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Abstract

Maintenance in Iragi oil and gas (O&G) firms is critical in providing customers with
operations, maintenance, and services for O&G products. In recent decades, fresh
theories for enhancing the performance of the oil and gas business, such as lean
management and six sigma, have emerged. The lean management concept is used in
this study to improve services and maintenance in the Iragi O&G industry. A
quantitative technique was used to reach the study's aim, including a questionnaire
that was produced and sent electronically. The assessment was undertaken at the Najaf
refinery in southern Iraq and the A-Dora refinery in the centre of Irag. It was
discovered that finding value in lean management plays no significant effect on
maintenance performance in the Iraqi O&G industry. Furthermore, it was discovered
that the map value stream greatly influences maintenance performance and that
establishing flow in lean management has no substantial impact on maintenance
performance in the O&G business. Furthermore, the data showed that establishing
pull has no substantial impact on the O&G industry's maintenance performance and
that chasing perfection has no significant impact on maintenance performance. The
researcher made several recommendations and future work proposals to increase
O&G maintenance performance.

Keywords: A-Dora refinery, Iragi O&G industry, Lean management,
Maintenance performance, Najaf refinery.
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1. Introduction

Lean management ideas have been extensively utilised to increase process
efficiency and productivity in various sectors, including manufacturing,
construction, and oil and gas. Lean maintenance has been adopted in the oil and gas
industry to improve sound productivity and facility efficiency [1]. Lean
construction techniques have also been used to improve the quality of project
management, including maintenance planning procedures [2]. Adopting lean
concepts in the maintenance business has shown improvement potential, notably in
the planning process. The success of Iraq's energy industry is "closely" tied to the
country's economic progress. The cause for this is Iraq's reliance on oil as a critical
source of money and the poor performance of other economic sectors such as
agriculture, industry, and others. Iraq's future depends on reforming its oil
infrastructure and growing exploration, development, and production [3]. The oil
and gas (O&G) industry in Iraq is the primary energy source for transportation and
the production of other goods and services by developing the energy sector through
maintenance in a coherent, coherent, sustainable, and environmentally friendly
manner to meet local energy needs and adopt multi-faceted national economic
growth to improve the standard of living of Iraqi citizens and create opportunities.
The most important selected economic indicators for the period (2010-2018) in
regard to Crude oil export revenues, the average price of Iraqi oil exports (dollars),
and Crude oil export are shown in Table 1. This study aims to establish Iraq as a
critical participant in regional and global energy markets. Figure 1 depicts the total
amount of crude oil produced in Irag from 1960 to 2016.
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Fig. 1. The quantity of crude oil production in Iraq [4].

Table 1. The most important selected
economic indicators for the period (2010-2018).

2010 2011 2012 2013 2014 2015 2016 2017 2018
actual actual initial expected expected expected expected expected expected
Crude oil 59.9 934 1094 117.9 126.7 137.0 148.0 162.3 176.9
export
revenues
The average 742 1035 106.7 102.6 97.6 93.3 90.4 88.7 87.5
price of Iraqi
oil exports
(dollars)
Crude oil 1.85 2.04 2.28 2.70 3.05 3.45 3.85 4.30 4.75
export

Source: Iragi authorities, estimates, and forecasts of the Fund staff.
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However, there are challenges to successful implementation, such as a need for
more awareness of lean principles [5]. The influence of the perceived adoption of lean
concepts on operational performance in the Lebanese pharmaceutical industry has been
researched, and beneficial impacts on quality, cost, and time factors have been found
[6]. However, the offered abstracts do not examine the particular effect of lean
management concepts on maintenance performance in Iraqg's oil and gas sector.

Storage and handling terminals cause problems with petroleum products. The
lack of knowledge and competence to identify the factors of implementing lean
management is a prevalent issue in the O&G business [7]. As a result, this study is
driven to analyse the LM principles in the Iragi O&G industry and the influence of
these principles on the maintenance performance of Iragi refineries.

2. Maintenance in O&G Industry

Maintenance is a collection of all technical, administrative, and managerial
operations taken over an item's life cycle to maintain or return it to a state where it
can perform the needed function. Previously, maintenance was considered an
expenditure account with performance metrics devised to track direct expenses or
surrogates, such as the number of tradespeople on the job and the total duration of
forced outages over a certain period. This perception, thankfully, is changing [8].
Figure 2 depicts the key branches of the oil and gas sector.
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Fig. 2. Major branches of the O&G industry in the world.

Aside from these areas, maintenance is a vital component in the production
process in the oil and gas business. Maintenance management seeks to assign the
most appropriate maintenance plan for equipment within the process to achieve an
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acceptable degree of integrity and safety while gaining high dependability and
availability of the asset with little investment [9].

3.Maintenance Concepts

There is no doubt that the concept of maintenance evolved gradually with the
complexity of industrial activity in light of significant developments in the size of
industrial units and the widespread use of machines and equipment that are
distinguished by their speed, accuracy, and high cost, necessitating attention to
developing integrated programs for their maintenance. Machines and equipment
cease operating, partially stop working at times, and entirely stop working at other
times due to repetitive use, which negatively impacts the organization. The quantity
and quality of output must be preserved for these productive assets to be utilized as
efficiently as feasible. Develop a thorough definition to explain the notion of
maintenance in light of its rising relevance and function in various aspects of life.

Maintenance has been described as (all operations that allow machines in the
system to be kept in working order). It has also been defined as (including all efforts
made to keep the physical equipment and facilities produced within playback
conditions). It was defined as (repairing or replacing the machine or any portion of
it in the event of an increase in the failure rate to prevent the occurrence of failure
that impedes the implementation of the particular activities necessary to maintain
the required production). It is also known as (a word used to explain how
organizations aim to prevent failure by exercising vigilance with their assets, which
are a significant aspect of their operational operations and play a major role in
creating their goods and services). The following may be deduced from the
preceding definitions and were depicted in Fig. 3:

¢ Maintenance aims to reduce holidays and not to prevent holidays because the
complete prevention of holidays is ideal and very difficult to reach.

e Machinery, equipment, and all other production techniques should be
maintained in good operating condition within an acceptable cost.

e Maintenance is an engineering technical process, but it has an administrative
aspect, as it cannot be practiced without administrative functions such as
planning Organizing, implementing, controlling, leading, and motivating
individuals [10].
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Fig. 3. Elements of the maintenance management system.
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The emphasis will be on emphasising maintenance's technical and
administrative components, and the authorised definition of maintenance will be as
follows. It is (a combination of technical and administrative operations aimed at
maintaining machine components or restoring them to normal operational
conditions to perform the desired function in the shortest period and at the lowest
cost). Maintenance was described as (planning, organising, executing, and
regulating financial, administrative, and human resources.

i. Planning: Setting goals for maintenance and preparing and providing all the
requirements required to achieve these goals.

ii. Organization: Establishing an organizational structure, setting tasks (a
division of work), forming maintenance teams, and coordinating activities for
the purpose of successfully implementing maintenance tasks.

iii. Implementation: Implementation of plans to reach the goals set in the
planning stage.

iv. Control: Measuring performance to identify deviations in the achieved and
planned and developing corrective measures for the purpose

Restoring machinery, equipment, and production requirements to their
normal condition.

3.1. Iragi O&G Industry

It is critical to consider enhancing maintenance's performance and vital role in the
Iragi O&G business, as the Iragi economy and people's lives are heavily reliant on
the O&G industry, as shown in Table 2. Most Iraqgis rely on the quality of oil
production and export to fulfil their demand and ensure their security. As a result,
maintaining this industry is critical for Irag's successful economic stability [4].

Table 2. Economic data and fiscal indicators
for 2013 and 2016. Source: IMF country report [4].

E ic Indicat Year

conomic Indicator 2013 2014 2015 2016
Total Exports (in billion US$) 89.8 93.0 565 492
Exports from oil (in billion US$) 89.4 925 56.1 488
Other exports (in billion US$) 0.4 0.4 0.4 0.4
Revenues from crude oil (in trillion US$) 105.7 985 57.7 58.0
Revenues from other resources (in trillion US$) 9.7 6.0 5.8 8.0
Overall revenue (in trillion US$) 1154 1044 635 66.0

The maintenance system may be improved by increasing efficiency and
lowering operating expenses [10]. The global oil and gas business is undergoing
difficult times. A lack of quality management that assures continuing maintenance
is part of the reaction to these difficulties. The oil and gas sector is gradually
rebounding from the downturn that caused it in recent years. However, the recovery
from below will necessitate new methods to manage energy businesses and the
auxiliary companies they collaborate with. According to Jaffe [11], Irag's oil
production issues are primarily the result of a lack of adequate attention to adopting
effective quality management and insufficient maintenance in pumping stations,
pipelines, and other oil and gas infrastructure. Figure 4 depicts further obstacles in
the Iragi oil and gas business.
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Fig. 4. Main challenges of the Iragi O&G industry [12].

3.2. O&G industry Maintenance via Lean Principles

Lean management ideas have been extensively deployed to increase process
efficiency and performance in various sectors, including manufacturing, construction,
and the oil and gas industry [1, 13]. However, a literature analysis focused on the
influence of lean management concepts on maintenance performance in Iraq's oil and
gas sector is required. There currently needs to be more study on this issue. The
development and implementation of lean maintenance requires a study of current
maintenance management methodologies, and their practical application in the oil
and gas sector is required [14]. This evaluation would give helpful information about
the efficacy of lean management concepts in increasing maintenance performance
and productivity in Iraqg's oil and gas sector.

One of the strategies which have been used in recent years to improve
maintenance functions is Lean Maintenance [15]. In every improvement project, it
is necessary to define and apply a procedure to lead to better operational results.
Lean Maintenance is not an exception. Therefore, a procedure that covers all the
phases needed to implement lean thinking in maintenance operations can be
implemented, as shown in Fig. 5 [16].

On-site maintenance solutions using lean management have been adopted in the
O&G sector to improve maintenance when appropriate. Implementing lean
principles may result in various improvements in preventative maintenance
techniques and a reduction in the number of reactive repairs, which substantially
influences the O&G business. Lean maintenance's most critical job is eliminating
faults entirely, followed by minimising repair downtime [11, 17]. When specialised
equipment such as pumps, motors, and generators fail, they are frequently moved
to an outside source for repair and restoration. In many circumstances, this gadget
is critical to production and is backed by superfluous installations that allow for
repairs. The employment of extraneous or unneeded mechanisms substantially

Journal of Engineering Science and Technology = December 2023, Vol. 18(6)



The Importance of Lean Management Principles for Maintenance in . . . . 3035

influences capital expenses, which might be unsustainable in today's economic
environment [2, 18]. Removing the primary devices and devices in sleep mode
might result in poor performance and input loss. Because the impact of a run on the
removal of a single pump or motor can be pretty severe, the person in charge of
fixing the device in its normal state as soon as possible bears responsibility for the
repair. This approach necessitates expertise to ensure repair timeframes and the
necessary skills and equipment [19, 20].
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Fig. 5. Lean maintenance steps in the O&G industry [16].

4.Research Hypotheses

The lean principles chosen for Irag's oil and gas business are based on the industry's
particular features and the need for more effective and efficient value delivery. Lean
concepts are effective in manufacturing and may be applied to knowledge-intensive
technical services. Using lean concepts in the oil and gas sector may aid in identifying
and eliminating waste in operations, resulting in enhanced performance. The Value
Stream Mapping (VSM) approach may detect waste and provide process
improvement suggestions [21]. Furthermore, Iraqg's oil and gas sector is critical to the
country's economy, and implementing Total Quality Management (TQM) concepts
has been shown to boost corporate performance. Top management commitment,
customer focus, continuous improvement, and staff empowerment and involvement
are critical success elements of TQM in the oil business [22]. These lean and TQM
concepts may assist in addressing the unique issues and needs of Irag's oil and gas
sector, resulting in enhanced performance and sustainability.

In this research, based on the conceptual model of this study, illustrated in Fig.
6, five hypotheses were evaluated in the quantitative analysis, including:

e Hypothesis (1): Identity value has a significant effect on maintenance
performance.

e Hypothesis (2): Map value stream has a remarkable effect on maintenance
performance.

¢ Hypothesis (3): Creating flow has a large effect on maintenance performance.
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¢ Hypothesis (4): Establishing pull has a considerable effect on maintenance
performance.

¢ Hypothesis (5): Seeking perfection has a significant effect on maintenance
performance.

Lean Principles

H1 ‘ Identify value

\

e Y | Maintenance

7/ S

H2 ‘ Map value stream

H3 ‘ Creating Flow

Ha ‘ Establishing Pull

SeekPerfection

AN VT T

H5 ‘

Fig. 6. Research conceptual model.

5.Research Methodology

This project began with reviewing the literature on the need to use lean management
principles in the oil and gas sector to enhance maintenance performance. The critical
contributions of lean concepts to increasing maintenance performance in the oil and
gas sector were identified. This result was followed by cross-sectional research in
which an online questionnaire was created and disseminated to anticipate the impact
of lean management principles in enhancing the performance of Iraq's O&G industry,
focusing on two refineries in Iraq: Najaf and A-Dora. For evaluating the efficacy and
contribution of lean principles in increasing maintenance performance, five factors
were considered: (1) identify value, (2) map value stream, (3) create flow, (4)
establish pull, and (5) pursue perfection. After obtaining the data, it was analysed
using the Statistical Package for the Social Sciences (SPSS.V.25). The results were
also evaluated to see if lean concepts might improve maintenance in the Iraqi oil and
gas industry. Figure 7 summarises the preceding processes using a flow diagram that
depicts the work technique.

6.Data Collection and Sampling

To collect data from the research population, a questionnaire was created using
Google Forms and distributed to collect data using several online apps popular
among the study population. The responses were gathered after the
questionnaire was electronically circulated to the study population. Regarding
data sampling, essential random sampling was used to choose a random sample
from the research population.

7.Study Population

This study's population is made up of 4,820 people. The research population
included 820 Najaf refinery employees and 4,000 A-Dora refinery personnel. These
persons speak on behalf of the workers and the employees at these two refineries.
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Fig. 7. Flow diagram of work methodology.

8.Data Validity

"Measure what is intended to be measured" (Field, 2005) is a simple definition of
validity. As a result, the correctness and consistency of the survey/questionnaire
comprise an essential part of the research process called validity and reliability. In
this study, the researcher sent the questionnaire to 10 experts in the subject field
and evaluated their feedback in verifying, correcting, and amending the
questionnaire to acquire better results.

9.Reliability Test

Reliability calculation is the most popular approach for measuring the consistency of
data instruments. In quantitative investigations, the Cronbach alpha coefficient is
often utilised. The Cronbach coefficient score measures the quality of the
questionnaire [23]. When Cronbach's alpha is 0.70 or above, it is regarded as an
excellent indicator of dependability in social science research. The greater the
Cronbach's alpha regarding an instrument (near 1), the more dependable the
instrument. According to Sekaran (2003), dependability refers to the degree to which
a group of variables is consistent with the meaning the author wishes to investigate
[24]. Internal consistency is the most popular psychometric measure for evaluating
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survey instruments and scales. The approach demonstrates how effectively distinct
elements on a scale are supposed to assess the ideas they are supposed to measure.
Such measurement is necessary because distinct items considered capable of
measuring one variable should concentrate on the variable in question [25].

10. Data Analysis

The primary statistical analysis, which is employed in many quantitative
investigations, will be applied in this study. In this research, the Statistical Package
for the Social Sciences (SPSS) version 21.0 and AMOS version 20.0 will be used to
analyse the primary data acquired from respondents during the survey stage. SPSS is
data management software used for statistical analysis. The programme is modular,
with an entire basic module that includes data administration and facilities for a
graphical depiction of the findings and the most popular statistical computations. The
subsequent statistical analysis of "data management" will be based on SPSS. SPSS is
sophisticated software for quantitative analysis since it provides various equations
and statistical procedures, including charts and graphs, and it assists researchers in
good data management. Furthermore, SPSS simplifies data processing due to its
extensive set of statistical procedures and user-friendly interface. Table 3 summarises
the primary statistical analyses used in this investigation.

Table 3. The statistical methods used in this study for quantitative analysis.

Research Objective

Hypotheses

Analysis methods

1. To examine the effect of
identifying value on
maintenance performance.
2. To examine the effect of
the map of value stream on
maintenance performance.
3. To examine the effect of
creating flow on
maintenance performance.
4. To examine the effect of
establishing pull on
maintenance performance.
5. To examine the effect of

Hypothesis 1: Identify a value
that has a significant effect on
maintenance performance.
Hypothesis 2: Map value stream
has a significant effect on
maintenance performance.
Hypothesis 3: Creating flow has
a significant  effect on
maintenance performance.
Hypothesis 4: Establishing pull
has a significant effect on
maintenance performance.
Hypothesis 5: Seek perfection

SEM using direct
effect analysis.

SEM using direct
effect analysis.
SEM using direct
effect analysis.
SEM using direct
effect analysis.
SEM using direct

seek perfection on has a significant effect on effect analysis.
maintenance performance.  maintenance performance.
11. Results

After completing the descriptive cross-sectional study, it was discovered that the
number of responses related to the Najaf refinery was 496, corresponding to a
percentage of 11.5%. In contrast, the number of responses obtained from the A-
Dora refinery was the greatest, with a value of 3,804 responses, corresponding to
88.5%. Table 4 shows the actual replies obtained from the sample firms.

Table 4. Frequency of overall responses.

Category Frequency Percentage
Najaf Refinery 496 11.5%
Refinery Dora Refinery 3,804 88.5%
Overall 4,300 100.0%
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Regarding the results of the five variables considered in the analysis of lean
management contribution in maintenance for the Iragi O&G industry, each variable's
significance level was obtained, represented in the following tables and paragraphs.

11.1. Results of Hypothesis (1)

Table 5 shows the findings of the R-value connected to the cross-sectional research
for hypothesis (1), which claims that "identity value has a significant effect on
maintenance performance.”

Table 5. R-value results of hypothesis (1).

Adjusted Standard error
2
Model R R R Square Value value of the Estimate

1 0.010  0.000  0.000 0.40562

According to Table 5, the simple correlation coefficient between the
independent variable (maintenance performance) and the dependent variable
(identity value) was 0.010, while the determination coefficient R? was 0.000.
According to these findings, the independent variable (maintenance performance),
interpret (1.0%), is in the variance ratio of the dependent variable (identity value).

The fundamental regression variance analysis of the 'Identity Value' variable is
shown in Table 6. Analysis of variance (ANOVA) was used to acquire the findings.

Table 6. Simple regression variance analysis of the variable (Identify value).

Model Sum of Squares D.F Mean Square F Sig.
Regression 0.077 1 0.077 0.466 0.495
Residual 707.141 4,298 0.165 - -
Total 707.218 4,299 - - -

Table 6 shows that the "identify value" does not affect maintenance
performance since the significance (Sig) value (0.495) is more extensive than
(0.05). As a result, since the significance (Sig) value is larger than the permitted
value (0.05), the regression model cannot be utilized to analyse the association and
impact of the 'ldentity Value' variable.

11.2. Results of Hypothesis (2)

Table 7 shows the findings of the R-value connected to the cross-sectional research
for hypothesis (2), which claims that "identity value has a significant effect on
maintenance performance."

Table 7. Simple regression variance analysis of the variable (Identify value).

Adjusted Standard Error

2

Model R R R Square Value value of the Estimate
1 0.756  0.505 0.495 1.39454

Table 7 shows that the correlation coefficient, R-value, between the
independent variable (Map value stream) and the dependent variable (maintenance
performance) was (0.756), while the determination coefficient, R2, was (0.505),
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indicating that the independent variable was interpreted (50.5%) in the percentage
of variance in the dependent variable.

The regression variance analysis of the 'Map Value Stream' variable is shown
in Table 8.

Table 8. Simple regression variance analysis of the variable (Identify value).

Model Sum of Squares D.F Mean Square F Sig.
Regression 0.001 1 0.001 0.001 0.025
Residual 8,358.457 4,298 1.945 - -
Total 8,358.459 4,299 - - -

The findings in Table 8 show that the 'Map Value Stream' has a considerable
influence on maintenance performance in the Iragi O&G business, owing to the
significant (Sig) value of (0.025), which is less than (0.05).

As a result, the regression model is appropriate for determining the link and
impact of the 'Map Value Stream' variable. Table 9 displays the findings of
hypothesis (2) standardized and unstandardized coefficients.

Table 9. Simple regression variance analysis of the variable (Identify value).

Unstandardized Standardized T
Category Coefficients Coefficients Sig*
B Standard Error Beta
(Constant) 2.975 0.093 - 31.928 0.000
Map value 0.001 0.030 045 1116 0.025
stream

Table 9 shows that the independent variables (Map value stream) have a
statistically significant effect on the dependent variable (Maintenance
performance), with the values of (B) reaching (0.45) and the level of significance
being (0.025), which is less than (0.05).

11.3. Results of Hypothesis (3)

Table 9 shows that the independent variables (Map value stream) have a statistically
significant effect on the dependent variable (Maintenance performance), as the
values of (B) reached (0.45). In contrast, the values of (T) reached (1.116), and the
level of significance is (0.025), which is less than (0.05).

Table 10. R-value results of hypothesis (3).

Model R R? Adjusted R Square Std. error of the Estimate

1 0.001 0.000 0.000 1.39454

According to Table 10, the correlation coefficient between the independent
variable (Creating flow) and the dependent variable (Maintenance performance) is
(0.001), whereas the determination coefficient R? is (0.000). According to these
findings, the independent factors interpreted (0.000%) the proportion of variation
in the dependent variable. Table 11 also provides the regression variance analysis
of the third hypothesis, which allows us to determine the entire explanatory power
of the independent variable.
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Table 11. Simple regression variance analysis
of the third hypothesis ANOVA. (Creating flow).

Model Sum of Squares D.F Mean Square F Sig.
Regression 0.010 1 0.010 0.005 0.942
Residual 8,358.449 4,298 1.945 - -
Total 8,358.459 4,299 - - -

The findings in Table 11 show that the null hypothesis may be accepted while
the alternative hypothesis can be rejected, confirming that creating flow has no
influence. Because of the significance (Sig) and its value (0.942), which is more
than (0.05), maintenance performance is improved. As a result, the regression
model is ineffective for determining the link and impact of the independent
variables on the dependent variable.

11.4. Results of Hypothesis (4)

Hypothesis (4) states: "Establishing pull has a significant effect on maintenance,”
and Table 12 shows the findings of R-value connected to descriptive cross-sectional
research and simple linear regression.

Table 12. R-value results of hypothesis (4).

Model R R? Adjusted R Square Std. Error of the Estimate

1 0.009 0.000 0.000 1.39448

Table 12 shows that the relationship between the independent variables
(Establishing Pull) and the dependent variable (Maintenance performance) has an
R-value of (0.009), and the R?- value was (0.000). These findings suggest that the
independent variables are interpreted (0.000%) in terms of the dependent variable's
percentage of variation. Table 13 also provides the regression variance analysis of
the fourth hypothesis (Establishing Pull), which allows us to determine the entire
explanatory power of the independent variable.

Table 13. Simple regression variance
analysis of the variable (Establishing pull).

Model Sum of Squares D.F Mean Square F Sig.

Regression 0.669 1 0.669 0.344 0.558
Residual 8,357.790 4,298 1.945 - -
Total 8,358.459 4,299 - - -

The findings in Table 13 show that the variable 'Establishing Pull' has no
significant influence on maintenance performance in the Iragi O&G business,
owing to a significant (Sig.) value of (0.558), which is more than (0.05). As a result,
the regression model is ineffective for determining the link and impact of the
‘Establishing Pull' variable. The regression variance analysis of the 'Seeking
Perfection' variable is shown in Table 8.

11.5. Results of Hypothesis (5)

Table 14 shows the findings of the R-value connected to descriptive cross-sectional
research and simple linear regression for hypothesis (5), which states: "Seek
perfection has a significant effect on maintenance performance."
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Table 14. R-value results of hypothesis (5).

Model R R? Adjusted R Square Std. Error of the Estimate
1 0.024 0.001 0.000 1.39413

According to Table 14, the correlation coefficient between the independent
variable (Seek perfection) and the dependent variable (maintenance performance)
is (0.24), and the determination coefficient, R?, is (0.001). These findings show that
the independent variables were interpreted (0.000%) in terms of the percentage of
variation of the dependent variable. Table 15 depicts the regression variance
analysis of the fifth hypothesis, which allows the overall explanatory power of the
independent variable to be determined.

Table 15. Simple regression variance
analysis of the variable (Seeking perfection).

Model Sum of Squares D.F Mean Square F Sig.
Regression 4.874 1 4.874 2.507 0.113
Residual 8,353.585 4,298 1.944 - -
Total 8,358.459 4,299 - - -

The findings in Table 15 show that the variable 'Seeking Perfection' has no
significant influence on maintenance performance in the Iragi O&G business,
owing to the significant (Sig) value of (0.113), which is more than (0.05). As a
result, the regression model needs to be revised to determine the link and impact of
the 'Seeking Perfection' variable.

12. Discussions

Maintenance at Iraqi refineries has been proven to benefit from lean management
techniques. Lean approaches have improved facility maintenance management
(FMM) operations and decreased downtime (DT) in constructed settings [26]. The
drilling business unit has effectively implemented lean concepts, resulting in cost
savings, enhanced service quality, and more significant maintenance productivity
[27]. However, maintenance contractors still need help with successful adoption,
such as a lack of awareness of lean concepts [28]. The administration and
maintenance of welfare facilities in the Iraqgi construction sector need more research
and development [29]. A field examination of the maintenance management system
of Iraqi oil refineries, especially the Najaf Oil Refinery (NOR), revealed flaws and
recommended practical methods for improvement [5]. Overall, lean management
concepts can improve maintenance operations in Iraqi refineries and other
businesses, but more education and implementation are required.

According to the results of this study, defining value in lean management has no
meaningful influence on maintenance performance in Irag's oil and gas industry. This
conclusion contradicts the findings of Vidyadhar et al. [30], who showed that
recognising the value of implementing lean management is crucial to organisational
performance. This differentiation emphasises the peculiarity of the Iragi setting in
adopting lean management in the Iraqi energy business. Furthermore, this conclusion
contradicts the findings of Panwar et al. [31], who observed that when applying lean
management ideas, identifying value stream mapping is critical in enhancing the
maintenance sector in Indian manufacturing organisations. This study contradicts the
findings of Anand and Kodali [32], who observed that implementing lean
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management while considering value stream mapping significantly impacted
manufacturing organisation success and high maintenance performance.

Furthermore, the findings of this investigation revealed that the map value
stream significantly impacts maintenance performance. This finding is attributable
to the particular nature of the production processes in Iraq's oil and gas industry.
Applying foreign experience in the energy industry by the Ministry of Qil will
undoubtedly help in long-term cost savings by eliminating idle energy. Eliminating
activities and procedures that do not offer value from the consumer's perspective
would help reduce production costs while enhancing the work environment. This
finding is comparable with Andrés-Lépez et al. [19], who discovered that
combining map value stream consideration with lean management implementation
may increase service performance in manufacturing businesses. It is also consistent
with the findings of Belekoukias [20], who discovered that implementing map
value stream along with lean management can achieve higher maintenance and
operation performance in manufacturing companies, and Bon and Kee [33], who
discovered that map value stream combined with effective lean management
implementation in several Malaysian manufacturing companies can significantly
improve their performance. According to the findings of this research, establishing
flow in lean management has no substantial influence on maintenance performance
in the G&O business. This result contradicts the findings of Andrés-Lopez et al.
[19], who discovered that create flow has a significant impact on improving their
performance, as well as Ghosh [34], who discovered that create flow, plays a crucial
role in promoting the performance of Indian manufacturing plants. According to
the findings of this research, establishing pull has no substantial influence on the
maintenance performance of the oil and gas sector. This finding contradicts the
findings of Andrés-Lépez et al. [19], Wahab et al. [35], Karim and Arif-Uz-Zaman
[36], Malmbrandt and Ahlstrém [37], and Bevilacqua et al. [38], who discovered
that building pull for these enterprises may improve their performance. The
findings of this research also show that striving for perfection does not influence
maintenance performance. This conclusion contradicts the findings of Upadhye et
al. [39] and Kumar and Kumar [40], who discovered that striving for perfection is
one of the essential indications of these organisations' performance when applying
lean management.

13. Conclusions

Maintenance at lIraqi refineries has been proven to benefit from lean management
techniques. The use of lean methodologies has improved facility maintenance
management operations and decreased downtime in constructed settings [41]. To
guarantee safe working conditions, the administration and maintenance of welfare
facilities in the Iragi construction sector need excellent coordination and regular
maintenance [28]. A field examination of the maintenance management system in
Iragi oil refineries, especially NOR, revealed flaws and provided practical options
for upgrading the present system [29].

The following conclusions may be taken from the findings of this thesis
descriptive cross-sectional study:

* Identifying value in lean management has no critical impact on maintenance
performance in Irag's oil and gas sector.
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* Map value stream has a significant impact on maintenance performance.

Creating flow in lean management has no discernible effect on oil and gas
sector maintenance performance.

+ Establishing pull does not substantially influence the O&G industry's

maintenance performance.

* Pursuing perfection does not influence maintenance performance.
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