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ABSTRACT

This study examines the impact of digital integration on the environmental sustainability of European com-
panies from 2016 to 2022, focusing on emissions reduction, environmental innovation, and resource effi-
ciency. Using a two-stage system generalized method of moments (GMM) model and quantile regression
with instrumental variables on panel data, we investigate how digital technologies influence corporate sus-
tainability practices. Descriptive statistics reveal significant variation in digital technology adoption and envi-
ronmental performance among the 22 European countries studied. Pearson’s correlation matrix and variance
inflation factor analyses confirm the absence of multicollinearity among the variables. The empirical results
from the two-stage GMM model demonstrate that digital integration positively affects emissions reduction,
environmental innovation, and resource efficiency. These findings are consistent across different quantiles,
indicating that digital integration benefits companies regardless of their initial sustainability levels. However,
the impact is more pronounced for companies with lower initial performance. The Hansen test validates the
instruments used, and the absence of second-order serial correlation supports the robustness of our GMM
model estimations. The positive relationship between past and current sustainability performance under-
scores the dynamic nature of corporate environmental practices. Our study highlights the crucial role of digi-
tal integration in promoting sustainable business practices and offers significant implications for
policymakers and business managers. Companies are encouraged to assess their digital environmental foot-
prints, invest in sustainable technologies, and adopt green innovations. Policymakers should support the
development of digital industries and facilitate their integration into traditional sectors to enhance overall
sustainability. The findings contribute to understanding how digital transformation can drive environmental
sustainability, providing a foundation for future research on the intersection of digital technologies and cor-

porate sustainability practices.
© 2024 The Author(s). Published by Elsevier Espafia, S.L.U. on behalf of Journal of Innovation & Knowledge.
This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/)

Introduction

opportunities for innovation, expansion of commercial activities, and
development of an information society in the era of Industry 4.0

Big data, artificial intelligence, and cloud computing are examples
of digital technology driving society and the economy into the digital
era, along with the swift advancement of information technology (Ji
et al., 2023). “Industry 4.0” describes this fourth industrial revolution,
defined by a steady transition to digital technology via networks con-
necting different kinds of goods, value chains, and business models.
The fusion of highly intelligent, networked, and self-sufficient physi-
cal and digital technologies such as the Internet of Things (IoT),
robotics, autonomous vehicles, and 3D printing opens up new
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(Gembali et al., 2022; Matkowska et al.,, 2021). The phrase “informa-
tion society” originated in the 1970s with Alvin Toffler, a distin-
guished American sociologist and futurist, and his well-known
technological wave theory (Toffler, 1980).

The COVID-19 epidemic, trade disputes, and geopolitical unrest
have created a more complex and demanding economic climate.
Improving an organization’s sustainability has constantly emerged as
the most effective way to deal with the unstable outside world (Ji et
al., 2023). Academics typically use “sustainable development” or
“sustainability” to refer to the coexistence of the ecological environ-
ment and economic progress. Specifically, corporate sustainable
development (SD) is defined as a multifaceted concept encompassing
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social, economic, and environmental development and as a business
approach that aims to meet current needs without impeding future
growth, considering ecological and natural resource-related concerns
(Klimek, 2020). Society 4.0 and Economy 4.0 are critical areas of Euro-
pean Union (EU) development (Kwilinski et al., 2023). The EU’s “Digi-
tal Europe Program,” for instance, aims to establish a sophisticated,
intelligent, twenty-first-century economy that should make Europe
the most productive, inventive, and “green” economic power in the
world (Misuraca et al., 2012).

The constant acceleration of technical advancements is a neces-
sary component of the digital transformation of European nations.
However, the strategy to digitize the European economy needs more
than roaming restrictions and free wireless internet access for every-
one. The digitization of the European economy, which includes
manufacturing automation and robotization, creates previously
unheard-of economic prospects. Furthermore, even governments
understand that having digital strategies is crucial. For instance, the
EU presented its digital strategy in February 2020, stating that
“everyone is experiencing the digital transformation in their life” and
emphasizing that a digital strategy will benefit every European, EU
business, and even the entire globe (European Commission, 2020b).

Governments and media outlets worldwide now prioritize emis-
sion reductions because they are essential to protect the environ-
ment. There is increasing global pressure to substantially reduce
carbon emissions from industrial energy use, specifically focusing on
heavily emitting enterprises in countries such as China and the
United States (Karlilar et al., 2023). Given that domestic and interna-
tional policies and legislation continually emphasize reducing emis-
sions, business owners must consider how to help combat climate
change.

Humans face enormous issues that need action from all parties,
including businesses, governments, and the general public. In the
face of climate change and resource shortage, a new growth para-
digm that guarantees SD is required. According to the World Com-
mission on Environment and Development, SD can satisfy present
needs without endangering subsequent generations. The main
focuses of SD are the preservation of the environment, economic
growth, and social inclusion (Marinakis & White, 2022).

It is challenging to distinguish between the direct and indirect
effects of information and communication technology (ICT) due to
the growth of digitalization in enterprises, homes, and the financial
sector. Globalization unquestionably influences digital technology
adoption (Skare & Riberio Soriano, 2021) and how ICT affects the
environment (Danish et al., 2018). The scientific community has, in
turn, taken an interest in this issue, and there is a significant amount
of recent work on this novel approach to problem-solving. For
instance, Ahmed et al. (2021) find that globalization and ICT favor
CO, emissions, even though expansion and urbanization harm differ-
ent layers of the biosphere. Virtual practices, goods, and services that
save on energy and emissions are replacing conventional practices,
goods, and services. Travel and the resulting emissions are lower
thanks to e-commerce, e-banking, virtual meetings, and online edu-
cation (Adeleye et al., 2021). The impact of robotization, digitization,
and innovation on workplace productivity and employment has also
received new research attention (Ballestar et al., 2021). Several stud-
ies provide evidence of manufacturing process advancements that
result in more efficient work teams and more efficient use of resour-
ces (Al-Omoush et al., 2020; Bai et al., 2021; Klimant et al., 2021). Dig-
ital transformation at all levels also ensures sustainable production,
consumption, and business continuity in any scenario, including pan-
demics.

Studying how the digital revolution affects the environment is still
in its early stages. For example, Chen and Hao investigate how board
structure enhances environmental performance in digital transfor-
mation (Chen & Hao, 2022). Another study finds that new energy-
efficient technologies can reduce carbon dioxide production (Cheng
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et al., 2021). In addition, research shows that digitizing nondecom-
posable waste substantially increases waste reduction (up to 65 %),
according to Kurniawan (2022). Nevertheless, firm-level empirical
research finds scant support for the notion that digital paradigms
improve environmental performance. The lack of in-depth research
into the correlation between digital transformation and green sus-
tainability hinders a comprehensive understanding of the challenges
businesses face in the digital age. Furthermore, comprehensively
examining the intricacies of the interdependence between digital
technology and pollution has the potential to facilitate strategies
aimed at enhancing environmental performance (Wang et al., 2022).

Four recent studies are based on various survey results from
China. Li et al. (2020) measure environmental performance via
decreases in air pollutants, wastewater, and solid waste, as well as
improvements in firm environmental status (Li et al.,, 2023). Three
criteria assess environmental status: whether the business measures
its impact on the environment, whether promoting environmental
sustainability is one of the company’s key aims, and whether employ-
ees support environmental protection (EP) measures (Li, 2022; Zhou
& Liu, 2023). In a poll, we use the following statement to gauge EP:
“Our business eliminates waste (air, water, and solid) emissions, the
consumption of poisonous and hazardous materials, and the fre-
quency of environmental mishaps and energy use.”

This empirical research sheds light on and assesses how digital
integration influences European businesses’ attempts to reduce their
emissions. This study also reveals the relationship between digital
integration and environmental innovation in European companies.
Finally, the study unveils how digital integration influences resource
efficiency.

This study answers three research questions. First, how does digi-
tal integration contribute to emissions reduction in European compa-
nies? Second, what is the relationship between digital integration
and environmental innovation in European companies? Third, how
does digitization affect European companies’ resources?

This study uses a Thomson Reuters sample of an average of 1,738
ESG (environmental, social, and governance)-listed European compa-
nies from 2017 to 2022. In addition, we use a sophisticated general-
ized method of moments (GMM) with a dynamic panel model that
simultaneously considers unobserved heterogeneity, serial correla-
tion, endogeneity problems, and reverse causality (Wintoki et al.,
2012). We use Powell’s (2016) IV-QRPD panel data model with non-
additive fixed effects, allowing us to estimate quantile-specific
effects; this describes the influence of explanatory variables on the
central tendency and the tails of the conditional outcome distribu-
tion.

After controlling for sector and time effects, the results indicate
that digital integration significantly impacts emissions reduction,
environmental innovation, and corporate resource efficiency. The
theoretical contributions of these positive impacts bring new per-
spectives regarding how digital technologies may promote corporate
sustainability and environmental responsibility nationally. These
findings may be relevant in guiding public policies, business strate-
gies, and future research to foster a more sustainable economy.

The convergence of digital transformation and ESG practices
presents an intriguing area of research. However, our study aims to
address significant gaps in the literature. While digital transformation
is advancing rapidly, its direct impact on corporate sustainability
remains inadequately explored, particularly within nonfinancial
European companies and under the umbrella of ESG criteria. Existing
studies often overlook the specific contributions and challenges faced
by sectors outside of finance, which play pivotal roles in sustainabil-
ity efforts. This neglect limits our understanding of how digital inte-
gration influences sustainability practices across diverse sectors and
overlooks sector-specific dynamics crucial for effective policy and
business strategy formulation. The existing research methodologies’
temporal dynamics and endogeneity concerns pose substantial
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challenges. Many studies fail to account for these factors adequately,
potentially skewing causal inferences about the effects of digital tech-
nologies on sustainability outcomes. Our study aims to mitigate these
methodological gaps by utilizing robust panel data spanning 6 years
and employing advanced econometric techniques like the system
generalized method of moments (SGMM) and instrumental variable
quantile regression panel data (IV-QRPD). These methods enable us
to explore the relationships and capture the varying impacts of digital
integration on ESG performance across different quantiles of sustain-
ability, thereby contributing methodological advancements to the
field. Ultimately, our research seeks to deepen theoretical insights
and provide actionable insights for policymakers and businesses
striving to integrate digital technologies effectively into sustainable
practices across Europe.

The research on the relationship between digital integration and
ESG performance provides theoretical insights into how digital tech-
nologies can drive sustainable business practices. We contribute to
the literature by demonstrating that digital transformation is a tech-
nological advancement and a significant enabler of corporate sustain-
ability.

The subsequent sections of this paper are structured as follows:
The first section presents an introduction, and the second section
presents the theoretical framework. The third section develops the
hypotheses. The fourth section discusses the results and correspond-
ing discussions. Finally, we conclude by addressing the implications
of this research for researchers, managers, and policymakers.

Theoretical framework

The effects of integrating digital technology into company sustain-
ability strategies are multifaceted and encompass many interdepen-
dent interactions. To gain a holistic and in-depth understanding, we
approach different aspects of digital integration and environmental
sustainability by combining different theories. The resource-based
view (RBV) theory focuses on companies’ internal resources; the
technological innovation theory focuses on adopting new technolo-
gies; and the institutional theory analyzes institutional pressures.
Stakeholder theory considers stakeholder expectations, while green
IT and sustainable business theories focus specifically on the environ-
mental practices of digital businesses.

Resource-based view

For a long time, one of the most significant conceptual frame-
works in academics has been the RBV. This approach asserts that
companies’ unique, hard-to-reproduce resources and skills form the
basis of their competitive advantage and excess returns, thus explain-
ing the disparities in performance among different organizations
(Barney, 2000). Resources and new competencies are required to
build a lasting competitive edge in the digital age (Liu et al., 2011).

Due to a fast-paced climate where gaining and maintaining a sus-
tained competitive edge, even for limited periods, has become more
challenging, firms today face rising unpredictability and complexity.
Embracing the ongoing industrial revolution, primarily digital, and
adjusting to technological improvements is one of the greatest diffi-
culties facing organizations today. This is particularly true for compa-
nies that did not start digitally or globally but are eager to expand
internationally to capture a larger market. Digital transformation is a
crucial and economical strategy for these companies to obtain a com-
petitive edge. Expanding into new overseas markets through digital
exports or e-commerce is one of the most efficient ways to accom-
plish this goal (Kehinde et al., 2022; Pergelova et al., 2019).

Abu Hasan et al. (2022) find that companies can use tangible and
intangible resources to create a competitive edge. On the other hand,
the literature on strategic management is not yet clear about the
extent to which enterprise resources and talents contribute to
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competitive advantages through the integration of digital technology.
Researchers claim that the capability for innovation and integrated
technology increasingly influences the viability of small- and
medium-sized firms (Abu Hasan et al., 2022). According to the RBV, a
firm’s resources can improve performance and sustainability. These
include individual tactics, corporate resources, and particular internal
characteristics (Lockett et al., 2009).

Many researchers claim that the influence of digital advances on
eco-friendly practices remains uncertain (Diofdsi-Kovacs & Nagy,
2023). On the one hand, the proliferation of ICT tools and digital tech-
nologies, along with their capability and performance growth, raises
energy demand. At the same time, the significant environmental
damage caused by electronic waste draws attention to the adverse
effects of technology life cycles (Chen et al., 2020). Conversely, using
digital technology and subsequently enhancing the productivity of
businesses and industrial processes may enable us to reduce our
energy consumption, waste, pollution, and workload (Li et al., 2023).

Additionally, IT facilitates the coordination of product design and
manufacturing, enhancing the impact of environmental practices
(Gimenez et al., 2015). Corporate social responsibility (CSR) reporting
is a highly complex process requiring storing, processing, and analyz-
ing large amounts of data. This is an area where digital technologies
can make significant progress. Quantitative and qualitative data can
help evaluate company performance, and the sustainability perspec-
tive adds a layer of complexity that necessitates cutting-edge tech-
nology (Lindfors, 2021). According to Broccardo et al. (2023),
advancing digital technologies helps environmental management
methods become more successful.

The implications of digital transformation on environmental per-
formance are curvilinear (Li et al., 2023). A rebound effect can happen
when handling data, which negatively impacts the environment (by
using more energy, contributing to e-waste, etc.). Initially, EP
increases in the early stages of digital transformation (by using tech-
nologies to optimize and manage resource use). According to the
RBV, a firm’s performance and competitive advantage are signifi-
cantly influenced by its capabilities and resources. Businesses can
gain and maintain competitive advantage by using resources that are
valuable, rare, inimitability, and non-substitutable (VRIN). Digital
integration can be seen as a strategic tool that improves a company’s
environmental management capacities. By investing in digital tech-
nologies, businesses can create distinctive capabilities for resource
efficiency, carbon reduction, and environmental innovation. This is
consistent with the RBV’s focus on utilizing internal resources to
attain higher performance levels.

Technological innovation theories

Introducing new technology signals a shift in economic systems.
Although digitization is a fast-evolving sector of national concern,
particularly regarding long-term economic viability, it has benefits
and drawbacks. The search for variables affecting economic growth
in the socioeconomic sector has changed as research trends in the
business sector have evolved. Along with societal advancement, ris-
ing industrialization, environmental deterioration, and other inde-
pendent variables, the business sector is fast changing (Xu et al.,
2022). For example, Maiurova et al. (2022) examine the environmen-
tal effects of digitalization in two German cities. They assert that digi-
talization is revolutionary in reducing municipal solid waste and
greenhouse gas emissions, conserving raw materials, creating jobs,
and improving energy and machinery efficiency. Although existing
research indicates that using conventional fossil fuels is directly
related to increased emissions (Abbasian Fereidouni & Kawa, 2019),
financial innovation and digitization support the production and use
of renewable energy, thereby lowering emissions (Maiurova et al.,
2022).
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Several studies in the most recent literature find evidence that
digitalization influences environmental quality. For instance, empiri-
cal research shows that digitalization improves environmental qual-
ity by reducing carbon, greenhouse gas, and other pollution
emissions (Xu et al., 2022). Digitalization also improves technical
innovation, which in turn increases energy efficiency, reduces the
demand for energy (fossil fuels), and, as a result, reduces emissions
and other pollution. Additionally, digitalization supports green glob-
alization, energy efficiency, green export values, and a reduction in
polluting businesses, according to Xu et al. (2022).

The interdependence of sustainable development goals (SDGs) is
evident. Sustainable practices use synergies that lessen the effects of
climate change. For instance, low-carbon energy systems can track
and predict climate and biodiversity changes over time with highly
effective renewable energy integration, thanks to digitalization and
artificial intelligence. Additionally, climate research relies on multi-
spatial-temporal climatic data to understand climate variability and
future projections. Forecasting has changed due to the digitalization
of historical climate data and the availability of real-time climate
data. This has also given rise to a framework for understanding cli-
mate events and their implications for biodiversity. Also, the IoT has
dramatically improved real-time, extensive data analysis and data-
collection techniques, which could make implementation easier.
Multi-spatial-temporal climatic data are a starting point in climate
research for analyzing weather conditions and projections. Digitizing
historical and current climate data has altered extreme weather pre-
diction and the creation of prevention and adaptation strategies
(Murugesan, 2008). Without a doubt, digitizing collection-based
research thus facilitates the compilation and evaluation of biological
baselines for estimating the effects of climate change, changes in land
use (physical and biological qualities of land), land cover (human use
of land), invasive species, and consequences of human activity on
species diversity (Hedrick et al., 2020).

Institutional theory

According to institutional theory, an organization must adhere to
societal norms, rules, and expectations to become legitimate and
endure in its surroundings. This theory strongly emphasizes how
external factors—such as legal requirements and social norms—
shape organizational behavior. The institutional theory of organiza-
tions places institutions at the center of examining the formation and
operation of organizations. Organizations, in this perspective, are
regional instantiations of larger institutions. Institutions shape orga-
nizational forms, design elements, accepted beliefs, regulations, and
conventions. Following established rules gives an organization legiti-
macy, reduces uncertainty, and makes its actions and operations
more understandable (Berthod, 2016).

According to recent literature, institutional frameworks support a
national and international organizations’ structure. They introduce
social conduct, moral standards, and conventions that produce
important rules (Bitektine et al., 2018). Institutional theory explains
organizational behavior, particularly conduct that is environmentally
friendly. This behavior includes business methods for conserving
energy, environmental management, and ecological responsiveness
(Qian et al.,, 2015). According to institutional theory, the institutional
environments in which a corporation operates significantly affect its
performance (both in terms of economic and environmental factors).
Firms function like open systems, where interactions with the envi-
ronment, which comprises laws and norms, normative views, and
social values, happen regularly (Latif et al., 2020). Businesses tend to
conform to institutional settings to better fit into the environment
because they seek the legitimacy of conforming to societal and regu-
latory regimes (Colwell & Joshi, 2013). We go into detail on how busi-
nesses embrace digital technologies to increase environmental
sustainability because of institutional pressures. Governments,
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consumers, investors, and other stakeholders are putting more and
more pressure on businesses to act responsibly toward the environ-
ment. By integrating digitally, businesses can better fulfill these
demands and adhere to environmental regulations.

Stakeholder theory

Stakeholder theory states that companies strengthen their ties to
stakeholders to ensure sustainable performance and competitive
advantages (Abdullah et al., 2016). In addition, stakeholder theory
postulates that stakeholder engagement increases performance while
reducing environmental uncertainty and costs. Several authors claim
that reducing environmental uncertainties can help organizations
better manage their products and services, hire and retain quality
people, improve their reputations, foster greater consumer loyalty,
maintain competitive advantages, and minimize risk (Zailani et al.,
2019). Furthermore, improved Environmental Management Account-
ing (EMA) practices can decrease environmental uncertainty, enhanc-
ing how organizations use tangible and intangible resources to
safeguard the environment and economic performance (Hofer et al.,
2012).

Green IT and sustainable business models

Business model innovation (BMI) has been well-known in recent
corporate practice and research (Bianchini et al., 2023). According to
several studies, a BMI shift can lead to (Evans et al., 2017) and help
incorporate sustainability in business development (Schaltegger et
al., 2012). Sustainable business model innovation (SBMI) is officially
part of BMI, and it is obvious how BMI contributes to the growth of
sustainable consumption and production (SCP) (Geissdoerfer et al.,
2018).

Even though conventional innovation activities significantly harm
the environment but produce rapid material advancement, research-
ers and businesses are becoming more interested in green innova-
tion, especially with the advent of new technologies and materials.
Green technology innovation (GTI), however, was not a hot topic for
scholars until 2007, primarily because of the unrest at the United
Nations Climate Change Conference that year and the U.S. govern-
ment’s dramatic signing of the Bali Road Map at the end of the confer-
ence (Haller et al., 2024). Since 2008, industrialized and developing
nations have strongly emphasized achieving emissions neutrality,
and developing green, low-carbon technologies is now a common
concern for combating climate change and global warming (Zhou et
al,, 2023).

In contrast, Shi and Lai find that rich countries are more interested
in GTI than developing ones based on the growth rate of overall pub-
lications (Shiu & Yang, 2017). Second, GTI is a worldwide phenome-
non, and in recent years, research on GTI in emerging economies has
drastically grown. The Chinese government’s announcement at the
15th International Climate Change Conference, held in Copenhagen
in 2009, regarding its increased global responsibility for low-carbon
economic development and its commitment to the United Nations
for its emission reduction targets, is one possible explanation. China
is rated among the world’s top nations regarding green technical
innovation relating to the environment compared to other nations
and areas (Zhou et al., 2023).

Hypotheses development

Since the 1990s, environmental and social issues have become
increasingly important for all enterprises at both operating and stra-
tegic levels. Further, COP 23—the Conference of Parties to the United
Nations Framework Convention on Climate Change—emphasizes the
urgent need to control their business impact across the entire pro-
duction value chain (United Nations, 2017). Sustainability pillars
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must integrate with a company’s strategy, planning, and organiza-
tional culture. Sustainability should, therefore, be embedded in the
organization, both at a strategic and an operating level, in line with a
holistic and pervasive goal of maximizing benefits and improving
financial performance.

Unfortunately, the ways companies interpret and implement sus-
tainability principles and translate goals into actions are not homoge-
neous due to dissimilarity in industry features or internal features,
such as size, age, or organizational structure. Different tools should
support this implementation, including programs for sustainability
reporting, monitoring systems, specific digital technologies, business
process reengineering, and sustainable product designs (Broccardo et
al,, 2023).

A firm’s ability to manage urgent environmental and social chal-
lenges is crucial to its success because doing so is essential for gener-
ating new value (Breton, 2015). The literature indicates that
sustainability has particular strategic importance for businesses and
various stakeholders (Nekhili et al.,, 2017); a comprehensive under-
standing of sustainability is thus necessary to balance economic
growth, environmental preservation, and social protection (Bergman
et al,, 2018). Managing sustainability effectively is crucial to main-
taining its significance and providing value to stakeholders (Lee &
Raschke, 2020). Businesses thus spend more on sustainability for var-
ious reasons, including commercial success, legitimacy, or internal
development (Mohapatra, 2023; Windolph et al., 2014). External
market pressure, legal frameworks, and stakeholder expectations
may also strengthen a company’s commitment to sustainability
(Testa et al., 2016).

The benefits of an innovation-spurring digital economy on a low-
carbon trajectory may have historically been overstated. According to
one study, since China started its carbon emission trading pilot pro-
gram, the digital economy has considerably assisted the establish-
ment of low-carbon enterprises (Zhang et al, 2022). Also, some
researchers find that the development level of the digital economy
(DLDE) has a favorable effect on the reduction of CO, emissions; they
also use interprovincial panel data to find a notable impact on
regional diffusion (Hao et al., 2022).

Jing Dong (JD) Company in China is an example of an effective CER
utilizing digital economy technologies. JD’s data center employs
energy-saving technology, including indirect evaporative cooling and
frequency conversion. Economic management gradually reduced the
data center’s average yearly power use, making it more environmen-
tally friendly. Additionally, ]D Group entered into a business alliance
with Didi Taxi to promote car-sharing among employees, reducing
CO, emissions by around 270,000 kg. JD uses recyclable shipping
boxes and looks for green models for product packaging (Meng et al.,
2023). In addition, JD launched a digital collective supply chain to
promote collaborative efforts among companies to achieve sustain-
able growth.

Streamlining the utilization of data and informational assets
within the digital economy may be a more effective way to reduce
the costs of allocating human and material resources. Additionally,
streamlining the utilization of data and informational assets can fos-
ter innovation and convergence to improve economic transactions’
efficacy and better manage energy resource consumption. This signif-
icantly lowers carbon emissions by creating an open, shared, and
symbiotic ecology. This leads us to the following:

Hypothesis 1. Digital integration increases emissions reduction efforts.
Digitalization is a significant economic and social change agent in
the EU (Ha, 2022). Its effects on the environment appear through var-
ious mediums. For example, the enhanced collection and recycling of
electronic trash and the reuse of materials contribute to developing a
circular economy, all made possible by technology (European Com-
mission, 2020a). Digital solutions can solve several environmental
challenges, including solid waste, e-waste, food waste, and
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agricultural waste. Additionally, several researchers have studied
these systems (Hung et al., 2023). There are also numerous ways in
which digital technologies may help to promote biodiversity (Ha,
2022). Visualizing and disseminating biological data, such as ICT, can
boost policy effectiveness and public understanding.

Additionally, digitalization can create economic models that aid in
halting biodiversity decline (Ha & Thanh, 2022). Other significant
routes exist, such as environmental preservation, sustainable agricul-
ture, and urban sustainability. However, digital technologies can help
manage problems with air and water pollution caused by heavy and
chemical industries. Digital technology can also help solve environ-
mental issues such as air pollution, greenhouse gas emissions, waste-
water treatment, and climate change (Feroz et al., 2021). Digital
technology in manufacturing can implement green energy, energy
savings, or renewable energy (Ha & Thanh, 2022).

Furthermore, companies can reduce operating costs and improve
worker safety by introducing cleaner and more sustainable processes
(Zhang et al., 2017). Sustainable production can also reduce resource
consumption and degradation (Roy & Singh, 2017). We can address
resource shortages, traffic congestion, and air pollution by introduc-
ing digital technologies such as big data, cloud computing, and artifi-
cial intelligence (Wu et al., 2021).

The literature also studies the connection between digitalization
and “conventional” innovation. ICTs and cloud computing invest-
ments are facilitators of innovation, according to the OECD Digital
Economy Outlook 2020. We propose that digital integration fosters
innovation by providing firms with advanced tools and capabilities to
develop green technologies. This aligns with the RBV’s focus on using
unique capabilities to drive innovation and competitive advantage.

Hence,

Hypothesis 2. Digital integration increases environmental innovation.

Increased resource efficiency in manufacturing enterprises is inti-
mately linked to increased digitalization for effective business admin-
istration and establishing a control hub to preserve and allocate
resources (Vazhenina et al., 2023). Resources, capabilities, and orga-
nization are the main elements influencing operational effectiveness
(Li & Jia, 2018). Aligned with the core tenets of the resource-based
perspective, the cultivation of competitive advantages necessitates
procuring resources that are valuable, rare, difficult to replicate, and
essential (Barney, 1991). Thus, in addition to land, capital, and labor,
digital resources have become important for developing a digital
economy. By enabling businesses to implement intelligent produc-
tion, operations, and management, they can significantly increase
productivity, value, and competitiveness (Chaudhuri et al., 2022).

The widespread integration of artificial intelligence, cloud com-
puting, blockchain, and other recent technologies into traditional
manufacturing processes is also helping businesses optimize pro-
cesses, reduce operating expenses, boost production efficiency, create
efficient and adaptable operational frameworks, and consolidate the
quality of organizational planning, among other things (Mikalef &
Pateli, 2017). Also, the efficient exchange of internal information in a
digital setting mitigates the principal—agent problem, which enhan-
ces the company’s internal controls and capacity for resource alloca-
tion (Frynas et al., 2018). Through digital transformation, enterprises
can establish a fresh operational paradigm and organizational man-
agement framework (Konopik et al., 2022).

The institutional-based view (IBV) contends that a critical deter-
minant of an organization’s size is its capacity to respond to changes
in the external institutional environment (Patnaik et al., 2022). Nota-
bly, digital transformation now involves enterprises upstream and
downstream in the industrial chain (Li, 2020), fostering an ongoing
exchange with competing firms, online services, and governmental
organizations to acquire information, technology, and money (Teece,
2018). This occurs because the industrial system continuously
expands, and the division of labor is more specialized. Consequently,
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digital transformation allows businesses to not only master addi-
tional digital resources but also to establish closer links with and
acquire other economic actors.

Businesses can use this knowledge to gain a competitive edge. For
example, web-based platforms enable businesses to combine mass
customization and personalization seamlessly, achieving distinction
and cost reduction simultaneously (Mourtzis et al., 2014). Digital
technology can hasten information diffusion and dissemination,
which benefits business communication and lowers search costs
(Malone et al., 1987). As a result, organizations can better assess their
competitive positions and connect with more upstream and down-
stream firms. Also, businesses that undergo digital transformation
can better allocate their internal and external resources and boost
operations, management, and production efficiency, strengthening
their ability to maintain their corporate sustainability programs.
Therefore, we hypothesize that digital integration, as a valuable
resource, enables firms to implement more efficient processes and
technologies, leading to reduced emissions. This hypothesis is
grounded in the RBV’s emphasis on leveraging internal resources for
performance improvement.

Hypothesis 3. Digital integration increases resource efficiency.

Research design and methodology

Our study focuses on European ESG-listed companies between
2017 and 2022, corresponding to the growing awareness of digital
transformation and ESG initiatives among policymakers worldwide.
This time frame spans 6 years, providing valuable panel data to
address potential endogeneity concerns in our model specifications.

Sample selection

We followed a structured methodology to create a representative
European sample of companies. The selection process took place in
several stages to guarantee the robustness and representativeness of
our sample:

Initial population: Our initial study population consisted of 2575
companies listed on European stock exchanges and included in the
Thomson Datastream and ASSET4 databases.

Sector exclusions: The financial sector, which includes financial
institutions, insurance companies, and real estate firms, was
excluded from our sample due to its distinct activities and regulatory
environment. This sector differs considerably from the other sectors
in organizational and conceptual terms, which could introduce het-
erogeneity into our analysis.

Data completeness: Companies with missing data for dependent
or explanatory variables during the sampling period were excluded
to ensure a well-balanced panel. This step was crucial to maintaining
the integrity of the statistical analysis and avoid bias caused by
incomplete data.

After these exclusions, our final sample comprises 1,738 nonfi-
nancial companies from 22 European countries, representing nine
sectors: basic materials, consumer goods, consumer services, oil and
gas, healthcare, industrial products, technology, telecommunications,
and utilities. This comprehensive data set covers 6 years and includes
12,166 observations.

Data collection process

The data collection for our study was based on three primary
sources:

Thomson datastream: This database provided us with financial
and market information for the companies in our sample. Datastream
is renowned for its extensive coverage and reliability, which guaran-
tee the accuracy of the financial data used in our analysis.
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Refinitiv Eikon database: This source provides detailed data on
companies’ ESG performance. ASSET4 is recognized for its compre-
hensive ESG indicators, enabling a precise assessment of companies’
sustainability practices and digital integration.

European Commission: We supplemented our dataset with rele-
vant policy and regulatory information from the European Commis-
sion. This information is crucial to understanding the regulatory
framework influencing ESG practices and the digital transformations
of companies in Europe.

The data has been systematically extracted and verified to ensure
consistency and reliability. Integrating these different sources has
resulted in a comprehensive and robust dataset covering the finan-
cial, ESG, and regulatory aspects of the companies in our sample.

By following this rigorous data collection process, we aim to pro-
vide an in-depth and reliable analysis of the relationship between
digital transformation and the ESG practices of European nonfinancial
companies.

The measurement of the variables. The measurement of variables,
which encompasses the characteristics of a set of values that can be
numerically quantified, follows a classical approach. It involves a
dependent variable along with independent and instrumental varia-
bles. Furthermore, we incorporate control variables to ensure an
unbiased estimation of the parameter of interest.

Dependent variables: corporate sustainability

Corporate sustainability is the dependent variable in our econo-
metric model and is measured using the environmental pillar of the
Refinitiv ESG index. Investors widely use this pillar to measure corpo-
rate behavior in environmental, social, and governance contexts (Issa
& Hanaysha, 2023; Konadu et al., 2022; Serafeim, 2015). The environ-
mental pillar of the Refinitiv ESG Index is based on three categories:
resource use, emissions, and innovation.

We use three specific corporate sustainability indicators: emis-
sions reduction scores, environmental innovation scores, and
resource efficiency scores, as explained in the Refinitiv ESG Index
(Refinitiv Eikon Datastream, 2022):

Emissions score: This assesses a company’s willingness and ability
to reduce environmental emissions as part of its manufacturing and
operating activities (Issa & Hanaysha, 2023; Refinitiv Eikon
Datastream, 2022).

Environmental innovation score: This refers to innovative envi-
ronmental technologies and processes, or ecologically designed
goods, as well as the ability to minimize environmental costs and dis-
advantages for consumers, thereby opening up new business oppor-
tunities (Konadu et al., 2022; Refinitiv Eikon Datastream, 2022).

Resource use score: This reflects a company’s ability to improve
the use of materials, energy, water, and ecology through better sup-
ply chain management (Refinitiv Eikon Datastream, 2022; Serafeim,
2015).

These comprehensive sustainability indicators provide valuable
information on the environmental practices and efficiency of the
companies we evaluate. These measures are essential to understand-
ing how companies integrate SD into their activities and their envi-
ronmental impact. The detailed assessment of these variables
enables a nuanced analysis of companies’ sustainability performance
and its determinants.

Explanatory variables: integration of digital technology. Digital
integration is a complex phenomenon with various dimensions, mak-
ing it challenging to accurately establish precise parameters to mea-
sure its dynamics and changes.

To understand the relationship between digital transformation
and business sustainability, we rely on the official European database
for indicators of the Digital Economy and Society Index. One of these
indicators, “Integration of Digital Technology,” pertains to using the
latest technological advancements in business and e-commerce. It
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encompasses “business digitalization” and "e-commerce,” as the
European Commission explains (European Commission, 2020a).

The business digitalization category comprises four indicators that
measure the percentage of companies utilizing electronic informa-
tion sharing, social media platforms, big data analytics, and cloud sol-
utions. The e-commerce segment includes three indicators: the
percentage of companies engaged in online sales, the ratio of e-com-
merce revenue to total company revenue, and the percentage of com-
panies conducting online sales internationally.

By utilizing these indicators, we gain valuable insights into the
extent of digital technology adoption and its impact on sustainability.

Control variables. We carefully account for various factors in our
analysis. To address the influence of company size, we use the natural
logarithm of total assets at year-end, following previous studies
(Marsat et al., 2021; Nirino et al., 2021). We measure financial perfor-
mance via return on assets (ROA), the ratio of net income to total
assets, consistent with previous research (Marsat et al., 2021; Nirino
et al., 2021). We measure market performance with the market-to-
book ratio, as in Marsat et al. (2021). Board size is the number of
directors on the board, as in Yarram and Adapa (2021).

To measure board independence, we follow Yarram and Adapa
(2021) and consider the percentage of independent directors on a
board. Additionally, we incorporate two dummy variables—INDUS-
TRY DUMMY and Country DUMMY—to account for industry and coun-
try differences, thereby enhancing the comparability of our results.
Furthermore, we introduce annual fixed effects (FE; YEAR DUMMY) to
capture temporal variations in production, reflecting economic cycles
and macroeconomic fluctuations (Nguyen et al., 2015).

By carefully accounting for these variables, we enhance the
strength and validity of our analysis.

Instrumental variable. We evaluate each company’s environmen-
tal management efficiency; specifically, we ask whether the company
holds the ISO 14000 certification. This certification signifies the adop-
tion of environmental management systems (EMS) based on stand-
ards established by the International Organization for
Standardization (ISO) (Aba & Badar, 2013; Delmas & Montiel, 2008;
Epstein & Roy, 1997). Among the ISO 14000 family of norms, ISO
14001 is the most significant, outlining EMS requirements that
organizations can implement to enhance their environmental perfor-
mance (Epstein & Roy, 1997). The ISO 14000 family also encompasses
other elements such as environmental auditing, eco-labeling, and life
cycle assessment. To capture this relationship effectively, we intro-
duce a binary dummy variable that equals 1 if a company obtains the
ISO 14000 certification in a given year and O otherwise (Refinitiv
Eikon Datastream, 2022). This variable serves as our instrumental
variable in the analysis.

Model specification

Reverse causality and endogeneity issues are inherent in most
studies concerning CSR (Aouadi, 2016; Habib & Bhuiyan, 2017). For
instance, taking our case as an example, companies that demonstrate
excellence in sustainability may choose to integrate digital technol-
ogy into their strategic processes to enhance their environmental
compliance. Ignoring this reverse causality could interfere with the
actual effect of digital integration on firm sustainability.

In response to these pertinent concerns, we conduct a series of
diagnostic tests, namely the Wooldridge test for autocorrelation, the
Breusch-Pagan/Cook-Weisberg test for heteroskedasticity, and the
Wooldridge test for strict exogeneity (Wooldridge, 2010). The results
do not reject the Wooldridge strict exogeneity test, confirming that
future values of our digital integration and control variables correlate
with the current year’s firm sustainability (Wintoki et al., 2012). This
finding precludes using the traditional ordinary least squares and
fixed effects estimation models. Following subsequent studies (see
Girod and Whittington 2017, Koster and Pelster 2017), we employ a
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two-step SGMM estimation developed by Rellano and Bond (1991),
following the model in Wintoki et al. (2012).

Additionally, we employ the IV-QRPD panel data model with
Powell’s (2016) nonadditive fixed effects, which exhibits greater
robustness against outliers. Specifically, this model estimates quan-
tile-specific effects, describing the influence of explanatory variables
on the center and the tails of the conditional distribution of out-
comes. We use the instrumental variable in the case of endogeneity.
Using the IV-QRPD model, we can better understand the impact of
digital integration on environmental sustainability, considering dif-
ferences between companies and identifying specific effects at differ-
ent levels of sustainability distribution. This gives us a more complete
and nuanced view of the relationship between digital integration and
corporate environmental sustainability. Therefore, we adopt the fol-
lowing equation:

7
Yii = 0o +0a1Y; .1 + oy Digital Technology;, + Z oy Xy, ix
n=3

+ Zlndustry dummies + Z Country dummies

+ Z Year dummies + €;,

In the above equation, Y(i,t) denotes one of the three sustainability
indicators for each firm, such as the emission reduction score, envi-
ronmental innovation score, or resource utilization score, over each
year. X represents a vector of control variables, and ¢it is the error
term. The i and ¢ refer to individual firms in the sample and the
respective periods. Hence, Y_ (it-1) captures the temporal depen-
dence of sustainability for firm i. The inclusion of this term in our
model is crucial to obtaining consistent estimates, as it helps to
address issues such as omitted variable bias, reverse causality, and
dynamic endogeneity, which are significant sources of endogeneity
(Wintoki et al., 2012).

Empirical results

This section presents and analyzes the descriptive and empirical
results of the study.

Descriptive statistics and Pearson’s correlation matrix results

Table 1 depicts the main descriptive statistics of the variables in
our study. The average value of Digital Technology for the 22 European
countries in the sample is 43.161 %. The average Emission Reduction
value is 50.67 %, the average Environmental Innovations value is 28.06
%, and the average Efficient Use Resources value is 47.66 %.

According to Mukherjee et al. (1998), data is usually distributed if
the skewness value is close to 0 and the kurtosis value is less than 3.
Table 1 shows that none of our variables have skewness close to 0 or
kurtosis above 3, suggesting that the data is not symmetrically dis-
tributed and that there are extreme values. Additionally, the mean
significantly differs from the median in many cases, implying that
our data distribution is abnormal. Furthermore, we follow the
approach of Razali and Wah (2011) to confirm our findings using the
Shapiro—Wilk normality test.

As shown in Table 1, the assumption of a normal distribution for
the variable must be rejected. Therefore, our variables do not per-
fectly meet the assumptions of normality and the absence of outliers.

Before conducting multivariate analyses, we examine the correla-
tions between the independent variables to ensure no collinearity
exists. We use a bivariate correlation matrix to test for the absence of
perfect multicollinearity among the input variables, as shown in
Table 2. Multicollinearity between two variables is “problematic”
when the correlation coefficient exceeds the critical value of 0.8
(Gujarati & Porter, 2009). In our case, the intercorrelations between
the explanatory variables range from —0.1388 to 0.4900, below the
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Table 1
. Descriptive statistics.
N Mean SD Min Q25 Median Q75 Max Skewness Kurtosis S—W test
Digital Technology 10423  43.1611 102469 21 353 40.5 54.2 833 0.47764 6.767 14.959***
Emission Reduction 10423 50.6710 311737 O 26 52.58 77.39 98.74 -0.1764 3.8611 14.174*
Environmental Innovations 10423  28.0676  31.7524 0 8.76 17.15 51.25 64.67 0.7175 2.1600 13.536"**
Efficient Use Resources 10423  47.6661 326090 O 18.53 48.16 77.06 914633  -0.0268 7.7058 14.504***
Firm Size 10423  6.2912 0.9290 09542 56722 62411 6.8722  9.8603 -.0388 49681 12.422%*
ROA 10423  9.1892 7.7611 -1.96 2.95 10.66 18.14 26.0 17.3077 1196.107  22.635***
Market-To-Book 10423 3.2110 2.9531 -1.32 1.08 1.99 3.69 8.99 -78.889 7403.712  22.842***
Board Size 10423 89726 3.7716 2 6 8 11 18 1.6052 11.4043 16.257***
Board Independence 10423  29.0287 145991 O 20 30 40 46.71 -0.1495 3.8601 10.269***
Note: S-W: Shapiro-Wilk test with Z-statistics. *** indicates significance at the 1 % level.
Table 2
Correlation among all variables (Pearson coefficients).
1 2 3 4 5 6 VIF
Digital Technology 1 1 1.03
Firm Size 2 -0.0043 1 137
ROA 3 -0.0051 0.0065 1 1.00
Market-To-Book 4 0.0029 -0.0230**  0.0341"* 1 1.00
Board Size 5 -0.1388**  0.4900***  0.0041 -0.0128 1 1.36
Board Independence 6 0.0592*** 0.2559***  0.0080 0.0050 0.1876* 1 1.08

Note: ** and *** indicate significant relationships at the 5% and 1 % levels.

critical threshold of 0.8. Therefore, the correlation matrix indicates no
collinearity among the explanatory variables in our model.

Furthermore, we employ the variance inflation factor as a diag-
nostic test for multicollinearity. As a rule of thumb, Marquaridt
(1970) and Gujarati & Porter (2009) suggest that a variance inflation
factor greater than 10 indicates significant collinearity. According to
Table 2, there are no issues with multicollinearity among the studied
variables.

Empirical results of the two-stage SGMM dynamic models and IV-QRPD

To analyze the relationship between digital integration and corpo-
rate sustainability, including emissions reduction, environmental
innovation, and resource efficiency, we employ a dynamic panel
model known as the two-stage SGMM, following the approach in
Arellano and Bond (1991). This econometric estimation method can
capture variations among companies and over time while addressing
the endogeneity bias of the explanatory variables. The endogeneity
bias arises from digital integration and specific company characteris-
tics that simultaneously influence sustainability. By utilizing the two-
stage SGMM model, we mitigate this bias and enhance the robustness
of our findings. Tables 3—5 display the parameter estimates and cor-
responding P-values derived from the two-stage SGMM model.

In the context of regression using the GMM method, we apply the
Hansen test to identify instruments and determine the validity of the
specified instruments, following Roodman (2007). Additionally, we
employ the Arellano & Bond (1991) test to identify first- and second-
order autocorrelation (Arellano & Bover, 1995; Blundell & Bond,
1998).

The P-values from the Hansen test for the two-step GMM model
are 1.000 (Table 3), 0.881 (Table 4), and 0.998 (Table 5), indicating
excellent quality and validity of the instrumental variables in our
estimations.

Consequently, the absence of second-order serial correlation in
the error term, as indicated by the AR(2) values, confirms the validity
of the GMM model estimation for the three analyzed models (Rood-
man, 2009). The lagged dependent variables also exhibit positive
coefficients with high significance across all specifications,

demonstrating the dynamic nature of the model’s specification
(Daher et al., 2015).

We observe a significant correlation (at the 1 % level) among the
past values of Emissions Reduction (Table 3), Environmental Innovation
(Table 4), Resource Efficiency (Table 5), and their current values for
the company. This result is consistent with prior literature, suggest-
ing that current managerial decisions and practices are strongly influ-
enced by the company’s past performance levels (Garcia-Castro et al.,
2010). Therefore, past sustainability scores (Yt-1), such as emissions
reduction, environmental innovation, and resource efficiency, play a
crucial role in capturing the dynamic factors that affect it.

On the other hand, the results in Table 3 demonstrate a favorable
and statistically significant association at the 1 % level of significance
for the digital integration—emissions reduction relationship, confirm-
ing hypothesis 1. This suggests that digital integration positively
affects efforts to reduce emissions. This positive correlation between
digital integration and emissions reduction suggests that adopting
digital technologies helps companies implement more environmen-
tally friendly practices. By leveraging digital solutions, businesses can
optimize their processes, reduce waste, and improve energy effi-
ciency, resulting in lower emissions and a positive environmental
impact.

Furthermore, to test hypothesis 2, Table 4 reveals a significant and
favorable linkage, significant at the 1 % level, between Digital Integra-
tion and Environmental Innovation. This suggests that digital integra-
tion promotes environmental innovation, which in turn suggests that
companies adopting digital technologies are more likely to develop
and implement innovative and sustainable practices. Digital tools can
facilitate research, development, and implementation of environ-
mentally friendly technologies and processes, promoting continuous
improvement in environmental performance.

Similarly, the results in Table 5 show a favorable and statistically
significant relationship between Digital Integration and Resource Effi-
ciency, as anticipated in hypothesis 3. Therefore, we accept hypothe-
sis 3, which proposes that digital integration increases resource
efficiency. By leveraging data analytics, artificial intelligence, and
automation, companies can optimize resource allocation, reduce con-
sumption, and minimize waste generation, thus improving overall
resource efficiency.
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Digital Integration, Emissions Reduction, Two-Stage SGMM, and IV-QRPD The second column presents the results obtained using the two-step GMM
approach. ***,** and * denote significance at the 1 %, 5 %, and 10 % levels, respectively. The z-statistics of the two-stage GMM model are in parenthe-
ses and are based on Windmeijer-corrected standard errors (Windmeijer, 2005). For the IVQR, the instrumental variable is the binary variable for
ISO 14000 certification, and the p-values are in parentheses. Dummy variables for year, industry, and country are not displayed.

System GMM Instrumental Variable Quantile Regression Panel Data (IV-QRPD)
Q10 Q25 Q50 Q75 Q90

ER, 1 0.6904*** 0.9654*** 0.1835 *** 0412 *=* 6217*** .8816***
(49.98) (48.79) (17.67) (5.95) (6.82) (181.27)

Digital Integration 0.1108*** 0.1628*** .1948*** 0.1325*** 0.0319 .0383***
(4.78) (36.87) (80.65) (4.30) (0.92) (2.23)

Firm Size 2.17 e-09™** 1.14e-08***  3.74e-09***  -8.69e-09***  4.73e-09"**  2.81e-09***
(3.32) (6.18) (11.86) (-3.63) (3.21) (3.65)

ROA -0.0002* 0.0059*** -0.0007 -0.0032 -.00003 .0025%**
(-1.73) (8.34) (-0.34) (-1.56) (-0.11) (5.27)

Market-To-Book -0.0051*** -0.0105*** 0.0010 0.0042*** .0004 .0011
(-10.01) (-13.38) (0.54) (7.42) (1.56) (1.22)

Board Size 0.8869*** 3.1293*** 0.5786™** 0.1190 7515*** .6626***
(10.11) (408.04) (4.16) (0.74) (13.49) (7.62)

Board Independence 0.1740*** 0.6032*** 0.1006*** 1835 *** .0428"** .5891***
(7.41) (32.63) (-12.73) (17.67) (2.56) (5.66)

Constant -5.1884*** -7.7552*** -0.2537*** - 0796 *** -.0112 -.0054***
(-0.60) (-23.89) (-3.98) (-1.07) (-0.52) (-0.15)

Year Dummies YES

Industry Dummies YES

Country Dummies YES

Wald Chi-Squared Statistic 473.26***

Number of Instruments 257

Number of Clusters 1489

AR1 (p-value) 0.012

AR2 (p-value) 0.194

Hansen-] Test of Overidentification (p-value) 1.000

Table 4

Digital Technology, Environmental Innovation, Two-Stage SGMM, and IV-QRPD The second column presents the results obtained using the two-step
GMM approach. ***, ** and * denote significance at the 1 %, 5 %, and 10 % levels, respectively. The z-statistics of the two-stage GMM model are in
parentheses and are based on Windmeijer-corrected standard errors (Windmeijer, 2005). For the IVQR, the instrumental variable is the binary vari-
able for ISO 14000 certification, and the p-values are in parentheses. Dummy variables for year, industry, and country are not displayed.

System GMM Instrumental Variable Quantile Regression Panel Data (IV-QRPD)
Q10 Q25 Q50 Q75 Q90

EINOV, 4 .6498*** 4164 9527 4841 7655 8485
(123.94) (3.83) (61.42) (6.57) (94.96) (42.19)

Digital Technology 1258 13477 .1405%* .1698*** 1348 .1835%*
(28.08) (1.70) (13.04) (23.71) (9.43) (17.67)

Firm Size 4.6136*** 9.32e-09"**  7.76e-09***  2.01e-09***  5.79e-10*** 1.69e-08***
(12.53) (8.24) (14.45= (8.02) (7.04) (4.29)

ROA -.0018** -.0015 .0055*** .0040*** .0033*** .0015
(-2.07) (-1.47) (7.42) (12.31) (56.59) (1.00)

Market-To-Book -.0103** -.03206*** -.0721* -.0043*** -.0026*** .0020
(-2.42) (-10.88) (-163.05) (-4.59) (-17.19) (1.54)

Board Size -.0734 .3916*** -.0002 .7938*** 9412% 5791
(-1.06) (3.72) (-0.00) (23.66) (149.17) (5.02)

Board Independence 0235 -.0706* .0032 0412 .0004*** .00018***
(4.35) (-2.70) (1.33) (5.95) (5.79=) (13.95)

Constant .0235*** .0061*** -.0546*** 1.1290*** 1.2335"** 1.2417**
(4.35) (15.16) (-0.51) (849.38) (2297.18) (47.57)

Year Dummies YES

Industry Dummies YES

Country Dummies YES

Wald Chi-Squared Statistic 1601.08***

Number of Instruments 1521

Number of Clusters 1488

AR1 (p-Value) 0.008

AR2 (p-Value) 0.122

Hansen-] Test of Overidentification (p- Value)  0.881

The results of the two-stage GMM model provide a point estimate

of the conditional mean effects of digital technology integration on
companies’ environmental sustainability parameters. However, to
enhance the robustness of our results, we use the IV-QRPD model.
This technique solves the problems of endogeneity and heterogeneity

and allows the regression parameters to vary over different quantiles
of the firms’ environmental sustainability distribution.

The results in Tables 3 and 5 show that at distribution queues 10
and 25, digital technology integration has an enormously positive
effect on emissions reduction and resource efficiency. This means
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Table 5
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Digital Technology, Resource Efficiency, Two-Stage SGMM, and IV-QRPD The second column presents the results obtained using the two-step GMM
approach. ***, ** and * denote significance at the 1%, 5 %, and 10 % levels, respectively. The z-statistics of the two-stage GMM model are in paren-
theses and are based on Windmeijer-corrected standard errors (Windmeijer, 2005). For the IVQR, the instrumental variable is the binary variable
for ISO 14000 certification, and the p-values are in parentheses. Dummy variables for year, industry, and country are not displayed.

System GMM Instrumental Variable Quantile Regression Panel Data (IV-QRPD)
Q10 Q25 Q50 Q75 Q90

EUR, ¢ .0209*** 0375 0412 .0375*** .0248*** .0040***
(6.31) (7.39) (5.95) (7.39) (18.78) (12.31)

Digital Technology .0409*** 1348 1585 1178 .0020*** .0039***
(14.79) (9.43) (4.26) (1.97) (3.10) (11.57)

Firm Size 1.8722%* 3.02e-09"**  1.41e-09*"*  6.54e-09***  1.52e-09™*  5977***
(6.37) (10.94) (3.04) (3.10) (7.96) (32.62)

ROA .0024*** -.0501*** -.0939** -.0004 .0005*** .0028***
(3.08) (-10.17) (-2.04) (-0.36) (3.50) (36.95)

Market-To-Book -.0028 -.0042*** -.0029*** -.0004 .0034*** .0035***
(-0.97) (-7.56) (-12.93) (-1.30) (12.80) (33.05)

Board Size 4317 .9106*** .7988*** .5976*** A4738*** 5977
(6.14) (51.86) (7.09) (60.75) (174.35) (32.62)

Board Independence -.0627*** -.0092*** -.1593*** -.1452% -.1494* -.0288"**
(-5.60) (-2.63) (-12.33) (-17.99) (-192.80) (-8.80)

Constant 1.1891*** 1.1248** 12117 1.2574*** 1.2495*** 1.1721%*
(91.86) (441.21) (77.43) (121.98) (714.47) (552.91)

Year Dummies YES

Industry Dummies YES

Country Dummies YES

Wald Chi-Squared Statistic 159.53***

Number of Instruments 1522

Number of Clusters 1488

ART1 (p-Value) 0.012

AR2 (p-Value) 0.569

Hansen-] Test of Overidentification (p-Value)  0.998

that companies with the lowest levels of environmental sustainabil-
ity benefit significantly from digital integration.

The impact remains for the 50th distribution level but may be less
marked than at lower levels. This suggests that most already rela-
tively sustainable companies continue to benefit from digital integra-
tion, but the effect is less pronounced.

Where distribution quotients are between 75 and 90, the impact
of digital integration may be less significant or even insignificant.
This may occur because the best-performing companies in terms of
sustainability have already implemented advanced practices, and
digital integration may have marginal effects on their already high
environmental performance.

However, at distribution levels 10, 25, 50, 75, and 90, we observe
digital integration’s significant and positive impact on environmental
innovation. This means that whatever their current environmental
performance, companies that adopt digital technologies improve
their capacity to develop innovative ecological practices and technol-
ogies.

At the lowest levels (10 and 25), there are companies with the
lowest environmental performance. Here, digital integration plays a
particularly crucial role in stimulating environmental innovation.
These companies can benefit most from digital integration by adopt-
ing more environmentally friendly practices to improve their sustain-
ability.

At the higher levels (50, 75, and 90), where companies already
have higher environmental performance, digital integration contin-
ues to encourage environmental innovation. Sustainable companies
can also improve their practices by integrating more advanced digital
technologies.

The interpretation of the results at various levels reveals a com-
plex relationship between digital integration and environmental sus-
tainability in companies. Less efficient companies benefit most from
digital integration; already sustainable companies may observe lesser
effects. These findings have important practical implications for com-
panies seeking to improve their environmental sustainability by
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integrating digital technologies. They also highlight the importance
of tailoring the approach to each company’s level of sustainability to
achieve optimal environmental impact.

Discussion

Researchers and practitioners are increasingly interested in how
digital technology can achieve energy and environmental sustainabil-
ity, given that digital technology significantly affects energy con-
sumption and environmental issues. The political-economic
framework is the foundation for this study model, which looks at
how digital technology affects energy and environmental sustainabil-
ity.

Many organizations use more materials and energy than they pro-
duce, produce more pollution and waste, and generally contribute to
the depletion of natural resources (Dyllick & Hockerts, 2002). The IT
industry has also come under fire for harming the environment
(Askarzai, 2011) via excessive energy use, greenhouse gas emissions,
and hazardous waste disposal (Dwivedi et al.,, 2022). Smaller and
more portable systems with fewer cooling, energy, and disposal
requirements and advancements such as server virtualization and
sensor technologies exist in response to these difficulties. In some
instances, these operations have higher costs and make it more diffi-
cult for businesses to comply with legal obligations, such as those
limiting carbon emissions. On the other hand, environmentally
responsible organizations increase their credibility, gain a competi-
tive edge (Zhao et al.,, 2019), and ensure the long-term sustainability
of their operations and the environment around them.

Our study examines how national-level digital integration affects
the environmental sustainability of European businesses between
2016 and 2022. We concentrate on emissions reduction, environ-
mental innovation, and resource efficiency. We use a two-stage sys-
tem GMM model and quantile regression with instrumental variables
using panel data.
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Our results imply that efforts to minimize emissions benefit from
digital integration. Adopting digital technologies may also help busi-
nesses adopt eco-friendlier practices, according to this favorable
association between digital integration and emissions reduction. Uti-
lizing digital solutions may also help businesses streamline their
operations, reduce waste, and boost energy efficiency, thus reducing
emissions and positively influencing the environment. Our findings
have significant practical consequences for businesses looking to
increase their environmental sustainability through digital technolo-
gies. They also emphasize the significance of using strategies tailored
to the organization’s sustainability level when integrating these tech-
nologies for the greatest possible environmental impact.

Our research contributes to a better understanding of digital inte-
gration (Kusiak, 2017) and its function as a catalyst for business sus-
tainability (Bechtsis et al., 2018). Digital integration, as expected, has
a direct impact on the viability of the economy. The study thus con-
firms the findings in earlier studies that suggest digital integration
can increase economic returns and decrease costs (Janicke, 2012) by
utilizing self-organizing production, assisting predictive and coopera-
tive maintenance, intensifying transport planning, and accurately
classifying retirement and disposal decisions (Hakeem, 2023; Tao et
al., 2016). According to this finding, digital integration is essential for
achieving economic sustainability.

According to our data, the influence of digital integration on cli-
mate preservation is entirely channeled through companies’ environ-
mental preservation policies. According to this, digital integration
influences corporate sustainability by motivating an organization to
incorporate SD ideas into its daily operations. The findings imply that
digital integration boosts the incorporation of SD concepts.

Company efficiency involves expanding the production frontier;
the close resemblance between current and prospective outputs is a
sign of increased efficiency (Jefferson, 1990). Information technolo-
gies can foster intelligent decision-making and management systems
that boost the effectiveness of production, operations, and manage-
ment processes from a digital transformation standpoint (Golzer &
Fritzsche, 2017). As a result, digital transformation can enhance the
timeliness of internal communication and lower the coordination
costs of production, transportation, storage, and other efforts (Fer-
nandez & Nieto, 2006). We conclude that digital transformation
expands the production frontier, increasing potential output while
maintaining the same input levels and enhancing efficiency and cor-
porate sustainability.

Additionally, digital transformation can help businesses become
dynamic organisms rather than static organizations, respond swiftly
and adapt to changing industry trends, enhance strategic stability
and reliability, and attain profitable endeavors (Vial, 2019). Compa-
nies can use digitization in production supervision to gain immediate
access to production, transport, and storage information. This facili-
tates the coordination of revisions and the supervision of
manufacturing resources. Moreover, they can establish flexible sup-
ply chains by utilizing extensive data (big data) to capture and predict
shifts in market demand ahead of time.

Enterprises can simulate their research and development pro-
cesses, lowering trial-and-error expenditures and overall R&D costs
(Vial, 2019). These simulations can be based on customer content-
ment, the digital transformation of diverse production factors, and
comprehensive virtual experimentation. Integrating new technolo-
gies with old production variables through digital transformation
enhances production and operation modes (Mikalef & Pateli, 2017),
boosts management effectiveness (Frynas et al., 2018), and creates a
competitive advantage. Therefore, digital transformation can
enhance administration efficiency, research and development, and
business activities, bringing actual production closer to the produc-
tion scale.

This study also has crucial practical implications for companies in
the European region. Companies must assess their digital
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environmental footprints to improve sustainability, invest in sustain-
able technologies, and adopt sustainable digital work practices. Using
the IoT for resource management and implementing responsible e-
waste management are also essential. Furthermore, encouraging
green innovation, raising employee awareness, and collaborating
with stakeholders are critical to achieving sustainability goals. By
tracking progress and setting specific targets, companies can reduce
their environmental impact while reaping the economic benefits of
integrating digital technologies. All these measures strengthen their
sustainability and resilience in the face of future environmental chal-
lenges.

There are also potential policy ramifications. Giving precedence to
the advancement of the digital industry is of utmost importance.
Governments should offer substantial support for technologies such
as blockchain, big data, cloud computing, and other digital innova-
tions. Furthermore, they should actively promote the seamless inte-
gration of the digital economy into urban planning, business
operations, energy resource management, and environmental pollu-
tion control. As a result, the industrial structure improves, and digital
technologies can enter old energy-intensive industries.

Second, we focus on the advantages of strengthening the indus-
trial structure and green innovation capacity for CER. Several limita-
tions are evident, including company variability and the influence of
external factors. Future research should compare results among dif-
ferent companies, sectors, and countries. Involving key stakeholders
to gain diverse perspectives is another crucial aspect of promoting
more sustainable practices. Furthermore, external factors such as
government policies, environmental regulations, economic fluctua-
tions, etc., can influence results. Future research should also specifi-
cally differentiate the impact of digital technologies from these
external influences.

Conclusion

Our study concludes that digital integration significantly enhances
corporate sustainability among European companies, mainly through
emissions reduction, environmental innovation, and resource effi-
ciency. Utilizing a two-stage system GMM model and quantile regres-
sion on panel data, the research establishes that digital technologies
positively influence sustainability practices across varying perfor-
mance levels. The robustness of the findings is supported by the Han-
sen test and the absence of second-order serial correlation, indicating
the reliability of the results. Notably, companies with lower initial
sustainability performance benefit more from digital integration,
underscoring the critical role of adopting digital technologies for
environmental improvement. Furthermore, the dynamic nature of
corporate sustainability practices is highlighted, demonstrating that
past performance substantially impacts current sustainability out-
comes. Overall, the study underscores the vital contribution of digital
integration to corporate sustainability and calls for increased adop-
tion of digital technologies to drive environmental progress.

Implications

The implications of this study are multifaceted, affecting corporate
strategy, policymaking, research and development, and stakeholder
engagement. For corporate strategy, the findings suggest that compa-
nies should prioritize digital integration to boost their environmental
sustainability efforts, particularly for those with lower initial perfor-
mance, as targeted digital investments can yield significant environ-
mental benefits. Policymakers are encouraged to support developing
and integrating digital technologies across traditional sectors to
enhance overall sustainability, creating incentives for companies to
adopt digital solutions. In the realm of research and development,
this study lays the groundwork for future investigations into how
specific digital tools and innovations can drive environmental
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performance, emphasizing the need for continued exploration. Stake-
holder engagement is also crucial; raising awareness among invest-
ors and consumers about the positive impact of digital integration on
sustainability can drive demand for greener products and services
and encourage more companies to adopt sustainable practices.

Recommendations

Companies should regularly assess their digital footprints to iden-
tify and mitigate environmental impacts and invest in green technol-
ogies that enhance emissions reduction and resource efficiency.
Adopting industry best practices for digital integration can further
maximize environmental benefits. Policymakers should facilitate dig-
ital adoption through financial incentives, subsidies, and grants and
invest in the necessary digital infrastructure to support the integra-
tion of advanced technologies in traditional sectors. Additionally, reg-
ulatory support is essential to promote sustainable digital solutions
and ensure compliance with environmental standards. Researchers
should expand studies on specific digital technologies and their direct
impact on sustainability, perform longitudinal analyses to under-
stand the evolving relationship between digital integration and cor-
porate sustainability, and conduct cross-sector analyses to identify
best practices across different industries. Industry associations are
encouraged to promote knowledge sharing by facilitating platforms
for companies to exchange insights and best practices related to digi-
tal integration and sustainability and to develop training programs
focused on implementing digital technologies for environmental sus-
tainability. Implementing these recommendations can significantly
enhance environmental sustainability and contribute to a greener,
more sustainable future for Europe.
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