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Abstract: In response to concerns about environmental issues and the role of manufacturing corpora-
tions in maintaining eco-efficiency, this study aimed to investigate the moderating role of digitally
supported environmental management accounting (EMA) in the relationship between eco-efficiency
and corporate sustainability performance. A quantitative approach was applied by using a survey dis-
tributed to a sample consisting of 77 individuals from senior and executive financial and operational
positions in large Saudi manufacturing corporations. The findings of the linear regression analysis
revealed that there is an insignificant direct relationship between eco-efficiency and corporate sustain-
ability performance, while there is a significant moderating impact of EMA on the linkage between
eco-efficiency and corporate environmental sustainability, and this significant moderating impact
also applied to the linkage between digital applications and corporate environmental sustainability.
This study provides good insights into the domain of environmental sustainability performance
on the business scale in the Saudi context as an emerging economy, as it could be considered an
innovative contribution to theoretical and practical aspects in the recent green issue adoption context;
theoretically, it provides additional evidence of the role of digital EMA in improving environmental
sustainability performance, and practically, the study findings can be beneficial for strategy and
policymakers in corporations and regulators of environmental sustainability performance.

Keywords: eco-efficiency; digital technologies; environmental management accounting EMA; corporate
environmental sustainability performance

1. Introduction

Environmental threats have recently become a critical concern, as they are aggravated
by harmful human practices in the environment, such as oil spills in the seas and oceans,
industrial wastes, fossil fuel emissions, and residential trash. These factors have led to
severe environmental pollution, climate change, and global warming and their consequent
catastrophic impacts on the planet and the population. These environmental issues have
attracted the attention of the media, as, over time, there has been a growth in public aware-
ness, which prompted an increasing demand from stakeholders on organizations to adopt
environmental strategies and practices that are safer and less harmful to the environment.
Corporations everywhere in the world need to seriously consider environmental sustain-
ability strategies and adopt practices and activities that can achieve better environmental
performance [1].

Due to the mounting concerns about environmental impacts and the international
community’s pressures to mitigate these impacts, many organizations have begun to incor-
porate environmental issues into their business objectives. They are currently implementing
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important initiatives aligned with strict government regulations, public awareness, and
stakeholders” demands regarding environmental protection.

In addition to that, organizations have adopted environmental efficiency standards
that revolve around minimizing environmental damage while simultaneously maximizing
the efficiency of the company’s production process. It is a management philosophy that has
been adopted by green companies worldwide. Green companies use less water, materials,
and energy and more recycling resources. This philosophy of environmental efficiency
drives organizations to eliminate hazardous emissions or by-products and thus reduce their
environmental impact. In other words, organizations working through the environmental
efficiency criteria try to reduce their environmental burden [2].

Responding to environmental sustainability calls, organizations also adopted envi-
ronmental management accounting (EMA) practices, with a demand shift from traditional
management accounting to management accounting for sustainability. EMA is classified
as a tool that can assist organizations in managing their environmental performance and
providing and delivering environmental information to internal and external stakeholders.
Environmental changes and threats increase the costs incurred by corporations; however,
corporations cannot define and estimate these costs because they are generally hidden in
overhead expenses. EMA could identify and help corporate leaders manage these costs
more transparently to achieve environmental and economic benefits [3].

Overall, EMA can improve internal decision-making and save costs, as well as improve
the corporate image and relationships with all stakeholders whilst improving financial
performance; in other words, EMA practices can enhance corporations’ current activi-
ties through the rational use of resources and the reduction in harmful environmental
impacts [4].

The increase in calls for adopting environmental sustainability strategies in the busi-
ness world has created gaps that have been highlighted in previous studies, which indicate
the need for more research in this area. The findings of these studies are inconsistent
regarding the extent of the need for EMA practices and their impact on the corporations’
sustainability performance, especially if the application was in developing countries. This
was one of the strong motivations for conducting the current study to investigate the
moderating role of digital EMA in the relationship between eco-efficiency and corporate
sustainability performance [5,6].

Saudi Arabia is one of the fast-growing economies in the Middle East; consequently,
its business context is influenced by external challenges and pressures. Therefore, Saudi
corporations should adapt to changes and follow the initiatives and practices of risk
management and performance development, including those applied to green issues and
challenges. As this has become one of the main interests of the Saudi government, and there
are increasing calls and regulations for ensuring environmental sustainability performance,
we conducted our study in the Saudi Arabia context.

This work adds to the literature in two ways. First, according to our information, this is
the first effort to explore the factors affecting and moderating the role of EMA in the linkage
between these factors and environmental sustainability performance in the Saudi Arabian
context. This paper is structured as follows: Section 2 develops the theoretical foundation
and the conceptual framework. Section 3 addresses the literature review and hypothesis
development, and Section 4 describes the methodology and sample identification, followed
by the results and further robustness checks in Section 5. Section 6 discusses the findings,
Section 7 provides conclusions and contributions, and finally, Section 8 concludes with the
limitations and implications of the study.

2. Theoretical Foundation and Conceptual Framework

We relied on two main theories to build our conceptual framework for this study;
the first is institutional theory, which focuses on social pressures affecting organizations’
strategies, activities, and performance. It is established as an authoritative guideline for
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social behavior [7] and is used in the business environment as a basis for the systematic
analysis of innovation [8].

Institutional theory is applied to business organizations as an approach to under-
standing business models and management strategies that respond to social rather than
economic pressures to maintain conformity and legitimacy. Therefore, we used the concept
of this theory to understand the impact of stakeholder calls and government regulations as
external pressures regarding environmental issues on business corporations and how cor-
porations respond to these pressures by embedding environmental sustainability standards
into their strategies, operations, and performance indicators.

In addition, contingency theory provides an important approach based on the con-
cept that there is no single fit for all circumstances [9]. Contingency refers to changes
and contingent circumstances in the business environment; corporations should adapt
accordingly to these changes and change their policies, systems, and strategies to avoid the
negative impacts of external challenges and risks on corporate performance. Management
accounting practices are actually one of the main applications of contingency theory [10].

Consequently, environmental management accounting according to contingency theory
is considered a crucial development of management accounting practices to confront social
pressures regarding embedding environmental sustainability into corporate performance.

Depending on the institutional theory and contingency theory approaches, we propose
a conceptual framework (shown in Figure 1) to investigate the relationships between our
study variables.

Environmental
management
accounting (EMA)

H3 H2

l performance

(CESP)

H5

Figure 1. The conceptual framework of the research.

3. Literature Review and Hypothesis Development
3.1. Eco-Efficiency (Eco) and Corporate Environmental Sustainability Performance (CESP)

Environmentally sustainable development has been addressed in the Amsterdam
Treaty and many other associations, such as the Carbon Disclosure Project (CDP) and the
Global Reporting Initiative (GRI). They emphasize the importance of the integration of
environmental issues into other strategies and state that improved environmental quality
should become one of the main objectives at the macro and micro levels. To achieve this,
information is needed to support an effective environmental strategy formulation that
converts environmental sustainability into economic activity.

A study [11] indicated that the concept of eco-efficiency is the focus of research work
and that corporations try to embed environmental sustainability into their strategies and
activities as a response to stakeholders” and governments’ pressures on this issue. The
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authors tried to examine how SMEs see the eco-efficiency concept and its role in implement-
ing sustainability strategies, and they defined four factors for implementing a sustainability
strategy: the environmental management system, environmental knowledge, organiza-
tional culture, and environmental monitoring and control. The findings revealed that most
SMEs still do not know a lot about existing sustainability strategies and environmental
practices. However, they agree with the importance of integrating environmental sus-
tainability into corporate strategies and practices to reduce the harmful impacts of their
irrational use of natural resources and the wastes resulting from production processes, such
as gas emissions, harmful chemical liquid, and solid wastes. Accordingly, we make an
important note here regarding our study population and sample, as they were selected
from large-sized production corporations, as we believe that, inconsistent with the findings
of [11], large-scale corporations may take actions and initiatives to ensure their environmen-
tal sustainability performance development. There is another piece of evidence provided
by [12] of the significant relationship between eco-efficiency and corporate sustainability
through savings in the use of energy in their study corporations.

At the business level, corporations need to monitor and maintain their ‘eco efficiency
through their operations and activities regarding resource allocation and water and energy
consumption, as well as waste management; consequently, this will lead to achieving and
improving corporate environmental sustainability performance. Therefore, we developed
the following hypothesis:

’

Hypothesis 1 (H1). There is a significant relationship between eco-efficiency and corporate
environmental sustainability performance.

3.2. EMA and Corporate Environmental Sustainability Performance (CESP)

There is proven evidence from many previous studies that EMA implementation has
a positive impact on environmental performance [13-16], as they concluded that EMA
is an important determinant of environmental performance [17]. It has been stated that
environmental uncertainty has a strong role in the implementation of EMA practices;
however, institutional pressures are the main driver of a firm’s environmental strategy
formulation. In addition, there are serial mediation effects of the environmental strategy
and EMA practices on the firm’s environmental performance. Moreover, [18] indicated that
EMA practices enable corporations to achieve a competitive advantage and improve their
overall performance.

The results of a previous study [19] showed that there is a significant impact of
environmental strategies on companies’ environmental performance, and environmental
management accounting has a significant mediating role in their linkage. Furthermore, [20]
indicated that there are many incentives for implementing EMA in corporations to achieve
sustainable development, and they also stated that there are barriers and challenges to
effectively implementing EMA, as there are no regulations or government restrictions on
corporate environmental sustainability performance measures and reporting in Iraq. These
findings are interesting for the authors, as the application was in a developing country,
which is very similar to our application circumstances.

Based on the above arguments, and to contribute to the literature with new evidence
of the impact of EMA practices on corporate environmental sustainability performance, we
established the following hypothesis:

Hypothesis 2 (H2). There is a significant impact of EMA practices on corporate environmental
sustainability performance.

3.3. Interaction between Eco-Efficiency and EMA

Eco-efficiency is a concept and strategy enabling the rational use of resources inputted
by production processes needed to achieve and maximize economic objectives (e.g., profits
and return on investment). Eco-efficiency aims to allow equitable use of natural resources
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by current and future generations. In other words, it encourages corporations to become
more environmentally responsible and profitable [21,22].

WBCSD (World Business Council for Sustainable Development https:/ /docs.wbcesd.
org/2006/08/Efficiency LearningModule.pdf) has identified seven actions that can be taken
by corporations to maintain their eco-efficiency: reduce the material intensity; reduce
the energy intensity; reduce the dispersion of toxic substances; enhance recycling ability;
maximize the use of renewables; extend product durability; and increase service intensity.

EMA is defined as the process of the identification, collection, analysis, and use
of two types of information needed to support decision making: physical information
on the resources used in economic activities, such as the flows and consumption of en-
ergy, water, materials, and wastes (PEMA), and monetary or financial information about
environment-related costs and earnings (MEMA) (International Federation of Accountants
2005, International Guidance Document: Environmental Management Accounting) [4].

Then, we can say that there is a strong need for EMA practices to properly assess the
level of eco-efficiency of the corporation and the environmental costs, as it links and inter-
prets the material information into monetary information, so it can be easily evaluated and
monitored [23]. According to IFAC (https://www.ifac.org/knowledge-gateway /contributing-
global-economy/discussion/putting-focus-environmental-management-accounting), the data
inputs that can be collected from the PEMA perspective include material inputs such as raw
materials, packaging materials, operating materials, water, and energy; product outcomes
such as products and by-products; and wastes such as solid waste, toxic waste, water
waste, and gas emissions. In addition, it stated that the data inputs required for the MEMA
perspective might include the material costs of products; material costs of non-products;
waste and emission control costs; prevention and other environmental management costs;
research and development costs; and other hidden costs. This means that eco-efficiency
can work as a benchmark criterion, and EMA is the process of calculating the impacts of
corporate actions and evaluating the outputs in light of eco-efficiency indicators to define
where the corporation stands and how to achieve progress along the road [24].

Recently, stakeholders have started to evaluate a company based not only on eco-
nomic indicators but also on how the corporation manages environmental issues as a
main part of its performance and long-term value. The authors of [19] demonstrated
that environmental management accounting has a positive moderating impact on firm
value and stakeholder support. They showed that environmental management accounting
is a vital requirement for eco-efficiency improvement, as it is used to minimize energy
consumption, hazardous waste generation, and waste management costs to increase a
company’s economic value [25]. In other words, eco-efficiency is a relative and necessary
guide, but not a sufficient requirement for corporations to achieve and improve corporate
environmental sustainability, as it needs to be supported by other information systems,
such as EMA or digital technologies supported by EMA.

Few recent studies have investigated the mediating and moderating roles of EMA in
the relationships between other variables; for instance, ref. [26] provides strong evidence of
the moderating role of environmental management accounting, as it strengthens the positive
influence of sustainability performance and green innovation on firm value. Additionally,
the findings of [12] revealed that EMA, measured in terms of eco-efficiency, has a positive
impact on corporate sustainability, as they indicated that the high eco-efficiency performance
of businesses reflects minimal energy use. Energy efficiency is unquestionably good for the
environment, society, and businesses, and it helps businesses remain sustainable.

However, the EMA literature has overlooked its moderating role in the relationship
between eco-efficiency and corporate environmental sustainability performance. Based on
our previous discussion, we developed the next hypothesis:

Hypothesis 3 (H3). EMA has a significant moderating impact on the relationship between eco-
efficiency and corporate environmental sustainability performance.
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3.4. Digital Technologies (DIG) and Corporate Environmental Sustainability Performance (CESP)

Currently, available studies in the literature addressing the impact of digital trans-
formation on corporate performance provide much evidence of the opportunities and
challenges generated by new technology adoption. Digital information was examined as a
moderator variable in very few studies and from different perspectives; for example, [27]
provided empirical findings showing that organizational circular economy practices and
sustainability performance are significantly influenced by fintech adoption, and that the
circular economy practice works as a mediator in the linkage between fintech adoption and
sustainability performance.

A study [28] stated that EMA plays an important role in the relationship between
innovations and firm performance. When firms adopt innovative systems, they increase
their chances and capabilities to improve their EMA system; consequently, they can support
decisions more effectively, which is finally reflected in better financial performance. In
other words, EMA plays a positive mediating role in the relationship between innovation
and firm performance.

In the same context, and due to the lack of empirical evidence of the moderating impact
of EMA on the linkage between digital technology adoption and corporate environmental
sustainability performance, we developed the following hypothesis:

Hypothesis 4 (H4). Digital technologies have a significant impact on corporate environmental
sustainability performance.

3.5. Interaction between Digital Technologies (DIG) and Environmental Management
Accounting (EMA)

Based on a review of the literature, many studies have examined the impacts of digital
transformations in the business world, such as big data analytics, the Internet of Things,
algorithms, and artificial intelligence applications, on management accounting practices.
In addition, there is much evidence of a significant impact of those new technologies on
management accounting and, consequently, on corporate performance, as it improves the
functionality of management accounting, especially in responding to contextual challenges
and risk management, but there is a scarcity of studies that examined the relationship
between digital techniques, or what is called Industry 4.0, and environmental management
accounting and its impact on corporate sustainability performance [27,29,30].

Here, we will discuss a few studies related to the impact of digital technologies
on EMA [30] and assess the role of the value creation potential—which is one of the
distinguished characteristics—of digital technologies and solutions (Industry 4.0) and its
contribution to creating sustainable value for corporations. This study depended on the
17 Goals set out by the United Nations Sustainable Development (SDGs) and defined the
characteristics of Industry 4.0. The study evaluated the macro and micro effects of these
technologies and provided suggestions for how to exploit the characteristics of digital
technologies to achieve sustainability. However, it did not explicitly address the role of
environmental management accounting applications or sustainability accounting in the
relationship between digital technologies and corporate sustainability [31].

The study in [9] indicated that the development of Industry 4.0 has achieved many
advantages, such as reducing errors, improving product quality, completing routine tasks
and removing human power for complex and/or dangerous tasks, and providing cus-
tomers with products with a competitive speed and flexibility. This study emphasized
the importance of the resource efficiency concept; however, the authors stated that the
process of understanding how to integrate Industry 4.0 technologies in achieving corpo-
rate sustainability is still in its infancy or still undeveloped. To address this problem, the
authors show that there is a need for more investigation into how to integrate Industry
4.0 technologies—through environmental management accounting—into the development
of corporate sustainability. Their study concluded that there are potential improvements
in the environmental management accounting outputs when using digital technologies,
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represented by improved data quality in terms of timing, accuracy, reliability, and com-
parability. Additionally, they can improve the prediction abilities and thus the support of
decision making and improve the level of information transparency and credibility. Overall,
this paper provided examples of how these potential improvements could contribute to
improving sustainable accounting and its outputs, but it did not provide any experimental
evidence to prove its claims.

In another study [32], the authors explore what technical features in Industry 4.0 can
enable reliable and relevant measurements of sustainability accounting in the model of
the triple bottom line, and how corporations can use these features in practice to develop
the functionality of sustainability accounting. The study was performed in small-scale
industrial companies in India. The findings from their interview discussions showed
that corporate sustainability was not measured properly and that the participants in the
interview showed fear of the intensive investment in digital technologies and solutions of
Industry 4.0 due to the low maturity of artificial intelligence applications and its limited
application in accounting. Thus, they expected low returns from its use. Accordingly, Khan
indicated that the findings of an investigation of the relationships between digital technolo-
gies and sustainability accounting may differ according to the application environment,
especially if there are barriers to low investment in technology and a lack of sufficient and
binding regulations to report on corporate sustainability.

Many research gaps need to be filled through future research, as mentioned by [8].
These include exploring and defining how Industry 4.0 technologies affect the develop-
ment of environmental management accounting applications to become more accurate and
relevant, produce high-quality outputs, and implement timely internal and external envi-
ronmental reporting. They also need to be tested with various case applications in different
economic sectors, for different firm sizes, and with different levels of decision support, as
well as at the level of the main activities within the corporation, such as supply chains.

Based on the previous discussion, it is strongly predicted that digital technologies
can enhance EMA practices and their role in improving corporations” environmentally
sustainable performance. Thus, we propose the following hypothesis:

Hypothesis 5 (H5). EMA has a significant moderating impact on the relationship between digital
technologies and corporate environmental sustainability performance.

4. Methods and Research Design

As a quantitative approach in this study, a purpose-designed questionnaire was used
for collecting the data. The variable measurement items were formulated based on previous
studies, as presented in Appendix A. A 5-point Likert scale with anchors that ranged from
one (1), depicting strongly agree, to five (5), depicting strongly disagree, was employed
for answering questions. The primary questionnaire version was sent for review to three
academicians and three senior corporate managers as professionals in the domain of
environmental sustainability performance. The questionnaire items were adjusted to their
final edition based on their comments, and then the questionnaire was initially tested on a
small scale for reliability and validity confirmation purposes. It is worth mentioning that the
respondents’ communication language was Arabic, so a language professional translated
the questionnaire and responses from English to Arabic and vice versa, in addition to
proofreading and revision. The translated questionnaire was tested on 14 Saudi corporate
senior managers, executives, and accountants to ensure questionnaire clarity and to test the
constructs’ reliability, following the suggestion of [33]. The constructs’ Cronbach’s alphas
all exceeded 0.70, which, according to [34], indicates a good reliability level.

On the basis of an exploratory study of the annual reports and websites of Saudi
manufacturing corporations, the sample of this study was chosen from large manufacturing
Saudi corporations (in terms of total investments not less than SAR one billion), and it
consisted of 33 corporations that disclosed their environmental sustainability performance
or activities. The respondents consisted of senior operations and financial managers,
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executives, and accountants, as these individuals can provide information about the current
study variables. Their contact information was collected from corporations’ websites, and
then the questionnaire was sent to the respondents via email and WhatsApp, including
a cover letter that contained the study objective and purpose and a short list of main
terms’ definitions, in addition to the researcher’s contact information for any inquiries
or explanations of any mysteries. A total of 180 questionnaire surveys were distributed;
however, the number of valid received responses was 77, with a response rate of 43%,
which constitutes the sample and is considered a reasonably representative sample of the
study population; thus, the researcher does not believe that non-response bias is a problem.

5. Data Analysis and Results

This study used the ordinary linear regression approach for hypothesis testing, applied
in two steps: first without the interaction term and then with the interaction term to test for
potential moderation [35].

The analysis tested two-way interactions by regressing the dependent variable Y
(environmental sustainability performance corporations) on the independent variable X
(eco-efficiency) and T (digital technologies), the moderator variable Z (environmental
management accounting), the product (interaction) term of X and Z (XZ), and the product
of T and Z (TZ) [36].

The model tested is shown below:

Y=by+b1X+bT+b3Z+b,XZ+bsTZ+e€

To assess the validity of the model constructs, the criterion from [37] was used to assess
the degree of shared variance between the latent variables of the model. According to this
criterion, the Average Variance Extracted (AVE) and Composite Reliability (CR) can assess
the convergent validity of the measurement model. AVE measures the level of variance
captured by a construct versus the level due to measurement error; values above 0.7 are
considered very good, whereas a level of 0.5 is acceptable. CR is a less biased estimate of
reliability than Cronbach’s alpha: the acceptable value of CR is 0.7 and above. The results
in Table 1 show that the CR values of all constructs are more than 0.7.

Table 1. Assessment of the measurement model.

Construct/Indicators Standard Loading Cronbach’s A AVE CR
Eco-efficiency 0.999 0.84 0.512 0.87

EMA 0.971 0.88 0.507 0.90

Digital technologies 0.683 0.76 0.501 0.79
Environmental sustainability 0.998 0.91 0.538 0.93

Table 2 presents a descriptive analysis of the variables used in this study. The mean of
the independent variable (eco-efficiency) was 1.99, which means that respondents mostly
and strongly agreed with the variable items, while the other independent variable’s (digital
technology) mean was 3.29, which means that there is moderate usage of digital applications
in the study corporations. The moderating variable’s (EMA) mean was 2.39, which indicates
that the practices of EMA in the study corporations are active to a good extent. Moreover,
the awareness and embedding of corporate environmental sustainability seem to occur at a
good rate, as the mean of the dependent variable was 1.89.

The results of the linear regression of the tested hypotheses are shown in Table 3. The
coefficient value signifies how much the mean of the dependent variable changes given
a one-unit shift in the independent variable while holding other variables in the model
constant. In the first stage of the analysis, the direct effects of independent and control
variables were investigated, and the results indicated that there is no effect of eco-efficiency
on corporate environmental sustainability, as the p-value is more than 0.05. Therefore,
H1 is not supported, and the same result applies to H4, related to the effect of digital
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technologies on corporate environmental sustainability. However, EMA has a significant
effect on corporate environmental sustainability (p-value < 0.01). There are no significant
effects of control variables (corporate size, manufacturing sector, and corporate age), except
for the corporate size (p-value < 0.05), which means that a large corporate size in terms
of investment volume (more than SAR 1 billion on average) has a significant impact on
environmental sustainability performance.

Table 2. Descriptive statistics of main variables.

Descriptive Statistics

N Min. Max. Mean  Std. Deviation Skewness Kurtosis Quartiles
Statistic Statistic Statistic Statistic Statistic Statistic Std. Error Statistic Std. Error Q1 Q3
Eco-efficiency 77 1.14 3.00 1.9907 0.48019 0.115 0.274 —1.008 0.541 1.5714 2.2857
EMA 77 1.70 3.40 2.3935 0.37323 0.336 0.274 0.030 0.541 2.1000 2.6000
Corporate sustainability 77 1.18 2.82 1.9231 0.34521 0.689 0.274 0.239 0.541 1.6364 2.0909
Digital technologies 77 2.25 4.25 3.2987 0.45890 0.137 0.274 —0.479 0.541 3.0000 3.6250
CST 77 1.00 4.00 1.8052 1.00051 0.729 0.274 —0.967 0.541 1.0000  3.0000
CMEF 77 1.00 5.00 2.3377 1.26294 0.860 0.274 —0.207 0.541 1.0000 3.0000
CA 77 1.00 3.00 1.8052 0.77865 0.358 0.274 —1.258 0.541 1.0000 2.0000
Valid N 77

(list-wise)

Table 3. Results of hypothesis testing by linear regression analysis.

Part 1: Direct Effects of Independent and Control Variables on the Dependent Variable

Coefficients
Hvpothesis Unstandardized Coefficients Standardized Coefficients ¢ Si Resul
P B Std. Error Beta & esult
(Constant) 1.705 0.168 10.142 0.000 .
H1 Eco-CESP 0.094 0.082 0.131 1147 0255  Rejected
H2 (Constant) 1.228 0.219 5.620 0.000 Supported
EMA-CESP 0.273 0.089 0.336 3.085 0.003 PP
(Constant) 1.815 0.163 9.092 0.000 .
Ha DIG-CESP 0.089 0.079 0.126 1223 014  Rejected
(Constant) 1.980 0.129 15.305 0.000
CST —0.108 0.060 —0.312 —1.794 0.045
CMF 0.009 0.048 0.032 0.181 0.857
CA 0.067 0.103 0.151 0.653 0.516
Part 2: Results of moderating variable effect
Coefficients
del Unstandardized Coefficients Standardized Coefficients t Si )
Mode B Std. Error Beta & Result
(Constant) 1.190 0.242 4922 0.000
H3 ECO 0.031 0.082 0.043 0.375 0.709 Supported
EMA 0.264 0.093 0.324 2.848 0.006
a. Dependent Variable: CESP
Coefficients
Model Unstandardized Coefficients Standardized Coefficients ¢ Si Resul
ode B Std. Error Beta & esult
(Constant) 1.346 0.182 7.395 0.000
H5 DIG —0.004 0.080 —0.005 —0.045 0.964 Supported
EMA 0.218 0.058 0.420 3.760 0.000

In the next stage of the analysis, the moderating effect of EMA on two relationships,
eco-efficiency and corporate environmental sustainability (H3), was investigated, and
the other one is the relation between digital technologies and corporate environmental
sustainability (H5). The results in part 2 of Table 3 indicate that the interaction of EMA with
eco-efficiency and digital technology is significant in corporate environmental sustainability,
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as the p-values were 0.006 and 0.000, respectively, which means that both H3 and H5
are supported.

To reduce outlier effects in the linear regression models and confirm the effects of
our variables, we used robust regression (results shown in Table 4) [38], as it is an alter-
native to least-squares regression when data are contaminated with outliers or influential
observations, and it can also be used to detect influential observations [37].

Table 4. Results of hypothesis testing by robust regression.

Coefficients
Value Std. Error T value
(intercept) 1.645 0.168 9.800
eco 0.107 0.082 1.307
Rim formula = ECO — CESP; residual standard error: 0.28667; degrees of freedom: 75.
Coefficients
Value Std. Error T value
(intercept) 0.434 0.187 3.850
dig 0.092 0.080 0.623
Rim formula = DIG — CESP; residual standard error: 0.28667; degrees of freedom: 74.
Coefficients
Value Std. Error T value
(intercept) 2.762 0.088 5.800
ECO 0.031 0.080 3.375
EMA 0.264 0.091 3.848
Rim formula = DIG — CESP; residual standard error: 0.28667; degrees of freedom: 75.
Coefficients
Value Std. Error T value
(intercept) 1.073 0.168 5.485
DIG —0.005 0.080 3.234
EMA 0.218 0.058 3.331

Rim formula = DIG — CESP; residual standard error: 0.28667; degrees of freedom: 75.

By comparing the values and standard errors of the variables between linear and robust
regression, it can be noticed that they are the same in some coefficients and slightly different
in other ones, which means that there are unbiased standard errors of OLS coefficients
under heteroscedasticity.

6. Discussion of Findings

In our study, we focused on investigating the role of environmental management
accounting in the relationship between eco-efficiency and corporate environmental sus-
tainability performance, in addition to its moderating role in the linkage between digital
applications adopted in the sample corporations and their environmental sustainability
performance. The results of the regression analysis show that there is an insignificant direct
effect of eco-efficiency and the environmental sustainability performance of the corpora-
tions (H1), and that is consistent with what we expected earlier, that is, eco-efficiency as a
management approach cannot solely affect the environmental performance, and it needs
to be translated into actions and activities of monitoring and evaluating the allocation of
resources, energy consumption, and waste management processes so that it can be reflected
in environmental performance indicators. In the same context, the results did not support a
direct relationship between digital applications and environmental sustainability perfor-
mance (H2), and this could be explained by the fact that no environmental performance
indicators directly related to digital applications had been adopted in the corporations.
For the third direct path between EMA and corporate environmental sustainability per-
formance (CESP) (H4), the results supported the direct significant effect of EMA on CESP,
which is inconsistent with the findings of many previous studies [2—4].

Then, we examined the combined effect of eco-efficiency and EMA on CESP (H3),
and it was supported by the findings, which means that EMA could integrate the eco-
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efficiency criterion to put its standards into sustainable activities, which can be continuously
monitored and evaluated (in financial and non-financial or physical terms) to achieve and
develop corporate environmental performance.

The fifth hypothesis related to the moderating role of EMA in the relation between
digital applications and CESP was supported by the regression results, and this seems
reasonable, as there is extensive evidence in the previous literature of the positive signif-
icant effect of digital applications on management accounting practices, and our study
supports the significant effect of EMA on CESP, which means that integration between
EMA and digital software may play a crucial role in the development of environmental
sustainability performance.

7. Conclusions, Contributions, and Implications

This study could be a very useful application of both institutional and contingency
theories, as it provides good evidence that may facilitate the development of corporate
environmental sustainability performance in response to the more social pressures with
regard to green issues, and embedding eco-efficiency into corporate operational planning
and execution and setting environmental sustainability performance as crucial complemen-
tary parts of corporate performance. On the other hand, eco-efficiency as an environmental
sustainability criterion cannot be activated without a contingent information system such
as EMA. Taking into consideration the increasing levels of uncertainty regarding green
issues and technology, turning the criteria of eco-efficiency into actions and activities that
facilitate environmental performance measurement, monitoring, and evaluation.

Consequently, the findings of this study supported the significant moderating role
of EMA in the linkage between eco-efficiency and corporate environmental sustainability
performance, which means that EMA plays a critical role in the integration of eco-efficiency
standards with the improvement in CESP, inconsistent with [17,39].

Moreover, the findings indicated that there is a significant moderating role of EMA
in the relationship between digital applications and corporate environmental sustainabil-
ity. This finding is aligned with that reported by recent research [40,41], which means
that digital applications, such as big data analytics and business intelligence systems, im-
prove the capabilities of environmental management accounting practices so that they
become more accurate, better relevant, produce high-quality outputs, and implement
timely internal and external environmental reporting, thus leading to better environmental
sustainability performance.

In addition, the empirical findings of the current research revealed that large manufac-
turing corporations are likely to achieve better environmental sustainability performance,
as they can invest more in digital applications and afford the overheads of recycling used re-
sources and properly managing wastes. This is especially relevant in developing economies
such as Saudi Arabia, where the regulations of environmental sustainability are still in their
infancy [42].

As we mentioned earlier, the previous literature stated that EMA implementation is
an important determinant of environmental performance [13,42-44]. However, there are
research gaps concerning the impact of other factors on EMA application and its role in
enhancing corporate environmental sustainability, and there is a need for more evidence
in different contexts using different methodologies. Therefore, this study tried to fill part
of the research gap by providing new evidence of the moderating impact of EMA on the
linkage between eco-efficiency and environmental sustainability performance, and on the
linkage between digital applications and environmental sustainability performance in
Saudi manufacturing corporations as one of the emerging economy contexts.



Sustainability 2023, 15, 7052

12 of 16

8. Limitations

Any research is bound to have limitations, and such limitations can pave avenues

for future studies to fill further research gaps. In this study, our main limitations are
the following:

The focus was on large manufacturing corporations in the Saudi Arabia context
and other similar developing countries and economies, so the findings can only be
generalized to companies in these same conditions.

As the consideration of environmental sustainability performance on the business scale
is still in the beginning stage in the Saudi context, our sample was 33 manufacturing
corporations and was based only on the findings of an exploratory study conducted
to identify the sample size, so future research can investigate the same relationships
on larger scales to confirm findings.

This study focuses only on large manufacturing corporations, as they are likely to be
able to afford the costs and set flexible strategies to enhance environmental sustain-
ability performance; therefore, SMEs could be the basis of future studies in the same
domain.

We focused only on manufacturing corporations, as they use the most resources,
consume the most energy, and generate the most waste; however, other economic
sectors need to be investigated from the perspective of environmental sustainability
performance and the factors influencing it.
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authors have read and agreed to the published version of the manuscript.
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Appendix A

Table A1l. Variable measurements.

Variable Code

Description

Measured Items

Data Sources from Previous Studies

Eco-efficiency ECO

Concept and strategy enabling the rational
use of resources inputted by production
processes needed to achieve and maximize
the economic objectives

Reducing material requirements for goods
and services

Reducing the energy intensity of goods and
services

Reducing toxic

dispersion

Enhancing material

recyclability

Maximizing the sustainable use of renewable resources
Extending product durability

Enhancing waste management

. Menoni, M., and Morgavi, H.
(2014) [23]

. Nikolaou, I. E., and Matrakoukas,
S.1. (2016) [24]

Environmental Management

Accounting EMA

Process of the identification, collection,
analysis, and use of two types of information
needed to support decision making: physical
information on resources used in economic
activities, such as flows and consumption of
energy, water, materials, and wastes, in
addition to monetary or financial information
about environment-related costs and
earnings.

A N N N N 2

ANAN

Awareness of EMA

An accounting system that quantifies water and energy usage

An accounting method that covers all areas of accounting that may be affected by the
business response to environmental issues

An information system that separately reports resource usage, e.g., energy, water,
wood

The provision of recycling facilities and energy-saving measures in the workplace

A project appraisal technique for assessing the environmental impact of new
‘investment’

EMA practices

Financial Environmental Measures, e.g., Costs of Energy Used Per Annum, such as
actual costing vs. standard costing and target costing

Non-Financial Environmental Measures, e.g., the amount of Energy Used Per Annum,
such as defined quantities of resources needed for processes, energy consumption
rates, wastes, and plans for their recycling

Performance Measurement Appraisal and Reporting

Information Systems Support Data Input and Information Provision

Bennett M. et al. 2011 [15]
Ferreira A. et al. 2010 [16]
. Ramli A. and Ismail M. S.,
2013 [18]

Digital technology applications DIG

Big data analytics

Artificial intelligence or algorithm applications in management accounting
Business intelligence (BI)

ERP systems

. Burritt, R.; Christ K., 2016 [29]
. Siddik A., Yong L. and Rahman N.,
(2023) [27]
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Table Al. Cont.

Variable

Code Description

Measured Items

Data Sources from Previous Studies

Q4. Do you integrate environmental issues, e.g., energy usage, water usage, or
recyclability when specifying or defining new projects
Q4-a. What evaluation methods are used?

. Differential costs
. Standard costs
. Eco-efficiency benchmarking

. ABC costing

Q5. Do you monitor the following environmental issues?

. Energy Consumption
. Water Usage
. Stationery (Excl. Paper)
. Paper Recycling
. Paper Usage
An approach to conducting business that o Recycling, e.g., Plastics, Bottles, Tyers
Corporate environmental creates sustainable, long-term shareholder, b Pesticides Tiwari, K.; Khan, M.S., 2020 [32]
sustainability performance CESP employee, consumer, and societal value by . Paint and Solvent Usage Pratiwi et al. 2020 [12]
pursuing responsible environmental - o
strategies Q6. Does your corporate set quantitative targets (e.g., to r'educe the energy used by 5%
over the next five years) for the following environmental issues?
Q7. Does your corporate have strategic plans to achieve the environmental
sustainability objectives and requirements?
Q8. Does your department have procedures in place to monitor practices known to be
harmful to the environment?
. Ozone: Depletes Financial
. Toxic Substances-Black List Consumption
. Toxic Substances-Red List
. Tropical Hardwood Usage
Q9: Do you report regularly to your direct manager about rates of resources and energy
consumption and related problems?
Q10: Do you report (even in a narrative way through your website or social media
accounts) externally to the stakeholders about the environmental sustainability
performance and take their feedback into account in future planning?
Control variables: cs
- Corporate size CMT Profile questions
- Corporate manufacturing type CA

- Corporate age
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