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ABSTRACT: The aim of this research is to empirically determine the impact of digital technology implementation on
investment efficiency, transparency of non-financial reporting, and financial stability of mining enterprises operating in
Europe and North America between 2017 and 2023. The research also aims to examine the interdependencies between
the level of capital expenditure (CAPEX), technological innovation, and the quality of ESG reporting in the context of the
global energy transition. Employing panel data and heteroscedasticity-corrected OLS models, the analysis rigorously
assesses the impact of environmental (ENV), social (SCR), and governance (CG) indices on CAPEX, technology invest-
ment, and innovation, controlling for company scale and financial indicators. The findings demonstrate that higher ESG
ratings, notably environmental and governance in Europe and social aspects in North America, correspond with statisti-
cally significant reductions in CAPEX and technology investment, while failing to produce direct effects on innovation
indices. The study reveals that ESG initiatives, despite their strategic relevance for sustainability, may inadvertently con-
strain long-term competitiveness and sectoral innovation, underlining a critical need for supplementary public financial
instruments. These insights offer novel regional perspectives and provide actionable guidance for managers, investors,
and policymakers in the mining sector.
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Introduction

In the context of the intensifying energy transition and growing regulatory pressure on high-
emission sectors, companies operating in resource-intensive industries face the strategic challenge of
combining financial efficiency with environmental and social responsibility. The mining sector, one of
the key pillars of the raw materials economy;, is at the centre of this debate, as it is particularly sensi-
tive to technological and regulatory changes and stakeholder expectations in terms of ESG (Environ-
mental, Social, Governance) reporting. It should be noted that the mining sector is seeking to inte-
grate ESG into its core business (Rathobei et al., 2024), even though it is considered one of the main
risks for this sector (Baninla et al., 2025).

In recent years, researchers have become increasingly interested in analysing the relationship
between the quality of ESG disclosures and financial performance (Ikuta & Fujii, 2025; Li et al., 2024),
financial liquidity (Cao et al., 2024) and corporate investment activity (Misiuda & Lachmann, 2022;
Wen et al., 2022). ESG factors are increasingly recognised as key determinants of corporate sustain-
ability, influencing investor perception, regulatory compliance and long-term financial performance
(Itan et al., 2025).

Available studies (Aluchna et al,, 2023; Stanescu et al., 2024; Tang, 2022) indicate that high-qual-
ity non-financial reporting can support the credibility of companies’ information, reduce the cost of
capital and promote pro-innovation investments. In turn, the development of digital technologies -
such as the Internet of Things, artificial intelligence, blockchain and remote monitoring systems - is
playing an increasingly important role in the modernisation of the mining sector; affecting both oper-
ational efficiency and the way non-financial data is collected and disclosed (Chatterjee et al., 2025;
Kunytska et al., 2024; Onifade et al., 2024; Zhironkina & Zhironkin, 2023).

From the perspective of innovation economics theory and the sustainable development para-
digm, the implementation of advanced digital technologies can be an intermediary factor between
the quality of ESG reporting and the level of capital expenditure (CAPEX) and investment efficiency of
companies. Therefore, it is becoming increasingly important to study the synergies between ESG,
technological innovation and investment decisions in capital-intensive sectors.

The aim of this article is to analyse the relationship between capital expenditure (CAPEX), tech-
nological innovation and the quality of ESG reporting in mining companies operating in Europe and
North America between 2017 and 2023. In particular, the study focuses on determining the impact of
digital technology implementation on investment efficiency, non-financial reporting transparency
and financial stability of companies in the context of the global energy transition.

Considering the above, a set of empirical models has been developed to verify the impact of ESG
variables and their components (ENV Index, SCR Index, CG Index) on the level of technological invest-
ments, total CAPEX and the share of capital expenditure in revenues. The results obtained can serve
as a basis for understanding the role of synergies between technological transformation and the qual-
ity of non-financial data disclosure in shaping the value and financial resilience of mining companies.

An overview of the literature

The aim of the literature review is to present the current state of knowledge on the impact of ESG
policies and their components on corporate investment decisions, including the level and structure of
capital expenditure. The review identifies key research directions, the results of previous analyses
and research gaps that justify the need for this study. The literature review indicates that the integra-
tion of environmental, social and corporate governance factors into corporate decision-making and
investment processes has become one of the key areas of contemporary scientific research and busi-
ness practice (Krambia-Kapardis et al., 2023; Yu et al., 2024). In most scientific studies, ESG issues
have been considered mainly from the perspective of financial performance, risk behaviour and sus-
tainable development, ignoring the relationship between ESG performance and financial stability
(Ding etal, 2025; Zheng et al.,, 2025). Furthermore, existing studies lack information on the impact of
investment efficiency and ESG issues on capital regulations, risk and corporate performance (Zheng
etal, 2025).
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The global economy is undergoing a paradigm shift in corporate responsibility, with the tradi-
tional CSR (Corporate Social Responsibility) model giving way to an integrated ESG (Environmental,
Social, Governance) approach (Shmelev & Gilardi, 2025). While CSR focused on voluntary image-
building initiatives, ESG introduces a dimension of measurability, transparency and reporting obliga-
tions, integrating environmental, social and governance aspects into corporate economic perfor-
mance assessment systems (Krambia-Kapardis et al., 2023). The new model of business operation
stems from growing regulatory pressure and the expectations of stakeholders - investors, share-
holders and capital markets - who demand that businesses operate in accordance with the princi-
ples of ethics and sustainable development (Yu et al., 2024). In this context, ESG is no longer just a
social concept, but has become a strategic tool shaping investment decisions and the long-term value
of a company (Dang et al.,, 2025).

The literature review indicates that researchers use ESG indicators in their studies in areas such
as sustainable development (Kozar & Wodnicka, 2025), corporate social responsibility (Kozar & Boli-
mowski, 2025), disclosure, finance, and ESG indicator analysis (Clément et al., 2025). Literature
increasingly emphasises that ESG policies are a catalyst for innovation and organisational resilience
(Shmelev & Gilardi, 2025), while the pursuit of innovation and growth prospects influences ESG dis-
closure performance (Dang et al., 2025). ESG performance is seen as a financial tool supporting the
development of ‘green investment portfolios’ (Clément et al., 2025) and green innovation (Li et al.,
2023; Ren et al,, 2024; Zhao et al.,, 2025). According to some researchers, eco-technological innova-
tions (green innovations), unlike traditional technological innovations, bring measurable financial
benefits while reducing greenhouse gas emissions (Khalil et al., 2024).

Contemporary ESG research shows a growing interest in the relationship between capital expen-
diture (CAPEX) and the disclosure of non-financial ESG information, which may vary depending on
the quality and effectiveness of corporate governance practices (Moussa & Elmarzouky, 2023).
CAPEX, as an indicator of long-term strategic decisions (Gniadkowska-Szymanska & Keller, 2025),
may reflect the degree of a company’s commitment to the development of innovative and environ-
mentally friendly technologies, while ESG reporting may serve as a stimulus for investment in envi-
ronmentally friendly technologies (Tang, 2022). Therefore, decision-making criteria for sustainable
investments include not only the traditional risk-return trade-off, but also environmental, social and
corporate governance factors (Yilmaz & Danisoglu, 2025).

The literature on the subject indicates that companies with strong ESG practices tend to achieve
better financial results, and integrating ESG principles into investment processes can help reduce
investment risk (Hughes et al,, 2021) and create opportunities for long-term growth (Yang et al,,
2024). In addition, these practices are important in shaping a company’s image and attracting inves-
tors (Zhao et al., 2025).

The mining sector is a particular area of research on the implementation of ESG policies, due to
its high environmental impact, potential threat to sustainable development (Vera-Burau et al., 2025)
and capital-intensive nature. According to the literature on the subject, mining companies have only
begun to treat ESG as a central element of their investment strategies in the last two decades (Leon-
ida, 2022). The mining sector is investing heavily in the automation and digitisation of production
processes (Flores-Castafieda et al.,, 2025). Companies in this sector are increasingly investing in low-
carbon technologies, waste recycling, post-mining land reclamation and biodiversity protection.
Innovative technologies such as the Internet of Things (10T), artificial intelligence (Al), predictive
systems and big data support, among other things, deposit geology management, process optimisa-
tion and occupational safety (Onifade et al.,, 2023). The importance of investments in renewable
energy sources in mine energy structures is also growing, leading to a reduction in the carbon foot-
print and increased energy efficiency.

Despite the growing number of analyses on the impact of ESG on companies’ financial and oper-
ating results, the relationship between ESG policies and the structure and dynamics of capital expen-
diture (CAPEX) remains insufficiently researched, particularly in the mining sector. There is also a
lack of comparative studies covering regional differences between Europe and North America, where
different regulatory systems and levels of ESG reporting maturity apply. This study aims to fill this
gap by verifying the impact of ESG components (ENV, SCR, CG) on CAPEX, innovation and technology
expenditure (CAPEXtech), the technological innovation index (TI Index) and the share of CAPEX in
revenues (CAPEX % revenues) in mining companies operating in both regions. This analysis will
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identify the extent to which ESG policies are a factor shaping the investment and innovation strategy
of entities in the context of the ongoing energy transition.

Methodology and Research Sample

The research was conducted on a sample of mining companies operating in Europe and North
America. The period from 2017 to 2023 was considered, as these companies have been reporting on
their ESG activities since 2017. The study used annual data. All data used in the study came from the
S&P Global Market Intelligence database. The following data was used for the calculations:

Pref - measured using CAPEXtech, CAPEX, TI Index, CAPEX as % of revenues;

ESG Index - The S&P Global Market Intelligence ESG Index includes all disclosures regarding

environmental, social, and governance factors of the company (i), in period (t);

ENV Index - S&P Global Market Intelligence’s EVN Index, which measures company (i)’s disclo-

sure of energy consumption, waste, pollution, natural resource conservation, and animal treat-

ment during period (t);

CRS Index - S&P Global Market Intelligence’s CSR Index, which measures company (i)’s disclo-

sure of business relationships, donations, volunteering, and employee health and safety during

period (t);

CG Index - S&P Global Market Intelligence’s CG Index, which measures company (i)’s disclosure

of corporate governance policies during period (t);

Turnover (TA) - Asset turnover, measured by net sales as a percentage of total assets;

CR - Current ratio (Gniadkowska-Szymanska, 2025; Gniadkowska-Szymanska & Keller, 2025).

A capital expenditure (CAPEX) is a transfer of financial resources, either by cash or credit, allo-
cated for the acquisition of long-term tangible fixed assets utilised in a company’s operational activi-
ties. Such expenditures are capitalised on the balance sheet, meaning they are not recorded directly
in the income statement, but instead reflected as assets, denoting an investment aimed at the com-
pany’s expansion or the maintenance of its operating capabilities. CAPEX plays a fundamental role in
generating the potential for growth and organisational sustainability through investments in new
properties, infrastructure, equipment, products, and technological solutions. This area is of particu-
lar analytical interest to financial analysts and investors, given that capital expenditures do not imme-
diately impact the income statement, yet they exert a significant influence on liquidity and cash flow
structure. Meanwhile, the category “CAPEXtech” comprises all outlays directed toward innovation
and the implementation of new technologies, representing a key driver of the company’s modernisa-
tion and its competitive advantage.

Summary statistics of all variables

Mean Median Min Max SD

ESG Index 3,468.46 55 11.0000 30322 10,071.46
ENV Index 3,481.06 55 8.0000 30434 10,108.74
SCR Index 3,328.54 53 5.0000 2,9076 9,656.76
CG Index 3,628.33 58 13.0000 31750 10,546.94
Tl Index 14,169.51 122 0.0149 6,6867 27,333.60
CAPEX as % of revenues 45.10 0 -140.3012 549 194.55
CAPEXtech -143,7804,312.47 -5,946,000 -12,647,169,566.2333 44,033,746 4,204,596,024.61
Turn(TA) 62,454.80 501 0.0000 274840 120,370.64
CAPEX -131,009,297.16 713,560 -1,153,628,501.0378 3,795,697 383,569,629.96
CR 170.99 2 0.2570 926 33529
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The Technology Innovation Index is a measure that reflects the level of innovation in a given
country or region, taking into account technological aspects. This indicator is often used in the con-
text of European and global innovation rankings, such as the European Innovation Ranking and the
Global Innovation Index.

The following table summarises the descriptive statistics obtained for the dataset analysed in
this study, thereby providing a basis for further empirical investigation.

Hypothesis/Research Question:

1. CAPEXtech for company (i) in period (t) depends on the overall scope of its environmental, social
and governance disclosures, as reflected in the ESG Index.

2. CAPEXtech for company (i) in period (t) is affected by the individual components of the ESG
Index, namely the ENV Index, SCR Index and CG Index.

3. The level of CAPEX in company (i) in period (t) is determined by the extent of its environmental,
social and governance reporting, summarised by the ESG Index.

4. CAPEXin company (i) in period (t) is shaped by the separate pillars that build the ESG Index (ENV
Index, SCR Index, CG Index).

5. The TI Index for company (i) in period (t) is related to the overall intensity of environmental,
social and governance disclosures, as measured by the ESG Index.

6. The TIIndex for company (i) in period (t) is driven by the individual ESG dimensions captured by
the ENV Index, SCR Index and CG Index.

7. CAPEX expressed as a percentage of revenues in company (i) in period (t) is linked to the overall
level of environmental, social and governance disclosure, summarised by the ESG Index.

8. CAPEX expressed as a percentage of revenues in company (i) in period (t) is influenced by the
three constituent indices of ESG: ENV Index, SCR Index and CG Index.

The conducted analysis examining firms’ preferences concerning alterations in the CAPEXtech/
CAPEX/TI Index/CAPEX as a percentage of revenues was implemented through parameter estima-
tion within heteroscedasticity-robust OLS models and panel data approaches. Cross-sectional het-
eroscedasticity-robust OLS regressions were utilised, wherein firm size, quantified by total assets,
was incorporated as a logarithmic variable, which reflects the non-linear nature of this parameter in
relation to the dependent variables. The study employed both cross-sectional regression techniques
and panel data models. Additionally, tests were performed to detect the presence of fixed and random
effects (specifically, the Wald test was used to assess redundant fixed effects and the Breusch-Pagan
test for random effects) (Gniadkowska-Szymanska, 2025). The applied methodology encompassed
panel models with fixed effects, which control for unobserved individual firm-specific characteristics,
and alternatively, random effects models, which are advantageous in capturing the lagged influence
of ESG indicators on CAPEXtech/CAPEX/TI Index/CAPEX as a percentage of revenue.

The model for the total sample is presented in the equation below:

Prefyy = ag + a1 ESG; + a,CR; + asTurn(TA);; + €. (1)
Prefyy = ag+ a1 EVN;+a,CSR; + a3CGi + a4CRy + asTurn(TA) ;¢ + €. (2)

The selection of variables in models (1)-(2) is based on theoretical assumptions regarding the
determinants of capital expenditures and the study’s objective, which is to identify the impact of ESG
disclosures on CAPEX, CAPEXtech, the TI Index, and CAPEX as a percentage of revenues. The ESG
Index was included as a key explanatory variable because it synthetically reflects the level of sophis-
tication in environmental, social, and corporate governance reporting, which, according to the litera-
ture, may determine companies’ propensity for long-term investments, including technology invest-
ments. In the second variant of the model, ESG was decomposed into ENV, CSR/SCR, and CG to deter-
mine which disclosure pillars influence investment decisions: ENV is associated with pro-environ-
mental investments, CSR with employee engagement and stakeholder relations, and CG with deci-
sion-making processes and risk management. The CR and Turnover (TA) control variables account
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for the impact of financial liquidity and operational efficiency, respectively, which, according to
finance theory, strongly determine companies’ ability to meet CAPEX targets. Additionally, the loga-
rithm of company size eliminates scale effects and allows for the correction of nonlinear relation-
ships between company size and investment activity. This set of variables allows for filtering out
financial and operational factors, ensuring that the identified relationships between ESG and capital
expenditures are free from distortions resulting from omitted significant determinants. The absence
of multicollinearity (VIF < 5) confirms the correct selection of variables and allows for a reliable
interpretation of the estimation results.

Results of the research

After conducting descriptive analysis of the variables and testing the regression assumptions, we
used regression analysis to examine the impact of ESG and its components [CG, EVN, and CSR (inde-
pendent variables)] on CAPEXtech/CAPEX/TI Index/CAPEX as % of revenues (dependent variables).
First, using an OLS model with heteroscedasticity correction, we examined the relationship between
companies’ preference for changing CAPEXtech/CAPEX/TI Index/CAPEX as % of revenues and the
ESG index and control variables using Equation 1. The study was conducted for all analysed mining
companies, regardless of their business profile, and for companies located in Europe and North
America (Canada and the USA). The RESET test was also used to analyse the model specification,
which demonstrated the model’s validity (p-value > 0.05). The RESET test results show that the mod-
el’s variable specification is correct. The results are presented in Table 2.

Estimation of model parameters from equation (1) using the OLS method with heteroscedasticity

correction

CAPEXtech CAPEX as % of revenues Tl Index CAPEX
Together
const -14.2910 -0.5728 *** 33.1000 *** 6.9872 **
CR 0.0226 0.2109 *** 0.0065 0.0135
Turn(TA) 0.0411 0.3661 *** -0.1081 0.0352
ESG Index -0.2088 *** 0.1847 **% -0.0947 -0.3289 ***
R2 30% 44.87% 15.16% 33.15%
Europe
const -86.982 -0.4593 *** 12.702 25.181
CR 0.0802 0.1424 0.2368 0.0772
Turn(TA) 0.2013 ** 0.4632 *** -0.1363 0.1996 *
ESG Index -0.2842 ** 0.3067 *** -0.1414 -0.3065 **
R2 35.64% 60.40% 29.54% 37.21%
America
const 11.300 -0.5987 *** 32.400 *** 70.174
CR 0.0351 0.2243 *xx -0.0039 0.0436
Turn(TA) -0.0381 0.3504 -0.1034 -0.0305

<0.0001

ESG Index -0.2516 *x* 0.1513 ** -0.0739 -0.2576 ***
R2 27.78% 41.20% 12.57% 27.67%

Significance levels for the parameters are given in the table: *** — p <0.001, ** = p <0.05,* = p <0.1.
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Empirical analyses indicate that the ESG index exerts a significant influence on the level of capital
expenditures (CAPEX), technological expenditures (CAPEXtech), and the ratio of capital expenditures
to revenues (CAPEX as a percentage of revenues). This effect was observed both for the entire sample
of mining companies and in analyses conducted separately for individual geographic regions. Impor-
tantly, this influence is negative - the increased importance of ESG policies in mining companies is
associated with a reduction in capital expenditures in both fixed assets and technological innovation.

Similarly, with respect to the technological innovation index (TI Index), the variable describing
the impact of ESG policies proved statistically insignificant, both for the entire sample and regionally.
This result suggests that the implementation of ESG practices does not directly translate into the
innovative capacity of the studied companies.

With respect to the control variables, the obtained results indicate varying correlations across
the different groups of entities. The strongest impact on CAPEX and CAPEXtech was observed for the
asset turnover ratio (Turn(TA)), but this effect was observed only among European companies. For
the entire sample and North American companies, the control variables did not demonstrate a sig-
nificant impact on capital expenditures. The relationships for CAPEX as a % of revenues were differ-
ent - in this case, all control variables were statistically significant for the entire sample and North
American companies, while in the group of European companies, only Turn(TA) was again crucial.
For the TI Index, none of the control variables achieved statistical significance, both for the entire
sample and for the regional analyses.

To verify the adequacy of the panel models, the Wald test (redundant fixed effects) and the
Breusch-Pagan test (random effects) were conducted. The obtained results did not confirm the sig-
nificance of the random-effects models, justifying the use of fixed-effects models in further analyses.
The results of the fixed-effects panel regression are consistent with previous results obtained from
cross-sectional models, which increases the reliability and stability of the obtained conclusions.

Next, using an OLS model with heteroscedasticity correction, we examined the relationship
between companies’ preferences for changes in CAPEXtech/CAPEX/TI Index/CAPEX as % of com-
pany revenues and the CG, EVN, and CSR indices, as well as control variables using equation 2. The
study was conducted for all analysed mining companies, regardless of their business profile, and was
divided into companies from Europe and North America (Canada and the USA).

The RESET test was also used to analyse the model specification, which demonstrated the cor-
rectness of the model (p-value > 0.05). The obtained RESET test results demonstrate that the variable
specification in the model is correct. The results are presented in Table 3.

Estimation of model parameters from equation (2) using the OLS method with heteroscedasticity

correction

CAPEXtech CAPEX as % of revenues Tl Index CAPEX
Together
const -22.9919 *xx -0.1843 *x* 336.107 4.0923 **x
Turn(TA) 0.02697 0.1650 *** -0.0082 0.0325
CR 0.0845 * 0.1379 ** 0.0215 0.0860 *
ENV Index -0.3432* 0.0960 -0.0077 -0.4799 **
SCR Index -0.1505 0.3340 * 0.0196 -0.0277
CG Index 0.3912 ** -0.4708 ** 0.0641 0.3850 **
R2 19.60% 25.22% 8% 21.80%
Europe
const 21724 -0.4295 *x* 6.3760 22.690
Turn(TA) 0.1203 0.4379 *** 0.1131 0.1794
CR 0.0655 0.1371 0.2417* 0.0633
ENV Index -0.3934 * 0.0094 -0.0097 -0.4737*
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CAPEXtech CAPEX as % of revenues Tl Index CAPEX
SCR Index 0.6009 ** 0.3512 -0.2489 0.6096 **
CG Index -0.5148 * -0.0474 0.1142 -0.4681 **
R2 45.83% 60.90% 30.70% 47.49%
America
const -117.34 -0.5642 *+* 34.4000 *** 17.810
Turn(TA) -0.0491 0.3537 *** -0.1002 0.1179
CR 0.0151 0.2325 *x* 0.0008 0.0296
ENV Index -0.0597 0.0014 -0.0114 -0.0378
SCR Index -0.4766 *** 0.2056 * 0.0168 -0.0554 **
CG Index 0.2075 *** -0.0408 -0.0810 0.3414 Hxx
R2 33.38% 42.07% 12.84% 31.34%

Significance levels for the parameters are given in the table: *** — p <0.001, ** - p <0.05, * - p <0.1.

Analysis of the results for the entire sample of mining companies indicates that components
related to environmental aspects (ENV Index) and corporate governance (CG Index) exert a signifi-
cant influence on capital expenditures (CAPEX) and technological expenditures (CAPEXtech).
It should be emphasised that the effect of the environmental aspect (ENV Index) is negative, suggest-
ing that increasing involvement in environmental investments leads to a reduction in both total capi-
tal expenditures and technological expenditures. Among the control variables, only the current
liquidity ratio (CR) proved statistically significant, influencing the CAPEX and CAPEXtech levels.

Regarding the CAPEX as a percentage of revenues, a significant impact was observed from com-
ponents related to social aspects (SCR Index) and corporate governance (CG Index). In this case, the
environmental aspect (ENV Index) did not play a significant role. Furthermore, all control variables
proved statistically significant, confirming their importance in shaping the CAPEX-to-revenue ratio.
For European companies, the results indicate that all three ESG policy components exert a significant
influence on CAPEX and CAPEXtech. Interestingly, both the environmental (ENV Index) and corporate
governance (CG Index) components have a negative impact. This result may suggest that the increased
commitment to environmental policy and corporate governance in European companies comes at the
expense of reducing traditional capital expenditures. With respect to CAPEX as a percentage of reve-
nues, none of the ESG components proved statistically significant for European companies.

For North American companies, the components related to social aspects (SCR Index) and corpo-
rate governance (CG Index) have a significant impact on CAPEX and CAPEXtech. The social compo-
nent (SCR Index), on the other hand, has a negative impact, which may indicate a substitution of tra-
ditional capital expenditures with social initiatives. A different relationship was identified for the
CAPEX as a percentage of revenues indicator - only the social component (SCR Index) proved statisti-
cally significant, with a positive impact, meaning that in this approach, a greater importance of social
aspects promotes a higher CAPEX-to-revenue ratio.

With respect to the technological innovation index (TI Index), none of the ESG policy compo-
nents, nor any of the control variables, proved statistically significant - both for the entire sample of
companies and in analyses conducted separately for individual regions. This result suggests that
technological innovation in the mining sector is not directly determined by ESG policies.

To verify the adequacy of the models used, a Wald redundant fixed effects test and a Breusch-
Pagan random effects test were conducted. The estimation results indicated a lack of significance for
the random effects models, justifying the selection of fixed effects models for further analyses. The
results obtained from the fixed-effects panel regression remain consistent with the previous results
of cross-sectional-time models, which confirms the stability and reliability of the obtained conclu-
sions.
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Discusion

The aim of the research was to verify the impact of ESG policies and their individual components
(ENV, SCR, CG) on capital expenditures (CAPEX), innovation and technology expenditures (CAPEX-
tech), the technological innovation index (TI Index), and the CAPEX-to-revenues ratio (CAPEX as % of
revenues) in mining companies operating in Europe and North America.

The empirical results partially confirm the research hypotheses.

The hypotheses regarding CAPEX and CAPEXtech were confirmed - both the combined ESG index

and its components proved statistically significant. Importantly, a negative impact of ESG on cap-

ital expenditures was observed in most cases. This result suggests that the increasing importance
of ESG policies in the mining sector leads to reduced investments in fixed assets and technology.

(Fikru etal.,, 2024)

The hypotheses regarding the TI Index were not supported - neither the ESG variables nor their

components demonstrated statistical significance. This means that ESG activities do not directly

translate into technological innovation in the mining sector. (Lin et al., 2025; Yuan et al.,, 2024)

The hypotheses regarding CAPEX as a percentage of revenues were only partially confirmed. In

the analysis of the entire sample and for North American companies, social (SCR) and corporate

governance (CG) components exert a significant influence, whereas in Europe, none of the ESG

components proved significant. (Ftiti et al., 2024)

Interpreting the obtained results allows for a better understanding of the mechanisms shaping
the relationship between ESG policies and mining companies’ capital expenditures. The negative
impact of ESG on CAPEX and CAPEXtech can be interpreted as a result of companies having to bear
the costs of regulatory compliance, reducing emissions, and implementing environmental control
mechanisms. Instead of generating new development projects, these activities lead to a shift of
resources towards compensation activities, which limits the pool of available resources for capital
investments. Similar conclusions have also been drawn in the literature, indicating that in high-emis-
sion sectors, ESG policies are sometimes perceived more as a cost than as a source of competitive
advantage (Dyck et al., 2024).

The lack of a significant impact of ESG on the technological innovation index (TI Index) may, in
turn, be due to the nature of this measure, which encompasses not only the activities of the studied
companies but also macroeconomic factors such as national innovation policies, the institutional
environment, and access to venture capital. As a result, the impact of ESG on the TI Index remains
dispersed and is not revealed in company-level analysis.

The results also indicate significant regional variation. In Europe, all ESG components signifi-
cantly impacted CAPEX and CAPEXtech, with particularly strong negative correlations observed for
environmental (ENV) and corporate governance (CG) aspects. This can be explained by more restric-
tive environmental regulations in the European Union and greater institutional pressure to imple-
ment corporate governance principles, which force significant resources to comply with regulations
at the expense of traditional capital investments. In North America, however, social impact (SCR) and
corporate governance (CG) proved crucial. The negative impact of SCR on CAPEX and CAPEXtech may
indicate that social investments - for example, programs to improve employee safety or CSR activities
are replacing capital investments. Simultaneously, the positive impact of SCR on the CAPEX-to-reve-
nue ratio suggests that social impact can strengthen the long-term financial stability of companies,
which relatively increases the share of capital expenditures in revenues.

Although empirical results indicate a negative correlation between ESG engagement and capital
expenditure levels, specifying the causal mechanisms allows for a better understanding of the
observed relationship. Higher ESG engagement requires companies to incur significant expenditures
on compliance activities, such as emission monitoring systems, non-financial reporting, corporate
governance adjustments, and the implementation of social initiatives. These are necessary costs that
are difficult to defer, competing for the same financial resources as capital expenditures. As a result,
companies face tighter budget constraints, and development investments, including CAPEX and
CAPEXtech, become easier to postpone or reduce. In highly regulated sectors such as mining, this
asymmetry is particularly pronounced: expenditures stemming from ESG requirements are manda-
tory, whereas capital investments are discretionary decisions that companies can reduce in response
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to cost pressures. This mechanism provides a plausible cause and effect explanation of why increas-
ing ESG requirements may lead to a decline in investment levels, and the observed correlation is not
merely statistical.

Regarding control variables, analysis of the entire sample revealed that only current liquidity
(CR) had a significant impact on CAPEX and CAPEXtech. For European companies, the asset turnover
ratio (Turn(TA)) also proved significant. These results indicate that both the availability of financial
resources and asset management efficiency determine companies’ investment capacity, although
their significance varies depending on the specific institutional environment.

The obtained results have significant implications for business practice and regulatory policy.
They show that ESG policies in the mining sector can lead to a reduction in traditional capital and
technology investments, which in the long term may reduce the industry’s competitiveness. The lack
of a significant impact of ESG on technological innovation suggests, however, that the implementation
of ESG policies should be supported by additional public instruments, such as innovation subsidies or
tax breaks, which could effectively support the sector’s transformation towards sustainable develop-
ment.

The obtained results have significant implications for business practice and regulatory policy.
These findings indicate that ESG policies in the mining sector may lead to a reduction in traditional
capital and technology investments, which may impact the industry’s competitiveness in the long
term. The lack of a significant impact of ESG on technological innovation suggests that these policies
should be supported by additional public instruments (e.g., innovation subsidies, tax breaks) to truly
support the sector’s transformation towards sustainable development.

Conclusions

The research confirmed that ESG policies have a significant impact on capital expenditures in
mining companies, both globally and regionally. The most important finding is that the increasing
importance of ESG-related activities leads to reduced capital expenditures in fixed assets (CAPEX)
and technology investments (CAPEXtech). This effect is particularly pronounced in relation to envi-
ronmental (ENV) and corporate governance (CG) components in Europe, and social (SCR) and corpo-
rate governance (CG) components in North America.

At the same time, the study found no significant impact of ESG policies on the technological inno-
vation index (TI Index), indicating that ESG policies - in their current form - are not a standalone
driver of innovation in the mining sector. However, the impact of ESG on the CAPEX-to-revenue ratio
(CAPEX as a percentage of revenues) varied regionally: in North America, social aspects were signifi-
cant, while in Europe, no significant correlation was found. The study’s findings are significant for
mining company managers, investors, and policymakers:

For companies — ESG policies should be treated not only as a regulatory obligation, but also as a

component of strategic investment management. The negative impact of ESG on capital expendi-

tures indicates the need for a more balanced approach that does not limit companies’ develop-
ment and innovation potential.

For investors - incorporating ESG factors into investment analyses requires greater caution in the

mining sector. The results suggest that higher ESG ratings do not always correlate with increased

capital expenditures and innovative development.

For regulators and policymakers - the negative relationship between ESG activities and capital

expenditures observed in this study highlights important challenges for regulatory policy in the

mining sector. The findings indicate that increasing compliance requirements in environmental
and governance areas may redirect firms’ resources away from long-term investment projects
toward regulatory and reporting obligations. Such a crowding-out effect suggests that existing

ESG frameworks function primarily as cost-inducing mechanisms rather than as catalysts for

technological upgrading or strategic investment, particularly in capital-intensive and high-emis-

sion industries. To mitigate these unintended effects, ESG regulations should be complemented
by targeted policy instruments that preserve firms’ investment capacity. Measures such as inno-
vation-oriented subsidies, preferential financing schemes, or tax incentives for low-carbon

CAPEX could help align ESG objectives with firms’ strategic development needs. Given that ESG
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indicators did not significantly influence technological innovation (TI Index), policy interven-

tions should also explicitly stimulate innovation by linking ESG compliance with measurable

technological progress. Overall, the results underscore the need for a balanced regulatory
approach in which ESG requirements support rather than constrain investment and modernisa-
tion processes essential for the sector’s sustainable transition.

Therefore, further research should focus on several areas. First, it is justified to extend the analy-
ses to other sectors to verify whether the observed relationships are universal or specific to the min-
ing industry. Secondly, it is worthwhile to employ more detailed measures of ESG activities, allowing
for the differentiation of the impact of individual environmental, social, and corporate governance
initiatives on investment processes. Thirdly, a significant research direction could be long-term anal-
ysis, encompassing the assessment of ESG’s impact on innovation and the technological transforma-
tion of enterprises over a multi-year period, taking into account changing climate regulations and
mechanisms for financing the green economy.

In summary, ESG policies in the mining sector, while important from a sustainable development
perspective, in their current form do not foster increased investment outlays or innovative develop-
ment. Their effectiveness requires support from additional regulatory and financial tools that will
enable enterprises to reconcile environmental and social goals with long-term investment capacity.
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WPLYW SPRAWOZDAWCZOSCI ESG NA WYDATKI KAPITALOWE
| INNOWACJE TECHNOLOGICZNE W SEKTORZE GORNICZYM:
ANALIZA POROWNAWCZA EUROPY | AMERYKI POENOCNEJ
(2017-2023)

STRESZCZENIE: Celem przeprowadzonych badan jest empiryczne okreslenie wptywu wdrazania technologii cyfrowych
na efektywnos$c¢ inwestycyjna, przejrzysto$¢ raportowania niefinansowego oraz stabilnos¢ finansowg przedsiebiorstw
gérniczych w Europie i Ameryce Pétnocnej w latach 2017-2023, z uwzglednieniem zaleznosci miedzy poziomem nakfa-
doéw inwestycyjnych (CAPEX), innowacyjnoscig technologiczng a jakoscig raportowania ESG w kontekscie globalne
transformacji energetycznej. Wykorzystujgc dane panelowe i modele OLS skorygowane o heteroscedastycznosé, analiza
rygorystycznie ocenia wptyw wskaZnikéw Srodowiskowych (ENV), spotecznych (SCR) i tadu korporacyjnego (CG) na
CAPEX, inwestycje technologiczne i innowacje, kontrolujac skale przedsiebiorstwa i wskazniki finansowe. Wyniki poka-
ZUjg, Ze wyzsze oceny ESG, zwtaszcza w zakresie ochrony Srodowiska i fadu korporacyjnego w Europie oraz aspektow
spotecznych w Ameryce Pétnocnej, odpowiadajg statystycznie istotnemu spadkowi naktadéw inwestycyjnych i inwesty-
¢ji technologicznych, nie wywierajac jednak bezposredniego wptywu na wskazniki innowacyjnos$ci. Badanie pokazuije,
ze inicjatywy ESG, pomimo ich strategicznego znaczenia dla zréwnowazonego rozwoju, moga nieumysinie ograniczaé
dtugoterminowa konkurencyjno$é i innowacyjnos$é sektora, co podkresla pilng potrzebe wprowadzenia dodatkowych
publicznych instrumentdw finansowych. Te spostrzezenia oferujg nowe perspektywy regionalne i dostarczajg praktycz-
nych wskazéwek dla menedzeréw, inwestordw i decydentéw w sektorze gérniczym.

StOWA KLUCZOWE: sektor gérniczy, raportowanie ESG, innowacje technologiczne, naktady inwestycyjne, zréwnowa-
zone inwestycje
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