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Abstract

The research aims to determine the effect of green maintenance “energy efficiency, health and
safety risks, and environmental compatibility* on environmental performance “environmental
condition, operational performance, and management performance‘ as analytical research in
oil products distribution company by distributing a questionnaire distributed to 46 people.
The research problem lies in the weak use of traditional maintenance technology, which neg-
atively affects the environment. The research found that the research company’s reliance on
green maintenance is weak in adopting new mechanisms and technologies to enhance envi-
ronmental performance and the weakness of the efforts exerted by management in the field of
environmental performance and the failure to involve its staff in training programs to create
a culture of preserving the environment within the culture of the organization. The research
recommends the need to use machines with low energy consumption and reduce the volume

of pollution.

Keywords

Green maintenance environmental performance, Operational and management performance

indicators.

Introduction

Attention to the environment has become more im-
portant in recent years at all individual, organiza-
tional, and international levels, and it has become
imperative for factories to assume their responsibil-
ities towards society and the environment in which
they operate, by reducing the amount of waste and
pollutants that result from manufacturing processes
and treating them by adopting new approaches and
methods in manufacturing. The maintenance func-
tion is important to explore the impact of mainte-
nance on the company’s business. Energy efficiency,
health and safety risks, environmental compatibility,
and environmental conditions such as machine speed,
load, operator, quality of maintenance, and produc-
tion method all affect the life of the machine. There-
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fore, the evaluation of machine condition and the ef-
fect of improvements in maintenance effectiveness and
accuracy on plant activities (Ajukumar & Gandhi,
2013). It can be effectively achieved in environmental
performance if information from work areas related
to environmental performance indicators such as en-
vironmental condition indicators and environmental
performance indicators are considered. Operational
performance and management performance indicators
simultaneously (Henri & Journeault, 2008; Tung et
al., 2018; Jasch, 2009).

Kazemi (2013) also showed that asset-intensive in-
dustries, such as the construction industry, were ex-
posed to accidents that led to major disasters that
negatively affected their objectives. These incidents
may threaten the continuity of companies due to the
disruption of their physical assets, which are a major
resource for their operations. Failure of physical assets
can lead to serious safety and environmental conse-
quences, as well as financial losses. Thus, ensuring the
continuity of physical assets can enhance the compet-
itive advantage of asset-intensive companies. For this
reason, implementing well-established continuity and
contingency plans can enhance companies’ resilience
against disruptions. The term maintenance includes
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various procedures and tasks that are necessary to
maintain the system in a normal condition during the
life cycle and plays an important role with the aim of
increasing or maintaining the reliability and availabil-
ity of equipment, product quality and safety require-
ments. In addition to fulfilling equipment inspection,
lubrication and repair requirements, it contains addi-
tional response for plant protection, pollution preven-
tion, personnel safety and waste disposal. Although
it often seems to managers that maintenance activi-
ties are just an expense, we should know that main-
tenance is not an expense; Investing in the future as
basic functions of the company in order to improve the
manufacturing and production process. It is one of the
most important ways to achieve sustainable develop-
ment (Ararsa, 2012), so it must highlight sustainabil-
ity, which covers environmental, social, and economic
issues and helps organizations meet their demands
without negative effects on the needs of future genera-
tions, with priority given to physical assets. According
to ISO 55000, critical physical assets have a significant
impact on organizational goals and are vital for ser-
vice providers to serve their primary customers. The
concept of green maintenance has emerged as environ-
mentally friendly, and has been adopted by small and
large industrial organizations as part of their com-
mitment to environmental, social, ethical and even
economic responsibility towards society and the en-
vironment. It guarantees its survival, continuity and
growth. Therefore, the current research came as an
attempt to monitor the ability of senior management
in organizations to find ways to improve their ability
to adopt strategies that support the green mainte-
nance system in order to reduce waste and pollutants
throughout the product life cycle. Finally, the main-
tenance function is important to explore the impact
of maintenance on the company’s business.

Herefore, the research problem crystallized with
many questions, most notably, does the company’s
management in question have a clear vision and per-
ception of green maintenance? What is the level of
interest of the company under study in environmen-
tal performance? What is the level of verification? In
light of this, the opinions of the workers in the oil
products distribution company were surveyed to be
analyzed through a set of statistical means to come
out with a set of conclusions and recommendations in
line with the nature of the research. However, there
is a lack of empirical studies that dealt with green
maintenance and its impact on environmental per-
formance within the organization in order to create
Maintenance is environmentally friendly, especially in
developing countries like Iraq.
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The concept of maintenance

The deterioration of the global ecosystem has
caused an increase in public interest in environmental
performance and forced many industries to use envi-
ronmental policies to design products, manufacturing,
services, and waste disposal activities (Ajukumar &
Gandhi, 2013). For this reason, the transition from
hardware and software to service and maintenance is
changing the shape of the world; however, the under-
standing of maintenance is poor compared to tradi-
tional manufacturing, so there is a great need for tools
and methods to understand control and predict fail-
ures. Hence, maintenance is a complete partner that
strives with other functions to achieve the strategic
objectives of the organization (Kazemi, 2013).

The term maintenance refers to all activities that
aim to maintain an item in the physical condition nec-
essary to achieve its production function or return
it to its previous state, and these activities include
routine service, periodic inspection and preventive re-
placement in addition to proactive monitoring (Ira-
jpour et al., 2014) as well (Stevenson, 2018) explained
that maintenance represents all activities that aim
to maintain facilities and equipment in good work-
ing condition so that the system performs its work as
required.

Proper maintenance of plant and equipment sys-
tems is essential to the safe, reliable, and efficient
performance of equipment in any industry. Faulty or
poor maintenance is a factor of financial loss (Kha-
laquzzaman et al., 2010). Proper maintenance can
also contribute to improved performance. The over-
all performance of the business through its impact
on the quality, efficiency, and effectiveness of the or-
ganization’s operations, sustainability, and access to
productivity advantages, value advantages, and long-
term profitability, enhances the competitiveness of the
organization Oliva et al., 2013).

Maintenance is divided into two types (Heizer et
al., 2017): Preventive maintenance: Preventive main-
tenance involves monitoring equipment and facili-
ties, performing routine inspections and servicing, and
maintaining facilities in good condition, to build a
system that will reduce variance, identifying poten-
tial failures, and make changes. Or repairs that main-
tain efficient operations, the current generation of ad-
vanced sensors allows managers to build systems that
can detect even the slightest abnormal vibration, and
minute changes in temperature or pressure, and pre-
ventive maintenance includes designing technical and
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human systems that keep the production process run-
ning within permissible limits. This allows the system
to work as designed.

Remedial maintenance: It occurs when the system
or equipment stops working or when preventive main-
tenance fails intending to return it to its previous
condition before stopping. The equipment or facilities
must be repaired on an emergency or priority basis.

The concept of green maintenance

It is one of the most important ways to achieve
sustainable development of society, in addition to its
economic functions, it has important social functions.
It plays an important role in rationalizing energy use,
reducing emissions, developing a recycling economy,
and building a resource-saving and environmentally
friendly society (Ararsa 2012; Kayan et al., 2017) as
an assessment tool that provides a sustainable solu-
tion to long-term maintenance in terms of the cumula-
tive impact on the environment. Zhang et al. (2017),
he defined it as the rational use of maintenance re-
sources to reduce environmental pollution and avoid
waste in maintenance operations. He also mentioned
(Ajukumar & Gandhi, 2013) that green maintenance
is an attempt to make maintenance less environmen-
tally friendly by eliminating all waste and waste asso-
ciated with maintenance operations. He also defined it
(Kazemi, 2013) as a technological method for mainte-
nance by disposing of waste associated with the main-
tenance process and rationalizing the use of resources
to achieve sustainable development. More than other
methods of maintenance as it represents the outcome
of the interaction of a group of philosophical factors
related to social and economic factors in terms of cost
and the development of an economy capable of facing
fluctuations, in addition to the environmental impacts
that are increasingly oriented towards it (Kayan et al.,
2018) as shown in Figure 1.

It is noted in the literature and concepts mentioned
above that the global transformation into a sustain-
able, environmentally friendly economy made compa-
nies face the challenge of shifting towards green oper-
ations of supplying, manufacturing and marketing, as
well as maintenance operations, which are an integral
link in this direction to achieve competitive advan-
tage or exit from the markets. Green maintenance is a
method for maintaining devices and equipment aimed
at eliminating waste and environmental impacts asso-
ciated with the maintenance process and optimizing
the use of available resources.
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Fig. 1. Conceptual Model of Green Conservation, Source:
(Kayan et al., 2017; Kayan et al., 2018)

The benefits of green maintenance

Adopting the green maintenance method achieves
for the organization a set of benefits, the most im-
portant of which are adapted (Ajukumar & Gan-
dhi, 2013):

1. Reduce the problems caused by leaks.

2. Reducing the problems associated with waste dis-
posal operations.

3. Reducing the negative impact on the environment
by adopting effective waste treatment policies.

4. Urging organizations to use environmentally
friendly maintenance materials such as (lubricat-
ing oils, and cleaning materials).

5. Maintaining the health and safety of workers by
reducing the risks associated with maintenance op-
erations and the use of non-toxic materials.

6. Using technology in the maintenance process and
moving away from traditional maintenance.

7. Use of energy-saving maintenance materials and
equipment.

Green maintenance requirements

The use of green maintenance is linked to a set
of requirements that must be met in its operations
(Ajukumar & Gandhi,2013).

1. Energy Efficiency: Maintenance is necessary even
with efficient systems as it keeps them in good
condition and without sudden stops. It also plays
an important role in improving energy efficiency
through a set of technologies that contribute to
improving operation and production (Pons et al.,
2013). Machines and equipment are a source of
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energy consumption in factories and homes alike,
so using the saving ones greatly reduces energy
consumption, but at the same time it is subject
to sudden breakdowns and stops that affect the
system, which affects its production and opera-
tional capacity, so it should be followed An ef-
fective strategy in maintenance operations from
preventive, predictive and scheduled maintenance
programs to discover and diagnose faults, avoid
failure and achieve growth in the global rational-
ization of energy use (Kappatos, 2021).

2. Health and Safety Risks: Healthy green mainte-
nance practices are the cornerstone of their suc-
cess. Emitted gases, leak sites, lubricating oils, fil-
ters, hoses, and containers often cause health prob-
lems. Green maintenance is responsible for provid-
ing a safe and reliable environment through im-
plementing each of the steps in Maintenance in a
proper manner while providing appropriate pro-
tection for maintenance workers and others on the
work sites. Therefore, green maintenance seeks to
use safe materials in its operations such as the
use of environmentally friendly biodegradable flu-
ids, non-toxic materials, and long-life lubricants
(Ajukumar & Gandhi, 2013)

3. Environmental Compatibility: The organization’s
quest to develop an effective system for mainte-
nance requires it to take a comprehensive look at
the internal and external conditions and the strat-
egy surrounding its work, and then determine how
future changes to those conditions affect the ef-
ficiency of its performance in particular and en-
vironmental performance in general (Jasiulewicz
& Drozyner, 2013), the emitted gases and organic
compounds resulting from maintenance operations
lead to a high risk of injuries among maintenance
workers, as well as their negative impact on the
surrounding environment in the long run.

Therefore, it should take into consideration these
factors (energy consumption, health, and safety risks,
and environmental compatibility) and the require-
ments that are generated by maintenance operations
as they are considered the main catalyst for their sur-
vival in the market because ignoring them makes them
evade their social and environmental responsibility,
which affects their reputation.

The second axis: Environmental performance
— the concept of environmental performance

Environmental performance literature shows that
organizations of different nature of their activities and
regulators did not pay much attention to this ne-
glected area until the 1960s, and one of the most im-
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portant reasons for this neglect was the limited knowl-
edge of policymakers regarding toxic emissions result-
ing from the operations of organizations, then devel-
oped basic pollution measurement techniques, but un-
fortunately, it was not easily available to the different
stakeholders (Mohammad, 2014), so the concept of
environmental performance in the past two decades
attracted the attention of organizations around the
world including industrial and service organizations
and governments, which led to an increase in pro-
environmental behaviors before implementing envi-
ronmental regulations Environmental management
and approval of its certificates (Massoud et al., 2010).
Al-Mawali (2021) defined environmental performance
as the environmental impact resulting from the or-
ganization’s management of its various activities of
harmful recycled waste and gaseous emissions and
non-compliance with laws and regulations environ-
mental. As for (Wang et al., 2015), he explained
that environmental performance is the relative per-
formance of the organization in complying with en-
vironmental regulations interactively and proactively
that allows the occurrence of environmental crises and
trains workers on environmental issues. As for the Or-
ganization for Standardization (ISO), it defined envi-
ronmental performance in brief as the results of the
organization’s management of its environmental as-
pects (Trumpp et al., 2013). While Yang et al. (2011)
indicated that environmental performance is the de-
gree to which an organization improves its perfor-
mance about its environment. Also defined (Walls et
al., 2012) is environmental performance as the envi-
ronmental impact resulting from the strategic activ-
ities managed by the organization. While both Ti-
bor & Feldman (1996) and Schultes & Reis (1995)
went to almost agreement on finding a detailed defi-
nition of environmental performance, they defined it
as the training period that the organization under-
takes in addressing the relationships between all as-
pects of the risks of its activities and the environ-
mental impacts of obtaining results measurable (Kola-
Lawal, 2015).

It is clear from the above that effective environ-
mental management and improving the organization’s
environmental performance, which the researcher de-
fined as “a measure to determine the environmen-
tal impact of the organization’s consumption of re-
sources and its efforts to reduce the negative impact
on the environment” creates many viable advantages,
as it is considered a competitive priority for them be-
cause they have become aware that Proactive environ-
mental activity can contribute to reducing unwanted
accidents and improving economic outcomes at the
same time.
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Environmental performance indicators

Environmental performance indicators (EPI) are an
essential tool to achieve the objectives of the envi-
ronmental dimension in economic organizations of all
kinds. During which their environmental performance
is improved, and the environmental performance indi-
cators differ according to different organizations and
their activities, as they can be divided into several cat-
egories: (Tung et al., 2018; Henri & Journeault, 2008;
Jasch, 2009).

1. Environmental condition indicators: These indica-
tors provide information about the local, regional,
national or global environmental condition. They
directly measure the quality of the environment.
They are used to assess the impact of emissions
on air and water quality, for example, air quality
in power plants and water quality. Industrial and
noise pollution at airports and indicators of en-
vironmental conditions are usually monitored and
recorded by public institutions.

2. Operational performance indicators: These indica-
tors provide information about the environmental
performance of the organization’s operations, as
these indicators form the basis for evaluating the
environmental aspects. They are directly related
to the balance of material flow between inputs and
outputs, the operation of facilities, equipment, and
supply chains, as well as the waste resulting from
the organization’s operations.

3. Management performance indicators: These indi-
cators provide information about the efforts made
by the management to influence the environmen-
tal performance of the organization as well as the
results achieved about the impact on its environ-
mental aspects, such as the number of environ-
mental reviews, employee training, supplier audits,
cases of non-compliance, implementation of Envi-
ronmental policies, compliance of procedures with
requirements and expectations, financial perfor-
mance related to the environment, etc., they pro-
vide useful information that allows setting goals
for improving the environmental management sys-
tem.

Environmental management systems

The International Standardization Organization
(ISO) defines an environmental management system
(EMS) as a part of a general management system
that includes the organizational structure, planning
activities, responsibilities, practices, procedures, pro-
cesses, and resources for the development, implemen-
tation, investigation, analysis, and maintenance of en-
vironmental policies (Herghiligiu, 2018). Pesce et al.
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(2018) indicated that the first emergence of environ-
mental management systems in North America in the
1970s and now widely used by organizations around
the world was developed to overcome the shortcom-
ings of traditional tools as they provide Guidelines
in addressing environmental issues. Herghiligiu et al.

(2019) stated that environmental management sys-

tems are dedicated to managing environmental as-

pects and impacts and cannot be considered an inde-
pendent tool, but rather a subset of the overall man-
agement system.

Perotto et al. (2008) stated that environmental
management systems were developed according to
the Deming principle (planning, doing, examination,
implementation) and thus can be presented as an
independent cycle of planning, implementation, re-
evaluation, and improvement of organizational pro-
cesses for continuous improvement of environmental
performance.

Teodosio explained that the main objectives
of the environmental management system are
(Herghiligiu, 2013).

1. The Environmental Management System identifies
and controls the environmental aspects, impacts,
and risks associated with them.

2. The compliance of the implementing organizations
of the Environmental Management System with
the agreed environmental policies and regulations.

3. The Environmental Management System sets out
the basic principles that develop the environmen-
tal responsibilities of organizations.

4. The Environmental Management System defines
the responsibilities, authorities, and procedures
that ensure the participation of human resources.

5. Developing an integrated environmental program
that would raise the level of organizational perfor-
mance while balancing costs and benefits.

Impact of environmental management
systems on environmental performance

There are conflicting opinions about the relation-
ship between environmental management systems and
environmental performance, as some researchers claim
that adopting any pro-environmental behavior such
as implementing an environmental management sys-
tem leads to improving environmental performance
(Jabbour et al., 2012), and others have pointed out
that the impact of environmental management sys-
tems The multi-dimensional environment can be seen
from different angles (Bioral, 2011).

1. Environmental management systems provide a
general mechanism to drive organizations to un-
dertake more responsible environmental practices.

Volume 14 ¢ Number 3 e September 2023



www.czasopisma.pan.pl P
Y

N www.journals.pan.pl

Management and Production Engineering Review

2. More proactive environmental management may
improve other non-environmental indicators such
as indicators of financial performance and the or-
ganization’s general performance.

At the same time, studies and research have proven
that the implementation of the environmental man-
agement system has positive effects on environmental
indicators such as energy and water use, waste treat-
ment, dealing with by-products associated with the
process of productivity, and recycling. The same stud-
ies have shown that obtaining an environmental man-
agement certificate (EMS) reduces generation rates.
Solid waste shows the importance of environmental
management systems in improving environmental per-
formance (Kola-Lawal, 2015).

Research implications

The current research differed from previous studies
in the following areas:

1. The application site, as this study was applied in
the Iraqi environment in the industrial sector, fo-
cusing on petroleum products.

2. The current research dealt with the application of
green maintenance in environmental performance,
as it highlights the difference in (Maletic et al.,
2014) in terms of identifying and removing losses
in the current manufacturing line, and improving
potential areas from the company’s perspective,
while the current research in terms of focusing on
energy efficiency and risks Health, safety and en-
vironmental compatibility.

3. The current research dealt with the costs associ-
ated with the improvements resulting from the ap-
plication of green maintenance and the extent to
which the respondents could adopt new mecha-
nisms and technologies to enhance environmental
performance.

The research dealt with the descriptive analysis ap-
proach using the questionnaire, as it differed from the
approach of previous studies, such as the study (Al-
Najjar, 2007) that adopted the (VBM) model in as-
sessing the financial impact, and the study (Maletic
et al., 2014) the case study approach, and the study
(Maletic et al., 2018) modeling the path of squares
Partial Minor (PLS-PM), and the study (Paralikadu,
2014) Multi-criteria Decision Analysis (MCDA) ac-
cording to the solution method, decision category, and
asset category, and the study (Rezaei, 2023) the quan-
titative method of physical asset analysis (BIA) basic
in the implementation of business continuity manage-
ment

Maintenance is now an important component of
asset management, and green maintenance has the

Volume 14 e Number 3 e September 2023

biggest impact. Thus there are previous studies look-
ing at maintenance as part of asset management and
its role on sustainability. The environmental perfor-
mance of the organization comes as an indicator of
the organization’s interest in the environment and so-
ciety (environmental status indicators and operational
performance indicators) and the way to achieve that
is through green maintenance with its requirements
(energy efficiency, safety and health risks, and en-
vironmental compatibility), and environmental man-
agement systems.

Materials and methods

The research problem

The research problem can be embodied in the fol-
lowing questions:

1. Does the management of the company in question
have a clear vision and perception about (green
maintenance)? What is the level of application for
this maintenance?

2. What is the company’s level of interest in environ-
mental performance? What is the level of verifica-
tion?

3. Is there a significant correlation between green
maintenance and environmental performance in
the company understudy?

4. Is there a significant effect of green maintenance
on the environmental performance of the company
understudy?

Research objectives

The research objectives that derive from the re-
search problem are determined in:

1. Determining the extent to which the company un-
der consideration applies green maintenance.

2. Diagnosing the level of environmental performance
in the company under investigation.

3. Determine the extent to which there is a signifi-
cant correlation between green maintenance and
the environmental performance of the company
under investigation.

4. Diagnose the extent to which green maintenance
has a significant effect on the environmental per-
formance of the company under study.

The importance of research

The importance of the research stems from the ben-
efits it achieves for the company in question, as it
revolves around two variables whose importance crys-
tallizes in the results of the impact of green mainte-
nance on environmental performance, and therefore
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the importance aspects center in considering it one of
the modern maintenance systems that contribute to
increasing its production and enhancing its environ-
mental performance.

Research hypotheses

The hypotheses were built based on the relation-
ship and influence between the research variables and
the differences between the company under investiga-
tion in the level of the two variables and their sub-
dimensions. In this direction, two main hypotheses
were crystallized as follows:

The first main hypothesis (H1): There is a signifi-
cant correlation between green maintenance and en-
vironmental performance.

The second main hypothesis (H2): Green mainte-
nance has a significant effect on environmental per-
formance.

| |

]

2. The practical aspect: the research was based on
the practical aspect of the following methods in
collecting information and analyzing the data col-
lected from the researched company using a ques-
tionnaire form. Strongly Agree 5, agree 4, neutral
3, disagree 2, and Strongly disagree 1 to classify
the response degrees that range between 5-1 de-
grees, with the large degree of the most agreed
group determined.

The research community and sample

The research community includes all (450) employ-
ees of the Petroleum Products Distribution Com-
pany. As for the sample, it consisted of senior man-
agement managers, directors and heads of depart-
ments, divisions, factories and laboratories in the re-
searched company, as they are decision-making cen-
ters, and they are responsible for achieving the com-
pany’s goals. Their number reached 5 managers. The
community, as the number of respondents to the ques-
tionnaire, was as shown in Table 1.

Table 1
The number of distributed questionnaires that are valid
for analysis and non-refundable, and the recovery rate in
the researched company

' N N
Environmen tal REPURSTE | | Eaergy Using Variable
Performance Indicators Variable — Efficiency
Operational Performance: * > “"m“ .-i—.; A
ingicators -
| : Green
performance Envi
Management Pertormance r p
ngicaters *
.
Moral Effect -— Moral Relationship ~— S—

Fig. 2. The hypothesis of the research

Research methodology

The research relied on the descriptive analytical ap-
proach that achieves a holistic view in describing and
analyzing the case, is consistent with the idea and ob-
jectives of the research, and determines the strength of
the variables within the framework of the responses of
the sample members to the questionnaire paragraphs,
as well as accessing documents and records, and con-
ducting personal interviews as methods for collecting
data and information to ensure giving An overview of
the variables under study.

Sources and methods of data collection

1. The theoretical side: Arab and foreign books, peri-
odicals, dissertations and theses, Arab and foreign
university theses that dealt with research vari-
ables, research, and specialized articles were relied
on (the Internet).

88
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The General Company
for Electrical and 54 46 8 |85%
Electronic Industries
Grand Total 54 46 8 |85%

From looking at Table 1, it is clear that the inten-
tional sample whose responses were approved for the
purposes of the research amounted to 46 managers,
who constitute 85% of the total community of man-
agers, and the personal characteristics of the individ-
uals of the research sample who were answered for the
purposes of the research can be viewed by looking at
the following:

It is clear from Table 2, in the researched company,
the personal characteristics of the members of the re-
search sample, including the following;:

1. Gender: The percentage of males dominated fe-
males in the company, at a rate of 83%.

2. Age: The age group 40-49 appeared at a rate of
41.3%, as they occupy leadership positions as they
are in contact with the company’s factories and
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Table 2
Characteristics of the sample members in the oil products distribution company
Gender Male Female 46
1 38 %83 8 %17 %100
30-39 40-49 50-59 60 and over 46
2 The age
7 15.2 19 41.3 17 37 3 6.5 %100
. . Technical, Degree Diploma Bachelor’s Master’s 46
3 Qualification
5 10.8 31 67.4 17 37 3 6.5 %100
Duration of Less than 5 5-9 10-14 15-19 20 and over | 46
4 service in
the company 0 0 1 2.1 9 19.7 17 36.9 19 41.3 | %100
5 Type of Productive Service Productive and service 46
company activity 78 78.9 1 4 8 8.1 %100
Members
of the
. . Board of Assistant Heads of
6 ) Current job D1rectolr Directors General Factory Laboratory Depart- 46
in the company genera (senior Manager managers managers ments
manage-
ment)
1 2.1 2 4.4 5 10.8 1 2.1 2 4.4 5 17.4 | %100

laboratories, in addition to being a category char-
acterized by greater mental and physical energy
and possessing experience and skill in the field
of work.

3. Academic qualification: It is clear from the nature
of the industrial or productive work in the business
practiced by the company, its impact was clear in
strengthening the company with leaders with good
academic qualifications, as holders of a bachelor’s
degree in the company reached the largest percent-
age of the percentages of other certificates, so they
were in the company at a rate of 67.3%.

4. Duration of service in the company: It turned out
that the service of the managers in the company
is more than 20 years.

5. The type of the company’s activity: the number of
managers in the production departments was more
than the other departments in the company, as
they were in the company at a rate of 87.9% since
the company is one of the production companies.

6. The current position in the company: The factory
managers were the most numerous in the com-
pany, being in contact with the workers inside the
factory and the closest in decision-making, as the
percentage of factory managers in the company
was 50%.
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It is clear from the above that the response of the
research sample was represented mostly by males be-
tween the age of (40-49) years, holding a bachelor’s
degree, a period of service in the researched company
of 20 years, working in the production departments,
and being managers of the researched company’s fac-
tories.

The apparent honesty test

For the questionnaire used in the research to meet
the approved scientific conditions, the paragraphs of
the resolution measures were presented to a group of
specialized arbitrator professors, in this field to ensure
the apparent validity of the measurement tool, and
to determine the ability of the paragraphs to cover
the field to which they belong, and in the light of
their opinions about the clarity of each paragraph In
terms of the intellectual content and formulation, sev-
eral paragraphs were corrected, with the addition or
deletion of several paragraphs for any of the two vari-
ables according to the opinions of the arbitrators and
reviewed by the research hypotheses and objectives,
the stability of the measurement tool is intended, and
by adopting the Alpha Cronbach coefficient the sta-
bility of the resolution was measured.
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Results

Stability test — Alpha Cronbach

The stability test is evidence of stability and objec-
tivity in the answers of the study sample in different
periods, and it is one of the most common measures
in previous studies (Table 3). Alpha-Cronbach for the
questionnaire items at the level of all its dimensions
lies between 0.721 and 0.902, which are high values
compared to the minimum acceptance of 0.60, while
the content validity values were located between 0.85
and 0.95, which indicates the possibility of passing.
The questionnaire is in addition to the homogeneity
of the questionnaire’s paragraphs and its validity for
all its objectives.

Table 3
Calculate the stability of (Alpha-Cronbach) and the va-
lidity of the content

Study variables and | Number Alpha- Content
. . . Cronbach . 1
dimensions of items . validity
coefficient
Energy Efficiency 8 0.743 0.862
Health and safety risks 8 0.762 0.873
environmental 8 0.792 0.89
compatibility
Green Maintenance
(Independent Variable) 2 0864 0.93
Environmental
Performance Indicators > 0.721 0-85
operational 5 0.725 0.851
performance indicators
management 5 0.781 0.884
performance indicators
Environmental
Performance 15 0.767 0.876
(Dependent Variable)
For all para‘ugrap}}s of 39 0.902 0.95
the questionnaire

Descriptive analysis and presentation and
analysis of results

Table 4 refers to the description and analysis of the
sample’s opinions about the study variables “green
maintenance, environmental performance”’, as it is
clear that the arithmetic mean of the green mainte-
nance variable reached 2.31 and with a standard devi-
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ation of 0.52, which indicates the presence of weakness
and lack of interest of the organization (place of the
study) Applying green maintenance practices, as it
obtained after (energy efficiency) an arithmetic mean
of 2.31 and a standard deviation of 0.66, which in-
dicates that the organization (the place of study) did
not use modern technology in maintenance operations
in order to reduce pollution sources in addition to its
lack of reliance on programs Scheduled to maintain
devices and equipment and not to use environmentally
friendly energy in order to get rid of waste that con-
tribute to environmental pollution, which means that
the efficiency of energy use by reducing consumption
was not among the priorities of the organization (the
place of study). While the (health and safety risks)
obtained a mean of 2.27 and a standard deviation of
0.62, which indicates the weakness and lack of interest
of the organization (the place of study) in the health
risks resulting from maintenance operations as a re-
sult of its lack of dependence on correct green prac-
tices and its lack of interest in providing a safe, reliable
and free environment of the gaseous emissions that af-
fect the health and safety of the employer, what hap-
pened after (environmental compatibility) with arith-
metic mean 2.36 and a standard deviation 0.51, which
indicates a lack of interest as a result of the company’s
lack of interest in developing targeted programs to re-
duce injuries among maintenance workers due to their
exposure to gases It emitted organic compounds, as
well as not using environmentally friendly materials
in its maintenance work.

As for the (environmental performance) variable,
it obtained an arithmetic mean of 2.37 and a stan-
dard deviation of 0.51, which indicates the weakness
of the organization (the place of application) in its en-
vironmental performance. 0.65, which indicates that
the organization (the place of application) is not keen
on taking care of the environment due to the lack
of relevant information in the field of the environ-
ment, as well as the lack of monitoring of the orga-
nization’s products on their impact on environmen-
tal indicators. Then (operational performance indica-
tors) got an arithmetic mean of 2.36 and standard
deviation 0.64, which indicates the large number of
interruptions that occur in the production process for
not using quantitative tools that contribute to achiev-
ing balance in the flow of materials and their use of
machines and equipment that are not easy to main-
tain during the production process Which makes the
operation time longer compared to the ideal situa-
tion. Then (management performance indicators) got
an arithmetic mean of 2.29 and a standard deviation
of 0.62, which indicates the weakness of the efforts
made by the administration in the field of environ-
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Table 4
Descriptive analysis of the sample for the research variables

Repetitions o
> — @ > O % FS‘ g
Paragraphs o 8| 2|2 |8 E g1 =
S|l S| Bl W g 6w 40| =2
S| 2| S|S0 s| 28| =5
B |< z | = 2.8 H n S
n AT | <
1 The company uses modern maintenance technology to reduce pollution 9 31130111 17 2171 1.00
sources.
9 The company adopts a rpethod (§cheduled prhogra.ms) for the mainte- 1 4111117 13 1220 1.02
nance of devices and equipment aimed at getting rid of waste.
3 The company uses env1ro.nmentally.fr1endly energy (Whl?h has little 9 sloli1g] 9 9.48 | 0.98
negative impact on the environment) in the maintenance of its products.
4 Reducing the pollution of waste from its sources is a priority for the 3 2 l10l19] 12 224101
company.
5 Reducing energy consumption to a minimum is one of the company’s 9 61141131 11 | 246088

priorities.

The company uses an effective strategy in maintenance operations from
6 | preventive, predictive, and scheduled maintenance programs to discov- | 3 3112119 9 2.39 | 0.79
ering faults.

The company emphasizes energy through a set of technologies that con-

7 tribute to improving operation and production. 2 114118 11 12.2410.99

3 Diagnosing the company’s faults, avou’ilng .fal.lu.re, and rationalizing the 9 6111112 15 [2.30!0.78
use of energy are among the company’s priorities.

Energy Efficiency X1 2.31 | 0.66

9 The company’s management adopts correct green maintenance prac- 0 3110021 12 1209086

tices, including health and safety.

The company’s management undertakes green maintenance by provid-
10 | ing a safe and reliable environment by properly implementing mainte- | 0 6 16|13 11 |2.37]0.99
nance steps.

The company’s management adopts a green maintenance strategy con-
11 | stantly to reduce health problems (emitted gases, containers, and lubri- | 1 219121 13 |2.07]0.92
cants).

The company uses safe materials in its operations, such as the use of
12 | environmentally friendly fluids (non-toxic materials, and long-life lubri- | 2 7|17 120| 10 |237]0.88
cants).

The company implements green maintenance practices while providing

13 . . . .
appropriate protection to maintenance workers and others on work sites.

2 411414 | 12 |235|1.00

The company views green maintainability as an essential part of its

14 health and safety risks.

2 4 17|11 12 |2.41|0.78

The Company reduces its health and safety risks to reduce and improve

15 .
the costs of using resources.

1 7113112 13 |2.37|0.79

The company’s management takes care of health and safety risks and
brings them closer to a safe and reliable environment.

Health and Safety Hazards X2 2.2710,62

16 1 11221} 11 |2.13]0.88

The company demonstrates an effective green maintenance system

1 . . "
7 through a comprehensive look at internal and external conditions.

0 |3 |18]16| 9 |232]0.87

The company is characterized by the ease of determining how the com-
18 | pany’s future changes will affect the efficiency of its performance in | 1 511514 | 11 |2.37]0.69
particular and the environmental performance in general.
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Table 4 continued

Repetitions o

P © 8
— | ©

Paragraphs S || ElE|BE| E5|SE
co | S| E| |2 @] 2| g8
ol 2l S| S| BE| =%
Ec ||z |2 |82 E g

0 AlnT| <
19 The company reduces the risk of. injuries among maintenance workers 6 2161221 10 239089

(such as emitted gases and organic compounds).

20 The company adopts green maintenance to reduce its negative impact 9 61101151 13 1233081

on the surrounding environment in the long run.

The company uses environmentally friendly maintenance materials

21 (such as lubricants and cleaning materials).

2 7110 17| 10 |243]|0.84

22 Tt}.le company minimizes problems associated with waste disposal oper- 1 4110120 11 222098
ations.

23 | The company has effective waste treatment policies. 1 6 16|17 6 2.54 | 0.95

The company focuses on more than one policy in reducing the problems

2 caused by diversions. ! 518123 9 2.26 | 0.98
Environmental Compatibility X3 2.36 | 0.51
Green Maintenance X 2.31 | 0.52

The company is keen to provide information about the local, regional

25 and global environment.

3 512171 9 |247)|0.74

2% The company s.p.roducts are monitored in terms of indicators of envi- 9 1110124 9 292 | 0.67
ronmental conditions.

The company can measure the quality of the environment to assess

emissions (air and water quality). 3|5 |14)14) 10 1 251082

27

28 | Affects air quality in power plants, industrial water quality, and noise. 3 5 (1315 10 |2.49]0.61

The company uses specific (14001) standards on air quality in power

29 . . ) .
plants, industrial water quality, and noise.

3 8 |115(12| 8 2.7 10.82

Environmental Status Indicators Y1 2.47 | 0.65

There are no interruptions in the production process that lead to a long

30 cycle time.

0 3 112115| 16 |2.04|0.94

It does not affect the time of completion of the process in the time of

. 0 7112119 8 2.39 [ 0.95
other operations.

31

32 E‘hle company uses quantitative tools directly related to material flow 9 3113116] 12 1228 0.49
alance.

33 The company’s machines are easy to repair during the production pro- 9 4 1101922 8 2.35 | 0.62
cess.

The company depends on the operation of facilities and equipment and

4 . . .
3 how to dispose of waste resulting from the production process.

5 | 31(19|113] 6 |[2.74)|0.76

Operational Performance Indicators Y2 2.36 | 0.64

The company makes efforts to influence the environmental performance

35 of the organization.

1 513|116 11 |2.33]|0.79

The company submits the results achieved from (training of employees,
36 | number of environmental audits, and supplier audits) that have an im- | 2 4 13|18 9 2.39 | 0.67
pact on its environmental aspects.

37 No choke points occur during production when moving from one process 1 3110124 8 294 | 0.89
to another.
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Table 4 continued

Repetitions o
> o e e T8
Paragraphs e | 3| E|E || EE|BE
SO |8l E| 2| g @] =g 88
ol 2l S| S| EE| 2
Ed ||z |2 |82 F ]
n AlnnT| <
Operational Performance Indicators Y2 2.36 | 0.64
38 Availabi%ity of information about the company about management ef- 0 31151151 13 2171 0.93
forts to influence environmental performance.
39 Avallablhty of 1pf0rmat10n with the company about setting goals to 1 411319 9 233 | 0.97
improve the environmental management system.
Management Performance Indicators Y3 2.29 | 0.62
Environmental performance y 2.37 1 0.51

mental performance and the lack of involvement of
its staff in training programs to create a culture of
environmental preservation within the culture of the
organization, as well as the lack of efforts to obtain
information and data received in the local, regional
and global environment.

The normal distribution test

The sub-correlation hypotheses are tested, and then
the main correlation hypothesis is tested to confirm
the acceptance or rejection of the hypotheses. From
Table 6, it is clear that the values of the correlation

Table 6
The relationship between green maintenance and environ-
mental performance with its dimensions

The results of Table 5 indicate the normal distribu- The d dent variable and its di .
tion of the data, as the Shapiro-wilk test for the green _% ¢ dependent variable anc 1ts cimensions
maintenance variable reached 0.978 and the level of é’ ps e _
significance 0.545, while the Shapiro-Wilk test for the o B fg 2 |33 Sleg sl gi:
environmental performance variable reached 0.957. At < E g5 52 2 g 5 g £ %
the level of significance 0.091, which indicates that the 2T EE-|% % = §o % < S5 E

L. . . i .. D " ie) iel =
data distribution is characterized by the characteristic % & E 2 2 5 2| g 5 2 E £
of a normal distribution, since the two values of the E = 42 Cazl=4aE A 2,
level of significance (Sig) are greater than the level of
§1gn1ﬁcance (Slg =0.05), Wh%Ch is con51der§d t.he min- LB Spearm?,n 0.201% |0.528%*| 0.40%* |0.490%*
imum to consider the data with a normal distribution, o £ _ | Correlation
and therefore the data have a normal distribution. ;‘5 &‘E) s S

M 1g. 0.04 0.000 | 0.006 | 0.001
Table 5 (2-tailed)
Test data distribution = o Soearman
5.% CP i 10421 0.463+* | .602*+0 | 0.662**
1stri 1 S orrelation
Variable Wwill | Sig lett“bunon =53
ype Sy N Si
Q < 1g.
- 0.004 | 0.001 | 0.000 | 0.000

Green 0.978 | 0.545 Natural = OE | (2-tailed)

maintenance X

Environmental = z Spearman

0.957 0.091 Natural == ‘ 0.463**|0.531**|0.432** | 0.608**
performance Y QE’ 3 - Correlation
as
= & s Sig.
Z g (2-tailed) 0.001 | 0.000 | 0.003 | 0.000
Hypothesis testing | ©
1. Testing the hypotheses of the relationship be- Green 0.664**
tween green maintenance and environmental per- maintenance X 0.000
formance
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coefficient between the independent variable and its
dimensions (green maintenance) and the dependent
variable and its dimensions (environmental perfor-
mance) ranged between 0.664** and *0.291 at a signif-
icant level that ranged between 0.000 and 0.000, which
is less than 0.05. This indicates that there is a sta-
tistically significant direct correlation between green
maintenance and its dimensions and environmental
performance and its dimensions. The relationship be-
tween health and safety risks and environmental per-
formance represented the strongest relationship 0.662,
and the relationship between energy efficiency and en-
vironmental condition indicators was added by 0.291,
and therefore we accept the correlation hypothesis,
which indicates that the green maintenance variable
and its dimensions in the researched company have
an active and important role In the environmental
performance variable, as it represented the strongest
relationship among the other relationships.

Test hypotheses of the effect of green
maintenance on environmental performance

This paragraph deals with testing the influence hy-
potheses identified by the research for the purpose of
determining the possibility of judging the acceptance
or rejection of the influence hypotheses, as this will be
done according to the simple linear regression equa-
tion as follows (Table 7):

Y =a+pX

The significance of the estimated model shows that
the probability values associated with the F test
statistics have reached (sig = 0.000), which is less
than the value of the level of statistical significance
(v = 0.05), which indicates the acceptance of the ef-
fect hypothesis. Below is the equation of the simple
regression line:

Y =1.22 4 (0.499)X1 + 1.173 + (0.529)X1
+ 0.905 + (0.622) X1 + 0.718 + (0.715) X

Discussion

1. Does the management of the company in ques-
tion have a clear vision and perception of (green
maintenance)? What is the level of implementa-
tion of this maintenance? It appeared that there
was weakness and lack of interest in the researched
company in applying green maintenance practices,
and the researched company did not use modern
technology in maintenance operations in order to
reduce pollution sources, in addition to its lack of
reliance on scheduled programs for maintenance of
devices and equipment, and its lack of use of envi-
ronmentally friendly energy in order to get rid of
waste that contributes to environmental pollution.

2. What is the level of interest of the company un-
der study in environmental performance? What is
the level of verification? The researched company’s
lack of interest in the environment appeared due
to the lack of information related to the environ-
ment, as well as the lack of monitoring the or-
ganization’s products about their impact on en-
vironmental indicators. Frequent stoppages in the
production process for not using quantitative tools
that contribute to balancing the flow of materials
and using machines and equipment that are not
easy to maintain during the production process,
which makes the processing time longer compared
to the ideal situation. the weakness of the efforts
made by the administration in the field of envi-
ronmental performance and the failure to involve
its staff in training programs to create a culture
of preserving the environment within the culture
of the organization, as well as the lack of efforts
in obtaining information and data related to the
local, regional and global environment.

3. Is there a significant correlation between green
maintenance and environmental performance in
the researched company? There is a significant
correlation between green maintenance and envi-
ronmental performance in the researched company

Analysis of variance for the green maintenancza\:rc;;ble in the environmental performance variable
Independent Regression coefficient R2 T F Sig Dependent
variable A B variable
Energy Efficiency 1.22 0.499 0.421 | 5.767 | 32.010 | 0.000 E ©
Safety and health risks 1.173 0.529 0.428 | 5.408 | 32.869 | 0.000 g é
Environmental compatibility 0.905 0.622 0.393 | 5.333 | 28.478 | 0.000 .g :g
Green maintenance 0.718 0.715 0.545 | 7.256 | 52.652 | 0.000 LS &
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because of its active and important role in environ-
mental performance variable.

4. TIs there a significant effect of green maintenance on
the environmental performance of the researched
company? The effect of green maintenance on en-
vironmental performance.

Conclusion and recommendations

The conclusions

This study reviews the most important conclusions
and recommendations of the research, as follows:

1. Green maintenance is one of the green operations
that aim to get rid of waste and environmental
impacts associated with the maintenance process
and optimal use of resources.

2. The importance of applying green maintenance
techniques is increasing through the use of tech-
nology and moving away from traditional main-
tenance to reduce the negative impact on the en-
vironment by adopting effective waste treatment
policies.

3. The environmental performance helps the re-
searched company to achieve the environmental
impact resulting from the company in question’s
management of its various activities of harmful re-
cycled waste and gas emissions and others.

4. The results of describing and diagnosing the re-
search variables indicate the consensus of working
individuals about the necessity of their company
to implement green maintenance tools, as well as
their consensus about encouraging their company
to achieve the dimensions of green maintenance.

5. The results of the correlation and the effect be-
tween the research variables confirmed the exis-
tence of a relationship between green maintenance
and environmental performance. As for the effect,
there is a strong effect of green maintenance on
environmental performance.

6. The company’s weak adoption of green mainte-
nance in adopting new mechanisms and techniques
to enhance environmental performance.

The recommendations

1. The company’s management enhances the levels
of application of dimensions by setting a schedule
for green maintenance, taking into account sudden
stops and how to treat them without affecting the
workflow.

2. Spreading the culture of green maintenance among
the employees of the researched company, and re-
lying on them to reduce the amount of indus-
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trial waste and environmental pollutants through
(posters, holding seminars, and workshops on en-
vironmentally friendly products, .... etc.).

3. Using machines with low energy consumption,
which contributes to reducing their effects on the
environment, reducing the volume of pollution and
energy consumed, and holding training courses to
clarify the contents (health and safety risks, en-
ergy efficiency, environmental compatibility), and
the benefits achieved by the company as a result
of its application.

4. Adopting control systems that follow up on green
maintenance to enhance environmental perfor-
mance, as well as a policy that obliges the compa-
nies affiliated with the company in question to fol-
low green maintenance that contributes to reduc-
ing environmental pollution and enhancing their
competitive performance.
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