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Abstract: Centralized and decentralized tactics in industry directly affect operational efficiency and cost-effectiveness.
Centralized and decentralized maintenance solutions are compared for their ability to improve operational efficiency.
Centralized techniques standardize and scale tasks to cut costs. Decentralized strategies can be adjusted to specific operation
demands and allow maintenance to be done at multiple locations, boosting reaction times. We compared these methods' pros
and cons using real-world data. Critical factors include downtime, cost efficiency, response speed, and equipment effectiveness.
Simulation models, operational data, and industry reports are used for this research. Results imply that choosing centralized or
decentralized method relies on context and is not always ideal. Centralized maintenance saves money for geographically
concentrated assets. Decentralised maintenance promotes responsiveness and flexibility, making scattered industries more
efficient. The findings suggest that hybrid models that integrate features of both tactics may work well depending on the
operational circumstances. In conclusion, the research advises industries to understand their operational surroundings and
choose a personalized maintenance strategy optimization technique.

Keywords: Centralized Maintenance; Decentralized Maintenance; Operational Efficiency; Maintenance Strategy; Cost
Optimization; Cost Efficiency; Increasing Response Times.

Cite as: G. Wali, “Evaluating Centralized and Decentralized Maintenance Strategies for Improved Operational Efficiency,”
AVE Trends In Intelligent Technoprise Letters, vol. 1, no. 2, pp. 91-99, 2024.

Journal Homepage: https://avepubs.com/user/journals/details/ATITP

Received on: 17/01/2024, Revised on: 21/03/2024, Accepted on: 29/04/2024, Published on: 05/06/2024

1. Introduction

Maintenance management is one of the critical factors concerning the smooth running of organizations, whether industrial or
service-oriented, identified from works done by other scholars in this field [11]. With the complexity and scale developed in
modern operations, it is evident that the efficiency of maintenance strategies defines profit, safety, or productivity and thus
becomes a focus area studied extensively through recent research efforts [2]. Companies in industries invariably have to
determine how best to run their maintenance operations so that downtime is kept at a minimum level while endeavoring ways
for cost savings and increasing the life of their assets, which most industrial applications use [12]. Traditionally, maintenance
has been very reactive. Companies used to wait until the equipment failed and then react to those breakdowns, which is now
changing due to the impact of new releases in predictive and preventive maintenance models [4].

The emergence of new predictive analytics, industrial automation, and condition-based monitoring has transitioned to a more
proactive or preventive maintenance approach, as emphasized in the technological analyses [13]. Based on this transformative
background, the discussion of centralized vs. decentralized strategies has surfaced as a very clearly focused point of examination
in recent literature on maintenance management [15]. A central maintenance strategy centralizes all maintenance work in one,
normally well-integrated, central location under the control of a centralized maintenance organization. This concept has been
critically analyzed for its organizational benefits within modern research [16]. This has several benefits: process
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standardization, economies of scale, and simplified forms of reports, as can be noticed from research studies based on
maintenance management models [17]. Organizations implementing a centralized maintenance model can negotiate better deals
over parts and services since they can regulate the volume of work through one central point, as proved to enhance operational
effectiveness in several case studies [9]. Besides, it will probably receive more uniform training with a specific team at one
location, proper respect for security rules, and consistent maintenance practices throughout the organization. However, with
centralization, some issues are associated with this practice, as indicated by researchers studying the problem of limitations in
centralized response times for spreading resources [19].

Since the base is centralized, there would be slow response time, especially when assets are dispersed geographically in the
various parts of the organization [20]. For example, in the oil industry, a decentralized team existing on a remote offshore rig
may take longer to respond to an issue if the maintenance is centralized [21]. Further, centralization becomes less efficient with
many requests and backlogs with the central hub or when coordination between the central team and local operations is poor.
This decentralized maintenance strategy locates the maintenance teams and resources closer to the equipment and facilities they
serve. The structure is noted for improving response times and local adaptability in the maintenance processes [22]. This allows
for a quick response to equipment failure or local decisions, as exemplified by works that aim at flexibility and responsiveness
in decentralized frameworks [23].

This choice of centralized and decentralized maintenance does not come easily. Instead, various factors such as the geographic
distribution of assets, equipment complexity, availability of skilled labor, and the general scale of the operation will determine
whether an organization should be utilizing centralized or decentralized maintenance [24]. Another transformation factor is the
increasingly strategic role that digital technologies, such as remote monitoring and predictive maintenance systems, play in
how organizations think about maintenance strategies [25]. These technologies can support greater connectivity and
information sharing across sites and, in doing so, potentially minimize the trade-offs associated with centralized and
decentralized approaches. In the following paper, we attempt to contribute to the discussion by presenting a detailed review of
centralized and decentralized maintenance strategies [26]. Based on quantitative analysis and qualitative case studies, we
determine how different operational contexts vary in every approach and provide guidance for an organization looking to
improve its maintenance strategy for better operational efficiency.

2. Review of Literature

At this point, research studies evaluate a multi-industry environment of various types of research performed on central and
decentralized strategies in maintenance, widely discussed and examined in recent literature [5]. Some authors believe that
central maintenance encourages cost-effectiveness since standardized procedures are followed and economies of scale are
realized, as demonstrated in research findings on maintenance management models [10]. Case studies in the industry,
particularly in manufacturing and aerospace, show that an in-house centralized team has higher inventory control over staffing
and process compliances, as proved by various industry-specific studies on operational efficiency [3]. Also, the records of
maintenance activities are maintained in the centralized database, which further enables more precise forecasts by analytics,
hence enabling better decisions regarding the life span of the assets and their schedules for repair, as observed in the studies
based on predictive frameworks for maintenance [18].

Several research studies suggest that the centralized approach is weak in maintenance matters, especially those industries spread
over vast geographic areas, as presented in the research study on geographically dispersed operations [1]. This is particularly
true for companies engaged in logistics industries, whereby findings underline significant failures of the centralized systems
[6]. A centralized team is usually located far from the operations, which may lead to delays when assets require repair. For
instance, when a truck fails to start while on the road, this means that the operational team has to be moved out and pay
enormous miles to get to the troubled truck, which takes more hours or days before diagnosis of the problem is made followed
by possible reparation, which might lead to lengthened equipment downtime unnecessarily and results to disrupted schedules
with increased operational costs, a scenario discussed in the logistics-centered maintenance researches [7]. In time-sensitive
industries like logistics, such inefficiencies could snowball into increased labor, penalties for missing delivery windows, and
dissatisfied customers, as in the case analyses of decentralized maintenance challenges [8]. Furthermore, the dependency on a
single central team results in bottlenecks where multiple assets require attention in several places simultaneously. Still, the team
cannot address it all at once- a problem recorded in recent review articles on maintenance management [14].

Decentralization more readily balances out the inefficiency goal that shines clearly from studies on the benefits of decentralized
maintenance- it doesn't sound good when industries have arrangements so spread out. Decentralized approaches involve
locating more groups of maintenance teams closer to the equipment they would service so that there is a quicker response time
and less downtime, as various evaluations of the response efficiency in decentralized setups point out. Local teams are more
available to make repairs at the spur of the moment. They are normally more knowledgeable on how to effectively tackle
operational challenges common to their area, thereby improving effectiveness with maintenance practices. Decentralized
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maintenance also has a degree of flexibility. They can focus on problems they consider more relevant and applicable to the
urgency and context of the local environment rather than waiting for orders from some central hub of operations that is way
out of touch with local conditions. Increased sensitivity in the above example can enhance asset management, minimize
downtime, and enhance operating efficiencies.

3. Methodology

The paper evaluates the efficiency of centralized and decentralized maintenance using quantitative and qualitative approaches.
This study collects data from manufacturing, logistics, and energy operational processes, all of which are made to model the
different forms of maintenance based on geographical distribution, asset complexity, and the presence of the maintenance team.
The research design engages three major sources of data: expert interviews, case studies, and historical maintenance
performance data. Historical data includes metrics like response time, maintenance cost, equipment downtime, and general
operation efficiency [27]. These figures provide a solid quantitative foundation for comparison of centralization and
decentralization approaches. The datasets span several years and represent a mixture of centralized (single control center) and
decentralized (multiple control units) maintenance environments, allowing for many scenarios with high coverage in industrial
applications.

Data Sources

Database Sensors and loT Devices User Feedback

Historical Data Real-time Data Performance Feedback

Operational Systems

Y Y
L p» Monitoring System —M— Operational Efficiency Module
Reports Reports Efficiency Metfics Efficiency Metrice
Maintengnce $trategies
Y A\
|-
Centralized Maintenance Strategy ¢ " Decentralized Maintenance Strategy

Figure 1: System architecture for evaluating maintenance strategies and operational efficiency

Figure 1 shows the assessment process of a centralized and decentralized approach toward the operational management of
maintenance strategy. The three critical aspects are Maintenance Strategies, Operational Systems, and Data Sources.
Maintenance strategies include centralized and decentralized approaches, represented by different colours to draw a sharper
picture. Such strategies are assessed through the following Operational Systems: A monitoring System and an Operational
Efficiency Module. The Monitoring System reports both strategies, and the Operational Efficiency Module computes efficiency
measures for the two methods [28]. Data sources for the system include the Database that offers historical data; Sensors and
IoT Devices for up-to-date real-time data; and User Feedback, an indispensable source of information fed into operational
systems. This means that once such a system is integrated, this kind of monitoring and evaluation of strategies ensures that any
chosen maintenance method matches strategies to desired operational efficiency goals. This colour coding helps sort out the
interactions and relationships in the system in this diagram [29].

Interviews conducted with maintenance managers, engineers, and technicians provide qualitative insights into each strategy's
applied benefits and drawbacks. Experts for interviews were selected based on their experience managing central or
decentralized maintenance operations, enabling a much better, more nuanced understanding of how each approach operates in
different contexts. Case studies from the automotive, aerospace, and energy sectors have been researched to enhance the validity
of the analysis. Each case study addresses and explores the maintenance strategy of a different industry in terms of response
time, resource allocation, and cost efficiency. Following this mixed-methods approach, the research employs statistical methods
such as ANOVA and regression modeling to reveal any statistically significant differences between the two approaches in a
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study. In addition, major qualitative themes such as flexibility, control, and standardization are analyzed qualitatively to
represent an additional strength in the findings that have been achieved. There is a widespread pursuit of an all-inclusive
framework that will enable industries to determine suitable maintenance strategies deemed fit for operating conditions and
distribution of assets.

4. Data Description

For this study, secondary sources were used together with primary data collected through field investigations. Industry reports
on oil and gas, manufacturing, and aviation strategies were used as a baseline for the centralized and decentralized operations.
Some studies of the International Journal of Operations & Production Management and reports of maintenance technology
firms like Fiix and UpKeep are referenced to capture cost and response efficiency over time. Furthermore, this real-time data
of loT-enabled condition monitoring systems gave insight into equipment performance for predictive analyses.

5. Results

Such evaluation of centralized versus decentralized maintenance strategies in improving operational efficiency shed significant
insights for improvement in metrics derived around cost-effectiveness, adaptability, and response times, amongst other aspects
of continuity in operations. Very clearly, each showed the advantages and limitations of every strategy proposed for
optimization purposes by organizations. Centralized maintenance services refer to the planning and execution of maintenance
at one central location, often in a similar process at every site and on all equipment. Results indicated that this approach achieved
several operational benefits. Quality consistency and processes were among the most important advantages realized with
centralized maintenance. With consolidated maintenance activities, it can be ensured that one rate of service is given to all
equipment wherever it may be located, which, therefore, makes the maintenance outcome predictable and controlled. This has
minimized errors and variations in executing maintenance and ensured standards for regulatory compliance or organization
needs. Total Maintenance Cost (TMC) s:

T™MC = Cleed + Cvariable + Cfailure + Creplacement (1)
Where:

* Cf, xeq: Fixed costs of maintenance

* Cyarianie- Variable costs of maintenance

* Craiture- Cost of failures and repairs

* Creplacement- COSt of replacing parts or equipment. Mean Time Between Failures (MTBF) can be governed as:

MTBE = TotalOperatingTime (2)

NumberofFailures

Table 1: Centralised vs Decentralised Average Metrics

Metric Centralized Avg. Decentralized Avg.
Response Time (hrs) 5.2 3.1
Maintenance Cost (USD) 45000 60000
Downtime (hrs) 12 9
Resource Allocation 75 90
Operational efficiency (%) 80 85

Table 1 provides a comparative analysis of average performance metrics between the centralized and decentralized maintenance
strategies. Centralized maintenance shows higher response times, which average 5.2 hours, and lower maintenance costs at
$45,000, with a downtime of 12 hours. The de-centralized strategy provides quick response times, taking 3.1 hours, but this
method costs $60,000. Decentralized methods minimize downtime to 9 hours because of localized control and repair speed.
With increased expense, decentralized systems provide more resources and higher operational efficiency at 85% compared with
centralized maintenance at 80%. The following table illustrates the sacrifices between cost, resources, and operational
efficiency for both strategies.
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Figure 2: Comparison of maintenance efficiency across centralized and decentralized operations

Figure 2 compares the maintenance efficiency of centralized and decentralized strategies by visually mapping the interplay
between key variables such as response time, operational efficiency, and cost. Centralized maintenance outperforms in
environments where assets are clustered, bringing lower maintenance costs and moderate response times. As asset distribution
increases, centralized strategies tend to decline in efficiency. This happens especially when the times grow long. On the other
hand, decentralized systems are more effective for operations spread over a large area but at a greater cost. The scenario clearly
shows that geographical conditions are of great importance regarding the efficiency of both alternatives and that decentralized

solutions are effective for highly complex and distributed systems.

Cost control is another significant advantage of the centralized approach. Most economies of scale result from one integrated
maintenance organization. For instance, buying spare parts and tools in lots, training programs, and putting the specialized
human resources to work efficiently cut across the cost of operations as a whole. It would also allow centralization, which is
more effective than if skilled technicians are transferred to critical production areas, thus eliminating idle time and optimizing
workforce utilization. However, centralized maintenance had its disadvantages, too. There was stiffness in the handling of
localized or site-specific problems. Centralized teams tended to be geographically dispersed operations with an often delayed
response to urgent maintenance requirements. This led to increased downtime- especially in an industry that would see a
massive disruption in business if the equipment were to fail. This lack of on-site expertise blended with the hub centralization

meant that teams had to wait for help to arrive, thus prolonging their response times.

The unresponsiveness decreased the overall operational efficiency of the system, especially within the speedy repair and quick
intervention industries. Decentralized maintenance has the segmentation of responsibilities of multiple local teams or sites as
they take care of the management of their own respective needs for maintenance. The evaluation revealed that the process raised
success in responsiveness and flexibility. This is because local teams were empowered to respond rapidly to problems, thus
ensuring improved equipment uptime and reduced downtime. Responding quickly to local problems proved particularly
advantageous in those complex, distributed operations or remote locations where prompt responses are critical to maintaining

operational efficiency. Availability (A) in math form is:

MTBF
= MTBF+MTTR (3)

Where:

MTTR: Mean Time to Repair. Operational Efficiency (OE) is given below:
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EffectiveOperatingTime

OE =

= —— 100 (4)
ScheduledOperatingTime

Decentralized maintenance was also used to encourage innovation and ingenuity in the localized settings. With groups working
on the ground closer in touch with their local operational environment, decentralized maintenance fostered local solutions to
specific and sometimes idiosyncratic problems. Local maintenance people had a high degree of authority and could respond
nimbly to unusual situations without needing prior approval from a central authority. The power granted to local teams led to
solutions that were sufficient for problems that arose within localized spaces. Still, decentralized systems have several
disadvantages, mainly because of cost and coordination issues.

Table 2: Scenarios Comparison of Maintenance Metrics and Operational Efficiency Analysis

Metric Scenario 1 Scenario 2 Scenario 3 Scenario 4
Response Time (hrs) 4.8 5.4 3 3.5
Maintenance Cost (USD) 50000 47000 59000 61000
Downtime (hrs) 10 11 8 7
Resource Allocation 80 78 92 95
Operational efficiency (%) 82 79 87 89

It differs scenarios based on maintenance in Table 2, which can be used for response times, costs, and efficiency in operations.
Scenario 1 reflects that it is under centralized maintenance with a response time of 4.8 hours and a maintenance cost of $50,000.
Scenario 4 is decentralized and reflects the shortest response time of 3.5 hours and the highest level of operational efficiency
at 89%. Decentralized scenarios tend to allocate higher resources with greater efficiency but are related to increased costs, thus
having a consistent upward trend in performance at a higher operating expense. Table 2 gives the level of asset distribution and
its impact on the efficiency of both central and decentralized strategies. There was no standardization between sites; hence, the
quality of maintenance was nonsystematic. Teams could apply several processes, tools, or state-of-the-art technology, which
may lead to uneven outcomes.

Additionally, more personnel, equipment, and resources were needed at decentralized sites, causing operational costs to be
higher because of redundancies. This increased cost because each site was required to stock its inventory of parts, tools, and
trained personnel. The potential for wasted effort was even greater. The sites proved difficult to coordinate between them,
particularly when several locations concurrently needed support, straining readily available resources. The cost-benefit Ratio
(CBR) for Maintenance Strategy is:

CBR = ExpectedSavingsfromMaintenance

()

- CostofMaintenanceImplementation

— 60000

50000}

M

400001

Centralized Response Time
—#— Decentralized Response Time
300001 —&— Centralized Maintenance Cost
Decentralized Maintenance Cost

20000¢F
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Response Time (hrs) / Maintenance Cost (USD

ot B - = = -
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Figure 3: Depiction of response time and maintenance costs for centralized versus decentralized maintenance strategies
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Figure 3 captures the variations in response time and maintenance expense for centralized and decentralized maintenance
policies over a given period. Decentralized strategies always give better response times, particularly in the event of distributed
assets across different locations. Still, this quick response time is coupled with higher maintenance costs since every
decentralized location costs more resources. Although cost-effective in the long run by economics of scale, centralized
maintenance has a slower response time, especially when considering geographically distant assets. This graph visually
emphasizes the trade-off between cost savings and rapid response capabilities inherent in the two strategies. Regarding
operational efficiency, the two strategies offered different benefits, depending on the context. Centralized maintenance excelled
in cost control and standardization. Thus, it is preferable for organizations that can operate in relatively uniform environments
or that can tolerate longer response times. It worked well in industries where preventive maintenance was the priority and
operational disruptions were less frequent.

6. Discussion

This research compares centralized and decentralized maintenance strategy performance in various industrial scenarios. As
mentioned above, decentralized strategies performed better than centralized strategies in terms of faster response time, better
asset distribution, and increased operational efficiency. This can be derived from Table 1, which shows that decentralized
strategies average a 3.1-hour response period compared to the respective centralized strategy, an important factor in industries
that have to minimize equipment downtime. Decentralized maintenance results in fewer downtimes, with an average of 9 hours,
in contrast to a centralized system, which averages 12 hours. This decrease in downtime improves operational efficiency in the
case of decentralized systems, which attain 85% as opposed to 80% in the case of a centralized system.

However, decentralized maintenance is more expensive. It costs about $60,000 to maintain decentralized systems instead of
$45,000 for centralized systems. This is because, in decentralized teams, inventories have to be double-manned, which leaves
a high-cost burden. The isosurface plot shows that even though decentralized operations respond faster, the expenses are more
expensive.

Scenario comparisons further illustrate these differences. In scenario 4, where the maintenance teams are close to the assets,
decentralized strategies work best with an accomplishment response time of 3.5 hours and operational efficiency of 89%.
Scenario 2, simulating a central idea setup, shows more sluggish response time and efficiency due to the longer distances
requiring travel time to distant sites. Another important point of the study is that decentralized strategies have a cost-
performance trade-off. A decentralized strategy is more efficient but has higher costs in hiring more managers and getting them
up to speed.

On the other hand, a centralized strategy is very appropriate for industries such as oil and gas with dispersed assets. In such
cases, faster responses and lower downtime will compensate for extra costs. On the other hand, centralized maintenance could
be more economical for companies with geographically concentrated assets, such as manufacturing or data centers. In such
environments, a central strategy can utilize economies of scale, like buying spare parts in bulk and process simplification, while
maintaining enough operational effectiveness at 80%. In those environments where apparatus failure is less critical or less
frequent, a slight disadvantage in response time and effectiveness may be put up with to ensure savings.

7. Conclusion

In this aspect, a comparison of centralized versus decentralized maintenance strategies focuses on the fact that each provides
advantages and disadvantages based mainly on the operational context under which they should be utilized. Decentralized
maintenance is much more efficient in industries characterized by geographically dispersed assets, such as logistics, energy, or
transportation. The key benefit of decentralization in those sectors is that it reduces response time because the maintenance
teams are relatively closer to the equipment they are supposed to provide services. This positioning facilitates quicker repair
and efficiencies in general operations, saving the business costly downtimes. Decentralized, however, has disadvantages
whereby higher costs are involved due to the spread of so many teams, equipment, and resources across locations and usually
duplicating resources and management complexity. In centralized maintenance, much opportunity exists to save money through
standardizing processes, improving communications, and exploiting economies of scale.

The higher the concentration of the assets, especially those that mimic the work of the manufactories and data centers, means
companies should concentrate their maintenance efforts since it eradicates the interference that enhances efficient usage of
resources. Centralized Systems: In so far as central systems are concerned, these might have a slower response to equipment
failure; still, cost-effectiveness in the control of the operations makes such a system desirable if prompt responses aren't
essential. Another conclusion of the study is that a mixed model may be the best model choice for most organizations: a
combination of the benefits of both centralized and decentralized models. Companies could benefit from savings under
centralization for stable, non-critical operations while using decentralized teams for critical assets or remote locations that must
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be responded to quickly. Therefore, the decentralized strategy, centralized strategy, or a hybrid form of a strategy should be
based on proper evaluation of asset distribution, operational needs, and also cost-related constraints so that the organizations
appropriately come up with a design for their maintenance plan for attaining efficiency by proper management of costs.

7.1. Limitations

The present study has some limitations that should be remembered when interpreting the results. For instance, the samples or
data used in this study had been drawn from a small set of industries that might not reflect the many different types of operational
environments. The study's findings may not be generalized to all sectors, especially those that need maintenance or operational
structures. The third strength of this study is its focus on more operational efficiency metrics like response time, cost of
maintenance, and time lost to downtime. These are among the most critical variables to hold individuals accountable in the
appraisal of the maintenance strategies. The study did not consider any factors such as safety, regulatory compliance, and
employee satisfaction variables for evaluation.

7.2. Future Scope

Future scope in the research and practical domain of maintenance strategies seems to further explore hybrid models by
combining the merits of centralized and decentralized types. Industries seem interested in integrating advanced technologies,
such as predictive maintenance, 10T, or Al-driven diagnostics-advanced technologies that surely give ways for overcoming the
limitations associated with each strategy. For instance, remote access and real-time monitoring may combine a central control
with decentralized responsiveness to combine efficiency without adding a corresponding burden on cost. Optimized resource
allocation algorithms for very dispersed assets across an industry can also improve efficiency by achieving a better balance in
cost and performance. Future studies should be undertaken to understand the impacts of these emerging technologies on
maintenance strategies, especially how they could shift the cost-benefit balance between centralized and decentralized
approaches. Even a greater understanding of the role of sustainability and environmental consideration in maintenance practice
would be crucial in shaping the future strategy.
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