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Abstract

This research investigates the role, impact and effectiveness of the
preventive maintenance (PM) program for capital-intensive
industries that require large investments in expensive physical assets
as oil industry. It adopts a case study design to evaluate PM program
requirements setting and implementation on gas lift compressors at
X-Oil Company. It proposes that PM is one of the most important
activities that maintain the production process continuity in capital-
intensive industries such as oil industry. The case study
investigation methods utilize maintenance records, annual plans,
and employee interviews, to assess the status and effectiveness of
the PM program, its implementation, its key performance indicators
(KPIs), and outcomes. The findings revealed ineffective current PM
program at X-Oil Company with significant adequacy/deficiencies,
leading to frequent emergency shutdowns and over-reliance on
corrective maintenance. The research analysis concludes that the
main causes of inadequacies or deficiencies are related to
underestimating the important role of PM, insufficient PM program
requirements, and absence of an integrated efficient maintenance
computerized management system. The study recommends a set of
guidelines and solutions as suggestions to enhance PM practices, by
focusing on lifecycle planning, integration of technology, and
engineering asset management (EAM) training .
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1. Introduction
PM has a profound effect on the efficiency of operation
processes of production and service organizations that are asset-
intensive like those in oil industry. The role that PM plays is related
to assurance of continuity of operation, reducing emergency
maintenance and optimizing the functional life of assets (EI-Akruti
et al., 2025, El-Akruti et al., 2016a, El-Akruti et al., 2013a),
(Carvalho et al., 2015). With reference to the complexity and high
investments and robust PM cost of oil assets, Aoudia et al., (2008)
indicated that insufficient PM can lead to significant financial losses
due to equipment failures and production interruptions of operations
of critical assets in the oil and gas sector. In this respect, literature
showed that PM costs account for 15% to 40% of total production
costs, particularly in large industrial organizations (Bamber et al.,
2004). (El-Akruti et al., 2025, EI-Akruti et al., 2016b, Sigsgaard et
al.,, 2021) highlighted that inadequate planning, insufficient
resources, and misaligned objectives lead to implementing
inefficient PM strategies. Kumar et al., (2013), emphasized the role
of PM in enhancing productivity, operational stability and
profitability by maintaining equipment reliability. Many studies
have shown that effective PM can improve system availability, meet
safety requirements, and optimize lifecycle costs, e.g., (EI-Akruti et
al., 2016a, El-Akruti et al., 2013a, Rosmaini et al., 2011).
Furthermore, it shown in literature that adherence to PM schedules
can prevent catastrophic accidents, unauthorized leaks, and
environmental violations in oil fields (Benson et al. 2024). It was
also shown that PM is considered as a strategic value-added activity
(El-Akruti et al., 2016b, 2013c). PM is widely known in literature
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by its role in preventing or minimizing failures through scheduled
interventions to ensure smooth operations (Jonssonl. 1999), and
reduce risks (Benson et al., 2024, Martins et al., 1999). PM's
implementation was widely proved to increase system reliability,
enhance operator safety, extend equipment functional life, and
optimizing workforce

utilization (Garner et al., 2023), to minimizes downtime,
lowers repair costs (Ong et al., 2015), and improves product quality,
and consequently contribute to competitive advantages in the oil
industry (El-Akruti, K.O., 2012, ElI-Akruti et al., 2013c). IAEA,
(2007) Showed that PM play a vital role in achieving objectives.
Muchiri et al., (2010) showed that implementing an effective PM
program poses several challenges like identifying critical
equipment, prioritizing tasks, coordinating with production
schedules, and managing costs. Furthermore, PM implementation
requires standardized performance indicators to enhance evaluation
of PM effectiveness (Swanson., 2001). Its Performance
measurement was found integral to evaluate success and guiding
improvements and requires clear metrics, such as Mean Time
Between Failures (MTBF) and Corrective Maintenance Time as a
percentage of Total Maintenance Time (Silvia et al., 2024, Elisson
A., 2013, Eti M. et al., 2004 Kumar et al., (2013) showed that
effective use of PM metrics enables organizations to use leading
indicators for identifying gaps, address deficiencies, and enhance
decision-making processes .

Despite the wide literature on PM effects on achieving success
in industry, there is limited research focusing specifically on gas lift
compressors in oil extraction. These compressors are pivotal in
maintaining reservoir pressure and ensuring continuous oil flow, yet
they face unique challenges such as wear, corrosion, and high
operating stresses (Dwight., 1999). Evaluating the PM practices for
gas lift compressors at X-Oil Company offers an opportunity to
address this gap .

The research hypothesizes that inadequacy or deficiencies in
PM activities negatively impact assets performance and results in
lowering reliability, increasing downtime, inefficient operation and
consequently declining profitability and loss of competitiveness.
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The study aims at identifying inadequacies/deficiencies of the PM
program and propose enhancement to enable asset-intensive
industries optimize assets’ functional life, achieve targeted
profitability and competitiveness. By providing a framework for
evaluating and improving PM programs, the study contributes to
reducing operational risks, enhancing asset reliability, and
optimizing maintenance costs.

Moreover, the integration of advanced technologies, such as
computerized maintenance management systems (CMMS), can
further streamline PM processes and improve outcomes (EI-Akruti
et al., 2013b).

The proposed approach aligns with industry trends toward
proactive asset management, emphasizing sustainability, cost-
effectiveness, and regulatory compliance. The research highlights
the strategic role of aligning PM planning with operational goals to
reduce asset lifecycle cost, improve assets reliability, and ensure
production continuity for profitability. These insights contribute to
advancing best practices in maintenance management for oil
extraction facilities in particular and asset-intensive industries in
general.

2. Research Methodology

This research adopts a contextualist-retroductive case study
design methodology that was proven by EI-Akruti et al., (2010,
2018) to be well-suited for investigating complex relationships
within real-world settings. The methodology considers, X-Oil
Company (a pseudonym), as the case study organization and the
challenges related to compressor maintenance as sub-cases or
phenomenon for investigation. This organization was selected due
to: (1) its operation within a complex asset and system environment
suspected of significantly impacting strategic success; (2) its
demonstrable support for the research and interest in its outcomes;
(3) its status as a relatively new entity actively seeking to optimize
asset utilization; and (4) the researcher's established familiarity with
the company and the broader industry.

Data were collected from multiple sources to ensure triangulation
and enhance validity:
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» Semi-structured interviews were conducted with maintenance
managers and engineers to gain insights into current
maintenance practices and challenges.

» Document analysis focused on reviewing PM plans,
performance reports, and historical records.

» Observations were made of maintenance activities to assess the
practical implementation of the PM program.

This multi-method approach, consistent with established practices

for in-depth investigation (Yin, 2003), evaluated the PM program
against three key dimensions :

» Inadequacy of PM activities that leads to failure

» Ineffectiveness of PM activities that impact compressor
performance.

« Performance indicators that reflect rates of equipment
reliability and availability alongside the ratio of PM to total
maintenance work.

This methodology represent an applied approach, emphasizing
real-world applicability within the oil and gas industry and
integrates insights from EAM and leverages case studies to provide
actionable recommendations for PM practices.

3. Case Study Organization's Gas Lift Compressors

X-Oil Company operates 26 high-pressure gas lift compressors
of various types across multiple field stations as shown in Table 1.
This study focuses on 4 specific units identified as the most
maintenance-prone and susceptible to frequent operational
disruptions. These large compressors are fundamental to X-Oil's
crude oil production, directly supporting extraction from 94 oil
wells. The crude output from these wells is critically dependent on
the continuous and efficient operation of these gas lift compressors.
Maintaining operational efficiency of these gas lift compressors
requires complex, costly, and year-round maintenance;
encompassing both preventive and corrective activities. Due to the
specialized nature of much of this work, external expertise and
dedicated trainers are frequently necessary to perform essential
maintenance tasks.
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Table 1: Gas Lift Compressors in X-Oil Company (Petroleum
Operations Company)

Manuf- . Instal- Drive Type | Elect. Power
acturer Model QUa-ntity |} tion Year | / Fuel Consu-
mption
Cooper CB .
Bessemer | GMVA-8 10 1967-1970 | Gas Engine | -
Cooper CB Not .
Bessemer GMVA-12 6 Available Gas Engine | -
Ingersoll | \pkve | 5 1968 Gas Engine | -
Rand
Ingersoll IR OFGH Electric .
Rand 14-3 2 1997 Motor 2 MW per unit
Ingersoll IR RDS- .
Rand TEX 1 1968 Gas Engine | -
Areal JG H4 2 1993 Diesel ]
Engine!
TOTAL 26

*MMCFD: Million standard cubic feet of gas per day
4. Evaluation Framework for PM Program Status and

Effectiveness

The Evaluation framework focus on evaluating the Status and
effectiveness of PM program in the case study (at X-Oil Company),
in terms of the PM program's activities; presence or sufficiency,
inadequacy or deficiencies, and causes of inadequacy or
shortcomings. To evaluate the status and effectiveness of a PM
program, this study develops a structured framework based on EAM
System'’s framework developed by EI-Akruti et al., (2013b). The
framework assesses the availability, adequacy, and causes of
deficiencies in key PM elements, offering insights into enhancing
PM practices. The evaluation framework focuses on three main
aspects:

+ Availability or Presence: Whether essential PM activities exist.

» Adequacy or Inadequacy: The extent to which these activities
meet performance requirements.

» Reasons for Deficiency: Identifying root causes of inadequacies
to guide corrective actions.
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The development of the PM evaluation framework is
directed to evaluate the status and effectiveness of the case study
company's PM program's elements/activities, focusing on achieving
availability and sufficiency of necessary activities, assessing their
adequacy or shortcomings, and identifying the causes of inadequacy
or deficiencies. Table 2 below illustrates the key elements evaluated
and outlines the evaluation criteria.

The PM framework evaluation revealed several critical gaps in
the PM program:

« Spare Parts Management: A recurring issue causing delays in
scheduled maintenance.

» Training Gaps: Lack of effective PM training, particularly in
condition-based and predictive maintenance, stemming from
senior management's limited understanding of PM's strategic role
in achieving company objectives.

« Data Utilization: Inadequate systems for converting collected
data into actionable insights.

» Cost Awareness: Insufficient focus on linking PM costs to
lifecycle benefits.

These highlighted gaps underscore the need for integrated
systems that enhance interdepartmental collaboration, improve data
analytics, and prioritize training. For the oil extraction industry,
addressing these gaps can significantly reduce unplanned downtime,
extend equipment lifespan, and optimize operational costs.

Table 2 Evaluation Framework for PM Program Status and
Effectiveness

Element of the | Availability or | Adequacy or | Reasons for

PM Program Presence Inadequacy Inadequacy  or
Manifestations of
Deficiency

Formulation  of | Exists: Through | Inadequate: The | PM not applied at

the Strategic Plan | reducing objectives planned  times;

and PM | accidents  and | require  means | therefore, its

Obijectives sudden stoppages | and programs for | impact on the
to minimize | implementation, | company’s
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production which is where | overall goals is
downtime the  deficiency | not evident
lies
PM Plan and | A PM plan is | Inadequate Lack of spare
Execution available execution parts at the
specified  time
according to the
plan
Scheduling PM | Available Routine activities | Insufficient
Activities: are  adequately | training and lack
Routine/Periodic, executed, but | of spare parts at
Predictive, others are | the specified
Condition-Based, inadequate time according to
and Age-Based the plan
Work Orders and | Work orders | Insufficient use | Insufficient use
Execution exist of CMMS; it | of CMMS and
could be | lack of proper
adequate if given | requirements for
significant execution
attention by
supervisors
Information Each department | Deficiency in | Primitive
System and | has its own | inter- systems that do
Integration with | system departmental not support inter-
Other integration departmental
Departments linking
(Operations,
Procurement,
Inventory, etc.)
Coordination Coordination Insufficient Lack of
with Other | exists  between transparency,
Departments departments lack of
responsibility
integration, and
deficiencies in
the information
system

Data Collection

Data and reports

Deficiency in

Primitive systems

and Report | are available defining that lack features

Preparation measurement for processing data
criteria & lack
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of systems to | & converting itinto
convert data | indicators
into indicators
Monitoring and | Monitoring and | Some data | Lack of data
Follow-Up  of | data  collection | analysis occurs | analysis  systems,
PM Tasks and | exist but not | analytical  tools,
Problem sufficiently and decision
Identification support
Compressor Monitoring and | Some data | Lack of data
Condition data  collection | analysis analysis, models,
Monitoring, exist occurs, but not | and systems to base
Failure  Pattern as required to | decisions on
Identification, determine
Impact failure patterns
Assessment, and and impacts
Determination of
Appropriate PM
for Safety
Cost Monitoring | Cost monitoring | Some cost | Lack of senior
and & data collection | monitoring management
Determination of | exist, but no link | exists, but not | support for
Economically to costs & | as required to | recommendations
Appropriate PM | lifespan create cost | regarding this
models for | matter
decision
support
Performance Unclear if any | Lack of data | Lack of appropriate
Measurement performance analysis  and | tools and systems
and Indicator | measurement systems to | for  measurement
Development exists convert data | and indicator
into indicators | reporting
Use of | No clear | Not available Lack of training,
Performance evidence of absence of models
Indicators in | performance or frameworks to
Decision- indicators or their improve PM, and
Making to | use lack of data
Improve PM analysis and
Effectiveness decision  support
systems
Training in PM Stopped Deficiency in | Senior
understanding | management lacks
the role of PM | understanding  of
the integrative role
of PM

5. Analysis and Results

This section presents the findings of the analysis, focusing on
the PM programs for gas lift compressors in oil extraction. Using
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data collected from daily records, work orders, and operational
reports, technical and economic indicators were analyzed to
evaluate PM effectiveness. The analysis used maintenance related
key performance indicators (KPI) for evaluation as illustrated in
Table 3. Due to insufficient evidence of X-Oil's effective KPI

implementation, these core metrics were selected to:

 Evaluate the preventive maintenance (PM) program

« Demonstrate KPIs' critical role in performance measurement

and maintenance optimization

Table 3. Maintenance Program Evaluation Core Indicators

Acronym | Indicator Purpose Formula
(Corrective
Corrective :\nﬂaeﬁ]s,tlé:‘easnﬁ (:ifme spent on Maintenance
T1 Maintenance . . — | Time) / (Total
Ratio reactive repairs. _Lower = | Maintenance
better PM effectiveness. .
Time)
Measures % of (Preventive
Preventive maintenance time Maintenance
T2 Maintenance | dedicated to PM. Higher | Time) / (Total
Ratio = fewer unplanned Maintenance
failures. Time)
Tracks operational (Actual Operating
T3 Availability | readiness. Target: Time) / (Total
Maximize value. Operating Time)
MTBF - - . .
(Mean Time Quantifies _rellablllty (Operating Time)
T4 Between between_fallures. Higher = | / (l_\lumber of
Failures) more reliable. Failures)
Estimates probability of _ _ N
- Reliability | failure-free RO =Tse
Prediction operation. Higher = fewer
failures.

The results highlight key deficiencies and their implications for
operational efficiency, reliability, and cost management. Figure 1
illustrates the distribution of work orders between PM and
emergency (corrective) maintenance. PM accounted for only 21.8%
of total work orders (143 out of 656), while corrective maintenance
dominated at 78.2% (513 out of 656). This imbalance reflects a
significant gap in executing scheduled PM tasks, leading to
increased downtime and reliance on emergency repairs.
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100
%78.2

80

60

40

%21.8
o
O .
Preventive | Emergency (Corrective)
Work orders

Figure 1 Percentage Proportions of Work Order Types

Key Insight: The low proportion of PM work orders indicates a lack
of adherence to planned schedules, primarily due to spare parts
shortages.
Comparing planned and actual PM times for four compressors
showed delays in PM execution that resulted in extended periods of
corrective maintenance. For example:
o Compressor (1-1): Planned at 24,000 hours but executed at
42,731 hours.
e Compressor (2-3): Planned at 24,000 hours but executed at
40,007 hours.
These delays have resulted in high correction actions for instance:
e In 2018, Compressor (1-1) had only 3.33% of its maintenance
time dedicated to PM, with 96.66% spent on corrective actions.
« By 2021, after improved PM execution, corrective maintenance
decreased to 16%.
Key Insight: Delayed PM significantly increases reliance on
emergency repairs, reducing equipment availability and increasing
costs.

Figure 2 shows the total emergency (corrective) and PM times for
gas lift compressors are presented as a percentage of the total PM
time. (table 4)
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B Preventive B (Corrective) Emergency

120

%99.42
100

%77.98
80

%64.17
60

40

20 -

%0.5

0 I T
1*1

2%]

3*2
Figure 2 Proportions of Emergency (Corrective) and PM Times for Gas
Lift Compressors

6%2

Table 4 Failure Rate and (MTBF) for Gas Lift Compressors

Compressor Operating Number of Failure Rate MTBF
Time Failures \) (Hours)

1-1 30,623 177 0.00578 173

1-2 10,021 125 0.0124743 80

2-3 22,022 183 0.0083098 120

2-6 21,519 149 0.006924 144

Figure 3 shows compressor availability rates where:

e Compressor (1-1): 87.33% availability.

o Compressor (2-1): Only 28.57% availability, the lowest due to
chronic spare parts shortages.

Reliability metrics in Figure 4 further highlight these issues:

100
%87.33
80
x %62.80 %61.37
Z 60
E
©
Z 40 %28.57
20
0
6*2 Compressors
Figure 3 Availability Percentages for Gas Lift Compressors
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— ] ] — D% ] 3*2 — %)

0.5 \
ot L\
0 L\

02 L\ NN
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0 T T T 1 T T T
100 200 300 400 500 600 700 800 900 1000

Figure 4 Reliability of Gas Lift Compressors

e Compressor (1-1): Highest Mean Time Between Failures
(MTBF) at 173 hours.

o Compressor (2-1): Lowest MTBF at 80 hours, reflecting frequent
breakdowns.

Key Insight: Poor PM planning and execution directly correlate with
reduced availability and reliability, impacting production
continuity.

The high PM cost is attributed to delayed overhauls and custom
spare parts procurement. For example:

e Annual overhauls for individual compressors increased labor

costs.
« Late spare parts delivery forced categorization of all costs under

PM, regardless of delays.

Key Insight: Inefficient PM scheduling inflates costs,
particularly for spare parts and labor, straining budgets and
reducing financial efficiency.

The analysis confirms the following hypotheses:

1. Lack of PM Understanding: The organization's failure to
prioritize PM led to excessive reliance on corrective
maintenance, reducing operational efficiency.

2. Impact of Spare Parts Shortages: Delays in providing spare parts
disrupted PM schedules, causing frequent breakdowns, reduced
availability, and higher costs.
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3. Need for Integrated Systems: Absence of a computerized system
linkihng PM with inventory, procurement, and finance
departments exacerbated spare parts shortages and coordination
challenges.

For the oil extraction industry, these findings underscore the

importance of:

e Timely PM Execution: Adhering to scheduled maintenance
reduces downtime and improves reliability.

o Integrated Asset Management: Linking PM with other
departments ensures timely spare parts availability and better
resource allocation.

o Cost Optimization: Streamlining PM processes minimizes
unnecessary expenditures on emergency repairs and delayed
overhauls.

This analysis highlights critical gaps in  PM program

implementation for gas lift compressors, emphasizing the need for

improved planning, interdepartmental coordination, and resource
management. Addressing these issues can enhance equipment

availability, reduce costs, and improve operational reliability,
benefiting both the case study company and the broader oil industry.

6. Conclusion:

This study demonstrated the importance of evaluating the status,
effectiveness and performance of a preventive maintenance (PM)
program for one of the critical assets (gas lift compressors) in the oil
extraction industry. It demonstrated the important role of
performing the PM program in reaching the optimal operating
condition and raising the level of productivity to achieve maximum
profitability for the company. The research achieved its objectives
through proving the validity of its hypotheses.

The findings reflect the significant role that the PM program plays
in enabling asset-intensive industries to achieve operational
efficiency, assure production process continuity, optimize assets'
functional life, and achieve profitability and competitiveness. The
research validated its hypotheses by identifying key gaps and
deficiencies in the current PM program and linking these to
measurable declines in performance indicators.

The main findings are summarized as follows:
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* Implementation Gaps: There is a notable discrepancy between
planned and actual PM execution, primarily due to spare parts
shortages, leading to reliance on emergency maintenance.

«  System Integration Deficiencies: A lack of integration between
PM, inventory, procurement, and financial systems hinders
timely maintenance and information sharing.

« Data Utilization Challenges: Insufficient tools and systems for
data analysis prevent the conversion of collected data into
actionable performance indicators.

Awareness and Training Shortfalls: Limited understanding of PM's
strategic role and inadequate training in condition monitoring,
cost analysis, and risk assessment further hinder program
effectiveness.

Performance measurement indicators revealed:

* An increase in emergency maintenance work orders and
downtime (e.g. PM accounted for only 21.8% of total work
orders, while corrective maintenance dominated at 78.2%) and
(e.g. in 2018, Compressor (1-1) had only 3.33% of its
maintenance time dedicated to PM, with 96.66% spent on
corrective actions.).

* Reduced availability and reliability of gas lift compressors,
(e.g. compressor (2-1) low reliability with lowest MTBF at 80
hours, reflecting frequent breakdowns and only 28.57%
availability, the lowest due to chronic spare parts shortages).

*  These findings highlight the need for improved PM practices,
better system integration, and enhanced awareness of PM’s
strategic importance.

7. Recommendations

Based on the comprehensive findings of the study recommendations
are drawn to address all root causes identified in the framework
(training gaps, data utilization, system integration, cost awareness),
leveraging industry best practices while respecting the operational
realities of oil extraction assets). The recommendation can be
streamlined as :

1. Maintaining strategic alignment & leadership through :
» Rationalization of senior management on PM's ROI using
case studies (e.g., "20% PM adherence — 40% fewer
breakdowns").
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« Formalize PM goals/KPIs tied to corporate objectives (e.g.,
"90% compressor availability — 5% production boost").

2. Maintain spare parts optimization:

« Adopt Al-Driven Inventory system by implementing real-
time tracking with automated reordering for critical spares.

« Adopt consignment stock for high-usage parts to eliminate
delays.

3. Provide training and tools:

» Upskilling technicians by providing certifications in
CBM/PdM and failure analysis

« Train planners on KPI dashboards and cost modeling

* Providing unified CMMS by replacing siloed systems with
integrated platform (maintenance + procurement).

4. .4 Adopt performance-driven execution based on milestones
of targeted KPIs with accountability, e.g. PM Ratio >40%,
Availability >85%, Reliability >95%

5. .5 Adopt process discipline by enforce PM deadlines, e.g.
using £5% tolerance for scheduled maintenance, RCM
implementation, e.g. prioritize PM tasks using failure impact
analysis, lifecycle cost tracking, e.g. using models to justify
PM spend

References

Aoudia M., Belmokhtar O., Zwingelstein G., (2008). “Economic
impact of maintenance management ineffectiveness of an oil
and gas company”. Journal of Quality in Maintenance
Engineering 14(3) : 237-261,
https://doi.org/10.1108/13552510810899454

Bamber C. J., Sharp J. M., Castka P., (2004). “Third party
assessment: the role of the maintenance function in an
integrated management system”. Journal of Quality in
Maintenance Engineering, 10(1):26-36
DOI:10.1108/13552510410526848

Benson C, Obasi I. C., Akinwande D. V., Ile C. (2024). “The impact
of interventions on health, safety and environment in the
process industry”. Heliyon, 10(1):e23604.
https://doi.org/10.1016/j.heliyon.2023.e23604

17 Copyright © ISTJ A ginae auball (5 gin
Ayl g o slell 40 sal) dlaall


http://www.doi.org/10.62341/kalr2018

International Scienceand ~ Volume 37 ) Ly 0 2 pd ) &
_Technology Journal Part 1 aaall - m
Al g sl ) ALl IsSTA

http://www.doi.org/10.62341/kalr2018

Carvalho B. A., Lopes 1. S., (2015). “Preventive Maintenance
Development: A Case Study in a Furniture Company”.
Proceedings of the World Congress on Engineering, Vol 11,
London, UK.

Dwight R., (1999). “Searching for real maintenance performance
measures”, Journal of Quality in Maintenance Engineering,
5(3): 258-275.

El Akruti, K., Qarash, A., Salem, A., Gargoum, L., & Elmeshrgui,
A. (2025). The Impact of Engineering Asset Management: An
Integrated Operational and Maintenance Approach for Power
Generation Units. University of Zawia Journal of Engineering
Sciences and Technology, 3(1), 136-143.

El-Akruti K., Zhang T., Dwight R., (2016a). “Developing an
optimum maintenance policy by life cycle cost analysis — a
case study”. International Journal of Production Research, 54
(19). https://doi.org/10.1080/00207543.2016.1193244

El-Akruti K., Dwight R., Zhang T., Al-Marsumi M., (2013a). “The
Role of Life Cycle Cost in Engineering Asset Management”.
8th World Congress on Engineering Asset Management & 3rd
International Conference on Utility Management & Safety.
Hong Kong.,
(PDF):http://ro.uow.edu.au/cgi/viewcontent.cgi?article=3500
&context=eispapers(

El-Akruti K., Zhang T., Dwight R., (2016b). “Maintaining Pipeline
Integrity through Holistic Asset Management”. European
Journal  of Industrial  Engineering. 10(5). DOI:
10.1504/EJIE.2016.078805

El-Akruti K., Dwight R., Zhang T., (2013c). “The Strategic Role of
Engineering Asset Management”. International Journal of
Production Economics,146(1): 227-239.
https://doi.org/10.1016/j.ijpe.2013.07.002

El-Akruti K., Dwight R., (2013b). “A Framework for Engineering
Asset Management System”. Journal of Quality in
Maintenance  Engineering,  19(4):398-412. DOl:
10.1108/JQME-01-2012-0002

El-Akruti K. O., (1999). “ Replacement Optimization Modelling Of
Electric Arc Furnaces' Refractory Lining”. Industrial
Engineering. Misurata, Libya, Higher Institute of Industry.
Master of Technology in Industrial Engineering: 206 .

18 Copyright © ISTJ A ginae auball (5 gin
Ayl g o slell 40 sal) dlaall


http://www.doi.org/10.62341/kalr2018

International Scienceand ~ Volume 37 ) Ly 0 2 pd ) &
_Technology Journal Part 1 aaall - m
Al g sl ) ALl IsSTA

http://www.doi.org/10.62341/kalr2018

El-Akruti K., Dwight R., (2010). “Research Methodologies for
Engineering  Asset Management”.  Social  Science
Methodology Conference. Sydney, Australia, ACSPRI.

El-Akruti K. O., (2012). “The Strategic Role of Engineering Asset
Management in Capital Intensive Organisations”. Mechanical
Engineering,  University of Wollongong, Wollongong.

Doctorate of Philosophy (2012): 247.
http://ro.uow.edu.au/cgi/viewcontent.cgi?article=4541&cont
ext=theses

El-Akruti K., Kiridena S., Dwight R., (2018). “Contextualist-
Retroductive Case Study Design for Strategic Asset
Management Research”. Journal of Production Planning &
Control 29(16): 1332-1342.
https://doi.org/10.1080/09537287.2018.1535145

Elisson A., (2013). Performance Indicators for Maintenance in
Geothermal Power Plants. Faculty of Industrial Engineering,
Master thesis, Mechanical Engineering and Computer
Science, University of Iceland.

Eti M. C., Ogaji S. O. T., Probert S. D., (2004). “Reliability of the
afam electric power generating station, Nigeria”. Applied
Energy. 77(3):  309-315.https://doi.org/10.1016/S0306-
2619(03)00094-1

Garner H., Malouf D., Zara T., (2023). “Ergonomics in Work
System Design Enhancing Worker Productivity and Safety”.
International Journal of Science and Research Archive. 06
.(04)

IAEA, (2007). “Implementation Strategies and Tools for Condition
Based Maintenance at Nuclear Power Plants”. VIENNA,
IAEA-TECDOC-1551, ISBN 92-0-103907-7, ISSN 1011-
4289, © IAEA, , Printed by the IAEA in Nuclear Power
Engineering Section, Wagramer Strasse 5, P.O.Box 100, A-
1400 Vienna, Austria

Jonsson P. (1999). “Companywide integration of strategic
maintenance: An empirical analysis." International Journal of
Production Economics 60-61: 155-64.

Kumar U., Galar D., Parida A., Stenstrom C. Berges, L., (2013).
“Maintenance performance metrics: a state-of-the-art
review”. Journal of Quality in Maintenance Engineering.
19(3): 233-277. DOI: 10.1108/JQME-05-2013-0029

Martins L., Silva F.J., Pimentel C., Casais R. B., Campilho R. D. S.
G., (2020). “Improving preventive maintenance management

19 Copyright © ISTJ A ginae auball (5 gin
Ayl g o slell 40 sal) dlaall


http://www.doi.org/10.62341/kalr2018

International Scienceand ~ Volume 37 ) Ly 0 2 pd ) &
_Technology Journal Part 1 aaall - m
Al g sl ) ALl IsSTA

http://www.doi.org/10.62341/kalr2018

in an  energy solutions company”’.  Procedia
Manufacturing,51:1551-1558.
https://doi.org/10.1016/j.promfg.2020.10.216

Masn Muhammad, (2001). Economic Management of Institutions.
Sahel Publications, Algeria.

Muchiri P., Pintelon L., Gelders L., Martin H., (2010).
“Development of maintenance function performance
measurement framework and indicators”. International
Journal of Production Economics, Elsevier.

Ong C. M., Kathawala Y., Sawalha N., (2015). “A model for ISO
9000 quality management system maintenance”. Quality

Management Journal, 22(2): 11-32.doi:
10.1109/RAMS48097.2021.9605706
Rosmaini A., Kamaruddin S., Azid I., Almanar 1., (2011).

“Maintenance management decision model for preventive
maintenance strategy on production equipment”. J. Ind. Eng.
Int., 7(13) : 22-34.

Sigsgaard K. V., Agergaard J. K., Mortensen N-H. Soleymani 1.,
(2021). “Data-Driven Systematic Evaluation of Preventive
Maintenance Performance”. Annual Reliability and
Maintainability Symposium (RAMS), Orlando, FL, USA: 1-
7.

Silvia S., Suyatmo R. I. D., Murnianti M., (2024). ‘“Analisis
Preventive Maintenance Berdasarkan Mean Time Between
Failure (MTBF) Dan Mean Time To Repair (MTTR) Pada
Alat Blow Molding

Swanson L., (2001). “Linking maintenance strategies to
performance”.  International Journal of Production
Economics, 70 (3): pp. 237-244.

Di PT XYZ”. Jurnal Pengabdian Masyarakat Bangsa, 2(8) :3471-
3478.

Yin R. K., (2003). “Case study research: design and methods”
/Robert K. Yin. Thousand Oaks, Calif, Sage Publi

20 Copyright © ISTJ A ginae auball (5 gin
Ayl g o slell 40 sal) dlaall


http://www.doi.org/10.62341/kalr2018

