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ABSTRACT: The article investigates the relationship between environmental and financial performance of businesses,
using stakeholder theory and corporate social responsibility as its analytical frameworks. It introduces hypotheses
regarding firms' energy-related behaviours and their impact on financial and operational outcomes. The study was con-
ducted between June and October 2023 among 200 Polish companies from the Silesia region, each represented by a key
decision-maker. The article applies factor analysis as a statistical technique for identifying similarities and grouping var-
iables into distinct factors to support further analyses. Research background: Integrating Corporate Social Responsibility
(CSR) into business operations strengthens long-term success and competitive advantage. Improving energy efficiency
leads to cost savings and better financial results, while effective leadership encourages energy-saving behaviours that
enhance both operational and financial outcomes. Purpose of the article: The article examines the relationship between
energy efficiency and financial performance in Polish companies, particularly in the Silesia region. It aims to provide
empirical evidence on this relationship as part of the EXCORE project funded by NAWA. Methods: The study analysed 200
Polish manufacturing companies using validated scales and applied factor analysis, correlation analysis, and regression
modelling to explore the relationship between energy-related behaviours and financial performance. Findings & value
added: The study found a significant relationship between ecological practices and financial performance. Although
green practices showed a limited direct impact on financial outcomes, several factors influencing operational and finan-
cial performance were identified. The research offers valuable insights for incorporating sustainability into business strat-
egies to enhance financial results.
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Introduction

According to the European Commission, the situation of coal regions in transition is currently of
major global relevance. Since 2012, coal-based electricity production in the EU has decreased by
nearly one-third, with Poland, Germany, Czechia, Romania, and Bulgaria employing the largest share
of workers in the sector (European Commission, 2024). Kardas (2023) argues that Poland faces sig-
nificant challenges in its energy transition, as the country continues to record high emission levels
and remains strongly dependent on coal. This transformation is not only necessary to meet global
and EU climate targets but also crucial for maintaining Poland’s economic competitiveness and polit-
ical position within Europe. In this context, investigating the link between energy efficiency and
financial performance in Polish companies is particularly important (Zhi, 2022).

Stakeholder theory and corporate social responsibility (CSR) offer leading conceptual frame-
works for understanding how corporate environmental practices relate to financial outcomes (Hor-
bach, 2018). Previous studies have primarily examined this relationship through the CSR lens (Fan et
al,, 2017), highlighting that integrating stakeholder expectations and CSR principles can strengthen
firms’ competitive advantage while generating positive environmental and social impacts.

This study contributes to several strands of literature, including research on business responses
to climate change, CEO incentive structures in relation to firm-level risk, and broader debates on
executive compensation. By linking incentive mechanisms with operational performance in the con-
text of energy-saving activities, the study opens new avenues for examining the appropriateness of
extensive CEO incentive pay relative to firm-level climate risk and the implications for corporate gov-
ernance and policy formulation (Hossain et al., 2023).

Implementing energy-efficiency strategies is essential for advancing sustainability, reducing
greenhouse gas emissions, and responding to growing environmental awareness among consumers
(Choi et al,, 2010). Companies are encouraged to adopt energy-efficient practices, which may be sup-
ported or accelerated through targeted government incentives (Moon & Min, 2020).

Research on Polish firms is limited due to the scarcity of energy-related data in corporate reports.
To address this gap, the present study uses a firm-level approach based on a questionnaire survey
employing Likert scales to assess energy-related behaviours and their implications for companies
operating in a coal-dependent region undergoing transition. Existing literature predominantly
focuses on individual-level experiences of energy poverty and its broader societal implications, often
overlooking its specific relationship with firm performance. This study fills an important gap by
examining how energy poverty relates to firm-level outcomes (Noorollahi et al.,, 2024). Although
prior research extensively covers the socioeconomic consequences of energy poverty, there is a clear
lack of studies investigating its direct impact on organisational performance.

The hypotheses proposed in this study offer a framework for empirically examining the practical
implications of firms’ energy usage behaviours for their performance. Through systematic analysis,
the study enhances understanding of the complex interactions between corporate behaviour, envi-
ronmental responsibility, and financial outcomes, thereby supporting more informed strategic deci-
sions and sustainability initiatives within the corporate sector (Nikolaou et al., 2024).

Literature review

Corporate social responsibility (CSR) requires firms to create social and environmental value
alongside financial returns (Turker, 2009). Integrating these issues into core business activities has
become a central element of corporate strategy (Choi et al., 2010). Two dominant theoretical per-
spectives explain the relationship between CSR and firm performance: the shareholder view, which
focuses on profit maximisation, and the stakeholder view, which emphasises meeting the expecta-
tions of key stakeholder groups (Kuzey et al., 2021).

Stakeholder theory highlights the need to balance the interests of diverse groups, moving beyond
the traditional shareholder-centric approach (Donaldson & Preston, 1995). According to this per-
spective, a firm’s long-term growth depends on the engagement of both primary stakeholders - such
as shareholders, employees, creditors, and business partners - and secondary stakeholders, includ-
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ing governmental institutions, local communities, and environmental organisations (Tomski, 2024).
Meeting these expectations is essential for maintaining social legitimacy (Ruf et al., 2001). Effective
stakeholder management can also strengthen a firm’s competitive position by enhancing its reputa-
tion and customer loyalty (Surroca et al., 2010; Tomski, 2024). Exploring CSR and stakeholder theory
within the context of environmental and financial performance helps to explain the complex mecha-
nisms influencing firm outcomes.

While earlier literature often emphasised a trade-off between environmental protection and eco-
nomic performance, more recent research suggests that improvements in environmental efficiency
can generate cost savings and enhance competitiveness (Chuang & Huang, 2018). Green supply chain
management (GSCM) has emerged as a strategic approach to meeting environmental regulations and
improving operational efficiency (Kalyar et al., 2020). Several studies highlight a positive association
between energy efficiency and financial results (Moon & Min, 2020), though findings remain mixed,
with some suggesting that energy efficiency alone does not always guarantee superior financial per-
formance. Nonetheless, evidence indicates that effective energy management can contribute to better
financial outcomes (Bergmann et al,, 2017). Poor environmental practices, by contrast, can negatively
affect a firm’s financial results (Vasi & King, 2012). Research on Poland and Hungary shows that
companies need to improve their environmental management systems and that higher levels of
eco-innovation are linked to stronger financial performance (Przychodzen & Przychodzen, 2015).
Similarly, a study of 1,000 Taiwanese firms found a positive correlation between CSR engagement and
financial outcomes (Lin et al., 2009).

The literature also points to the importance of policy support and sector-specific expertise in
promoting energy efficiency. Firms that actively monitor energy usage are more likely to respond
effectively to regulatory incentives and benefit from efficiency improvements (Moon & Min, 2020).
Based on these insights, we hypothesise that firms actively monitoring energy usage in their facilities
will exhibit higher levels of financial performance.

The literature suggests that firms implementing incentive systems to encourage energy-saving
behaviours among employees tend to achieve improved operational performance. Empirical studies
show that environmental innovation supports employment growth (Aldieri et al,, 2019) and that
incentives - particularly equity-based ones - play a key role in motivating executives under increas-
ing climate-related risk (Hossain et al., 2022). Leadership is essential: managers’ attitudes and
behaviours strongly shape employees’ sense of responsibility for energy saving (Chen & Liu, 2020;
Nisiforou et al,, 2012), indicating that energy-saving initiatives must begin at the top. Non-monetary
mechanisms, such as gamification, can further strengthen pro-environmental behaviours (Kotsopou-
los et al., 2017), while sector-specific evidence from hospitality shows that incentives help reduce
resource use and pollution (Sibian & Ispas, 2021). SMEs, however, face greater barriers and require
combined tools such as pricing incentives, awareness campaigns, and digital solutions (Henriques &
Catarino, 2016). Research across various countries and industries confirms that improved energy
efficiency increases net present value, shortens payback periods, enhances productivity, and strength-
ens financial performance (Christoffersen et al., 2006; Yang, 2010; Bunse et al., 2011; Fan etal.,, 2017;
Martin et al,, 2012; Zhang et al,, 2022; Bergmann et al., 2017). Some studies highlight short-term
rather than long-term financial benefits (Marti, 2017), but the prevailing evidence shows that firms
that reduce energy intensity achieve superior financial outcomes. Therefore, firms perceiving energy
saving as a cost-effective practice are expected to demonstrate stronger financial performance.

In today’s competitive industrial environment, firms must continually improve their performance
to remain competitive. Managers depend on accurate information to evaluate the financial implica-
tions of performance-enhancing initiatives (Gélcher-Barguil et al., 2023), while rising consumer
expectations and environmental pressures require companies to deliver high-quality products effi-
ciently (Ahmed & Pise, 2019). To achieve lean and agile operations, manufacturing firms must iden-
tify production bottlenecks, with Total Preventive Maintenance (TPM) being one effective method for
reducing waste and improving equipment efficiency (Zammori, 2015). Although metrics such as
overall line effectiveness (OLE) and overall resource effectiveness (ORE) help assess production per-
formance (Garza-Reyes, 2015), research still lacks clear evidence on the financial benefits of
well-managed equipment performance. Improvements in equipment efficiency do not always trans-
late directly into enhanced financial outcomes (Gélcher-Barguil et al., 2023). Therefore, firms that do
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not plan to invest in energy-saving equipment are expected to demonstrate lower financial perfor-
mance.

In service companies, energy indicators are often excluded from managerial decision-making, as
common metrics (e.g., kWh per square meter of office space) do not accurately reflect organisational
performance (Raggio et al., 2020). Unlike manufacturing firms, service organisations rely heavily on
office space and IT infrastructure rather than energy-intensive processes (Furrer & Sollberger, 2007).
Although energy efficiency is important, a narrow focus on reducing total energy consumption may
conflict with operational needs (Raggio et al., 2020). Economic motivations remain central, as sus-
tainability practices are frequently adopted to reduce costs (Ramirez et al., 2014). Yet commonly used
energy-saving metrics may misalign with strategic objectives or even incentivise harmful behaviours
(Raggio et al.,, 2020). Since energy use affects operational performance even in service firms, those
that deliberately reduce operating activity to save energy are expected to exhibit lower operational
performance.

Finally, we examine whether firms that have not applied for government subsidies aimed at
reducing energy consumption show lower financial performance. While extensive research exists on
the socioeconomic consequences of energy poverty, firm-level effects remain understudied. Prior
studies focus mainly on individual energy poverty and its societal implications, overlooking its rela-
tionship with firm performance. The mechanisms through which individual-level energy poverty
may influence organisational outcomes - through factors such as income disparities, access to energy
infrastructure, or workforce productivity — remain largely unexplored (Fan et al.,, 2017). This gap
highlights the need for empirical evidence on how insufficient access to energy-related support may
constrain firms’ financial results.

Empirical studies are needed to explore the mechanisms through which individual-level energy
poverty may translate into implications for firm performance, taking into account factors such as
access to energy infrastructure, income disparities, and participation in economic activities. Under-
standing this relationship is essential for policymakers and businesses seeking to develop targeted
interventions that address energy poverty while supporting inclusive growth and sustainable devel-
opment. The literature indicates that firms can balance energy efficiency improvements with
enhanced financial performance, a conclusion supported by much of the prior research. Increasing
energy efficiency reduces operational costs and strengthens firms’ ability to manage risks related to
energy price volatility and resource shortages, thereby supporting sustainable growth (Fan et al,,
2017). Companies with high energy consumption face growing pressure to optimise efficiency, which
has become a crucial element of modern economic and societal development (Fan et al.,, 2017). While
macro-level studies on energy use and GDP show consistent findings (e.g., Zhang, 2011; Shahbaz &
Lean, 2012), micro-level research remains mixed, with Subrahmanya (2006) reporting a negative
association between energy intensity and firm performance, while Pons et al. (2013) found no signif-
icant relationship (Fan et al., 2017).

Considering the arguments outlined above, we propose that firms implementing management
practices that promote energy efficiency are likely to experience superior financial outcomes. There-
fore, the following hypothesis is formulated: H: Polish firms that actively promote energy efficiency
practices in their operations will exhibit enhanced financial performance.

Research methods

Given the importance of energy efficiency for the financial performance of Polish firms, examin-
ing this relationship is essential. The empirical study was carried out within the ExCORE project
(International Center of Research Excellence in Transition of COal REgions), funded by the NAWA
Strategic Partnerships Programme. Data were collected between June and October 2023 in the Silesia
region using CATI and CAWI methods, resulting in a sample of 200 predominantly manufacturing
companies employing an average of 61 workers. Although the sampling procedure aimed to be ran-
dom, financial constraints prevented the implementation of a pilot study or expert consultations dur-
ing the development of the survey tool; however, the questionnaire was based on scales previously
validated in scientific research. The survey captured multiple dimensions of firm performance
(employee growth, market share, sales revenues, profitability, liquidity, and overall financial condi-
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tion) as well as green practices related to energy consumption and energy poverty, including policies
for reducing energy use, monitoring practices, incentives for energy-saving behaviours, and invest-
ments in energy-efficient equipment.

The analysis begins with confirmatory factor analysis (CFA) to verify the structure of the con-
structs included in the study. CFA allows testing predefined factor structures and estimating model
parameters. Subsequently, the relationship between energy poverty and firm performance is exam-
ined directly. The study draws on two methodological approaches commonly used to reduce multidi-
mensional data: the principal component method and classical factor analysis (Brown, 2015;
Waligéra, 2024a, 2024b). The principal component method transforms observable variables into
uncorrelated principal components ordered by decreasing explained variance, enabling a reduction
of data dimensionality with minimal information loss. In contrast, classical factor analysis identifies
latent common factors underlying the correlations among observed variables, modelling each varia-
ble as a linear combination of common and specific factors. Although these approaches differ - prin-
cipal components being mathematical transformations and factor analysis assuming latent causal
structures - they often lead to comparable results and support a deeper understanding of the rela-
tionships among variables (Brown, 2015; Waligéra, 2024a, 2024b).

First, the reliability and internal consistency of the scales were evaluated using Cronbach’s alpha,
the most widely employed measure of reliability. While validity assesses whether an instrument
measures what it is intended to measure, reliability refers to the accuracy and consistency of that
measurement. Threshold values of 0.60 or 0.70 are commonly accepted, with higher values indicat-
ing better reliability. If coefficients fall below the desired threshold, certain items may be removed to
enhance scale reliability (Tavakol & Dennick, 2011; Waligéra, 2024a, 2024b).

Next, the suitability of the selected variables for factor analysis was assessed using the Kai-
ser-Meyer-Olkin (KMO) measure and Bartlett’s test of sphericity. The KMO statistic evaluates sample
adequacy and should ideally be near 0.9, with values above 0.5 indicating factor analysis is appropri-
ate. Bartlett’s test examines whether the correlation matrix is an identity matrix; a significant result
indicates sufficient correlations among variables to justify factor analysis (Hair et al., 1998; Waligoéra,
20244, 2024b).

The factor analysis procedure involved computing the correlation matrix, estimating factor load-
ings, performing factor rotation, and interpreting results (Waligéra, 2024a, 2024b). Two main
approaches were applied: the principal component method and classical factor analysis (Brown,
2015; Waligoéra, 2024a,b). The principal component method treats components as linear combina-
tions of original variables, ordered so that successive components explain decreasing amounts of
variance. Classical factor analysis represents each observed variable as a combination of common
and unique factors, with the goal of identifying underlying structures. Only a few initial factors typi-
cally account for most of the shared variance (Stevens, 2012; Tomski, 2024).

Several criteria were applied to determine the number of factors (Tabachnick & Fidell, 2019;
Waligéra, 20244a,b):

eigenvalues (Kaiser criterion): retain factors with eigenvalues >1, suitable when variables >20;

scree plot (Cattell’s criterion): identify the “elbow point” where additional factors contribute

marginally;

Jolliffe’s criterion: retain factors with eigenvalues >0.7 for principal component analysis;

cumulative variance explained: retain factors accounting for 75-90% of total variance.

Factor rotation using the VARIMAX method was applied to improve interpretability (Field, 2013;
Waligora, 2024a,b).

Correlation analysis was then conducted using Pearson’s correlation coefficient, p, which ranges
from -1 to 1. Positive values indicate that increases in one variable are associated with increases in
the other; negative values indicate an inverse relationship. Confidence intervals for p were computed
to assess the reliability of correlations (Cohen et al., 2013; Waligora, 20244a,b).

Finally, regression analysis was applied to examine the relationship between energy poverty and
firm performance, complemented by Granger causality tests to assess directional effects (Granger,
1969). Linear regression identifies associations between variables, while Granger causality provides
insight into the influence of energy poverty on firm-level performance. This integrated approach
allows a comprehensive understanding of the complex dynamics between energy usage and organi-
sational outcomes.
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Results

In this study, all instruments were evaluated for internal consistency using Cronbach’s alpha. The
scale measuring the financial outcomes in Part IX recorded the highest Cronbach’s alpha value of
0.815. The lowest value, 0.751, was observed for the scale assessing Part III - firms’ green practices,
energy consumption, and energy poverty. Overall, the analysis demonstrates that all scales exhibited
satisfactory internal consistency. These results are summarised in Table 1.

Table 1. Reliability statistics of research instruments during the main study

Cronbach’s Alpha
Variable N of ltems
N=200
PART II. Firm's Green Practices 6 0.774
PART IlI. Firm's Green Practices — energy consumption & energy poverty 9 0.751
Part VII. Green Finance 10 0.803
Part IX. Firm Performance 7 0.815

Source: authors’ work using IBM SPSS.

A significant outcome of Bartlett’s test suggests the presence of correlations among variables,
supporting the suitability of conducting factor analysis. Both the KMO measure (with values above
0.7 for all instruments) and the statistically significant results of Bartlett’s test confirm the appropri-
ateness of applying factor analysis due to existing associations between the measured variables. The
results are summarised in Table 2.

Table 2. Kaiser-Meyer-Olkin measure and Bartlett's Test of sphericity for research instruments

Variable Description Value (N=200)
Kaiser-Meyer-Olkin Measure of Sampling Adequacy. 0.768
Approx. Chi-Square 315.773
PART II. Firm's Green Practices
Bartlett's Test of Sphericity df 15
Sig. 0.000
Kaiser-Meyer-Olkin Measure of Sampling Adequacy. 0.733
PART IIl. Firm's Green Practices — energy Approx. Chi-Square 443.409
consumption & energy poverty Bartlett's Test of Sphericity df 36
Sig. 0.000
Kaiser-Meyer-Olkin Measure of Sampling Adequacy. 0.787
. Bartlett's Test of Sphericity Approx. Chi-Square 802.824
Part VII. Green Finance
df 45
Sig. 0.000
Kaiser-Meyer-Olkin Measure of Sampling Adequacy. 0.806
Bartlett's Test of Sphericity Approx. Chi-Square 629.195
Part IX. Firm Performance
df 21
Sig. 0.000

Source: authors' work using IBM SPSS.

DOI: 10.34659/€is.2026.97.2.1288



ECONOMICS AND ENVIRONMENT 2(97) = 2026 7

The outcomes of the factor analysis are shown in Table 3 below. For the factor analysis performed
on Part II. Firm’s Green Practices and Part IX Firm Performance, two factors exceeded the eigenvalue
of 1, indicating that two dimensions describe this variable, which is also confirmed by the scree plot.
However, in the case of factor analysis conducted for Part IIl. Firm’s green practices - energy con-
sumption and energy poverty, and Part VII Green Finance, three factors exceeded the eigenvalue of 1,
indicating that three dimensions describe this variable, which is also confirmed by the scree plot. Itis
worth noting the cumulative percentage of explained variance of the analysed variables. Specifically,
one indicated dimension does not exceed 50% of the differences between organisations in terms of
the analysed variables, with 50% being considered a sufficient level. Moreover, all factor loadings are
positive, reflecting a consistent direction, and none of the questionnaire items is reverse-coded. Fur-
thermore, the scree plot of factor analysis for each variable is consistent with the above analysis and
graphically demonstrates that a specific number of dimensions can be used to examine and interpret
each variable.

Total explained variance for factor analysis

Total Variance Explained - Part ||

Initial Eigenvalues Extraction Sums of Squared Loadings Rotation Sums of Squared Loadings
Component
ol Vanf;:r:ce Cumtl/:ative Total Vaﬁ:rfce Cumtl/.!ative Total Va?;::ce Cumt;:ative
= 1 2.840 47.325 47.325 2.840 47.325 47.325 2220 37.004 37.004
S
2 1.017 16.956 64.281 1.017 16.956 64.281 1.637 27.276 64.281
Total Variance Explained - Part IlI
1 3127 34.744 34.744 3127 34.744 34.744 2.600 28.891 28.891
3 2 1.472 16.352 51.097 1.472 16.352 51.097 1.676 18.622 47.514
3 1.068 11.870 62.967 1.068 11.870 62.967 1.391 16.453 62.967
Total Variance Explained - Part VII
% 1 4.085 40.850 40.850 4.085 40.850 40.850 3.186 31.865 31.865
g 2 1.413 14134 54.984 1.413 14.134 54,984 2.083 20.826 52.690
g 3 1.175 11.746 66.730 1.175 11.746 66.730 1.404 14.040 66.730
Total Variance Explained - Part IX
s2 1 3.535 50.502 50.502 3.635 50.502 50.502 3.024 43.202 43.202
% E 2 1.447 20.673 71.175 1.447 20.673 71.175 1.958 27973 71.175

Extraction Method: Principal Component Analysis.

Source: authors' work using IBM SPSS.

A correlation analysis among the individual constructs was performed to examine whether and
how they are associated based on respondents’ opinions. The results are presented in Table 4. Anal-
ysis of the correlation coefficients between green practices, energy-saving measures, and the acqui-
sition of additional resources supporting ecological investments reveals a moderate, statistically
significant relationship among the variables (with corresponding values: Part II and Part III: 0.516,
Part Il and Part VII: 0.438, Part Il and Part VII: 0.449), all significant at the 0.01 level. These findings
indicate a moderate positive association between the employees’ responses. Furthermore, the rela-
tionship between all practices and the environmental actions of firms and the financial performance
of the firm (Part II, I1I, VII to Part IX) is statistically insignificant or relatively weak, and these relation-
ships should be further analysed as they affect the level of statistical significance of the studied rela-
tionship (weak dependence at levels ranging from 0.022 to 0.214).
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Table 4. Correlation coefficient between constructs of the research model

partll part [l part VIl part IX
part I Pearson Correlation 1 0.516% 0.438** 0.214%
Sig. (2-tailed) 0.000 0.000 0.002
N 200 200 200 200
part Il Pearson Correlation 0.516%* 1 0.449* 0.126
Sig. (2-tailed) 0.000 0.000 0.075
N 200 200 200 200
part VII Pearson Correlation 0.438** 0.449%* 1 0.022
Sig. (2-tailed) 0.000 0.000 0.759
N 200 200 200 200
part IX Pearson Correlation 0.274%* 0.126 0.022 1
Sig. (2-tailed) 0.002 0.075 0.759
N 200 200 200 200

** Correlation is significant at the 0.01 level (2-tailed).

Source: authors’ work using IBM SPSS.

The results of the correlation and regression analyses provide a foundation for further explora-
tion of the relationships between variables. In the following section, detailed examinations of specific
dependencies are presented, with the research procedure involving the progressive enhancement of
the model by incorporating additional relationships among variables. The statistical analysis of the
findings, presented above, is intended to test the hypotheses and address the research question.
A range of statistical methods, selected according to the nature of the relationships under investiga-
tion, was applied to analyse the empirical data.

Performance is fitted to the variables, as confirmed by Table 5. The histogram chart (Fig. 1) con-
firms the fit to the normal distribution. The model is statistically significant (Sig. 0.002), indicating
a good fit to the variables. However, the model poorly explains the dependent variable (R-squared =
0.54). Beta is positive and equals 0.233, meaning that the more companies engage in green practices,
the better their financial situation becomes. Additionally, Part Il Firm’s Green Practices, Part Il Firm’s
green practices - energy consumption and energy poverty, Part VII Green Finance are moderately
correlated with each other (Partial Correlations: -0.091; 0.044; 0.194), which was also confirmed in
previous analyses.

Regression analysis between constructs of the research model

Model Sum of Squares df Mean Square F Sig.

1 Regression 11.776 1 11.776 9.547 0.002a
Residual 244219 198 1.233
Total 255.995 199

a. Predictors: (Constant), part II; b. Dependent Variable: part IX

Source: authors' work using IBM SPSS.

In this part of the study, our focus turns to the intricate interplay between firm performance and
energy poverty. Based on Kaiser’s eigenvalue criterion, it was recommended to consider 3 factors for
energy poverty (Part I1I) and 2 factors for firm performance (Part IX). In the subsequent Table 6, we
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aim to illustrate the distribution across individual factors within the factor analysis for energy pov-

erty survey questions, and Table 8 illustrates individual factors of firm performance.

Histogram

Dependent Variable: part IX
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Figure 1. Histogram of regression between constructs of the research model

Source: authors' work using IBM SPSS.

From EP1 to EP9, each corresponds to an individual question in the questionnaire. According to
the results, PC1 exhibits relatively high loadings for EP1, EP2, EP4, EP5, and EP6, indicating a strong
association (above 0.50) of these variables with this factor. PC2 shows high loadings for EP8 and EP9,
suggesting that these variables are strongly linked to this factor, while PC3 has high loadings for EP3
and EP7, indicating their association with this factor. In Table 6, H2 denotes communality, represent-
ing the proportion of variance in each variable explained by the extracted factors, and U2 denotes
uniqueness, reflecting the proportion of variance not explained by the factors. The column represents
the sum of H2 and U2 for each variable, providing an estimate of the total variance accounted for by

the factors.

Table 6. Factor analysis results for energy poverty survey questions

Energy poverty

EP1
EP2
EP3
EP4
EP5
EP6
EP7
EP8
EP9

PC1

0.68
0.73
0.49
0.68
0.68
0.60
0.44
0.48
0.43

Source: authors’ work using R Studio.

PC2

-0.33
-0.32

0.16

-0.23
-0.16
-0.06
-0.01

0.75
0.76

PC3

0.1
0.15
0.60
-0.30
0.11
0.03
0.7
0.12
-0.23

H2

0.59
0.66
0.63
0.61
0.50
0.36
0.69
0.80
0.82

U2

0.41
0.34
0.37
0.39
0.50
0.64
0.31
0.20
0.18

Com

1.5
1.5
2.1
1.7
1.2
1.0
1.7
1.7
1.8
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In Table 7, the results are presented as grouped factors, with labels assigned according to the
types of questions they represent. Factor 1 (POVERTY1) includes practices related to the manage-
ment and reduction of energy consumption within the organisation. The variables associated with
this factor comprise having a formal energy reduction policy, actively monitoring energy usage, rec-
ognising the cost-effectiveness of energy-saving initiatives, investing in new production facilities to
lower energy consumption, and planning future investments in energy-efficient equipment. [t empha-
sises internal energy management practices. Factor 2 (POVERTY2) focuses on the external engage-
ment with government subsidies, the organisation’s engagement with government, local, or Euro-
pean Union subsidies aimed at reducing energy consumption. Variables in this factor include apply-
ing for subsidies to reduce energy consumption and receiving subsidies for energy-saving initiatives.
Factor 3 (POVERTY3) relates to sustainability initiatives undertaken by the organisation to reduce
energy consumption. Variables associated with this factor include offering incentives or rewards for
employees who save energy and reducing operating activities to minimise energy usage.

Summary of factors related to energy poverty

Energy management practices (POVERTYT)
EP1 We have a policy to reduce the use of energy.
EP2 We actively monitor energy usage in our facilities.
Factor 1
EP4 We believe that saving energy is a cost-effective way to reduce expenses.
EP5 We have invested in new production facilities to reduce energy consumption.
EP6 We plan to buy a new energy saving equipment in the future.
Government subsidy engagement (POVERTY2)
Factor 2 EP8 We have applied for government/ local/ European Union subsidies to reduce energy consumption.
EP9 We have received government/ local/ European Union subsidies to reduce energy consumption.
Sustainability initiatives (POVERTY3)

Factor 3 EP3 We offer incentives or rewards for employees who save energy.

EP7 We have reduced our operating activity to reduce the use of energy.

Results of Table 8 show that PC1 has relatively high loadings for PERF3, PERF4, PERF5, PERF6,
and PERF7, indicating that these variables are strongly associated with this factor. PC1 also has mod-
erate loadings for PERF1 and PERF2, suggesting some association with these variables as well. PC2
has high loadings for PERF1 and PERF2, indicating that these variables are strongly associated with
this factor. Two factors of this analysis provide approximately 71% of the total variance in the varia-
bles.

Factor analysis results for firm performance survey questions

Firm performance PC1 PC2 H2 u2 CoM
PERF1 0.42 0.74 0.72 0.28 1.6
PERF2 0.58 0.66 0.78 0.22 20
PERF3 0.73 0.32 0.63 0.37 1.4
PERF4 0.82 -0.31 0.76 0.24 1.3
PERF5 0.83 -0.31 0.79 0.21 1.3
PERF6 0.81 -0.33 0.76 0.24 1.3
PERF7 0.69 0.22 0.53 0.47 1.2

Source: authors’ work using R Studio.
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In Table 9, Factor 1 (PERFORM1) encompasses variables related to operational aspects within
firms. These include increasing the number of employees and expanding market share. These indica-
tors suggest the operational effectiveness and growth trajectory of the organisation. Factor 2 (PER-
FORM2) focuses on financial indicators reflecting the financial health and stability of the organisa-
tion. Variables associated with this factor include maintaining profitability, sustaining good financial
liquidity without constraints, ensuring overall financial stability without the threat of bankruptcy,
and satisfaction with profit margins. These indicators highlight the financial robustness and sound-
ness of the organisation. Factor 1 underscores operational strategies aimed at growth and expansion,
while Factor 2 highlights financial stability and profitability. Understanding these factors can inform
strategic decision-making and performance management initiatives within organisations, ultimately
contributing to sustained business success and growth.

Summary for factors related to firm performance

Operations in firms (PERFORMT)
Factor 1 PERF1 We increase the number of employees
PERF2 We increase the market share
Finance (PERFORM2)
PERF3 Our sales revenues are increasing / have improved.
PERF4 Our company remains profitable.
Factor 2 o . o .
PERF5 Our financial liquidity remains good (we have no liquidity constraints)

PERF6 Our overall financial situation remains very good (there is no threat of going bankrupt)
PERF7 We are satisfied with our profit margin (the difference between sales revenues and operating costs)
These factors were analysed in relation to one another using Granger causality (Table 10). The
findings demonstrate the existence of a causal relationship between the variables, highlighting a spe-

cific directional link within the model.

Granger test causality

The direction of dependence p-value The direction of dependence p-value
POVERTY1 ~ PERFORM1 0.8891 PERFORMT ~ POVERTY1 0.03278*
POVERTY1 ~ PERFORM2 0.8748 PERFORM2 ~ POVERTY1 0.6137
POVERTY2 ~ PERFORM1 0.2655 PERFORM1 ~ POVERTY?2 0.5315
POVERTY2 ~ PERFORM2 0.04257 * PERFORM2 ~ POVERTY?2 0.2694
POVERTY3 ~ PERFORM1 0.3152 PERFORM1 ~ POVERTY3 0.1211
POVERTY3 ~ PERFORM2 0.554 PERFORM2 ~ POVERTY3 0.5341

Source: authors' work using R Studio.

The statistically significant Granger causality result suggests that there is evidence to support the
idea that the financial performance indicators represented by “ PERFORM2” (e.g., sales revenues,
profitability, financial liquidity, overall financial situation, profit margin satisfaction) can be used to
predict or influence the level of government subsidy engagement, represented by “POVERTY2,” in the
given time series data. The results implies that the financial performance of companies, as indicated
by factors such as increasing sales revenues, profitability, and financial stability, may impact their
engagement with government subsidies. This finding may indicate that companies demonstrating
positive financial performance are more inclined to participate in government subsidy programs. The
associated p-value of 0.03278, marked with an asterisk (*), suggests that the relationship between
“PERFORM1” and “POVERTY1” is statistically significant at the conventional 0.05 significance level
(a = 0.05). Consequently, there is sufficient evidence to reject the null hypothesis that “PERFORM1”
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does not Granger-cause “POVERTY1,” pointing to a potential causal link between the two variables.
Interpreted statistically, this result implies that firms’ energy management practices may influence
their operational performance, particularly regarding increases in employee numbers and market
share. In other words, organisations implementing effective energy management measures could
experience enhancements in operational outcomes, including workforce expansion and growth in
market share. However, in this analysis, we wanted to examine more closely the relationship explored
by PERFORM as the dependent variable. We tried to test PERFORM1 and PERFRM2 also through
linear regression, in which the independent variables were the three POVERTY groups. We decided to
include one dummy transformation as well. Within the framework of the questionnaire adminis-
tered, particular attention was devoted to the investigation of the question: ‘Approximately, what is
the percentage of energy costs in total operating costs? ‘. The results are presented in Table 11.

Level of energy poverty (dummy variable)

Level of energy poverty High energy poverty = 0 Low energy poverty =1
Percentage of energy costs Above 10% Below 10%
Number of firms 86 114

Although no universally accepted benchmarks exist to precisely determine the level of energy
poverty based on the share of energy costs in total expenses, guidance from several studies (Faiella
and Lavecchia, 2019 or Aweke and Navrud, 2022 for households), suggest that the threshold of 10
percent may represent this level. This variable will be used in linear regression as a binary variable,
where 0 will represent high energy poverty, in which firms have above 10 percentage of energy costs
and 1 will represent low energy poverty, in which was the percentage of costs below 10%.

We proposed two linear regression models as follows and present the results in Table 12:

PERFORM1, = POVERTY1, + POVERTY?2, + POVERTY3, + dummy, + .

PERFORM?2, = POVERTY1, + POVERTY?2, + POVERTY3, + dummy; + .

Linear regression of the models

Dependent variable PERFORM1 Dependent variable PERFORM2
Coefficient Standard error Coefficient Standard error

Intercept -0.24672%* 0.10547 0.09154 0.10728
POVERTY1 0.16276** 0.06958 0.12486* 0.07077
POVERTY2 -0.10065 0.06887 -0.04503 0.07005
POVERTY3 0.03327 0.06896 0.13323* 0.07014
Dummy variable 0.43284%** 0.14041 -0.16059 0.14281
R-squared 0.07531 0.04333
Adj. R-squared 0.05634 0.0237
Shapiro-Wilk normality test p-value = 0.002157 p-value = 0.02262
Heteroscedasticity p-value = 0.1879 p-value = 0.03809
Autocorrelation p-value = 0.2024 p-value = 0.03066
Multicollinearity <1.000247; 1.024058> <1.000247; 1.024058>
Regression specification error test p-value = 0.00993 p-value = 0.359

Note: * significant at 10% level, ** significant at 5% level, *** significant at 1% level.
Source: authors’ work using R Studio.

DOI: 10.34659/€is.2026.97.2.1288



ECONOMICS AND ENVIRONMENT 2(97) = 2026 _I 3

Overall, the findings suggest that poverty-related variables (POVERTY1, POVERTYZ, and the
dummy variable) exert a significant influence on both performance indicators (PERFORM1 and PER-
FORM2), although the explanatory power of the models remains limited. Moreover, potential viola-
tions of key assumptions, such as normality, heteroscedasticity, autocorrelation, and multicollinear-
ity, should be considered when interpreting the results and drawing conclusions. Additional diagnos-
tics and model adjustments may be required to enhance the models’ accuracy and robustness.

Conclusion

The synthesis of the literature highlights several key insights. First, embedding Corporate Social
Responsibility (CSR) into business practices is crucial for long-term success, as it strengthens social
legitimacy and competitive advantages beyond the interests of shareholders (Turker, 2009; Choi et
al,, 2010; Kuzey et al., 2021). Second, enhancing energy efficiency can result in cost reductions and
improved financial performance, challenging the traditional view of a trade-off between environmen-
tal protection and economic productivity (Donaldson & Preston, 1995; Ruf et al., 2001; Surroca et al.,
2010). Third, effective leadership and incentive mechanisms play a pivotal role in promoting ener-
gy-saving behaviours among employees, thereby positively impacting operational and financial out-
comes (Chuang & Huang, 2018; Kalyar et al.,, 2020; Moon & Min, 2020).

Furthermore, robust energy management contributes to greater profitability, productivity, and
competitiveness (Bergmann et al., 2017; Przychodzen & Przychodzen, 2015; Lin et al., 2009; Vasi &
King, 2012). However, focusing exclusively on energy-saving initiatives may have unintended nega-
tive effects on operational performance (Aldieri et al., 2019; Hossain et al.,, 2023; Chen & Liu, 2020;
Nisiforou et al., 2012). Additional empirical research is required to investigate the relationship
between energy poverty and firm performance, providing guidance for policymakers and managers
in designing targeted interventions (Kotsopoulos et al., 2017; Sibian & Ispas, 2021; Henriques & Cata-
rino, 2016).

Finally, although studies report mixed findings on the link between energy consumption and eco-
nomic performance, there is general agreement that energy efficiency practices are positively associ-
ated with financial outcomes (Christoffersen et al., 2006; Subrahmanya, 2006; Yang, 2010; Liu et al,,
2021; Bunse et al,, 2011; Martin et al., 2012; Fan et al,, 2017; Marti-Bellester, 2017; Zhang et al,,
2022). Overall, the literature underscores the importance of integrating CSR, energy efficiency, and
effective leadership into business strategies to achieve sustainable financial performance, while high-
lighting the need for further research, particularly in specific contexts such as Poland (Gélcher-Bar-
guil et al., 2023; Raggio et al., 2020).

The research methodology was designed to investigate the relationship between energy effi-
ciency and the financial performance of companies in Poland, with a particular focus on the Silesia
region. Conducted within the framework of the ExCORE project, funded by NAWA, the study encom-
passed 200 Polish firms, primarily from the manufacturing sector. The research instrument was
adapted from scales validated in previous scientific studies, and factor analysis was applied among
other analytical techniques. Correlation and regression analyses were employed to examine the asso-
ciation between energy poverty levels and firms’ financial performance. The findings revealed a sig-
nificant relationship between ecological practices and financial outcomes, as well as potential causal
links between energy poverty and firms’ financial efficiency. Additionally, it was noted that green
practices exert only a limited effect on financial performance. Through linear regression analysis, the
key factors affecting operational and financial performance were identified (Paalosmaa, 2025; Naifar,
2024; Dopierata et al,, 2022).

The academic and practical contributions of this study are considerable. From a scholarly per-
spective, it provides empirical evidence on the relationship between energy efficiency and financial
performance, with a focus on Polish firms, particularly in the Silesia region. This research enriches
the literature on sustainable business practices and their financial impacts. From a practical stand-
point, the results highlight a measurable connection between ecological practices and financial
outcomes, underscoring the importance of incorporating sustainability initiatives into corporate
strategies. For Polish companies, especially those in energy-intensive sectors such as manufacturing,
leveraging this relationship can enhance financial results and long-term resilience. Furthermore,
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identifying the factors that influence operational and financial performance offers actionable insights
to improve competitiveness. Future research could extend to other regions or industries, adopt lon-
gitudinal designs, and explore potential mediating factors. Addressing limitations, such as the study’s
cross-sectional nature and exclusive focus on financial performance, could further deepen under-
standing and inform more effective policies for sustainable development.
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W JAKI SPOSOB UBOSTWO ENERGETYCZNE KSZTALTUJE
SUKCES BIZNESOWY? WNIOSKI Z POLSKICH PRZEDSIEBIORSTW

STRESZCZENIE: Artykut analizuje zalezno$¢ miedzy wynikami $rodowiskowymi a finansowymi przedsiebiorstw, wyko-
rzystujac teorie interesariuszy oraz koncepcje spotecznej odpowiedzialnosci biznesu jako ramy analityczne. Przedstawia
hipotezy dotyczace zachowan przedsiebiorstw w zakresie zuzycia energii i ich wptywu na wyniki finansowe oraz opera-
cyjne. Badanie przeprowadzono w okresie od czerwca do pazdziernika 2023 r. wsréd 200 polskich firm z regionu $la-
skiego, reprezentowanych przez kluczowych decydentéw. W artykule zastosowano analize czynnikowg jako technike
statystyczng stuzaca do identyfikowania podobierstw miedzy obiektami i grupowania ich w taki sposéb, aby zmaksyma-
lizowac réznice miedzy wyodrebnionymi czynnikami. Tto badawcze: Integracja koncepcji spotecznej odpowiedzialnosci
biznesu (CSR) w dziatalno$¢ przedsiebiorstw sprzyja dtugoterminowemu sukcesowi i przewagom konkurencyjnym.
Poprawa efektywnosci energetycznej prowadzi do oszczednosci kosztéw i lepszych wynikéw finansowych. Skuteczne
przywddztwo sprzyja zachowaniom oszczedzajacym energie, co pozytywnie wptywa na wyniki operacyjne i finansowe.
Cel artykutu: Celem artykutu jest zbadanie zaleznosci miedzy efektywnoscig energetyczng a wynikami finansowymi pol-
skich przedsiebiorstw, w szczegdlnosci w regionie $laskim. Opracowanie dostarcza empirycznych dowoddw w tym zakre-
sie, stanowigc czes$¢ projektu ExCORE finansowanego przez NAWA. Metody: Badanie objeto analize 200 polskich
przedsiebiorstw produkeyjnych z wykorzystaniem zweryfikowanych skal. Przeprowadzono analize czynnikowa, korela-
cyjng oraz regresyjng w celu zbadania zaleznosci miedzy ubdstwem energetycznym a wynikami finansowymi. Wyniki
i warto$¢ dodana: Badanie wykazato istotng korelacje miedzy praktykami ekologicznymi a wynikami finansowymi.
Zielone praktyki miaty ograniczony wptyw na wyniki finansowe, jednak zidentyfikowano czynniki oddziatujace na efektyw-
nos$¢ operacyjng i finansowa. Opracowanie dostarcza cennych wskazdwek dotyczacych integracji zréwnowazonego
rozwoju w strategiach biznesowych w celu osiggania lepszych wynikéw finansowych.

StOWA KLUCZOWE: wyniki srodowiskowe, wyniki finansowe, teoria interesariuszy, spoteczna odpowiedzialnosé
biznesu (CSR), zachowania zwigzane z zuzyciem energii, analiza czynnikowa
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