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Understanding Key Performance Indicators (KPls) in Maintenance

We often refer to metrics, a term meaning “to measure” (either a process or a result).
Combinations of several metrics yield indicators, which serve to highlight some condition
or a question that we need an answer to.

Key Performance Indicators (KPIs) combine several metrics and indicators to yield an
assessment of critical or key processes. KPIs for maintenance effectiveness have been
discussed, defined, and refined for as long as proactive maintenance has been carried
out.

KPIs are only as useful as the actions they drive—tracking without improvement is
just reporting.

KPls combine key metrics and indicators to measure maintenance performance in many
areas. We must define our corporate goals regarding maintenance management and the
KPIs we will need to monitor to achieve them. This process is unique to each corporation
and needs to be developed Independently.
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One of the more interesting points here is that KPIs can be created hierarchically and
interlinked, allowing management to pinpoint the root causes of system failures.

To determine maintenance strengths and weaknesses, KPIs should be broken down into
areas for which you need to know the performance levels. In maintenance, these are
areas such as preventive maintenance, materials management process, planning and
scheduling, and so on.

Leading vs. Lagging Indicators: Predicting and Responding to
Issues

Depending on KPI values, we classify them as either leading or lagging indicators.
Leading indicators measure performance before a problem arises.

Leading indicators warn before failure, while lagging indicators confirm the damage
—know the difference.

To illustrate this, think of key performance indicators as yourself driving a car down a
road. As you drive, you deviate from the driving lane and veer onto the shoulder of the
road, the tires running over the “out of lane” Indicators (typically a rough or “corrugated”
section of pavement at the side of the road that serves to alert you to return to the driving
lane before you veer completely off the pavement onto the shoulder of the road).

These “out of lane” indicators are the KPI that you are approaching a critical condition or
problem. Your action is to correct your steering to bring your car back into the driving lane
before you go off the road (proactive condition).

If you did not have the indicators on the pavement edge, you would not be alerted to the
impending crisis, and you could veer so far out of the driving lane that you end up in the
ditch. The condition of your car, sharply listing on the slope of the ditch, is a lagging
indicator. Now you must call a wrecker to get you out of the ditch (reactive condition).

Lagging indicators (such as your budget) yield reliability issues, resulting in capacity
issues. A manager must know if his department is squarely in the driving lane and that
everything is under control as long as possible before it approaches and goes into the
ditch. A list of some of the key performance indicators of the leading variety is illustrated
in the Key Performance Indicators table below.

2/15



Key Performance Indicators

Relimbility/™aintainability
= MTBF {mean time between failures) by total operation
and by area and then by equipment.
= MTTR (mean time to repair) maimtainability of
individual equipment.
= MTBR (mcan time between repairs) equals
MTEBEF minus MTTR.
&= OEE (overall equipment effectiveness)
Availability = Efficiency {slow speed) x Quality
{all as a pereentage).
Preventive Maintenance (includes prediclive maintenance)
&= PPM labor hrs. divided by Emergency labor hrs
= PPM WOs (work orders) #s divided by CM (corrective
maintenance, planned/scheduled work) WOs as a result
of PM inspeclions.
Plamming and Scheduling
= Planned/Schedule Compliance—i{all maintenance labor
hours for all work must be covered and not by “blanket
work orders™). This a percentage of all labor hours

Materials Mamagenent
= Stores Service Level (% of stock outs)—Times a person
comes to check out a part and receives a stock parl
divided by the number of times a person comes to the
storeroom 1o cheek out a stocked part and the part is
not available.
= Inventory Accuracy as a percentage.
Skills Training (NOTE: A manager must notify maintenance
craft personnel about the measurement of suceess of skills
training.)
= MTEBEF.
&= Parts Usage—this is based on a specific arca of training
stich as bearings
Maintenance Supervision
= Mainienance Conirol—a % of unplanned labor hours
divided by total labor hours.
&= Crew efficiency—a % of the actual hours compleled on
scheduled work divided by the estimated time.
= Work Order (WO} Discipline—the % of labor

accounted for on WOs,
Work Process Productiviiy
= Maintenance costs divided by net assel value,
= Total eost per umit produced.
= Owvertime hours as % of total labor hours.

actually completed to schedule divided by the total
maintenance labor hours,

&= Planned work—a % of total labor hours planned
divided by total labor hours scheduled.

NOTE: KPls must answer guestions that you as o manager ask in order to control your maintenance process. Listed is a sampling of recommended
EPlz They are listed by the areas i which a malatenance manager must ask questions,

Note that some of these indicators could be both leading and lagging when combined
with and applied to other KPls.

Selecting the Right KPIs for Maintenance Success

The course to truly improve maintenance for the long term is not easy. However, after the
initial difficult period, the system begins to manage itself, and the snowball of continuous
improvement starts to be propelled under its own momentum.

The wrong KPIs can lead maintenance teams astray—selecting the right ones is
critical to long-term success.

We will explore several levels and forms of maintenance productivity measurement. All
functions and levels of management require control measures, but we must understand
the differences in need, precision, source, and application.

Leading indicators are task-specific metrics that respond more quickly than lagging
indicators (or results metrics). They are generally selected to anticipate progress toward
long-term objectives that may not change quickly in response to effort. For example,
training should improve skills, which should improve equipment reliability.

Leading indicators are metrics that help predict future trends and changes. They are
forward-looking and proactive and can help identify potential problems before they occur.

Implementing a precision shaft-alignment training effort might take years to affect overall
reliability measures such as MTBF and MTBR. In this case, a leading indicator of grouped
MTBFs or MTBRs for applicable equipment might be selected to gauge the effectiveness
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of the training effort.

Technical metrics measure the effectiveness of equipment management programs and
systems at the plant, unit, or equipment level. These metrics demonstrate the technical
results of programs such as vibration monitoring, fluid (lubricating oil) analysis, and
thermography. These are the first steps in gauging their contribution to corporate and
plant performance.

In objective terms, technical metrics capture results that can be trended over time to track
progress toward program objectives and demonstrate improvement. For example, a
metric may be the percentage of predictive procedures performed within one week of
schedule.

Selecting and Applying Metrics

The value of meaningful metrics cannot be overstated; the impact of inaccurate or
inapplicable metrics cannot be understated. Metrics must connect to the organizational
objectives. All the key processes should have one or more metrics to indicate goal
compliance and progress.

Metrics should drive decisions, not just fill reports—if they aren’t actionable, they
aren’t valuable.

In each case, the process owners and implementers must be involved in selecting
metrics. The value of an effective CMMS or EAM is in its ability to retrieve automatic, real-
time data that you can use.

The Equipment Management process is directed toward adding value. Metric selection
and reporting must be consistent with that principle.

There are several rules to follow in applying metrics:

1. Good metrics focus activities on maximum benefits and value-added Poor metrics
lead away from optimum activities, often to unintended results

2. Whenever possible, metrics should be positive rather than negative (e.g., measure
first-run quality, not rework)

3. Avoid conflicting metrics. Always examine complementary metrics together (i.e.,
there isn’t much benéefit in directing efforts to increase yield if quality is significantly
below objective)

4. Noncompliance with a metric should be followed by efforts to identify the cause, full
cost, and other effects of compliance; many organizations use Pareto analyses for
this purpose
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Metrics must be used and kept current; metrics not regularly used should be eliminated.

When using Pareto analysis, some common KPI examples include customer
complaint volume by category, sales revenue by product line, defect rates by
production line, customer churn reasons, website abandonment points, project
delays by cause, customer service call duration by issue type, and employee
absenteeism by department; essentially, any metric where you can identify a
significant portion of the impact coming from a smaller subset of contributing
factors, following the “80/20 rule.”.
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The more commonly used maintenance metrics or performance indicators can be

classi

1.

2.
3.

fied into three categories:

Measures of equipment performance, such as availability, reliability, and overall
equipment effectiveness

Measures of cost performance, such as labor and material costs of maintenance
Measures of process performance, such as the ratio of planned and unplanned
work, schedule compliance

Typically, these performance indicators are tracked for the following reasons:

These indicators have been used by the organization in the past.
Some of them are used for benchmarking with other organizations.
The required data is easy to collect.

Regulators or the corporate office mandates some of them.
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These diagnostic measures determine whether the various aspects of maintenance

operations remain under control or compare favorably with counterparts elsewhere. Thus,

they are used largely to support operational control and benchmarking purposes. In
general, these generic measures are inappropriate for providing a holistic assessment of
maintenance performance.

Additionally, they do not provide information suitable for predicting the plant’s ability to
create future value needed to support the organization’s business success. Performance
measures linked to the maintenance function’s strategy must be tracked to achieve that
end. These are known as strategic measures.

The figure below illustrates a process for managing maintenance performance from a
strategic perspective.
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The Balanced Scorecard Approach to Maintenance Measurement

A core feature of the process is the Balanced Scorecard (BSC), which provides a
balanced presentation of strategic performance measures around four perspectives:
financial, customer, internal processes, and learning and growth. Managers often find the
strategy too abstract to guide them in making day-to-day decisions.

A well-designed Balanced Scorecard keeps maintenance aligned with corporate
strategy.

By using the balanced scorecard, the strategy is translated into something more
understandable and readily acted on: long-term (strategic) objectives that relate
performance measures to their targets and action plans.

Balanced Scorecard Template

strateglc Performance Targets Action PEI‘SFIECIW'E
Objectives | Measures Plans
Financial
Customer

Internal Processes

Learning & Growth

The balanced scorecard is a powerful communication tool that sharply focuses on factors
that are important to maintenance’s contributions to the company’s business success. It
enables a complete and balanced assessment of unit performance and guards against
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sub-optimization because all the key measures that collectively determine maintenance’s
total performance are monitored.

The balanced scorecard, or performance scorecard, is a performance measurement
system that helps a plant pursue its key success factors. It uses both internal and
external benchmarking and employs a relevant cascading method of performance goal
setting. Achievements are acknowledged and celebrated in “real-time” rather than at the
traditional annual review.

Real performance improvement happens when KPIs drive action, not just
awareness.

For a balanced scorecard process to be motivated, it must provide timely and accurate
data. Simplicity is a key to the validity of measurements and the tractability of problems to
their root cause. Data collection design must employ simple and easy-to-maintain
databases to ensure data integrity.

When people are trained in this process and permitted to participate in relevant goal
setting, Performance Management can motivate teams to achieve higher achievements,
including exceeding growth and profit expectations.

Five Key Elements of the Balanced Scorecard Process

1. Establish a “no status-quo” mindset—if you’re not winning, you’re losing

2. Define company “key success factors”—examples: cost, speed and quality

3. Identify stretch goals relevant to the company’s “key success factors.”

4. Implement training/coaching programs—education is the pathway to excellence

5. Celebrate each goal achievement and raise the bar—don’t wait until next year

For a mature performance management process, “benchmarking” has become the
standard for establishing performance objectives. However, benchmarking is still one of
the most ill-defined management concepts and is one of those words that means different
things to different people.

Our preferred definition comes from Xerox, who describes benchmarking as:

“The continuous process of measuring our products, services, and business practices
against the toughest competition, and those companies are recognized as industry
leaders.”

The objective of benchmarking is to build on others’ ideas to improve future performance.
The expectation is that by comparing your processes to best practices, major
improvements can be realized.

Benchmarking is valuable, but internal performance tracking must come first.
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You should not consider carrying out external benchmarking until you have thoroughly
analyzed your internal operations and established an effective system of internal
measurement.

So, what kind of results can you expect when a management team introduces the
process of the balanced scorecard?

First, people will become motivated and focused on the continuous improvement of their
company'’s critical success factors. Second, personal and team achievements will
become recognized and rewarded, creating an exciting, winning work environment.
Teamwork will improve, and employee retention will rise.

Second, and most important, is the company-wide euphoria as “bottom-line” results
improve and financial pressures no longer create a stressful and defensive work
environment.

Third, Strategic Measures are measures applied by executive management to specify
and monitor how well each function must perform in support of the competitiveness and
ultimate viability of the enterprise. Internal attainment versus external industry leaders
and world-class benchmarks is particularly applicable to Strategic Measurement. (see
Table 2-6) Such measures for maintenance include:
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Strategic Measurement

Measure Essential Data Sources Goal
Maintenance Cost Ratio to:
Sales Dollar Accounting/10 K <6%
Total Units/Volume Produced Accounting Trend
Total Manufacturing Cost Accounting 12 to 14%
Total Asset Value—Gross Accounting/10 K Var. 6 to 7%
Total Asset Value—Net Accounting/10K 11 to 12%
Equipment Replacement Cost | Accounting/10 K 2%
Million Gross Occupied Sq. Ft. | Accounting/Engineering | Var.
per Year
Combined Equipment, Accounting Var.
Buildings and Grounds
Maintenance Cost Per
Million Gross Occupied Sq.
Ft. per Year (Maintenance,
Utilities, Energy,
Housckeeping and Grounds)
Investment Maintained per Accounting >$5M
Mechanic
Contractor Cost as Percent of Accounting 20-35%
Total Maintenance $'s
Number of Maintenance Crafts Contract 4 or Less

PREVENTIVE (PLANNED/PROACTIVE) MAINTENANCE

TYPES DEFINED
Preventive Cleaning. Change oll, Clean/replace filter. Lubricate bearing, ele.
Corrective Replace bearing, Align coupling, Teardown/overhaul. ete.

Conditlon/Test  Inspectlon. Measure alignment, Measure pump head/flow, ete.

Predictive O1l analysis. Vibration moenitoring. Infrared Imaging. ete.

The first three types, Preventive, Corrective, and some Condition/Test Procedures, should
contain the following minimum information:

Procedure Number

The number is assigned to identify the procedure and index it when incorporated into the

site-specific CMMS.
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System Description

This section is text that describes the machine/equipment application.

Procedure Description

Text that describes the procedure purpose. The body of the procedure is often divided
into subsections. Each subsection has a heading, which is duplicated in the Procedure

Description. This ensures that the entire scope of work is well understood.

Measures Applied by Controller to Monitor Operating Results
and Budgetary Performance

Measure Essential Data Sources Goal

Maintenance Budget

Variance Analysis By:
Total Accounting Minimum
Primary Account Accounting Minimum
Responsibility:
—Supervisor Work Order System Minimum
—Custodian Work Order System Minimum
—Volume vs. Performance Work Order System Minimum

Measures Related to Regulatory Compliance, Employee Safety,

Utility Expense, Sanitation, and Working Environment

Measure Essential Data Sources | Goal
OSHA Injuries per Million Hours of Personnel/Payroll Records <5%
Maintenance Payroll Accounting
Total Payroll Accounting
Litility Expense per Million Gross Accounting/Engineering Var.
Occupied Sq. Ft. per Year
Kilowalt Hours per Million Gross Accounting/Enginecring Var.
Oeccupied Sq. FL. per Year
Custodial Expense per Million Gross Accounting/Engineering Var.
Occupied 5q. FL per Year
Grounds Maintenance Expense per Accounting/Enginecring Var.
Million Gross Occupied Sq Fu per
Year
Grounds Maintenance Expense per Accounting/Enginecring Var.
Acre per Year

U 1

Work Orders Must Have the Following Items for Proactive Work

Financial and Budgetary Control Measures
Process & Facility Integrity

Internal Customer Service
Asset/Equipment Reliability

Special Tools
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Identifies tools and test equipment the technician will need at the job site. Common tools
are not usually identified.

Materials

All materials needed at the job site are listed in this section.

Reference Data

Identifies information, such as a test procedure, that the technician will need in order to
perform the task. This section does not identify reference data that may have been used
to develop the procedure. Only that reference data needed to perform the task is listed in
this section.

Warnings

A warning is identified in the procedure anytime there is the potential for injury (including
toxic release to the environment). This section lists every warning that is part of the
procedure. If a warning is applicable many times in the procedure, it is shown each time it
applies.

Cautions

Similar to the warning, a caution is identified in the procedure anytime there is the
potential for damage to the equipment or damage to collateral equipment.

Notes

The procedure may also contain a note. A note provides relevant information to the
person performing the procedure.

Preliminary

The first part of the procedure is identified as the preliminary section. This section
includes all steps taken before going to the job site, or if at the job site, before starting
work on the specified machine.

Although there is no maximum number of preliminary steps, this section is usually less
than 10.

Procedure

The start of the procedure is clearly identified by the title “Procedure.”

The first step in the procedure is labeled “A” and is a phrase that identifies the work to be
accomplished. The next step is labeled “A1” and is an action item. Each subsequent
action step is numbered in ascending order, “A2, A3 . . .” If the procedure can be broken
into discrete sections, there may be a “B,” “C,” etc.

11/15



Inspection/Measurement Data

If data is to be collected, there will usually be a Data section. The procedure will identify
the data and direct where it is recorded in the Data section or other location. The Data
section is always located at the end of the Procedure section.

Actual Time

A space to record the actual time that was required to perform the procedure. The
Planner and Scheduler use this information to refine the estimated time for more accurate
scheduling.

At the plant’s option, there may also be a place to record the name of the lead person

performing the maintenance action. Maintenance personnel skill levels, management

requirements, and utilization for training determine the level of detail contained in each
Maintenance Requirement procedure.

Procedures can be an element of maintenance training by incorporating the maximum
level of procedural detail with line entries for:

Related Tasks

Identifies other tasks that should be performed. Usually, tasks with a shorter periodicity.
For example, an annual procedure will identify semiannual, quarterly, or monthly
procedures

to ensure all work is done during a single equipment maintenance shutdown.

Periodicity

Describes how often the procedure is scheduled. Codes usually used are:
D = Daily, W = Weekly, M = Monthly, Q = Quarterly, S = Semi-Annually, and A = Annually.

Multiples of the above are sometimes used and are identified by a number followed by a
letter. For example, 5A indicates that the procedure is scheduled every 5 years.

Craft & Labor (Hrs.) The craft(s) required to perform the procedure are shown and will be
followed by two numbers.

First is the number of people

Second is the estimated time for each person. For example, 2 people/2 hrs. each. The
time estimate is to perform the task. Because each site is different, no time was estimated
to get to the job site.
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Frimary Measures Related to Maintenance Quality

Measure Essential Data Sources Goal
Maintenance Downtime by Equipment {Uptime)

As Percent of Scheduled Run Time Shop Floor Pata Collection 0.5 to 2.0%
Mean Time Between Failures Equipment History Increasing Trend
Percent of Failures Addressed by Root Cavse Apnalysis | Equipment History =>75%

FI'M Schedule Compliance FI"M Schedule of the Work Order System | »93%

PPM Delinguency by Weeks Delinguent

P Schedule of the Work Order Svstem

<5% past due 1 1o dwks

Svstem Data

Ratio of Corrective Work Orders 1o PPM Inspections | Work Order System 1:6

Call-In Frequency Payroll Svstem Trend
Maintenance Overlime Percentage Payroll System 5to 15%"
Annual Training Per Mechanic, measured in: Personnel Records

Hours =1000wr,
Dollars £2 1o S3K/vr,
Percent of Maintenance Labor Budget 3 to 10%*
Average Number of PMs per Thoosand Occupied Sq. Engincering Caleulation from Work Order | Var.

Ft. per Year System [ata

Average PM Hours per Thousand 34q. Fu. per Year Engincering Caleulations from Work Order | Var,

* Indicates Generally Accepted Industrial Best Practice Benchmarks

These are the primary measuees reloted to mainienance quality. They also impact internal as well as External Customer Satisfaction and might, there-

fere, also be added to the preceding list.
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Measurement Indices of Supportive Control System
Administration

Measure Essential Data Goal
Sources
Qualitative Program Assessment Baseline and Periodic 0.800%

Improvement Potential

Percent of Total Maintenance Hours Work Order System
Covered by Work Order by:

Comprehensive Work Orders 50%
Standing or Blanket Work Orders Minimal
Percent of Total Paid Maintenance Work Order System 100%
Hours Captured by Work Order
Charges
Urgent Response Work Orders by Work Order System Act &
Requestor Highlighting those to Trend

be inappropriate “Service Calls”
(i.e., within spec or tolerance)

Percent of Work Orders Covered by Work Order System 90%
Estimate/Percent of Work Orders
where actual hours differ from

estimated hours by more than 15%

Percent of Work Orders Covered Work Order System 80%
by Planned Job Packages

* Indicates Generally Accepted Industrial Best Practice Benchmarks.
These indices measure how effectively the supportive control systems are being adminis-
tered. High system integrity is essential if any of the other benchmarks are to be realized.
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Measures of Organization/Staffing Relative to Maintenance

Mission
Measure Essential Data Goal
Sources
Percent of Crew consumed by: Work Order System
Urgent Response 10%
PPM Inspection 30%
Relief of Planned Backlog 60%
Mechanics Per Calculation
First Line Supervisor 8to 15
Planner 20 to 30
Maintenance Engineer 40 to 70
Clerk (Administrator) 20 to 50
Storeroom Attendant 25 to 40
Support Person (Composite) 5
Absenteecism Payroll <3%
Average Work Orders per Million Work Order System | Var.
Gross Occupied Sq. Ft. per Year
Average Work Order Hours per Work Order System | Var.

Million Gross Occupied Sq. Ft. per Year

These measures indicate how realistic are the organizational structure, table of organiza-
tion and staffing levels relative to the Maintenance Mission,

Excerpts from Industrial Machinery Repair by Ricky Smith CMRP, CMRT and Keith

Mobley.
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