be interested in limiting their negative impact on the environment not only for image
reasons but also for financial ones.

The analysis of the environmental efficiency of public companies listed on stock
exchanges in the EU using the DEA method shows that they cannot be considered
environmentally efficient. This finding is particularly evident in companies from countries
traditionally viewed as core EU members, such as Germany and France, as well as those known
for their commitment to sustainable development, such as Denmark or Sweden. The results

suggest that, overall, EU companies have significant room for improvement in their
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environmental practices despite the numerous legal regulations and subsequent requirements
adopted by the EU.

Our research has demonstrated that there is a positive relationship between
environmental efficiency and market value. This means that investors may consider a
company’s environmental performance to be an important factor in their investment decision-
making. Therefore, companies should prioritise increasing their environmental performance
because it should be financially beneficial for them. Currently, the change in companies’
attitudes towards disclosing environmental information and introducing pro-ecological changes
mainly stems from legal EU regulations rather than a genuine belief in the profitability of such
actions. The complete implementation of the EU Directive (2022) will oblige companies to
undertake timely and comprehensive environmental reporting. This development will address
a significant research limitation, which is the relatively small database of environmental data
published by companies. All listed companies, regardless of their size, will have to present non-
financial reports for 2026, i.e. full reporting will start from 2027.

The lack of due attention to a high level of environmental performance in the case of
EU public companies can be explained in two ways. On the one hand, this may result from the
lack of sufficient knowledge in this area. Nevertheless, it will have to be supplemented and
implemented in accordance with the requirements of the EU Directive (2022). On the other
hand, companies may be afraid of having to incur high costs of implementing pro-ecological
solutions, which may negatively affect their financial situation in the short term and only bring
the expected benefits related to investors’ decisions in the long term. The latter option is worth

a more detailed analysis and may become the subject of further research in the future.

References

Abdi, Y., Li, X., Camara-Turull, X. (2022). Exploring the impact of sustainability (ESG) disclosure on firm value
and financial performance (FP) in airline industry: the moderating role of size and age. Environment,
Development and Sustainability, 24, 5052-5079. https://doi.org/10.1007/s10668-021-01649-w.

Ahmad, N., Mobarek, A., Roni, N.N., Tan, A.W.K. (2021). Revisiting the impact of ESG on financial performance
of FTSE350 UK firms: Static and dynamic panel data analysis. Cogent Business & Management, 8(1),
1-18. https://doi.org/10.1080/23311975.2021.1900500.

Akintoye, I.R. (2009). Sensitivity of Performance to Capital Structure. Banking and Finance Letters, 1(1), 29-35.

Albertini, E. (2013). Does environmental management improve financial performance? A meta-analytical review.
Organization & Environment, 26, 431-457. https://doi.org/10.1177/1086026613510301

Al-lssa, N., Khaki, A.R., Jreisat, A., Al-Mohamad, S., Fahl, D., Limani, E. (2022). Impact of environmental, social,
governance, and corporate social responsibility factors on firm’s marketing expenses and firm value: A
panel study of US companies. Cogent Business & Management, 9(1), 1-20.
https://doi.org/10.1080/23311975.2022.2135214

19


https://doi.org/10.1007/s10668-021-01649-w
https://doi.org/10.1080/23311975.2021.1900500
https://doi.org/10.1177/1086026613510301
https://doi.org/10.1080/23311975.2022.2135214

Al-Tuwaijri, S. A., Christensen, T. E., & Hughes, K. E. (2004). The relations among environmental disclosure,
environmental performance, and economic performance: A simultaneous equations approach. Accounting,
Organizations and Society, 29(5-6), 447-471. https://doi.org/10.1016/S0361-3682(03)00032-1.

Amel-Zadeh, A., Serafeim, G. (2018). Why and How Investors Use ESG Information: Evidence from a Global
Survey. Financial Analysts Journal, 74(3), 87-103. http://nrs.harvard.edu/urn-
3:HUL..InstRep0s:30838135

Apostu, S.-A., Vasile, V., Panait, M., Sava V. (2022). Exploring the ecological efficiency as the path to resilience.
Economic Research-Ekonomska Istrazivanja, 36(2), 1-21.
https://doi.org/10.1080/1331677X.2022.2108476.

Atan, R., Alam, M.M,, Said, J., Zamri, M. (2018). The impacts of environmental, social and governance factors
on firm performance: Panel Study of Malaysian Companies. Management Environmental Quality, 29,
182-194. https://10.1108/MEQ-03-2017-0033.

Bahadori, N., Kaymak, T., Seraj, M. (2021). Environmental, social, and governance factors in emerging markets:
The impact on firm performance. Business Strategy & Development, 4(4), 411-422.
https://doi.org/10.1002/bsd2.167.

Bajic, S., Yurtoglu, B.B. (2018). CSR, Market Value, and Profitability: International Evidence, in: Boubaker, S.,
Cumming, D., Nguyen D.C. [eds:], Research Handbook of Finance and Sustainability, Edward Elgar
Publishing Limited, Cheltenham, 29-53.

Banker, R.D., Charnes, A., Cooper, W.W. (1984). Some Models for Estimating Technical and Scale Inefficiencies
in Data Envelopment Analysis. Management Science, 30(9), 1031-1142.
https://doi.org/10.1287/mnsc.30.9.1078.

Boffo, R., Marshall, C., Patalano, R. (2020). ESG Investing: Environmental Pillar Scoring and Reporting. OECD
Paris. http://www.oecd.org/finance/esg-investing-environmental-pillar-scoring-and-reporting.pdf

Bukari, A., Agyemang, A.O., Bawuah, B. (2024). Assessing the moderating role of ESG performance on corporate
governance and firm value in developing countries. Cogent Business & Management, 11(1), 1-21.
https://doi.org/10.1080/23311975.2024.2333941.

Charnes, A., Cooper, W.W., Rhodes, E. (1978). Measuring the Efficiency of Decision Making Units. European
Journal of Operational Research, 2(6), 429-444. https://dx.doi.org/10.1016/0377-2217(78)90138-8.

Chen, L., Wu, F.M., Wang, Y.-M., Li, M.J. (2019). Analysis of the environmental efficiency in China based on
the DEA cross-efficiency approach under different policy objectives. Expert Systems, 37, 1-18.
https://doi.org/10.1111/exsy.12461.

Cheng, R., Kim, H., Ryu, D. (2023). ESG performance and firm value in the Chinese market. Investment Analysts
Journal, 53(1), 1-15, https://doi.org/10.1080/10293523.2023.2218124.

Clarkson, P.M., Li, Y., Richardson, G.D., Vasvari, F.P. (2008). Revisiting the relation between environmental
performance and environmental disclosure: An empirical analysis. Accounting, Organisations and
Society, 33(4-5), 303-327. https://doi.org/10.1016/j.a20s.2007.05.003.

Cornell, B., Damodaran, A. (2020). Valuing ESG: Doing Good or Sounding Good? The Journal of Impact and
ESG Investing, 1(1), 76-93. https://doi.org/10.2139/ssrn.3557432.

Cristache, N., Nastase, M., Petrariu, R., Florescu, M. (2019). Analysis of congruency effects of corporate
responsibility code implementation on corporate sustainability in bio-economy. Amfiteatru Economic,
21(52), 536-553. https://doi.org/10.24818/EA/2019/52/536.

Debreu, G. (1951). The Coefficient of Recourse Utilization. Econometrica, 19(3), 273-292.
https://doi.org/10.2307/1906814.

Dechow, P.M., Ge, W., Schrand, C.M. (2010). Understanding Earnings Quality: A Review of the Proxies, Their
Determinants and Their Consequences. Journal of Accounting and Economics, 50(2-3), 344-401.
https://doi.org/10.1016/j.jacceco.2010.09.00.

Directive EU (2014). 2014/95/EU amending Directive 2013/34/EU as regards disclosure of non-financial and
diversity information by certain large undertakings and groups, NFRD (2014). Available online:
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CEL EX:32014L 0095&from=PL __ (accessed
on 15 May 2024).

Directive EU (2022). 2022/2464/EU amending Regulation (EU) No 537/2014, Directive 2004/109/EC, Directive
2006/43/EC and Directive 2013/34/EU, as regards corporate sustainability reporting, CSRD. Available
online: https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CEL EX:320221 2464&from=EN
(accessed on 15 May 2024).

Dixon-Fowler, H.R., Slater, D.J., Johnson, J.L., Ellstrand, A.E., Romi, A.M. (2013). Beyond “does it pay to be
green?” A meta-analysis of moderators of the CEP—CFP relationship. Journal of Business Ethics. 112,
353-366. https://doi.org/10.1007/s10551-012-1268-8

Djordjevi¢, B., Krmac, E. (2019). Evaluation of Energy-Environment Efficiency of European Transport Sectors:
Non-Radial DEA and TOPSIS Approach. Energies, 12(15), 2907. https://doi.org/10.3390/en12152907

20


https://doi.org/10.1016/S0361-3682(03)00032-1
http://nrs.harvard.edu/urn-3:HUL.InstRepos:30838135
http://nrs.harvard.edu/urn-3:HUL.InstRepos:30838135
https://doi.org/10.1080/1331677X.2022.2108476
https://10.0.4.84/MEQ-03-2017-0033
https://doi.org/10.1287/mnsc.30.9.1078
http://www.oecd.org/finance/esg-investing-environmental-pillar-scoring-and-reporting.pdf
https://doi.org/10.1080/23311975.2024.2333941
https://dx.doi.org/10.1016/0377-2217(78)90138-8
https://doi.org/10.1111/exsy.12461
https://doi.org/10.1080/10293523.2023.2218124
https://doi.org/10.1016/j.aos.2007.05.003
https://doi.org/10.2139/ssrn.3557432
https://doi.org/10.2307/1906814
https://doi.org/10.1016/j.jacceco.2010.09.001
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32014L0095&from=PL
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32022L2464&from=EN
https://doi.org/10.1007/s10551-012-1268-8
https://doi.org/10.3390/en12152907

Dyckhoff H., Allen, K., (2001). Measuring ecological efficiency with data envelopment analysis (DEA). European
Journal of Operational Research, 132(2), 312-325, https://doi.org/10.1016/S0377-2217(00)00154-5.

Elsayed K., Paton D. (2005). The impact of environmental performance on firm performance: static and dynamic
panel data evidence. Structural Change and Economic Dynamics, 16(3), 395412,
https://doi.org/10.1016/j.strueco.2004.04.004.

Escrig-Olmedo, E., Mufioz-Torres, M.J., Fernandez-Izquierdo, M.A. (2010). Socially responsible investing:
sustainability indices, ESG rating and information provider agencies. International Journal of Sustainable,
Economy 2(4), 442—-461. https://ideas.repec.org/a/ids/ijsuse/v2y2010i4p442-461.html.

Féare, R., Grosskopf, S., Lovell, C.A.K. (1985). The Measurement of Efficiency of Production, Kluwer Academic
Publishers, Boston.

Farell, M.J. (1957). The Measurement of Productive Efficiency. Journal of the Royal Statistical Society, Series A,
120(3), 253-290. https://doi.org/10.2307/2343100.

Fatemi, A.M., Glaum, M., Kaiser, S. (2018). ESG performance and firm value: The moderating role of disclosure.
Global Finance Journal, 38, 45—64. https://doi.org/10.1016/j.9f].2017.03.001.

Friede, G., Busch, T., Bassen, A. (2015). ESG and financial performance: aggregated evidence from more than
2000 empirical studies. Journal of Sustainable Finance & Investment, 5(4), 210-233.
https://doi.org/10.1080/20430795.2015.1118917.

Gao, L., Wan, L. (2023). Does corporate environmental responsibility contribute to financial performance? A dual
path analysis through operational efficiency and the cost of debt. Corporate Social Responsibility and
Environmental Management, 30(1), 308-323. https://doi.org/10.1002/csr.235.

Garcia, A.S., Orsato, R.J. (2020). Testing the institutional difference hypothesis: A study about environmental,
social, governance, and financial performance. Business Strategy and the Environment, 29(8), 3261327,
https://doi.org/10.1002/bse.2570.

Garcia, A.S., Wesley, M.C., Orsato, R.J. (2017). Sensitive industries produce better ESG performance: Evidence
from emerging markets. Journal of Cleaner Production, 150, 135-147.
https://doi.org/10.1016/j.jclepro.2017.02.180.

Giannopoulos, G., Fagernes, R.V.K., EImarzouky, M., Hossain, K.A.B.M.A. (2022). The ESG Disclosure and the
Financial Performance of Norwegian Listed Firms. Journal of Risk and Financial Management, 15(6),
237-252. https://doi.org/10.3390/jrfm15060237.

Graham, J.R., Harvey, C.R., Rajgopal, S. (2005). The Economic Implications of Corporate Financial Reporting.
Journal of Accounting and Economics, 40(1-3), 3—73. https://doi.org/10.1016/j.jacceco.2005.01.00.

Guenster, N., Bauer, R, Derwall, J., Koedijk, K. (2011). The Economic Value of Corporate Eco-Efficiency.
European Financial Management, 17(4), 679-704. https://doi.org/10.1111/j.1468-036X.2009.00532.X.

Hang, M., Geyer-Klingeberg, J., Rathgeber, A.W. (2019). It is merely a matter of time: A meta-analysis of the
causality between environmental performance and financial performance. Business Strategy and the
Environment, 28(2), 257-273. https://doi.org/10.1002/bse.221.

Hermoso-Orzaez, M.J., Garcia-Alguacil, M., Terrados-Cepeda, J., Brito, P. (2020), Measurement of
Environmental Efficiency in the Countries of the European Union with the Enhanced Data Envelopment
Analysis Method (DEA) during the Period 2005-2012, Environmental Science and Pollution Research.
27, 15691-15715. https://doi.org/10.1007/s11356-020-08029-3.

Horvathova, E. (2010). Does environmental performance affect financial performance? A meta-analysis.
Ecological Economics, 70(1), 52-59, https://doi.org/10.1016/j.ecolecon.2010.04.004

Huber, B.M., Comstock, M., Polk, D., Wardwell, L. (2017). ESG Reports and Ratings: What They Are, Why They
Matter. Harvard Law School Forum on Corporate Governance.
https://corpgov.law.harvard.edu/2017/07/27/esg-reports-and-ratings-what-they-are-why-they-matter/.

Huppes, G., Ishikawa M. (2005), Eco-efficiency and Its xsTerminology. Journal of Industrial Ecology, 9(4), 43—
36, https://doi.org/10.1162/108819805775247891

lancu, F., Matis, C., Matis, C. (2023). Analysis of the Impact of Environmental, Social and Governance Factors
on the Performance of Firms, Economics and Applied Informatics, 2, 75-82.
https://doi.org/10.35219/eai15840409340.

Khan, M. (2019). Corporate governance, ESG, and stock returns around the world, Financial Analysts Journal,
75(4), 103-112. https://doi.org/10.1080/0015198X.2019.1654299.

King, A.A., Lenox, M.J. (2001), Does It Really Pay to Be Green? An Empirical Study of Firm Environmental and
Financial Performance: An Empirical Study of Firm Environmental and Financial Performance, Journal
of Industrial Ecology, 5(1), 105-116, https://doi.org/10.1162/108819801753358526

Lee, D.D., Faff, R.W., Langfield-Smith, K. (2009). Revisiting the vexing question: Does superior corporate social
performance lead to improved financial performance? Australian Journal of Management, 34(1), 21-49.
https://doi.org/10.1177/031289620903400103.

21


https://www.sciencedirect.com/journal/european-journal-of-operational-research
https://www.sciencedirect.com/journal/european-journal-of-operational-research
https://doi.org/10.1016/S0377-2217(00)00154-5
https://doi.org/10.1016/j.strueco.2004.04.004
https://ideas.repec.org/a/ids/ijsuse/v2y2010i4p442-461.html
https://doi.org/10.2307/2343100
https://doi.org/10.1016/j.gfj.2017.03.001
https://doi.org/10.1080/20430795.2015.1118917
https://doi.org/10.1002/csr.235
https://doi.org/10.1002/bse.2570
https://doi.org/10.1016/j.jclepro.2017.02.180
https://doi.org/10.3390/jrfm15060237
https://doi.org/10.1016/j.jacceco.2005.01.002
https://doi.org/10.1111/j.1468-036X.2009.00532.x
https://doi.org/10.1002/bse.221
https://doi.org/10.1007/s11356-020-08029-3
https://www.sciencedirect.com/journal/ecological-economics
https://doi.org/10.1016/j.ecolecon.2010.04.004
https://corpgov.law.harvard.edu/2017/07/27/esg-reports-and-ratings-what-they-are-why-they-matter/
https://doi.org/10.1162/108819805775247891
https://doi.org/10.1080/0015198X.2019.1654299
https://doi.org/10.1162/108819801753358526
https://doi.org/10.1177/031289620903400103

Li, D., Cao, C., Zhang, L., Chen, X., Ren, S., Zhao, Y. (2017). Effects of corporate environmental responsibility
on financial performance: The moderating role of government regulation and organizational slack.
Journal of Cleaner Production, 166, 1323-1334, https://doi.org/10.1016/j.jclepro.2017.08.129.

Limkriangkrai, M, Koh, S., Durand, R.B. (2017). Environmental, Social, and Governance (ESG) Profiles, Stock
Returns, and Financial Policy: Australian Evidence, International Review of Finance, 17(3), 461-471.
https://doi.org/10.1111/irfi.12101.

Manrique, S., Marti-Ballester, C.-P. (2017). Analyzing the effect of corporate environmental performance on
corporate financial performance in developed and developing countries. Sustainability. 9, 1957.
https://doi.org/10.3390/su9111957.

Mardani, A., Streimikiene, D., Balezentis, T., Saman, M.Z.M., Nor, K., Khoshnava, S.M. (2018). Data
Envelopment Analysis in Energy and Environmental Economics: An Overview of the State-of-the-Art
and Recent Development Trends. Energies, 11(8), 2002. https://doi.org/10.3390/en11082002.

Molinos-Senante, M., Sala-Garrido, R. (2019). Assessment of Energy Efficiency and Its Determinants for
Drinking Water Treatment Plants Using A Double-Bootstrap Approach. Energies, 12(4), 765.
https://doi.org/10.3390/en12040765.

Naffa, H., Fain, M. (2022). A factor approach to the performance of ESG leaders and laggards. Finance Research
Letters, 44, 1-8. https://doi.org/10.1016/j.frl.2021.102073.

Naimy, V., El Khoury, R., & Iskandar, S. (2021). ESG Versus Corporate Financial Performance: Evidence from
East Asian Firms in the Industrials Sector. Studies of Applied Economics. Sustainable Economics, 39(3),
https://doi.org/10.25115/eea.v39i3.4457.s

Nakao, Y., Amano, A., Matsumura, K., Genba, K., Nakano, M. (2007). Relationship between environmental
performance and financial performance: an empirical analysis of Japanese corporations. Business
Strategy and the Environment, 16(2), 106—118. https://doi.org/10.1002/bse.476

Nollet, J., Filis, G., Mitrokostas, E. (2016). Corporate social responsibility and financial performance: A non-linear
and disaggregated approach. Economic Modelling, 52(Part B), 400-407,
https://doi.org/10.1016/j.econmod.2015.09.019.

Ohlson, J.A. (1995). Earnings, book values, and dividends in security valuation. Contemporary Accounting
Research, 11(2), 661-687. https://doi.org/10.1111/j.1911-3846.1995.tb00461 .x.

Ohlson, JA. (1999). On Transitory Earnings, Review of Accounting Studies, 4(1-4), 145-162.
https://doi.org/10.1023/A:1009653114699.

Ohlson, J.A. (2001), Earnings, Book Values, and Dividends in Equity Valuation: An Empirical Evidence.
Contemporary Accounting Research, 18(1), 107-120. https://doi.org/10.1506/7TPJ-RXQN-TQC7-
FFAE.

Pedersen, L.H., Fitzgibbons, S., Pomorski, £.. (2021). Responsible investing: The ESG-efficient frontier. Journal
of Financial Economics, 142, 572-597. https://doi.org/10.1016/j.jfineco.2020.11.001.

Rohendi, H., Ghozali, 1., Ratmono, D. (2024). Environmental, social, and governance (ESG) disclosure and firm
value: the role of competitive advantage as a mediator. Cogent Business & Management, 11(1), 1-17.
https://doi.org/10.1080/23311975.2023.2297446.

Shanaev, S., Ghimire, B. (2022). When ESG meets AAA: The effect of ESG rating changes on stock returns,
Finance Research Letters, 46, 1-7. https://doi.org/10.1016/j.fr.2021.102302.

Silva, E., Magalhdes, M. (2023). Environmental efficiency, irreversibility and the shadow price of emissions.
European Journal of Operational Research, 306(2), 955-967. https://doi.org/10.1016/j.ejor.2022.08.011.

Singh, A., Singh, P., & Shome, S. (2022). ESG-CFP Linkages: A Review of Its Antecedents and Scope for Future

Research. Indian Journal of Corporate Governance, 15(1), 48-609.
https://doi.org/10.1177/09746862221089062.

Song, M., An, Q., Zhang, W., Wang, Z., Wu, J. (2012). Environmental efficiency evaluation based on data
envelopment analysis: A review. Renewable and Sustainable Energy Reviews, 16(7), 4465-44609.
https://doi.org/10.1016/j.rser.2012.04.052.

Tahmid, T., Hoque, M.N., Said, J., Saona, P., Azad, Md. A.K. (2022). Does ESG initiatives yield greater firm
value and performance? New evidence from European firms. Cogent Business & Management, 9(1), 1—
16. https://doi.org/10.1080/23311975.2022.2144098.

Tamburino, L., Bravo, G. (2024). Ecological efficiency: The ability to achieve human well-being while limiting
environmental ~ impact.  Environmental and  Sustainability  Indicators, 21,  100322.
https://doi.org/10.1016/j.indic.2023.100322.

Ting, I. W. K., Azizan, N. A,, Bhaskaran, R. K., & Sukumaran, S. K. (2020). Corporate Social Performance and

Firm Performance: Comparative Study among Developed and Emerging Market Firms. Sustainability, 12(1),
26. https://doi.org/10.3390/su12010026.z

Torre, M.L., Mango, F., Cafaro, A., Leo, S. (2020). Does the ESG index affect stock return? Evidence from the

Eurostoxx50. Sustainability, 12(16), 6387-6399. https://doi.org/10.3390/s5u12166387.

22


https://doi.org/10.1111/irfi.12101
https://doi.org/10.3390/su9111957
https://doi.org/10.3390/en11082002
https://doi.org/10.3390/en12040765
https://doi.org/10.1016/j.frl.2021.102073
https://doi.org/10.25115/eea.v39i3.4457
https://doi.org/10.1002/bse.476
https://doi.org/10.1016/j.econmod.2015.09.019
https://doi.org/10.1111/j.1911-3846.1995.tb00461.x
https://doi.org/10.1506/7TPJ-RXQN-TQC7-FFAE
https://doi.org/10.1506/7TPJ-RXQN-TQC7-FFAE
https://doi.org/10.1016/j.jfineco.2020.11.001
https://doi.org/10.1016/j.frl.2021.102302
https://doi.org/10.1016/j.ejor.2022.08.011
https://doi.org/10.1177/09746862221089062
https://doi.org/10.1016/j.rser.2012.04.052
https://doi.org/10.1080/23311975.2022.2144098
https://doi.org/10.1016/j.indic.2023.100322
https://doi.org/10.3390/su12010026
https://doi.org/10.3390/su12166387

Téth, P., Gavurova, B., Tkacova, A., Zaicova, J. (2023). Environmental efficiency of the EU countries based on a
DEA approach. Journal of Interdisciplinary Research, 13(1), 261-265.

Trumpp, C., Guenther, T. (2015). Too little or too much? Exploring U-shaped relationships between corporate
environmental performance and corporate financial performance. Business Strategy and the Environment,
26(1), 49-68. https://doi.org/10.1002/bse.1900.

Vaninsky, A. (2018). Energy-environmental efficiency and optimal restructuring of the global economy. Energy,
153(15), 338-348. https://doi.org/10.1016/j.energy.2018.03.063.

Velte, P. (2017). Does ESG performance have an impact on financial performance? Evidence from Germany.
Journal of Global Responsibility, 80(2), 169-178. doi.org/10.1108/JGR-11-2016-0029.

Wang, C.-N., Luu, Q.-C., Nguyen, T.-K.-L. (2018). Estimating Relative Efficiency of Electricity Consumption in
42 Countries during the Period of  2008-2017. Energies, 11(11), 3037.
https://doi.org/10.3390/en11113037.

Wang, C.-N.; Nguyen, H.-P.; Chang, C.-W. (2021). Environmental efficiency evaluation in the top Asian
economies: An application of DEA. Mathematics, 9, 889. https://doi.org/10.3390/math9080889.

Wong, W.C., Batten, J.A., Ahmad, A.H., Mohamed-Arshad, S.B., Nordin, S., Adzis, A.A. (2021). Does ESG
certification add firm value? Finance Research Letters, 39, 1-7.
https://doi.org/10.1016/j.frl.2020.101593.

Xie, J., Nozawa, W., Yagi, M., Fujii, H, Managu, S. (2019). Do environmental, social, and governance activities
improve corporate financial performance? Business Strategy and the Environment, 28, 286-300.
https://doi.org/10.1002/bse.2224.

Yang, A.S., Baasandorj, S. (2017). Exploring CSR and financial performance of full-service and low-cost air
carriers. Finance Research Letters, 23, 291-299. https://doi.org/10.1016/j.frl.2017.05.005.

Yoo, S., Managi, S. (2022). Disclosure or action: evaluating ESG behaviour towards financial performance.
Finance Research Letters, 44, 1-7. https://doi.org/10.1016/j.frl.2021.102108.

Zhao, C., Guo, Y., Yuan, J.,, Wu, M., Li, D., Zhou, Y., & Kang, J. (2018). ESG and corporate financial
performance: Empirical evidence from China's listed power generation companies. Sustainability, 10(8),
260-277. https://doi.org/10.3390/su10082607.

Author contributions

Conceptualisation, M.J. and A.S.; Methodology, A.S.; Software, A.S.; Validation, M.J.; Formal
analysis, M.J.; Investigation, A.S.; Resources, A.S.; Data curation, A.S.; Writing — original draft
preparation M.J. and A.S.; Writing — review and editing, M.J.; Visualisation, A.S.; Supervision,
M.J.; Project administration, M.J.; Funding acquisition, M.J. All authors have read and agreed

to the published version of the manuscript.

Acknowledgements
We would like to thank Mark Muirhead for the professional proofreading.

23


https://doi.org/10.1002/bse.1900
https://doi.org/10.1016/j.energy.2018.03.063
https://doi.org/10.1108/JGR-11-2016-0029
https://doi.org/10.3390/en11113037
https://doi.org/10.3390/math9080889
https://doi.org/10.1016/j.frl.2020.101593
https://doi.org/10.1002/bse.2224
https://doi.org/10.1016/j.frl.2017.05.005
https://doi.org/10.1016/j.frl.2021.102108
https://doi.org/10.3390/su10082607

