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Abstract:  The paper provides a comprehensive literature review and practical 

recommendations for measuring maintenance performance in manufacturing or-

ganizations. The study emphasizes how monitoring maintenance performance 

has become more important as a result of the changing nature of maintenance and 

the complexity of manufacturing technology. The primary objective of the re-

search paper is to offer a thorough analysis of the practices employed for moni-

toring maintenance performance in manufacturing units. The paper delves into 

the indicators utilized to gauge maintenance performance, putting forth a sug-

gested framework for effectively monitoring the outcomes of maintenance activ-

ities. Moreover, it concludes by presenting insights and recommendations. Costs 

for maintenance have increased as a result of the expanding function that mainte-

nance plays within organizations and the complexity of production technology. 

The importance of process management in reaching the highest levels of equip-

ment reliability, availability, and cost-effectiveness is emphasized in this paper. 

The outcome of the paper indicates the need for a more comprehensive approach 

to selecting important Maintenance Performance Indicators and offer potential 

directions for further study. The research paper is a useful tool for comprehending 

the procedures involved in keeping track of maintenance effectiveness. It demon-

strates to be especially pertinent in the context of manufacturing policy with re-

gards to the reliability and accessibility of diverse assets.  

Keywords: Maintenance Performance Key Indicators, Equipment Reliability 

and Availability, Predictive and Preventive Maintenance, MTBM, MTBF, 
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1 Introduction 

The efficacy, efficiency, and general performance of maintenance activities within an 

organization are assessed and evaluated using a set of quantifiable metrics and measures 

known as Maintenance Performance Key Indicators. With the ultimate goal of improv-

ing equipment reliability, lowering downtime and minimizing maintenance costs, these 

indicators are crucial for monitoring, managing, and optimizing maintenance activities. 
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driven choices, put preventive measures in place, and continuously enhance their 

maintenance plans. The importance of monitoring maintenance performance within 

manufacturing organizations has significantly increased in recent years. The evolution 

is brought about by the changing maintenance function and the increasingly compli-

cated production technology. This paper delves into a literature review that not only 

offers a conceptual framework but also guides future research in the realm of mainte-

nance performance measurement.  

2 Frame Work for Maintenance Performance Indicators 

(MPI): A Starting Point 

The degradation of manufacturing systems begins soon after commissioning, with nor-

mal wear, deterioration, and potential failures due to factors like exceeding design lim-

its or operational errors These challenges lead to quality issues, speed losses, environ-

mental contamination, safety hazards, and equipment downtime. Operating expenses, 

profitability, customer satisfaction, and productivity may all suffer as a result of such 

results. Maintenance management must decide wisely on maintenance goals and tactics 

in order to maintain optimal plant operation and meet output targets at the lowest pos-

sible cost. The goals of maintenance are related to meeting production targets (through 

high availability) while upholding safety regulations, system conditions, and quality 

standards [1] [2]. In addition, maintenance funds are allotted to guarantee that produc-

tion machinery is operating at peak efficiency, the plant reaches its intended lifespan, 

safety regulations are respected, and aspects like energy and raw material use are opti-

mized [3].  

 

Evaluating performance is a foundational managerial concept. Similar to other facets 

of manufacturing, the assessment of performance holds significance in overseeing 

maintenance operations. Clearly defined performance indicators have the potential to 

aid in recognizing discrepancies between current and desired performance, offering in-

sights into the progress made in bridging these gaps. Moreover, performance measures 

serve as a crucial connection between overarching strategies and managerial actions, 

thereby facilitating the implementation and execution of initiatives for improvement 

[4]. Furthermore, these measures can help maintenance managers focus resources and 

attention on specific areas of the production system that can affect manufacturing per-

formance. Measuring and quantifying the maintenance process's input and output pro-

vides challenges. This challenge stems from the complex interrelationship between 

manufacturing and maintenance [5]. Most academics concur that a thorough perfor-

mance measurement is required to assess how the maintenance function contributes to 

manufacturing and more general business strategic goals [6].  

 

In the literature, various approaches for assessing maintenance performance have been 

proposed. Value-based performance measurement is a system audit approach that re-

searchers have developed to measure how much the maintenance system contributes to 

organizational success [7]. This approach emphasizes the lag time between actions and 
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results and takes into account how maintenance efforts will affect the organization's 

future value. Researchers have also supported composite metrics like the maintenance 

productivity index, which determines the proportion of maintenance input to mainte-

nance output [8]. Nevertheless, this method has drawbacks, offering a limited viewpoint 

on maintenance performance and posing difficulties in measuring a variety of mainte-

nance inputs. Researchers have suggested employing the well-known balanced score-

card as part of a strategic approach for managing maintenance performance [6]. The 

effectiveness of this approach depends on how strongly and favorably strategy affects 

the total performance of the firm. There is a dearth of research that has attempted to 

define and measure how maintenance affects a company's primary competitive objec-

tives, which are cost, quality, and production [9]. This model provides strategic deci-

sion help in selecting different improvement plans and evaluates the cost-effectiveness 

of maintenance investments. 

 

Various maintenance measures are found in the literature, with classifications based on 

different criteria. Three layers (strategic, tactical, and operational) of maintenance con-

trol and performance indicators have been identified by some authors using the time 

horizon [10]. Maintenance strategies that are in line with each level are then created to 

facilitate efficient control [11]. The authors have also presented a three-dimensional 

hierarchical framework of maintenance performance indicators namely production ex-

penses, Overall Equipment Effectiveness (OEE), and production quality [12]. The goal 

of this system is to clarify the function and importance of distinct indicators across 

many hierarchies. 

 

A study was carried out by employing a business process approach to examine the 

maintenance function [13]. This approach, grounded in process management principles, 

operates under the belief that the process itself generates the desired outcomes. Conse-

quently, managing and measuring the process becomes imperative. By adopting this 

approach, we can effectively oversee the maintenance process, striving for optimal 

equipment reliability, availability, and cost- effectiveness. Maintenance is a multifac-

eted process encompassing various aspects, phases, and domains. To assess mainte-

nance strengths and weaknesses, it is crucial to divide the maintenance process into 

distinct areas, each requiring its performance evaluation. Examples of these areas in-

cludes preventive maintenance, material management, planning and scheduling, 

maintenance budgeting and work control. To lay the foundation for a maintenance per-

formance monitoring framework, the initial step involves defining the concept of 

maintenance monitoring. In this context, it is expected that the manufacturing plant 

implements a maintenance monitoring system to promote maintenance excellence by 

addressing current or foreseeable flaws. Figure 1 shows the suggested approach for 

tracking maintenance performance. The suggested system for monitoring maintenance 

includes a combination of leading and lagging indicators. In the context of maintenance, 

leading indicators assess how effective the maintenance process is, while lagging indi-

cators measure the outcomes achieved. The reason for tracking maintenance perfor-

mance indicators beyond equipment reliability and availability is to identify the sources 

of negative trends (leading indicators). The end goal of maintenance, on the other hand, 
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is the availability and dependability of systems and parts that satisfy operational and 

general plant needs. 

 

 
Fig. 1.  A method for overseeing maintenance performance. 

 

For measuring maintenance performance on this broader scale, we rely on lagging per-

formance indicators like failure frequency or Mean Time Between Failure (MTBF), 

downtime due to maintenance and the number of unresolved backlogs. It is crucial to 

grasp that performance indicators are not merely a way to showcase success but they 

also serve as a tool for successfully managing the maintenance process. Organizations 

should utilize these indicators to uncover possibilities for enhancement rather than 

treating them as measures of success or failure. Some of the Maintenance Performance 

Indicators are shown in figure 2 below. 

 

Maintenance 
Characteristic

s

•To attain maintenance excellence, what prerequisites should a 
maintenance program fulfill?

• Includes attributes like Preventive or Predictive maintenance, 
Maintenance Management and maintenance budget.

Key 
Perfromance 

Indicators

•Factors that depict the strategic elements of maintenance.

Specific 
Indicators

•Quantifiable factors.

•Selected due to their capability to promptly pinpoint deteriorating 
performance patterns or areas of concern. This enables management 
to investigate thoroughly and implement corrective measures to 
avert further decline in maintenance performance.
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Fig. 2.  Key Maintenance Performance Indicators 

3 Role of Maintenance Performance Indicators in Enhancing 

System Reliability and Availability. 

The ultimate goal of maintenance activities is to ensure the reliability and availability 

of systems and equipment. Assessing the quality of this outcome relies on a crucial 

component within the system that measures maintenance performance [14]. Many man-

ufacturing facilities implement preventive maintenance programs to uphold equipment 

performance within design parameters and extend equipment lifespan. In tandem with 

predictive maintenance measures, preventive maintenance proactively addresses poten-

tial issues before they gets materialize. This approach enables equipment repairs to oc-

cur at times that do not disrupt production schedules, which ultimately reduces the 

downtime costs and boost profitability. Keeping this in mind, some of the critical at-

tributes associated with key maintenance performance indicators in enhancing System 

reliability and availability has been redefined. These indicators are mentioned below. 

 

3.1 Quantifying Maintenance Rework. This metric serves as a tool for tracking 

rework levels, but it falls short in uncovering the underlying reasons behind deviations 

from the maintenance schedule. 

Relationship 
between 
Unscheduled and 
Scheduled 
Maintenance

Relationship 
between 
maintenance 
Task and total 
maintenance 
activities

Repair cost

Incidents of 
equipment 
malfunctioning

Mean Time 
Between Failure

Other Performance 
Factors

Equipment 
reliability

Maintenence 
activities 
requirement

Delayed 
Preventive 
Maintenence 
Tasks

Rectification 
duration

Servicibility 
percentage

System 
Performance

Unresolved 
backlogs

Critical and high 
priority orders

Specific and 
regular 
workorders

Specific Tasks

Spare rotables 
and components 
availability

Timely 
provisioning of 
consumables at 
site

Supply Chain 
Management

Assessing Maintenance Performance within Manufacturing Entities             833



 

3.2 Adherence to Planned Schedules. This indicator is defined as the percentage 

of scheduled work completed in relation to the total available work time for scheduling. 

However, it should be noted that this metric is not suitable for assessing issues related 

to maintenance diligence or negligence. 

 

3.3 Spare Parts and Materials Management. This metric stands as a crucial com-

ponent for bolstering efficient maintenance planning and scheduling, while upholding 

the maintenance process's quality and effectiveness. Enhancing the management of ma-

terials and spare parts has the potential to create additional time for maintenance plan-

ners, supervisors, and hourly maintenance staff. 

 

3.4 Budget Allocation for Maintenance. This metric holds growing significance 

within the evolving economic landscape of the energy market. In this competitive man-

ufacturing environment, curtailing production expenses, with a special focus on mainte-

nance costs, is imperative for long-term viability. Cost-effective maintenance ought to 

serve as a pivotal performance indicator for manufacturing plants. 

 

3.5 Availability or Unavailability for System or Equipment.  The concept of 

"availability" concerning a system or equipment refers to the likelihood that the system 

or equipment is operational when required. It can also be described as the portion of 

time that the service is accessible. Conversely, "unavailability" is defined as the prob-

ability that a system or equipment is not accessible when needed, or as the portion of 

time when the service is unavailable. 

 

3.6 Reliability of System or Equipment. The concept of reliability for a system or 

equipment is articulated as the probability that the system or equipment will execute its 

designated function without experiencing any failures within a specified timeframe. 

 

3.7 Mean Time Between Failures (MTBF). A frequently employed gauge of relia-

bility is referred to as Mean Time Between Failures (MTBF), which represents the av-

erage duration expected between instances of failure [14]. MTBF signifies the average 

operational period (typically in hours), during which a component operates without en-

countering a failure. It also denotes the duration for which a user can reasonably antic-

ipate a device or system to function before a debilitating fault arises. It is calculated as 

the total hours under observation divided by the number of failures. Another interpre-

tation presents MTBF as a measure of anticipated system reliability, derived statisti-

cally from the known failure rates of different system components. 

 

3.8 Mean Time to Repair (MTTR). A maintenance service interruption resulting 

from a failure is quantified as MTTR [14]. MTTR encompasses the time required for 

detecting the failure, diagnosing the fault and completing the actual repair process. The 

ability to predict the duration during which a system or component will be unavailable 

due to maintenance activities is of utmost significance in reliability and availability 

assessments. Employing a maintenance prediction approach enables the identification 

of areas with suboptimal maintainability, ultimately leading to decreased system avail-

ability. Subsequent modifications in maintenance protocols may be recommended to 

enhance system availability. MTTR plays a crucial role in evaluating the availability of 
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repairable systems and is typically computed as the total repair time expended within a 

defined period (in hours) divided by the number of repair events occurring in that spe-

cific timeframe. 

 

3.9 Mean Time Between Maintenance (MTBM). Another indicator closely linked 

to equipment or system availability is MTBM. MTBM is defined as the average dura-

tion between two successive maintenance actions for a specific piece of equipment or 

component [14]. This metric is specifically applicable to maintenance actions that ne-

cessitate or result in a disruption of functionality. Unlike MTBF, which accounts solely 

for failures, MTBM encompasses both corrective and preventive maintenance actions. 

MTBM is computed by dividing the total operational time by the number of mainte-

nance actions conducted within the same timeframe. This metric proves valuable for 

evaluating maintenance effectiveness, as it quantifies how often maintenance tasks in-

terrupt the functioning of the equipment or system. The primary goal of this indicator 

is to minimize the frequency of function interruptions by establishing an appropriate 

maintenance strategy and implementing the correct maintenance procedures. 

4 Role of Maintenance Performance Indicators in Enhancing 

Maintenance Management. 

Effective coordination of maintenance activities is vital to prevent any potential disrup-

tion to the regular operation of the manufacturing unit, exemplifying a hallmark of 

sound maintenance management. A notable increase in such interferences indicates de-

ficiencies in planning and coordinating maintenance activities. With this in mind, some 

of the critical attributes associated with key maintenance performance indicators in En-

hancing maintenance management has been redefined. These indicators are mentioned 

below. 

 

4.1 Strategic Planning and Timely Scheduling. Maintenance planning and 

scheduling are often regarded as the central facets of maintenance management, as they 

serve as a foundation for other processes like preventive maintenance and materials 

management. The planning and scheduling of maintenance activities within manufac-

turing systems [14] rely on several distinct indicators, such as planning adherence, 

schedule adherence, and the count of unresolved backlogs. 

 

4.2 Management of Work Processes. The most widely adopted indicators in this 

category encompass maintenance rework volume, overtime maintenance hours, re-

sponse time to service requests, and Wrench Time. Response time to service requests 

is particularly valuable in assessing the quality of services provided by contractors or 

Original Equipment Manufacturers (OEMs). A commitment to resolving system or 

equipment malfunctions within a specified timeframe necessitates effective manage-

ment and strong collaboration between operations and contractors/ OEMs. This indica-

tor also integrates improved inventory management to ensure the timely availability of 

spare parts, when needed. The service call-to-repair time indicator signifies the prepar-
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edness level of the contracted or OEM maintenance organization to address urgent op-

erational requirements. A low call-to-repair time suggests a high level of efficiency 

within the maintenance organization, encompassing planning, coordination, resource 

allocation, and material management, among other factors. The Wrench Time indicator 

is a common metric used in various industries to gauge the efficiency of maintenance 

services. This metric allows for the assessment of productivity within the maintenance 

processes, encompassing planning, scheduling, supervision, and overall maintenance 

management. It serves as a tool to identify opportunities for increasing productive work 

time. Wrench time is expressed as the percentage of time an employee dedicates to 

physically operating tools, equipment, or materials in the execution of assigned tasks. 

It aids in evaluating how effectively the manufacturing plant plans, schedules, and ex-

ecutes its work. 

 

4.3 Material Management. Effective material management is essential to the finan-

cial health of production facilities in today’s highly competitive manufacturing envi-

ronment [3]. Material management encompasses several critical facets, including the 

management of stock items that are available but not yet utilized, maintaining inventory 

accuracy, addressing spare parts and material obsolescence, and evaluating vendor per-

formance. 

5 Role of Maintenance Performance Indicators in Enhancing 

Preventive and Predictive Maintenance. 

5.1 Predictive Maintenance (PdM). PdM is a precisely timed maintenance strategy 

that relies on a process requiring both technology and human expertise. It entails using 

a variety of diagnostic and performance data, maintenance records, operator logs, and 

design information to quickly determine the important equipment's maintenance re-

quirements. The integration of various data, information, and processes is crucial for a 

PdM programme to be successful [15]. This approach entails scrutinizing the trends in 

measured physical parameters in comparison to established engineering thresholds with 

the aim of identifying, analyzing, and rectifying issues before they escalate into failures. 

Maintenance plans are devised based on prediction outcomes derived from condition-

based monitoring. While implementing a predictive maintenance program entails an 

initial investment in monitoring hardware and software, staffing, tools, and training, it 

ultimately yields improved equipment reliability and provides advanced insights for 

better planning. This results in a reduction in unexpected downtime and operating costs, 

a critical advantage for the manufacturing industry. 

 

5.2 Preventive Maintenance (PM). PM can be characterized as a structured regi-

men of planned and scheduled activities aimed at averting equipment, system, or facil-

ity failures. To create a more comprehensive approach, PM should be complemented 

with PdM. PM encompasses actions such as lubrication programs, routine inspections, 

and adjustments. In conjunction with PdM measures, PM plays a crucial role in pre-
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emptively resolving potential issues before they materialize. One of its significant ad-

vantages is the ability to conduct equipment repairs without disrupting production 

schedules, thus mitigating one of the major contributors to downtime costs and enhanc-

ing profitability. An elevated level of PM, in fact, helps reduce the backlog of pending 

orders. This is because PM activities can be meticulously planned in advance, facilitat-

ing control over backlog levels within reasonable bounds. It is essential to prioritize 

PM for equipment, whose failure could compromise safety, reliability, or result in 

forced shutdowns. Key indicators for the preventive aspects of maintenance include the 

availability of systems and equipment, the dependability of systems and components, 

and the success of PM programs. 

 

While PM is typically seen as an alternative to corrective maintenance, its effectiveness 

can vary significantly. In many instances, relying solely on PM may not be sufficient 

to enhance equipment reliability, ensure availability, and prevent recurring break-

downs. When a PM program is strictly time-based and solely follows the manufacturer's 

recommendations, its outcomes may not align with expectations. Diverse perspectives 

exist regarding the relationship between PM and PdM, with one view suggesting that 

PdM is a subset of PM [16]. According to this approach, a comprehensive PM program 

should incorporate predictive elements. It should encompass predictive activities aimed 

at inspecting equipment, components, or systems to predict potential failures before the 

next scheduled inspection cycle. In this interpretation of PM, a pivotal aspect of the 

program definition revolves around the ability to detect critical wear and impending 

failure in equipment. 

6 Modified List of Maintenance Performance Indicators. 

The development of the maintenance monitoring system discussed in [14] was founded 

on the concept of process management, which operates on the premise that the process 

inherently generates the desired outcomes. This methodology is instrumental in effec-

tively overseeing the maintenance process, with the ultimate goal of attaining optimal 

levels of equipment reliability, availability and cost-effectiveness. In light of the pre-

ceding discussions, the key Maintenance Performance Indicators to specifically address 

the reliability and availability of both systems and equipment, as mentioned in figure 

2, has been amended and same is placed at table below (Table 1).   

Table 1.  Modified List of Maintenance Performance Indicators 

Sl 

No 

Maintenance Key 

Performance  

Indicator 

 

Associated parameters 

1 Accessing Equip-

ment Dependability  

(Reliability) 

• Total count of corrective Work order Adminis-

tered. 

• Number of incidents involving sensor and safety 

system malfunctions. 

• MTBF 
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Sl 

No 

Maintenance Key 

Performance  

Indicator 

 

Associated parameters 

2 Management of 

Work Process 
• Component repair duration according to technical 

specifications. 

• Wrench Time. 

 

3 Assessing the  

efficiency of  

Preventive  

Maintenance 

• Conformity with Preventive Maintenance Proto-

cols. 

• Proportion of Corrective Work arising from Pre-

ventive Maintenance initiatives. 

• Trend analysis of backlogged Preventive  

Maintenance Work Orders. 

• Proportion of deficiencies unearthed through  

surveillance, testing, and inspections. 

• Proportion of Preventive Maintenance task to To-

tal Maintenance Activities. 

• Delayed Preventive Maintenance tasks. 

• Count of planned tasks which are not executed. 

• Count of tasks not started on time, as planned. 

• Comparison of actual versus scheduled Man-

Hours. 

 

4 Operational status of 

systems and  

equipment 

• Availability of system and equipment.  

• Planned Operational Interruptions. 

• Unplanned Operational Interruptions. 

• Production disruptions attributed to maintenance-

induced reductions or outages. 

• MTBM 

• MTTR 

 

5 Strategic Planning 

and Timely  

Scheduling 

• Proportion of unplanned to scheduled Work Or-

ders. 

• Adherence to planning guidelines. 

• Adherence to scheduled activities. 

• Proportion of completed Corrective Work Orders 

to Programmed Work Orders. 

• Unresolved backlogs. 

 

6 Spare Parts and  

Material  

Management 

• Inventory Maintenance Performance (Store 

Level) 

• Pending Maintenance Tasks requiring spare parts. 

• Inventory Turnover Rate. 

• Unused inventory items on hand. 

• Precision of inventory records. 
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Sl 

No 

Maintenance Key 

Performance  

Indicator 

 

Associated parameters 

• Obsolete Spare Parts and Materials. 

• Supplier Evaluation. 

 

7 Prospects for Future Research 

The approach attempts to clarify the function and importance of distinct indicators in 

various hierarchies. However, the literature primarily presents lists of Key Performance 

Indicators (KPIs) without offering a methodological approach for their selection or der-

ivation. As a result, customers frequently have to decide which KPIs are pertinent to 

their particular circumstances. Determining an operational level-based maintenance 

measurement model that clearly connects maintenance goals, the maintenance proce-

dure, and outcomes is a critical requirement for the growth of an organization. A model 

proposed in the present paper could be used as a basis to determine what performance 

indicators are suitable for a maintenance function in a given setting. 

8 Conclusion. 

Effective maintenance performance monitoring is an essential component of the com-

prehensive maintenance management system in place across all production units. The 

range and comprehensiveness of these monitoring systems can vary significantly, from 

those relying on single maintenance key performance indicators to more advanced sys-

tems integrated into the plant's asset management framework, encompassing various 

groups and categories of maintenance performance metrics. The creation of the mainte-

nance monitoring system approach ensures effective maintenance process manage-

ment, which eventually results in the achievement of the highest levels of equipment 

dependability, availability, and cost effectiveness. As a proactive measure, preventive 

maintenance programs should be implemented within manufacturing facilities to up-

hold equipment under design operating conditions and prolong its lifespan. The paper 

provides a comprehensive review and practical recommendations for measuring 

maintenance performance in manufacturing organizations. The research emphasizes 

how monitoring maintenance performance has become more important as a result of 

the changing nature of maintenance and the complexity of manufacturing technology. 

The study highlights the need for a more thorough approach by identifying key issues 

linked to maintenance performance measurement. The paper suggests that maintenance 

is a multifaceted process encompassing various aspects, phases, and domains, and to 

assess maintenance strengths and weaknesses, it is crucial to divide the maintenance 

process into distinct areas, each requiring its performance evaluation.  

 

Overall, this paper contributes to the existing pool of knowledge concerning mainte-

nance performance measurement, while also extending practical recommendations for 
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manufacturing organizations to bolster their measurement practices in the domain of 

maintenance performance. By adopting a more comprehensive approach to measuring 

maintenance performance, organizations can strive for optimal equipment reliability, 

availability and cost-effectiveness, ultimately leading to improved overall equipment 

and performance. 
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