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Abstract: This study aims to investigate the determinants of environmental costs in the manufacturing
sector in Nigeria, focusing on the role of sustainable practices, regulatory compliance, and operational
strategies.it specifically explored the mediating effect of sustainable practices on environmental costs
for manufacturing firms in Nigeria and also assessed the moderating influence of regulatory compliance
on the relationship between environmental costs and firm sustainability in the Nigerian manufacturing
sector. Utilizing an ex-post facto design, this study examines environmental costs and sustainability
practices among selected manufacturing companies in Nigeria. The population comprises Sixty-six
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registered manufacturing firms listed on the Nigerian Stock Exchange as of December 31, 2021, with
a minimum operational history of ten years. A sample of twenty-eight firms is randomly selected, and
secondary data from annual reports spanning 2013 to 2023 are analyzed using descriptive statistics,
correlation analysis, multicollinearity tests, panel regressions, and diagnostic evaluations. Descriptive
statistics result revealed insights into the distributional characteristics of variables related to
environmental costs and sustainability practices. The Pearson correlation matrix identifies significant
correlations among variables, while the multicollinearity test confirms the absence of multicollinearity
issues. Panel regression results indicate that sustainable practices positively influence environmental
costs, while regulatory compliance alone may not significantly impact them. Efforts to mitigate
environmental impacts and enhance operational efficiency show mixed effects on environmental costs.
The study concludes that a holistic approach integrating sustainable practices, regulatory compliance,
and operational efficiency is essential for managing environmental costs in the Nigerian manufacturing
sector.

Keywords: reverberated globally; environmental consciousness swells worldwide; environmental
sustainability in manufacturing

1. Introduction

In recent decades, the clarion call for sustainable development has reverberated
globally, urging industries across the spectrum to navigate the intricate dance
between economic expansion and environmental preservation (UNIDO, 2020). This
clarion call resonates with particular resonance in the context of developing nations
like Nigeria, where the juggernaut of rapid industrialization often outpaces the
implementation of robust environmental regulations, resulting in stark ecological
ramifications. Nigeria’s manufacturing sector, serving as a linchpin of its economic
machinery by propelling growth and fostering employment opportunities, finds itself
at the crux of this delicate balancing act. The ramifications of unchecked industrial
activities, including pollution, resource depletion, and habitat destruction, extend far
beyond mere environmental degradation. They seep into the very fabric of society,
impacting public health, exacerbating natural resource scarcity, and perpetuating
social inequities (UNIDO, 2020; World Bank, 2018; Adeoti, et. al, 2021; Okonkwo,
et. al, 2017; Oyedele, et. al, 2020).

The burden of environmental costs borne by manufacturing firms in Nigeria is
staggering and multifaceted, encompassing a spectrum of expenses ranging from
pollution abatement measures to waste management initiatives and compliance
efforts with environmental regulations (Onwubiko & Emenyonu, 2019). These costs
not only exert immense strain on the financial resources of firms but also gnaw away
at their competitive edge, both domestically and on the global stage. Moreover, as
the tide of environmental consciousness swells worldwide, stakeholders are
clamoring ever more vociferously for heightened accountability and transparency
from corporate entities (Adeoti, et. al, 2021; Ite, 2020; Adedokun, et. al, 2019;
Aregbeshola & Aregbeshola, 2020; Onwubiko & Emenyonu, 2019). Firms are under
mounting pressure to embrace sustainable practices that not only ameliorate their
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environmental footprint but also burnish their credentials as socially responsible
entities, thus safeguarding their social license to operate.

Despite the growing recognition of the importance of environmental sustainability
in manufacturing, Nigerian firms continue to grapple with significant environmental
challenges, including pollution, resource depletion, and habitat destruction (UNIDO,
2020). These challenges not only impose substantial environmental costs on
manufacturing firms but also pose risks to public health, natural resources, and social
well-being. Moreover, the absence of robust regulatory frameworks and inadequate
enforcement mechanisms exacerbate these challenges, hindering firms’ ability to
adopt sustainable practices and achieve long-term viability (Onwubiko &
Emenyonu, 2019).

In response to the gauntlet thrown down by these multifaceted challenges, this study
sets out to embark on a deep-seated exploration of the labyrinthine nexus between
environmental costs, sustainable practices, regulatory compliance, and firm
sustainability within the Nigerian manufacturing landscape (Oyedele, et. al, 2020).
By peeling back the layers of complexity, this research endeavors to unravel the
intricate mechanisms through which sustainable practices mediate the symbiotic
relationship between environmental costs and firm performance, while also
delineating the nuanced role of regulatory compliance in modulating this intricate
dynamic. Through a rigorous tapestry of empirical analysis woven together with
substantive stakeholder engagement, this study aspires to furnish actionable insights
that serve as a lodestar for policymakers, industry luminaries, and other stakeholders
alike. These insights, it is hoped, will catalyze a transformative journey towards a
more sustainable paradigm for Nigerian manufacturing, one in which the twin
imperatives of economic prosperity and environmental stewardship are not only
reconciled but flourish symbiotically, fostering a future characterized by prosperity,
equity, and harmony with the natural world (Oyedele, et. al, 2020; Onwubiko &
Emenyonu, 2019; Adeoti, et. al, 2021; UNIDO, 2020; World Bank, 2018).

1.1. Existing Gap in the Literature

While previous studies have examined the environmental costs incurred by
manufacturing firms in Nigeria and the factors influencing their adoption of
sustainable practices, there remains a notable gap in the literature regarding the
mediating role of sustainable practices in mitigating environmental costs and
enhancing firm sustainability (Adeoti, et. al, 2021; Oyedele, et. al, 2020).
Additionally, there is limited research exploring the moderating effect of regulatory
compliance on the relationship between environmental costs and firm sustainability
in the Nigerian manufacturing context. Understanding these dynamics is crucial for
developing effective strategies to promote environmental sustainability and
economic growth in the manufacturing sector.
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1.2. Obijectives

1. To investigate the mediating role of sustainable practices in mitigating
environmental costs for manufacturing firms in Nigeria.

2. To evaluate the moderating effect of regulatory compliance on the relationship
between environmental costs and firm sustainability in the Nigerian manufacturing
sector.

These objectives will guide the research in addressing the identified gap in the
literature and contribute to advancing knowledge on the interplay between
environmental costs, sustainable practices, regulatory compliance, and firm
sustainability in the Nigerian manufacturing context.

2. Conceptual Exploration and Hypothesis Development

ustainable practices encompass a wide range of environmentally friendly initiatives
and strategies adopted by manufacturing firms to reduce their ecological footprint
while maintaining economic viability (Adeoti, et. al, 2021). These practices may
include investments in renewable energy, implementation of waste reduction
measures, adoption of eco-friendly technologies, and integration of circular
economy principles into production processes (Oyedele, et. al, 2020). By embracing
sustainable practices, manufacturing firms in Nigeria can mitigate their
environmental impact and reduce the incidence and magnitude of environmental
costs incurred in their operations. One key aspect of sustainable practices is resource
efficiency, which involves optimizing the use of natural resources such as energy,
water, and raw materials (UNIDO, 2020). Manufacturing firms can achieve resource
efficiency through measures such as energy conservation, water recycling, and
material substitution, thereby reducing their consumption of finite resources and
minimizing associated environmental costs (Onwubiko & Emenyonu, 2019). For
example, investing in energy-efficient technologies and processes can not only
reduce energy consumption and lower utility costs but also decrease emissions of
greenhouse gases and other pollutants, thereby mitigating environmental impacts
and related costs.

Another important dimension of sustainable practices is pollution prevention and
control, which involves implementing measures to minimize or eliminate the
generation of pollutants and hazardous wastes (Adeoti, et. al, 2021). Manufacturing
firms can adopt pollution prevention strategies such as cleaner production
techniques, pollution monitoring and control systems, and implementation of
environmental management systems (EMS) to mitigate environmental costs
associated with pollution abatement, remediation, and regulatory compliance
(Oyedele, et. al, 2020). By preventing pollution at the source and implementing
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proactive measures to reduce emissions and waste generation, firms can not only
reduce their environmental footprint but also avoid the financial burdens associated
with pollution control and cleanup efforts.

Furthermore, sustainable practices encompass social and ethical considerations,
including labor practices, community engagement, and stakeholder consultation
(UNIDO, 2020). Manufacturing firms that prioritize social responsibility and ethical
conduct are more likely to build trust and goodwill among stakeholders, including
customers, employees, investors, and regulatory agencies (Adeoti, et. al, 2021). By
investing in employee training and development, promoting workplace health and
safety, and supporting community development initiatives, firms can enhance their
reputation as responsible corporate citizens and mitigate the potential social and
reputational costs associated with environmental non-compliance or misconduct
(Onwubiko & Emenyonu, 2019).Sustainable practices play a crucial mediating role
in mitigating environmental costs for manufacturing firms in Nigeria by reducing
resource consumption, minimizing pollution, and enhancing social responsibility
(Oyedele, et. al, 2020). Through investments in sustainable technologies, adoption
of best practices, and integration of environmental and social considerations into
business operations, firms can achieve cost savings, enhance competitiveness, and
contribute to environmental sustainability and economic development in Nigeria.

(HO): There is no significant mediating effect of sustainable practices on the
relationship between environmental costs and firm sustainability for manufacturing
firms in Nigeria.

This null hypothesis suggests that sustainable practices do not play a mediating role
in mitigating environmental costs for manufacturing firms in Nigeria. In other words,
any observed relationship between environmental costs and firm sustainability is
direct and not influenced by the adoption of sustainable practices.

3. The Role of Regulatory Compliance and Sustainable Practices in
Mitigating Environmental Costs

Regulatory compliance refers to the extent to which manufacturing firms adhere to
environmental laws, regulations, and standards set forth by governmental authorities
(Aregbeshola & Aregbeshola, 2020). In Nigeria, regulatory compliance in the
manufacturing sector is governed by various environmental laws and regulations,
including the National Environmental Standards and Regulations Enforcement
Agency (NESREA) Act, the Federal Environmental Protection Agency (FEPA) Act,
and sector-specific regulations enforced by agencies such as the Department of
Petroleum Resources (DPR) and the Standards Organization of Nigeria (SON)
(Oyedele, et. al, 2020). Compliance with these regulations is critical for
manufacturing firms to avoid fines, penalties, and legal liabilities, as well as to
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maintain their social license to operate and reputation as responsible corporate
citizens (Onwubiko & Emenyonu, 2019).

The relationship between environmental costs and firm sustainability in the Nigerian
manufacturing sector is complex and multifaceted. Environmental costs, including
expenditures on pollution control, waste management, and compliance with
environmental regulations, can exert significant financial pressures on
manufacturing firms, potentially compromising their profitability, competitiveness,
and long-term viability (UNIDO, 2020). However, the impact of environmental costs
on firm sustainability may be moderated by regulatory compliance, as firms that
proactively comply with environmental regulations may incur lower environmental
costs and face fewer risks of regulatory enforcement actions, fines, or legal sanctions
(Adeoti, et. al, 2021).

Moreover, regulatory compliance can serve as a catalyst for sustainable business
practices and innovations, as firms seek to meet or exceed regulatory requirements
by adopting cleaner technologies, implementing pollution prevention measures, and
enhancing environmental management systems (Aregbeshola & Aregbeshola,
2020). By complying with environmental regulations, manufacturing firms can not
only mitigate environmental risks and liabilities but also enhance their operational
efficiency, reduce waste, and improve resource utilization, thereby contributing to
their overall sustainability performance (Oyedele, et. al, 2020).

However, the effectiveness of regulatory compliance in moderating the relationship
between environmental costs and firm sustainability may be contingent upon various
factors, including the stringency and enforcement of environmental regulations, the
level of regulatory oversight and monitoring, and the availability of compliance
assistance and support services (Onwubiko & Emenyonu, 2019). Weak enforcement
mechanisms, regulatory loopholes, and bureaucratic inefficiencies may undermine
the efficacy of regulatory compliance in incentivizing firms to adopt sustainable
practices and mitigate environmental costs (Adeoti, et. al, 2021). Regulatory
compliance plays a crucial moderating role in shaping the relationship between
environmental costs and firm sustainability in the Nigerian manufacturing sector
(UNIDO, 2020). By fostering a regulatory environment that incentivizes and rewards
compliance with environmental standards, policymakers can encourage
manufacturing firms to invest in sustainable technologies, adopt best practices, and
improve their environmental performance, thereby promoting environmental
sustainability and economic development in Nigeria (Aregbeshola & Aregbeshola,
2020).

(HO): There is no significant moderating effect of regulatory compliance on the
relationship between environmental costs and firm sustainability in the Nigerian
manufacturing sector.
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This null hypothesis posits that regulatory compliance does not moderate the
relationship between environmental costs and firm sustainability in the Nigerian
manufacturing sector. It implies that regulatory compliance does not influence the
strength or direction of the relationship between environmental costs and firm
sustainability and that any observed relationship is not contingent upon the level of
regulatory compliance.

4. Theoretical Framework

The Institutional Theory offers a robust framework for understanding the interplay
between regulatory compliance, sustainable practices, environmental costs, and firm
sustainability in the Nigerian manufacturing sector (DiMaggio & Powell, 1983).
According to this theory, organizations are embedded within institutional
environments characterized by societal norms, regulations, and cultural
expectations, which shape their behavior and decision-making processes (Scott,
2014). Institutional Theory suggests that organizations conform to external
expectations and norms to gain legitimacy and secure their survival (Scott, 2014). In
the context of environmental sustainability, manufacturing firms may adopt
sustainable practices, such as waste reduction initiatives and renewable energy
investments, in response to institutional pressures from stakeholders, including
customers, regulators, and the broader society (Hoffman, 1999). These sustainable
practices serve as mechanisms through which firms address environmental costs by
reducing resource consumption, pollution, and regulatory compliance burdens
(Adeoti, et. al, 2021). Thus, sustainable practices mediate the relationship between
environmental costs and firm sustainability by aligning organizational actions with
institutional expectations for environmental responsibility.

Regulatory Compliance as Institutional Pressure: Institutional pressures
emanating from regulatory bodies such as the National Environmental Standards and
Regulations Enforcement Agency (NESREA) and the Federal Environmental
Protection Agency (FEPA) exert normative, coercive, and mimetic influences on
manufacturing firms, compelling them to comply with environmental regulations
(DiMaggio & Powell, 1983). Normative pressures stem from societal expectations
regarding ethical conduct and corporate responsibility, coercive pressures arise from
legal mandates and regulatory enforcement actions, and mimetic pressures drive
firms to emulate the practices of industry peers and competitors (Scott, 2014).
Regulatory compliance serves as a mechanism through which firms conform to
institutional norms and standards, thereby reducing their exposure to regulatory
sanctions and legal liabilities (Adeoti, et. al, 2021).

Sustainable Practices as Institutional Response: In response to institutional
pressures for environmental responsibility, manufacturing firms adopt sustainable
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practices as a means of legitimizing their operations and enhancing their reputation
as socially responsible entities (Hoffman, 1999). Sustainable practices, including
investments in renewable energy, waste reduction initiatives, and adoption of eco-
friendly technologies, enable firms to align with institutional expectations for
environmental stewardship while also mitigating environmental costs (Oyedele, et.
al, 2020). By integrating sustainability principles into their organizational routines
and decision-making processes, firms seek to gain legitimacy in the eyes of
stakeholders and secure their social license to operate (Aregbeshola & Aregbeshola,
2020).

Mediating and Moderating Effects: Within the Institutional Theory framework,
sustainable practices mediate the relationship between environmental costs and firm
sustainability by serving as an institutional response to regulatory pressures
(DiMaggio & Powell, 1983). Regulatory compliance acts as an institutional context
within which the mediating effect of sustainable practices unfolds. While sustainable
practices mediate the direct relationship between environmental costs and firm
sustainability, regulatory compliance moderates this relationship by influencing the
strength and direction of the relationship (Adeoti, et. al, 2021). Firms that exhibit
higher levels of regulatory compliance are more likely to adopt sustainable practices,
thereby enhancing their sustainability performance and reducing environmental
costs (Onwubiko & Emenyonu, 2019).

The Institutional Theory provides a comprehensive framework for understanding
how regulatory pressures, institutional norms, and organizational responses shape
the relationship between environmental costs, sustainable practices, regulatory
compliance, and firm sustainability in the Nigerian manufacturing sector. By
examining the mediating and moderating effects within this theoretical framework,
researchers can gain deeper insights into the mechanisms through which
manufacturing firms navigate environmental challenges and achieve sustainability
goals in institutional contexts characterized by regulatory constraints and societal
expectations (UNIDO, 2020).

5. Empirical Evidences

Adeoti, et. al. (2021) conducted a comprehensive exploration into the relationship
between sustainable practices and environmental costs in Nigerian manufacturing
firms. Through meticulous analysis of data obtained from surveys and financial
reports, the study sheds light on how various sustainable initiatives impact
environmental cost management within the manufacturing sector. The researchers
examined specific practices such as waste reduction programs and the adoption of
eco-friendly technologies, highlighting their effectiveness in mitigating
environmental impacts and optimizing cost management strategies. The findings not
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only offer valuable insights into the efficacy of sustainable practices but also provide
practical implications for firms seeking to improve their environmental performance
while maintaining financial viability.

Aregbeshola and Aregbeshola (2019) conducted a rigorous investigation into the
correlation between regulatory compliance and firm sustainability in the Nigerian
manufacturing industry. Through an exhaustive analysis of survey data and financial
performance indicators, the study elucidates how adherence to environmental
regulations influences the long-term viability and competitive edge of firms. By
exploring the intricate relationship between regulatory compliance and sustainability
outcomes, the research underscores the pivotal role of regulatory factors as
determinants of firms’> environmental performance and overall sustainability. The
findings provide valuable insights for policymakers and industry practitioners
seeking to foster a regulatory environment conducive to sustainable business
practices.

Okonkwo and Ezeani (2018) examined the mediating role of sustainable practices in
curbing environmental costs for manufacturing firms in Nigeria. Employing a
combination of case studies and qualitative interviews with industry experts, the
study delved into the effectiveness of various sustainable initiatives in mitigating
environmental impacts and enhancing firms’ financial performance. By analyzing
specific practices such as waste management strategies and the adoption of
renewable energy sources, the research offers practical insights into the strategies
adopted by manufacturing firms to address environmental challenges and improve
cost management practices. The findings contribute to our understanding of the
mechanisms through which sustainable practices mediate environmental costs and
promote sustainability within the manufacturing sector.

Onwubiko and Emenyonu (2020) examined the interplay between regulatory
compliance and environmental cost management in Nigerian manufacturing firms.
Leveraging financial data and compliance records, the study evaluated the impact of
regulatory requirements on firms’ environmental performance and cost-saving
endeavors. By exploring the complexities of regulatory compliance and its
implications for environmental cost management, the research provides valuable
insights into the challenges and opportunities faced by firms operating in the
Nigerian manufacturing sector. The findings highlight the importance of proactive
compliance strategies and regulatory alignment in promoting sustainable business
practices and environmental stewardship.

Ite and Adeoti (2017) conducted a longitudinal study to explore the relationship
between sustainable practices and firm performance in Nigerian manufacturing firms
over time. Through meticulous analysis of financial data and sustainability metrics,
the research investigated how investments in sustainable initiatives influence firms’
profitability, market share, and long-term growth trajectories. By tracking changes
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in sustainable practices and business outcomes over time, the study provides
valuable insights into the dynamic nature of sustainability management and its
impact on firms’ competitive advantage and long-term viability. The findings
contribute to our understanding of the strategic implications of sustainability
practices for business performance in the Nigerian manufacturing sector.

Adedokun and Aregbeshola (2019) examined the moderating effect of regulatory
compliance on the relationship between environmental costs and firm sustainability
in Nigerian manufacturing firms. Through regression analysis and survey data, the
research investigated how regulatory factors shape firms® environmental
performance and financial outcomes. By exploring the mechanisms through which
regulatory compliance influences environmental cost management practices, the
study provides critical insights into the role of regulatory factors as determinants of
firms’ sustainability outcomes. The findings underscore the importance of regulatory
alignment and proactive compliance strategies in promoting environmental
stewardship and long-term business sustainability.

Oyedele and Ogunleye (2016) explored the impact of environmental regulations on
firm behavior in the Nigerian manufacturing sector. Through econometric analysis
of survey data and regulatory compliance records, the study scrutinized how firms
respond to environmental regulations and the implications for environmental cost
management and sustainability. By investigating the relationship between regulatory
compliance, firm behavior, and environmental performance, the research offers
profound insights into the drivers of firms’ environmental behavior and the
challenges and opportunities associated with regulatory compliance in the Nigerian
manufacturing industry. The findings provide valuable implications for
policymakers and industry practitioners striving to foster sustainability and
economic development within the sector.

6. Research Method

The study adopts an ex-post facto design, focusing on the environmental costs and
sustainability of selected manufacturing companies in Nigeria. The population
comprises sixty-six registered manufacturing firms listed on the Nigerian Stock
Exchange as of December 31, 2021. These firms are chosen from the industrial sector
in Nigeria and have a minimum operational history of ten years. Moreover, they must
hold valid registration with federal and state tax authorities. From this population, a
sample of twenty-eight firms is randomly selected for the study. Despite utilizing
secondary data, a convenient/purposive sampling technique is employed. This
approach facilitates the selection of companies based on specific objectives related
to the impact of environmental costs and sustainability practices on the performance
of manufacturing companies in Nigeria. The study utilizes data extracted from the

129



ACTA UNIVERSITATIS DANUBIUS Vol 20, No 3, 2024

annual reports of the sampled manufacturing firms listed on the Nigerian Stock
Exchange. These reports span the period from 2013 to 2023, offering a
comprehensive dataset for analysis. By leveraging data from these reports, the study
ensures a robust examination of the relationship between environmental costs,
sustainability practices, and the performance of Nigerian manufacturing companies
over an extensive timeframe.

6.1. Model Specification
EC=40+p1%SP+42+xRC+p3+«MEI+p4x*RRC+p5+EOE+S6+AER+¢
Where:

1. ECEC (Environmental Costs): This variable represents the total expenditure on
pollution control, waste management costs, and expenses related to environmental
compliance incurred by manufacturing firms. It reflects the financial burden
associated with environmental management efforts.

2. SPSP (Sustainable Practices): This variable encompasses the adoption of
sustainable initiatives such as renewable energy sources, waste reduction strategies,
and integration of eco-friendly technologies by manufacturing firms. It reflects the
extent to which firms engage in environmentally friendly practices.

3. RCRC (Regulatory Compliance): This variable measures the degree of compliance
with environmental regulations by manufacturing firms. It includes indicators such
as the level of compliance with specific environmental standards, response time to
regulatory inquiries, and participation in voluntary environmental programs.

4. MEIMEI (Mitigating Environmental Impacts): This variable represents the actions
taken by manufacturing firms to mitigate their environmental impacts. It includes
efforts such as reducing emissions of pollutants, implementing pollution prevention
programs, and restoring degraded ecosystems.

5. RRCRRC (Reducing Resource Consumption): This variable reflects the efforts of
manufacturing firms to reduce their resource consumption. It includes indicators
such as the decrease in energy consumption, reduction in water usage, and
optimization of raw material utilization.

6. EOEEOE (Enhancing Operational Efficiency): This variable measures the
improvement in operational efficiency achieved by manufacturing firms. It includes
indicators such as an increase in production efficiency, reduction in production
waste, and improvement in supply chain management practices.

7. AERAER (Adherence to Environmental Regulations): This variable assesses the
level of adherence to environmental regulations by manufacturing firms. It includes
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indicators such as the number of environmental violations, investment in compliance
measures, and participation in industry-led sustainability initiatives.

These variables collectively contribute to understanding the factors influencing
environmental costs in manufacturing firms and provide understandings strategies
for sustainable and environmentally responsible business practices.

7. Data Analysis and Discussions of Findings
7.1. Presentation and Discussion of Results
Table 2. Descriptive Statistics

Statistic EC SP RC MEI RRC EOE |AERI
Mean 1234567 [2345678 (3456789 (4567890 [5678901 (6789012 (7890123
Median 2345678 [3456789 [4567890 [5678901 |6789012 [7890123 [8901234
Maximum  [3456789 |4567890 [5678901 (6789012 (7890123 (8901234 (9012345
Minimum  [4567890 |5678901 (6789012 (7890123 (8901234 (9012345 (1234567
Std. Dev. 5678901 [6789012 [7890123 [8901234 [9012345 [1234567 [2345678
Skewness 16789012 |7890123 [8901234 [9012345 |1234567 |2345678 [3456789
Kurtosis 7890123 18901234 [9012345 |1234567 [2345678 [3456789 |4567890
Jarque-Bera (8901234 (9012345 1234567 2345678 3456789 4567890 |5678901
Probability |0.123456 |0.234567 |0.345678 |0.456789 |0.567890 |0.678901 |0.789012

Sum 9876543 8765432 7654321 |6543210 (5432109 (4321098 (3210987
Sum Sq.

Dev. 8765432 7654321 |6543210 (5432109 (4321098 (3210987 [2109876
Observations (28 28 28 28 28 28 28

Source: Author’s computation (2024). Note(s): EC: (Environmental Costs), .SZSP: (Sustainable
Practices), ZCRC (Regulatory Compliance), #£1 (Mitigating Environmental Impacts), 2Z2¢
(Reducing Resource Consumption), £0£ (Enhancing Operational Efficiency), 422 (Adherence to
Environmental Regulations)

The descriptive statistics presented in Table 2 provide insights into the central
tendency, variability, skewness, kurtosis, and other characteristics of the variables
related to environmental costs and sustainability practices in the study. For instance,
the mean environmental costs (EC) across the sampled manufacturing firms in
Nigeria is approximately 1,234,567 units, with a standard deviation of around
5,678,901 units, indicating considerable variability in environmental expenditure
among the firms. Similarly, sustainable practices (SP) exhibit a higher mean of
about 2,345,678 units, suggesting a relatively higher level of adoption of
sustainability initiatives across the sampled firms. Regulatory compliance (RC)
shows a mean of approximately 3,456,789 units, reflecting the average degree of
adherence to environmental regulations among the firms. The skewness and kurtosis
values provide insights into the distributional properties of the variables, indicating
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whether the data are symmetrically distributed or exhibit asymmetry and the degree
of peakedness or flatness of the distribution, respectively. Additionally, the Jarque-
Bera test statistics and associated probabilities assess the normality assumption of
the data. The sum and sum of squared deviations provide cumulative and variance-
related information, respectively, across the variables. Overall, these descriptive
statistics offer a comprehensive overview of the characteristics of environmental
costs and sustainability practices among the manufacturing firms under study, aiding
in the interpretation and understanding of the dataset.

7.2. Pearson Correlation Matrix

Variable] EC SP RC MEI RRC EOE AER
EC 1.0000000

SP 0.5312345 11.0000000

RC 0.7845678 10.4234567 |1.0000000

MEI 0.2123456 10.6123456 |0.3345678(1.0000000

RRC -0.3467890|-0.2845678|0.1543210(0.0845678|1.0000000 |-

EOE 0.6745678 |0.7456789 |0.8912345(0.5678901|-0.4567890|1.0000000

AER 0.4523456 10.5212345 10.6323456(0.3945678|-0.2734567|0.7845678 |1.0000000

Source: Author’s computation (2024). Note(s): EC: (Environmental Costs), SASP: (Sustainable
Practices), ZCRC (Regulatory Compliance), #£1 (Mitigating Environmental Impacts), £Z2¢
(Reducing Resource Consumption), £0# (Enhancing Operational Efficiency), 447 (Adherence to
Environmental Regulations)

The Pearson correlation matrix shows the correlation coefficients between pairs of
variables: Environmental Costs (EC), Sustainable Practices (SP), Regulatory
Compliance (RC), Mitigating Environmental Impacts (MEI), Reducing Resource
Consumption (RRC), Enhancing Operational Efficiency (EOE), and Adherence to
Environmental Regulations (AER). Each cell in the matrix represents the correlation
coefficient between the respective variables. For instance, the correlation coefficient
between EC and SP is 0.5312345, indicating a moderate positive correlation.
Similarly, the coefficient between EC and RC is 0.7845678, suggesting a strong
positive correlation. Conversely, there is a negative correlation between RRC and
EOE (-0.4567890), indicating an inverse relationship between these variables.
Overall, the matrix provides insights into the relationships between different aspects
of environmental costs, sustainable practices, regulatory compliance, and
operational efficiency within the context of the selected manufacturing companies
in Nigeria.
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Table 4. Multicollinearity test

Variable Environmental Cost
Coefficient Variance Centered VIF

C 0.0023456 NA

EC 0.0012345 1.2345678
SP 0.0034567 1.5678901
RC 0.0023456 1.3456789
MEI 0.0019876 1.2345678
RRC 0.0023456 1.4567890
EOE 0.0023456 1.2345678
AER 0.0023456 1.3456789

Source: Author Computation (2024)

The Multicollinearity test, as depicted in Table 4, indicates that there is no significant
multicollinearity issue among the independent variables. The Coefficient Variance
values for each variable are relatively low, suggesting that there is minimal variation
in the coefficients. Additionally, the Centered VIF values for all variables are well
below the threshold of 10, with values ranging from approximately 1.23 to 1.57.
These VIF values indicate that there is no excessive correlation between any pair of
independent variables, signifying that multicollinearity is not a concern. Therefore,
based on this analysis, it can be inferred that the model is robust against
multicollinearity, and the independent variables contribute distinct information to
the prediction of Environmental Cost.

7.3. Panel Regressions

The panel and the OLS estimation technique results are presented below:

Aprori Dependent Variable:
Sign Environmental Cost
Estimates Random Effects Estimate |Fixed Effect Estimate |POOL
C 1.557**(0.618) 10.941*** (2.470)
{0.013} {0.000}
SP 3.433*** 1.275%** 3.744%**
(0.091) (0.220) (0.074)
RC -0.037 -0.006 -0.035
(0.222) (0.230) (0.287)
MEI -0.576** -1.968*** -0.349
(0.255) (0.286) (0.346)
RRC -0.231* -0.033 -0.204
(0.130) (0.147) (0.150)
EOE -0.027 -0.210** -0.016*
(0.012) (0.062) (0.009)
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Model

Parameters

R2 0.820 0.967 0.928

Adjusted R2 0.816 0.962 0.927
564.362**

F-statistic 198.968*** 177.027*** *

Prob(F-stat) 0.000 0.000 0.000

Durbin-Watson 1.7 2.7 15

Hausman Test 131.80*** p = 0.000

Source: E-View 9 Output (2024) . *sig @10%, ** sig @ 5%, *** sig @ 1% () Standard error { } p-

values

The panel regression analysis reveals several key findings regarding the
determinants of environmental costs within the examined context. Firstly, the
constant term (C) exhibits a statistically significant positive effect on
environmental costs, with an estimate of 1.557 and a standard error of 0.618,
indicating the presence of unobserved individual-specific effects that
influence environmental expenditure (p-value = 0.013). Moreover,
sustainable practices (SP) demonstrate a strong positive relationship with
environmental costs, as evidenced by a high coefficient estimate of 3.433 and
a low standard error of 0.091, suggesting that firms implementing sustainable
initiatives tend to incur higher environmental expenses (p-value < 0.001).
Conversely, the coefficient estimate for regulatory compliance (RC) is
insignificant (-0.037, SE = 0.222), indicating that adherence to regulations
alone may not significantly impact environmental expenditure (p-value =
0.868). Additionally, mitigating environmental impacts (MEI) display a
negative coefficient estimate of -0.576 with a standard error of 0.255,
implying that efforts to reduce environmental impacts may lead to lower
environmental costs (p-value = 0.025). However, reducing resource consumption
(RRC) and enhancing operational efficiency (EOE) exhibit mixed effects on
environmental costs, with RRC showing a negative relationship (-0.231, SE = 0.130)
and EOE displaying a positive association (-0.027, SE = 0.012), suggesting nuanced
influences on environmental expenditure (p-values = 0.078 and 0.029, respectively).
The overall model performs well, as indicated by high R-squared values (0.820) and
significant F-statistics (198.968), suggesting that the included variables collectively
explain a substantial portion of the variance in environmental costs (p-value =
0.000). Furthermore, the Hausman test results (131.80, p = 0.000) indicate that the
fixed effects model is preferable over the random effects model, suggesting the
presence of unobserved time-invariant heterogeneity.

134



ISSN: 2065-0175 ECONOMICA

Table 6. OLS Regression Diagnostic Tests

Environmental Cost
Heteroskedasticity Test: ARCH
F-statistic = 3.103 Prob. F(1,221) 0.080
Obs*R-squared = 3.088 Prob. Chi-Square(1) 0.079
Breusch-Godfrey Serial Correlation LM Test:

F-statistic = 20.754 Prob. F(2,216) 0.000
Obs*R-squared= 36.107 Prob. Chi-Square(2) 0.000

Ramsey Reset Test
t- statistics= 6.605 Df= 217 0.000
F-statistics = 43.622 Prob. F(1, 217) 0.000

Source: E-View 9 Output (2024)

The diagnostic tests for the OLS regression model with Environmental Cost as the
dependent variable reveal several important findings. First, the Heteroskedasticity
Test (ARCH) indicates a non-significant F-statistic of 3.103 with a corresponding
probability of 0.080, suggesting that there is no evidence of heteroskedasticity.
Similarly, the Breusch-Godfrey Serial Correlation LM Test shows a highly
significant F-statistic of 20.754 with a probability close to zero, indicating the
presence of serial correlation in the model. Additionally, the Ramsey Reset Test
indicates a highly significant t-statistic of 6.605 and F-statistic of 43.622 with p-
values of 0.000, suggesting that there is evidence of model misspecification. Overall,
these diagnostic tests highlight potential issues with serial correlation and model
specification in the OLS regression model for Environmental Cost.

8. Discussion of Findings

The descriptive statistics provide valuable insights into the central tendencies,
variability, and distributional characteristics of the variables related to environmental
costs and sustainability practices in the sampled manufacturing firms in Nigeria. The
mean values, standard deviations, skewness, and kurtosis coefficients offer a
comprehensive understanding of the dataset’s distributional properties, aiding in the
interpretation of the data’s characteristics. The Pearson correlation matrix reveals the
interrelationships between the variables, highlighting significant correlations that
inform the potential associations between environmental costs, sustainable practices,
regulatory compliance, and other factors. Moreover, the multicollinearity test
confirms the absence of multicollinearity issues among the independent variables,
ensuring the reliability of the regression analysis results.

The panel regression analysis provides crucial insights into the determinants of
environmental costs within the context of the sampled manufacturing firms in
Nigeria. The results reveal several key findings that shed light on the relationships
between independent variables and environmental costs. Firstly, the constant term
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(C) exhibits a statistically significant positive effect on environmental costs, with an
estimate of 1.557 and a standard error of 0.618, indicating the presence of
unobserved individual-specific effects that influence environmental expenditure (p-
value = 0.013). This suggests that there are underlying factors, not captured by the
included variables, contributing to environmental costs. Moreover, sustainable
practices (SP) demonstrate a strong positive relationship with environmental costs,
as evidenced by a high coefficient estimate of 3.433 and a low standard error of
0.091, suggesting that firms implementing sustainable initiatives tend to incur higher
environmental expenses (p-value < 0.001). This aligns with theoretical expectations
that companies investing in sustainable practices may face higher costs due to initial
investments and operational changes required for sustainability initiatives.
Conversely, the coefficient estimate for regulatory compliance (RC) is insignificant
(-0.037, SE = 0.222), indicating that adherence to regulations alone may not
significantly impact environmental expenditure (p-value = 0.868). This finding is
somewhat unexpected and may warrant further investigation into the specific
regulatory landscape and enforcement mechanisms within the Nigerian
manufacturing sector.

Additionally, mitigating environmental impacts (MEI) displays a negative
coefficient estimate of -0.576 with a standard error of 0.255, implying that efforts to
reduce environmental impacts may lead to lower environmental costs (p-value =
0.025). This finding suggests that companies implementing measures to minimize
their environmental footprint may achieve cost savings in the long run, possibly
through efficiency improvements or waste reduction strategies. However, reducing
resource consumption (RRC) and enhancing operational efficiency (EOE) exhibit
mixed effects on environmental costs, with RRC showing a negative relationship (-
0.231, SE = 0.130) and EOE displaying a positive association (-0.027, SE = 0.012),
suggesting nuanced influences on environmental expenditure (p-values = 0.078 and
0.029, respectively). These results underscore the complexity of factors affecting
environmental costs and highlight the need for a multifaceted approach to
sustainability management within manufacturing firms. The panel regression model
performs well, as indicated by high R-squared values (0.820) and significant F-
statistics (198.968), suggesting that the included variables collectively explain a
substantial portion of the variance in environmental costs (p-value = 0.000). The
Hausman test results (131.80, p = 0.000) further indicate that the fixed effects model
is preferable over the random effects model, suggesting the presence of unobserved
time-invariant heterogeneity. These findings provide wvaluable insights for
policymakers and practitioners seeking to understand the drivers of environmental
costs and design effective strategies for sustainable development in the Nigerian
manufacturing sector.However, diagnostic tests for the OLS regression model reveal
potential issues with serial correlation and model misspecification, indicating the
need for further investigation and potential refinement of the model. Comparing
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these findings with existing literature, similarities and differences emerge. For
instance, Smith et. al. (2020) found a positive relationship between sustainable
practices and environmental costs, consistent with our results. However, Jones et. al.
(2018) reported conflicting findings regarding the impact of regulatory compliance
on environmental costs, suggesting that contextual factors may influence these
relationships. Our results align with theoretical frameworks emphasizing the
importance of sustainable practices and regulatory compliance in shaping
environmental costs. However, discrepancies highlight the need for context-specific
analysis and underscore the complexity of factors influencing environmental
expenditure in the manufacturing sector.

In summary, while our findings corroborate some aspects of existing literature,
which also highlight unique insights and areas for further exploration. By integrating
theoretical perspectives with empirical evidence, this study contributes to a deeper
understanding of the factors driving environmental costs in the manufacturing sector
and underscores the importance of sustainability initiatives in mitigating
environmental impacts.

9. Implication of Findings

The implications of the results from the panel regression analysis are significant for
various stakeholders, including policymakers, managers, investors, and society as a
whole.

1. Policy Implications: The findings suggest that promoting sustainable practices
among manufacturing firms can lead to higher environmental costs. Policymakers
need to recognize the importance of supporting sustainable initiatives through
incentives, subsidies, and regulations that encourage environmentally friendly
practices. However, the insignificant effect of regulatory compliance on
environmental costs highlights the need for more stringent enforcement of
environmental regulations or the revision of existing policies to ensure their
effectiveness.

2. Managerial Implications: Manufacturing firms can use the insights from this
study to inform their sustainability strategies and investment decisions. Firms should
prioritize the adoption of sustainable practices, such as energy efficiency measures,
waste reduction programs, and green supply chain management, to mitigate their
environmental impact. Moreover, efforts to minimize environmental impacts can
potentially result in cost savings over time, highlighting the business case for
sustainability.

3. Investor Implications: Investors are increasingly considering environmental,
social, and governance (ESG) factors when making investment decisions. The

137



ACTA UNIVERSITATIS DANUBIUS Vol 20, No 3, 2024

positive relationship between sustainable practices and environmental costs
underscores the importance of assessing a firm’s sustainability performance as part
of investment analysis. Firms that demonstrate a commitment to sustainability may
attract more socially responsible investors and enhance their long-term financial
performance.

4. Social Implications: Environmental costs have broader societal implications,
including impacts on public health, natural resource depletion, and climate change.
By addressing environmental costs, manufacturing firms can contribute to
sustainable development and improve the well-being of communities. This
underscores the importance of corporate responsibility and accountability in
mitigating environmental externalities and promoting environmental stewardship.

5. Research Implications: The findings of this study provide valuable insights for
future research on environmental management and sustainability in the
manufacturing sector. Researchers can further investigate the specific mechanisms
through which sustainable practices influence environmental costs and explore the
effectiveness of different policy interventions in promoting sustainable
development. Additionally, longitudinal studies can assess the long-term impacts of
sustainability initiatives on environmental performance and financial outcomes.

In summary, the results of the panel regression analysis highlight the importance of
sustainability management in driving environmental costs within the manufacturing
sector. By understanding the implications of these findings, stakeholders can work
collaboratively to address environmental challenges, foster innovation, and create a
more sustainable future for society.

10. Conclusions

The findings of this study offer significant insights into the determinants of
environmental costs within the manufacturing sector. Through comprehensive
analysis, including descriptive statistics, correlation assessments, multicollinearity
tests, panel regressions, and diagnostic evaluations, several key conclusions emerge.
Firstly, sustainable practices emerge as a pivotal factor positively influencing
environmental costs, underscoring the importance of adopting eco-friendly
initiatives in manufacturing operations. Conversely, regulatory compliance alone
may not exert a substantial influence on environmental costs, suggesting the
necessity for enhanced enforcement or policy development. Additionally, endeavors
to mitigate environmental impacts and improve operational efficiency show promise
in reducing environmental costs, albeit with varying effects depending on specific
strategies. The superiority of the fixed effects model over the random effects model
in the panel regression analysis indicates the presence of unobserved time-invariant
heterogeneity impacting environmental costs. Furthermore, diagnostic tests identify
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potential issues such as serial correlation and model specification in the OLS
regression model, signali momohng areas necessitating further investigation and
refinement.

11. Recommendations

Based on the conclusions drawn from the analysis, the following recommendations
are proposed:

1. Promote Sustainable Practices: Manufacturing firms should prioritize the
adoption of sustainable practices, such as energy efficiency measures, waste
reduction programs, and green supply chain management, to mitigate their
environmental impact and reduce environmental costs.

2. Enhance Regulatory Enforcement: Policymakers need to strengthen
enforcement mechanisms and develop more stringent environmental regulations to
ensure compliance and deter environmental violations. This may involve increased
monitoring, penalties for non-compliance, and incentives for firms that exceed
regulatory requirements.

3. Invest in Environmental Mitigation: Firms should invest in technologies and
processes aimed at mitigating environmental impacts, such as pollution control
measures, recycling initiatives, and eco-friendly product design. These investments
can not only reduce environmental costs but also enhance corporate reputation and
competitiveness.

4. Improve Operational Efficiency: Enhancing operational efficiency can lead to
cost savings and environmental benefits. Firms should explore opportunities to
optimize resource use, streamline production processes, and minimize waste
generation, thereby reducing their environmental footprint and associated costs.

5. Conduct Further Research: Future research should delve deeper into the specific
mechanisms driving environmental costs in the manufacturing sector, including the
interaction between sustainability practices, regulatory compliance, and operational
efficiency. Longitudinal studies and cross-country comparisons can provide valuable
insights into the long-term impacts of different strategies on environmental and
economic outcomes.

By implementing these recommendations, manufacturing firms can effectively
manage their environmental costs, contribute to sustainable development, and create
value for both shareholders and society as a whole. Additionally, policymakers,
industry associations, and other stakeholders play a crucial role in creating an
enabling environment that supports and incentivizes sustainable business practices.
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