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You don’t do things right once in a while, you do them right all
the time.

Vince Lombardi

The Scene

Kaohsiung Industries, an international manufacturing company,
has recently made substantial inroads into US and European markets,
shaking the confidence of investors in competing US and European
manufacturers. Around the globe, manufacturers like Kaohsiung are
capitalizing on lower trade barriers, a growing global economy, and
substantial growth in the Asia-Pacific economies, challenging other
manufacturers’ long-standing position in their traditional markets. 

Beta International, a large manufacturing conglomerate, is under
intense pressure from domestic competitors with newer technologies,
from foreign competitors with cheaper products, and from within—
there’s so much politicking that much of the work that’s done by
many individuals is related to positioning for survival in a streamlined
organization. They have just named a new CEO, Bob Neurath, who
is determined to get the company back on track and reestablish itself
as the leader in its markets, especially its chemicals sector. 
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On reviewing current marketing plans, the new CEO has found
that the marketing division is really more like a set of sales depart-
ments, focused more on selling whatever products R&D develops for
it than on understanding and targeting markets and then developing
their marketing and sales strategy accordingly. The R&D department
has lots of neat ideas, but too often these ideas are not fully linked to
a thorough market analysis and understanding of customer wants
and needs. Manufacturing is not integrated into either process. There
seems to be a “silo” approach to the business. Everybody’s in their
silo doing their very best to survive first, and assure their silo’s success
second, but few take an integrated perspective of the business as a
whole and how they support the company’s success. 

Several issues have been developing for some time in its manufac-
turing division, and much of this is coming to a head at its new
Beaver Creek plant. It’s not yet apparent to the new CEO that the
Beaver Creek production plant, which manufactures one of its new
premier products, is in deep trouble—the process isn’t performing as
expected, the plant is frequently down because of equipment failures,
the shop floor is hostile toward management, and morale is at an all-
time low. This plant was to be the standard by which its other plants
were operated, but has fallen far short of its goals. A new plant man-
ager has been recently assigned to correct these problems, and seems
somewhat overwhelmed by the magnitude of the job. Moreover, it’s
his first assignment as a plant manager for a plant this size and com-
plexity, having spent most of his career in purchasing, quality assur-
ance, and then marketing. While there are spots of isolated excel-
lence, most other plants in the corporation are not faring much better,
as evidenced by the fall in the company’s share price over the past
several quarters. Further, recent pressures on interest rates have added
even more angst to this capital intensive company. 

Most analysts recognize the problems facing Beta, and see intense
international competition as a continuing threat to Beta International’s
long-term success, and perhaps even its survival in its current form. 

Inside the Beaver Creek plant, an operator and process engineer
have recently come up with several ideas for improving their manu-
facturing processes, but are having difficulty convincing their boss,
the production manager, to use their ideas for better process con-
trol—they cost too much, they are too risky, they require too much
training, etc. Nearby, a similar situation has developed in the mainte-
nance department where a technician and maintenance engineer have
also come up with some ideas about how to reduce mechanical
downtime. Likewise, their boss, the maintenance manager, believes
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they’re too expensive and a bit “radical,” and besides, he opines
phrases like “if only people would just do what they’re told, when
they’re told, everything would work just fine,” or “if it ain’t broke,
don’t fix it.” Meanwhile, back in the design and capital projects
department, they know that the plant was designed and installed
properly, if only the plant people would operate and maintain it prop-
erly, everything would be just fine. 

All the while, executives are following their traditional approach,
intensifying the pressure for cost cutting in an effort to become more
competitive. Simultaneously, they implore their staff to keep the plant
running efficiently at all costs. Few, except for the people of the shop
floor, have recognized the irony in this situation. 

Challenges from global competition, challenges from within, chal-
lenges from seemingly every direction are all coming together to
threaten the prosperity and perhaps the very existence of a long-
standing, respected corporation. 

The Players

Though based on actual companies and case histories, the above
scenario is fictitious. There is no Beta International, or Beaver Creek
plant, but it could very well describe the situation in many manufac-
turing companies today. Further, with some modifications, it could
also reflect the situation in power utilities, automotive plants, paper
plants, etc., and even in the government sector where a reduced tax
base and pressure for cost cutting are creating intense pressure to
improve performance. Beta International and its Beaver Creek plant,
as well as other plants, are used in this book to illustrate real case his-
tories that reflect the actual experience of various manufacturing
plants, but the actual descriptions have been modified to mask the
identity of the plants. Though based on real events, these case histo-
ries are not intended to describe any specific company’s actual perfor-
mance. Therefore, any correlation, real or imagined, between Beta
and any other company is coincidental. Beta International is a com-
posite of many different companies. 

All businesses, and particularly manufacturers, are being called
upon to do more with less. All are facing intense pressure, either
directly or indirectly, from global competition, and all are behaving in
very much the same way—cost cutting is a key corporate strategy.
There is nothing inherently wrong with cost cutting, but it must be
combined with a more strategic process for assuring manufacturing
excellence. Cost cutting does little to improve the knowledge base
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that assures improvements in plant operation, in equipment and
process reliability, and ultimately world-class performance. 

So what are we to do? Well, most of us understand that if we don’t
grow our businesses, we just aren’t going to be successful. We also
understand that cost cutting typically reduces the effects of a growth
strategy. Please do not misunderstand. Being prudent and frugal are
hallmarks of good companies; and being the low-cost producer may
be a necessity for long-term market leadership. However, too many
companies focus on cost cutting almost to the aversion of growth,
and/or the application of best practices, and over the long term may
hurt their strategic position. Business excellence in most companies
requires that the company do each of three things shown in Figure 1-1
exceptionally well—marketing, R&D, and manufacturing. Excellence
in each is essential for long-term success, and each must be fully inte-
grated with the other. Each must recognize certain overlapping areas
where teamwork and cooperation are required, and that all areas must
be fully integrated with a common sense of purpose—maximizing
shareholders’ financial return. 

Each group must recognize mutual independence and dependence,
but in the end, all groups must be synchronized to a common purpose
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and strategy that fosters a sense of trust—we all have a common
understanding of where we’re going and how we’re going to get there. 

It is common that a company at first will do a better job selling
than it will understanding its markets and then developing a sales and
distribution strategy to penetrate those markets. It is also common
that considerable R&D may not be fully linked to the marketplace
and customer requirements. Perhaps more to the point of this book,
however, is that few companies do a good job integrating their mar-
keting and R&D strategies with their manufacturing strategy, often
treating manufacturing like a big reservoir from which sales “opens a
spigot and fills their bucket with product” and then sells it. It’s true of
Beta International. While the thrust of this book is primarily manu-
facturing, it is critical that the manufacturing strategy be fully inte-
grated with the marketing strategy. This is discussed in the following
section and in additional depth in Chapter 3. 

Integrating the Manufacturing and 
Marketing Strategy

There are several exceptional works about developing a manufac-
turing strategy and assuring its support for the marketing and overall
business strategy.1–5 These have apparently received insufficient atten-
tion until recently, but are now helping Beta to form its strategy,
where manufacturing has historically been viewed by the marketing
function as, in effect, “the place that makes the stuff we sell.” 

Beta understands well that all business starts with markets—some
existing (basic chemicals, for example), some created from “whole
cloth” (new process technology or unique instruments, for example).
Beta was principally in mature markets, but of course was investing
R&D into new product and process development. However, Beta was
not actively positioning its products and its manufacturing strategy to
assure an optimal position. Additional discussion on this, as well as a
process for optimizing Beta’s product mix is provided in Chapter 3,
but for the time being, the discussion will be limited to the basis for
integrating Beta’s marketing and manufacturing strategy. What image
does Beta want in its markets? What market share is wanted? What is
the strategy for achieving this? Has Beta captured the essence of its
business strategy in a simple, clear mission statement (or vision, or
both, if you prefer)? 

Using the model described in more detail in Chapter 3, Beta
reviewed its 5-year historical sales for all its product lines, including
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an analysis of the factors for winning orders, Beta’s market share, the
gross margins for given products, and the anticipated total market
demand for existing, and future products. Beta then reviewed its pro-
duction capability, including each manufacturing plant’s perceived
capability for making a given product. More importantly, however,
Beta’s perception of manufacturing capability was balanced with a
reality check through an analysis of historical delivery capability and
trends for each plant’s performance in measures like uptime and over-
all equipment effectiveness, or OEE (both defined below relative to
ideal performance); unit costs of production for given products; on-
time/in-full performance; quality performance; etc. They even took
this one step further and looked into the future relative to new prod-
uct manufacturing capability and manufacturing requirements for
mature products to remain competitive. All this was folded into a
more fully integrated strategy, one for which manufacturing was an
integral part of the strategic business plan, and which included issues
related to return on net assets, earnings and sales growth, etc. 

Through this analysis, Beta found that it had many products that
were not providing adequate return with existing market position and
manufacturing practices, it lacked the capability to manufacture and
deliver certain products (both mature and planned) in a cost-competi-
tive way, and it could not meet corporate financial objectives without
substantial changes in its marketing and manufacturing strategies.
Further, it was found that additional investment would be required in
R&D for validating the manufacturing capability for some new prod-
ucts; that additional capital investment would be required to restore
certain assets to a condition that would assure being able to meet
anticipated market demand; and finally, that unless greater process
yields were achieved on certain products, and/or the cost of raw
material was reduced, some products could not be made competitive-
ly. All in all, the exercise proved both frustrating and productive, and
provided a much better understanding of manufacturing’s impact on
marketing capability, and vice versa. 

Further, a surprising finding resulted from Beta’s effort. Historical-
ly, Beta’s efforts had focused on cost cutting, particularly in manufac-
turing, and within manufacturing, particularly in maintenance. How-
ever, as it turned out, this approach was not enlightened. Indeed, in
many plants it had resulted in a deterioration of asset condition and
capability to a point where there was little confidence in the plant’s
capability for achieving increased production to meet marketing’s
plan for increased sales. Other issues, such as poor performance in
quality products at a lower cost/price, and less than sterling perfor-
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mance for on-time/in-full delivery to customers, only exacerbated the
situation. After extensive review and intensive improvement efforts,
manufacturing excellence became more than just a nice word. Mea-
sures associated with manufacturing excellence, asset utilization rate
and unit cost of production became paramount, and the comprehen-
sive integration of manufacturing, marketing, and research and devel-
opment to achieving business success became better understood. For
example, Beta began to adopt the philosophy stated by another major
manufacturer:6

As a result of our global benchmarking efforts, we have shifted our
focus from cost to equipment reliability and Uptime. 

Through our push for Uptime, we want to increase our capital pro-
ductivity 10%, from 80 to 90% in the next several years. We value
this 10% improvement as equivalent to US$4.0 billion in new capital
projects and replacement projects for global Chemicals and Specialties. 

Maintenance’s contribution to Uptime is worth 10 times the poten-
tial for cost reduction. Realizing this tremendous resource has helped
make Uptime our driving focus for future competitiveness rather than
merely cost reduction.

While prudently and properly saving money is a good thing, Beta is
only now beginning to recognize that it will be difficult to save their
way to prosperity; and that capital productivity must be included
with labor productivity in their management measurements. Consider
the following example. 

Beta’s Whamadyne plant had been “encouraged” to cut labor costs
by some 10%, amounting to a “savings” of $2m per year. At the same
time, Whamadyne was measured to be one of Beta’s best plants, having
an asset utilization rate of some 86%. (It was manufacturing 86% of
the maximum theoretical amount it could make). Whamadyne manage-
ment developed a plan to increase utilization rates to 92% by improv-
ing process and equipment reliability, without any major capital expen-
diture. Further, it was determined that this increase was worth an
additional $20m in gross margin contribution, most of which would
flow directly to operating income. It was also determined that requiring
a force reduction would jeopardize this improvement. What would you
do? What did they do? They took the risk and achieved much better
performance in their plant, and therefore in the market place; and their
maintenance costs came down more than the $2m sought; and they
managed the need for fewer people over time through natural attrition,
re-allocation of resources, fewer contractors. Genuine “cost cutting”
comes through process excellence, not simply cutting budgets. 
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Becoming the Low-Cost Producer 

So what are we to do again? In manufacturing, there is almost
always greater supply than demand, requiring that a given plant focus
on becoming the low-cost producer of its products. Granted, there are
also other market differentiators, such as product quality, delivery per-
formance, customer service, technology, etc., but a key business indica-
tor is the ability to produce quality product at the lowest achievable
cost for a given targeted market segment. This helps assure greater
return on assets for further investment in R&D, marketing and distrib-
ution channels, etc., to further improve a company’s business success.
Consider Figure 1-2, which represents three companies competing in a
market where the market price is variable depending upon the state of
the marketplace, the economy of a given region, etc. Each manufactur-
er makes its product(s) for a given unit cost of production that
includes fixed costs, variable costs, capital costs, etc. For the purpose
of this discussion, we’ve assumed that these are products of compara-
ble quality for a given specification in the marketplace. 

Company C is the high-cost producer. One year it may make
money, the next year it may lose money, but all in all, it may not
survive very long, because it is not generating enough working capi-
tal to sustain and grow the business. Given this scenario, it is bound
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to change, one way or another. It is typically fighting for its very
survival, and therefore, it must embark on a course to improve its
performance, typically by cutting its operating costs. It is also typi-
cally characterized by a reactive, crisis-driven manufacturing and
corporate culture. It may even complain that its competitors “must
be selling below cost.” And, whether it stays in business is, in some
measure, determined by competitors, which want prices high
enough for good margins, but not too high to attract additional
competition. 

Company B is the mid-cost producer. Most years it makes money,
and some years it makes considerably more money, but it is not
viewed as the best in its industry. It tends to be complacent with its
position, because it’s typically been around for decades, it has
almost always made money, and it is respected in its industry as a
good company (but not the best). Sure, the management team rec-
ognizes that they have a few problems, but doesn’t everyone? The
compelling reasons for change seem more obscure, and are often
taken less seriously. While perhaps less so than Company C, it too
is often reactive in its management practices, and often driven by
the “crisis” of the moment; or by the latest management fad, which
it rarely executes well, because a kind of “this too will pass” atti-
tude often prevails at the operating level. 

Company A is the low-cost producer. It essentially always makes
money, and in some years, it is very prosperous indeed. Notwithstand-
ing market forces, it is in a better position to determine market price.
It wants the price high enough to assure good margins, but not so
high that new competitors are tempted to make major capital invest-
ments. It will work hard to assure that Company B and Company C
are not overly aggressive in pricing, in either direction. It too is gener-
ally compelled to change, but for very different reasons from Compa-
ny C. Its basic mode of operation requires, rather than prefers, the
company to be the low-cost, high-quality producer with high market
share. Company A has also done a good job integrating its marketing
and manufacturing strategy by continuously balancing the drive for
higher margins against market share. Its basic culture is one in which
constancy of purpose and manufacturing excellence as determined by
uptime, unit cost of production, delivery performance, and safety are
a key focus throughout the organization. Manufacturing excellence,
continuous improvement, and being the low-cost producer are inher-
ent in its culture. 
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The unit cost of production in its simplest form can be character-
ized as the total cost of manufacturing divided by the total through-
put (capacity). With this simple equation, there are three basic ways
to lower the unit cost of production. 

1. Cut costs while holding production capacity constant.
2. Increase production while holding costs constant.
3. Reduce cost and increase production simultaneously. 

The difference between the best companies and the mediocre/poor
ones in this model is the emphasis the best companies give to the
denominator. That is, they focus on maximizing the capacity avail-
able through applying best practices and assuring reliability in design,
operations, and maintenance, and through debottlenecking. They
then use that capacity to go after additional market share, with little
or no capital investment. Note also that in doing this, they also mini-
mize the defects which result in failures and additional costs. In other
words, they get a bonus—lower operating and maintenance costs.
This helps further assure low cost production and competitive posi-
tion. Make no mistake, they do not make products just because they
can, creating excess inventory, but rather respond to demand as
incurred. However, having the capability to respond to the market
with both existing and new products, without significant incremental
capital investment, gives them a major competitive advantage. The
marketing and sales staff can then make decisions about applying this
capacity, pricing and market share, based on manufacturing perfor-
mance. On the other hand, the typical manufacturing company tends
to focus on the numerator, that is, cost cutting, while hoping to hold
throughput constant. The best companies focus on improving the reli-
ability of their production operation, thereby improving performance
for a given fixed asset, and assuring lower unit costs of production.
Further, they get a bonus—by operating reliably, they aren’t always
“fixing things,” nor routinely, and inopportunely, changing from one
product to another to accommodate markets and customers. Good
practice, reliable operation, reduces operating costs. 

A key point is necessary here. The A’s do not ignore costs. Quite the
contrary, they are very cost sensitive, expecting to be the low-cost pro-
ducer. They also expect that costs will continue to come down as they
apply best practices. But their principle mode of operation is not to
focus on cost cutting as a “strategy” in itself, but rather to focus on
best processes and practices; whereas, the mediocre and poor compa-
nies use cost cutting as a principle means for success, while expecting
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that capacity will be available when it is needed. This approach can
work, but it rests on the ability of the people at lower levels within the
organization to somehow rise to the occasion in spite of what many of
them perceive as poor leadership. The higher probability of success
rests with focusing on best practice such that the capacity is available
when necessary, and such that costs are lowered as a consequence.
Strategically, this also lowers incremental capital requirements. 

Company A, as the low-cost producer, is in a much better position
to decide whether it wishes to pursue a strategy of increasing market
share through lower prices and reliability of supply, yet still achieving
good margins; or by holding market share relatively constant assuring
very healthy profits, which would finance future investments. Howev-
er, all three companies must consider that over the long term the price
of most manufactured products tends to trend downward. Company
A is in a better position relative to future developments, principally
because it is driven to hold its position as low-cost producer. Compa-
nies B and C are at greater risk if prices do fall, and surprisingly
Company B may be at particular risk, because it is likely to be more
complacent than Company A and Company C, who are compelled to
change, but both for different reasons. 

Application of Increased Capacity 

Of course, you can’t simply make all the product possible, over-
stock on inventories, drive up costs, etc. However, what strategy
should you employ? If capacity could be increased, could all of the
additional product be sold? At what price? At what volume would
prices have to be lowered to sell any incremental volume. What
capacity (asset utilization rate, uptime) is needed to assure competi-
tive position? Should we rationalize certain assets? And so on. 

Figure 1-3 provides an easy way to map manufacturing perfor-
mance with market conditions and quickly judge its impact on finan-
cial performance. It plots return on net assets (or gross margin/profits)
as a function of uptime (and/or unit costs) for given market prices.
For this chart, the logic goes something like this. For a given plant,
you could determine what your current asset utilization rate or
uptime is. For that uptime, and when combined with current operat-
ing costs, you could also determine what your current unit cost of
production is for a given product set. With a large number of prod-
ucts this may get a little more difficult, but some companies use the
concept of equivalent product units (EUs) for this purpose. For a
given unit cost, and in a given market condition (price) you could also
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determine gross profit, and subsequently return on net assets
(RoNA). In fact, for a family of prices you could determine the
uptime required to achieve a given RoNA. 

Beta International’s new CEO, Bob Neurath, has recently com-
pleted a review of a benchmarking effort centered on Beta’s finan-
cial and manufacturing performance, and has concluded that Beta is
resoundingly average. While there are a few pockets of excellence,
over time a complacent culture has evolved within the company,
where mediocrity is the standard, and where only a few are substan-
tially above average. This evolution has only been exacerbated by
the fact that when problems have arisen, the typical response has
been to “engineer a solution” (and spend more capital), rather than
stepping back to determine whether or not best practice has been
applied and best performance has been expected. After all, “they’ve
been around for decades and have been fairly profitable; sure
they’ve got some problems, but doesn’t everyone; they’re a pretty
good company.” 

Being “pretty good” and presuming the future is secure because the
past has been successful are the beginning of the end for many com-
panies. And at Beta this has become unhealthy, particularly in light of
the increasing intensity of competition, and other ills of the company.
Further, increasing global competition represents both threat and
opportunity. Threat for those who are complacent, but opportunity
for those who can aggressively capture those new markets. In any
event, Mr. Neurath believes these issues represent opportunities, not
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problems, and that Beta International must view the global situation
as opportunity. The challenge then is to establish new standards for
performance and behavior. Beta must be the low-cost producer,
among other factors, to assure market position and prosperity. 

Beta’s Beaver Creek Plant—RoNA vs. Uptime

Reviewing Beta’s benchmarking data, we find from Figure 1-3 that
Beta’s Beaver Creek plant has been operating at an uptime of 63%,
relatively poor, and likely leading to a position of no better than what
could be characterized as mid-range—a low-end Company B. Because
Beta believes that it can sell every unit of product it can make at
Beaver Creek, for purposes of this discussion, uptime is defined as
that percent of product a plant is making compared to that which it
could make under ideal conditions—running 8,760 hours per year at
100% of peak demonstrated sustainable rate, making 100% quality
product. However, it is believed that Beaver Creek could increase
uptime from 63% to 77% in one year by taking the appropriate
steps, and the marketing department has said that all the product
could be sold at current market price. They grudgingly note that they
are currently buying product from a competitor to meet customer
delivery schedules. The value of this increased output translates into
an increase in RoNA from just under 15% to 22% at a market price
of $10/unit. After this analysis, the marketing department has also
noted that even if market pressures forced the price down to $9/unit
to sell additional product, or to construct a long-term alliance with
key customers, RoNA still increases to over 18%. Note that Beta
does not want to start a price war with its pricing, just improve its
financial and marketing position, and its options. Further, under a
more extreme scenario, RoNA would remain the same even if market
price dropped to $7/unit, with a concurrent uptime of 83%. This
kind of information is very useful in the thinking process and in creat-
ing a common theme for marketing and manufacturing. Chapter 3
describes a process for more fully integrating the marketing and man-
ufacturing strategies. 

A Model for Becoming the Low-Cost Producer 

Bob Neurath has concluded that all Beta’s plants must develop this
type of information, which will in turn be used in creating a long-
term business strategy that links marketing and manufacturing into
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an understanding of the sensitivities for a given level of performance.
Indeed, the data indicate that uptime and RoNA are mediocre at best.
Further, once understood, this information can be used to position
the company strategically with certain key customers in key markets.
One marketing strategy is to strategically position with key customers
and offer to reduce prices modestly over the coming years, in return
for a minimum level of business, recognizing that manufacturing per-
formance must also improve to provide a reliable supply to those cus-
tomers, and concurrently improve RoNA. This approach is expected
to create a strategic alliance between Beta and its customers, which
will assure both market share, as well as an adequate return on assets.
This information can in turn be used to help Beta to understand the
profits/RoNA at which it can operate for a given market price and
manufacturing level of performance, and then adjust business objec-
tives consistent with current and strategic capability. Put more simply,
Mr. Neurath has directed the operating units to: 

1. Determine the unit cost of production needed to assure market
share leadership (among other factors). 

2. Determine the uptime, or overall equipment effectiveness,
required to support this unit cost. 

3. Determine any additional fixed or variable cost reductions neces-
sary to achieve this targeted unit cost. 

4. Validate the feasibility of achieving the targets. 
5. Determine the key steps required to achieve that uptime and

those key cost factors. 
6. Presume success (presumptive market positioning) in achieving

that level of uptime, unit cost of production, and market share.
Proceed accordingly, and in parallel. Marketing and plant opera-
tions must work as a team to drive the improvement process. 

7. Allow people within operating units considerable freedom to do
the job right and assure maximum reliability and uptime, and
plant operational success. 

8. Measure and manage along the way. 

Some plants will not be able to achieve a unit cost of better than
about 110–120% of the recognized lowest-cost producer. Current
technology, physical limitations, raw material costs, etc. limit the abil-
ity of these plants, even in the best of circumstances from being the
lost-cost producer. This in itself is useful information in that it pro-
vides an understanding of what is possible with existing assets, and
how the company may need to strategically re-think the business and
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its long-term fit into corporate objectives. Short term it also supports
greater understanding and teamwork between marketing and manu-
facturing. 

Further, Mr. Neurath has reluctantly accepted that it will probably
take 2–4 years to achieve substantially improved manufacturing per-
formance, and perhaps even longer to achieve world-class perfor-
mance at most of Beta’s plants, given their current condition and level
of performance. That said, he is pressing very hard for implementing
the processes to achieve this level of performance.

Steps to Manufacturing Excellence

But how will Beta’s operating managers determine the key next
steps for what each of the operating plants are specifically to do? 

• The first step in the improvement process is to determine where you
are as compared to the best. How do you compare to world-class
companies, in uptime, in unit cost, in on-time/in-full measures, for
example? How do you compare to typical companies? To do this,
you must do some benchmarking. This generally creates some cog-
nitive dissonance, or positive tension, because it creates an aware-
ness of just how big the gaps are between typical and world-class
performance. When properly applied, this knowledge can lead to
improved performance. More on that in the next chapter. 

• Next, you must determine where your losses are as compared to
ideal circumstances. This requires a system that allows you to track
every hour in which you are not operating at the ideal rate, and
assign a reason for the failure to perform at the ideal rate. This can
then be used for analysis of key losses and key steps for eliminating
those losses, and is discussed in the following. While putting this
system in place, if you don’t have one yet, you can identify the
major causes of losses using the technique described in Chapter 2. 

• Finally, you must compare your practices to best practices. Note
that this differs from benchmarks, or numbers. Practices are what
you do, not how you measure. The best manufacturing companies
position themselves to design, buy, store, install, operate, and main-
tain their assets for maximum uptime and reliability—reliability of
production process and reliability of equipment. Best practices in
each of these areas are described in detail in chapters 4–13. Further,
the best plants integrate their manufacturing strategy with their
marketing strategy and plan, as described in Chapter 3. Consider
Figure 1-4, the reliability process for manufacturing excellence.7
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Beta International must position itself to do all these things excep-
tionally well. Doing poorly in one of these areas introduces defects
into the processes. These defects flow down into our manufacturing
plants, resulting in lost capacity and higher costs. Further, if a mistake
is made upstream in the reliability process for manufacturing excel-
lence, it tends to be compounded downstream as people try to com-
pensate for the mistakes within their organization. Beta must be able
to use the knowledge base reflected by best practice and from within
the operations and maintenance departments to provide feedback into
the design, procurement, storage, and installation efforts, as well as
into the operating and maintenance functions, to help minimize the
number of defects being created. Beta must use this knowledge base to
eliminate these defects and losses in its drive for excellence in manufac-
turing. Note also that most of the defects are introduced as a result of
our design, installation/startup, and operating practices. This data is
based on a review of the Uptime/OEE data from several large compa-
nies with multiple operations world wide. And, while the data is only
approximate and may vary from site to site, it highlights the need to
assure excellence in design, installation and startup, and operation if
we expect to minimize production losses and maintenance costs. More
on the details of exactly how this is done as we continue. 

To eliminate defects and losses from ideal, we must understand
what ideal is, and measure all our losses against ideal. For example, if
in an ideal world you could operate your plant 8,760 hours per year
(that’s all there are except for leap year when you get an extra 24
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hours), making 100% quality product, at 100% of your maximum
demonstrated sustainable rate, with an optimal product mix (no
downtime for anything—changeovers, planned, unplanned, etc.),
how much could you make? Certainly this would be ideal, and it is
recognized that no one will ever be able to achieve this. The more
important issue, however, is how close can we get to this, and sustain
it? Let’s measure our losses from ideal, and then manage them. If we
don’t have sufficient market demand, why? If we have extensive
unplanned mechanical downtime, why? And so on—measure it, man-
age it, eliminate or minimize the losses from ideal. Moreover, we may
also find that some assets must be rationalized, that is we can pro-
duce at market demand requirements with substantially fewer capital
assets, necessitating that some be decommissioned or even scrapped.
While this may be a painful thought, given the original capital invest-
ment, it may be better to stop spending money to retain a non-pro-
ductive asset, than to continue to spend money ineffectively. 

Measuring Losses from Ideal

Figure 1-5 illustrates a general definition for uptime, overall equip-
ment effectiveness (OEE), or asset utilization and the losses related
thereto. The terms in Figure 1-5 are defined as follows:6

• Asset utilization rate—That percentage of ideal rate at which a
plant operates in a given time period. The time period recommend-
ed is 8,760 hours per year, but this can be defined as any period,
depending on how market losses are treated. 

• Uptime or Overall Equipment Effectiveness (OEE)—That percent-
age of ideal rate at which a plant operates in a given time period,
plus the time for no-market-demand losses. 

• Quality Utilization—That percentage of ideal rate at which a plant
operates in a given time period, plus market demand losses, and
changeover and transition losses. 

• Potential Rate Utilization—That percentage of ideal rate at which a
plant operates in a given time period, plus market demand losses,
changeover and transition losses, and quality losses. 

• Availability—That period of time the plant is available to run at
any rate. 

These terms can be confusing, depending upon any individual’s
experience base—hence the effort to define them. For example, many
people refer to uptime as any time a line or plant is up and running.
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For them, this does not mean that it is being run in an ideal way, just
that it’s up and running, regardless of rate, quality, or other losses
from ideal. Further, it may be necessary to introduce other categories,
depending on the nature of the business and the losses. For example,
utility downtime may be a critical category for loss accounting. Pro-
duction paperwork for the FDA in the food and pharmaceutical
industries may represent key losses. The point is to develop a model
that accounts for all losses from ideal, and then use that model to
manage and minimize those losses, all things considered. The goal
with this methodology is to assure that “there’s no place to hide” any
losses from ideal. Once we account for those, then we can truly begin
to manage them in an integrated way. Indeed, we may find that some
so-called “losses” are entirely appropriate, and assure optimal perfor-
mance over the long term. For example, planned maintenance “loss-
es,” product changeover “losses,” etc. are an integral part of business
excellence when properly done.

Beta’s continuous plants have adopted the term uptime, while the
batch and discrete plants have adopted the term OEE. Other compa-
nies and plants use other terms such as Operating Asset Utilization,
Operating Plant Efficiency, or other term with which they are com-
fortable. Beta’s plants generally apply the concept of measuring asset
utilization in both a tactical and strategic sense. Tactically, it pro-
vides a measure of day-to-day performance, and supports focus on
key losses and eliminating their root causes. Strategically, it provides
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a measure of the effective use of capital (or not), and supports analy-
sis of new capital requirements needed for additional market share.
Applying the measurement in both modes is essential. Further, sus-
tainable peak rate is, as the name implies, that maximum rate
demonstrated to be sustainable for an extended period. Many of
Beta’s plants have used their best 3-day performance ever; others
have used their best production run ever, etc. The point is to use a
rate that represents a serious challenge, but is not totally unrealistic.
Realism comes when you compare your actual rate to the best
you’ve ever done. 

Scheduled and Unscheduled Downtime. These are normally, though
incorrectly as we will see, considered the sole responsibility of mainte-
nance. Unscheduled downtime is typically for breakdown or reactive
maintenance. Scheduled downtime is typically for preventive mainte-
nance or PM as well as corrective and/or planned maintenance. In sup-
porting business excellence measurements, we generally want to elimi-
nate, or at least minimize, unscheduled downtime; and we want to
optimize (minimize for a given effect or goal) scheduled downtime using
a PM optimization process (Chapters 9 and 10) that combines preven-
tive, predictive, and proactive methods with equipment histories and
knowledge of current condition to assure doing only what is necessary,
when it is necessary. Subtracting these times yields actual availability.

With this in mind, it has been Beta’s experience that much of the
unscheduled downtime for equipment maintenance has a root cause
associated with poor operational practice, e.g., pump failures being
caused by running pumps dry and burning up the seals (a root cause
review at one of Beta’s plants found 39 of 48 seal failures were due to
operational error); by running conveyers without operators routinely
adjusting the tracking; by poor operator TLC (tightening, lubricating,
and cleaning using so-called TPM principles discussed in Chapter 13),
etc. Hence, it is important that operations and maintenance work as a
team (see Chapter 15) to identify the root cause of unscheduled
downtime, and minimize it. Minimizing scheduled downtime also
requires teamwork, particularly in integrating the production and
maintenance schedules so that PM can be performed as scheduled,
minimizing perturbations in the maintenance planning and scheduling
effort, and assuring proper parts, resources, testing, etc. Properly
done these losses can be minimized and support cost reduction in
manufacturing costs, poor delivery performance and time delays due
to equipment failures, and improved inventory planning through
increased reliability. 
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Process Rate Losses. Generally, these are losses that occur when the
process is not running in an ideal manner, e.g., production process
rates at less than ideal, cycle times beyond the ideal time, yields at
less than ideal, etc. These too can be caused by either operational or
maintenance errors, e.g., if a machine or piece of equipment has
been poorly installed, resulting in the inability to operate it at peak
rate, then it’s likely that a design or maintenance problem exists; or
fouling in a heat exchanger could be due to improper gasket instal-
lation by maintenance, poor process control by operations, poor
piping design, or some combination. Measuring the losses from the
ideal is the first step in motivating the drive to identify the root
cause. Subtracting these losses results in potential rate utilization. 

Quality Losses. These are usually losses due to product quality not
meeting specification, resulting in scrap or rework being necessary.
It too can be the result of poor design, operational or maintenance
practices, or some combination. In some cases specific measures are
put in place for the cost of various drivers of quality non-confor-
mance. However, these quality losses are generally a small fraction
of the total losses from ideal. One concept is to use the overall
uptime/OEE and related losses as a measurement of the cost of
process quality non-conformance. In any event, subtracting the
straight quality losses such as scrap and rework, a measure of prod-
uct non-conformance, results in quality utilization. 

Changeover/Transition Losses. These include downtime losses, de-
rate losses, and/or, product quality losses that occur during a
changeover or transition to a new product, both the shutdown loss-
es for the existing product, as well as the startup losses for the new
product. Minimizing the changeover and transition losses will help
minimize manufacturing costs. Changeovers, as we’ll see in Chapter
3, can represent a huge potential for losses, particularly when prod-
uct mix, marketing and manufacturing issues are not well integrat-
ed. Subtracting changeover/transition losses results in uptime/OEE,
or product utilization rate. 

At this point, after subtracting all these losses from ideal, we have
reached a measurement of uptime or OEE as defined in Figure 1-5,
and which takes credit for the no-demand and market losses. If our
market losses are near zero, then uptime/OEE and asset utilization
rates are the same. However, if, for example, we only run a 5-day, 2-
shift operation, then our market losses are quite high—we’re only
operating 10 of the 21 shifts available for a given asset. Alternatively,
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we could measure OEE only for the time run—e.g., 5-day, 2-shift
operation—excluding market losses from consideration. In other
words, we can characterize OEE as the sum of asset utilization plus
no-demand and market losses, which is more common in continuous
process plants; or we can characterize it as the operating efficiency for
a given period of time such as a 5-day, 2-shift operation and ignore
market losses. Either model works as an improvement facilitator, but
identifying all losses, including market losses, and using asset utiliza-
tion as a key performance indicator is more likely to drive senior
management in the improvement process. It will also help senior
management identify tactical operating performance, as well as strate-
gic capital requirements.

Other Issues Relative to Losses from Ideal. We could include any
number of categories in addition to those shown, e.g., break times,
wherein machines are shut down during breaks, and might not oth-
erwise be down, if the scheduling of resources accommodated not
shutting the equipment down. We might also detail losses due to util-
ity interruptions for steam, electricity, compressed gases, which we
want to account separately. We might want to break out unsched-
uled downtime into categories associated with maintenance errors
and operational errors. The model in Figure 1-5 is simply a tool we
use to determine our losses from ideal, and how close we can come
to ideal performance as we have defined it, and to managing and
minimizing those losses. A few points need to be highlighted: 

1. We frequently make legitimate business decisions that these loss-
es from ideal are acceptable, in light of current business goals,
product mix, technology, staffing, union agreements, etc. The
point is that we want to measure these losses and then make a
thoughtful business decision about their acceptability and rea-
sonableness. 

2. It is important to distinguish between industrial standards, such
as 150 units per minute on, say, a production line, and ideal
standards, such as 200 units per minute in the ideal world. The
first is used for production planning and recognizes current per-
formance for management purposes. The second is a measure of
ideal performance against which we judge ourselves for making
process improvements toward this ideal. 

3. As we de-bottleneck and make our improvements, we often find
that equipment can run under ideal circumstances at higher
rates, e.g., 220 units per minute. We then adjust our industrial
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production planning standards, as well as our ideal standards
upward to accommodate the measurement still being used against
ideal performance. Uptime or OEE is a tool, not an end, for per-
formance improvement. We use industrial standard rates for pro-
duction planning, we use “perfection” rates for OEE measure-
ment as an improvement facilitator, and we use measures such as
unit costs of production as a measure of the desired outcome. 

No-Demand and Market Losses. These generally refer to those loss-
es associated with a lack of market demand. The manufacturing
staff has little short-term influence on market demand. However, it
is critical to the long-term success of the business to highlight this
equipment and process availability for strategic decision making
regarding gaining additional market share, new capital require-
ments and/or for capacity rationalization. 

Tactically, uptime or OEE is a measure of the daily operating effec-
tiveness of the manufacturing function. It seeks to minimize all losses
from ideal and to reach a point where the losses are acceptable from a
business perspective; and where production rates are sustainable at a
minimal cost of goods sold, all things considered. 

Strategically, asset utilization represents the opportunity to strategi-
cally position corporate assets toward new products and/or greater
market share (and minimal unit cost), or to decommission certain
assets that are no longer needed, and the cost of which is not justified
in light of current performance. It is understood that certain lines may
not be decommissioned in the short term because of company qualifi-
cation standards for which a given production line may be uniquely
qualified. But, this should at least highlight the need to do a trade-off
analysis for sound business planning, and for not incurring any
unnecessary operating and maintenance costs. 

Tactically and strategically then, uptime/OEE and asset utilization
rates support decisions related to the following, assuring maximum
return on capital: 

1. Additional production capability for the sale of new products. 
2. Additional production capability for the sale of existing products.
3. Daily operating performance.
4. Contract manufacturing for other companies.
5. Reduction in the number of production shifts and costs at a

given facility. 
6. Mothballing of appropriate production lines for appropriate

periods to reduce costs.
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On which processes should we be measuring uptime or OEE? The
answer to this question is more problematic. Because of plant config-
uration, product mix, etc., it may not be possible to measure
uptime/OEE or asset utilization on all processes. The logistics may
just be too difficult, and/or most staff may not be trained to even
think in terms of uptime or OEE. At Beta, the approach being used
for those difficult situations is to map key processes and select those
that (1) are bottlenecks to many finished products; (2) have the high-
est volume; (3) have the highest gross margin contribution; (4) have
the largest quality losses; (5) are considered representative of a num-
ber of products or processes; or (6) are some combination or other
criteria. Using this approach to narrow your focus will help alleviate
getting too bogged down in the logistics of the improvement process,
and allow focus on the critical production processes and issues. 

Sample Calculation of Batch Plant OEE 

Continuous plants tend to be relatively straightforward for setting
up an uptime measurement. With some minor modification to the
model of Figure 1-5, losses can generally be routinely accounted.
Measuring OEE in batch and discrete plants, however, is often more
difficult, partly because they generally have more discrete manufac-
turing steps, some of which feed multiple finished products, partly
because they generally produce a larger number of products, partly
because the logistics of doing the calculations is just more complex.
Using the technique previously described will help to focus the mea-
surement effort, but to illustrate the method, let’s take an example
from Beta’s Hemp Hill plant, a batch operation, which had been mea-
suring the following performance indicators at one of its plants for
one of its key production lines: 

1. Availability. Although the term being used was uptime, or any
time the line was up and running, availability is a more accurate
characterization using our model, because it did not include the
effects of rate, quality, or other losses. And, because downtime
was accounted separately, this number also excludes scheduled
downtime. 

2. Downtime. This is the time when the equipment is down unex-
pectedly, and is synonymous with unscheduled downtime losses
in the model. 

3. Changeover time. This is the time for product changeovers. In
the model this was part of the changeover and transition losses. 
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4. Clear/clean/material changes. This is the time for clearing, clean-
ing, and setups. This also could be part of the changeover and
transition losses. 

5. No-demand time. This is the time during which the equipment is
not in use for production and can be used to help determine
asset utilization rate. It also apparently included scheduled
downtime for the following: 

(a) Scheduled PM and repairs. This time would normally be
characterized as scheduled downtime in the model, and sub-
tracts from no-demand time. 

(b) Special and planned projects. This time is not considered by
the model shown, but could easily be made a part of the
model as a separate category. 

6. Quality losses. This was broken into several categories, one of
which was product quality losses due to equipment failures. 

7. Process rate losses. This was available, but there was some con-
fusion about the industrial engineering standards being applied,
as compared to ideal rates that required additional analysis. 

8. Other. There were also other losses that did not directly fit into
these categories, but needed an accounting, e.g., break times,
utility failures, startup losses, etc. These losses may be acceptable
under the current business structure, but should be identified
separately. 

Note: Convincing everyone to account for every hour the line was
not operating at peak rate, and the related causes, for loss accounting,
was a difficult process. Excuses were numerous, thwarting the effort
to assure that there’s “no place to hide” poor performance. Ultimate-
ly, the value in the measurement was seen, and a measurement system
put in place to make sure production lines were being used effectively;
and that additional information was available to make tactical and
strategic decisions for process improvement. 

The calculation in Table 1-1 was applied to a line that essentially
operated on a 5-day, 1-shift basis, with the following information
being “normalized” to a 24-hour day. The basis for the calculation
included: 

1. No-demand time was reported at 63%, but this also included
scheduled downtime for PM, repairs, and projects. This was
reported to average 1 hour/day, although the work was actually
performed in much larger blocks of time. 
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2. Quality losses were reported at 1%. 
3. Process rate losses were estimated at about 10%. The peak

demonstrated sustainable rate was reported at 200 units per
minute, but the line was reported as typically running at 150
units per minute, or a 25% “loss” from ideal. However, this
required further review with industrial engineering. A nominal
loss of 10% loss was used. 

4. Changeover, cleaning, setup, etc., losses were reported at an
average of 31%. 

5. Breaks were reported at 40 minutes per run. Note: No one is
suggesting that people shouldn’t be allowed to take breaks. The
model accounts for all time related to all production activity.
Once the losses are accounted, then business decisions are made
as to their acceptability. 

Using these data, an average day was broken into two parts—63%
of 24 hours for “no-demand” and 37% for production activities,
including maintenance, or 15.1 hours for no-demand, and 8.9 hours
for production. However, because an average of 1 hour/day was
reported for PM/repair/project activities, we subtracted 1 hour from
no-demand and added it to production activities, making the average
production time (including maintenance) 9.9 hours, and no-demand
14.1 hours. 
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Table 1-1
Sample OEE Calculation 

Estimated % of % of 
Reported Hours 9.9 hrs 24 hrs

Scheduled downtime 1 hr 1.0 hrs 10.1% 4.2%
Unscheduled downtime 16% 1.4 hrs 14.4% 5.8%
Changeover/transition losses 31% 2.8 hrs 27.9% 11.5%
Scheduled breaks 2⁄3 hr 0.7 hrs 6.7% 2.8%
No demand na 14.1 hrs na 58.8%
Total non-running hours/% 20.0 hrs 83.1%
Process Rate Losses 10% — 0.4 hrs 1.7%
Quality Losses 1% — 0.04 hrs 0.2%
Quality Production at Peak 
Rate (~Asset Utilization Rate) 3.56 hrs 14.9%

Note: This leaves us with 4 hours during the day when we are actually running the
process, but only at 90% of its peak sustainable rate, and with 99% quality:
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Nakajima, who developed total productive maintenance (TPM)
principles that include the measurement of OEE, might disagree with
this approach, because he apparently allows for an indeterminate
time period for scheduled maintenance. In this example, we’re follow-
ing a more restrictive application of OEE principles, which accounts
for every hour of every day, and improving all business activities asso-
ciated with the entire production function, including maintenance.
Every production function must make these kinds of decisions, and
then use the measurement tool for improving its processes, and not
necessarily as an end in itself. This approach gives the calculations
shown in Table 1-1, and depicted graphically in Figure 1-6. 

Using different scenarios for OEE and asset utilization calcula-
tions gives: 

OEE(@9.9 hrs) = Availability × Rate × Quality
= (100% − (10.1% + 14.4% + 27.9% + 6.7%)) 

× 90% × 99%
= (100% − 59.1%) × 90% × 99%
= 36.4%

OEE (@24 hrs) = Market losses + Asset utilization
= 58.8% + 14.9%
= 73.7%

Asset utilization = 16.7% × 90% × 99%
= 14.9%
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Further, at Beta’s Fleming plant, also a batch operation, which sup-
plies material for the line previously described, some additional difficul-
ty was being experienced in developing an OEE measurement, primari-
ly because the plant used a fermentation process as part of the
production process. How do you measure peak sustainable rate on a
fermentation process? Rather than do this per se, after reviewing histor-
ical production data, Beta found that for the key process, which had
already been mapped, a cycle time of some 100 hours (e.g., the average
of the three best runs) was an ideal run for the fermentation process.
We also found from the data that a peak yield of 92% was achievable.
With this information the OEE measurement was remodeled: 

so, for example, one run of the process yielded the following: 

Losses
Loss accounting: Cycle time = 200 – 120 = 80 hours

yield = 92% – 85% = 7%

In this example, the production process ran at 55% of the ideal. If
85% is considered a “world-class level of performance,” then the esti-
mated loss is 30%. This could in turn be assigned a $ value for the
production process and product, and a value estimated for the losses
from the ideal. Some observations on this method: 

1. It requires that maintenance and production work as a team to
define more clearly the losses from ideal. For example, the 80
hours could be because of poor practices for setup, cleanup, PM,
production, etc.; likewise for yield performance. The key here is
to identify the losses from ideal, and to work hard to eliminate
them. We might also find that in a given circumstance 55% is
actually reasonably good. 

2. This process could be used to calculate a weighted average for all
production using this process stream, and could be combined
with other production processes to calculate an aggregate
weighted average of manufacturing performance. 

3. A quality rate of 100% was assumed in this example, or alterna-
tively that quality was included in the yield determination. In
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this process the batch was either good, or not, and in the latter
case the quality was 0%. 

4. The calculation does not include the effects of low (or high) asset
utilization. For example, if this process was only used during
50% of the month, then the effective asset utilization rate would
be 50% of 55%, or 27.5%. Both measures are useful in that one
gives a measure of the effectiveness of the production process
itself; the other a measure of the business use of available pro-
duction capacity. Both measure the prospective business oppor-
tunity associated with the product being made. 

Discussion of Sample Measurement 

The previous discussion suggests substantial opportunity for pro-
duction process improvement, or market share improvement, or pro-
duction line rationalization, or some combination. However, the
decision making process is subject to additional discussion, because
not all factors that lead to business decisions at Beta or in any given
organization are included in this approach. For example, if Beta
decided to rationalize production lines at Hemp Hill (mothballing,
decommissioning, etc.), it would also have to consider whether or
not the remaining lines were capable and/or qualified under current
regulatory, corporate, and engineering requirements to run the prod-
ucts that would otherwise run on the decommissioned line. Qualifi-
cations of operators, anticipated products, etc. would also have to be
considered. 

In the short term Beta used the given information to make tactical
decisions about improving production practices. If Beta could elimi-
nate unscheduled downtime, and reduce scheduled downtime for PM
and repair (without deleterious impact on the equipment) by half,
and if changeover and transition times could be cut in half, then on
average production times could be reduced by 33%. Additional
improvements could also be made in assuring running the process at
peak rate during a production run, and assuring minimal quality loss-
es. After considerable review, it was finally concluded that about the
best OEE achievable under present circumstances for the Hemp Hill
plant was 50–55%. At the present time, nine people are operating
this line per shift. Theoretically then, the same quantity of product
could be produced with 6 people. At a nominal cost of $50K per year
per person, this reduces costs per year by $150K. It is understood that
theory rarely equals reality, and making linear assumptions is not
always valid, because systems tend to be non-linear, but at least Beta
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now has a basis for making decisions about production planning and
rationalization of existing capacity. 

Strategically, Beta will use this information to rationalize produc-
tion capacity. As certain plants improve performance, production
requirements will be transferred there, assuring maximum perfor-
mance. If markets materialize as expected, production capacity will
be brought to bear using existing capital assets. If markets do not
materialize, then certain production facilities will be decommissioned,
at least until they are needed again. 

A Special Case—Beta’s Dwale Plant

At Beta’s Dwale plant, a continuous process plant, they had devel-
oped an understanding from a benchmarking effort that 95% uptime
was a world-class level of performance for their type of plant. They
determined their peak demonstrated sustainable production rate
based on their output during their best-ever 3-day continuous perfor-
mance. However, on further review, they found that there were non-
linear variables for fixed and variable costs that would influence their
decision about what the optimal targeted uptime should be. They
found that variable costs in the form of energy and certain feed mate-
rial increased sharply above about 87%, leveling off thereafter, but
then increasing again above 95% (see Figure 1-7). They also found
that maintenance costs increased sharply between about 90% and
95% of peak demonstrated rate, primarily due to fouling and chok-
ing of the process. This fouling also affected their ability to keep the
process on line, reducing their uptime due to additional maintenance.
After some analysis, they concluded that their best sustainable perfor-
mance would be running the plant between 90 and 95% of peak
demonstrated rate. Operating the plant at this rate, they felt they
could achieve an uptime of 90%, which was considered to be their
best achievable and sustainable production rate. It was just not realis-
tic, nor cost effective, to try to run the plant at 100% of its demon-
strated rate and still expect to achieve an uptime in the range of 95%
without significant additional engineering and capital investment. 

Some sites, particularly large, integrated process sites with multiple
plants may have structural constraints imposed upon any given plant.
For example, environmental discharge constraints may limit one or
more plants’ ability to operate at peak rate. Business constraints
and/or feed stock supplies from upstream plants may force a down-
stream plant to operate in a less than optimal mode. For example, at
one of Beta’s downstream plants, some chemical reactor vessels were
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operated to take feed stock of one kind, while the other vessels were
operated to take feed stock of another kind, a kind of buffer for fluc-
tuations in site operation. However, no one ever reduced the peak
demonstrated rate to account for this, or counted this as a loss attrib-
uted to the site operation. Structural constraints imposed by business
or operating conditions must also be accounted in the measurement
of uptime or OEE. 

Hiding Behind Excess Capacity 
(The Hidden Plant) 

Many managers take the position that they couldn’t sell all that
they could make. Whether this is true or not is problematic. For
example, if they could reduce their unit costs and improve delivery
performance, they might be able to immediately gain market share,
and sell all they could make. In a strategic sense, however, those
underutilized assets represent opportunities such as increased business
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volume, and return on net assets, but it may be in the rationalization
of assets. Hence the previous model. 

Many managers use excess capacity as an excuse for poor or slop-
py practice. For example, if a plant is operating at 60% asset utiliza-
tion rate, when world class is 90%, the plant may have another 30%
of sales opportunity, at a lower unit cost of production; or could
potentially make the product for substantially lower costs, improving
profits, and without incremental capital investment. Some managers
have been known to use this 30% “reserve” to make sure they can
meet delivery schedule, incurring additional costs associated with
work-in-process buffer stocks, higher levels of staffing, overtime,
scrap product, higher operating and maintenance costs, etc. 

Using excess capacity as a “reserve” is the wrong way to do busi-
ness. It almost always assures no better than mediocre performance,
and sometimes worse. Costs incurred are excessive, often extraordi-
nary. Excess capacity often masks poor practices, which increases unit
costs, reduces profits and market share, and can result in capital
expansion for needed capacity, rather than optimal use of existing
assets. These things make companies less competitive, and can ulti-
mately lead to their demise. For example, suppose a company is oper-
ating a 5-day, 3-shift operation. With this in mind, our asset utiliza-
tion rate can be no better than 15 ÷ 21 = 71%. Further suppose that
when we measure our uptime or OEE during the 15-shift period, we
find that we’re operating at 57%, a fairly typical rate when all losses
from ideal are accounted. If we could get this rate to 85% or better,
this would represent a 50% improvement. We would find that we
could produce the same product during a 5-day, 2-shift operation. In
the short term we save a great deal of money. In the long term, we
have incremental capacity without incremental capital investment. 

When excess capacity does exist, it should be viewed as opportuni-
ty waiting, and used strategically to increase market share, and over
the long haul to maximize return on assets and profits. It should not
be used as an excuse for sloppy practice. At Beta’s Salyersville plant, a
large, continuous process plant, the following conversation occurred
with the maintenance manager: 

Benchmarking Consultant: “How much does downtime cost you?” 

Maintenance Manager: “Nothing, we have 8 lines, we only need 5 to
meet current market demand, so when one line
shuts down, we start up one of the spares, and
keep on producing. So it doesn’t cost us
anything.” 
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Benchmarking Consultant: “So you’re carrying sufficient staff to operate
and maintain 8 lines, or at least more than 5?” 

Maintenance Manager: Pausing, “Well, probably more than 5.” 

Benchmarking Consultant: “How about spare parts, are they sufficient for
more than 5 lines?”

Maintenance Manager: “Well, probably more than 5.” 

Benchmarking Consultant: “How about overtime, do you spend
considerable overtime to make repairs, or switch
over the lines? These failures don’t usually occur
at a convenient time do they?”

Maintenance Manager: “Well, no they don’t, and we probably spend
more overtime than we should.” 

Benchmarking Consultant: “How about collateral damage, do you ever
have any because of running a machine to
failure, rather than catching it long before it gets
so bad it becomes a crisis?”

Maintenance Manager: “Well, probably . . . well, yes we have, on line 3
last week we had a heck of a mess because of a
catastrophic failure.” 

Benchmarking Consultant: “How about scrapped product, or reduced
quality, does that occur when you have to switch
lines and lose product in process?”

Maintenance Manager: “Well . . ., almost always.”

Benchmarking Consultant: “How about inter-process flows, does the
downtime on the failed line result in delays or
disruptions in upstream or downstream
processes, requiring considerable effort to re-
align the plant?” 

Maintenance Manager: “Well . . ., usually.” (At this point, the wind was
clearly out of his sails. He was even a bit
agitated.)

Benchmarking Consultant: “How about management attention? Don’t
events that require a switch-over result in
distracting management attention away from
other issues that could add more value to the
corporation?” 

Maintenance Manager: “Probably.”
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Benchmarking Consultant: “Look, I’m not trying to be hard on you, or
anyone for that matter. I try to help people see
things from a different perspective, to help them
identify opportunities for improvement, so they
can make more money.” 

Maintenance Manager: “I think we have several opportunities here,
don’t we?”

Benchmarking Consultant: “It sure seems that way, but we’ve just taken the
first step in capitalizing on those opportunities.
Let’s look at how improved processes and
practices can help eliminate some of these costs.”
(We went on to review a strategy to help change
the plant’s culture from being repair focused to
being reliability focused.)

If we have 8 lines, but only need 5, why not operate the plant as if
we have only 5, using staff, spares, overtime, etc. at world-class levels
of performance to maximize profitability for those 5 lines? Alternative-
ly, why not operate a production line at a world-class level using a 5-
day, 2-shift operation, vs. a 5-day, 3-shift operation? What about the
“excess capacity”? Strategically, those represent increased market share
and improved profits (not excess capacity per se; or, it represents the
opportunity to rationalize assets). Once we get the plant to operating
reliably at superior levels of performance for 5 lines—striving to be the
low-cost producer in the market—then we can position our products to
increase market share, while still making a healthy profit, expanding
our marketing and distribution efforts, and bringing those additional
lines on as we need the product for our newly gained customers. In
doing so, we maximize return on assets, profits, and share price. 

Differences Between Batch and 
Continuous Manufacturers

Many have noted that there are substantial differences between the
way in which batch and continuous manufacturing plants are operat-
ed, most observing that you really cannot expect a batch or discrete
plant to be operated like a continuous plant. Agreed. However, these
differences should not be used as an excuse for sloppy practice. One
of the fundamental questions still remains—What is ideal perfor-
mance, and how far is my plant from ideal? This is regardless of the
type of plant. 
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Data collected from some 300 manufacturing plants—batch/dis-
crete, continuous, and combination—show that the differences in per-
formance, as viewed by the people who operate the plants, are strik-
ing. As described in the next chapter on benchmarking, people who
work in continuous manufacturing plants report that their practices,
when compared to a best practices standard (one that results in high-
er uptimes, lower unit costs, and better safety) are almost always bet-
ter than the practices in a typical batch or discrete plant. The reasons
for this are uncertain, but it is theorized that the batch manufacturers
always believe they can make up for lost production with the next
batch, not recognizing that time lost is lost forever. Whereas the con-
tinuous manufacturer’s mistakes are almost always highly visible,
principally because of the very nature of the plant—there are fewer
places to hide when a continuous plant suffers lost production. When
a batch plant does, this appears not to be the case. More detail on
this issue, as well as key success factors, and the differences between
batch and discrete plants is provided in Chapter 2 and Appendix A. 

Lean Manufacturing, Six Sigma, 
and Focused Factories 

In recent years, Lean Manufacturing, Focused and Agile Factories,
and Six Sigma Methods have come to the forefront as models for
manufacturing excellence. Below is a discussion of these principles or
methods. 

Lean Manufacturing

Womac, Jones and Roos’ book, The Machine That Changed the
World8, was an interesting discussion of the history of what came to
be known as Lean Manufacturing, but it was scant on the details of
the methods for achieving it. More recently, in Running Today’s Fac-
tory9, Charles Standard and Dale Davis have provided a clear
methodology which integrates lean manufacturing concepts and fac-
tory physics principles together in a very practical way, and whose
points of emphasis are: a) reducing process variability, b) reducing
system cycle times, c) minimizing delay times between process, and
above all, d) eliminating waste in the manufacturing process and sup-
ply chain, from receipt of order to delivery of product and payment.
Indeed, measuring system cycle time, from receipt of order to delivery,
and minimizing delay times between processes, is essential for discrete
manufacturers to assure their competitive position, and as they point
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out, much more important than the “efficiency” of any given
machine. 

One of the major issues which needs to be addressed is the under-
standing (or lack thereof) that Lean Manufacturing is not about head
count reduction. Lower head count per unit of output is a conse-
quence of applying lean principles. And yet it seems that many man-
agers even at very high levels still believe that reducing head count
will result in a lean company. There is a huge body of evidence which
indicates that head count reduction will not provide sustained
improvement. An analogy which may help is to recognize that “lean”
and “fit” are two very different concepts. Olympic athletes are “fit”,
which would typically give them a “lean” appearance. Anorexic peo-
ple are “lean”, but hardly “fit”, and we certainly don’t want an
anorexic company. So, Lean Manufacturing is more about the con-
cept of being lean though being fit, not the other way around. More-
over, if you reduce the resources available to your system without
changing its basic design, then system performance will likely decline. 

Lean Manufacturing is more a philosophy or condition than it is a
process. For example, when you’re lean, you:

• Have minimal inventory, WIP, and raw material
• Have high on time delivery performance 
• Are typically operating in a “pull” mode—you only make enough

to fill near-term demand 
• Make more smaller batches and have less longer runs (a bit

counter-intuitive) 

And you use techniques such as: 

• One piece flow, quick changeover, takt time10, and mistake proofing 
• Measuring system cycle times and delay times, and managing them

more effectively 
• Minimizing the variability of your processes
• Having very reliable equipment through proactive maintenance 

If you don’t have reliable processes and equipment, it will be very
difficult to be lean.

You need that extra “stuff”—buffer stocks, spare parts, spare
equipment, etc., to manage your un-reliability and still meet your cus-
tomer’s demands. It’s hard to be lean when you’re broken. So, get the
basics of good reliability practices in place to assure good lean manu-
facturing performance. 
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Further, as we’ve seen reliability is not just about maintenance.
Superb reliability requires excellence in design, procurement, opera-
tions and maintenance. MCP Consulting, in its work with the
Department of Trade and Industry in the United Kingdom, observed
that some 40-50% of equipment breakdowns were related to poor
operating practices; 30-40% were related to poor equipment design
or condition, and 10-30% were related to poor maintenance prac-
tices. As shown in Figure 1-8, several Fortune 500 manufacturers,
including several of Beta’s plants, have reported that some two thirds
of all production losses as measured against ideal are not related to
equipment downtime, but rather due to rate and quality losses,
changeover losses, no demand losses, lack of raw material, poor utili-
ty supply, etc.; and that of the remaining one third that is due to
equipment downtime, some two-thirds of that are a result of poor
operating or design practices, not poor maintenance. This leaves
maintenance in control of only about 10% of the production losses
from ideal. Clearly, if you want high performance, the first order of
business is to assure excellence in operating practices. 

Six Sigma 

In their book The Six Sigma Way11, Pande et al. provide the fol-
lowing model for applying Six Sigma principles. 

Six Sigma is a statistical term which characterizes your quality hav-
ing less than 3.4 defects per million for a given product or process
specification. However, Six Sigma has become a methodology for
reducing the variability of processes such that the result is greater
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quality and consistency. It stresses simultaneously achieving seeming
contrary objectives: 

• Being Stable, and Innovative
• Seeing the Big Picture, and the Details
• Being Creative, and Rational 

Similar to Deming’s “plan, do, check, act”, it applies the DMAIC
model—define, measure, analyze, improve, control—to core process-
es and key customers.

Principal themes include:
• Focus on customer satisfaction/success
• Data/fact driven management
• Process management and improvement
• Proactive management
• Boundaryless collaboration
• Drive for perfection, but tolerance for failure

Principal tools/methods include:
• Continuous improvement
• Process management 
• Process design/re-design
• Customer feedback
• Creative thinking
• Analysis of variance 
• Balanced scorecards
• Design of experiments
• Statistical process control
• Improvement projects

One of the cautions regarding the use of Six Sigma is—don’t start
with a “nerdy” monologue on SPC or statistical analysis—this dam-
ages its credibility, particularly with the shop floor. According to
David Burns of SIRF Round Tables in Australia, the first step in
applying Six Sigma principles is to address the obvious and make sure
good basic practices are in place, the second step is to standardize
your processes, and finally, the third step is to perfect your processes.
This is depicted graphically in Figure 1-9. Of course applying the
tools described above in doing this is a good approach. The point of
emphasis here, however, is that achieving step one—getting good
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basic practices in place first, including excellence in maintenance and
reliability, is essential for success. 

Focused Factories 

The concept of Focused Factories has also been offered as a strate-
gy for assuring manufacturing excellence.12 While the concept of
focused factories has been well received and has shown considerable
improvement at some of Beta’s plants, it should be emphasized that
this has typically been at their batch and discrete plants, with the con-
cepts being more difficult to apply at their continuous plants. Further,
even at their batch and discrete plants, what has often resulted within
the maintenance function is that “the firefighters have only moved
closer to the fires, and little is done to eliminate the cause of the
fires.” Improved equipment reliability and performance rarely results
from this approach, nor is it expected to adequately support related
strategies such as agile and lean manufacturing, which require high
reliability and performance. Again, It’s hard to be agile or lean when
you’re broken. Further, improving production flows and minimizing
floor space can lead to substantial production improvement, but has
also led to inadequate pull space, lay-down area, etc., for maintaining
equipment, at times resulting in increased costs and longer downtime.
Certainly plant layout and production flow are critical, but they must
fully consider reliability, maintenance, and operating requirements. 
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The view by some focused factory advocates that having backup
machinery and equipment is a solution to capacity and production
problems does not appear to be well founded. Additional equipment
is not normally the solution to poor maintenance practice, as it
increases the need for additional capital, as well as operating and
maintenance expense, etc. Getting to the root cause of equipment fail-
ures and improving maintenance practices is a much better approach.
Beta has found that properly applied, maintenance management sys-
tems are not a burden, but a key tool for equipment reliability, and
that work orders are an essential element for planning, managing,
and generally minimizing maintenance work requirements. They have
also found that most often a hybrid organization of some decentral-
ized (focused resources), and centralized resources works best at most
of their operations. 

Summary

As best practices are implemented at Beta International, fewer peo-
ple will be required to achieve the same production goals. However,
Beta decided to show loyalty to its employees and to work hard to
avoid downsizing, and has pledged that it will use the following tech-
niques to minimize that possibility: 

1. Not replacing workers lost through attrition: resignations, retire-
ment, etc.

2. Reduced contract labor, using employees even when retraining is
required. 

3. Reduced overtime. A smaller paycheck is better than no job. 
4. Voluntary reductions in staffing. 
5. Termination of poor performers. 
6. Reallocation of employees for new, or different jobs, including

any retraining. 
7. Finally, and by no means least, reallocation of resources to han-

dle expanded business volume. 

World-class business performance requires excellence in and the
integration of marketing, manufacturing, and R&D, and that we
know what excellence is by measuring it; it requires that we know
what it means to be the low-cost producer of our products, and how
to achieve and sustain that position; it requires that we understand
how our manufacturing performance relates to our return on net
assets and general corporate performance; it requires that we under-
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stand our losses from ideal and manage them; it requires that we put
in place a reliability process for manufacturing that assures that we
design, buy, store, install, operate, and maintain our manufacturing
assets in a superb way. Finally, it requires that we integrate our mar-
keting and manufacturing strategy in a comprehensive way, focused
on world-class performance. 

Each of us sees light (and information) according to where he
stands relative to the prism. Beta, like most major manufacturing
companies, tends to operate each business function as if each one
were the only “color” in the rainbow, and works hard to optimize
each function, missing the continuous, interrelated nature of all the
issues. Because of this, they only “see” things from one distorted per-
spective. Although they have tried to optimize their processes, they
have always optimized at the sub-optimal level. If Beta is ever to find
the proverbial gold at the end of the business rainbow, they must rec-
ognize that this continuum of issues must be fully integrated and each
recognized for its contribution, and interrelationship. Bob Neurath
must instill a common sense of purpose for world-class performance
among all within Beta International—world-class performance and
the gold at the end of the business rainbow. This involves focusing on
reliability and capacity improvement for the existing assets, under-
standing and integrating manufacturing with markets and their sensi-
tivities, measurement of uptime and losses from ideal, and under-
standing and applying best practices in an integrated way in the
design, buy, store, install, operate, and maintain continuum for man-
ufacturing excellence. 
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