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Preface

This is the second edition of the Maintenance Excellence book, which is now taking
on the title of Asset Management Excellence as a result of the ever-changing nature
of the business. In the time that has passed since the first edition, suffice it to say
that shifts have occurred. The original authors and contributors of content provided
sound information and principles related to working toward maintenance excellence
at that time. For this edition, new authors and contributors have revisited the content
and have updated and added information based on changes in thinking and the intro-
duction of and improvement in technologies since the first edition.

It has been the opinion of many maintenance and asset management personnel in
multiple industries that at the root of the discipline, “maintenance is maintenance.”
This has been true for many years, from the era of paper-based work-order systems
through the evolution to computerized software, the Internet, and wireless technolo-
gies. The root principles are the same: personnel with tools (electronic or manual)
address the needs of maintaining assets. The application of root principles—as well as
the way enterprises are perceiving maintenance organizations today—is changing.

Maintenance and asset management organizations have some of the same pres-
sures today as in the past, such as asset availability and reliability and regulatory
requirements. Prevalent areas that have driven major transformations in recent times
are globalization and consolidation and technology changes. These elements reflect
changes in thinking. They challenge asset management and maintenance profession-
als to be more efficient in what they do at various levels. Globalization and consoli-
dation have been particularly instrumental in the changes in maintenance standards,
approaches, and the use of technology to become more efficient and cost-effective.
For example, emerging wireless and radio-frequency identification (RFID) technolo-
gies are being heavily leveraged. RFID allows the status of certain components to
be “read” without taking apart an assembly to physically inspect the component.
Wireless technology allows maintenance personnel to have direct access to infor-
mation in the field and to send information from the field. Through RFID, assets
can provide information about themselves (e.g., expiration dates) or even “talk” to
other assets with wireless technology. Some industries are using RFID technology
to tell maintenance personnel the area in which the assets are physically located.
In addition, organizations are using geographic information system (GIS) software
and tools to visually display the location information and spatially enable their asset
management and maintenance organizations. Now organizations have the ability to
know where their assets are and to understand relationships between how assets have
behaved over time and how assets relate to the changing world around them. The
current edition of this book reflects some of these changes, trends, and concepts.

In recent years, an evolution of many of the tools, technologies, and thought pro-
cesses has occurred. Many of these elements have matured and have allowed the
deeper maintenance processes to be rethought. For example, there are trends in the
mix of asset and service management principles. There are also trends in adjusting
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core solutions to provide strong industry-specific solutions. Solution providers have
implemented consolidations to make decisions more focused. Increased regulatory
pressures have forced many organizations to standardize processes and procedures
to become more efficient and also to simply stay in business.

Many organization consolidations have taken place from both geographical and
global perspectives. Enterprise leaders at all levels have realized that recogniz-
ing maintenance contributions to the organization or enterprise can have a major
impact on various aspects of the business. Understanding the areas that need change
or improvement to achieve maintenance excellence is challenging at times, if not
overwhelming.

The focus on measurement programs, both strategic and operational, is being
revisited, developed, or reinvented—in some cases to reflect the changes and chal-
lenges that have taken place over time. Many mature maintenance organizations
at the enterprise and field level are starting to recognize how to use measurement
programs as valuable “tools” to fix larger enterprise problems as well as to work the
day-to-day local operational efficiencies desired in the field.

As time has passed, patterns and trends have emerged around the world in asset
management. Consolidations have sometimes forced benchmarking some organi-
zations and enterprises in order to take advantage of leading practices from other
groups or companies to make them the best practices of the new and larger entity.
Consolidations have helped mature the maintenance organizations through the use
of enterprise standards in the areas of data, policies and procedures, software appli-
cations, and new technologies.

This second edition is a product of change and consolidation. Owing to acquisi-
tions, some of the leading asset management thought leaders and consultants of IBM’s
global business services asset management solutions organization from around the
world have contributed, updated, and added to the concepts and principles in this
book. Many have seen and lived the changes in maintenance and asset management
and understand the evolution of change. They have been on the forefront of provid-
ing services in order to move organizations and enterprises to the next generation
of asset management and maintenance excellence.

It is not necessary to have a large organization or enterprise to use this book
properly. Even the smallest maintenance departments can benefit. The information
provided is all-encompassing. The authors and contributors recognize that there are
different levels of maturity from one group to another. What is needed by one may
be well established in another. It is necessary to understand which leading practice
principles and concepts are the correct ones for one group’s needs and to adopt them
as its best practices. This edition includes the leading concepts and trends as well as
new information on emerging areas and technologies.

It is recognized that maintenance entities in general have various and diverse
needs in several key areas. Trends in using frameworks, or models, help organize
and prioritize areas of focus, which is one of the concepts shared in this book. At the
highest level of identifying needs to achieve maintenance excellence, there are major
differences in asset classes and how they are maintained. Additionally, organization
maturity and operational principles, as well as lower-level concepts for maintaining
assets through their entire life cycle, should be considered.
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Preface xi

The aim of this second edition is to provide a combination of practical and deep
information. The content, theories, and methodologies can be used by maintenance
entities of varying size for their own benefit or to generate thought for personal,
group, or academic rigor.

Once armed with the information contained herein, a maintenance enterprise,
organization, team, or individual can then take stock of the areas they personally
need to address and organize for success. They can use models and frameworks
to set a road map and priorities for improvement. They can apply what they have
learned to evolve into something “new” or move themselves to the next generation
of maintenance excellence.
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3.1 INTRODUCTION

Today’s maintenance and physical asset managers face great challenges to increase
output, to reduce equipment downtime, to lower costs, and to do it all with less risk to
safety and the environment. This chapter addresses the various ways to accomplish
these objectives by managing maintenance effectively and efficiently within your
organization’s unique business environment.

This chapter presents an overview of the multiple aspects required for an effective
and efficient maintenance management system. Of course, you must make trade-
offs, such as cost versus reliability, to stay profitable in current markets. We show

23
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you how to balance the demands of quality, service, output, costs, time, and risk
reduction. This chapter examines just how maintenance and reliability management
can increase profits and add real value to the enterprise.

We discuss the levels of competence you must achieve on the road to excellence.
There are clear evolutionary development stages. To get to the highest levels of
expertise, you must ensure that the basics are in place. How can you tell if you are
ready to advance? We provide a series of charts that will help you decide.

In the final sections of the chapter, we describe the methods used by compa-
nies that truly strive for continuous improvement and excellence. We will there-
fore briefly touch upon reliability-centered maintenance (RCM), root-cause failure
analysis (RCFA), and decision-making optimization. This sets the stage for material
presented later in the book.

3.2 ASSET MANAGEMENT: TODAY’S CHALLENGE

Smart organizations know they can no longer afford to see maintenance as just an
expense. Used wisely, it provides essential support to sustain productivity and fuel
growth while driving down unneeded and unforeseen overall expenses. Effective
asset management aims to do the following:

e Maximize uptime (productive capacity)

* Maximize accuracy (the ability to produce to specified tolerances or qual-
ity levels)

* Minimize costs per unit produced (the lowest cost practical)

* Minimize the risk that productive capacity, quality, or economic production
will be lost for unacceptable periods of time

e Prevent safety hazards to employees, and the public as much as possible

* Ensure the lowest possible risk of harming the environment

e Conform to national and international regulations on due diligence (e.g.,
Sarbanes—Oxley [SOX])

In today’s competitive environment, all of these are strategic necessities to remain
in business; the challenge is how to best meet them. In many companies, you have
to start at the beginning—put the basics in place—before your attempts to achieve
excellence and to optimize decisions will be successful. The ultimate aim is to attain
a high degree of control over your maintenance decisions, and in this chapter we
explore what it takes to get there.

3.3 OPTIMIZATION

Optimization is a process that seeks the best solution, given competing priorities.
This entails setting priorities and making compromises for what’s most important.
Maximizing profits depends on keeping our assets in working order, yet maintenance
sometimes requires downtime, taking away from production capacity. Minimizing
downtime is essential to maximize the availability of our plant for production.
Optimization will help you find the right balance.
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Although increasing profit, revenues, availability, and reliability while decreasing
downtime and cost are related, you can’t always achieve them together. For example,
maximizing revenues can mean producing higher-grade products that command
higher prices. But that may require lower production volumes and, therefore, higher
costs per unit produced.

Clearly, cost, speed, and quality objectives can compete with each other. An
example is the improved repair quality from taking additional downtime to do a crit-
ical machine alignment correctly. The result will probably be longer run time before
the next failure, but it does cost additional repair downtime in the short term.

The typical trade-off choices in maintenance arise from trying to provide the
maximum value to our customers. We want to maximize

e Quality (e.g., repair quality, doing it right the first time, precision techniques)
e Service level (e.g., resolution and prevention of failures)
e Output (e.g., reliability and uptime)

At the same time, we want to minimize

e Time (e.g., response and resolution time and mean time to resolution
[MTTRY])

e Costs (e.g., cost per unit output)

* Risk (e.g., predictability of unavoidable failures)

Management methods seek to balance these factors to deliver the best possible
value. Sometimes, however, you must educate the customer about the trade-off
choices you face to ensure “buy in” to the solution. For example, a production shift
supervisor may not see why you need additional downtime to finish a repair properly.
You have to convince him or her of the benefit: extended time before the next failure
and downtime.

Maintenance and reliability are focused on sustaining the manufacturing or pro-
cessing assets’ productive capacity. By sustaining we mean maximizing the ability
to produce quality output at demonstrated levels. This may mean production levels
that are beyond original design if they are indeed realistically sustainable.

3.4 WHERE DO MAINTENANCE AND RELIABILITY
MANAGEMENT FIT IN TODAY’S BUSINESS?

The production assets are merely one part of an entire product supply chain that pro-
duces profit for the company. It is important to recognize that maintenance priorities
may not be the priorities of the company as a whole.

In a very basic manufacturing supply chain, materials flow from source (suppli-
ers) through primary, and sometimes secondary, processing or manufacturing and
then outbound to customers through one or more distribution channels. The tradi-
tional business focus at this level is on purchasing, materials requirements plan-
ning, inventory management, and just-in-time supply concepts. The objective is to
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minimize work in process and inventory while manufacturing to ship for specific
orders (i.e., the pull concept).

To optimize the supply chain, you optimize the flow of information backward,
from customers to suppliers, to produce the most output with the least work in pro-
cess. Supply chain optimizing strategies do the following:

* Improve profitability by reducing costs.

e Improve sales through superior service and tight integration with cus-
tomer needs.

e Improve customer image through quality delivery and products.

e Improve competitive position by rapidly introducing and bringing to market
new products.

Methods to achieve these include the following:

e Strategic material sourcing

e Just-in-time inbound logistics and raw materials management
e Just-in-time manufacturing management

e Just-in-time outbound logistics and distribution management
¢ Physical infrastructure choices

* Eliminating waste to increase productive capacity

» Using contractors or outsource partners

* Inventory management practices

Business processes that are involved include the following:

e Marketing

e Purchasing

* Logistics

* Manufacturing

* Maintenance

e Sales

* Distribution

* Invoicing and collecting

At the plant level, you can improve the manufacture part of the process by stream-
lining production processes through just-in-time materials flows. This way, you’ll
eliminate wasted efforts and reduce the production materials and labor needed.

In the past, maintenance received little recognition for its contribution to sustain-
ing production capacity. It tended to be viewed only as a necessary and unavoidable
cost. Even at the department level today, managers typically don’t view the big pic-
ture—the entire plant; they focus only on their departmental issues. Unfortunately,
maintenance is often viewed only within the context of keeping costs down.

In accounting, maintenance shows up as an operating expense and one that should
be minimized. Maintenance is typically only a fraction of manufacturing costs
(5% to 40%, depending on the industry). Those manufacturing costs are similarly a
fraction of the products’ total selling price.
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Reducing maintenance expenses does indeed add to the bottom line directly, but,
since it is a fraction of a fraction of the total costs, it is typically seen as less impor-
tant, commanding less management attention. Most budget administrators don’t
seem to fully understand maintenance, judging by historical cost numbers. When
you reduce a maintenance budget, service ultimately declines. Also, output is usually
reduced and risk is increased when there isn’t enough time or money to do the work
right the first time.

Of course, the accounting view is one-dimensional because it looks only at costs.
When you consider the value that maintenance delivers, it becomes much more
important. By sustaining quality production capacity and increasing reliability, you
generate more revenue and reduce disruptions. This requires the right application
of maintenance and reliability. Certainly, doing maintenance properly means being
proactive and accepting some amount of downtime. Effective maintenance methods
are needed to make the best possible use of downtime and the information you col-
lect to deliver the best value to your production customers.

3.5 WHAT MAINTENANCE PROVIDES TO THE BUSINESS

Maintenance enhances production capacity and reduces future capital outlay by

* Maximizing uptime

e Maximizing accuracy produces to specified tolerances or quality levels

e Minimizing costs per unit produced

e Sustaining the lowest practical and affordable risk to loss of production
capacity and quality

¢ Reducing as much as possible the safety risk to employees and the public

¢ Ensuring the lowest possible risk of harming the environment

Notice the emphasis on risk reduction. This is why insurers and classification
societies take a keen interest in their clients’ maintenance efforts. Your maintenance
reduces their exposure to risk and helps keep them profitable. Nearly every time a
major accident involves a train, airplane, or ship, there is an in-depth investigation to
determine whether improper maintenance was the cause of the disaster.

Maintenance can also provide strategic advantage. Increasingly, as companies
automate production processes and manufactured goods are treated like commodities,
the lowest cost producer will benefit. Automation has reduced the size of production
crews while increasing the amount and complexity of work for maintenance crews.
Maintenance costs will therefore increase relative to direct production costs. Even low-
cost producers can expect maintenance costs to rise. That increase must be offset by
increased production. You need less downtime and higher production rates as well as
better quality at low unit cost—that means more effective and efficient maintenance.

Achieving all of this requires a concerted effort to manage and control main-
tenance rather than letting the assets and their random failures control costs. In
today’s highly competitive business environment, you cannot afford to tolerate that.
Unfortunately, many companies do just that, allowing natural processes to dictate
their actions. By operating in a “firefighting” mode, they merely respond to rolls of
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the dice, with random results. Without intervening proactively, these companies can
react only after the fact—once failures occur. The consequences are low reliability,
availability, and productivity: ingredients for low profitability.

3.6 READY FOR EXCELLENCE? THE PYRAMID

Optimizing your effectiveness cannot be accomplished in a chaotic and uncontrolled
environment. Optimization entails making intelligent and informed decisions. That
involves gathering accurate and relevant information to support decisions and to act
in a timely manner. As the saying goes, “When up to the rear in alligators, it’s difficult
to remember to drain the swamp.” You must have your maintenance system and pro-
cess under control before you can optimize effectively. You need to tame the alliga-
tors with good maintenance management methods, followed in a logical sequence.

John Campbell, author of the book Uptime: Strategies for Excellence in Mainte-
nance Management,' teaches that several elements are necessary to achieve main-
tenance excellence. These elements fall into four major areas, as illustrated in
Figure 3.1 in the maintenance excellence pyramid:

¢ Exercise leadership at all times. Without it, change won’t be successful.

¢ Achieve control over the day-to-day maintenance operation.

e Apply continuous improvement, once you have control, to remain at the
leading edge of your industry.

¢ Continuous improvement activities will set the stage for quantum leaps in

asset productivity.
A T
Continuous
Improvements
- -
Leadership

FIGURE 3.1 Maintenance excellence pyramid.
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3.6.1 LEADERSHIP

We are frequently advised to have a personal physical exam by a qualified physician
once a year. Most individuals would not disagree with this advice, but many fail to
act upon it: I'm feeling just fine! Why bother going to the doctor? But we are more
likely to visit the doctor when we are ill and expect to have whatever ails us remedied
in quick order. Similarly, a physical asset manager is more likely to inherit a plant
that is struggling to meet safety, production, and cost objectives than to inherit one
where all systems are in control. This situation requires the manager not only to start
his or her work from the bottom up but also to understand how each step contributes
to the overall plan and moves the organization in the direction intended.

Asset management is a journey, not a destination. For every journey, leadership
is crucial to success.

The essential elements of leadership include the following:

e Before starting off in a direction, a maintenance manager must know from
what point he or she is starting: What resources are available? If we under-
take this new work, what will not get done? How do we know where to start,
the path forward, and where this journey should lead us?

* A physical asset manager starts with what he or she has in place and attempts
to understand what is working and what is not working. There is no point
in expending much time, effort, and resources redesigning a system that is
already delivering the specified outcomes. If a system is in place, is it being
implemented as designed? A baseline audit will identify which systems are
working and, if they are not working, why. Is the problem with the system
design or with the manner in which people in the organization are execut-
ing the design—or perhaps both? An audit will measure a range of criteria
comparing the system design with the actual execution by various parts of
the organization. It will measure overall and unit effectiveness. It will point
in the direction the journey must begin.

* Leadership is required at all levels in the organization. Leaders must do
the following:

e Lead from the front

* Remove barriers

e Create a path for others to follow

e Make room for others to contribute

e [t is not necessary to be the chief executive officer or the senior manager to
lead. A tradesperson, a foreman, a planner, or a middle manager can also
lead. It is imperative that they do so.

To design and implement a physical asset management process appropriate for the
business needs, the manager must understand the following:

*  What is the plant meant to do? What are the key performance goals?

e Is the plant safe and reliable? Do employees, management, and the com-
munity have confidence that the presence of the plant is a benefit and not an
unreasonable or unknown risk to their well-being?
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* Does the organization achieve the goals with a common purpose, commu-
nication, and teamwork throughout all levels in the organization?

e Are people valued throughout the organization? Do they have the oppor-
tunity to reach their full potential regardless of whether they come from
finance, maintenance, or operating?

* Does the plant have spare capacity, or must it run 24/7 to keep up to demand?

¢ Does the maintenance organization add value to the plant? Does it identify
what needs to be done and then execute the work when it needs to be done
without wasting resources such as manpower, materials, equipment, or pro-
cess downtime?

¢ Does the organization optimize the use of its capital resources and infra-
structure before replacement?

* What steps are necessary to establish some level of control? Can the main-
tenance manager reduce variation?

e If the organization was successful in implementing the intended systems,
would we then achieve all of the desired results?

3.6.2 CoNTRrOL

* Planning, scheduling, and execution practices to manage work and delivery
of the service: Through careful planning you establish what will be done,
using which resources, and provide support for every job performed by the
maintainers. You also ensure that resources are available when needed.
Through scheduling you can effectively time jobs to decrease downtime
and improve use of resources. Execution delivers what was planned, when
it was planned, and how it was planned.

* Materials management practices to support service delivery: Part of the
job of a planner is to ensure that any needed parts and materials are avail-
able before work starts. Shutdown schedules cannot wait for the bureau-
cratic grind of materials delivery. Schedules are set and material procured
as required by the schedule. To minimize operations disruptions, you need
spare parts and maintenance materials at hand. Effective materials manage-
ment ensures the right parts are available in the right quantities at the right
time and distributed cost-effectively to the job sites.

* Maintenance tactics for all scenarios—to predict failures that can be pre-
dicted, to prevent failures that can be prevented and run-to-failure when
safe and economical to do so, and to recognize the differences: This is
where highly technical practices such as vibration analysis, thermograph-
ics, oil analysis, nondestructive testing, motor current signature analysis,
and judicious use of overhauls and shutdowns are deployed. These tactics
increase the amount of preventive maintenance that can be planned and
scheduled and reduce the reactive work needed to clean up failures.

* Measurements of maintenance inputs, processes, and outputs to help
determine what is and isn’t working and where changes are needed:
By measuring your inputs (e.g., labor, materials, services) and out-
puts (e.g., reliability or uptime and costs), you can see whether your
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management is producing desired results. If you also measure the pro-
cesses themselves, you can control them to align the execution with the
system design. Statistical process control charts will tell the maintenance
manager if a system is in control and at what point in time a process
change took place. A change to a specific “input” such as labor or materi-
als may not have the desired output. The annals of maintenance history
are filled with evidence of throwing manpower at the problem with little
to show for it.

e Systems that help manage the flow of control and feedback information
through these processes: Accounting uses computers to keep the books.
Purchasing uses computers to track orders and receipts and to control who
gets paid for goods received. Likewise, maintenance needs effective sys-
tems to deploy the workforce on the many jobs that vary from day to day
and to collect feedback to improve management and results.

3.6.3 CoNTINUuOUS IMPROVEMENTS

Continuous improvement involves a range of well-known methods and maintenance
tactics. The best place to start is with the people closest to the work: the operators
and the tradespeople. Through use of simple quality management techniques includ-
ing on-site data collection, charting, fishbone diagrams, and Pareto charts, many
problems can be solved. There is a time and place for the advanced techniques dis-
cussed in detail later in this book. But if the organization does not have the skills,
knowledge, and discipline to execute the basic elements of the maintenance system
design, it cannot be expected that more advanced techniques will have meaningful
results. Improvement such as RCM and total productive maintenance (TPM) meth-
ods are described in detail in chapters ahead.

3.7 ADD VALUE THROUGH PEOPLE

One of the most important pieces of work for the physical asset manager is to add
value through the development of people and assigning of tasks.
The manager adds value by

e Establishing and communicating the vision for the future

¢ Establishing the maintenance strategy

e Establishing the fundamental values by which the organization and people
interact with each other

e Designing the physical asset management system

e Creating the organizational structure and roles descriptions that allow
the maintenance system to be executed and people to reach their full
potential

* Assigning tasks with consistent clarity and measurable outcomes

» Establishing the accepted standards for the physical plant

e Clarifying issues for middle management
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The middle management adds value by

e Implementing the system as designed

e Acting in a manner consistent with the declared values

e Helping subordinates reach their full potential

* Assigning tasks with consistent clarity and measurable outcomes
* Achieving the established standards for the physical plant

e Removing barriers to successful execution

e Clarifying issues for the foreman and tradespersons

The foreman and tradespersons add value by

* Executing the plan and schedule

e Advising management of barriers to successful execution

e Participating in problem solving and continuous improvement
e Striving to reach their full potential

The work of the physical asset management leader is to effectively employ the avail-
able resources to optimize plant safety and reliability, leading to steady state capacity.
This work is done best when people are valued and there is a systematic approach to
designing the required commercial, technical, and social systems in the workplace.

3.8 LEVEL OF ASSET MANAGEMENT MATURITY

The degree to which a company achieves maintenance excellence indicates its level
of maturity. A maturity profile is a matrix that describes the organization’s charac-
teristic performance in each of these elements. One example appears in Campbell’s
book (Figure 1.5).! Figure 3.2 presents another example of a profile that covers the
spectrum of elements needed for maintenance excellence. It is presented in a series
of profiles, with supporting details for a cause and effect diagram. The effect we
want is maintenance excellence.

Every leg of the diagram comprises several elements, each of which can grow
through various levels of excellence:

¢ Excellence

* Competence

e Understanding
* Awareness

¢ Innocence

Figure 3.3 through Figure 3.6 describe every level for each element from the cause
and effect diagram shown in Figure 3.2.

In Figure 3.3, leadership and people are the most important elements, although
they are not always treated as such. As you can see, the organization moves from
reactive to proactive, depends more heavily on its employees, and shifts from a
directed to a more autonomous and trusted workforce. Organizations that make

© 2011 by Taylor and Francis Group, LLC


lorisuckling
T&F2011


D711 ‘dnoin spouer] pue 10[Ae], £q 1107 O

Downloaded by [Visvesvaraya Technological University (VTU Consortium)] at 21:35 25 February 2016

>
my
QO
Elements of Excellence %
Materials & Leadership & g
Physical Plant People ~
-
=
Asset condition/wellness » Strategy & business planning i
Tooling/shops/cribs Organization & numbers LY
Stores & spares Training, skills, knowledge & ability ;_\.z)
=}
Housekeeping ———— Motivation & change readiness da
©
Capital planning » Autonomy, teamwork 3
\ » | Maintenance o]
> >
/' Excellence =
Inventory/stores » Work management, P&S
Computerized maintenance management system Major shutdown management
Preventive maintenance Materials management
Equipment condition monitoring Measures & performance
Decision support/expert systems » Reliability management
Integration & EAM » Purchasing/contracting/outsourcing
Systems & Methods &
Technology Processes

New elements are added and performance of existing elements improves as
excellence is achieved

FIGURE 3.2 Elements of maintenance excellence.
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Strategy and Business

Organization and

Training, Skills, Knowledge,

linked to corporate goals.
Actions close to the words.

controlled by
maintenance have plenty
of interaction with
production crew
members.

and regularly use their skills.
Production staff do some

minor equipment upkeep tasks.

Training time 1 to 2 weeks per
trade per year.

trust between management and labor
is high. Change always initiated by
management, and the need for
changes explained in advance and
widely accepted. Changes are usually
successful.

Planning Numbers and Ability Motivation and Change Readiness | Autonomy and Teamwork

Excellence Stated strategy with Decentralized teams Trades are largely multiskilled Trades’ compensation has a reward Decentralized teams are
mission, long range vision, operate independent of with some multitrade qualified component linked to business results. | self-directed and base
goals. Goals are specific, daily maintenance individuals and regularly use Competitive forces widely accepted decisions on business need.
measurable, achievable, and control and may report their qualifications. Production as driving need for beneficial Excellent cooperation
realistic and timed to production. Plenty of staff do minor equipment changes. Changes initiated by both between maintenance and
(for two or more years). interaction with upkeep tasks. Training time at management and workforce. production at all levels.
Actions match words. production crew least 2 weeks per trade per Changes are usually successful and Teamwork is a visible
Strategy linked with members. Maintenance year. measurable benefits achieved. hallmark of the entire
corporate goals. supports teams. organization.

Competence Strategy (as above) but not Decentralized teams Trades are largely multiskilled Cooperative atmosphere prevails, Some self-directed workers

and teams. Good
cooperation between
production and maintenance
at all levels. Teamwork may
be a feature of the entire
organization.

FIGURE 3.3 Leadership and people.
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Understanding Some goal setting for long Mix of decentralized Trades have some multiskilling Some cooperation between Directed workforce with
term, annual plans used. teams reporting to and often use those skills. management and labor exists and some teamwork but little to
maintenance and central Production staff do minimal level of trust is moderate. Reason for no team training. Some
shop structure. minor equipment upkeep tasks. change is usually explained in cooperation between
Training time less than 1 week advance. Changes sometimes fail. maintenance and production
per trade per year. Training at the working level.
need analysis completed for all
trades.
Awareness PM program in place, Centralized structure No multiskilling is used. Management motivation explained Directed workforce with no
benefits recognized. based on trades Production staff do no when questioned. Some distrust but attempt at teamwork
breakdown. Control equipment upkeep. Training desire to improve exists. Changes outside of shop structure.
through maintenance time less than 1 week per trade often fail. Good cooperation between
supervisors/leads in per year. Some training need production and maintenance
response to production analysis performed. leadership.
demands.
Innocence Breakdown maintenance, Centralized structure No multiskilling is used. Highly resistive to change. Hourly Directed workforce with no
fire fighting, no stated based on trades Production staff do no workforce generally distrusts attempt at teamwork
goals. breakdown. Action equipment upkeep. Training is management motives. No visible outside of shop structure.
directed largely by driven by necessity only. desire to improve. Change initiatives Maintenance and
operations SUpervisors. usually fail. production relationship is
strained.

FIGURE 3.3 (continued).
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Work Management

Major Shutdown
Management

Materials Management

Measures and
Performance
Management

Reliability Management

Excellence

Planning and scheduling are well
established. All work except
emergencies is planned at least 24
hours in advance. Priorities for
work orders are used and
respected. Work is usually
scheduled at least 1 week in
advance. Very few jobs are “held”
because of material problems.
“Wrench time” is high.
Emergencies are few and far
between. The atmosphere is
orderly and controlled. Backlogs
are managed at 2—4 weeks of
work. Long-term planning for
capital projects in place.

Shutdowns are planned over a

6 month period with lock down of
work scope providing sufficient
time for long lead item purchases.
Formalized shutdown planning
and management process in place.
Heavy involvement by production,
engineering, and maintenance in
the process. Only emergency work
arising is added during the
shutdown. Shutdowns completed
as or better than scheduled and
achieve full work scope
completion.

Automated inventory control
and analysis+D12 are used in
fully integrated system. Stock
levels set based on sparing
analysis with maintenance
input. Automated management
features used: stock reorders,
grouping of purchases by
vendor, pick list generation,
bar code or other automated
issue and return process.
Stores personnel manages
inventory fully. Maintenance
not involved in obtaining
materials beyond request/
specification stages.

Performance measures
are a part of everyday
life in the plant. All
costs are captured and
known by type of cost,
area, equipment, work
order. Company, plant,
department, team
performance is
measured, known, and
used to target
improvements. Process
measures are effective
in driving behavior.
External benchmarking
is used to drive
improvement targets.

Plant reliability is high. CMMS/
EAM are used as an effective
tool to identify problem areas for
resolution. Data are used from
both CMMS/EAM and expert/
decision support systems to
optimize decisions in
maintenance. Use of these
systems is by engineers,
planners, and condition
monitoring teams. Full analysis
for condition monitoring and PM
tasks completed in all plant
areas. Task frequencies and tasks
being refined through work order
feedback. Root cause failure
analysis used on all failures.

FIGURE 3.4 Methods and processes.
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Competence Materials and resources planned Production and stores involved in Stores computer records Performance measures Reliability is improving with
and usually staged before work is shutdown planning process. integrated with maintenance evident on bulletin some major gains known and
performed. Supervisors may do Production scheduling is under system. Using automated pick board for all possibly documented. Targeted
some planning but trades are now control, there is confidence in lists from planning of work maintainers to read. improvement programs in place
focused on the tools. PM and shutdown timing forecast. orders. Materials are kitted for | Measures include and generally regarded as
inspection results are finding Shutdowns usually completed in work orders/shutdowns/ costs, results, and successful in achieving their
problem areas before they become | scheduled downtime, but not all projects for maintenance pick processes. Costs are objectives. Some reliability
failures. PM and Inspection work is executed successfully. up. Service and inventory broken down by areas improvement trends emerging.
programs are being changed with Minimal work added at last levels, stock turns known, in broad categories of CMMS is being used to help
more emphasis on inspection. minute, but some added as arising monitored, and improved. All labor, materials, and identify problem areas. Formal
Planners are involved in sourcing during the shutdown. Finished stock items including capital contracts. Some use is analysis being used to target
materials but not purchasing. Net crews usually used to get “extra” spares, bone yard spares, and made of measures to condition monitoring and PM
capacity is used in scheduling. work done—risks extending the locations are catalogued. Stock | drive improvement tasks in critical plant areas.
Work order priorities are generally | shutdown duration. levels are set with maintenance | initiatives. Interest Some root cause failure analysis
respected. Daily planning input. Maintenance planning exists in comparisons being applied successfully.
meetings handle only a few involved in sourcing of with other plants.
adjustments to plan. materials/parts.

Understanding | Planner or planning group in Shutdown work arising from PM Parts records on computer. Costs are tracked by Reliability is low. Targeted

place. Technical support is
available when needed but remains
largely focused on projects.
Scheduling is done weekly with
daily adjustments. Weekly and
daily “planning” meetings
held—Ilots of adjustments daily.
Work priorities changed frequently
or disregarded. Little staging of
resources before jobs are started.
Resource planning is left to
supervisors/lead hands and trades.

and inspections is added to work
list for shutdowns. Some PM work
and inspection work is added to
shutdowns. Planners support
supervisors in resource planning
and purchasing for shutdown
work. Maintenance stages
shutdown materials prior to
shutdown. Planning may begin 1
to 2 months in advance if
production can promise downtime
window for the shutdown.

Stock levels set with no
maintenance input—depend
on vendor recommendations.
Lead times and safety stock
levels set but rarely changed.
Analysis of inventory levels
carried out. Some cataloging
of spares in work areas. Some
use of pre-expended/ready-use
spares in shop areas managed
by stores or shops themselves.
Establishing stock items is

labor, materials, and
contract services but
not analyzed.
Downtime is measured
overall and by area and
by cause of the
downtime. Bickering
occurs between
production and
maintenance about
“who’s to blame” for
downtime. Process

improvement programs in place
and being driven by data
collected in failure databases by
maintainers/engineers.
Improvement programs viewed
with skepticism because of short
track record. Improvements
largely credited to one or only a
few “gifted” individuals who
solved the problems.

FIGURE 3.4 (continued).
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Work Management

Major Shutdown
Management

Materials Management

Measures and
Performance
Management

Reliability Management

Understanding | Some feedback on PMs and Shutdowns don’t complete work onerous. Heavy involvement performance is not
inspections results in changes in scope in allotted downtime or run of maintenance supervision in measured but it is
PM program. Planners and overtime—often both. Some work | managing parts and inventory judged in qualitative
supervisors may be doing a lot of added at last minute and during and sourcing parts. terms.
purchasing. shutdown. Most work completed
really requires shutdown.
Awareness Daily scheduling is attempted but Annual or other regular shutdown Parts records kept manually. Some downtime Reliability is low. Little use of

largely undermined by the high
level of demand maintenance.
Some technical help in
troubleshooting exists. Inspection
work and PM is scheduled.

schedule to deal with equipment
replacements, major overhauls,
and capital project tie-ins.
Planning is minimal and carried
out by maintenance supervisors
with some input from production.
Shutdowns usually start late, finish
late and don’t get all the work
done. Plenty of work arising added
during the shutdown.

Stock levels set but rarely

changed—may be high or low.

Zero stock on bin checks
triggers stock orders. Very
difficult to add items to
inventory. Maintainers
beginning to accept stores
support.

records kept on critical
equipment. Costs are
known but not under
control. Budget
overruns common.

downtime records to target
problem solving. Any record
keeping is regarded as non—value
added.
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Innocence

No serious attempt at scheduling
or planning of daily work.

Annual shutdown with same work
scope each year. Most work is
overhauls. Planning is minimal
and carried out by maintenance
supervisors. Plenty of work arising
added at last minute to clear
backlogs (regardless of need for
outage) and during the shutdown.

Sparing is minimal. Plenty of
obsolete/unused spares. Some

frequently used items stocked.

Large disorganized bone yard
with plenty of uncataloged
material from old projects.
Several or many unofficial
caches of parts held by
maintainers throughout the
plant and shops. No or
ineffective cataloguing.
Maintainers looking out for
themselves.

None. Budget overruns
in maintenance are
commonplace.

None.

FIGURE 3.4 (continued).
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Inventory and Stores

CMMS/EAM (site)

Preventive Maintenance

Equipment Condition
Monitoring

Decision Support and
Expert Systems

system.

on a demand basis. Backlog is
managed in supervisor memories or
on spreadsheets and in note books.

extensively. Annual
shutdown for inspections
and overhauls only.

Excellence Highly integrated stores, Fully integrated maintenance, PM is used only where All plant areas analyzed for Analysis/decision support
maintenance, purchasing, inventory, purchasing, and other analysis dictates—it is condition monitoring and PM tools for capital planning.
finance, and other systems in place. Information is targeted at preventable needs. Condition monitoring is Condition monitoring data
corporate systems. Full managed and used as an asset by failures that are time or used extensively—probably by a and CMMS data linked for
exploitation of automated | maintenance and engineering and usage related. dedicated crew. Most corrective optimum inspection/
features to remove production. repair work arises from condition replacement decision making.
manual effort. checks.

Competence Stores systems linked CMMS/EAM in place and linked Some PM is dropped in Critical plant areas analyzed to Expert/analysis systems in
with maintenance and with inventory and purchasing. favor of condition determine condition monitoring place to help read/interpret
purchasing. Some Integration with other systems monitoring. Overhauls are | needs. More condition monitoring condition monitoring data.
automated features and planned. Wide access to system by infrequent. than PM used. Inspections are
statistical analysis in use. maintainers in shops. Training revealing problem areas for

completed and users capable. correction.

Understanding Computerized stores CMMS/EAM in place or being Experience is used to Time and usage based inspections. Contracted services interpret
inventory records. implemented with outside modify manufacturer Some condition monitoring some condition monitoring
Inventory system may be professional help. Maintenance recommendations for PM (vibration, oil analysis, thermo data (e.g., vibration or oil
linked with purchasing system not linked with inventory or | frequency. graphic) based on manufacturer analysis or thermographic).
but not with maintenance. | purchasing, although this may be recommendations, monitoring Manual interpretation of

planned. equipment vendor results used in house.
recommendations or experience.

Awareness Formalized but manual Basic (daily) scheduling and work Reliance on equipment Time based inspections outside of Experience used to determine
systems only. order tracking. No ability to check manufacturer shutdowns. actions based on time-based

on parts inventory or other resource | recommendations for PM. inspections.
needs. CMMS or EAM may be
planned.

Innocence Informal stock-keeping No system at all. Most work is done | Overhauls used None. None.

FIGURE 3.5 Systems and technology.
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Asset Condition and
Wellness

Tooling, Shops and Cribs

Stores and Spares

Housekeeping

Capital Planning

Excellence Plant equipment is Purpose built area centers. Tool crib Access to stores is controlled but open | Well kept and clean plant Multiyear long range
considered reliable, looks attendant repairs tooling. Bays for to maintainers. Staging areas for production, maintenance, asset replacement
close to “new” even if old. | fleet repair work by type of work prekitting of all parts ordered in and and office areas. Area teams strategy used for capital
Technology has been with dedicated crews. Remote PLC from stock for specific work orders/ take pride in equipment planning. Annual budget
upgraded. Cleanliness of programming. Separate lay down for | projects prior to delivery to shops/ upkeep. Cleaning is seen as process refines long
production equipment work in process, materials receiving, | maintainers. Large capital spares an effective tool in keeping range plan.
reveals sense of and outbound completed work. located near point of use or in special equipment in good
ownership. storage. condition.

Competence Reliability is good but Area shops used. Shops adjacent to Access to stores is controlled but open | Production and maintenance One year look ahead for

improvement is being
sought. Plant appears to
be in good operating
condition. Asset
replacement being done as
needs arise with a one
year look ahead at
equipment condition as
input to replacement
decisions.

production areas. Central shops used
to support area teams for jobs too
large to handle in area. Fleet shops
purpose designed. Area and central
shops all have on-line access to
maintenance management system.
Tools in secure area adjacent shop/
bay. Tool crib for special tools. Sign
out system for tooling.

to maintainers. Areas for prekitting of
parts ordered in for specific work
orders/projects. Little “dust” indicates
few obsolete items. Bone yard is used
only for oversized, weather proof
items.

areas receive daily clean up.
Cleaning is still a “chore”
and carried out to medium
standards. Dedicated clean
up crews may exist. Special
cleaning routines used on a
weekly or monthly basis to
bring areas back to good
condition.

capital budget needs
supported by equipment
condition assessments.
Capital expenditure
history used to forecast
replacement funding for
equipment upgrades.
Betterment projects
treated as stand alone
projects.

FIGURE 3.6 Materials and physical plant.
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Asset Condition and

Wellness Tooling, Shops and Cribs Stores and Spares Housekeeping Capital Planning
Understanding Reliability is improving Formal tool replacement mechanism | “Ready use” or “preexpended” high Weekly clean up of Asset replacements
quickly in the plant. Plant and tool crib manned on all shifts, usage low value stock available in shop | production and maintenance identified only when
appears to be a bit run controlled, and orderly. Tools areas. Stores traffic is down and access | areas used. Standards of budget cycle calls for
down but generally tracked as stores items. Central is well controlled. Stores is orderly and | cleanliness are good but estimates.
operable. Asset shops designated for each trade or parts can be found quickly. Shops, enforced only in cyclical
replacement considered production area. Shop layout shipping and receiving areas handy to clean ups.
only if need is evident and | follows material flow. Shops well lit | stores. Separate areas for quarantine
trigged by annual budget and ventilated. Area shops (if any) items, warranty items, receiving and
cycle. Repairs carried out exist where space available. On-line shipping and repairables awaiting
to “as good as new” access to maintenance management work. Bone yard is catalogued and
standard. system in shops. orderly.
Awareness Reliability is low. Asset Tool crib exists with informal Stores appears orderly but parts can’t Upkeep of plant production No budgeting for

replacements occur only
when uneconomic to
repair any more. Repairs
are carried out to “as
good as before” standard
not “as good as new.”
Plant is run down/tired.
Some plant staff
questions why the plant is
kept open. Slow leaks
allow contamination
build up that could hide
other equipment
problems.

control by either maintenance
supervision or stores and manned
for one shift only with arrangement
for off shift access. Informal
mechanism in place to replace
tooling. Trade tools stored in
designated location. Calibration
program for tooling/instruments in
place and used. Central shop is
close to stores, and layout mimics
department organizational clusters
not work flow. Shop may be untidy,
lifting equipment and lay down
areas marginal.

be found without help from stores
person. Location system is in place.
Access is controlled but loosely. Lots
of maintenance “traffic” in stores.
Stores is close to central maintenance
shops and may be close to shipping
and receiving areas. Hazardous
materials are segregated. Some parts
packaging damaged. Large unkempt
bone yard.

and maintenance areas is
generally poor and
neglected. It’s a mess! Any
clean up is done only when
repairs or other maintenance
is performed.

capital for asset
replacements. Each
case is handled as it
arises.
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Innocence Reliability is low. Trades have own tools/share. No Stores is a mess—disorderly. Dirty, unkempt, uncleared; No budgeting for

Equipment is in disrepair. tool specs or standards. No tool crib | Location system known only to stores spills may be safety capital for asset
Numerous “band aid” or it is uncontrolled. Tools not keeper. Uncontrolled access— hazards. Minimal clean up replacements. Each
type fixes. Technology is stored in designated areas. Central maintainers can find and take what done prior to or after repair case is handled as it
out of date. Safety guards shops generally in disarray. they please. Hazardous materials not work. arises. Replacements
may be out of place. Unofficial production area shops segregated from other stores. Parts with cheapest available
Leaking equipment may exist. Shop ventilation, not packaged properly or repackaged alternative are used.
ignored or slow to be lighting, lifting equipment, lay poorly. Lighting poor. Stores location
repaired. down areas inadequate. Shop far is separate from receiving, shipping,

from stores. Work in process not and maintenance shop areas. Large

identified by job/area or work order. unkempt bone yard.

FIGURE 3.6 (continued).
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these changes often use fewer people to get as much, or more, work done. They are
typically very productive.

The next most important elements are usually the methods and processes
(Figure 3.4). These are all about how you manage maintenance. They are the activi-
ties that people in the organization actually do. Methods and processes add structure
to the work that gets done. As processes become more effective, people become
more productive. Poor methods and processes produce much of the wasted effort
typical of low-performing maintenance organizations.

In Figure 3.5, systems and technology represent the tools used by the people
implementing the processes and methods you choose. These are the enablers, and
they get most of the attention in maintenance management. Some organizations
that focus tremendous energy on people and processes, with only basic tools and
rudimentary technology, still achieve high performance levels. Other organizations,
focused on the tools shown in Figure 3.5, haven’t. Generally, emphasizing technol-
ogy without excellence in managing methods, processes, and people will bring only
limited success. It’s like the joke about needing a computer to really mess things up.
If inefficient or ineffective processes are automated and then run with ineffective and
demotivated employees, the result will be disappointing

Ultimately, how well you manage processes, methods, and the people who use
them comes down to the materials and physical plant you maintain (Figure 3.6). It is
in the physical plant and materials area where you can best judge maintenance man-
agement effectiveness, which is why these descriptions are more detailed.

3.9 EFFECTIVE ASSET MANAGEMENT METHODS

Just as you must learn to walk before you run, you must be in firm control of main-
tenance before you can successfully begin continuous improvement. You do this by
incrementally changing what maintenance is doing to strengthen choices that will
optimize business objectives.

Methodologies are the systematic methods or procedures used to apply logic prin-
ciples. The broad category of continuous improvement includes several maintenance
methodologies, covered in-depth in this book:

e RCM focuses on overall equipment reliability

« RCFA

e TPM focuses on achieving high reliability from operators and maintainers
e Optimizing maintenance and materials management decisions

3.9.1 RCM

Reliability-centered maintenance aims to achieve maximum system reliability using
maintenance tactics that can be effectively applied to specific system failures in the
operating environment. The RCM process uses equipment and system knowledge to
decide which maintenance interventions to use for each failure mode. That knowl-
edge includes the following:
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Select Identify Identify Select Implement
. Define ’ . . and Refine
Equipment Define Functional Failure Failure Tactics the
(Assess Functions Failures Modes & Effects and Using Maintenance
Criticality) Causes /Consequences/ RCM Logic

Plan

FIGURE 3.7 Moubray’s work? will give you a deeper understanding of the concepts of reli-
ability centered maintenance.

e System diagrams and drawings.

e Equipment manuals.

e Operational and maintenance experience with the system.

o Effects of individual failures on the system, the entire operation, and its
operating environment.

The RCM basic steps are shown in Figure 3.7.

RCM results in a maintenance plan. The various decisions made for each failure
are put into logical groupings for detailed planning, scheduling, and execution as
part of the overall maintenance workload. Each task states what must be done to pre-
vent, predict, or find specific failures. For each, there is a specified task frequency.
You use optimization techniques to determine the best frequency for each task and
decide on corrective actions.

3.9.2 RooT-CAuse FAILURE ANALYSIS

RCFA is one of the basic reliability enhancement methods. It is relatively easy to
perform, and many companies already do it—some using rigorous problem-solving
techniques and some informally. Later in the chapter, you’ll learn about a formal
method based on easy-to-follow cause and effect logic, but first we look at informal
and other problem-solving techniques. In all methods, the objective is to completely
eliminate recurring equipment or system problems, or at least to substantially dimin-
ish them.

Informal RCFA techniques are usually used by individuals or small groups to
determine the best corrective action for a problem. Typically, this involves mainte-
nance tradespeople, technicians, engineers, supervisors, superintendents, and manag-
ers. Drawing heavily on their own experience and information from sources like
trade periodicals, maintainers from other plants, and contractors, they often have
immediate success.

Plenty of pitfalls, though, can impair the informal approach:

e If only tradespeople do the RCFA, their solutions are often limited to repair
techniques, parts, and materials selection and other design flaws.

e A restrictive engineering change control or spare parts (add to inventory)
process can derail people who aren’t skilled or accustomed to dealing
with bureaucracy.
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e If only senior staff do RCFA, they can miss out on technical details that the
tradespeople would catch.

* Some organizations have a tendency to affix blame rather than to fix
the problem.

In short, informal techniques can work well, but they have limitations; in addition,
it can be hard to develop long-term solutions. All RCFA techniques face the same
challenges, but they’re greater if the process isn’t formalized in some way.

More formal problem-solving techniques can be used very effectively. Consult-
ing and educational organizations teach several techniques, two of which we exam-
ine here.

3.9.2.1 RCFA: What, Where, When Problem Solving
The first basic problem-solving process is relatively straightforward:

* Establish the problem, noting what has actually changed from “normal”
to unacceptable.

e Describe the problem, asking what, where, and when questions to deter-
mine the extent of it. Quantify what went wrong and be specific so you
solve the problem only where it exists. You need to understand both what is
and is not happening now, as well as where and when.

* Identify possible causes.

e Identify the most likely cause. Test these possible causes against the is and
is not criteria for the what, when, and where of the problem statement.

e Verify the cause. Test any assumptions you have made, looking for holes in
the argument.

e Implement a solution that addresses the cause.

These formal problem-solving techniques, usually performed in a structured group
with a facilitator, are very effective. To use this approach, set up a weekly or monthly
meeting to identify and prioritize problems that need solutions. Although day-to-day
maintenance and equipment issues will figure prominently, your mandate will likely
extend beyond them.

Problem-solving groups should include a cross-section of interested stakeholders
such as production, finance, human resources, training, and safety representatives as
well as maintenance. Because it’s so broad, the group is often most effective broken
into smaller task teams. Each is assigned a specific problem to analyze and usually
is made responsible for solving it completely. These teams report to the problem-
solving group on progress and solutions.

Formal problem-solving groups usually produce credible results because of
their broad representation and rigorous formal analytical processes. This thorough
approach ensures solutions that work over the long term.

3.9.2.2 RCFA: Cause and Effect

The second RCFA technique we examine is based on cause and effect logic.
Theoretically, all events are the result of potentially infinite combinations of
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preexisting conditions and triggering events. Events occur in sequence, with
each event triggering other events, some being the failures that we are trying to
eliminate.

Think of these sequences as “chains” of events, which, like chains, are only as
strong as their weakest link. Break that link, and the chain fails—the subsequent
events are changed. While you may eliminate the failure you’re targeting, though,
you could also trigger some other chain of events. Remember that the solution to one
problem may well turn out to be the cause of another.

To perform a cause and effect RCFA, you need to do the following:

* Identify the unacceptable performance.

* Specify what is unacceptable (like the what, when, and where of the previ-
ous method).

* Ask, “What is happening?” “What conditions must exist for this event to
happen?”

e Continue to ask this combination of what questions until you identify some
event that can be controlled. If that event can be changed to prevent the fail-
ure from reoccurring, you have a “root cause” that can be addressed.

e Eliminate the root cause through an appropriate change in materials, pro-
cesses, people, systems, or equipment.

By repeating the what questions, you usually get a solution within five to seven iter-
ations. A variation of this process asks why instead of what—both questions work.

Because it is performed formally, with a cross-section of stakeholders exercising
complete control over the solution, the success rate of cause and effect is also high.

3.10 OPTIMIZING MAINTENANCE DECISIONS—BEYOND RCM

Managing maintenance goes beyond repair and prevention to encompass the entire
asset life cycle from selection to disposal. Key life-cycle decisions that must be made
include the following:

e Component replacements

e Capital equipment replacements
* Inspection result decisions

e Resource requirements

To make the best choices, you need to consider not only technical aspects but also
historical maintenance data, cost information, and sensitivity testing to ensure that
your objectives are met in the long run. Jardine?® describes several situations that can
be dealt with effectively:

e Replacements when operating costs increase with use

* Replacements when operating costs increase with time

* Replacement of a machine when it is in standby mode

e Capital equipment replacements to maximize present value
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» Capital equipment replacements to minimize total cost

e Capital equipment replacements considering technology improvements
over time

e Optimizing replacement intervals for preventive component replacement

e Optimizing replacement intervals that minimize downtime

* Group replacements

e Optimizing inspection frequencies to maximize profit or to minimize
downtime

e Optimizing inspection frequencies to maximize availability

e Optimizing inspection frequencies to minimize total costs

e Optimizing overhaul policies

¢ Replacement of monitored equipment based on inspection, cost, and his-
tory data

All of these methods require accurate maintenance history data that show what
happened and when. Specifically, you need to make the distinction between repairs
due to failures and ones that occurred while doing some other work. Note that it is
the quality of the information that is important, not the quantity. Some of these deci-
sions can be made with relatively little information, as long as it is accurate.

RCM produces a maintenance plan that defines what to do and when. It is
based on specific failure modes that are either anticipated or known to occur.
Frequency decisions are often made with relatively little data or a lot of uncer-
tainty. You can make yours more certain and precise by using the methods
described later in the present book and in Jardine’s work.> Along with failure
history and cost information, these decision-making methods show you how to
get the most from condition monitoring inspections to make optimum replace-
ment choices.
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The maintenance excellence assessment described in the previous chapters and
shown in detail in the Appendix of this book has been applied to hundreds of main-
tenance operations seriously looking for areas to improve and looking to prioritize
their identified action items.
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Maintenance Excellence Pyramid

‘ Quantum leaps
improvements

FIGURE 13.1 Maintenance excellence pyramid.

In this chapter, we will review a modified real example of a maintenance self-
assessment report completed by a third-party consulting company and examine how
this kind of report can help maintenance and operations experts identify actions to
improve their operation. The case study has been adopted from a real report, where
company names have been changed, and the recommendations described later in this
chapter come from maintenance and operations experts who understand elements of
leading practices in the 10 categories of the maintenance excellence pyramid (shown
in Figure 13.1).

The ABC Consulting Company was engaged to perform a site assessment of
UTO’s maintenance management practices at their Base Valley operations and to
compare current UTO practices with best practices. UTO Base Valley operations
include three production plants (i.e., Falcon, West End, and Argile), mining site (Lake
Operations), central services and utilities, materials and logistics, and railroad.

13.1  SITE OVERVIEW

The Base Valley operations produce a number of bulk chemical products. These are
commodity products with little or no differentiation from competing products other
than price. Owing to its remote location, shipping costs are a significant component
of the price to their customers. This places considerable pressure on keeping manu-
facturing costs down.

The remote location and small local community affect the site’s ability to hire
locally, although once hired, employees tend to be long term. The remote location also
affects the local supplier support, since the nearest major center is 100 miles away.
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The plant’s location in California imposes close scrutiny from the state on envi-
ronmental issues, particularly air pollution. This affects the operation of the coal-
fired steam boilers in the utilities operations.

Bill Jackson and Associates has financed the purchase of a number of companies
through bank loans. Bank assessment would focus on expected corporate cash flow
first and then asset value. Banks would place restrictive covenants to ensure there
is no significant change to flow or asset value without their consent. The expected
outcome is a corporate focus on cash flow conservation, with tight capital spending
and an overall short-term focus on spending.

13.2 METHODOLOGY

The methodology used involved the following:

» Participation by each site in a self-assessment using a standard questionnaire

e On-site walk-throughs, mapping, and interviews by ABC Consulting to
determine what practices and processes were being used at each site

e Comparison of current UTO practices with leading practices

e Recommendations

e Presentation of the findings to the site

* Report on findings

The areas are assessed at each site corresponding with the following 10 elements
of maintenance best practices:

e Maintenance strategy

* Maintenance tactics

e Reliability analysis/engineering

e Performance measures/benchmarking
e Information technology

e Planning and scheduling

* Materials management

* Maintenance processes reengineering
e Organization and human resources

* Autonomous maintenance

Process mappings were carried out for the whole valley and correspond to actual
practices at UTO Base Valley operations. The mappings reflect what and how the
processes are executed. Process maps do not necessarily exist for all strategic ele-
ments examined. Most of the maps pertain to planning and scheduling (work man-
agement) and materials management.

In this process UTO would expect to receive a report, which outlines the following:

e UTO practices based on ABC Consulting observations and mapping
e UTO self-assessment results
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e A description of the best practices
* A set of recommendations for implementation

What follows is a list of findings derived from the maintenance excellence ques-
tionnaire and the follow-up interviews of the participants.

13.3 FINDINGS

13.3.1  MAINTENANCE STRATEGY

Current situation:

e Their developed vision is communicated.

¢ A maintenance council has been formed, and their mission statement has
been defined and communicated. The goal of the maintenance council is to
establish a world-class maintenance and reliability organization.

e UTO uses a combination of centralized services with area based work-
force crews.

e UTO is IS0-9002 certified.

* Some sites (utilities, lake) share common vision and values between opera-
tions and maintenance.

e The maintenance strategy is not clearly defined.

* Long-term objectives relate only to cost and head count, not to long-term
improvement initiatives.

* There is a lack of clear and consistent vision for asset management through-
out the valley.

e Key value drivers are defined but not effectively communicated or well
understood at all levels.

* Maintenance and capital expenditures appear inadequate with unclear defi-
nitions and objectives.

* Production complains that maintenance does not view them as a customer
and does not provide good customer service.

13.3.2 ORGANIZATION

Current situation:

e There is good area organization design with some central support.

e There is some centralized computerized maintenance management system
(CMMS) support and maintenance policy (council).

e The ratio of trades to supervisors (crew size) is very low at 6 to 8:1.

e There is a high number of planners, 1:6 to 10 and a lack of maintenance
engineers.

e The number of levels within maintenance is high in some areas at 4.

e The backlog is not measured by man-hours or crew-weeks.
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* Some technical support and predictive maintenance (PdM) is lacking.

* Some maintenance supervisors would like to have a pool of mechanics they
could pull from for shutdowns, vacations, and so forth. There is no backlog
planning.

13.3.3 HuMAN RESOURCES

Current situation:

e The workforce is not unionized, except for railroad employees.

e Training program for trades is in the early stage of development.

* Leadership training for supervisors is well under way; classes are held once
a month for all supervisory staff.

e The formal policy on training is 60 hours/year but is not strictly applied;
however, most trades indicated that when training was requested, it was
usually granted.

e A performance bonus is in place for exempts.

» Industrial relations policy appears positive; some concerns raised by super-
visors to open-door policy.

e Safety is a high priority.

* Maintenance staffing level is adequate, capable, and experienced.

e Overall overtime represents approximately 10% of total man-hours and is
well distributed among trades and areas.

» Contractors are used for special projects and are held accountable for their
work on the same basis as UTO employees.

e Horizontal communications is generally effective but sometimes variable.

e The morale of the maintenance workforce is currently low, mainly due to
the rumors of outsourcing of maintenance processes.

* No skill- or performance-based incentives for trades.

e Technical documentation is missing or out of date; there is a lack of disci-
pline in documentation.

o Shifts vary from 10 hours for 4 days per week to 8 hours for 5 days per week
depending on the department and the service. The workforce is therefore
reduced on Mondays and Fridays, and maintenance and operations shift
hours do not match.

e Many trades indicated they would like to have the apprenticeship pro-
gram reinstated.

e Contractors are used to replace UTO employees who leave (e.g., retire-
ments, long-term disabilities).

e Vertical communications is often complex as a result of the large number
of hierarchical levels.
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13.3.4 MAINTENANCE TACTICS

Current situation:

e The preventive maintenance (PM) program is widespread and comprises
up to 45% of work.

* Condition-based maintenance is well started.

e CSI 2120 portable devices are used to take readings for vibration analy-
sis, and Commodity Systems Inc.’s Master Trend software is used for data
analysis. Most people indicated they were very satisfied with the vibra-
tion analysis services they receive. Some people indicated they would like
to have more feedback from the Vibration Analysis crew.

* Maintenance performs thermography on electrical equipment.

* Basic oil analysis is performed in-house at Argile and is otherwise sent out
to contractors.

e Many employees were trained to perform laser alignment. Not all sites have
laser alignment equipment.

* Monthly equipment availability for Boron is approximately 96-99%.

* Emergencies represent 10-30% of work.

e Schedule compliance is approximately 80%.

e There is no formal reliability-based program for determining the cor-
rect PM routines to perform. PMs are defined based largely on vendor
recommendations and intuition and to a lesser extent equipment history
in Revere.

o Little effectiveness analysis of tactics used or systematic approach or for-
mal and systematic use of equipment histories.

* Lubrication team at West End (WE) is used primarily as helpers for main-
tenance, so lubrication is not always done; failures due to lack of lubrication
were reported.

e Central Services PM their own equipment (e.g., vehicles, jib cranes, fire
extinguishers, grinders, electric boxes).

* PMs represent on average approximately 30% of total man-hours. The
Railroad team members indicated that they didn’t have time to perform PM
tasks in the summer.

* At Argile, maintenance crews spend a lot of time performing demand main-
tenance on the fluid bed dryers at the Bi-Carb.

13.3.5 PERFORMANCE MEASURES AND BENCHMARKING

Current situation:

e Maintenance performance is measured for inputs (i.e., costs), with some
process measures (i.e., labor distribution, schedule compliance) and output
measures (i.e., availability, production).

* Internal comparisons of best practices by plant were started. Five years prior,
the maintenance best practice team was created with members from various
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Jackson companies. The purpose of this team was to identify maintenance
strengths and weaknesses and, by sharing this knowledge, to improve the
overall effectiveness of maintenance within the Jackson group.

» Labor and material costs are accumulated and reported against key systems
and equipment but are difficult to access in Revere.

* Key measures and value drivers are trended but are not effectively com-
municated. Tracked key value drivers include safety (number of incidents),
9 Availability, %Emergency, %PM, %Compliance, %Schedule Efficiency,
%O0T, %Machines in alarm, %Expenses ($Actual/$Budget).

e Value drivers are not well understood by the workforce.

e External best practice benchmarking is not formally done.

e Goals are often not set or well communicated.

13.3.6 INFORMATION TECHNOLOGY

Current situation:

e Revere (CMMS system) is fully functional although not always easy to use.
It is an older system and is not as user-friendly as the newer systems.

*  Most equipment is recorded in Revere.

* A project management system (MS project) is used to plan and schedule
shutdowns.

e Many supervisors indicated that they would like to look at the equipment
history but that it is very lengthy and complicated to get into.

e Data analysis of inventory using the current system is limited.

e CMMS and financial systems are not fully integrated.

» Labor times have to be entered twice: once in Revere to report time against
memos (work orders) and a second time in the payroll system.

13.3.7 PLANNING AND SCHEDULING

Current situation:

* Most of the work is covered by a work request, which is then made into a
memo (WO) within Revere.

e Approval process is rapid and effective. Some approvals are done
electronically.

e Weekly planning meetings are held between maintenance and production.

*  Major shutdowns are planned well in advance through monthly meetings,
which become weekly meetings as the shutdown approaches. Utilities
manager; maintenance and production superintendents; and engineering,
mechanical, and electrical and instrumentation supervisors are usually
present at these planning meetings.

*  Work estimates are done quickly in most cases (without really assessing the
needs) and sometimes not done at all.

e WO priorities are well defined but often abused.
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Work backlog is not formally tracked or tracked in meaningful units. (Most
people could tell us how many pages of backlog they had but did not know
how much time it represented.)

Work management is overdone. (Trades often have to report to more than
one person.)

Different sites plan their work and often have conflict regarding use of com-
mon resources, especially cranes.

13.3.8 MATERIALS MANAGEMENT

Current situation:

Stores management has recently been contracted out to a third-party com-
pany, which is currently in a transition period.

Stock-keeping units (SKU): approximately 30,000 line items in stock for a
total value of $7.7 million. The objective is to eliminate $700,000 of obso-
lete stock to get a stock value of $7 million and eventually $5 million by
decreasing initial spare parts and overstocked parts stocks.

Stock rotation is approximately 1.6.

Service level is evaluated to 97% by stores.

Accuracy of inventory is high.

ABC analysis is performed regularly; items are categorized as A, B, C, or
D. A items are counted monthly; B items are counted quarterly; C items are
counted every six months; and D items are counted yearly.

Procurement credit cards are made available to some individuals to acceler-
ate the direct purchase process.

Most departments depend on parts stocked in their area to have parts read-
ily available, especially when there is some distance from stores (e.g., West
End); this material is not tracked once it has left stores and increases mate-
rial holding costs.

Order quantities are not based on economic order quantity (EOQ).
Complaints were formulated about part descriptions. Parts are often named
using inconsistent naming techniques, making them difficult to locate in
the system. The resulting descriptions are not complete enough to uniquely
identify the part.

Standardization of parts and equipment is not formally done.

Material purchases done by Central Services have to be approved by the
client first. Some supervisors complain that the work hasn’t been done yet,
only to realize they forgot to approve the purchase requisition (PR).

A total of 5% of material is verified when received at stores; 95% is veri-
fied by the customer, who has to return material to stores when there is a
problem.

A central tool crib is available, but discipline is lacking when it comes to
returning the tools. They are often stored in individual lockers.
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13.3.9 AutoNOMOUS MAINTENANCE

Current situation:

e Partnering is exhibited in some areas only (e.g., back shifts).

* “Helping-hand” concept is used only in certain operations or only under
certain conditions (e.g., Lake).

e Operators are willing to perform simple maintenance tasks, and mainte-
nance doesn’t mind transferring these tasks.

e Although maintenance is not represented on every shift, maintenance
trades respond to call outs after hours quickly and with minimum effort
from operations.

e Self-directed work teams are not used.

e Little opportunity for autonomy.

* Management communication often one way only.

e No formal multiskilling or cross-skilling done.

* Some maintenance trades said they would like to receive training on opera-
tions to be able to evaluate equipment criticality.

*  When maintenance work is required after hours, operations have to decide what
support is needed. There is no on-shift maintainer to take care of this task.

e Argile operators said that they often operate different production lines,
which makes it more difficult for them to develop a sense of ownership.

* Argile operators also reported that some operators change the parameters
of operation of their equipment, which increases the production on their
shift but which has a negative effect on the production capacity of the next
shift. Because of the strong production focus of the company, these opera-
tors are praised instead of being reprimanded. Some operators feel it would
be better to produce at a constant rate without changing the parameters.
There is no consistency in operating strategy or philosophy.

13.3.10 RELIABILITY MANAGEMENT

Current situation:

e Availability is tracked (i.e., total duration of failures).

e Equipment histories are kept by saving completed WOs but are not used
systematically for reliability analysis.

e Under the quality program, root-cause analysis is performed for major
failures.

e Some equipment redesign is done to improve reliability in specific areas
(e.g., Pump Crew, Utilities, Lake).

e PM tasks are based largely on manufacturer’s recommendations and
experience.

e Change order process: to get as many people as possible involved in the
decision process when a change is considered, engineering, maintenance,
production, safety, and environment representatives have to sign the change
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order process form, which describes the changes considered. Even with this
procedure, there were many complaints regarding new or revised installa-
tions and equipment.

e Routes for lubrication and vibration analysis are established by the crews
responsible for these tasks and are, for the most part, kept on the computer.

¢ Reliability (mean time between failures [MTBF]) and maintainability
(mean time to repair [MTTR]) are not tracked.

e Operations and maintenance both indicated that they seldom have sufficient
input into engineering projects. They feel that communication among main-
tenance, operations, and engineering could be improved.

e There are only a few maintenance engineers assigned to maintenance
departments.

¢ The maintenance department received some criticism for not solving prob-
lems at their root causes. The tendency is to fix the problems that arise
quickly, often cutting corners to save production time.

13.3.11 MAINTENANCE PROCESS REENGINEERING

Current situation:

* Most maintenance and materials processes have been documented, but they
are not always followed.

* No formal process is in place to review and revise current processes to
eliminate non—value-added activities.

e Activity costs are not measured.

13.4 ADDRESSING THE FINDINGS

Now this company ultimately did review these findings, along with leading practices,
and developed a set of opportunities and recommended actions from their combined
findings. They then worked to prioritize their findings into to categories such as
“benefit” and “cost to implement” and from there developed a roadmap for man-
aged business transformation going forward. This approach often helps executives
appreciate that the whole set of business issues are more likely to come out and be
addressed. As such, the management and staff will feel that their issues were, at the
least, considered, and that this contributes to managing change acceptance when the
final roadmap is communicated.

Without revealing their exact business strategy or going into the cultural dynam-
ics that will affect every business, we have given these findings to a group of main-
tenance experts and asked them what they would recommend given the previous
report. For the sake of this case demonstration, three or four recommendations were
identified for each section of the assessment.

The first thing they observed is that the findings were not all tidy and wrapped in
a way that made the recommendations clear and obvious. In other words, if you were
looking for planning and scheduling issues and opportunities, you really needed
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to look through the whole report to determine whether you captured all the issues
identified from the interviews. This is common since sometimes ideas arise from
stakeholders that affect other areas of the pyramid.

A second observation is outlined in the following section.

13.4.1 STRATEGY

The first request of the team of maintenance experts was this: What should the pri-
mary goal of this maintenance assessment be for this business?

With only 10 to 15 minutes to answer, the thoughts and hopes that were returned
included the following:

* Holistic analysis of strengths, weaknesses, opportunities, and threats (SWOT)

* An understanding of how to bridge financial and manufacturing constraints

* An understanding of the company’s viability

* An understanding of how this company can affect production optimization
and equipment influence on availability, costs, and safety or environment

* An understanding of what the production strategy should be going forward
and how it affects productivity or employee satisfaction

These are lofty goals. The maintenance assessment will help you get part of the way
there. However, you will, no doubt, also require an understanding of the company’s
change history and the commitment of the management team to understand how
some of the recommendations that will arise can be accepted and implemented. The
team did establish a chart of the SWOTs (Figure 13.2) to call out what they thought
would summarize the most apparent health of UTO.

To align with the observed business imperatives, the maintenance strategy should
support the business requirement to improve operations and maintenance delivery
with a focus on cash flow and then asset value. The team developed the following
strategic recommendations:

Strengths
¢ Competent maintenance staff
o Safety is a priority
e Training is a priority

Weaknesses
e CMMS usability
¢ Operations and maintenance not working
together on production issues
e No tech support

Opportunities
¢ Gains to be made by sharing a common
vision across the company sites
¢ Develop maintenance strategies that align
with the local operating context
* Integrate an enhanced CMMS solution with
their financial system

Threats
e Lack of available resources (supplies and
skilled personnel)
* Employee morale
* Metrics to track activity costs needed to
support cash flow concerns
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e Develop a clear vision for asset management and a defined PM program.

¢ Identify how asset management (and critical assets) contribute to cash flow.

¢ Identify pain points that affect production, sustainment, and short- versus
long-term goals.

¢ Clearly communicate the asset management strategy to management and staff.

e Develop craft skills for future needs, including cross-training so that flex-
ibility can be leveraged.

An analysis should also look at their “go-to-market” strategy to understand how
the cost of distribution and manufacturing really contributes to their competitive
pricing model. What are the value drivers to their success in the market?

13.4.2 ORGANIZATION

Their maintenance management had a few opportunities identified by the team. There
is a defined desire to review the maintenance team mix, including the following:

* Consider the ratio of supervisors versus crafts (may be too many supervi-
sors versus workers).
e Consider adding schedulers and reducing the number of planner roles.

To develop a stronger resource pool in their organization:

» Consider cross-training the crafts to create the ability to leverage existing staff.

e Create a craft pool to help manage workload balance and backlog.

* Review the need and benefit to an apprenticeship program.

o Entertain the concept of an “on-call” maintenance supervisor for after-
hours maintenance coordination.

Create an environment of communication and visibility of key business processes
by doing the following:

e Leverage the CMMS across the company to maintain maintenance
standards.

» Publish issues and planned change actions to keep all stakeholders informed
and to improve employee morale.

e Promote and celebrate the perception that they had strong maintenance
staff and are well trained.

13.4.3 MAINTENANCE TACTICS

Generally maintenance tactics did not draw a great deal of recommendations from
the group members. They acknowledged there was a displayed use of preventive and
predictive maintenance and that mobile workforce tools were in use to capture some
of the equipment readings. They suggested that a root-cause failure analysis could be
done to focus on the high-end emergencies (30% of total maintenance). In addition,
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short-term activities suggested were tightening PM execution across the company
and understanding why some PMs were missed.

13.4.4 Key PERFORMANCE INDICATORS

Plan to educate the staff and to communicate the key measures and value drivers that
are the current focus. Tracked key value drivers include Safety (number of incidents),
9oAvailability, %Emergency, %PM, %Compliance, %Schedule Efficiency, %OT,
%Machines in alarm, %Expenses ($Actual/$Budget).

13.4.5 INFORMATION TECHNOLOGY

With an understanding of leading practices and efficiencies to be gained from manag-
ing data: the team recommended replacing or upgrading the existing CMMS system
and having it integrate with their financial system. Improvements in maintenance
history data and resource management will help them assess what needs to be looked
at to initiate a work order and to manage the resource backlog.

13.4.6 PLANNING AND SCHEDULING

Schedule compliance is 80%, so on the surface UTO appear to have a healthy plan-
ning and scheduling maintenance operation. However, they seem to lack long-term
planning, which could come about with successful short-term execution that can
be managed in the new CMMS solution. There is a need to understand why work
orders that have well-defined priorities are often overruled by operations. This could
be a smoldering fuse to a real problem or, in any event, a process that needs to be
corrected.
Short-term quick hits could include the following:

e Reassign a planner to a scheduler role to review backlog and to coordinate
crane availability.

» Establish roles and responsibility rules and lines of authority between plan-
ners and schedulers, maintenance, and operations.

e Set up daily operations meetings for daily schedule alignment.

e Planners should attend shutdown meetings.

* Engineers should be assigned to support planners.

* Begin measuring backlog by craft hours.

13.4.7 MATERIALS MANAGEMENT

e Establish visibility of parts availability across the company.

¢ Reduce material carrying costs.

e Ensure content management completes on SKU identification.

* Develop a “service-level agreement” with the parts outsource company.
* Notify supervisor on purchase requisitions not approved.
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13.4.8 AuUuTONOMOUS MAINTENANCE

» Establish a maintenance control reporting system.

* Engage operations, maintenance, and engineering in PM validation reviews.

e Support total productive maintenance (TPM) with a maintenance strategy
education program.

13.4.9 ReuABILITY-CENTERED MAINTENANCE

e QOperate a context-specific maintenance task assignment.
e Identify key critical assets and do reliability-centered maintenance
(RCM) analysis.

13.4.10 BusINESs PROCESS REENGINEERING

* Consider routes for maintenance personnel once RCM analyzed tasks and
frequencies have been assigned.
e Train crafts on more than one discipline for maintenance delivery flexibility.
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17.1  INTRODUCTION

The preceding sections described: the evolution from reactive to proactive mainte-
nance, managing equipment reliability to reduce failure frequency, and optimizing
equipment performance by streamlining maintenance for total life-cycle economics.
In this chapter, we look at the specifics of implementing the concepts and methods
of this process.

379
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We take you through a three-step approach to put a maintenance management
improvement program into place and achieve results:

e Step 1: Discover: learn where you are in a maintenance maturity profile,
establish your vision and strategy based on research and benchmarking,
and know your priorities, the size of the gap, and how much of it you want
to close for now.

e Step 2: Develop: build the conceptual framework and detailed design, set
your action plan and schedule to implement the design, obligate the financial
resources, and commit the managers and skilled staff to execute the plan.

¢ Step 3: Deploy: document and delegate who is accountable and responsible,
fix milestones, set performance measures and reporting, select pilot areas,
and establish detailed specifications and policy for procurement, installa-
tion, and training.

Finally, we review the why’s and how’s of managing successful change in the
work environment.

A friend who travels extensively in his work in the mining industry describes his
most anxious moment abroad: “I was just back in San Paulo from the Amazon basin,
driving and not paying attention, when it dawned on me that I hadn’t a clue where I
was. It was dark, I don’t speak Portuguese, my rental was the best car in sight, and
I was sure I was getting eye-balled by some of the locals.” Luckily, he got back to
familiar territory, but not without a lot of stress and wasted effort. Like this intrepid
traveler, you need to keep your wits about you to successfully reach your destina-
tion. So, to achieve maintenance excellence, you must begin by first checking where
you are.

The cornerstone of this described approach is the maintenance excellence pyra-
mid (Figure 17.1). The most important principle embodied in this approach is that
the successful implementation of the upper layers of the pyramid depends on a solid
foundation having been laid at the lower levels. The pyramid is based on original
material from the Coopers & Lybrand Consulting Library John Campbell’s book
Uptime: Strategies for Excellence in Maintenance Management and is further
expanded in this book.

The process for achieving maintenance excellence is depicted in Figure 17.2.

Before you implement reliability improvement and maintenance optimization,
you must set up an organization or team mandated to effect change. You will need an
executive sponsor to fund the resources and a champion to spearhead the program.
You will need a steering group to set and modify direction. Members are typically
representatives from the affected areas, such as maintenance, operations, materials,
information technology, human resources, and engineering. A facilitator is invalu-
able, particularly one who has been through this process before and understands
the shortcuts and pitfalls. Last, but certainly not least, you need a team of dedicated
workhorses to execute the initiatives.
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FIGURE 17.1 Maintenance excellence pyramid.
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FIGURE 17.2 Process for achieving maintenance excellence.
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17.2 STEP 1: DISCOVER
17.2.1  INITIATE

Initiating is defining an early hypothesis for what you are trying to improve. It is get-
ting off the mark. It is establishing design principles from which the initiative must
work or achieve. Establishing the final project structure, staking out a work area,
conference room, or office, and setting the broad “draft” project charter are also part
of this mobilizing phase. You would also determine who may be the affected stake-
holders and should be part of the initiative. You then develop the “first-cut” work
plan, which will undoubtedly be modified after the next step, assess.

17.2.2  AsSESs

This step addresses the question “Where am [?”” and follows a strict methodology to
ensure completeness and objectivity.

17.2.2.1 Self-Diagnostic

The employees of the plant, facility, fleet, or operation give feedback on mainte-
nance management proficiency—identifying areas of strength and weakness at a
fairly high level, based on a standard questionnaire. One is shown in Maintenance
Strategy Assessment Questionnaire Appendix 24, designed as an initial improve-
ment assessment of the following:

» Current maintenance strategy and acceptance level within the operations

e Maintenance organization structure

e Human resources and employee empowerment

* Use of maintenance tactics (e.g., preventive maintenance [PM], predictive
maintenance [PdM], condition-based maintenance [CBM], run to failure
[RTF], time-based maintenance [TBM])

e Use of reliability engineering and reliability-based approaches to equip-
ment performance monitoring and improvement

e Use of performance monitoring, measures, and benchmarking

e Use of information technology and management systems with particular
focus on integrating with existing systems or any new systems needed to
support best practices (e.g., document management, project planning)

* Use and effectiveness of planning and scheduling and shutdown management

e Procurement and materials management that support maintenance operations

* Use of process analysis and redesign to optimize organizational effectiveness

The questionnaire can be developed with different emphasis, depending on the area
of focus. For example, for maintenance optimization, research could be conducted on
what the best practice companies are doing with expert systems, modeling techniques,
equipment and component replacement decision making, and life-cycle economics.
Questions are posed to reflect how these best practices are understood and adopted. This
self-assessment exercise builds ownership of the need to change, improve, and close the
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gaps between current and best practices. The replies from the questionnaires are sum-
marized, graphed, and analyzed and augment information from the next activity.

17.2.2.2 Data Collection and Analysis

While the questionnaire is being completed, gather operating performance data at
the plant for the review. The data needed include the following:

e Published maintenance strategy, philosophy, goals, objectives, value, or
other statements (design principles) that must be adhered to

e Organization charts and staffing levels for each division and its mainte-
nance organization

e Maintenance budgets for the last year (showing actual costs compared with
budgeted costs, noting any extraordinary items) and for current year

» Current maintenance specific policies, practices, and procedures (including
collective agreement, if applicable)

e Sample maintenance reports that are currently in use (e.g., weekly, monthly)

e Current process or work flow diagrams or charts

* Descriptions or contracts concerning outsourced or shared services

* Descriptions of decision support tools

e Summaries of typical spreadsheets, databases, and maintenance informa-
tion management systems

e Descriptions of models and special tools

» Position or job descriptions used for current maintenance positions, includ-
ing planning, engineering, and other technical and administrative positions,
as well as line functions

Although this information is usually sufficient, you sometimes discover addi-
tional needs once work starts at the plant. Compare against the background data,
and reconcile any issues that come to light.

17.2.2.3 Site Visits and Interviews

If you’re not familiar with the plant’s layout or operation, you will need to spend time
on a tour and learning safety procedures. A thorough tour that follows the production
flow through the plant is best.

To facilitate the interview process on site, present the self-diagnostic results to man-
agement and other key personnel in a kickoff meeting. This will serve as an introduc-
tion to best practices—the model presented as a perfect score on the self-diagnostic.
Introduce what you are doing; describe generic industrial best practices and what you
will do on site. Then, conduct interviews of various plant personnel, using both the
self-assessment and documentation collected earlier as question guides.

The composition of the interviews can be driven by the areas of weakness and
strength initially revealed through the self-assessment and any other input received
from the previously collected data. The interviews can be used as a tool for delving
into specific problem areas and their causes. In particular, you may identify any
organizational, systemic, or human factors that may be at the root of any problems
or areas of high performance.
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The interviewees will generally be the following:

e Plant manager, human resources/industrial relations manager

e Operations/production managers

¢ Information technology manager and systems administrators

e Purchasing manager, stores manager/supervisors

* Maintenance manager; superintendent, maintenance/plant engineers, plan-
ners, supervisors

¢ Several members of the maintenance work force (at least two from each
major trade or area group)

¢ Representatives of any collective bargaining unit, or employee association

Conduct interviews in either a private office or the plant while the interviewee walks
through his or her job and workplace. You may also want to observe how a planner,
mechanic, or technician, for instance, spends the workday. This can reveal a lot about
systemic and people issues as well as opportunities that can impact best practices.

17.2.2.4 Maintenance Process Mapping

A group session is one of the best ways to identify major processes and activities. The
processes should be the actual ones practiced at the plants, which may not coincide
with the process maps developed for an ISO 9000 certification. Treat existing charts
or maps as “as-designed” drawings, not necessarily “as-is”” ones. These are mapped
graphically to illustrate how work, inventory, and other maintenance practices are
managed and performed. Through the mapping process, draw out criticisms of the
various steps to reveal weaknesses. This will not only help you understand what is
happening now but also can be used for the as-is drawings. Or, it can provide a base-
line for process redesign, along with best practices determined from benchmarking
or expert advice.

Through process mapping, you will gain significant insight into the current degree
of system integration and areas where it may help. Redesigning processes will be
part of any implementation work that follows the diagnostic.

The key processes to examine in your interviews and mapping include the following:

e PM development and refinement

¢ Procurement (stores, nonstores, services)

e Demand/corrective maintenance

* Emergency maintenance

* Maintenance prevention

e Work order management

e Planning and scheduling of shutdowns

e Parts inventory management (receiving, stocking, issuing, distribution,
review of inventory investment)

* Maintenance long-term planning and budgeting

* Preventive/predictive maintenance planning, scheduling, and execution

Through the interviews, identify and map other processes unique to your operations.
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17.2.2.5 Report and Recommendations

At the end of the site visit, compile all the results into a single report showing overall
strengths and weakness, the specific performance measures that identify and verify
performance, and the most significant gaps between current practices and the vision.
The report should contain an “opportunity map” that plots each recommendation
on a grid, showing relative benefit compared with the level of difficulty to achieve it
(see Section 14.4).

17.2.3 BENCHMARK

In many companies, benchmarking is more industrial tourism than an improvement
strategy. Even the most earnest may answer benchmark questions based on how they
want to perceive themselves or how they want to be perceived. After you have com-
pleted a diagnostic assessment, select the key factors for maintenance success spe-
cific to your circumstances. You need to focus sharply to gain useful information that
can actually be implemented. Look within and outside your industry to discover who
excels at those factors. Compare performance measures, the process they now use,
and how they were able to achieve excellence. Recognize, however, that finding orga-
nizations that have excellent maintenance optimization can be difficult. There may
only be a few dozen, for example, who have successfully implemented CBM optimi-
zation using stochastic techniques and software. Benchmarking can more often be a
tool to help you understand the categories of ideas that are being deployed by leading
organizations outside your targeted process rather than the specific degree to which
it is being accurately executed and measured. To this end, benchmarking can be used
to categorize what you wish to baseline measure in your own operation as a starting
point for measured improvements.

A focus on “leading practices” may serve as a better external barometer than
traditional benchmarking. With so many changes in asset and asset management
technologies, picking the most effective asset management process or procedure at
a given point in time would be like shooting at a moving target. Viewing how engi-
neering, operations, and maintenance are working together to maintain functions,
not assets, could help change the culture in your organization. Recognizing that
more and more assets allow manual inspections to give way to onboard diagnostics
and expert decision support systems that can automatically initiate a call in the work
management process may be a process benchmark you could consider and adopt in
your organization.

17.3 STEP 2: DEVELOP
17.3.1 PrioriTIZE

You will not be able to implement everything at once. In fact, limited resources and
varying benefits will whittle down your “short list.” One technique to quickly see the
highest value initiatives versus those with limited benefit and expensive price tags is
shown in Figure 17.3.
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Opportunity Mapping
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FIGURE 17.3 Maintenance opportunity prioritization map.

The benefit is often measured in a log 10 savings scale, for example, $10,000,
$100,000, $1,000,000, or $10,000,000. The degree of difficulty could be shown on
a similar scale, an implementation timeline such as one year, two years, three years,
four years, or a factor related to the degree of change required in the organization
for the initiative.

This technique will clearly identify the apparent “high benefit, low effort” oppor-
tunities (also often called “low-hanging fruit”). Often many of these identified ideas
are executed for immediate savings and will help a project or major initiative declare
early identified savings.

17.3.2  STRATEGIZE, PLAN, AND SCHEDULE

The new operating model will be developed from the prioritized requirements that sur-
face from the prioritization step. The proposed “new operating model” will need to be
flexible and robust. Inputs into its strategy development could include the following:

e Information about related initiatives already under way

e Current corporate strategy, mission/vision, values, desired behaviors, design
principles, and design points

» Existing relevant maintenance and asset management policy documentation

e Relevant leadership or management training documents that would address
the values and culture on “how things get done”

e Information available from existing systems to support the change

e Information about the regulatory environment and pressures that apply to
the operating environment of the organization

Planning how you would implement the prioritized actions from the opportu-
nity map may require some thought as to whether there are any dependencies to
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accomplish some of the originally described “easy-to-implement and high-benefit”
improvements. At times, it may be determined that consolidating some of the early
actions into a more substantial sequence of initiatives will make sense. Items such
as “field training on numerous topics” or implementing a more rigorous integrated
system or process may allow you to take some of the prioritized items and group
them into subproject initiatives.

Using software such as MS Project, you will make the planning and scheduling
process more rigorous. List the projects in priority (given in Section 14.4) and with
credible timelines. No one will commend you for taking the fast track in the plan-
ning phase if the project fails several months along. Be sure to include people from
other functions or processes related to maintenance, if they can help ensure proj-
ect success. Typically, you’ll look to procurement, production planning, human
resources, finance and accounting, general engineering, information technology,
contractors, vendors, or service providers.

17.3.3  Cos1/BENERIT

The priority assessment given in Section 14.4 broadly groups the recommendations.
If there is a significant capital or employee time investment, calculate the cost/benefit.
Whereas costs are usually fairly straightforward—hardware, software, training, con-
sulting, and time—estimating benefits can be a lot more nebulous. What are the ben-
efits of implementing root-cause failure analysis, a reliability-centered maintenance
(RCM) program, or the EXAKT software for CBM optimization? In Chapter 1, we
described how to estimate the benefits of moving to more planned and preventive
maintenance, which can be modified for specific projects targeting unplanned main-
tenance. Often, the equipment and hardware manufacturer or software/methodology
designer can help, based on their experience with similar applications. Benchmarking
partners or Web sites focused on maintenance management are other sources of use-
ful information.

17.4 STEP 3: DEPLOY
17.4.1 EXecute

If possible, consider a pilot approach to improvement initiatives. This not only pro-
vides proof of concept, it more importantly acts as an excellent marketing tool for a
full rollout.

What does experience teach us about program management? Program manage-
ment is managing a group of projects with a common theme. Some of its key ele-
ments are as follows:

* Define the scope (one large enough to capture management’s attention and
get meaningful results).

¢ Follow a documented approach.

* Delineate roles and responsibilities.

e Put alot of effort up front in the discover and develop phases (the measure-
twice/cut-once approach).
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e Assess the “do-ability” of the plan with all stakeholders.

¢ Take no shortcuts or fast tracking.

* Estimate the risk beyond the budget.

e Work to get the right champion who will be in it for the long run.

17.4.2 MEASURE

The more detailed the implementation plan, the easier to measure progress.
Include scope, detailed activities, responsibilities, resources, budgets, timelines
for expenditures and activities, and milestones. Ensure maximum visibility of
these measures by posting them where everyone involved can see. Often forgot-
ten are the review mechanisms: supervisor to subordinate; internal peer group
or project team; management reviews; start of day huddle. They are all perfor-
mance measures.

17.4.3 ANALYZE/IMPROVE

After the initial round of piloting and implementation comes the reality. Is the pro-
gram actually delivering the expected results? How are the cost/benefit “actuals”
measuring up? Despite best efforts, excellent planning, and execution, adjustments
are often still needed to the original scope, work plan, staffing, or expected results.
But if you have closely followed the discover and design stages and set up and man-
aged performance measures, there will be few surprises at this stage.

17.4.4 MANAGING THE CHANGE

Finally, let’s look at managing successful change during this three-stage process.
There are eight critical elements:

e Ensure that everyone understands the compelling need to change the cur-
rent order, to close the “gap” between what is done today and the vision, and
that the justification for the new investment is clear.

e Build this vision of what the new order will be like so that it is shared and
all accountable can buy in to it and that there are understood long-term
goals and scope of change.

e Obtain visible and committed leadership so that the implementation has
a high-level executive sponsor or sponsoring group, so that the executive
committee shares the same goals as the front-line managers, and so that an
effective project office team and the financial resources are assigned to get
the job done.

* Promote broad-based stakeholder-wide participation toward a single pro-
gram focus, with related activities effectively aligned and coordinated.

* Get buy-in from those most affected by the change through linking perfor-
mance with rewards and recognition.

*  Monitor performance and exercise leadership and control, especially when
the implementation begins to drift off course.
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* Establish a strong project management discipline with consistent mile-
stones established, roles and responsibilities clearly defined and made vis-
ible, effective project goals in existence, an enterprise-wide culture change
being considered, and skills available to implement the change.

e Communicate results at every step of the way, and at regular intervals. This
is the single most talked about pitfall by organizations that have stumbled
in achieving the results hoped for at the outset of an improvement project.
Provide targeted, effective communications so that individual needs are
met, so that there is consistency in the messages, so that effective two-way
communications are in existence, so that successes are being leveraged, and
so that enterprise-wide learning can take place.

Over and over, many organizations will implement process and technology change
without considering the impact on the stakeholders. This often means that the user of
the process is not fully engaged when the process change is executed, and this will
often result in less than desired outcomes. Experience with managing people impli-
cations of major changes has provided us with a number of lessons learned:

e Early organization change management drives business ownership and
accountability at the appropriate levels of the business and ultimately con-
tributes to sustaining the changes that the project will introduce.

e Appropriate participation of stakeholders in the identification of business
benefits and impacts will allow people to identify benefits and impacts for
themselves and plan accordingly.

¢ Early identification of organization change management risk factors allows
for the development of a robust organization change management strategy.

* Ensuring that “people” systems and structures are properly aligned with
technology, process, and system changes increases the odds of realizing the
intended benefits from the system implementation.

* Creating a change team and change network with clear roles, responsibili-
ties, and competencies enhances the effectiveness of the change effort.

Managing change can be the “neverending quest.” Recognizing your stakeholder
groups and where they are in accepting and internalizing change is key to ensuring
that you continue to promote the process and culture change or take other appropri-
ate risk actions until it produces the full desired effect (Figure 17.4).

Every implementation to improve the way we manage physical assets will be dif-
ferent. This is because we are all individuals, operating in a unique company culture,
implementing projects that are people driven. In this book, we have tried to impart
our knowledge of what works best in most cases so you can apply it to your own
particular circumstances.

Although you will strive to use the most cost-effective methods and the best tools,
these alone will not guarantee success. What will is a committed sponsor with suf-
ficient resources, an enthusiastic champion from each affected area to lead the way,
a project manager to stay the course, well-executed training when required, and a
motivated team to take action and set the example for the rest of the organization.
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Change Management Continuum
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The risks inherent in asset management are coming under ever greater scrutiny.
Because of increasing competition, how well companies manage assets becomes an
additional market differentiator as companies strive to create value and thrive in a
global marketplace. There are four basic groups of business assets: financial, human,
intellectual, and physical. For many years, successful businesses have managed the
first three well, but in recent years businesses recognized that managing physical
assets is the next improvement opportunity. The term asset management has emerged
to describe the process of managing a business’s physical assets. In the broad sense,
asset management is managing physical assets from the cradle to the grave. Over this
life cycle, maintenance is responsible for managing risk during the physical assets’
productive life. This chapter will explore the issue of risk management in mainte-
nance and describe a number of effective methods to help assess and manage risk.

What is maintenance risk management? Webster’s* defines the noun risk as “the
chance of injury, damage, or loss.” As a verb it means “to expose to the chance of
injury, damage, or loss.” Thus, risk management is both identifying the chance and
reducing the exposure of “injury, damage, or loss.” The reader will learn the nature
of asset risk and risk management processes, including a proven method for identify-
ing critical equipment. Managing asset risk includes the function of the asset itself,
the safety of workers, and prevention of negative effects on the environment.

Risk management includes both identifying risk and taking action to reduce unac-
ceptable levels of risk. A number of methods systematically identify and develop
hazard and risk scenarios. Two comprehensive methods are (1) failure modes, effects,

“ Webster’s New World College Dictionary, 4th ed. IDG Books Worldwide, 2001.
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and criticality analysis (FMECA) and (2) hazard and operability studies (HAZOPS).
Both methods identify hazards during the asset’s life cycle and provide guidance for
reducing operational, personal, and environmental risks. HAZOPS has been in use
in the chemical industry since the early 1980s.

Also included is a list of some relevant national and international standards and
regulations for determining asset reliability and risk assessment.

7.1 INTRODUCTION

Asset management in maintenance is about making decisions. It involves determining
the optimum maintenance policy to adopt, including preventive maintenance activi-
ties, spare parts to keep, worker skills to maintain, tools to provide, and ultimately
decisions on repair or replacement. While managers try to base these decisions on the
best data available and a rational understanding of the issues and trade-offs involved,
there is always some uncertainty involved, and with uncertainty comes risk. It is the
nature of the maintenance manager’s job, therefore, to manage risk.

The term risk refers to an event where the outcome is uncertain and the con-
sequences are generally undesirable. Strictly speaking, buying a lottery ticket is a
risk, since it is unknown in advance, even with published odds, whether it will win
or how much. Every action or inaction has some level of risk, since every event
may end in an undesirable consequence. For example, jumping off the top of a tall
building seems very risky, since it is almost certain that this will lead to instant
death, but there have been instances of people falling from great heights and sur-
viving. The chance of winning the lottery jackpot and surviving a fall from a tall
building may be similar, but certainly more people buy lottery tickets than jump
from tall buildings.

Risk is the product of probability and consequence. Therefore, two apparently
different situations, one with a high probability and low consequence (e.g., tripping
on an uneven floor and being injured) and one with a low probability and high con-
sequence (e.g., an aircraft crashing and killing everyone) can actually have similar
risk values. For example, in maintenance, an air system leak may have the same risk
as a shaft failure on an air compressor. This is because there is a high probability of
a joint failure in a compressed air system, but the resulting minor air leak has small
cost, safety, and environmental consequences. On the other hand, there is a low prob-
ability that the compressor shaft will fail, but the resulting loss of plant air would
cause a major process disruption as well as repair expenses.

It is only human to focus more on high-consequence events, even when they are
unlikely, than those with little impact. Even experienced maintenance profession-
als have this bias. In fact, one of the most significant benefits of a total productive
maintenance (TPM) program is that it addresses conditions such as leaks and normal
adjustments, which are of minor consequence but happen frequently and still deserve
attention.

The rest of this chapter will explore ways to analyze and deal with different risks
in a consistent and rational manner.
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7.2 MANAGING MAINTENANCE RISK

In any operation, there is always some degree of risk. All activities expose people or
organizations to a potential loss of something of value. In maintenance, the impact is
typically on equipment failure, human safety, or damage to the environment.

Risk involves three issues:

e The frequency of the loss
e The consequences and extent of the loss
e The perception of the loss to the ultimate interested party

A major equipment failure represents an extreme need to manage maintenance risk.
The production downtime could delay product delivery to the customer and cost the busi-
ness loss of sales or even market share. There could be further losses if the equipment
failure threatened the safety of employees or adversely affected the environment.

A critical, high-profile failure could also create the impression that the business
is out of control and tarnish its reputation in the marketplace. An example of this was
the Perrier water incident in 1990. Perrier had a reputation for purity and promoting
health. A minor maintenance failure led to traces of Benzene contaminating the prod-
uct and damaging Perrier’s reputation. It was a huge expense to recall and destroy
millions of bottles of product from countries across Europe and from the United
States. More important, though, was the damage to the company’s reputation, causing
the company to launch a high-profile and expensive public relations campaign to reas-
sure customers that the product was still safe. Other significant examples of failure to
manage risk that damaged either the firm or their supplier include the following:

e Union carbide, toxic release of methyl isocyanate, Bhopal, India, 1989":
15,000 deaths, $3 billion legal claims.

e BP oil refinery explosion, Texas City, Texas, 2005.

e American Airlines Flight 191, Chicago, Illinois, 1979.#

¢ Prudhoe Bay oil field shutdown, Alaska, August 7, 2006%: 400,000 barrel
per day lost production for several weeks.

The previous examples illustrate what the consequences can be of making a wrong
maintenance decision. The consequences can be many: lessened plant reliability and
availability; reduced product availability; decreased product quality; and increased
total operating costs, as well as potential environmental damage, loss of life, and
legal claims.

How is the maintenance manager to reduce the risk? One accepted premise is that
increasing preventive maintenance results in less downtime and greater production,
thus reducing risk and lowering overall maintenance cost. This is not completely

* http://fen.wikipedia.org/wiki/Bhopal_Disaster, accessed November 7, 2006.

* http://www.bp.com/liveassets/bp_internet/us/bp_us_english/STAGING/local_assets/downloads/t/
final_report.pdf, accessed November 7, 2006.

# http://fen.wikipedia.org/wiki/American_Airlines_Flight_191, accessed November 7, 2006.

§ http://money.cnn.com/2006/08/07/news/international/oil_alaska/index.htm?cnn=yes, accessed Novem-
ber 7, 2006.
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FIGURE 7.1 Preventive maintenance optimization curve.

true; Figure 7.1 shows that there is an optimum point where the combined preventive
and downtime costs are at a minimum. This should determine maintenance policy
and the amount of preventive work that will lead to the lowest total cost.

While this is a valuable concept, one can never know the exact trade-off between
additional preventive maintenance and its impact on downtime. The information on
which risk decisions are based will never be very certain or able to accurately foretell
the future. Uncertainty is inevitable, so setting the maintenance policy is a question
of managing risk and balancing risk versus cost.

Good data can improve the quality of decisions and confidence about the optimum
maintenance point. Most risk management decision processes start by using historical
data to predict future events. For equipment, this starts with manufacturers’ recom-
mended maintenance practices. Generally, that is the only guide available to predict
the future, based on the premise that history predicts future events. Over time, you
can use local history to modify risk management decisions, but also over time, condi-
tions change so assumptions made in the past may no longer apply. Thus, the prudent
risk manager must continuously manage this uncertainty and its resulting risk.

Generally, there is little acknowledgment that conditions change. Systematically
planning for risk, including effects of changing conditions, can dramatically improve
decision making. To make the process and resulting decisions more credible, there
must be adequate support for the data used to make estimates, analysis methods,
and unknown factors associated with the data. In addition, because of changing
conditions, regularly revisit risk assessments to ensure that original conditions and
assumptions still apply.

The objective of risk management is to identify significant risks and take appro-
priate actions to minimize them as much as is reasonably possible. To get to this
point, you must balance risk control strategies, their effectiveness and cost, and the
needs, issues, and concerns of stakeholders. Communication among stakeholders
throughout the process is critical.

To assist in the risk management process, numerous tools and standards can be
of help. However, there is also a trade-off between the amount of effort put into the
analysis and its possible benefit. Getting this wrong can lead to some ridiculous situa-
tions, for example, a chemical company that used a full hazard study for a microwave
oven in the mess room. The investigators demanded additional interlocks, regular
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FIGURE 7.2 Risk management process.

condition, and radiation monitoring—even though home kitchens used the identical
appliance! Avoid this extreme solution by seeking help to determine an appropriate
risk management process.”

There are six general steps in the risk management process, as shown in
Figure 7.2:

1. Initiation: define the problem and associated risks, form the risk manage-
ment team, and identify stakeholders.

. Preliminary analysis: identify hazards and risk scenarios and collect data.

. Risk estimation: estimate probability of occurrence and consequences.

. Risk evaluation: estimate benefits, cost, and stakeholders’ acceptance of risk.

. Risk control: identify risk control options and obtain stakeholders’ accep-
tance of controls and any residual risk.

. Action/monitoring: develop plan to implement risk management decision
and to monitor its effectiveness.

[T SN S ]

=)

To make effective decisions about the risk management process, the risk team
and the stakeholders need to communicate frequently. There must be open dia-
logue to validate each step of the team’s hypothesis and to ensure that all stake-
holders are involved. Since the process to evaluate risk can be time-consuming

“ CAN/CSA-Q850-97 “Risk Management: Guideline for Decision Makers.”
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and expensive, it is important to invest the time only on the assets and processes
identified as most critical.

7.3 IDENTIFYING CRITICAL EQUIPMENT

To reduce risk there is generally far more to analyze than there are time or resources
available. In addition, as described in the microwave oven example, not all equip-
ment deserves the same degree of analysis. To determine where the risk management
effort should go, it is crucial to understand equipment criticality (i.e., how critical
the asset is to the business). Generally, you should determine the answer by the con-
sequences if it fails.

The elements that make up criticality include safety, health, environment, and
financial consequences. Quantify both the financial and nonfinancial impacts to pro-
vide a common base for analysis. Commercial criticality analysis (CCA) is valuable
to focus and prioritize both day-to-day maintenance and ongoing improvements that
manage risk.

For example, an oil terminal used CCA to rank its 40 main systems for both
safety hazards and the cost per hour of downtime. Maintenance then used CCA
ranking information to decide the priority of work. CCA also helped to determine
which units justified flying in spares when a breakdown occurred and for which units
cheaper, normal delivery was adequate. In addition, the CCA study helped to refo-
cus the maintenance organization, which had been providing 100% skills coverage,
24 hours a day. Significant savings resulted, without any significant additional risk,
by switching to 24-hour coverage only for the critical units.

In addition, when maintenance started a reliability-centered maintenance (RCM)
study, CCA findings ensured that maintenance focused on areas of maximum impact.
To achieve the most from RCM, it is important to assess the long-term risks in asset
maintenance. Therefore, it is vital to consider risks to asset capability and possible
shortcomings in information records and analysis methods.

Assessing criticality is specific to each individual facility. Even within the
same industry, what is important to one business may not be important to another.
Issues such as equipment age, performance, design (a major consideration), tech-
nologies using hazardous chemicals, geological issues (typically for mining and
oil and gas industries), supplier relationships, product time to market (product
cycle), finished goods inventory policy, information technology (IT) infrastruc-
ture, and varying national health and safety regulations all influence equipment
criticality decisions.

Generally, all businesses need to consider the following asset criticality measures:

¢ Asset performance (reliability, availability, and maintainability)

e Cost (e.g., direct maintenance and engineering costs, indirect costs of
lost production)

e Safety (e.g., lost time incidents, lost time accidents, disabling injuries,
fatalities)

¢ Environment (number of environmental incidences, cost of environmental
cleanup, environmental compliance)
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7.4 CASE STUDY: A MINERAL PROCESSING PLANT

Now we examine the first two criticality measures with a real case study involving
a mineral processing plant. Management wanted a maintenance strategy with clear
equipment performance and cost measures and a site-wide improvement program.

7.4.1 EQUIPMENT PERFORMANCE

Rule 1: Talk to the people who know the plant.

Initially, production statistics provided equipment downtime, which was clear and
accurate to a process line level. However, breaking the picture down further required
meetings with maintenance and production crews to determine what actually
occurred. For a first analysis, the main concern was equipment causing whole plant
downtime. The downtime statistics are shown in Figure 7.3.

Presenting the data using Pareto analysis, a simple and ranked presentation style,
quickly shows that the first three equipment types contributed 85% of total plant
downtime. Judging from this, conveyors, pumps, and the clarifier were obvious tar-
gets for a program for equipment performance improvement.

The production and maintenance personnel checked the data (see Rule 1). One
incident caused the clarifier downtime when a piece of mobile equipment struck
it, causing substantial damage. This was an unusual event, not related to normal
operating and maintenance, and thus was eliminated from the operating risk analy-
sis. After investigation, the plant implemented several remedial actions that should
prevent this incident from recurring. Conveyors, pumps, and screens then became
the top three improvement targets. Even though eliminating the clarifier failure was
justified, it is wise to remember that not all risk comes from normal operating and

Minerals Processing Plant—Whole Plant Delays
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FIGURE 7.3 Pareto analysis of downtime caused by equipment failures.
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maintenance activities. External events such as a car striking a power pole, civil
unrest, or terrorist activity can still lead to significant risk.

The next step was to identify, agree on, and implement conventional reliability,
availability, and maintainability (RAM) measures.

7.4.2 CosTts

Maintenance collected breakdown and failure work order cost data from the existing
work order system. The costs were organized by target equipment types and sub-
types. Even though this analysis concentrated on lost time and repair costs, mainte-
nance could consider other factors such as capacity, quality, safety, or environmental
effects. The results of the chemical plant analysis are shown in Figure 7.4.

To increase reliability and to reduce maintenance cost, the facility concentrated
on the three highest-cost pump, screen, and conveyor types. This illustrates the
80/20 rule that 20% of your effort should reduce 80% of the cost. Although this was
a very systematic analysis of the failures, remember Rule 1: ask the operators and
maintenance people. It is very common that if you just ask the maintenance people
they can tell you the top three maintenance failures using anecdotal evidence. Don’t
discount this input to your analysis process. This information can confirm or expand
your statistical analysis to determining highest cost failures.

Using this simple analysis, management identified critical equipment by the
following:

¢ Poor overall performance (most downtime)
e Highest failure costs

The facility was able to reduce its risk by using the data to launch a strategic reli-
ability improvement program. The organization has since reduced its risk, has saved
over $1 million annually, and has significantly improved equipment performance
simply by concentrating on the worst of the “bad actors.”

7.5 SAFETY AND ENVIRONMENTAL RISK: DUTY OF CARE

Maintenance has a huge impact on safety and the environment, the other two major
areas of risk management. But isn’t maintenance just supposed to keep the plant
running? As you will see in this section, the general responsibilities of maintenance
engineers can be extensive.

Why should a business be concerned with safety? The legal reasons date to a
1932 ruling by Lord Atkin of the British Privy Council that the Stevenson soft drink
company was liable for an injury sustained by Scottish widow Mary O’Donahue
after drinking a contaminated soft drink. The ramifications of this ruling include
the modern “duty of care” legislation that is the basis of most national occupational
health and safety (OHS) legislation. The ruling ensures that all employers have a
duty of care to their employees, that employees have a duty to each other, and that
employees have a duty to their employer. The standard of care and reasonableness in
an organization should follow the national standard. An increase in the number and
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strength of these regulations is expected. This duty of care also extends to protect-
ing the public and the environment. Thus, managing risks that may affect safety or
the environment are part of the responsibility of every employee, including mainte-
nance. Maintenance through its action or inaction can have a significant impact on
managing risk. The examples mentioned earlier illustrate this fact.

7.6 MANAGING LONGER-TERM RISKS

Over the operating phase of the life cycle of an asset, maintenance needs to maxi-
mize reliability and minimize risk. However, certain conditions can increase risk in
the long-term.

To achieve asset reliability, you should use failure and reliability analytical
methods to develop effective maintenance plans. Failure modes and effects analy-
sis (FMEA), or the closely related FMECA, and reliability-centered maintenance
(RCM) use multidisciplinary teams to develop maintenance plans for existing assets.
Although these techniques are invaluable, there are potential long-term risks:

e Slow degradation failures: These are often difficult to predict and model,
especially for equipment early in its life cycle. The probability of fatigue-
related failures increases with every operating cycle of the asset. It can be
difficult, even impossible, to predict these failures using conventional reli-
ability methods. One railway freight provider, aware that low-cycle fatigue
creates increasing failure rates and costs in its wagon fleet, conducted an
accelerated reliability test on several wagons. The aim was to model the
failures ahead of time to develop appropriate condition and time-based tac-
tics. Some wagons were fatigue tested to 10 times their current lives.

e Incomplete execution of reliability methods: If all plausible failure modes
are not identified, then the analysis is not complete, and neither are the
maintenance plans. As a result, the asset will display unpredicted failure
modes. Review maintenance plans periodically to evaluate the effective-
ness of the reliability improvement.

e Change in operating environment: Changes in rate of effort (e.g., operating
hours/year), physical environment (e.g., different geological composition
for mining businesses), and operating procedures and techniques can all
trigger new failure modes not predicted by the original analysis. Examples
are changes in airplane route or truck service changing from highway trans-
port to city delivery.

e Change in maintenance environment: Changes in maintenance tactics
(e.g., servicing intervals), maintenance personnel quantity and quality
(number, skill sets, and experience), and support and condition monitoring
equipment can all lead to unanticipated failures.

*  Modifications and capital upgrades: Modifications to existing or new assets
can also affect existing assets and result in unpredicted failures.

e Change in plant operations: This places different demands on installed
assets; thus, the criticality of assets may either increase or decrease.
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7.7 IDENTIFYING HAZARDS AND USING RISK SCENARIOS

Risk management starts by identifying hazards. Start by analyzing past events, inci-
dents, or lost performance relating to assets, people, and the environment. This could
be information from the assessed facility or from events at other facilities. However,
as already mentioned, there are limitations with only using past history. Selecting an
experienced team of engineers and process managers is also essential for a thorough
understanding of the whole process or system and potential hazards or failures.

Develop risk scenarios by identifying hazards and then evaluating the loss, both
direct and consequential. A risk scenario is therefore a sequence of events with an
associated probability and consequences. There are a variety of approaches and meth-
ods to identify and analyze risks. Some are observation and experienced judgment
based while others are systematic analysis. Two analytical methods typically applied
in the asset management are FMEA or FMECA and hazard and operability studies
(HAZOPS).

7.8 FMEA AND FMECA

The failure modes and effects analysis identifies potential system failures and their
effects. Criticality analysis (CA) ranks failure severity and probability of occurrence.
When performing both steps, FMEA and CA, the result is failure mode, effects, and
criticality analysis.

There are two primary ways of doing FMEA. One is the hardware approach,
which lists the effects on the system. The other is functional, based on the premise
that every item in the system is designed to perform a number of functions that
can be classified as outputs. For functional FMEA, list outputs and analyze them
to determine their system effects. Variations in design complexity and available
data usually dictate the analysis method to use. When detailed design information
is available, the hardware is generally studied. Use the functional approach when in
conceptual design stages.

7.8.1 FMEA OBJECTIVES

FMEA and FMECA are an integral part of the design process and should be updated
regularly to reflect design evolution or changes. FMEA provides inputs to product
reviews at various levels of development. Also, FMEA information can minimize
risk by defining special test considerations, quality inspection points, preventive
maintenance actions, operating constraints, and other pertinent information and
activities. This may include identifying additional redundancy, alarms, failure detec-
tion mechanisms, design simplification, and derating. FMEA can also be used to do
the following:

e Compare various design alternatives and configurations.

e Confirm the system’s ability to meet its design reliability criteria or
requirements.

e Provide input data to establish corrective action priorities and trade-off
studies.
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7.8.2 FMEA aNnD CA METHODOLOGY
FMECA methodology consists of two phases: FMEA and CA. To perform FMEA

e Define the system and its performance requirements.

* Define the assumptions and ground rules to be used in the analysis.

e List all individual components or the various functions at the required
indenture level for the analysis.

* Develop a block diagram or other simple model of the system.

* Devise an analysis worksheet to provide failure and effects information for
each component, together with other relevant information.

CA ranks each potential failure identified by FMEA, according to its combined
severity and probability of occurring. The criticality analysis may be performed
qualitatively or quantitatively.

FMEA is very versatile and useful for risk analysis. If CA is included, it will be
easy to rank failures for their severity and probability of occurrence. Then the best
corrective actions can be determined and prioritized. The FMEA worksheet should
be structured so that the analysis’s detailed information is tailored to fit the situation.
The FMEA method, however, has a major shortcoming, since it requires a great deal
of time and effort, making it expensive.

The analysis becomes even more complex if the effects of multiple (i.e., two
or more simultaneous) failures are taken into account. It is easy to overlook both
human and external system interactions. Often, too much time and effort are
spent analyzing failures that have a negligible effect on the system performance
or safety. To help with the analysis, a number of computer packages automate the
FMECA process. For it to be accurate and effective, even if using a computer,
FMECA should be performed by people intimately familiar with the design or
process being analyzed.

In conclusion, a rigorous FMECA analysis is a highly effective method to detail
risk scenarios. The risk management team and stakeholders will develop a good
understanding of risk levels and controls.

7.9 HAZOPS

HAZOPS was developed in the process industry to identify failure, safety, and
environmental hazards. It evolved in the chemical industry in the 1970s, particu-
larly under Trevor Kletz, an employee of the U.K.-based chemical company ICI.
HAZOPS" is actually the fourth in a series of six hazard studies covering the life
cycle of new plant development, from initial plant concept to commissioning and
effective operation. The early studies consider product-manufacturing hazards, such
as a material’s toxicity or flammability, and the pressures and temperatures required.
The later studies check that the plant was built according to the requirements of the
earlier studies and that operating conditions comply.

 http://www.netregs.gov.uk/static/documents/Business/comah-1785585.
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Hazard study 4, the hazard and operability study, examines in painstaking detail
the hazards inherent in the plant’s design and any deviations. This is particularly
relevant to asset maintenance. A distressingly high proportion of serious and fatal
chemical accidents occur when normal conditions in the plant are temporarily dis-
turbed. Refer to the Bhopal and Texas City risk management failures mentioned
earlier. Maintenance is important as both an input and an output of the HAZOP—as
an input because maintenance of plant assets may require changes to normal plant
operating conditions and as an output in numerous ways. The study could conclude,
for instance, that maintenance be done only under certain conditions or that some
plant items must meet specified standards of performance or reliability. The HAZOP
helps determine the importance of various equipment and the need for either a CCA
or an FMECA/RCM analysis.

710 METHOD

Small teams carry out a hazard and operability study. Typically, the team requires
the following:

* An operations expert, familiar with the way the plant works (which, in the
chemical industry, is probably a chemical engineer)

* An expert on material hazards (typically, in the chemical industry, a chemist)

* An expert in the way the plant equipment itself may behave (likely the
plant engineer)

e A trained facilitator, usually a safety expert

Call in other experts as required to provide advice on such things as electrical safety
and corrosion.

The essential starting point for the HAZOP is an accurate plant diagram (in the
process industry, a piping and instrumentation, or P&I, diagram) and processing
instructions that spell out how the product is manufactured in the plant.

Start the study by reviewing the intrinsic manufacturing hazards and standards.
This includes briefing the team on the flammability, toxicity, and corrosion charac-
teristics of all the materials and process characteristics such as high temperatures or
pressures, potential runaway reactions, and associated hazards. In addition to man-
aging the inherent risks of normal operations, the present rise in international terror-
ism means that asset managers must now consider how a terrorist attack may cause a
failure of processes. This is especially important for processes containing dangerous
materials that can be released and cause mass casualties.”

After doing a desktop study of plant processes to determine potential areas of
high risk, the team must then physically inspect the risky manufacturing processes,
considering the parts of the plant identified as potential high risk, down to indi-
vidual items, even to each section of pipe work. For every process considered, follow
a sequence of prompts. First, address normal plant operation to understand each
hazard and how it is controlled. Then consider deviations from normal operations.

* http://www.esmagazine.com/CDA/Articles/Feature_Article/115bad5f395fd010VgnVCM 1000001932
a8c0, accessed December 10, 2006.
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TABLE 7.1

Hazard Checklist Parameters

Hazard Parameter Change Parameter
Corrosion more of pressure
Erosion less of temperature
Abrasion none of flow
Cracking reverse of Ph

Melting other than quantity
Brittleness ~ more of concentration
Distortion mixture
Leakage bombing
Perforation impact
Rupture

Maintain a hazard checklist of such things as those in Table 7.1; also consider what
changes could occur in each of the relevant parameters. Use the topics in the table
to ask questions such as “Can a leak occur because there is a reverse in the normal
flow of the process?”

Perform the analysis, documenting any hazardous results and the appropriate
actions to reduce the risk. This could include plant redesign or changes to operat-
ing and maintenance procedures. For example, in a facility that relies on automatic
safety control systems, more checking, or calibration may be required to ensure
the instruments are operating correctly or creating a purchasing specification for
replacement parts may be required. Follow this approach until every part of the plant
and the process has been considered and documented.

In summary, HAZOP provides plenty of benefits. The plant risk assessment will
be rigorous, comprehensive, and done to high safety standards. Besides reducing
risk, this process will also reveal other opportunities for improvement.

But there are some limitations to keep in mind. HAZOP can be time-consum-
ing, typically taking several full days for the team to go through a single process
in a complex plant. This level of thoroughness is costly, tedious, and resource con-
suming. Always consider the cost/benefit ratio before initiating a major effort such
as HAZOP.

711 STANDARDS AND REGULATIONS

7.11.1  INTERNATIONAL STANDARDS RELATED TO Risk MANAGEMENT

A number of international and national standards and regulations are available for a
risk management program. The following section lists the number and name of the
standards and provides a brief overview of their content. The standards cover basic
reliability definitions, reliability management, risk management, environmental and
safety regulations, cost of quality, and software reliability concepts. These standards
provide excellent further reading and will provide guidance for asset managers.
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7.11.2 CAN/CSA-Q631-97 RAM DEFRNITIONS

7.11.2.1 Scope

This standard lists terms and basic definitions, primarily intended to describe reli-
ability, availability, maintainability, and maintenance support. The terminology is
that of engineering but is also adapted to mathematical modeling techniques.

7.11.2.2  Application

RAM addresses general concepts related to reliability, availability, and maintain-
ability—how items perform over time and under stated conditions and concern all
the life-cycle phases (concept and definition, design and development, manufactur-
ing, installation, operation and maintenance, and disposal).

Note the following regarding this terminology:

* Reliability, availability, and maintainability are defined as qualitative “abil-
ities” of an item.

e Maintenance support is defined as the qualitative ability of an organization.

* Such general abilities can be quantified by suitable “random variable” con-
ditions, such as “time to failure” and “time to repair.”

* You can apply mathematical operations to these random variables using
relations and models. The results are called “measures.”

* The significance of variables and measures depends on the amount of data
collected, the statistical treatment, and the technical assumptions made in
each particular circumstance.

In RAM, one key ability measured is uptime. How to define and measure uptime
has been a hot topic of debate within the industry. Management spends consider-
able time grappling with interdepartmental issues—for example, determining
operations versus maintenance caused downtime, equipment handover time, logis-
tics, and administrative delays. Often, it is hard to reach a clear agreement on these
issues. Figure 7.5, based on CAN/CSA-Q631-97 “Reliability, Availability, and
Maintainability (RAM) Definitions,” shows one method to define the time avail-
able for maintenance and operations. As clear as the diagram is, there is room for
disagreement on the definition of the terms and for actually assigning events to one
of the categories of downtime. In any individual operation, these terms will have
slightly different meanings, and it is management’s responsibility to agree to a com-
mon definition. This is more important than assigning responsibility; it is crucial to
having good data to manage risk. Define and measure downtime correctly; other-
wise, risk analysis will use uncertain data resulting in more risk.

RAM is also excellent in establishing the performance of standard asset manage-
ment measures across an organization. This would include individual equipment,
process line, and systems, as well as the maintenance organization’s ability to sup-
port that performance. The clear definition and detail make these measures easily
communicated to stakeholders. This reduces the risk of “miscommunication” and
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FIGURE 7.5 Equipment availability diagram.

177

“miscomprehension” that plagues most managers when establishing an “apples for

apples” performance comparison.

7.11.3 CAN/CSA-Q636-93 GUIDELINES AND REQUIREMENTS FOR RELIABILITY
ANALYSIS METHODS—QUALITY MANAGEMENT

7.11.3.1 Scope

This standard guides asset managers in selecting and applying reliability analysis
methods. Its purpose is to do the following:

1. Describe some of the most common reliability analysis methods that repre-
sent international standard methods.

2. Guide you in selecting analysis methods, depending on technology and how
the system or product is used.

3. Establish how results will be documented.
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711.3.2  Application

No single reliability analysis method is either comprehensive enough or flexible enough
to suit all situations. Consider the following factors to select an appropriate model:

* Analysis objectives and scope

e System complexity

e Consequences of system failure

e Level of detail in design, operation, and maintenance information
e Required or targeted level of system reliability

e Available reliability data

* Specific constraints such as regulatory requirements

o Staff, level of expertise, and resources available

Appendices A to F of the standard contain detailed descriptions of the most com-
mon reliability analysis methods. The following is an overview of how to apply
these methods:

A. Fault tree analysis: This method may be suitable when one or more of these
conditions apply:
e A detailed and thorough system analysis is needed with relatively high
level of resolution.
e There are severe safety and economic consequences of a system or
component failure.
e The reliability requirements are stringent (e.g., system unavailability
<0.001 units?).
* Considerable staff and resources, including computer facilities, are
available.
B. Reliability block diagram: Consider this method if one or more of these
conditions apply:
e Either a rudimentary system study or a higher hierarchical level is
needed (although the method may be used at any level or resolution).
e The system is relatively simple.
e The analysis needs to be simple and straightforward, even if some detail
is lacking.
e Reliability data can be obtained at a block level, but data for a more
detailed analysis are either not available or not warranted.
* The reliability requirements are not very stringent.
e There are limited staff and resources.
C. Markov analysis: This method may be best if one or more of these condi-
tions apply:
e Multistates or multiple failure modes of the components will be modeled.
e The system is too complex to be analyzed by simple techniques such
as a reliability block diagram (which may be too difficult to construct
or to solve).
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The system has special characteristics, such as the following:

— A component can’t fail if some other specified component has
already failed.

— You can’t repair a component until a certain time.

— Components don’t undergo routine maintenance if others in the sys-
tem have already failed.

D. FMEA: This may be suitable when one or more of these factors apply:

Ranking the failure modes’ relative importance is required.

All possible failure modes along with their effect on system perfor-
mance must be detailed.

The system components aren’t dependent on each other to any impor-
tant degree.

The prime concern is single component failures.

Considerable staff and resources are available.

E. Parts count: Consider this method if one or more of these conditions apply:

Only a very preliminary or rudimentary conservative analysis will
be performed.

The system design has little or no redundancy.

There are limited staff and resources.

The system being analyzed is in a very early design stage.

Detailed information on components such as part ratings, part stresses,
duty cycles, and operating conditions is not available.

F. Stress analysis: You may prefer stress analysis if one or more of the follow-
ing conditions apply:

711.4

7.11.4.1
This standard helps to effectively manage all types of risks, including injury or dam-
age to health, property, the environment, or something else of value. The standard
describes a process for acquiring, analyzing, evaluating, and communicating infor-

A more accurate analysis than the parts count method is desired.
Considerable staff and resources, including computer facilities, are
available.

The system being analyzed is in an advanced design stage.

Access to detailed information on components such as parts ratings,
part stresses, duty cycles, and operating conditions is available.

CAN/CSA-Q850-97 Risk MANAGEMENT—
GUIDELINES FOR DECISION MAKERS

Scope

mation for decision making.

Note: The Canadian Standards Association has a separate standard to address risk
analysis (CSA Standard CAN/CSA-Q634) and environmental risk assessment (CSA

Standard Z763)
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711.4.2 Application

This standard provides a comprehensive decision process to identify, analyze, evalu-
ate, and control all types of risks, including health and safety. Owing to cost con-
straints, risk management priorities must be set, which this standard encourages.

711.5 AS/NZS 4360-1999 Risk MANAGEMENT

7.11.5.1 Scope

This standard helps to establish and implement risk management, including context,
identification, analysis, evaluation, treatment, communication, and ongoing monitor-
ing of risks.

711.5.2  Application

Risk management is an integral part of good management practice. It is an iterative
process consisting of steps that, in sequence, continually improve decision making.
Risk management is as much about identifying opportunities as avoiding or mitigat-
ing losses.

This standard may be applied at all stages of an activity, function, project, or
asset. Maximum benefits will be gained by starting the process at the beginning. It is
usual to carry out different studies at various stages of the project.

The standard details how to establish and sustain a risk management process that
is simple yet effective. Here is an overview:

e Establish the context: Establish the strategic, organizational, and risk man-
agement context in which the rest of the process will take place. Define
criteria to evaluate risk and the structure of the analysis.

o Identify risks: Identify what, why, and how problems can arise, as the basis
for further analysis.

* Analyze risks: Determine the existing controls and their effect on potential
risks. Consider the range of possible consequences and the probability of
occurrence. By combining consequence and probability, risk can be esti-
mated and measured against preestablished criteria.

e Evaluate risks: Compare estimated risk levels with preestablished criteria.
They can then be ranked to identify management priorities. For low-risk
scenarios, no action may be required.

e Treat risks: Accept and monitor low-priority risks. For higher-priority risks,
develop a specific management plan with sufficient funding to implement
risk reduction measures.

*  Monitor and review: Monitor and review how the risk management system
performs, looking for ways to continuously improve.

e Communicate and consult: Communicate and consult with internal and
external stakeholders about the overall process and at each individual stage.

Figure 7.6 shows the steps in a risk management program.
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FIGURE 7.6 Risk management process overview.

Appendix B of the standard details the steps to develop and implement a risk
management program:

e Step 1: Support of senior management.

e Step 2: Develop the organizational policy.

e Step 3: Communicate the policy.

e Step 4: Manage risks at organizational level.

e Step 5: Manage risks at the program, project, and team levels.
e Step 6: Monitor and review.

CAN/CSA-Q850-97 describes the risk communication process, including stake-
holder analysis, documentation, problem definition, and general communications,
while AS/NZS 4360-1999 has a well-developed and articulated risk management
process model and provides a useful summary for implementing a risk manage-
ment program. If both standards are available, the risk manager can use both to
decide an appropriate process for a particular maintenance environment.

7.11.6 1SO 14000 ENVIRONMENTAL MANAGEMENT SYSTEMS

ISO 14000 is a series of international, voluntary environmental management standards.
Given that environmental damage is one of the key factors to be considered in risk man-
agement, it is included here. Developed under ISO Technical Committee 207, the 14000
series of standards addresses the following aspects of environmental management:
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e Environmental management systems (EMS)

e Environmental auditing and related investigations (EA&RI)
¢ Environmental labels and declarations (EL)

e Environmental performance evaluation (EPE)

» Life-cycle assessment (LCA)

e Terms and definitions (T&D)

The ISO series of standards provide a common framework for organizations
worldwide to manage environmental issues. They broadly and effectively improve
environmental management, which in turn strengthens international trade and over-
all environmental performance.

The key elements of an ISO 14001 EMS are as follows:

e Environmental policy includes the environmental policy and how to pursue
it via objectives, targets, and programs.

e Planning includes analyzing the environmental aspects of the organization
(e.g., processes, products, and services as well as the goods and services
used by the organization).

o Implementation and operation includes implementing and organizing pro-
cesses to control and improve operations that are critical from an environ-
mental perspective (e.g., both products and services).

e Checking and corrective action includes monitoring, measuring, and
recording characteristics and activities that can significantly impact the
environment.

*  Management review includes top management review of the EMS to ensure
it continues to be suitable and effective.

e Continual improvement is a key component of the environmental manage-
ment system. It completes the cycle: plan, implement, check, review, and
improve continually.

ISO 14000 standards and related documents can be obtained from National Standards
Association (ISO Member Body), which is usually a country’s primary ISO sales agent.
In countries where the national standards association is not an ISO member body, ISO
14000 documents can be obtained directly from the ISO Central Secretariat.

711.7 BS 6143-1990 Guipe 1o THE ECONOMICS OF QUALITY

7.11.7.1  Scope
BS 6143 has two parts:

e Part 1—Process cost model: Using this model, process measurement and
ownership are key. Quality costing can be applied to any process or ser-
vice. The quality cost categories simplify classification by making clear the
cost of conformance and nonconformance. The method involved is process
modeling, and there are guidelines for various techniques. In addition, the
process control model is compatible with total quality management.
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e Part 2—Prevention, appraisal, and failure model: This is a revised version
of traditional product quality costing in manufacturing industries. With
recent improvements, this approach has become more effective, though it
may be combined with the process cost model.

Using this standard will help to determine the cost of preventing defects, appraisals,
and internal and external failures as well as quality-related cost systems for effective
business management.

711.7.2  Application

For asset managers unfamiliar with this standard, it deals with a manufacturing cost
structure that can readily be applied to direct maintenance charges. Costs are defined
as follows:

* Prevention cost is the cost of any action to investigate, prevent, or reduce the
risk of nonconformity or defect.

e Appraisal cost is the cost of evaluating quality requirement achievements,
such as verification and control performed at any stage of the quality loop.

* Internal failure cost is the cost of nonconformities or defects at any stage of
the quality loop, including, for example, scrap, rework, retest, reinspection,
and redesign.

o External failure cost is the cost of nonconformities or defects after delivery
to a customer/user. This can include claims against warranty, replacement,
and consequential losses as well as evaluating penalties.

e Identifying cost data means that quality-related costs should be identified
and monitored. It is essential that the way data are classified is relevant and
consistent with other accounting practices within the company. Otherwise,
it will be difficult to compare costing periods or related activities.

e Quality-related costs are a subset of business expenses, and it is useful
to maintain a subsidiary ledger or memorandum account to track them.
By using account codes within cost centers, the quality cost of individual
activities can be better monitored. Allocating costs is important to prevent
failures and should not be done solely by an accountant. The analyst may
need technical advice as well.

e Quality costs alone do not provide managers with enough perspective to
compare them with other operating costs or to identify critical problem
areas. To understand how significant a quality cost actually is, compare it
with other regularly reported organizational costs.

7.11.8 EPA 40 CFR 68 CHemicAL AcCIDENT PREVENTION PROVISIONS

7.11.8.1 Scope

This regulation requires U.S. facilities with more than a threshold quantity of certain
chemicals to develop and publish a risk management plan to mitigate the effects to
the surrounding public of an accidental release, fire, or explosion. Section G of this
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regulation provides the basis for a risk manager to develop a risk management pro-
gram even for those facilities not covered by this regulation.

7.11.8.2  Application

Facilities must analyze risk at least every five years using approved methods of anal-
ysis including the following:

e What-if

e Checklist

e What-if/checklist
¢ HAZOP

¢ FMEA

e Fault tree analysis

The process hazard analysis must address the hazards of the process, past incidents,
controls to prevent failures, consequences and health effects of failure, location of
hazards, and human and safety factors.

A team with expertise in engineering and process operations must perform the
process hazard analysis. The team must include at least one employee who has expe-
rience and knowledge specific to the evaluated process and one member knowledge-
able in the specific process hazard analysis methodology being used.

Most importantly, though, there must be a system to promptly address and resolve
the team’s findings and recommendations. Documentation of action taken is vital for
compliance. This follows the simple rule:

e Say what you will do.
e Do what you say.
e Document that you did it.

For facilities covered by this regulation, review the hazard analysis at least every five
years after the completion of the initial process hazard analysis.

7.11.9 OSHA 29 CFR 1910.119 PROCESS SAFETY
MANAGEMENT OF HiGHLY HAZARDOUS CHEMICALS

711.9.1 Scope

The regulation requires U.S. facilities with more than a threshold quantity of cer-
tain chemicals to develop and publish a process safety management (PSM) plan to
protect the employees of a covered facility from the effects of failures of systems
containing highly hazardous chemicals.

7.11.9.2  Application

The application of PSM is very similar to the U.S. Environmental Protection Agency’s
(EPA’s) 40 CFR 68 risk management plan. There is even a provision in 40 CFR 68
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that allows the Occupational Safety and Health Administration (OSHA) PSM plans
to qualify for inclusion in 40 CFR 68 risk management plans. Both regulations have
similar requirements for the following:

e Qualified personnel are requied to use recognized hazard analysis methods
to develop the PSM plan.

e An action plan is required to act on the findings and recommendations.

¢ Documentation of findings, plans, and actions taken is required.

* Review of plans at least every five years is required.

7.11.10 ANSI/AIAA R-013-1992 SOFTWARE RELIABILITY

7.11.10.1  Scope

Software reliability engineering (SRE) is an emerging discipline that applies statisti-
cal techniques to data collected during system development and operation. The pur-
pose is to specify, predict, estimate, and assess how reliable software-based systems
are. This is a recommended practice for defining software reliability engineering,
which is becoming much more important, even to industrial plants, since more pro-
cess equipment and instrumentation includes software for control and maintenance.

7.11.10.2  Application

The techniques and methods in this standard have been successfully applied to soft-
ware projects by industry practitioners to do the following:

e Determine whether a specific software process is likely to produce code,
which satisfies a given software reliability requirement.

e Determine the need for software maintenance by predicting the failure rate
during operation.

e Provide a metric to evaluate process improvement.

e Assist software safety certification.

e Determine whether to release a software system or to stop testing it.

¢ Estimate when the next software system failure will occur.

e Identify elements in the system that most need redesign to improve reliability.

e Measure how reliably the software system operates to make changes
where necessary.

7.11.10.3 Basic Concepts

There are at least two significant differences between hardware and software reliabil-
ity. First, software does not fatigue, wear out, or burn out. Second, because software
instructions within computer memories are accessible, any line of code can contain
a fault that could produce a failure. The failure rate over time of a software system
is generally decreasing due to fault identification and removal. Software failures are
unlikely to reoccur after they are identified and removed (Figure 7.7).
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Unavailable or Down State

Time

FIGURE 7.7 Software reliability measurement curve.

7.11.10.4 Procedure

Following is an 1l-step generic procedure for estimating software reliability.
Tailor this to the specific project and the current life-cycle phase. Not all steps
will be used in every application, but the structure provides a convenient and
easily remembered standard approach. The following steps are a checklist for reli-
ability programs:

. Identify application.

. Specify the requirement.

. Allocate the requirement.

. Define failure: a project-specific failure definition is usually negotiated by the
testers, developers, and users. It is agreed upon before the test begins. What is
most important is that the definition be consistent over the life of the project.
5. Characterize the operational environment, including three aspects: system

configuration, system evolution, and system operating profile.

6. In modeling software reliability, keep in mind that systems frequently
evolve during testing. New code and components can be added.

7. Select tests: software reliability engineering often involves operations and
collecting failure data. Operations should reflect how the system will actu-
ally be used. The standard includes an appendix of information to help
determine failure rates.

8. Select models: included are various reliability models. We recommend that
you compare several models before making a selection.

9. Collect data: to make an effective reliability program, learn from previous
lessons. This does not mean you need to keep every bit of information about
the program as it evolves. Also, clearly define data collection objectives.
When a lot of data are required, it is going to affect the people involved.
Cost and schedule can suffer, too.

10. Two additional points to keep in mind when collecting data: (1) motivate the

data collectors; and (2) review the collected data promptly. If this advice is

not followed, quality will suffer.

AW N =
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11. Estimate parameters: there are three techniques in the standard to deter-
mine model parameters—method of moments, least squares, and maximum
likelihood.

12. Validate the mode: to properly validate a model, first address the assump-
tions about it. This can be done effectively by choosing appropriate failure
data items and relating specific failures to particular intervals or changes in
the life cycle.

13. Perform analysis: after the data have been collected and the model param-
eters have been estimated, perform the appropriate analysis. The objective
may be to estimate the software’s current reliability, the number of faults
remaining in the code, or when testing will be complete.

Be careful about combining a software reliability value with a system reliability
calculation. The risk analysis may require a system reliability figure, while execution
time is the basis for software reliability. In that case, it must be converted to calendar
time to be combined with hardware reliabilities. After converting to common units,
one will be able to calculate the system reliability value.

712  CONCLUSION

This chapter has shown that managing asset risk is required to remain competitive
in the changing global marketplace. Companies that ignore asset risk management
place themselves in a position where every day becomes a roll of the dice. Will a
major failure occur that can cost millions, lose customers, cause fatalities, or damage
the environment? Management must decide that asset risk management is important.
Maintenance professionals should embrace risk management because risk manage-
ment improves maintenance effectiveness.

After concluding this chapter, the reader should have a better understanding of
both risk and risk management. This includes how to define risk as well as sev-
eral proven methods to manage risk. These include methods such as FMECA and
HAZOPS. There are accepted standards to help the risk manager with the process to
identify and manage risk.

Management needs to accept asset risk management as a vital maintenance pro-
cess in managing a company. Without an adequate risk management process, it is
very possible that the next edition of this book may include another company in the
list of major failures. Do not let it be yours.
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2.1 INTRODUCTION

In most corporate organizations today, tangible assets in real estate, manufacturing,
transportation fleets, physical infrastructures, and information technology dominate
the balance sheet. They are frequently one of the two largest overhead costs (after
personnel and benefits). In fact, according to the ARC Advisory Group:

The monetary investment in capital assets on a global basis is staggering. Manufacturers
in process industries, such as Chemical, Oil & Gas, Metals, and Pulp & Paper have
billions of dollars invested in hundreds of plants worldwide. While the nature of the
assets may differ, discrete manufacturers of items such as automobiles, semiconduc-
tors, aerospace equipment, and electronics can be equally asset-intensive. The cost for
maintenance and replacement of capital assets can represent a major portion of total
operating costs and limit the ability to compete.

1
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Asset Lifecycle
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Plant and
Production

Mobile Assets

Infrastructure

Information
Technology

FIGURE 2.1

As an example, the direct costs of managing physical assets are huge:

Maintaining Plant as a Percentage of Total Operating Costs (Typical)

Steel mill =29% Underground metal mine = 36%
Nuclear utility = 30% Nonferrous smelter = 32%
Bauxite mine = 52% Pulp and paper mill = 26%

Petrochemical refinery = 28%

Hidden Costs
Safety Service interruptions
Environment Shareholders
Legal compliance

One of the first challenges for organizations in determining the impact of assets
to the bottom line is to attempt to identify and categorize what really constitutes an
asset. For the purposes of this book, we describe assets in a physical sense rather
than from a financial portfolio perspective and, as shown in Figure 2.1, classify them
into groupings such as real estate and facilities, plant and production, mobile assets,
infrastructure, and information technology.

There are characteristics of each asset class that are unique to the assets typically
found in that grouping (Figure 2.2). Conversely, some distinct similarities in the
overarching processes must be addressed regardless of asset class. It is this fact that
allows various asset management software providers to develop products that span
all of the asset classes. Several examples include the following:
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What is Unique in Some of the Asset Classes?

B RE and Facilities

- Asset hierarchies, value to stakeholders

- Focus on location, construction, lease management
H Plant and Production

- RCM, TPM, Production ROA focus

- Configuration management
B Infrastructure (Linear) Assets

- Asset hierarchies and data, by location

- Depreciation and maintenance forecasting focus
B Mobile Assets

- Asset configurations, regulatory compliance

- Tracking mobile asset locations, timing of planned maintenance

| B IT Assets

Asset configuration version management change management

FIGURE 2.2 Comparing the asset classes.

* Asset management and configuration:
* Track asset detail.
* Establish asset location and hierarchy.
* Monitor asset conditions.
*  Work management:
e Manage resources, plans, and schedules.
* Materials management:
e Track inventory transactions.
* Integrate work management with materials management.
e Procurement:
* Vendor management, vendor performance analysis, and key perfor-
mance indicators (KPIs).
e Event-driven purchasing.
e Enterprise-wide leverage in spending analysis.
e Contract management:
* Manage vendor contracts.
e Manage alerts and notifications to optimize vendor service-level agree-
ments (SLAS).
e Service management:
e Accept and manage new service requests.
* Manage SLAs.
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Companies increasingly face a competitive environment, requiring the develop-
ment of more efficient and cost-effective operations than ever before. Many asset-
heavy organizations are under intense pressures such as globalization, shifting
markets, outsourcing, and external regulation. All of these factors drive organi-
zations to increase productivity, reduce costs, and improve product quality. A 1%
improvement in performance can be worth millions of dollars annually for a manu-
facturer. In addition, service rates are often regulated, making business survival
dependent on efficient management of capital assets using best practices and stan-
dards. Organizations are now looking for ways to extend the capabilities of their
existing systems. With ARC forecasting near double compound annual growth rate
(CAGR) in certain asset-intensive manufacturing sectors, optimizing the mainte-
nance excellence of all the assets in each asset class will be a continued high pri-
ority for years to come. ARC’s latest reports collect data, compare market share,
and forecast growth using equipment, facilities, fleet, information technology (IT),
software, and other asset types. ARC estimates that the fastest-growing asset-type
sectors are expected to be equipment assets and IT and software assets at 7.8%
CAGR each. Enterprise asset management (EAM) and computerized maintenance
management system (CMMS) software and services revenues for management of
facilities, fleet, and other asset types are expected to grow at 7.4%, 7.0%, and 6.1%
CAGR, respectively.

In the past, asset management was most often described in terms of maintenance
management with an exclusive focus on the programs, procedures, and tasks neces-
sary to optimize uptime of an organization’s equipment. Today, it requires active
life-cycle management of the major assets and components from design and incep-
tion to disposal to achieve an edge against competition. A more strategic view of
asset management first requires new consideration of which assets are to be man-
aged. In a traditional view, assets may include only items from a few categories,
such as machines, factories, vehicles, or specific infrastructure. Alternatively, the
responsibility for these items may have been lumped by their job function, financing
scheme, or procurement categories. This old approach has a few weaknesses. By
ignoring important categories, the company leaves its management to either chance
or unstructured processes. By not taking a whole view of the portfolio, the company
may have difficulty prioritizing investment or cost-savings decisions. In a traditional
model, where different categories are managed separately, it can be near impossible
to weigh decisions against one another. For example, a cost-reduction effort may be
horrifically executed if the decision maker cannot balance equipment cost and equip-
ment repair in the same analysis. It is easy to imagine internal turf wars and politics
of asset category managers overriding decisions that should be based on business
strategy. Imagine a forestry company mandated to cut costs. It decides to improve
margins by purchasing less expensive (and less reliable) equipment but doesn’t make
adjustments to its equipment repair capabilities. At the same time, the logistics group
under the same cost-reduction mandate reduces the number of vehicles available. In
the short term, these decisions return the mandated cost reduction; however, soon
an increased amount of equipment breakdowns results in logging stoppages, and the
lack of trucking capacity handicaps the company’s ability to bring in back-up equip-
ment. The company then has to front money to rent emergency replacement assets, to

© 2011 by Taylor and Francis Group, LLC


lorisuckling
T&F2011


Downloaded by [Visvesvaraya Technological University (VTU Consortium)] at 21:26 25 February 2016

Asset Classes and the World of Life-Cycle Asset Management 15

pay repair teams huge premiums to work overtime, and to perform “damage control”
for angry customers who are missing shipments. Production stalls frequently, and
the company misses revenue opportunities while its field labor sits idle. All in all, the
inability to analyze different asset attributes cripples the company’s ability to drive
cost reductions when they are needed the most.

With an expanded view of asset classes, the asset manager can have a wider and
more complete influence over how the business spends and controls its key proper-
ties. This approach leaves fewer assets to be managed informally or by inconsistent
procedures. By bringing more asset classes together (i.e., under a common purview
and portfolio) the asset manager can make better decisions in support of the busi-
ness, including investment decisions, performance decisions, or compromises across
the entire portfolio.

2.2 TOTAL LIFE-CYCLE ASSET MANAGEMENT

An expanded view of classes brings new benefits to the completeness and rigor of
asset management. Similarly, an expanded view of the asset life cycle provides a new
level of rigor and understanding. The practice of total life-cycle asset management
(TLAM) takes an expanded view of how assets are planned for, used, maintained,
and ultimately disposed of. A traditional view often separates or ignores key phases
within the asset life cycle. For example, in a conventional company a procurement
officer may be in charge of buying new mobile assets, such as planes, trains, buses,
or ships. He or she is motivated (and probably measured) on specific criteria for
success, most likely negotiating cheap prices and meeting the needed number of
vehicles. The maintenance of these vehicles is managed by someone else whose job
is to keep repair costs down. The financing may be handled by another manager
and the disposition and liquidation by yet another. While these job roles will always
be needed, the company may have hurt itself by not taking a complete view of the
entire cycle. When these roles are managed separately, we are inclined to ask the
following: Were repair costs factored in at the time of purchase? Does the company
know the total cost of ownership? Could smarter costing be possible if finance and
procurement worked with the entire portfolio? Whether the company in our example
suffered from a lack of knowledge is unclear, but the fact that it may not be able to
find the answers at all demonstrates a primary shortcoming.

Figure 2.3 shows the TLAM framework that IBM has formulated. It breaks down
the life cycle of assets into discrete phases of activity. In practice, companies should
analyze their portfolio of assets (including the expanded view of asset classes) across
the entire life cycle to make decisions and define asset strategy. The framework con-
sists of eight life-cycle phases of use and planning, each of which has supporting
financial management and technology attributes to consider.

2.2.1  ASSET STRATEGY

Set an asset strategy that makes sense for the asset class and your company’s business
requirements. Activities may include assessing asset management practices, devel-
oping a comprehensive asset management strategy, and developing a measurement
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FIGURE 2.3 Total life-cycle asset management.

program with key performance indicators (KPIs). Managers need to determine
whether they own their primary assets or choose access them “on demand” or take
a hybrid approach. For example, a chemical company might have a strategy where it
owns and maintains all equipment that relates to core manufacturing but decides that
all customized product development be manufactured with leased infrastructure.

2.2.2 PLAN

Clearly define asset targets, standards, policies, and procedures focusing on delivery
of the asset management strategy. Companies may wish to develop policies and stan-
dards and conduct portfolio asset management planning. This enables them to plan
across the entire portfolio of assets. For example, a petroleum company able to plan
land acquisition and equipment construction and repair simultaneously may be more
nimble in negotiations when purchasing equipment, better able to conduct discovery
activities quickly, and better able to deal with emergencies.

2.2.3 EvALUATE AND DESIGN

Evaluate the assets if being purchased, or design the assets that need to be created.
Activities in this phase include developing a capital program assessment model, which
informs buying decisions. Computer-aided facilities planning can be used to reduce
the complexity of managing buildings, storage, and plants. For example, consider
a pharmaceutical company ramping up to manufacture a new drug and needing to
build out completely new manufacturing facilities and processes around the product
life cycle. The new product will require, for example, bioprocessing infrastructure
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(e.g., vats, bioreactors), manufacturing space, cold storage and shipping, new safety
equipment, and process monitoring technology. By integrating the asset design plans
with the product life cycle, a company will be able to better understand its infrastruc-
ture in regard to the overall product profitability as well as to ensure that the asset
management activities support the time frames of the product launch.

2.2.4 CREATE AND PROCURE

This phase involves the act of creating, building, or procuring the planned assets.
This phase may have one of the most visible impacts, since it is where the first signif-
icant money is spent in asset management. New practices in this area include capital
project management, automated and computerized materials resource optimization
(e-MRO), and new procurement and project delivery strategies. Imagine an asset
procurement manager who is able to make purchasing decisions across all aspects
of his or her production facilities globally with an integrated view. The manager is
able to make purchases with few redundancies and fewer shortages. He or she would
be able to negotiate with suppliers better and to manage installation, delivery, and
deployment of assets in an integrated, coordinated fashion.

2.2.5 OPERATE

Operate the assets per the strategy, using the standards, policies, and procedures
with feedback into the TLAM. The operation of assets is where performance is most
affected (e.g., what value the assets deliver to the company). New practices in this
area include formal IT asset management (ITAM), asset performance management
strategies, and total asset visibility solutions. A mining company, for example, could
track ore production to actual equipment ratios to understand which types of deploy-
ments are higher producing. This operational data could then be used when planning
new asset acquisitions and deployments.

2.2.6 MAINTAIN

Maintain the assets in support of the strategy and targets using the standards, poli-
cies, and procedures in place with feedback into the TLAM. Maintenance costs and
resources can wildly alter the total cost of ownership, from repair costs to down-
time. New practices in this area include conducting process improvement workshops
with multidisciplinary staff (e.g., users, technicians) and deploying EAM software
systems. Predictive maintenance becomes a mainstay, based on understanding the
past through failure databases and other tracking tools, which ultimately lower reac-
tive maintenance allocations. EAM systems enable asset managers to track and
manage assets across the enterprise, complete with centralized monitoring (even by
mobile device). Radio-frequency identifications (RFIDs) and other “smart” technol-
ogies can be integrated into assets themselves. Imagine factory robots or pipelines
that report their problems and remind owners of their maintenance schedules. Total
productive maintenance (TPM) is a methodology deployed to manage maintenance
and improve uptime and reliability of critical assets.
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2.2.7 MobIrY

Modify assets when required. Ensure modifications are reflected in, for example,
strategy, policies, and procedures. Some of the toughest modification decisions may
come in IT-related assets, where changing requirements and options evolve rapidly.
Many firms are deploying strategies that facilitate constant modification of systems,
such as service-oriented architectures (SOA). Other practices include total life-cycle
costing and performance improvement analysis. Modification can also be critical
to the life extension of assets, as machines are retooled, facilities repurposed, and
technology adapted to facilitate newer processes.

2.2.8 Dispose

This phase involves disposal, retirement, or liquidation of assets in accordance with
the strategy, policies, and procedures. Disposal can have significant financial impli-
cations beyond replacement. For example, real estate calculations are in constant flux
because of market variations. Some assets have environmental or regulatory costs to
consider. Other disposal strategies are finding new pockets of income from online
gray markets. Other programs, such as IBM’s Global Asset Recovery Solutions
(GARS) initiative, focus on refurbishing usable parts of disposed equipment to mini-
mize the costs of their disposal. An emerging trend making headlines and driven by
new regulation is the increased focus on “green” practices and operations. Practices
such as sustainable facilities management, appropriate asset disposal, reduction of
carbon footprint at manufacturing plants, and reduced carbon emissions for fleet are
quickly becoming requirements the asset manager must consider. How assets are
disposed of will be only the beginning of this trend, since green practices will need
to move into every stage of the total life cycle for assets.

2.2.9 FINANCIAL MANAGEMENT

Each phase has financial management implications and planning requirements. These
are often most pronounced during the create-and-procure and disposal phases, but
of great importance are also the operate and maintain phases, where financial per-
formance is also affected. Maintenance, for example, can be a massive contributor
to total cost of ownership (TCO), and the performance of the operate phase can be a
huge contributor to financial performance.

2.2.10 TecHNoOLOGY

In this instance, we refer to technology as an asset management tool, not as the asset
itself (although the asset management system is indeed an asset). Technology can
transform how each of these phases is planned for and executed. In an EAM system,
models for planning and management are resident within a common, centralized sys-
tem. Active cataloging, monitoring, and measurement of assets is also tracked, often
in real time, to aid repair actions, to enable quick procurement and replacement deci-
sions, and to monitor performance. Technology is also used to integrate the EAM
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with other key systems, such as accounting, procurement, and business performance
management (BPM) dashboards.

Operationally, this framework should be formalized and programmatic within the
organization. This means applying a TLAM approach to asset management systems,
integrating the approach into planning and strategy efforts, and using the framework
to establish monitoring and metrics to gauge success and performance.

The TLAM approach is consistent with the elements of an asset-centric supply
chain, in that decisions associated with strategic capital management (SCM) strat-
egy, planning, product life-cycle management, logistics, procurement, and opera-
tions of an organization are impacted significantly by how that organization’s assets
are managed (Figure 2.4).

Pictured another way, the systems view of a basic asset life cycle and the com-
ponents of the supporting infrastructure incorporate many stakeholders within the
supply chain community. All of these elements contribute to and have a vested inter-
est in an effective TLAM perspective (Figure 2.5).

© 2011 by Taylor and Francis Group, LLC


lorisuckling
T&F2011


Downloaded by [Visvesvaraya Technological University (VTU Consortium)] at 21:26 25 February 2016

D711 ‘dnoin swuer pue Jo[Ae], £q 107 ©

A TLAM Approach Complements an Asset-Centric Supply Chain

Asset ' Plan Evalua.te Create/ ' Operate ’ Maintain ’ Modify
and design procure

strategy

SCM Strategy

Sense and
respond

SCM Planning

Logistics and
operations

X
S e
Mancia] manage™

Procurement

Technolo%Y

FIGURE 2.4 A TLAM approach complements an asset-centric supply chain.
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1.1  INTRODUCTION

Asset management excellence is many things, done well. It’s when a plant performs
up to its design standards and equipment operates smoothly when needed. It’s main-
tenance costs tracking on budget, with reasonable capital investment. It’s high ser-
vice levels and fast inventory turnover. It’s motivated, competent trades.

Most of all, asset management excellence is the balance of performance, risk, and
cost to achieve an optimal solution. This is complicated because much of what hap-
pens in an industrial environment is by chance. Our goal is exceptional performance.
That isn’t made any easier by the random nature of what we’re often dealing with.

Maintenance management, though, has evolved tremendously during the past
century. As Coetzee' said, it wasn’t even contemplated by early equipment designers.
Since then, Parks? has described how maintenance evolved initially from uncompli-
cated and robust equipment to planned obsolescence. From Kelly® we learned the
progression from preventive and planned maintenance after World War II to indus-
trial engineering, industrial psychology, reliability, and operations research in the
1960s and 1970s to condition monitoring, computerization, and life-cycle manage-
ment in the 1980s. Moubray* described how our expectations have changed with
the generations and how safety, environmental, and product quality issues now are
as important as reliability. Campbell® showed us the way equipment changes have
advanced maintenance practices, with predominant tactics changing from run to
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failure to prevention and then to prediction and eventually reliance. It’s the reliance
tactic that is the focus of this book.

Many organizations had developed a systematic approach to maintenance plan-
ning and control in the late 1970s and early 1980s, only to abandon it as we shifted
to a global marketplace and major economic harmonization. Today, we must start
over. We must first rebuild basic capabilities in maintenance management before we
can prove the value of reliability management and maintenance optimization. We
also must prepare for the technological advances that are rapidly coming available in
concert with our maintenance strategy maturity.

This second edition introduces or reaffirms some key concepts we believe to be
fundamental in how a leading organization should look at asset management:

¢ Five distinct yet congruous asset classes are developing (Figure 1.1):

* Real estate and facilities

e Plant and production

* Mobile assets

* Infrastructure

e Information technology
More and more assets are being developed with electronic intelligence and
Internet protocol (IP) addresses that can allow them to communicate via
the Internet. To acknowledge this fact, some solutions have evolved to rec-
ognize that the maintenance of one asset class is perhaps 80% the same
process as another.

¢ The maintenance excellence asset management pyramid, introduced by
John D. Campbell in Uptime, provides a fundamental yet holistic approach
to understanding where an organization is in its maintenance maturity and
can act as the baseline for where it wants to be (Figure 1.2).

e The asset management life-cycle model, also introduced by Campbell,
should be considered to ensure that each organization understands the full
impact of an asset purchase or disposition and the role maintenance can
play to promote the length and quality of the asset’s life (Figure 1.3).

The challenge of maintenance excellence, and the goal of this book, is to pro-
voke thought on strategic issues around maintenance and to develop tactics that will
minimize breakdowns and will maximize the rewards of planned, preventive, and
predictive work.

Y

Real Estate and Plant and Mobile Assets Infrastructure Information
Facilities Production Technology

FIGURE 1.1 Five distinct asset classes have developed. Courtesy of IBM Global Business
Consulting.
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FIGURE 1.2 Maintenance Excellence Pyramid. Adapted from J. D. Campbell, Coopers &
Lybrand Library, 1994.7

FIGURE 1.3 Total Lifecycle Asset Management, “Strategy through to disposition.”
Courtesy of J. D. Campbell, Coopers & Lybrand Library, 1994.8
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There are three goals on the route to maintenance excellence:

e Strategic: First, you must draw a map and set a course for your destination.
You need a vision of what maintenance management will be like in, say,
three years. What is the plant condition, the availability, the maintenance
cost structure, the amount of planned work compared with unplanned reac-
tive work, the work environment? You must assess where you are today
to get where you are going. This way, you will know the size of the gap to
be closed. Finally, you must determine the human, financial, and physical
resource requirements as well as a time frame to make your vision real.

e Tactical: Now, you need a work management and materials management
system to control the maintenance process. Ideally, this is a computerized
maintenance management system, an enterprise asset management sys-
tem, or a maintenance module in an enterprise resource planning system.
Maintenance planning and scheduling—for job work orders, plant and
equipment shutdowns, annual budgeting exercises, and creation of a pre-
ventive and predictive program—are most important. Also, performance
should be measured at all levels to effectively change people’s behavior
and to implement lubrication, inspection, condition monitoring, and failure
prevention activities.

¢ Continuous improvement: Finally, if you engage the collective wisdom
and experience of your entire workforce and adopt “best practices” from
within and outside your organization, you will complete the journey to sys-
tematic maintenance management. But continuous improvement requires
diligence and consistency. To make it work, you need a method, a cham-
pion, strong management, and hard work.

1.2 MAINTENANCE EXCELLENCE FRAMEWORK

As you read on, you will learn how to manage your equipment reliability and to
optimize maintenance—the life cycle of your plant, fleet, facility, and equipment.
The purpose of this book is to provide a framework. It is divided into four sec-
tions: (1) maintenance management fundamentals; (2) managing equipment reliabil-
ity; (3) optimizing maintenance decisions; and (4) achieving maintenance excellence
(Figure 1.4).

1.2.1  SectioN I: MAINTENANCE MANAGEMENT FUNDAMENTALS

Chapter 2 introduces an overview of the new basic understanding of how the asset
classes have converged and how asset life-cycle dynamics have evolved. An over-
view of the basic strategies, processes, and approaches for managing equipment reli-
ability through work management and leading maintenance management methods
and tools is provided in Chapter 3.

Chapter 4 explores the following concept: if you can’t measure it, you can’t
manage it. You’ll learn how to monitor and control the maintenance process. We
discuss the top-down approach, from setting strategic business plans to ensuring
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FIGURE 1.4 Components of maintenance excellence.

that maintenance fully supports them. We also look at the measures needed on
the shop floor to manage productivity, equipment performance, cost management,
and stores materials management. When you pull it all together, it becomes a bal-
anced scorecard.

Chapter 5 discusses the latest computerized maintenance management and enter-
prise asset management systems. We describe the basics of determining require-
ments and then of justifying, selecting, and implementing solutions that realize the
benefits. Materials are the single biggest expense for most maintenance operations,
so it’s no wonder that poor maintainability is usually blamed on a shortcoming in
parts, components, or supply.

Next, Chapter 6 describes how you can manage maintenance procurement and
stores inventory to support effective and efficient work management and equipment
reliability. We show you how to invest the limited parts inventory budget wisely to
yield both top service levels and high turnover.

1.2.2  SectioN 1l: MANAGING EQUIPMENT RELIABILITY

The first chapter in this section (Chapter 7) addresses assessing risks and managing
to international standards. We begin by looking at what equipment is critical based
on several criteria and then by outlining methods for managing risk. To help you
develop guidelines and easily assess the state of risk in an enterprise, we describe
relevant international standards for managing risk.

A summary of the reliability centered maintenance methodology as the most
powerful tool to manage equipment reliability is provided in Chapter 8. This often
misunderstood yet incredibly powerful approach improves reliability while helping
to control maintenance costs in a sustainable way.

Then, Chapter 9 examines reliability by the operator—what many leading compa-
nies are naming their total productive maintenance programs. We describe how equip-
ment management and performance is everyone’s job, especially the operator’s.

1.2.3  SectioN IlI: OpTIMIZING MAINTENANCE DECISIONS
Chapter 10 provides the basics for using statistics and asset life cost in mainte-

nance decision making. We hear about a company’s Six Sigma quality management

© 2011 by Taylor and Francis Group, LLC


lorisuckling
T&F2011


Downloaded by [Visvesvaraya Technological University (VTU Consortium)] at 21:22 25 February 2016

6 Asset Management Excellence: Optimizing Equipment Life-Cycle Decisions

program, but the link between ‘“sigma,” or standard deviation, and maintenance
management is often seen as subtle at best. In this chapter, we show you that collect-
ing simple failure frequency can reveal the likelihood of when the next failure will
happen. While exploring failure probabilities, we guide you through the concept of
life-cycle costs and discounting for replacement equipment investments.

With the fundamentals in place and ongoing effective reliability management,
Chapter 10 begins the journey to optimization. Here, we explore the use of mathemati-
cal models and simulation to maximize performance and minimize costs over equip-
ment life. You’ll find an overview of the theory behind component replacement, capital
equipment replacement, inspection procedures, and resource requirements. Various
algorithmic and expert system tools are reviewed along with their data requirements.

Chapter 11 focuses further on critical component and capital replacements. We
include engineering and economic information in our discussion about preventive age-
based and condition-based replacements. Then, Chapter 12 takes an in-depth look at
how condition-based monitoring can be cost-effectively optimized. One of the biggest
challenges facing the maintenance manager is figuring out what machine condition
data to collect and how to use it. We describe a statistical technique to help make practi-
cal decisions for run to failure, repair, or replacement, including cost considerations.

Chapter 13 takes a look at a hybrid case study and how much of what is talked
about in the preceding chapters can be analyzed and developed into a short- and
long-term business transformation road map.

1.2.4 SectioN IV: ACHIEVING MAINTENANCE EXCELLENCE

This section introduces some of the challenges of real estate and information tech-
nology (IT) assets, summarizes concepts from this book, and prepares you for some
of the evolving trends in the future of maintenance excellence.

Chapter 14 sets forth the challenges specific to driving to asset management and
maintenance excellence in facilities and real estate assets. Chapter 15 introduces
IT asset management (ITAM) and the IT information library (ITIL), after which
Chapter 16 introduces I'TSM and service delivery management concepts.

In Chapter 17, we show you how to apply the concepts and methods in this book to
the shop floor. This involves a three-step process. The first is to determine your cur-
rent state of affairs, the best practices available, and your vision. You need to know
the size of the gap between where you are and where you want to be. The second
step involves building a conceptual framework and planning the concepts and tools
to execute it. Finally, we look at the implementation process itself and all that goes
into managing change.

In the final chapter (18), we look at what we can expect to be many of the influ-
ences for asset management going forward. This is relevant for any organization
striving for maintenance excellence.

1.3 THE SIZE OF THE PRIZE

We could debate at length about the social and business mandate of an organization with
a large investment in physical assets. But this is certain: if these assets are unproductive,
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debating social or business mandates becomes irrelevant. Productivity is what you get
out for what you put in. Maintenance excellence is about getting exemplary perfor-
mance at a reasonable cost. What should we expect for investing in maintenance excel-
lence? What is the size of the prize?

Let’s look at capacity. One way to measure it is as follows:

Capacity = Availability x Use x Process Rate x Quality Rate

If the equipment is available, being used, runs at the desired speed, and is precise enough
to produce the desired quality and yield; we have the required maintenance output.

Now, look at cost. This is a bit more difficult, because cost can vary depending on
many things, including the working environment, the resources and energy required
to accomplish capacity, equipment age and use, operating and maintenance stan-
dards, and technology. One thing we know: a breakdown maintenance strategy is
more costly than linking maintenance actions to the likely failure causes.

But by how much? Here’s a helpful rule of thumb to roughly estimate cost-saving
potential in an industrial environment:

$1 Predictive, Preventive, Planned = $1.5 Unplanned, Unscheduled = $3 Breakdown

Accomplishing “one unit” of maintenance effectiveness will cost $1 in a planned
fashion, $1.50 in an unplanned way, and $3 if reacting to a breakdown.

In other words, you can pay now, or you can pay more later. Emergency and
breakdown maintenance is more costly for a number of reasons:

* You must interrupt production or service.

e The site isn’t prepared.

* Whoever is available with adequate skills is pulled from his or her cur-
rent work.

* You must obtain contractors, equipment rental, and special tools quickly.

* You have to hunt down or air-freight in materials.

e The job is worked on until completed, often with overtime.

e There usually isn’t a clear plan or drawings.

For example, if the total annual maintenance budget is $100 million and the work
distribution is 50% planned, 30% unplanned and unscheduled, and 20% breakdown:

(50% x 1) + (30% % 1.5) + (20% % 3) = 50 + 45 + 60 = 155 “Equivalent Planned Units”
Planned Work Costs 50/155 x $100 million = $32 million, or $0.645 million
per unit
Unplanned Work Costs 45/155 x $100 million = $29 million
Emergency Work Costs 60/155 x $100 million = $39 million

To compare the difference, imagine maintenance improvement yielding 60%
planned, 25% unplanned, and 15% breakdown:
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Planned Work Costs $0.645 x 1 x 60% = $39 million
Unplanned Work Costs $0.645 x 1.5 x 25% = $24 million
Emergency Work Costs $0.645 x 3.0 x 15% = $29 million
Total = $92 million

Savings Potential = $100 million — $92 million = $8 million

As you read through this edition, we hope that you will continue to let it stimulate
thought on strategic issues around maintenance and help you to develop tactics that
will minimize breakdowns and maximize the rewards of planned, preventive, and
predictive work. As well, we hope that you will consider how the asset classes con-
tinue to evolve and how all of this now needs an element of “green” thinking across
an assets life cycle. In other words, it is not enough that we are effective in achieving
asset capacity; we also need to consider the resource and energy impacts the asset
requires to reach capacity.
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The goals in maintenance often focus on four keys business outcomes:

¢ To improve the quality output of an asset

* To ensure maximum equipment availability or uptime, or, conversely, mini-
mal downtime

e To improve the optimal life of the asset

* To ensure a safe operating environment for both the operator/maintenance
worker and the environment

Many tools have been developed to assist in or accelerate the attainment of these goals
within the maintenance process. Fortunately, we live in an information age, and today,
more than ever, decisions are driven by hard information, derived from data. In asset
management, particularly maintenance, you need readily available data for the kind of
thorough analysis that produces optimal solutions. The world is growing increasingly
intolerant of asset failure, particularly where environment and safety is concerned, so
the importance of having good maintenance processes and effectively selecting, plan-
ning, executing, and recording maintenance activity is also growing. In this chapter, we
discuss the key aspects of modern computer-based maintenance management systems:

* Maintenance management systems: computerized maintenance manage-
ment system (CMMS) and enterprise asset management (EAM)

¢ Evolution and direction of maintenance management systems

e Technology’s impact on maintenance systems

* Emerging technical enhancements to maintenance management processes

First, we explore CMMS and EAM—how they work and how they can help you
attain maximum results. Often, the terms CMMS and EAM are used interchangeably.
But you will see that CMMS, the packaged software application, is really the enabler
for EAM, just as a word processor enables you to manage text on a computer.

Next, we examine how maintenance management systems have evolved to their
current state, both functionally and technically. As these systems continue to evolve,
80, too, do their potential benefits to you increase.

Once you decide to acquire a maintenance management system, you will want
to ensure it will produce tangible business improvements. For this we look at the two
crucial areas that you must get right: selecting and then implementing the system
to achieve the results you need.

Finally, since many current and evolving CMMS and EAM solutions are still
somewhat limited in what is included in their packaged solution, we will explore
some of the many technical enhancements that can be applied to a maintenance
management system or process.

5.1 INTRODUCTION: DEFINING MAINTENANCE
MANAGEMENT SYSTEMS

First of all, what is a maintenance management system? Nearly everybody is famil-
iar with an accounting system, and there is not a chief financial officer (CFO) or
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controller who does not use accounting data daily. Investment decisions are made
with a keen eye on the balance sheet, income statement, and, of course, sharcholder
perception. The accounting system, in effect, monitors the health of the business,
and there are dozens of standard measures to work with.

Likewise, at an individual level, banks have moved toward “personal” finan-
cial systems that ideally record and categorize every expenditure, investment, and
income stream. They provide software and Internet transactions so that you can
now better plan expenditures, budget for vacations, and track savings. The growth
of computer-based personal financial systems has resulted in, and encouraged,
greater numeracy.

Similarly, a maintenance management system enables you to monitor the asset
base and the activity planned and performed on the asset base, the value of which,
especially for resource development and manufacturing enterprises, can add up to
billions of dollars. The maintenance management system allows for the monitoring
of the health of the assets and provides the standard measures to work with to opti-
mize the life of these assets.

Maintenance management systems are often referred to as computerized main-
tenance management systems and enterprise asset management systems. The dif-
ference is essentially one of scale, and there is no clear dividing line. The choice
usually comes down to an organization’s asset management philosophy and strate-
gies. To help you decide, look at maintenance management systems as an enabler for
total enterprise asset management. If your enterprise spans many plants and several
jurisdictions and nationalities, you need sophisticated, high-end CMMS applica-
tions. At this level, CMMS can seamlessly integrate with other business applications
(e.g., financial, human resources, procurement, security, material planning, capital
project management) to produce a total business information solution.

Figure 5.1 clarifies the similarities and differences between CMMS and EAM.
When it comes to maintenance management, some systems, though properly called
enterprise resource planning (ERP), do not include this function, so the component
is shown partially enclosed.

5.2 EVOLUTION OF MAINTENANCE MANAGEMENT SYSTEMS

Maintenance management systems have developed, over a long time, out of focused
business needs. Table 5.1 shows how key functions have evolved. The earliest mainte-
nance management applications were custom-built to unique business specifications.
From these pioneer systems, often well built but costly, most current packaged appli-
cations descend. There was a huge difference between these initial systems in their
functions and implementation, just like the first personal computer (PC) applica-
tions. At first, there were clear leaders, but, over time, the best features of each prod-
uct became standard. Vendors consolidated and the selection process became more
complex. Today, you need to do a detailed comparison to detect the differences.
The earlier systems were built to suit each customer’s specific functional and tech-
nical needs. As a result, they could not easily be deployed elsewhere. This changed
with the advent of the many de facto standards (e.g., MS DOS, Windows, relational
databases, Structured Query Language [SQL]). Today, it is mandatory for all CMMS
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FIGURE 5.1 Comparisons among CMMS, EAM, and ERP.
TABLE 5.1
Functional Developments and Trends in CMMS
From To
Custom built Package solution
Clear leaders Many common features
Difficult to interface with other Integration with ERP systems
business applications
Single “site” Enterprisewide
Narrow focus (work management)  Total asset management functionality
Difficult to modity Easily customized and configured
Added functionality Deployed with embedded/integrated predictive maintenance

(PM), condition-based monitoring (CBM), and reliability-
centered maintenance (RCM) functions; mobile workforce;
planning solutions; document management solutions

applications to share their data with other business applications, except in the small-
est of CMMS implementations.

As organizations grow and evolve over time, so should their core business sys-
tems. Consolidation, particularly, has driven the need for business systems to be
true enterprise applications, dealing with multiple physical plants, sites, currencies,
time zones, and even languages. World-class ERP systems offer this kind of loca-
tion transparency, and the leading maintenance management applications are now
comparably complex.
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The scope of leading maintenance management applications is very wide, incor-
porating modules for the following:

e Maintenance (work order management, scheduling, estimating, workflow,
preventive maintenance, equipment hierarchies, equipment tracking, capi-
tal project management)

* Inventory management (parts lists, repairable items management, catalogs,
warehouse management, inventory replenishment algorithms, parts kitting,
parts reservations)

* Procurement (purchase order processes, vendor agreements, contractor
management, and administration)

¢ Human resources (health and safety, time control, skills management, pay-
roll, benefits, recruitment, training)

¢ Financials (general ledger accounts, payable accounts, receivable, fixed
assets, activity-based costing, budgeting)

Also, the leading maintenance management vendors offer sophisticated performance
measurement and reporting capabilities. This wide range contrasts with earlier
maintenance management applications, which focused solely on tactical work man-
agement, usually consisting of work order initiation, resources required, processing,
and closing.

Finally, modern asset management is turning to optimization methods to
improve maintenance effectiveness. Techniques such as condition-based monitoring
(where maintenance is condition driven rather than time interval driven), reliability-
centered maintenance (described in Chapter 8), and optimal repair and replace deci-
sions draw on rich stores of historical information in the maintenance management
system database. Using these techniques requires additional software modules, now
being embedded in the leading maintenance management products.

Technically, there have been several significant transitions, as shown in Table 5.2.
From the previous list, you can see a gradual standardization process developing.
Certainly, adopting the relational database “standard” has made intersystem com-
munication much easier. As well as a new architecture for distributed systems, the
Internet provided Transmission Connection Protocol/Internet Protocol (TCP/IP), the

TABLE 5.2

Technical Developments in CMMS Applications
From To

Mainframe Micro/mini

Data files Relational database
Terminal/file server Client/server

Proprietary Open standards

Dedicated infrastructure TCP/IP/Internet enabled
Paper help Context sensitive/online help
Classroom training Computer-based training
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current communication standard for networks. This, in turn, has allowed systems to
interconnect as never before. It used to be that racks of paper information for large
business systems would sit in the system administrator’s office, virtually inaccessible
to users. This has entirely disappeared, and current applications now have extensive
online help systems. Nevertheless, as application complexity increases, training con-
tinues to be a problem.

You cannot consider current business systems without including the Internet and
electronic (e)-enabled initiatives (in this chapter, the word Internet is used for all
related network terms such as intranet and extranet). Today, it would be difficult
to find a maintenance management system request for proposal (RFP) that did not
specify the need for Web-enabled functionality. But one of the greatest difficulties
facing maintenance management system specifiers is to understand what that really
means and the associated tradeoffs. There are many opportunities for Web enabling
a maintenance management system, notably the following:

e Complete application delivery, including application leasing
¢ Internet-enabled workflow (e-mail driven)

* Management reporting

* Supplier management and procurement

e Standardized human-to-computer interaction

e Facilities management

The following sections give a brief description of each initiative.

5.2.1 AppLICATION DELIVERY

As long as your hardware infrastructure is sufficiently robust (e.g., bandwidth, reli-
ability, performance), you can deploy some CMMS products completely through a
standard Web browser. The advantages of this include version control, potentially
smaller (less powerful and therefore cheaper) desktop machines, and ease of expan-
sion. A recent twist on this is to lease, not buy, the CMMS application. This is akin to
mainframe “time-sharing,” which is still used for functions like payroll processing.

5.2.2 INTERNET-ENABLED WORKFLOW

One of the most popular maintenance management system features is comprehensive
workflow support so that business rules can be written into the system and changed
at will. By including Internet technology, you can expand the scope of your business
rules to cover the globe and, if you can imagine, perhaps even further. There is ongoing
research into expanding the Internet to include spacecraft and extraterrestrial sites!

5.2.3 MANAGEMENT REPORTING

Closer to home, the Internet is ideal for disseminating management reports, and, in
fact, it is a growing part of true enterprise asset management. You need current data
to make better business decisions. In some cases, data even a week old are out of

© 2011 by Taylor and Francis Group, LLC


lorisuckling
T&F2011


Downloaded by [Visvesvaraya Technological University (VTU Consortium)] at 21:37 25 February 2016

Information Management and Related Technology 95

date. Being able to access an up-to-the-minute corporate database, from any Internet
connection, is becoming a competitive necessity.

5.2.4 SupPPLIER MANAGEMENT AND E-PROCUREMENT

This has received a lot of attention, primarily because it is so Internet driven.
Whether you’re buying capital items or office supplies, the basic procurement
cycle is essentially the same: e-procurement automates time- and labor-intensive
processes as well as enforces a single enterprisewide policy through a single buy-
ing interface.

The process of e-procurement includes online supplier catalogs ( several new com-
panies have sprung up to provide them), requisitions sent over the Internet, purchase
orders, receipt and billing confirmation (essentially electronic data interchange, or
EDI, with a new twist), and guaranteed security for financial transactions. We are
only skimming the surface here; entire books have been written on these topics.

5.2.5 StANDARDIZED HUMAN-TO-COMPUTER INTERACTIONS

This has always been a fundamental issue, since the people who manage the system
and its data need to interact with some desktop or workstation to gather the informa-
tion. Browser-based interaction is somewhat intuitive in its application and supports
ubiquitous ease of use and implementation. The features of all and any application
can be managed easily through this comfortable interaction, with which the vast
majority of individuals are familiar. This reduces the training time of users and
implementation strategies for technology changes. Further, with the advent of newer
handheld devices, this browser-style interaction has become a necessity to support
these smaller ubiquitous devices.

5.2.6 FACILITIES MANAGEMENT

This has been around for some time and was always considered in a different arena;
however, as we are now seeing, facility management is not that much different from
managing other assets. Within facilities, inventory and equipment require work man-
agement to maintain them. Now it is recognized that this is not any different from
what is managed within CMMS systems. Locations are the key aspect of CMMS
systems, but within facilities these become fundamental items for proper manage-
ment. As such, the consolidation of facilities management software products are now
aligning with the CMMS solutions to offer a complete integrated solution to facilities
and maintenance of the facilities, the associated equipment, and inventory.

5.3 TECHNOLOGY-ASSISTED MAINTENANCE

Using technology in the 21st century to assist with maintenance is not new; however,
it definitely is in its infancy when you consider what can be applied and how few
organizations have actually applied it. Most organizations that manage assets do
have an implemented CMMS solution in place. Most do not fully use the software
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solution they have implemented, and most also are working with dated or old ver-
sions of the processes and applications.

One industry that has demonstrated it is ahead of the maturity curve when it comes
to applying technology to asset and maintenance management is, not surprisingly,
the computer industry. The concept of collecting data to help the asset manager/
maintainer understand mean time to resolution (MTTR) and mean time between
failures (MTBF) data has been around since the latter half of the 20th century in the
computer industry. Having a system or even the asset itself collect and analyze its
failure data or its “potential to fail” data was well in place in the late 1960s and 1970s.
Converting the data so they would flag or even initiate a request for service through
an external telephone system was well exercised in the late 1970s. A major computer
services provider implemented a maintenance management and response system to
support the 1984 Olympic installation in Los Angeles. It took advantage of its exist-
ing analysis process capabilities at that time and introduced a radio-frequency (RF)
communications process to ensure that the maintenance craftsmen who serviced the
1984 Olympics could minimize MTTR. This RF terminal technology introduced
and effectively automated the asset “call in process” to a central dispatch system and
facilitated two-way communications between the technical craftsman and the sup-
ported work management processes.

This work management process worked in an automated fashion as follows:

1. The machine asset determines it has a problem and signals the predefined
fault code to the supporting service organization.

2. The service organization receives the call and registers it as a specific sup-
ported asset with a specific fault code, determines which available crafts-
man with the appropriate skills can support this fault code, and sends the
appropriate craftsman a notification through the RF system.

3. The assigned service craftsman receives the notification through the per-
sonal portable RF terminal, acknowledges the call to the dispatch system,
and interprets the fault code and the received recommended action. The
craftsman then decides if an order should be placed for the recommended
parts that are associated with the fault code.

4. The assigned technician orders parts via the same RF portable terminal and
informs his or her dispatch system of the planned estimated time of arrival
(ETA) and then proceeds to the machine location to support the service call.

5. The parts organization receives the parts order, fills the order, and ships
it so it will arrive at the machine location within one hour from the time it
was sent.

Although many tactics and strategies ensure the availability of a producing asset,
the Los Angeles Olympics example proves that technology has been significantly
leveraged even more than 20 years ago to minimize response time to the process
components of a work management process (a maintenance call) (Figure 5.2) and
also used effectively to accomplish the following:
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FIGURE 5.2 Technology solutions known to support the 1984 Los Angeles Olympics.

1. Track potential failure conditions and initiate a call or work request to
the service organization based on a predetermined criteria established
in the assets’ expert system

2. Accept the call in a work management dispatch process that has predeter-
mined who the best resource is to accept the maintenance call based on
skill and availability

3. Provide two-way communications via an RF technology for the call man-
agement process as well as the parts ordering and second-level maintenance
support

4. Provide a predetermined course of action, including a recommended list of
repair parts that could solve the issue, based on the asset fault code

This set of call-response and work flow accelerators was subsequently estab-
lished across all locations this major service provider supported in North America
and in many other countries. Over time, the tools used were upgraded to reflect
more effective and updated technologies. This set of initiatives created significant
service enhancements for the provider’s clients while ensuring it could deliver
this service with an optimal set of delivery and support resources. In other words, the
users of the assets got a proactive asset management service and world-class emer-
gency call support, and the delivery costs for the service provider were significantly
reduced through the use of this integrated set of technology solutions.

5.3.1 CMMS IMPLEMENTATION Success FACTORS

The implementation of a CMMS and EAM solution has many considerations that
must be managed in a concurrent fashion if the success of any technological imple-
mentation solution is to be ensured. The typical business transformation triangle of
any implementation strategy encompasses the concerns of process, technology, and
people; however, the important issues of sound leadership, training, and security
must be included to support them. Once all these are in place and managed, a final
concern remains, which can have a major impact on success: the culture of the cor-
poration and its people in adopting the new processes and technology (Figure 5.3).
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FIGURE 5.3 Points of involvement.

Multiple work streams of effort are typically required to ensure an effective imple-
mentation process. These work streams will typically be applied across four stages
of a software implementation (see Figure 5.4). This includes working through project
initiation and stakeholder engagement analysis (as Stage 1), solution design (Stage
2), the actual configuration, test, and rollout (shown as Stage 3 or “implementation”),
and, finally in the fourth stage the assessment for managed sustainability (which
includes assessing the effectiveness of the implantation by looking at the expected
rewards of delivery). So what work streams of the implementation should be man-
aged and included to ensure project delivery success and CMMS sustainability? To
discover this, we must revisit the business goals and issues by highlighting the same
set of concerns and issues. As we begin any project we can recognize the need for
project management, but in addition we must also look at the work streams for man-
aging the technology and its integration into the business. With the understanding
that CMMS cannot stand alone as a technological implementation if it is to be suc-
cessful, we must consider the stream of the business process that delivers to the peo-
ple their “software managed tasks” such that they align with the enabling technology
and its ability to execute the desired tasks. This further implies that we are educating
and training people how to use the technology and the business processes to change
the ways they will be executing these tasks (doing business). However, such change
cannot happen without understanding the culture and impact these planned changes
will have on the culture. Consideration needs to be taken to ensure that the folks
affected by the new solution will adapt or that the solution will be adopted into the
culture. This requires change management. Change management is a critical work
stream as it works to affect the people’s side of the transformation. It is not unusual to
observe that a full successful software implementation of a CMMS solution is 60%
people oriented, 25% business process oriented, and 15% technology oriented. With
all these works streams in place, the last stream to be managed to ensure that the
efforts of implementation do not end at go-live is the “support stream.” The Support
Stream along with Change Management work to ensure that the technology, process
and people are supported and recognize the benefits we are expected to achieve by
this planned initiative. It is recommended that you engage a support model early to
align with and build to a sound support solution (see Figure 5.4).
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FIGURE 5.4 CMMS stages for success.

5.3.2 MEASURING SUCCESS

So how do we know we are successful and have obtained the targeted realization
of value for all the effort undertaken to implement a CMMS or EAM solution? The
important thing is to know where you are starting from and be able to assess the
key performance metrics that can be extracted from the daily performance that will
show the return on investment to the business. That is, we must select our measure
earlier and perform the measurements in the old system to establish a baseline from
which we started. Hence, in the early stages of the project, we need to select what
indicators will best measure success—engaging the business along with the technol-
ogy stream to assure not only that the metrics can identify the success of the new
maintenance efforts but also that they can in fact actually be measured and trended.
This can sometimes be the greatest challenge of implementing the measures for suc-
cess, so careful consideration is required in selecting these metrics. This of course is
followed up by prudent reporting and review.

5.4 EMERGING TECHNICAL ENHANCEMENTS TO THE
MAINTENANCE MANAGEMENT PROCESSES

As stated earlier, many of the leading CMMS/EAM solutions today provide the
basic requirements to support the basic maintenance management processes and
some form of integration to parts, procurement, human resources, and financials.
However, the need to meet the goals listed at the beginning of the chapter and to opti-
mize MTBF and MTTR in pursuit of these goals has driven many organizations to
search for and implement enhancements to their packaged CMMS/EAM solution.
To capture some of the technology approaches that have been successfully applied
across many industries, we will discuss some of the key applications, features, and
benefits in which technology has been applied to contribute to the goals listed at
the beginning of the chapter. In addition, we will briefly explore how some of these
technologies have evolved. We will describe what variations of the technical solu-
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FIGURE 5.5 Simple steps of a maintenance work order process.

tions exist in the market today and what is expected in the near future as well as their
known dependencies.

In the act of performing a maintenance action, a simple set of steps is typically
applied (Figure 5.5):

¢ Identify or initiate the asset and work that needs to be completed.

* Have a predeveloped plan that clearly defines how to do the required work
with an understanding of the required skills, tools, and parts.

e Schedule and assign the work with the required skills, tools, parts, opera-
tional alignment, and management approvals.

* Execute the work per the provided plan, document what was done, and
return used parts and tools.

* Analyze the maintenance activity history to look for unusual activity per
each asset, skill, part, or resource.

CMMS software often provides fundamental solutions for the work management
process. Many CMMS software vendors have improved their products to differenti-
ate them from their competitors with features that promote the following:

o Effective listing of supported assets

» Efficient work management processes

e Control through enhanced asset, resource, parts, and tools management

* Superior analysis of asset, resource, parts, and tool activity so that improve-
ment can be made to further improve asset availability

Because of this, new and exciting technologies are being deployed to better assist
the operations and maintenance solutions by aligning with existing CMMS software
solutions and enhancing capabilities to end users and maintenance staff.

5.4.1 MoBILE TECHNOLOGIES

5.4.1.1 History

Field operations tend to be paper based with little or no data analysis being performed
on field data (refer to box in Figure 5.6). Information is collected for different assets
through readings that are gathered and logged using log sheets and notations about
required maintenance items obtained through observation of personnel operational
deficiencies. These may be addressed through issuance of work orders or scheduled
routine checks. Following this effort, the information is assessed, which results in
generated maintenance work requests that will likely be entered into some form
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FIGURE 5.6 Field operations/maintenance of today.

of record-keeping or CMMS system. The planner then schedules and assigns these
work requests to maintenance personnel or maintenance activities for issuance.

Alternatively, if manual data entry is used, field maintenance workers would
receive a paper copy of the work order (whether from some form of CMMS or not)
and then would assign these tasks out for action. The work orders may correspond
to a work request created by operations personnel or another maintenance person.
Once the work has been assigned and completed by the maintenance personnel, it is
documented as work performed, likely on the same sheet of paper. The completed
work orders are then manually updated or filed (preferable to a CMMS system) for
future analysis and management reporting (Figure 5.6).

5.4.1.2 Limitations and Issues

1. Critical operational data are not immediately available to the field person-
nel where they are needed most, thus impacting equipment reliability and
efficiency and ultimately equipment or plant availability.

2. Field operations are entirely paper based and full of handwritten readings
that are filed away in a cabinet with little or no analysis for preventive main-
tenance (PM). Most analysis is performed after the fact or as needed for
investigations.
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3. Request for operational readings requires sifting through log sheets, which
takes time away from normal duties.

4. Work requests may not be put into CMMS for days—or, on occasion, not at
all—primarily because of busy work schedules.

5. Paper-based processes lead to erroneous data or the loss of critical informa-
tion into CMMS.

6. Maintenance personnel in the field frequently perform work orders that
are never documented in the CMMS because of work load or loss of paper
records.

7. Critical maintenance data (e.g., repair history) are not readily available to
the maintenance personnel in the field, where it is needed most. This may
have an impact on the equipment reliability and efficiency, repair timing,
and ultimately plant availability.

8. Manual data entry of completed work orders is a time-consuming task, and
therefore there is the potential for a backlog of work orders to be put into
CMMS.

9. Not all work requests get put into CMMS in a timely fashion; thus, delays in
work being assigned and completed in a timely fashion are inevitable. This
may result in emergency work rather than routine work being performed.

10. Analysis and assessment of maintenance history for reliability-centered
maintenance and management reporting are slow and time consuming,
since much of the information may be difficult to find or even lost. This
results in poor or inaccurate reporting and analysis and could lead to poor
decision making regarding an asset.

5.4.1.3 What Is Expected in the Near Future

If we look at the foregoing, it is probably not that much different from what has been
experienced in your plant. However, now with current technological advancements,
some of these problems can be addressed through implementing handheld or mobile
devices to support in-the-field personnel. Mobile system architecture with handheld
computing technology to complement the data currently collected via remote-site
monitoring methods and support makes having critical information in the field possi-
ble. Combining data collection and availability of key maintenance information will
provide a more accurate picture for enabling asset preservation, preventive mainte-
nance, and other field-related planning tasks.

Handheld computing devices enable field operations and maintenance processes
to be streamlined by gathering and putting information into the hands of the field
person. This simplifies the field operations process (Figure 5.5) and provides assur-
ance that the information is in the right place at the right time. Using the handheld
device, field personnel can collect their current operational readings as well as create
and observe equipment and enter necessary work requests. They can then transfer
their operational readings and routes for the day directly into and from the handheld
device, either through some form of docking or, if feasible, through a wireless con-
nectivity network. This information would then be transferred back into the CMMS
system for action without additional handling by data entry or other personnel. This
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FIGURE 5.7 Field operations/maintenance of tomorrow.

reduces information loss caused by human error and supports a better integration of
information into a CMMS solution. This will provide improved overall management
of maintained assets (Figure 5.7).

This process applies equally to maintenance personnel, who can perform a simi-
lar set of steps to obtain work orders and information about the asset and then use
the handheld device to further document and complete as well and create new work
orders. This information can either be transmitted directly into the CMMS system
through wireless if available or be held and transferred directly into CMMS at the
end of the day through some docking station. This then provides a more current view
of an asset’s state and provides further readiness for the maintenance personnel to
perform new tasks.

Subsequent reporting and analysis of critical operational and maintenance data will
be able to be managed and fully collected by using the information within CMMS.
Report analysis and performance characteristics are readily stored and available for
better analysis and generation of failure reporting and management reports.

5.4.1.4 Business Benefits

In general, applying handheld computing to field operations and maintenance can offer
numerous advantages that are aligned with key business drivers, such as the following:

1. Improving operational availability (e.g., equipment reliability and effi-
ciency, planned maintenance outage, information availability):
a. The CMMS has accurate and timely data on all work orders and equip-
ment status, thereby enabling more accurate and timely reporting and
the organization of maintenance schedules.

© 2011 by Taylor and Francis Group, LLC


lorisuckling
T&F2011


Downloaded by [Visvesvaraya Technological University (VTU Consortium)] at 21:37 25 February 2016

104 Asset Management Excellence: Optimizing Equipment Life-Cycle Decisions

b.

There is a reduction of erroneous data input, which will increase the
quality of data in the CMMS and thereby provide opportunity for
increased maintenance efficiency.

Field personnel have access to accurate and timely data where and
when they need it most—in the field—which could potentially reduce
the average repair time.

2. Managing operational cost (e.g., manpower cost, planned maintenance
schedule):

a.

b.

This reduces of paperwork and the need for manual input of data into
CMMS.

This improves accuracy and time needed to collect data and to subse-
quently report on it.

The ability to immediately generate work requests and orders in the
field as needed enhances performance of the asset by reducing “missed”
opportunities for repair and potentially reducing lost productivity result-
ing from failures (Table 5.3).

TABLE 5.3

Sample Mobility Solution Business Benefits Review

Business Drivers

Plant Availability:
Availability of
information

Plant availability:
Analysis/reporting
of critical
operaitonal data

Plant availability:
Accurate and
timely input of
critical data

Plant cost: Time
savings

Today—Issues

Limited operational and/or
maintenance available in the field

Minimal analysis performed on critical
operational data

Paper-baed processes lead to:
1. Erroneous data entry in CMMS
2. Loss or delay of capture of field
information (work requests/orders)
relevant database or CMMS
3. Backlog of work orders to be input
Operator foreman spends time:
1. Analyzing paper log sheets for
weekly replenishment ordering
2. Creating work requests for
operators and/or maintenance
3. Gathering operational readings for
engineering

Tomorrow—Benefits

Maintenance and operational data
made available on handheld devices

Reports can provide up-to-date
operaitonal data quickly, and
subsequent analysis can be
performed by relevant parties
(e.g., engineers, site management)

Work requests/orders can be
1. Captured and completed in the

field iteration
2. Uploaded via device with no need
for manual entry

1. Operator foreman can use CMMS
report to determine weekly
replenishment orders

2. Engineers can view operation
readings reports on the web

3. Field operators can upload
field-generated work requests

4. Maintenance personnel can now
complete most work orders
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3. Other features of benefit from introducing mobile technology may include

the following:

a. Mobile technology allows replacement of obsolete technology and
infrastructure (e.g., hardware).

b. Mobile technology affords an opportunity to integrate warechouse mate-
rial management functions onto a common handheld device.

c. Mobile technology can extend the use of bar code infrastructure to
other functional areas (e.g., bar coding equipment).

5.4.2 DATA MANAGEMENT

Within any system or process, underlying maintenance management are the data.
These are the heart of any CMMS, since they are the foundation by which we can
evaluate the impact and measure the successes of achieving better maintenance pro-
cesses and improving the life value of the assets that are maintained. Good data
allow for the ability to extract information to make good decisions. Good mainte-
nance data come from data that follow the business processes of sound maintenance
solutions. Therefore, good data management will greatly benefit managing through
an effective maintenance solution.

So let us spend some time looking at what constitutes good data management
within any CMMS. It is important first to ensure that there is a clear definition for
each piece of data that is stored, used, or entered into the system. Data must be rep-
resentative of assets or attributes of the asset or their associated transactional infor-
mation against these assets. Therefore, it is very important that the data in a CMMS
system be of value to the management of the assets.

So how do we know with some assurance that we are managing the data within
the enterprise asset management solution? There are tools that can help us to evalu-
ate and ascertain that the data we have are of importance to us. However, they are
only tools, and the true analysis has to come from the people who use the data, who
ensure that the information entered is correct and useful. Data used on a regular
basis will tend to be good data since they are representative of the assets in use.

So how do we make these assurances? The best method is usually the simplest:
Limit permission on who can update, enter, or modify data items only to people who
actually need to modify these data elements. Many of the CMMS tools have such
internal systems to control data change, and some time should be spent to assure that
these security features align with the business processes.

In addition to security to guarantee data, we can institute limitations on the con-
tents that can be entered into data fields. Making the number of choices that can be
entered to a data field not only keeps the data useful, but also enables analysis based
on these features.

Open text is very hard to manage; therefore, restricted choices and restricted
access can actually improve the data values you enter. However, there are times
when open text is all we can use to handle the needs for recording information.
In these cases you might wish to establish standards of how this open text can be
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entered and then have periodic samplings of the data to assure the standards are
being practiced.

Obviously, managing data within the CMMS solution is a very involved process.
What we have described here is only the aspect of managing the value of the data we
have in the system. Although this is one of the most important factors, some other
issues fall more into the technology realm for data management, including storage
management, archiving, backup, and data recoverability. So as computer technology
changes, so, too, do these technology issues.

Historically, maintenance data were managed on paper and, over time, were moved
onto large computer systems or mainframes. Then, data solutions were migrated
from these monolithic data files onto more versatile storage solutions and were
implemented into relational databases on servers located throughout the organiza-
tion. Now as we move to a more Internet-based solution, the methods of data access
are changing ever still.

Today, enterprise asset management solutions are run on a number of platforms,
many of which include a relational database engines in the background. Some solu-
tions run on a single PC, and some run on a client-server configuration. Still others
now run in a distributed Web-based architecture using browser technology. All of
these offer differing opportunities for managing the CMMS solution data.

So what can you expect in the future? The wireless capabilities of the future may
offer us ways to connect to the data stores more instantly and globally. As bandwidth
continues to improve and the performance of handheld devices and workstations con-
tinues to expand, we can expect to find that the data availability will be closer to the
source of use. Furthermore, as assets become more evolved and computerized, they
may actually become data entry points in themselves and be able to update the data
directly into the enterprise asset software.

5.4.3 PLANNING AND SCHEDULING TooOLS

The concepts of planning and scheduling related to managing in an efficient and
timely manner the completion of any undertaking are not new, especially because
of the many intricacies of aligning and coordinating the delivery of material, labor,
tools, and services. In the past, however, being a good planner and scheduler was
an art form. Many hours of organizing and coordinating were required, with a full
understanding of what to do and how to accomplish it. But as more sophisticated
methods and tools are evolving, the art of planning and scheduling is changing into
more of a science. The level of skill and experience needed to build and manage a
schedule can now be supported with tools that take its complexities and simplify it
into a process of routines.

We are all familiar with Gantt charts and organizing our tasks in visible fashion
for easy analysis. There are a number of technology tools that provide assistance in
building charts for simplified planning analysis. But which tools and how we use
them are always questions that must be considered. Planning and scheduling take
time even with the correct tool. So how do we identify which tool to choose?

The planning tools available on the market have been developed over many years
to support the planning and scheduling effort for projects and work that have a clear
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start and finish. The effort involved in such planning and scheduling can be anything
from simple to complex, depending on the nature and issues of the work to be done.
It is important to remember that it is not the tool that perfects the planning but the
people using the tool, since the tool can be only as good as the information it is given.
Given this, tools like Microsoft® Project or Primavera have been around for many
years and can aid in both developing and managing these planned undertakings.
These tools currently not only support the planning of tasks through sophisticated
algorithms used for balancing and managing task scheduling within the undertak-
ing, but now also provide a way to manage time, resources, skills, and costs. This
gives the planner and scheduler information that can be applied and reviewed to
fine-tune and improve upon repeating work.

Synchronizing your team performance through such tools goes far beyond plan-
ning and scheduling: these tools can provide a common comprehensive platform
for maintenance and project management alike. Using these advanced collaboration
tools, with role-based features and action alerts to support centralized informa-
tion that aids in keeping efforts on track with cross-functional activities in sync, is
done through integrating other critical systems where data have to be entered only
once and then reused, thereby providing trusted forecasts and reports for mainte-
nance turnaround solutions. This is what the focus of a planning and scheduling tool
should be (Figure 5.8).

Planning systems are evolving to support the integration with both the financial
systems and the asset managements systems (CMMS; Figure 5.6) to produce a com-
pleted solution for the delivery of managed and maintained assets to the organiza-
tion. Since the tools for planning and scheduling are much more entrenched and
have been developed around such common practice principles, it makes sense for
CMMS tools to use these capable process systems in developing the schedule for the
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FIGURE 5.8 Asset management, finance, and planning integration.
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maintenance activities too. Forecasting, costing, resource management, and sched-
uling encapsulate all of the needs in support of finance, planning, and asset man-
agement. Therefore, it is important that we integrate through these processes in a
bidirectional focus to take the work requests from the CMMS solution into the plan-
ning and scheduling tool only to return the successful solution back into the CMMS
system for tracking and gate approval management. The effective solution for such
planning and scheduling involves a number of groups within the organization. The
planning and scheduling tools assist us with communication among management,
coordinators, planners, technicians, and field operation foremen in assuring that the
right resources are aligned to complete the undertaking in the best cost-controlled
manner. Why would we not want to use these in an integrated fashion within any
maintenance strategy?

5.4.4 EXPERT SYSTEMS AND ASSET MONITORING ToOLS

Expert systems can be augmented to the asset and maintenance management arena
by effectively using statistical process controls or some other forms of programmed
automation. Meters are installed on the assets to continuously measure such things as
vibration, wear, viscosity, or simply time. The sensors provide feedback to a central
processor that makes calculations to assess the condition of the asset. Then this will,
depending on the state it encounters, automatically request service in the form of a
part swap or maintenance of some form. The example provided earlier is a rudimen-
tary type of expert system. With today’s technology we can hope to get more sophis-
ticated assessments and to track history such that the expert system can diagnose the
problem, can attempt to correct it by itself, and, failing that, can issue a request for
service. Expert systems continue to evolve as the capabilities of understanding the
asset are increased and the power of processor calculation time improves.

5.4.5 DocUMENT MANAGEMENT ToOLS

Document management has come a long way since its inception, when administra-
tors and librarians first began managing filing cabinets and shelves full of informa-
tion. The Dewey Decimal Classification was developed to assist in handling large
volumes of information, but with the advent of the computer we have now moved to
a new way of storing and retrieving such information. Yes, it is true that much infor-
mation is still contained in books; however, more and more information is now being
stored electronically. Document management tools, which are frequently referenced,
were devised to manage this electronic storehouse of information. These tools have
improved store, search, and retrieve capabilities to the point that this documentation
is brought to the forefront of managing an asset.

Itis necessary to mention the impact a document management system can have on
any maintenance program, especially one that has implemented a CMMS solution.
As with any plant or organization where maintenance is involved, understanding the
asset and what the manufacturer used to build the asset or what repairable parts exist
within an assembly requires viewing engineering drawings or specifications. These,
along with the reliability specifications, are now typically stored in electronic pieces

© 2011 by Taylor and Francis Group, LLC


lorisuckling
T&F2011


Downloaded by [Visvesvaraya Technological University (VTU Consortium)] at 21:37 25 February 2016

Information Management and Related Technology 109

that can now be managed through some tool that understands both the document and
the need to access it by content.

5.4.6 INTEGRATION

Many books and papers have been written about integration, and we will not attempt
to cover all the facets of such a topic. Instead, we will view some of the directions
integration is taking in CMMS application with other application areas.

The design of integration has been in a state of constant change. As technology
improves, more efficient means are being developed to support the heavy demand for
integrated business. Within CMMS there is integration demand for financials, docu-
mentation, planning, scheduling, mobility tools, and more, which pose not only techno-
logical but also process-related problems. Integration is about technology and also must
include the issues associated with the business processes that are being integrated.

Originally, integration meant large amounts of data exchange: extracting data
from one application and then importing them into another. Since many applica-
tions were using a proprietary structure, this was indeed a sophisticated task and
was best handled only by very experienced programmers. But along came relational
databases, which paved the way to better application integration. Then, SQL queries
could be generated to extra data, and, since the data were already in a standard data-
base format, they could be easily parsed and imported into another database. This
enabled backend processes to be created that moved information from one system
to another. Although the process of manually triggering these activities was elimi-
nated, it still left the duplication of data across multiple systems, even though it may
not have appeared as such.

The newest of architectures now leverages the capabilities of the relational
database. This new architecture focuses the content of data to be related to
the object of its service. As developers build their applications to suit this new
architecture, growth of services within the application and the true marriage of
information across the enterprise can be seen. The service-oriented architecture
supports a services approach to the design and building of an application. This
“Web Services” approach results in the integration layer becoming more com-
plex but with more advantageous features and control. The clear separation of its
parts has granted greater capability in the integration space. Integration is now
the assembly of many parts and components to deliver an end-to-end solution
(Figure 5.9).

Integration of the CMMS solution is just one component of managing the organi-
zation’s assets through technology.

5.5 EAM AND ITIL

Information technology (IT) management has been included in an international stan-
dard under ISA20000, of which the Information Technology Infrastructure Library
(ITIL) is a major component in defining processes and a framework in which it can
operate. Of course, within IT are assets that must be maintained in the same fashion
as all other enterprise assets.
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ITIL is a collection of books that identify a framework of processes established for
managing and maintaining the IT assets and services of any I'T-based organization.
These books include many concepts and processes that can likewise be adapted for
any asset maintenance. Once you get past semantics, you will discover that ITIL and
EAM have a lot in common from the process and goal purposes. EAM aims at driv-
ing to better service and up-time of assets to be more productive, and so does ITIL.
Because of this, some tools that manage IT assets have crossed over with the tools
that manage other maintainable assets. Thus, it is quite likely that you will begin to
see more and more that tools being used for EAM or for IT are being cross-purposed
to perform much of the same functions in managing the assets of the enterprise.

Here also, as the tool developers continue to refine their tools and processes for
EAM and the tools for ITIL, it is likely that the tools will become the same. So get
ready for the infusion of IT assets into your maintenance space as we move to a more
integrated world within the enterprise. This truly will become an enterprise asset
management solution.

5.6 CONCLUSION

By now, it must be clear that a CMMS is an indispensable tool for today’s asset man-
ager. In fact, organizations are looking at asset management as a core competency,
and, in many cases, the asset manager is on par with the CFO.

The asset management systems solutions now available cover all organiza-
tions—from small, single-plant operations to multiplant, multinational companies.
These modern systems use the latest technological advances, such as the Internet.
Functionally, they are very rich and provide features for both the strategic aspects
of asset management (long-range budgeting, capital project management) as well
as the tactical and operational aspects of maintenance. The latest CMMS advances
include built-in “intelligence” to customize maintenance for a particular area of the
plant (predictive maintenance). The potential cost savings are huge, and availability
is usually improved as well.
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More universally, it is not just maintenance management but also asset manage-
ment. Further, as the worlds of differing assets in the organization start to converge
into a single solution of both processes and framework, it becomes even clearer that
it will become a single enterprise tool. So selecting the right tool for the job becomes
even more important, and so too are the additional features that you add. The best
advice we can give is to spend the time and do it right.

During the selection process, it’s most important to know both what you are ask-
ing for and why. In other words, you need to understand the requirements and have a
sound business case for buying a CMMS. It is not unusual for organizations to spend
huge sums on asset management systems and not see any improvement in equipment
availability or maintenance costs!

Not everything you are looking for in a CMMS solution may be found in a
single package. Many emerging leading processes have been around in limited
use for a number of years but are just coming available in a CMMS/EAM pack-
age or as a “bolt-on.” Care should be taken to consider whether implementing
a “bolt-on” enhancement to your selected asset management solution is worth
the additional process and systems management time. With large ERP solutions
growing in their asset management capability and “Best of Breed” asset manage-
ment solutions continuing to lead in functionality, there continues to be a gap
between integrated CMMS and functionality or the “user friendliness” of a “Best
of Breed” package.

The implementation process is where “the rubber meets the road.” Even the best
CMMS can be crippled by poor implementation decisions, training, and support. Like
any large system, operating a CMMS is a process-driven exercise. It should come as
no surprise that if users don’t follow the process, the results will be unsatisfactory.

Business processes will always change as a result of industry conditions, person-
nel issues, and so on. Recognize that the CMMS is, at heart, just a computer system.
Like our automobiles, it needs to be regularly tuned up, with process changes, to
operate at maximum efficiency.

REFERENCES

1. Brodie, M. and Stonebraker, M. Migrating Legacy System: Gateways, Interfaces, and
the Incremental Approach. San Francisco: Morgan Kaufman Publishers, 1995.

2. Linthicum, D. S. Enterprise Application Integration. Reading, MA: Addison-Wesley,
1999.

3. Mylott, T. R. II. Computer Outsourcing: Managing the Transfer of Information Systems.
Englewood Cliffs, NJ: Prentice Hall Direct, 1995.

4. Wireman, T. Computerized Maintenance Management Systems. New York: Industrial

Pr, 1994.

. Primavera Systems Inc., Power, Energy and Process, http://www.pllogic.com. 2005.

6. Maximo Systems Inc., Workforce Mobilization with Maximo, http://www.maximo.
com. 2005.

9]

© 2011 by Taylor and Francis Group, LLC


lorisuckling
T&F2011


Downloaded by [Visvesvaraya Technological University (VTU Consortium)] at 21:37 25 February 2016

112 Asset Management Excellence: Optimizing Equipment Life-Cycle Decisions

APPENDIX A: ASSET MANAGEMENT SYSTEM
SELECTION AND IMPLEMENTATION

SYSTEM SELECTION

If your organization decides to acquire a new asset management system and makes
you responsible for selecting and deploying it, this could be the career opportunity
of a lifetime. What you need, however, is to ask some key questions before you pro-
ceed further. Once you receive satisfactory answers, the next requirement is a robust
system selection methodology roadmap.

Preliminary Considerations

For the most part, you use computer-based business solutions to increase your organi-
zation’s effectiveness. Put simply, the solution has to enhance profitability. Normally,
you make a business case to describe, justify, and financially estimate the expected
benefits. As shown in Figure 5.10, acquiring a business system like a CMMS is
usually part of an improvement cycle. In this cycle, the business case is part of the
remediation plan, along with other future success measures.

For example, management may expect the CMMS to improve productivity and over-
all equipment effectiveness (OEE) by a certain percentage, to increase inventory turns,
and so on. The team responsible for selecting the CMMS needs to understand not only
these specific goals but also the overall strategic context for acquiring the CMMS.

System Selection Process

Most packaged systems are selected in a similar manner. Unlike custom systems,
when you procure a packaged system, you decide what you need, and then evaluate
various vendor offerings to see which fits best. The general approach is shown in
Figure 5.11.

Pressure to - N
Improve Assessment

« Current practices

Desired

« Effectiveness
Future State

measurement
* Organization

Remediation Plan

* Process improvement
Implementation * Superior measurement
* Organization change

e Systems

FIGURE 5.10 Business improvement cycle.
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FIGURE 5.11 System selection roadmap.

In the sections that follow, we describe each step in the process. In practice, most
organizations use an outside consultant to either help them execute the process or
take it over completely. The advantage is that the consultant can fast-track many
tasks, minimizing the cost of disrupting the organization.

Establish Teams

Your goal at this point is to establish working teams to set requirements and validate
vendor offerings against them. Teams usually include users, maintenance managers,
and others who have a large stake in the success of the CMMS.

If the scope of the planned CMMS is truly enterprisewide, you may need sev-
eral teams, representing different plants, sites, or locations. If the CMMS will be
complex, consider forming teams with particular domain expertise. There could be
teams from maintenance, inventory management, procurement, and so on. Clearly,
as the number of teams grows, so does the task of coordinating their outputs into
cohesive requirements. You need, then, to form each team carefully, with a clear
definition of what it is expected to deliver.

The key deliverables are as follows:

e Project “charter”: This defines what teams are expected to deliver and
in how much detail. The charter should also define each team’s specific
responsibilities.

e Task schedule: This defines the time line for each team. Do not expect results
after a couple of meetings, since capturing requirements can be onerous.

e The overall manager of this task should recognize that team-building skills
will be needed and that he or she will frequently have to adjudicate in situ-
ations where responsibilities aren’t clear.

© 2011 by Taylor and Francis Group, LLC


lorisuckling
T&F2011


Downloaded by [Visvesvaraya Technological University (VTU Consortium)] at 21:37 25 February 2016

114 Asset Management Excellence: Optimizing Equipment Life-Cycle Decisions

Vendor Search

Assemble an initial list of prequalified vendors you are inviting to bid. Typically, this
is done with a request for information (RFI), which must include at least an outline
of the CMMS scope to get the process moving and to obtain consensus. At this stage,
you likely will not be able to decide based on functionality alone, since the major-
ity of the prime systems provide more functions than even the most advanced user
needs. But if you have clear functional requirements that point to certain vendors,
then take that into account.

An RFT should also ask about the vendors’ commercial and financial viability,
track record of comparable installations (particularly if the proposed installation
sites are far from the vendors’ home offices), product support capability, and other
“due diligence” considerations.

You should issue, return, and analyze the RFI in time to meet the request for pro-
posal’s planned issue date. Usually, you won’t need all the teams to accomplish this,
probably just team leaders.

To recap, typical deliverables from this task are as follows:

* Request for information
* Initial vendor list

Define Requirements

The quality of vendor proposals largely will reflect how complete and clear your
requirements document is. Also known as the system specification, it is the core doc-
ument against which the CMMS application is acquired, implemented, and tested.
Obviously, it needs to be assembled with care.

At the highest level, group requirements into major categories. Then break them
down into subcategories and again, if necessary, into very specific requirement crite-
ria. Here is an example of what a requirements hierarchy could look like:

Category Subcategory Subsubcategory/Issue
Operations Equipment Asset hierarchies
Data analysis  Drill down, graphical, history

Work management Blanket WOs, approvals, resources,
scheduling, safety, crew certification,
contractors, condition reporting

Can labor hours charged to a work order be
broken down into regular and overtime
hours?

Preventive maintenance Can the system trigger an alarm when
equipment’s inspection measurements are
trending outside a user-defined criterion?

Inventory Reordering, vendor catalogs, multiple
warehouses, repairable spares, multiple part
numbers, ABC support, service-level costs

(continued on next page)

© 2011 by Taylor and Francis Group, LLC


lorisuckling
T&F2011


Downloaded by [Visvesvaraya Technological University (VTU Consortium)] at 21:37 25 February 2016

Information Management and Related Technology 115

Category Subcategory Subsubcategory/Issue

Can the system support multiple warehouses?
Is a warehouse hierarchy supported?

Procurement
Resources
Financial Electronic data collection How would bar-coding support issues and
receipts?
Reporting How does the system use/generate a cycle

count report?
Accounting methods
Technical Concurrent users, No. of licenses, Does the system use constraints (also
“power” users vs. casual users, cascading)?
architecture, scalability,
performance, security/audit logs,
databases supported, integration
with other systems, data import/
export, workflow solution,
application architecture, database
management, client configurations,
development tools, interfaces,
capacity performance

Human Documentation
Training
User interface Can a user have multiple screen access? If
so, how?
Services

Note that where detailed requirements are stated as questions, they should be
presented in an RFP in the form “the system shall....” Otherwise, if you are
uncertain about specific needs then pose the requirement as a question, inviting
vendor comment.

Requirements are best gathered using business process maps as the context. You
should have generated these as part of the Assessment and Desired Future State work
shown in Figure 5.10. For example, consider work order processes, raising, approv-
ing, executing, closing, and reporting. With these maps, the teams responsible for
requirements gathering should set up workshop interviews with user groups. A work-
shop format, bringing together different perspectives, stimulates maximum input.

Define Ranking Criteria

At the end of the exercise, the requirements hierarchy will be very large, with poten-
tially hundreds of detailed system requirements across all of the major categories.
You will need a quantitative approach to compare all the vendor responses.

Two numeric scores are relevant to each specification item: degree of need and
degree of compliance. Degree of need represents how badly you must have the speci-
fication item, from mandatory to “would be nice.” Clearly, a mandatory require-
ment should be scored higher than one that is optional. In the previous sample, the
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requirement for the system to support multiple warehouses would probably be man-
datory and scored, say, 5 in degree of need. In contrast, if supporting a warehouse
hierarchy is optional, it could be scored 3, representing a “highly desirable” require-
ment. An unimportant specification item would be scored at only 1. To make the rat-
ing even simpler, you can use a binary score: 5 for mandatory, 0 for nonmandatory.
Choose your approach by how detailed your evaluation needs to be.

The other score to set up is the degree of compliance. In the previous example:

Relative Importance (Need)  Vendor Compliance
Multiple warehouses 5
Warehouse hierarchy 3

Rate vendor compliance scores on the following criteria:

fully compliant with the current system, no customization required
compliant with the current system, customization included by vendor
not compliant without third-party customization

the requirement cannot be met

S = W W

Here, it is better to use a range of scores rather than the binary approach. Why?
Vendors can often supply the needed requirement with minor customization. In this
case, they would score 3, and you need to be able to distinguish among minor, ven-
dor-provided customized, and significant third-party add-ons. When you issue the
RFP, give vendors the previously provided list as well as the degree of need scores so
that completed bid sheets have two scores for each requirement. When evaluating the
bids, multiply both scores together to get a “raw” score for the requirement.

What about nonfunctional issues, such as vendor track record, support, finan-
cial stability, nonfixed price arrangements, or implementation partners? These are as
important, sometimes even more, than functional requirements. You need a scoring
scheme to compare vendor offerings in these areas. Check with your organization’s
procurement department. It should have guidelines to follow as well as standard
scoring rules.

Prepare and Issue the Request for Proposal

The RFP is a system specification of the CMMS’s functional requirements. However,
depending on your organization’s procurement practices, your department will have
to assemble, check, and issue standard terms and conditions, forms of tender, bid
bonds, guarantees, and so on. For public organizations, the RFP issue and manage-
ment process has to conform to procurement rules in that jurisdiction. For example,
if one vendor raises a query during the bidding period, you may have to formally
issue clarifications to them all. Bid opening can be public, with formal processes to
manage appeals.

Once you’ve issued the RFP, the selection teams should develop demonstration
scripts for vendors selected for detailed assessment. Demonstration scripts provide
a common basis to judge how the candidate systems and vendors operate and per-
form. Without any constraining requirements placed on them, vendors will naturally
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showcase the best features of their system, and you will inevitably wind up with
an “apples to oranges” comparison. The requirements should focus on important
functional issues that are mandatory and reference back to business process maps,
if available. Typically, the scripts should be comprehensive enough to cover two to
three days of detailed product demonstrations, a reasonable time for modern CMMS
applications.

To summarize, task deliverables are the following:

* Request for proposal, reviewed and approved by all involved teams
e Clarifications issued during the proposal preparation period

e Communications from vendors

e Detailed demonstration scripts used during assessment

Initial (First-Cut) Assessment

The initial assessment is reasonably mechanical. As we mentioned, the scores for
each functional requirement are multiplied together, and the result is used as that
requirement’s raw score from each vendor. Calculate the ideal scores (degree of need
score times the fully compliant score) to calibrate all bids. If the bid results are sig-
nificantly lower than the ideal, it does not necessarily mean a poor response. Perhaps
the requirements list was extremely detailed in areas outside the CMMS market. It
is for this reason that it is a good idea to use an expert consultant to build the system
specification. He or she should be extremely familiar with each vendor’s product and
know whether certain requirements can be easily met.

Tabulate the nonfunctional responses (e.g., commercial, financial), and, if a scor-
ing scheme has been set up, apply initial scores. Often, organizations visually inspect
the results, which can lead to interpretation problems. For example, which of the fol-
lowing responses to the track record question is better?

*  We have 10 installations in your industry sector, three of which match your
user count.

*  We have six completed installations in your industry sector, each of which
matches your user count.

Although trivial, this example illustrates the potential for making decisions based on
qualitative assessments.

At this time, distribute the initial results to the selection teams, and seek opin-
ions. This is not always easy. Ideally, the rules for joint decision making should
be defined up front as part of the project charter. Does a majority decision carry?
Is a majority defined as 50% plus 1, or should it be a significant majority? This
kind of critical question should be addressed early on, before the decision needs
to be made.

The output of this task includes the following:

* A documented initial assessment, reviewed and signed off on by each
team leader

e A short list of vendors (we suggest a maximum of four) who will be evalu-
ated in detail, with supporting documentation for their inclusion
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Detailed Assessment

We suggest a two-stage approach. First, each of the short-listed vendors should give
a presentation that concentrates on product overview, corporate background, finan-
cial stability, and ability to deliver high-quality services. Follow this with a detailed
scripted demonstration and presentation by the two best vendors, emphasizing both
product software and services. Of course, you do not have to limit the demonstra-
tions to two vendors. It isn’t unusual for three vendors to be involved. The process
is time-consuming, though, and expensive. Weigh the benefits of having more than
two vendors involved at this stage against the cost of the extra effort. As we continue
describing the detailed demonstration steps, for clarity, assume that only two ven-
dors are involved.

Invite the short-listed vendors (again, we suggest no more than four) to display
their credentials in a three-hour presentation. This is to ensure that the vendor’s
philosophy and way of doing business is consistent with yours, in key areas such
as services, support, and company background. Firmly steer the vendor away from
detailed software demonstrations at this stage and instead encourage him or her to
concentrate on, for example, his or her approach to implementation, experience in
the industry sector (e.g., manufacturing, resource development, utilities), training
methods. A typical agenda would include the following:

¢ General introduction (15 min.)

e Company overview (45 min.)

¢ Questions from selection team (60 min.)

¢ Software demonstration (30 min.)

*  Wind-up and remaining questions (30 min.)

To help you decide on the two best finalists, use a scoring scheme for each of these
topics. In particular, team questions and a response rating system should be decided
in advance. This is complicated because the answers will be delivered interactively.
Also, ensure that each selection team has the same set of expectations from the brief
software demonstration so that they’re looking for the same thing. Clearly, this is an
inexact process that will require a lot of discussion to work out.

Based on the presentation and evaluation criteria, select the two best vendors
and prepare written justifications. Also, notify the losing bidders, clearly spelling
out why they were eliminated. In fact, everyone involved in the process should be
advised about who made it to the final selection and why.

From here on, you begin detailed assessment in earnest. Specific steps include
the following:

¢ Invite each of the two vendors to a site visit. You want them to better under-
stand your operating needs, to collect data to use in the final detailed dem-
onstration, and to reflect your processes in the final software review.

e Undertake initial reference checks, simultaneously with the site visit, if you
wish. This can include conference calls or visits to each reference. You
want to ensure that the vendors’ information is consistent with the refer-
ence user’s experience. References must be chosen carefully, since their
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operating environments must be relevant to yours. You should advise the
reference in advance about the nature and length of your call, so that he
or she can adequately prepare. Naturally, the vendor isn’t included in the
actual reference call or visit.

e Invite each finalist for a detailed presentation and software demonstration,
following scripts prepared and supplied in advance. There are two major
objectives: (1) to ensure that the software is truly suitable; and (2) to ensure
that the vendor can provide high-quality and effective implementation.
Vendors, naturally, will demonstrate software attributes that show their
system in the best light. So that they address your needs, predetermine that
the demonstrations must reflect how the system will be used in your appli-
cation. Similarly, you want to know how the system implementation would
be delivered, either by the vendor or a business partner.

Again, this kind of interactive process is best served by preparing in advance. For
selection, team members need a common understanding of what they are looking
for and some agreed pass/fail criteria for the scripted demonstrations.

A critical part of the evaluation is to analyze the implementation and postimple-
mentation services required, together with the vendor’s (or implementation partner’s)
ability to supply them. Include items such as customer support; system upgrades;
training quality; postimplementation training; user group meetings, conferences, and
Web sites; location; and support quality. The selected vendor should provide a sam-
ple implementation plan as part of the final presentation and demonstration, followed
by a detailed plan, which is to be approved by the selection teams before awarding
a final contract.

At this point, the winning vendor will, most likely, be apparent. Carefully docu-
ment your justification for this, and present it to senior management for ratification.
Notify the successful vendor as well as the second-place candidate, who should also
be advised that he or she may be invited to continue the evaluation process if a final
agreement cannot be reached with the preferred vendor.

What if there is not a clear winner? You could do a detailed functionality test
of the two finalists to filter out the best solution. You develop a test instruction set,
based on each of the criteria. Because of the functionality depth in most leading
CMMS applications, this is a major task, taking several weeks of detailed analysis.
To keep it within reasonable bounds, we recommend that only mandatory functions
be included. Consider this optional analysis only if after the detailed demonstrations,
reference checks, site visits, and selection team discussions you’re still deadlocked
over the final choice.

Contract Award

Before proceeding to contract, hold final discussions with the successful vendor
to clarify all aspects of the proposed scope, pricing, resources, and schedule.
While it is unlikely that anything major will be uncovered at this stage, remember
that, up to now, the primary focus has been on functionality. This is your oppor-
tunity to deal with other important aspects of the vendor’s proposal, which also
demand your full attention. Once completed, the next step is usually to issue a
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purchase order. The selection team should also prepare a detailed selection and
justification record.

SYSTEM IMPLEMENTATION

To effectively implement packaged computer systems, three elements must work
together:

e People
e  Willingness to change
* Role changes (eg, planners, schedulers)
e Organization change = reporting line change
e Training effectiveness
e Processes
* How business is done now
* How business should be done
e Technology
e Hardware and operating systems
e Application software
e Connectivity (network)
* Interfaces
e Data

A well-designed implementation project addresses each element so that the sys-
tem will be effective and accepted by users. You can apply the outline steps that
follow to most packaged business systems. However, the detail applies specifically
to CMMS implementations.

Readiness Assessment

Before the implementation teams arrive on site with software and hardware, some
preparatory steps should be taken. The first should be to conduct what we term a
readiness assessment, covering the following:

* Organization and culture issues: This review asks questions such as the
following: Is this company ready for system and process change? Is there
a consistent sense of excitement, or is there tangible resistance? Is senior
management supportive of the initiative and prepared to act as change
agents throughout the implementation?

* Business processes: Are they documented, practiced, and understood? Is
process change necessary?

* Technology: Is there a need for remedial work to be done before the system
is deployed (e.g., network, communications, staffing)?

* Business case: Is the conclusion understood and appropriate key perfor-
mance indicators agreed upon? How can we be sure the CMMS is deliver-
ing the expected benefits?
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¢ Project team: Has it been formed? Do the members understand their roles
and responsibilities? If they are drawn from operational staff, do they have
the commitment to deal with project, not operational, issues?

Clearly, some of these topics will have been (or should have been) addressed before
the RFP was issued. However, it is good practice for the implementation project
manager to review them again.

Implementation Project Organization

Several different user groups are needed to successfully implement an enterprise-
level CMMS. If you think about where the CMMS functions in your organization,
this should not be a surprise. Maintenance certainly is front and center, but other
skills and staff also need to be included from warehouse and inventory, procurement
and purchasing, accounting, engineering, and project support, vas well as IT support
to configure and manage the system. And that is just for a “routine” CMMS!

Figure 5.12 shows the relationship between the project teams.

Corporate

Quality Steering Purchasin‘g &
Management Committee Accounting

Materials

. Core Information
Project Project Technology
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Maintenance
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Operations

00B0E

FIGURE 5.12 Typical project organization.
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Project Project
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FIGURE 5.13 Typical CMMS project plan.

Implementation Plan

A CMMS implementation generally proceeds with the high-level timeline shown in
Figure 5.13. Each of the project stages is briefly explained in the following sections.

Project Initiation and Management

This is an ongoing task lasting for the project’s duration. The key activities and deliv-

erables are shown in the following table.

Activity

Prepare services contract

Confirm objectives, expectations, critical success
factors (CSFs)

Finalize project budget

Prepare project schedule and develop for initial work

Define and document project procedures (reporting,
change control, etc.)

Detailed activity planning

Budget and change control

Deliverable

Services contract document

Project cost report

Project schedule—expanded to detail level
for system configuration and validation

Project procedures document

Updated schedules (rolling wave)
Change reports and budget/actual reports

Project kickoff meeting Working project plan
Design and Validation
Activity Deliverable
Define and document business Business processes document
processes and user procedures
Configure system with sample data Conference room pilot (CRP) system ready for validation
Provide infrastructure support Database sizing sheets, network recommendations

© 2011 by Taylor and Francis Group, LLC


lorisuckling
T&F2011


Downloaded by [Visvesvaraya Technological University (VTU Consortium)] at 21:37 25 February 2016

Information Management and Related Technology 123

Activity Deliverable
Train implementation team members  Training services/materials
Conduct the CRP
Complete the CRP and sign off

Modified system configuration and associated documentation
CRP completion document signed off by the core team
members

You may find that developed and documented business processes from previ-
ous work can be excellent in helping you select the new system. However, if the
implementation team is not familiar with them, conduct a review to ensure they can
be configured into the system. Where there are fit problems, you will have to make
some process changes (hopefully minor—underlining the advantage of having rea-
sonable process maps for the selection teams). Of course, these will be developed in
conjunction with user groups.

The conference room pilot, also referred to as a proof of concept configuration,
is where all business processes and user procedures defined earlier are tested and
validated. It is here that you will implement most configuration changes. The CRP
environment is ideal because the data volume is low, users are knowledgeable, and
the impact of configuration changes is minimal.

CRP sign-off, which documents that the system adequately meets the defined
functional requirements, typically follows. It is also important to document short-
comings that can be addressed in subsequent phases to ensure that client-raised
issues are tracked and managed throughout the implementation.

Implementation and Start-up

Activity

Detailed activity/task planning

Defined data conversion requirements

Define interface requirements

Develop user training materials

Develop and implement system testing

Deliver user training

Final conversion of production data

Verify interfaces

Final readiness checks/define resources,
etc., disaster planning

Go live

Deliverable

Updated project schedule

Data mapping documents

Technical design documents, test plans

Training package

System test plan, test results

Trained users

Converted data on target application

Interface sign-offs

Go-live checklists, resource list,
contingency plan

Production system

It is during this stage that you assemble the production system, having previously
validated the base configuration, and undertake support activities, not directly shown
in the previous table, including infrastructure changes (usually network, hardware,

and database related).

The importance of thorough system testing cannot be overstated. It is often inad-
equate, causing frustration among the user community after go-live. One reason for
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this is that implementation team members do not have the time, inclination, or train-
ing to develop and conduct detailed test cases. Depending on staff availability, there
is a good argument for bringing in fresh minds to focus on testing. While this can be
expensive, in the long run it’s often the cheapest alternative, particularly where there
are several integration paths between the CMMS and other systems.

Postimplementation Audit

Activity Deliverable
Monitor system Performance reports, database
tuning changes, etc.
Obtain user feedback
Measure achievements against critical success factors  Analysis of results, where available
(CSFs) and key performance indicators (KPIs) (may be time dependent)

Implement required changes, where possible Configuration changes

After initial production operation (go-live), put in place a rigorous monitoring
process to ensure that the system is technically stable (performance, availability),
being used correctly, and, after a period of operation, producing business benefits.
Although this is the reason that the CMMS was procured in the first place, it is often
given scant attention. However, if you set up business measures at the outset of the
project, they can easily be measured after an appropriate time.

APPENDIX B: INTRODUCTION

Radio-frequency identification (RFID) is an enabling technology that can radically
change and improve the way that organizations track and manage assets. While RFID
is still in the early stages of adoption, it is clear that it stands at the brink, poised
for widespread implementation across multiple industries. As the price of RFID
tags and readers continues to drop and the technology continues to advance at the
rate of Moore’s Law (doubling in functionality every two years), there is little doubt
that RFID will soon become an industry standard. This subchapter briefly explains
what RFID is and how it is changing the way some industries manage their assets.

Every so often, an enabling technology will disrupt an industry or multiple indus-
tries. RFID is on the verge of doing this, but, before we explain its impact, first we
will break down the technology to have a better understanding of its components.
Later we will discuss its asset management applications.

AUTOMATIC IDENTIFICATION

RFID is an example of automatic identification (Auto-ID) technology by which a
physical object can be identified automatically. Other examples of Auto-ID include
bar code, biometrics (e.g., fingerprint and retinal scan), voice identification, and opti-
cal character recognition (OCR) systems.

Bar codes are the most familiar, so let’s use them as a point of comparison as we
look at RFID.
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Comparison of Bar Code and RFID Advantages

Bar Code’ RFID

Lower cost Support for nonstatic data
Comparable accuracy rate No need for line of sight
Unaffected by material type Longer read range

Absence of international restrictions Larger data capacity

No social issues Multiple simultaneous reads

Mature technology with large installed base  Sustainability/durability
Intelligent behavior

Bar Code

On June 26, 1974, Marsh’s Supermarket introduced the first bar code. The first prod-
uct to contain the new technology was a pack of Wrigley’s Juicy Fruit gum. Some
thought that the new technology would never pay off. In fact, at the time, a Midwest
grocery chain executive said, “I think the industry has sold itself on a program that
offers so little return that it simply won’t be worth the trouble and expense.”?

Before the bar code, inventory management consisted of manually counting and
recording items on a ledger. This system was very inaccurate and time-consuming.
Bar codes were invented to make the system of tracking inventory faster and more
accurate.’ This technology was very expensive to implement, but over time it has
provided tremendous savings. Bar coding automated the recording process, lowered
recording errors, made inventory management economical, and reduced the number
of workers needed to handle inventory.* Bar coding was so effective that entire sup-
ply chains were adapted to embrace the technology.’

Scanning bar codes generally takes between 4 and 10 seconds per pallet because
line of sight is required to obtain valid reads.  In addition, a bar code reader can read
only a single bar code at a time. When you think of high-volume warehouses, which
may “scan bar codes up to 25 times between inbound receiving and outbound shipping,
you start to understand the magnitude that traditional bar codes often impose.””

Another drawback of the bar code is its inability to store large amounts of data. A
bar code is able to store only enough data to allow it to be identified. This identifica-
tion at a stock-keeping unit (SKU) level is not unique, however, which is an impor-
tant benefit of RFID. A bar code can tell you general characteristics about a product
but not specifics, such as when it expires.

RFID

“Radio frequency identification (RFID) technology uses radio waves to automati-
cally identify physical objects (either living beings or inanimate items).”® A radio
device called a rag is attached to the physical object that needs to be identified.
Unique identification data about this object are stored on the tag. When such a tagged
object comes within range of a RFID reader, the tag transmits these data to the
reader, which captures the data and forwards them over suitable communication
channels, such as a network or a serial connection, to a software application running
on a computer.
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RFID Tag

It is important to distinguish among the types of RFID tags: passive, active, and
semiactive (also known as semipassive).

e A passive tag does not have an onboard power source and uses the RF
signal emitted from the reader to energize itself and transmit its stored data
to the reader.

e An active tag has an onboard power source (a battery or a source of power,
such as solar energy) and electronics for performing specialized tasks. An
active tag uses its onboard power supply to transmit its data—either auton-
omously or under system control—to a reader, typically over larger dis-
tances than passive tags. It does not use the reader’s emitted RF power for
data transmission. The onboard power supply enables (1) several readers to
determine a tag’s specific spatial location; and (2) functionality of micro-
processors, sensors, and input/output ports.

* A semiactive tag has an onboard power source and electronics for perform-
ing specialized tasks. The onboard power supply provides energy to the tag
for its operation. However, for transmitting its data, a semiactive tag uses
the reader’s emitted RF signal.

FUTURE AND BENEFITS

Imagine walking into a supermarket, filling up your cart, and walking directly out of
the store without stopping to check out. Imagine receiving reminders from medicine
bottles to take prescribed medications. Imagine a business owner forecasting items’
expiration in real time. Imagine your house automatically setting a room’s mood
based on an individual’s preferences. With the way businesses are innovating with
RFID, each of these situations could be become reality.

When a customer wants something that a retailer does not have, the retailer loses
a sale. RFID’s greatest realized benefit in the retail market today is decreased stock
outs based on longer lead time.’ In this case, RFID enables decision makers with
increased supply chain visibility. According to Paul Fox, director of global external
relations for Gillette, “in the United States alone, billions of dollars are lost each
year as a result of supply chain inefficiencies, with product being lost, misplaced or
ordered inaccurately.”®

RFID will enable businesses to lower operating expenses and maximize profit-
ability by doing the following:

e Reducing inventory and shrinkag
* Lowering store and warehouse labor expenses
e Ensuring fewer out-of-stock items

According to Vic Verma of Savi Technology,'! “the benefits of RFID in the end-
to-end supply chain solution reduce costs in the following areas: inventory holding,
labor, maintenance, insurance, reverse logistics, damage, and pilferage.” RFID will
also increase accounting accuracy. Accountants will be able to determine ending
inventory levels more accurately. Also, cost of goods sold will be easier to calculate.!?
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Additionally, RFID reduces the cost of counting inventory items, making it possible
to operate with fewer employees.!* Auditors will be able to catch obsolete inventory
items faster, which will allow them to value the inventory more easily. RFID also
eliminates the chance of counting an item twice.!

Another effect on profitability when assets are enabled by RFID is service docu-
mentation and record keeping. According to a study by AMR Research, businesses
that show leadership in automating their service operations are 25% more profit-
able than average companies in the same industry.!> RFID enables automatic identi-
fication to build service records that can help improve service efficiency, lower costs,
and position the company to gain additional service revenue.

The benefits are limitless. Now, let’s take a closer look at how RFID affects asset
management.

ASSET MANAGEMENT'®

What characterizes a RFID-enabled asset management application?

e The asset needs to be managed through its inventory characteristics (manu-
facturer, model, serial number, description, configuration level, if appropri-
ate, and storage or installation location).

* A means of identification that contains a unique identifier associated with a
background database of information containing specific asset information
should be attached to the asset; this tag may be a bar code, RFID tag, or
combination tag.

* The location and other properties and states of this asset should be detected
in real time by attempting to read the tag data on a periodic as well as an
on-demand basis.

Asset management applications can tie the unique identity of an asset to its loca-
tion. This can be accomplished using RFID tags; passive RFID tags will provide
information about location based on when the tag was last read (zoned location or
proximity), and active RFID tags can determine more refined location in real time
because tags can be pinpointed using triangulation techniques (also called real-
time location systems [RTLSs]).

As an example, the American National Standards Institute (ANSI) INCITS 371
standard, developed by the International Committee for Information Technology
Standards, enables users to locate, manage, and optimize mobile assets throughout
the supply chain. Stationary active RFID readers read the asset tags as they pass
through zoned locations in a facility or yard. These data and the reader’s location
information are transferred then into an asset management system. Both local and
global/wide-area monitoring is possible. Global asset monitoring is using satellite
communication networks to link RFID systems at remote sites.

Fleet Management

Used as a fleet management tool, RFID tags are mounted on transportation items
such as power units, trailers, containers, dollies, and vehicles. These tags contain
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pertinent data about the item by which it can be identified and managed. Readers,
both stationary and mobile, are placed at locations through which these tagged items
move (e.g., access controlled gates, fuel pumps, dock doors, maintenance areas).
These readers automatically read the data from the tags and transmit them to distrib-
uted or centralized data centers as well as an asset management system. This system
can then allow or deny a vehicle access to a gate, fuel, maintenance facilities, and so
on. Thus, using the data from the tagged items and vehicles, an asset management
system can locate, control, and manage resources to optimize use on a continuous,
real-time basis. The data captured from the tagged items can be timely and accurate,
resulting in elimination of manual entry methods, which in turn reduces wait times
in lanes and dwell times for drivers and equipment.

An extension of this would be the collection vehicle diagnostic data in combina-
tion with the vehicle’s unique ID to improve fleet life-cycle management. This would
be an example of fleet monitoring and management.

Benefits of Asset Management

¢ Better use of assets. The ability to locate, control, and use an asset when
needed allows fleet asset optimization.

* Improved operations. Accurate and automatic data capture coupled with
intelligent control leads to better security of controlled areas, provides pro-
active vehicle maintenance, and enhances fleet life.

¢ Improved communication. Real-time, accurate data provide better com-
munication to customers, management, and operation personnel.

Caveats

Initial investment may be required for hardware and infrastructure. Cost
increases with the fleet size, the number of data capture points, and the amount of
custom implementation services required. In addition, for geographically dispersed
operations, wide-area wireless communications such as satellite communication
may be needed, thus increasing the infrastructure cost.

Implementation Notes

Semiactive, read-only, and read-write tags with specialized onboard electronics
(e.g., to indicate the status of a data transaction) are generally used. Most impor-
tantly, such a tag can be integrated with a vehicle’s onboard sensors to relay critical
vehicle information such as fuel level, oil pressure, and temperature to a reader. The
fleet management system uses these data to determine proactive maintenance on
vehicles, resulting in a longer fleet life.

APPLICATIONS

The applications of RFID are widespread; this section addresses those that pertain
to asset management. The entities most active in implementing RFID technology are
Wal-Mart and the U.S. Department of Defense (DoD). Other recognizable companies
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beginning to implement RFID technology are Target, Albertsons, Best Buy, Tesco,
K2, DOW Chemical, Metro, and UPS."”

Retail

Wal-Mart has begun a rollout of passive RFID at the pallet and case level in many
of its distribution centers and retail locations. Testing began in January 2005 at three
of its Texas warehouses using 137 suppliers and 150 Walmart stores. The company
plans to reengineer its supply-chain management process with RFID technology giv-
ing the company, which is already considered by many to have the strongest supply
chain in the world, even more of an advantage over its competition.

Department of Defense

Among the first to implement RFID in the supply chain, the DoD issued an RFID
policy affecting many of its 43,000 suppliers. The policy includes passive as well as
active tags. In fact, “every container shipped to Afghanistan and Iraq includes an
RFID tag that helps improve the military’s ability to track supplies and their condi-
tion.”’® Having spent $100 million to date, the DoD expects to fix RFID tags on each
individual item in the future.!

U.S. Food and Drug Administration

In addition to the DoD, the U.S. Food and Drug Administration (FDA) is encour-
aging use of RFID by U.S. drug suppliers in 2007 (1) to prevent counterfeit drugs
from infiltrating the pharmaceutical supply chain?’; and (2) to control the diversion
and theft of drug shipments. The industry loses between $10 billion and $30 billion
annually to counterfeit drugs.?!

Drugs can be authenticated using RFID’s ability to provide unique serialization
and identity. Some companies, such as Pfizer, Purdue Pharma, and GlaxoSmithKline,
are already using RFID with their high-risk drugs.?? The technology shows a lot of
promise for tracking the pedigree of drugs and may be an extremely useful tool for
fighting counterfeiting and ensuring drug safety.?’

Automotive Industry

The automotive industry uses RFID to track materials as they move through the sup-
ply chain. The result of improved visibility enables improved just-in-time inventory
capabilities and therefore lower levels of spare parts inventory.

Forecasting is a particularly challenging issue for most auto companies, stem-
ming from the large number of automobile and feature configurations available. By
using RFID tags, auto companies may be able to reduce the amount of time it takes
to produce and deliver a car of a particular configuration to an end customer.

The manufacturing process can be improved by RFID also. Faster than bar code
technology, RFID tagged parts enable manufacturers to locate needed parts and to
know when a part’s quantity is low. Using RFID technology for an auto manufac-
turer is likely to enable faster time to market and lower inventory costs.
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Personnel Emergency Location

Imagine a fire breaks out in a building of 600 employees. How would rescuers know
if everyone had escaped? Even if RFID is able to determine that three people are still
inside, how would the people be located?

Active RFID tags combined with location awareness and safety software can pro-
vide location identification to a high degree of accuracy (using specialized technolo-
gies like ultra wideband). Imagine the power of knowing where each employee is
located and being able to grant or deny access to authorized users. In the event of an
emergency, RFID may even save lives.

Container Shipping

RFID is revolutionizing the global supply chain by enabling status updates on cargo
containers as well as near real-time, wireless global access to their content’s status
and location.

In general, the RFID-enabled container—offered by IBM, Lockheed Martin, and
General Electric—has the potential to turn every container into a moving virtual
warehouse. Imagine having a container contact you with the status of its contents as
soon as it arrives at its destination.

As a result, supply-chain stakeholders can receive and respond to product data.
The benefits spread across stakeholders from consignees to operation managers to
customs’ authorities: lowered costs to market, improved control of just-in-time deliv-
ery of components for assembly, and reduced warehousing overheads.

RFID enables the required conditions from source to market to be monitored,
maintained, and verified. The sharing of this diverse information on containers and
their contents is truly changing the global transportation industry.

DATA COLLECTION STANDARDS

There is a lot of activity in the RFID industry around data collection standards.
Different standards bodies and organizations are focused on resolving and standard-
izing different aspects of the technology. A list of the major standards organizations
involved in data collection is listed as follows for reference:

¢ American National Standards Institute (ANSI)

e Automotive Industry Action Group (ATAG)

* European Article Numbering Association International, Uniform Code
Council (EAN.UCC)

* EPCglobal leads the development of industry-driven standards for the
electronic product code (EPC) to support the use of RFID in today’s fast-
moving, information-rich trading networks.>* Their approach is recog-
nized as smart and proactive, since the number of companies using RFID
is expected to explode, including collaboration with business trading part-
ners. EPCglobal exists to prevent a massive reconstruction effort to get
down the standards to where trading partners can collaborate and share
information (see http://www.epcglobalinc.org)
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e International Organization for Standardization (ISO)

e Comité Européen Normalisation (CEN; European Committee for
Standardization)

¢ European Telecommunications Standards Institute (ETSI)

e European Radio Office (ERO)

e Universal Postal Union (UPU)

e American Society for Testing and Materials (ASTM)

CHALLENGES

As with any emerging technology, there are challenges. RFID’s largest challengers
are information privacy and accuracy of reads. Despite these challenges to RFID’s
immediate, widespread adoption, industry experts say there is no reason to stall
RFID implementation projects. ‘“Taking appropriate measures, however, will miti-
gate risk and preemptively address any fears that may be raised by employees or con-
sumers.”? Rather than reflect radio waves, liquids and metals absorb them, making it
generally more difficult to read tags close to liquids or metals. Innovative manufac-
turers are countering this limitation by extensive research to design an easy-to-read
tag in these special environments.

Privacy for the consumer and the corporation is one of the most discussed topics,
and developers are working on ways to secure sensitive information. In the effort
to mitigate RFID concerns among retail consumers, it is recommended that compa-
nies who use RFID tags do the following:

1. Inform customers of the presence of RFID tags in purchased items.
2. Obtain customer permission to use the tag data.
3. Destroy (optionally) the tags before customers leave the retail environment.

To enhance consumer privacy, the “Clipped Tag” was developed and could pos-
sibly allow RFID tags to be used to tag individual consumer items. “The ‘Clipped
Tag’ has been suggested for individual items in order to enhance consumer privacy.
It allows the consumer to tear off a portion of the tag in order to transform a tag that
may be read at a range of 10 meters to one than can only be read at a few cm. The use
of these tags puts privacy protection in the hands of the consumer, provides a visual
indication that the tag has been modified, but makes it possible for the tag to be used
later for returns, recalls, or recycling.”?¢

It could take years before every risk is mitigated completely, but the technology in
its current form is still widely successful.

CONCLUSION

After reading this subsection on RFID, you should be able to understand and evalu-
ate the merits of the technology in asset management. RFID stands, as bar codes did
in the early 1970s, on the brink of mass implementation. It will impact and transform
business by providing greater asset visibility and improving asset management. As
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improvements are made and the technology drops in price, the market will innovate
ways to integrate RFID into many, cross-industry applications. Marketplace leaders
are already embracing RFID—the technology that stands on the cutting edge of
making significant improvements in asset management. We stand at the beginning
of the “Internet of Things.”
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The focus of this chapter is to look at what information technology (IT) assets are
and why we would want to manage them. We will spend some time here to gain an
understanding of why we include IT within the realm of maintenance excellence and
why IT asset management (ITAM) has become a part of the enterprise asset that is
used to deliver production to the organization.

The ability to manage and optimize IT assets is critical to delivering cost-
effective support to the business. A multidisciplinary approach to managing these
assets and processes provides IT organizations with the capability to minimize
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costs while maximizing return on assets and achieve targeted service levels of sup-
port to the business.

AIL IT assets have a full life cycle similar in form to the other assets within an
organization. They move through the same cycle of events from planning, to pro-
curing and implementing, to maintenance and upkeep through to disposition and
replacement. The difference is that IT assets generally expend their assets life cycle
over a much shorter time period and are undergoing more radical changes to support
the newer technology and the changes in the way we use technology. But, like other
plant assets, IT assets require continuous service and maintenance to operate effec-
tively and at peak performance.

16.1 INTRODUCTION

While we are on the topic of enterprise assets it is important to consider one of the
expansive areas in every business today: IT assets. The challenge here is not so
much in capturing these assets as it is in managing them and understanding the level
at which to manage them. Within the IT division of your company there are many
views concerning what an IT asset is and what it really consists of. But in the next
few pages we are going to attempt to elaborate on exactly what an IT asset is and why
we need to consider these in our asset management strategy.

Let’s review what comprises a typical enterprise asset. An enterprise asset is
something in the organization that we need to manage because it is critical to the
viability of our business and without which our company will suffer in either perfor-
mance or capability to deliver to our customers. Therefore the enterprise asset has a
value both in terms of financial consideration and in terms of where it lies within the
company’s ability to deliver its output to the marketplace.

In today’s world this clearly describes how IT assets belong within the overall
enterprise view. Most organizations today cannot survive or deliver to their custom-
ers without the help of technology. Information technology is embedded, overseeing,
and supporting the ability of an organization to deliver to its customers.

To achieve a sustainable ITAM program, an organization must leverage and apply
four guiding principles:

¢ Reduce the total number of ITAM tracking methods.

e Simplify and standardize processes across the organization.
* Consolidate control and accountability for IT assets.

e Establish a “single source of truth” for ITAM data.

The fundamental component for a successful transition to ITAM and long-term
health of an enterprise asset management (EAM) program will be the governance
component. The asset management maturity model tasks and capabilities illustrated
in this chapter and the recommendations for the way forward are heavily dependent
on a strong governance structure within the enterprise.
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16.2 WHAT IS ITAM?

ITAM is exactly what it implies: the management of the assets that make up the
workings of the business’s underlying technology delivery capabilities. These
include the software, the hardware, the network, and the data—each with its own
unique level of importance to the business. But ITAM is more than just managing
all the computer equipment for the information technology group. It is also about
managing the integrated technology that supports the business, from the networks
and equipment that manage the machinery in the plant to the portable devices used
to update inventory and logistics in the warehouses. IT is no longer a back office or
management tool; it has become fundamental in the operations of an organization.
As computer and information technology becomes more integrated into the stream
of every part of the business, it now affects the tradespeople on the shop floor as well
as the production workers’ ability to do their job in managing business; ITAM is
becoming mainstream.

16.3 WHY INCLUDE ITAM IN MAINTENANCE EXCELLENCE?

For assets to have longevity to the organization we need to assure that they are oper-
ating at their peak performance. To do this it is important to maintain the equipment
and perform maintenance tasks on them. The thing that makes maintenance on an IT
asset different is we do not often use wrenches to do the maintenance. But this does
not change the fact that maintenance must be performed. Therefore, understanding
that maintenance is required on IT assets and that IT assets are core to the excel-
lence of business performance, then why would an organization not want to include
IT asset management as part of the drive toward achieving maintenance excellence?
If we are planning on performing a standard of excellence in maintenance, then it
should also apply to the IT assets. Maintenance excellence in IT is just as important
as maintenance excellence in the manufacturing environment. In fact, a number of
the processes we use to manage maintenance of equipment are also the same as in
managing I'T. We just use a different label for it.

IT assets are now widespread throughout most organizations and are already
expanding within the very workings of the shop floor of the production plant.
Through SCADA and other statistical control systems that use microprocessors and
are running on common networks, the plant floor has become more capable of shar-
ing its statistics of operation with the management stream for MIS reporting and
analysis. These systems are now integrating with other major components of the
once isolated interactions of management information systems (MISs) to provide
detailed information to the plant and production engineers and to offer more control
of the delivery processes of an organization. As the shop floor starts to look more
like IT and IT starts to embrace the operations of the plant floor, we begin to respect
the need to include such technology assets as an integral part of the productivity of
plant operations. This, by its very nature, implies the need to include IT assets within
the overall maintenance excellence program.
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IT assets today do not act in singularity but consist of complex integrated compo-
nents of hardware, software, networks, and data. As such, this complexity becomes
very limiting when any one of these component parts starts to perform poorly or fail.
Proper maintenance can detect and prevent such failure and keep your systems from
running poorly. Like the systems in a car, the systems in I'T must all work together
to keep the company moving. Many people have experienced frustration when a
car component starts to perform poorly and fails as a result of delaying necessary
maintenance. Many have heard the mantra, “Pay me now or pay me later,” from the
mechanics when it comes to maintaining a car. As a good maintenance strategy on a
car helps to prevent failures and keep your cost lower, the same too is true regarding
all asset maintenance, including IT asset maintenance.

IT asset maintenance is fundamentally becoming part of the overall operational
plant. Many organizations are realizing that there are synergistic advantages in com-
bining operational assets management with IT assets management, especially the
underlying IT infrastructure that supports the management and control of many of
the operational assets. To improve manageability, many operational assets are taking
on IT attributes such as microprocessors, operating systems, and Internet Protocol
(IP) addresses. Plant assets such as generators, power meters, and instrumentation
are increasingly being networked and managed with IT software. Statistical pro-
cessing controllers have been integrated into the shop floor for a great many years
and are now being networked to provide continuous feedback to the business. Since
these plant assets behave like IT assets, there is an opportunity to leverage IT busi-
ness processes such as software distribution and patch management onto the shop
floor to provide better overall asset management. This reasoning can be used to com-
bine IT asset management with operations maintenance excellence.

16.4 WHAT IS THE VALUE OF ITAM?

IT assets have become an integral part of the delivery of production to any plant
for the managing of orders and shipments to the functional delivery of running the
machines through automation. IT assets have spread throughout the organization,
and managing these assets and their subcomponent parts in an effective manner can
make the difference between a successful organization and one that will become
obsolete or fail to survive.

IT assets are now, more than ever, an integrated component of the organiza-
tion, and, with the need to find efficiencies in delivering productivity in a global
economy, IT technology and its implementation to the productivity chain have
become inseparable.

ITAM brings value to the organization by providing a means to manage these
embedded and integrated technology systems within the organization and facilitates
having a single set of strategies within a business for managing the assets for IT.

16.5 PROCESS IS THE KEY TO SUSTAINED PERFORMANCE

A lot of time has been spent in forming and managing IT assets. In fact, a whole
library of process frameworks has been built for the sole purpose of managing IT
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assets. This framework of processes has been incorporated into the Information
Technology Infrastructure Library (ITIL) and has become the de facto standard for
the processes involved in the management of IT assets. The entire framework is not
just for asset management but entails much more, since it delves into the delivery of
service management to the community that uses the IT assets within an organiza-
tion (more on this in Chapter 15). ITIL has, in its own growth, adapted some of the
very concepts that have been covered in this book in striving to achieve the ideas of
maintenance excellence. The use of strategic, tactical, and continuous improvement
to the managing of the IT assets and the delivery of services to the organizations are
fundamentally embedded in the principles and practices of ITIL.

16.6 UNDERSTANDING THE ROI OPPORTUNITY

The return on investment (ROI) of ITAM is not all that different from the ROI for
other enterprise assets. The criticality of the IT assets and the need to track and man-
age the maintenance of those assets can identify what the gain of proper management
is of those assets. In evaluating the ROI it is important to assess the value placed on
needing these IT assets. If these assets are not working, what is the impact to the
business? What are your current maintenance costs for managing these assets, and
what improvement would you make in better managing these assets? Understanding
the ROI on any ITAM implementation means understanding the value the IT assets
have within the delivery and management of the business as a whole.

Another way of stating the ROI equation of IT is to understand the cost of the IT
infrastructure not existing. Should an organization be unable to create product, pay
employees, provide regulatory reports, or purchase/manage inventory, the impact
would be quite far-reaching. For this reason, the ROI equation must be considered
in a broader context. Owing to this extended impact, the solution must be evaluated
against business continuity. In addition, from the outset, redundancy, backup, and
manual processes should be part of all planning activities.

Poorly managed IT can result in much money wasted on licensing of software,
improper care, and maintenance of computer equipment, which could lead to early
replacement or lost assets. Proper management of IT assets and resources can save a
large company millions of dollars.

16.7 WHAT TYPES OF TOOLS SHOULD YOU CONSIDER?

Many of the tools that can be used for managing enterprise assets are the same tools
we can use for managing IT assets. Since the issues of IT assets are that of managing
service to the various components and supporting the productive activities for busi-
ness, it is just as critical to manage these assets. The differences in the tools needed
for assets management extend beyond just managing the physical assets, they also
encompass the complete configured system of components, which includes software,
hardware, networks, services, and data.

In addition, a number of specialized tools can be leveraged to assist in managing
IT assets. Tools that can be loaded onto a system that will go out and discover all
the assets on a network can be quite helpful in getting started. Generally, these same
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tools can be used for managing the configuration of the software and devices on the
network. I'T has been doing this type of management to their environment for years,
and this can be easily expanded to manage these new application devices that are
appearing in the plant operations too.

Even at the time of this writing, we are seeing further convergence of tools that
will discover and monitor the IT infrastructure. It is anticipated that there will be
further convergence in the tool sets and that software asset management capabilities
will become more refined over time, adding more comprehensive capabilities.

ITIL is a tool with many ideas and processes that can be implemented to manage
the services and components associated with the IT assets throughout the organiza-
tion. Within ITIL are contained concepts around housing configuration management
information in a database. Understanding what configuration to use extends beyond
just the physical components but also goes into adding information about how the
parameters and setting within that asset have been set up to operate to maximum
effectiveness for the organization. This is because technology assets are not always
the same even though they may look and act the same: a computer on one desk may
be very different in its settings from the same computer on another desk.

Standardization of how IT assets are deployed, managed, and configured is an
important tool that a company may wish to deploy across its organization. This would
include tools that might restrict the asset from being used for purposes other than
that for which it was intended. For example, restricting a computer from browsing
outside the bounds of the organization (i.e., browsing the Internet) might be needed
to assure the computer is not being used inappropriately, which could affect its abil-
ity to do what it was intended to do.

16.8 HOW DO YOU BEGIN AN ITAM PROGRAM?

Beginning an ITAM program can seem overwhelming. One fundamental driver has
to be continuous improvement. Understanding that you can’t solve all pastills in a sin-
gle step will go a long way toward setting expectations for all involved. Establishing
the roles and empowering a person or position to create and enforce policy is key.
These policies should work within the existing job frameworks as much as possible.
Creating redundant, cumbersome processes will result in poor results.

Starting an ITAM program begins with identifying two very important pieces:
the depth of the detail required and the breadth of components. When we talk about
depth we are referring to what equipment components will be serialized. Some orga-
nizations may wish to keep track of lower levels than others; for example, some may
want to serialize the mouse on every computer, whereas others will consider the
mouse to be a part of the main asset, the computer. Even the specific computer may
be considered only a part of the workstation; therefore, it will not even be serial-
ized for the enterprise asset. This is one of the important decisions that need to be
made in starting an ITAM program. The breadth of components refers to how much
of the organization will be included into the program and what asset types will be
considered. For obvious reasons it is hoped that the breadth becomes the whole of
the organization and all of its assets, but in the first phases of the rollout it might be
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appropriate to limit the breadth to specific assets in one location or department and
phase in the changes for managing IT assets over a period of time to make the transi-
tion to the whole organization more feasible.

Implementing an ITAM program must start from the top and have the full sup-
port and understanding of the benefits of the program in order to drive down through
the organization to the implementation and assure the success of the program.
Establishing an executive sponsor of the initiative is critical to implementing any
new program to the organization, and beginning an ITAM program is no different.

The second challenge is establishing the team that will deliver and establishing
the boundaries (breadth) of what the team is to work from. Attacking the entire
organization, depending on the size, may be a daunting task, so having a strategic
approach to discovering and implementation is important to assuring the success of
the implementation. It is like the old adage: How do you eat an elephant? One bite at
a time. It is important that the bites that you take are small enough to be digestible
but big enough to make a visible difference.

It should be recognized that, depending on the organization and the state the cur-
rent organization is in, the process of implementing ITAM could run from several
months to several years. So it is important that you have a strategy that will support
this long-term initiative and that you are able to see the tangible results that such
implementation achieves and its intended benefits. A steady path toward mainte-
nance excellence will not happen overnight, but the rewards of achieving it will
definitely benefit the bottom line of the organization’s financials.

To facilitate a further understanding of an approach to beginning an ITAM pro-
gram the capabilities and tasks as outlined next are a possible roadmap for the enter-
prise to successfully launch an asset management program.

The idea of process maturity model is central to several prominent methodology
structures that are heavily used in the IT industry. This concept is a useful way to
show measurable progress in the various areas that make up the total life-cycle asset
management (TLAM) model for ITAM.

“Begin with the goal in mind” is a central tenet of most modern quality manage-
ment philosophies. If an organization has no clear goal or purpose, then it becomes
impossible to define measurable key performance indicators (KPIs) and to articulate
the processes that lead to success. Leveraging a maturity model is one method for
driving toward a measurable means to reaching this goal that can be universally
understood within the organization.

The maturity model defines “capable” in terms of the definition and communica-
tion of goals and “aware” in terms of understanding the targeted direction. The steps
that must be taken to achieve a “capable” mission definition are as follows:

¢ Disseminate the goals of asset management to key stakeholders.

* Disseminate the goals of asset management throughout the agency.
e Prioritize the mission elements.

e Select the technical goals.

e Select the broad business process goals.
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Whereas a mission statement can be painted in very broad brushstrokes, with
goals that are very much “end-state” in their orientation, objectives are more process
oriented. Objectives should begin to answer the question, “How do we achieve our
goals?” In other words, objectives are the mile markers and road signs that tell us we
are on the right route to achieve the mission.

The following are the steps that must be taken to achieve a “capable” state for the
definition of objectives for implementation of a program:

* Gain consensus on specific business process objectives.

e Consider and identify the services and service levels that are needed to
meet the business objectives.

¢ Establish measurable performance indicators.

e Set the timeline for near-term objectives to be achieved.

Once the asset management mission and objectives are established, then the real
heavy lifting of establishing the asset management processes begins. These pro-
cesses will provide the structure to enable members of the organization to support
the business objectives that result in the successful achievement of the mission.

Establishing the asset management framework will address the governance issues
that were identified as being a significant gap for the enterprise in terms of establish-
ing a successful asset management program. Since the only governance framework
is currently localized and fragmented, the creation of an enterprise-wide asset man-
agement framework will need to proceed through the “aware” stage first to arrive at
the “capable” stage on the maturity model.

The following are the steps that must be taken to achieve an “aware” state for the
asset management framework:

¢ Define the asset management framework, including process roles and stan-
dard operating procedures (SOPs).

* Define any necessary services and service-level agreements (SLAs) that are
needed to meet the asset management objectives (services may be either
internally or externally provided).

¢ Disseminate the asset management framework to your stakeholders.

Having taken the previous steps to achieve an aware state, the following steps
must be taken to achieve a “capable” state for asset management framework:

e Use a feedback spiral to remove process failures from the asset manage-
ment framework.

* Review and revise policies, procedures, and roles on a regular basis to
reflect changing business conditions.

¢ Disseminate the asset management framework and processes agency-wide.

¢ Define conforming processes for each mission element and organization unit.

Once the management framework is established, then the true asset life-cycle
management can begin. TLAM would apply nicely here and is a fundamental concept
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that should be included. As with the previous steps, it is necessary for you to progress
through the “aware” state to reach a “capable” state on the maturity model.

Starting with the “aware” state, the following are the steps must be taken to
achieve this for managing the asset life cycle:

¢ Identify asset tracking repositories.
* Consolidate asset tracking information.
¢ Nominate a final asset management repository (one source for the “truth”).

Progressing to a “capable” state for managing the asset life cycle requires imple-
menting the processes to support every phase of the asset management life cycle and
implementing metrics to track costs, disposal, and recovery.

The verification and audit processes should be part of the asset management
framework that was established. These processes use the asset data established in
the asset tracking repositories and help to ensure that the data have a high degree of
accuracy and reliability.

The verifying and auditing of asset information follows again within our maturity
model with the following steps that must be taken to achieve an “aware” state:

e Update supplier contact and contract information annually.
e Track software license volume.

e Track procurement volume.

e Check software licenses as part of any IT asset change.

e Schedule and execute audits on major assets.

e Track recognized deficiencies.

Once the achievement of the “aware” state has again been reached, the following steps
must be taken to achieve a “capable” state for verifying and auditing asset information:

e Track the asset life cycle, capturing asset class, asset source, and supplier.

e Track performance against service-level agreements.

e Track software licenses by usage and deployment.

e Track software licensing exceptions and compliance failure.

* Enforce license policies and communicate policy enforcement agency-wide.

» Establish agency-wide audit procedures that are codified and repeatable.

¢ Trigger automatic audits when unauthorized IT assets connect to the network.

*  Work continuously to remove conflicts among asset management, agency
mission, and legal requirements.

If all stakeholders have a high degree of confidence in the accuracy and reliability
of asset data (because of the processes that are in place), then it becomes necessary
to support the demand for reporting and analysis of capabilities.

The beginning of this is through the “aware” state to analyze and provide asset
information. The following steps must be taken to achieve this state of “aware” for
analyzing and providing asset information:
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* Document and implement existing automated reporting.

e Implement repeatable analysis functions.

e Implement project-based reporting (history, storage, disposal, value, cost,
licenses, assets by location, owned and leased assets, contract or license
expiration, inventory variance).

Like all good steps it is expected that, once you move through the “aware” state,
you will start to take the following steps to achieve a “capable” state for analyzing
and providing asset information:

e Implement automated methods for most reporting.

e Expand analysis automation.

e Implement standardized asset reporting (similar categories as project-based
reporting).

Once standardized asset management reporting and analysis tools are developed,
then the processes of continuous improvement by management monitoring of perfor-
mance metrics can take place.

To achieve an “aware” state for evaluating asset management performance, the
organization must consolidate and document existing measurements and perfor-
mance indicators to track asset management efforts.

The steps to be taken to achieve a “capable” state for evaluating asset manage-
ment performance are to determine measurements and performance indicators that
match decision support requirements and then report and disseminate measurements
and performance indicators to key stakeholders.

16.9 ORGANIZATIONAL CLARITY AND CAPABILITY

Direction and control roles define how the organization establishes accountability for
asset management. Reaching the “aware” state requires the departments to have an
assigned owner of departmental assets, whereas achieving a “capable” state requires
the departmental asset owner to be assigned to manage central IT assets.

Execution roles are used to define responsibility for asset management within the
organization. The steps needed to reach an “aware” state are the following:

* Asset management roles and responsibilities have been discussed but may
not be fully agreed to by all parties.

e Connections between actual asset management roles and mission and role
descriptions may be vague.

* Measurements exist, but there may be few meaningful measurements.

In contrast, the steps to achieve a “capable” state are the following:
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* Asset management execution roles and responsibilities are agreed to by all
parties but may not yet be documented.

¢ Responsibilities generally tie to mission and role descriptions.

¢ General qualitative measurements exist.

The area of skills and desired behaviors refers to the skills and desired behav-
iors needed for an organization to perform at the various levels of asset manage-
ment maturity. The “aware” state requires that the asset management skills are good
but relate to only some of the data requirements and that the skills are primarily
technical.

However, a “capable” state requires the following to be included:

e Determining technical and financial skills needed by asset management
resources

e Determining the technical and financial skills needed by asset management
resources to be effective in the function of asset management

* Documenting technical and financial skills of asset management resources

e Documenting the technical and financial skills needed by asset manage-
ment resources to be effective in the function of asset management

e Comparing technical and financial skills needed with technical and finan-
cial skills that the asset management resources have, identify any gaps, and
develop training to address any gaps

* Implementing technical and financial skill training of asset management
resources

16.10 MEASURING AND IMPROVING THE PROCESS

16.10.1 MEASUREMENTS

Metrics provide the means to determine the performance of our processes, to set
meaningful improvement goals, and to measure whether improvements to the pro-
cess really made a difference. Discussions of product or service expectations with
the process customer helps focus process performance measures on those charac-
teristics the customer values. An understanding of the causes that affect process
performance provides insight that aids in setting preventive measures and defining
requirements in procedures. Since metrics drive performance by focusing attention
on ways to improve the measure, care should be given not to suboptimize the system
by applying flow or efficiency measures on overcapacity processes.

The organization should carefully monitor the actual metric data values, espe-
cially in the first few reporting periods after the metric has been established. It is
important to validate the data gathered to ensure an accurate process assessment.
It is also important to validate the consistency of measurement collection methods.
Prior to taking actions to stabilize the process, the organization should determine
the current “baseline” performance for each metric. The organization can then
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see the result of stabilizing actions by comparing the baseline performance with the
stabilized performance.

The following steps must be taken to achieve an “aware” state in the measure-
ments arena:

¢ Directorate and mission-based asset management performance are for-
mally tracked.

¢ Begin the project to identify key asset management measurements.

* Meet with the process customer and establish the end-item product or ser-
vice measures. Negotiate the minimum acceptable performance levels for
each. Minimum acceptable levels are not to be confused with goals.

¢ Define and document each measure by clearly describing what is being
measured and the calculation formula to be used.

The following steps must be taken to achieve a “capable” state in the measure-
ments arena:

¢ The measurements feed the decision support loop for process mission
and objectives.

e The measurement crosses directorate and process boundaries and addresses
efficiency and performance.

* A repeatable and scheduled process gathers and aggregates project-level
measurements.

* Measurements include business and operational data.

e Communicate with the “creators” and “collectors” of the measurement data
to confirm the definitions and to agree to a method of data collection that
ensures the consistent use of the definitions over time.

16.10.2 UNDERSTANDING CUSTOMER SATISFACTION WITH THE PROCESS

The actual tasks and actions taken to complete a process must be documented so they
can be internalized across the organization. They must be repeatable to the point that
anyone, given the proper skill and experience, can complete the process correctly
and report customer satisfaction on a repeatable basis. Documenting process steps
is the piece of the puzzle that is most often left out when defining process. Many
organizations develop process maps but fail to document the steps in understanding
customer satisfaction. The result is a process that does not accurately reflect the steps
and tasks that really occur throughout the process.

The following steps must be taken to achieve an “aware” state in understanding
customer satisfaction with the process:

e Gather historical customer satisfaction data.

¢ Gather and document baseline customer satisfaction information.

¢ Identify all contractual, regulatory, and program requirements that apply to
the process and customer satisfaction.

¢ Identify any undocumented customer needs and expectations.
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However, to achieve a “capable” state in understanding customer satisfaction with
the process, the organization must take steps to implement repeatable customer sat-
isfaction reporting and include the nonfinancial costs of performance.

16.10.3 IMPROVING THE PROCESS

An improvement plan should be documented, accessible, and communicated to all
involved parties to ensure that progress can continue even if resources are reallocated.
It is necessary to ensure a balanced set of metrics by reviewing customer measures,
preventive process measures, and product control point measures. The goal is to cre-
ate a balance to identify when you are improving one at the expense of another while
focusing on the business strategy. Further, it is necessary to identify how each of the
major cause elements will be managed. Controlling the right causes will enable an
organization to prevent or predict errors before they occur. Items such as tool set-
ting or employee skill level could be identified as a requirement in a procedure. This
could result in other causes needing to be measured, inspected, or audited.

Process stability and process improvement are process characteristics that are
calculated from performance data using easy-to-learn statistics. These are not a sub-
jective assessment of a process. A stable process does not exhibit the unusual data
values or patterns that indicate the presence of special causes. Once the process is
stable, analyzing the variation of process data helps identify what to control to meet
the requirements of the process. The stable process performance is compared with
requirements and aids in the decision on whether to invest in improvements.

Once annual metrics have been set, then multiyear metrics or comparative thresh-
olds for processes can be considered, and the organization can treat each potential area
of improvement as a problem/issue to be carefully analyzed and ultimately improved.

To achieve an “aware” state in improving the process the organization needs to
assure the process is addressed when incidents make process failures evident and
that process improvement begins when technical or financial issues are apparent.

The following steps must be taken to achieve a “capable” state in improving
the process:

* Complete routine process improvements.

¢ Establish measures for the asset management processes.

e Implement a repeatable process for trend, control, and Pareto reporting.

¢ Include personnel performance as a discrete analysis and is included in pro-
cess improvement.

e Determine the process average for more than three reporting periods.
This provides a representative summary of past performance that can be
compared with performance after improvements are made. The resulting
improvement in performance can be easily calculated using this baseline.

e Develop an improvement plan.

* Initiate the actions in the improvement plan to make the selected pro-
cess changes.

e Communicate process changes to all stakeholders.

e Document lessons learned.
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16.11 DELIVERY OF EXCELLENCE

Having described the work breakdown structure of tasks that are a necessary part of
building to “capable” on the asset management maturity model, the following steps
are needed to address the major “gaps” that were previously identified and move to a
higher level on the maturity model.

16.11.1  Step 1: GOVERNANCE

The steps to forming a good governance model consist of the following:

e Form a governance body with decision-making authority that can develop,
prioritize, and shape asset management efforts to support agency-wide
objectives.

e Gain consensus from key stakeholders on the structure and scope of the
governance body.

e Form an agency-spanning committee for asset management efforts.

e Define the channels for communicating customer needs and policy accep-
tance to the committee and for garnering process and status information
from the committee.

e Charge the governance body to develop, implement, and control asset man-
agement vision, strategy, and processes.

16.11.2  SteP 2: ORGANIZATION ASSET MANAGEMENT VISION

The governance body needs to do the following:

e Define the asset management vision.

¢ Define the asset management mission.

o Establish the asset management objectives.

¢ Gain stakeholder consensus on the asset management objectives.

16.11.3  SteP 3: ORGANIZATION ASSET MANAGEMENT STRATEGY

The organization asset management strategy will consist of the following:

* Define the asset management framework, including asset management poli-
cies, business process roles, and responsibilities.

* Define any necessary services and SLAs needed to meet the asset manage-
ment objectives (services may be either internally or externally provided).

¢ Disseminate the asset management framework to stakeholders.

e Define high-level KPIs and process metrics to allow measurement and
monitoring of asset management performance.
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16.11.4 Step 4: ORGANIZATION ASSET MANAGEMENT PROCESSES

The organization asset management processes will do the following:

* Establish a central repository for asset management data that becomes the
“single source for the truth.” (This will likely mean selection of a single
integrated technology tool.)

e Define necessary SOPs and work instructions to support the agreed upon
policies, roles, and technology tools.

e Use system engineering processes to consolidate process redundancies
caused by systems with duplicate or conflicting roles.

¢ Define data standards and naming conventions.

*  Map existing systems to data types, asset classes, access types, and locations.

e Perform initial baseline physical inventory.

» Populate the central data repository from “cleansed” asset data based on the
physical inventory (this can include verified or reconciled network discovery).

e Implement business process controls for asset management processes to
ensure complete and usable information.

¢ Implement the KPIs and process metrics that were defined in the asset man-
agement strategy, to include the reporting process as well as management
roles and responsibilities for monitoring and corrective action.

16.11.5 SteP 5: RATIONALIZATION OF PROJECTS AND SYSTEMS

The individuals and divisions within the organization must recognize the chal-
lenges that exist within asset management. In an effort to address the asset
management challenges, divisions have to initiate multiple asset management
programs and systems. Unfortunately, the uncoordinated and nonintegrated
nature of these efforts is agitating rather than resolving the organizational asset
management challenge. After addressing governance, vision, strategy, and pro-
cesses, the organization should be able to rationalize existing asset management
projects and systems.

Large systems and collections of systems, such as asset management within the
enterprise, are cocreated by teams from various disciplines and departments. System
development is an emergent process. The lack of a central control in this process may
result in conflicting systems and processes that need to be simplified and connected
together to support the organization’s objectives. Rationalization is the process of
examining current efforts against a developed course of action and determining
which efforts support the course of action, which efforts detract from the course of
action, and what additional efforts need to be included in order to make the changes
needed to gain the desired capabilities. From the rationalization analysis, an execut-
able plan is developed to remove systems and projects that do not support the organi-
zation, to accelerate efforts that do support the organization, and to expand existing
efforts or initiate new efforts to fill any gaps.
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16.12 SUMMARY

IT assets are not just found in the big data centers or offices but have infiltrated
into the very core of manufacturing and plant floor operations. Through statisti-
cal process controllers, SCADA networks, and handheld devices for controlling
inventory, IT assets are fundamental to the success of all plants and businesses.
Proper management and maintenance of these assets is essential to the success
of the business. Having an effective ITAM solution in place that aligns with the
TLAM principles will fulfil this need and support the needs of the business.

ITAM is only a subset of the overall integration of EAM and the TLAM for the
enterprise with a specialized focus on a technology that is young and explosive in its
impacts to the organization. ITAM and TLAM need to be part of every company’s
efforts in managing its assets and achieving maintenance excellence.

Through this rendition it is hoped that you now have an understanding of why
information technology is part of the five asset classes any organization needs to
consider when looking for the management of IT assets and driving toward mainte-
nance excellence. IT has become and will continue to expand its role in the success-
ful organizations of the future, and the importance of managing the maintenance
of those IT assets through the life cycle of the asset is the foundational philosophy
behind this book and TLAM for ITAM.
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At their core, all organizations have the same objective: to achieve their business
mission in the most effective manner possible. And, while most institutions rely on
technology tools to facilitate the achievement of this mission and its related business
goals, the tools they rely on often prove to be more of a hindrance than a help.

As a result, many organizations have turned to process models as a way to take
a more structured approach to information technology (IT) management. Two such
models, total life-cycle asset management (TLAM) and the Information Technology
Infrastructure Library (ITIL), created by Britain’s Office of Government Commerce
(OGC), provide the guidance that IT organizations crave.

In concert, TLAM and ITIL can help organizations reduce operational costs,
improve transaction efficiencies, enhance customer experience, and better meet the
business mission. Despite their complementary capabiliti