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1. Introduction to  Six Sigma: 
 

1.1 History 

The roots of Six Sigma as a measurement standard can be traced back to Carl Frederick Gauss 

(1777-1855) who introduced the concept of the normal curve. Six Sigma as a measurement standard 

in product variation can be traced back to the 1920's when Walter Shewhart showed that three sigma 

from the mean is the point where a process requires correction. Many measurement standards (Cpk, 

Zero Defects, etc.) later came on the scene but credit for coining the term "Six Sigma" goes to a 

Motorola engineer named Bill Smith. 

1.2 Definitions of Six Sigma  

In statistical terms, the purpose of Six Sigma is to reduce process variation so that virtually all the 

products or services provided meet or exceed customer expectations. This is defined as being only 

3.4 defects per million occurrences. Six Sigma was developed by Motorola in the 1980s but has its 

roots in Statistical Process Control (SPC), which first appeared in 1920s. Six Sigma is lots of 

different things because it had different meanings over time, and also because it is now interpreted in 

increasingly different ways. And Six Sigma is still evolving.  

The UK Department for Trade and Industry says Six Sigma is: 

"A data-driven method for achieving near perfect quality. Six Sigma analysis can focus on any 

element of production or service, and has a strong emphasis on statistical analysis in design, 

manufacturing and customer-oriented activities." June 2005.  

Six Sigma according to Motorola 

"Six Sigma has evolved over the last two decades and so has its definition. Six Sigma has literal, 

conceptual, and practical definitions. At Motorola University (Motorola's Six Sigma training and 

consultancy division), we think about Six Sigma at three different levels:  

 As a metric  

 As a methodology  

 As a management system  
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Six Sigma according to General Electric 

"Six Sigma is a highly disciplined process that helps us focus on developing and delivering near-

perfect products and services. Why 'Sigma'? The word is a statistical term that measures how far a 

given process deviates from perfection. The central idea behind Six Sigma is that if you can measure 

how many 'defects' you have in a process, you can systematically figure out how to eliminate them 

and get as close to 'zero defects' as possible. To achieve Six Sigma Quality, a process must produce 

no more than 3.4 defects per million opportunities. An 'opportunity' is defined as a chance for 

nonconformance, or not meeting the required specifications. This means we need to be nearly 

flawless in executing our key processes at its core, Six Sigma revolves around a few key concepts.ò 

 Critical to Quality:  Attributes most important to the customer 

 Defect: Failing to deliver what the customer wants  

 Process Capability: What your process can deliver  

 Variation:  What the customer sees and feels  

 Stable Operations: Ensuring consistent, predictable processes to improve what the customer 

sees and feels  

 Design for Six Sigma: Designing to meet customer needs and process capability..."  

 Teams and team leaders are an essential part of the Six Sigma methodology. 

 Six Sigma is therefore a methodology which requires and encourages team leaders and teams 

to take responsibility for implementing the Six Sigma processes. Significantly these people 

need to be trained in Six Sigma's methods - especially the use of the measurement and 

improvement tools, and in communications and relationship skills, necessary to involve and 

serve the needs of the internal and external customers and suppliers that form the critical 

processes of the organization's delivery chains. 

 Training  is therefore also an essential element of the Six Sigma methodology, and lots of it.  

 Consistent with the sexy pseudo-Japanese 'Six Sigma' name (Sigma is in fact Greek, for the 

letter 's', and a long-standing symbol for a unit of statistical variation measurement), Six 

Sigma terminology employs sexy names for other elements within the model, for example 

'Black Belts' and 'Green Belts', which denote people with different levels of expertise 

(Champion, Master Black Belt, Black Belt, and Green Belt according to an extent 
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qualifications), and different responsibilities, for implementing Six Sigma methods. Six 

Sigma aims to maximize customer satisfaction and minimize defects. 

 

 2. Role of 1.5 Sigma Shift 
 

The standard normal distribution provides the starting point for discussion. This distribution has 

been extensively studied and tabularized, and many natural systems can be approximated with it. 

Although the distribution extends to infinity in both directions, the distribution only shows the area 

from ï3 standard deviations to +3 standard deviations on figure.1 because this range includes 99.73 

percent of the data. Until Six Sigma became popular, all quality calculations were based on this 

distribution without any ñadjustments.ò For example, assume surveys show that customers are 

unhappy when hold times exceed 15 minutes and that actual hold times are perfectly normally 

distributed, averaging 12 minutes with a standard deviation of one minute. The 15 minute 

specification is 3 standard deviations above the mean. Looking up the area of a normal distribution 

beyond +3 standard deviations, we predict that 0.135 percent of customer hold times will exceed the 

specification. 

 

Six Sigma modifies this procedure by ñadjustingò the calculated mean by 1.5 sigma before 

estimating the percentage out of specification. For the hold-time example, we would perform the 

calculations with an average hold time of 13.5 minutes instead of the calculated value of 12 minutes. 

This would give an estimate of 6.68 percent exceeding the specification. 

There is a saying among engineers and scientists: All models are wrong, but some models are useful. 

The traditional normal model, for example, is certainly wrong, but itôs often still useful. The 

question, then, is whether the 1.5 sigma adjustment creates a model thatôs more useful than the 

traditional model. I believe it does. While all models simplify reality, the traditional model 

oversimplifies reality. It makes things look much better to us than they look to our customers. 

Consider the assumptions for the hold time example. The assumption of perfect normality for hold 

times is certainly wrong. Thereôs also sampling error, the definition of ñhold timeò (e.g., customer 

perceived hold time vs. clock time), tremendous variability from customer to customer and more. In 

a production example, oversimplifications include estimating sigma based on short ï term variation, 
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making measurements on product that has never been used, not considering shipping and handling 

effects , failure to consider the environments to which product will be exposed, and incomplete 

understanding of the customersô requirements. The 1.5 sigma shift is simply a correction that 

accounts for factors not included in our model of reality. 

The table of process sigma values and equivalent parts per million shows the equivalent yields that 

you obtain when the 1.5 sigma shift is taken into account. 

 

 

Figure.1: The Standard Normal Distribution Curves 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table.1: Process Sigma Levels and Equivalent PPM Quality Levels. 
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3.0 Sigma levels 

Taking the 1.5 sigma shift into account, short-term sigma levels correspond to the following long-

term DPMO values (one-sided): 

 One Sigma = 690,000 DPMO = 68.26% efficiency 

 Two Sigma = 308,000 DPMO = 95.24% efficiency 

 Three Sigma = 66,800 DPMO = 99.73% efficiency 

 Six Sigma = 3.4 DPMO = 99.9997% efficiency 

 

4.0 Implementation Procedure of Six Sigma 

There are three basic elements to Six Sigma: 

a. Process improvement 

b. Process design/re-design 

c. Process management 

Each of the above three elements is examined in more detail below. 

a. Process improvement 

The purpose of process improvement is to eliminate the root causes of performance deficiencies in 

processes that already exist in the organization. These performance deficiencies may be causing real 

problems for the organization, or may be preventing it from working as efficiently and effectively as 

it could. To eliminate these deficiencies a five-step approach is used. 

DEFINE  ï a serious problem is identified and a project team is formed and given the responsibility 

and resources for solving the problem. 

MEASURE ï data that describes accurately how the process is working currently is gathered and 

analyzed in order to produce some preliminary ideas about what might be causing the problem. 
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ANALYSE  ï based upon these preliminary ideas, theories are generated as to what might be causing 

the problem and, by testing these theories, root causes are identified. 

IMPROVE  ï root causes are removed by means of designing and implementing changes to the 

offending process. 

CONTROL  ï new controls are designed and implemented to prevent the original problem from 

returning and to hold the gains made by the improvement. 

 

b. Process design/re-design  

Sometimes simply improving existing processes is not enough, and, therefore new processes will 

need to be designed, or existing processes will need to be re-designed. There are several reasons why 

this could be necessary: 

ǒ An organization may choose to replace, rather than repair, one or more of its core processes. 

ǒ An organization discovers, during an improvement project, that simply improving an existing 

process will never deliver the level of quality its customers are demanding. 

ǒ An organization identifies an opportunity to offer an entirely new product or service. 

As with process improvement, a five-step approach is used to 

DEFINE  ï identify the goals for the new process, taking into account the customer requirements.  

MATCH  ï develop a set of performance requirements for the new process that match these goals. 

ANALYSE  ï carry out an analysis of these performance requirements for the new process, and 

based upon this produce an outline design for the new process. 

DESIGN & IMPLEMENT  ï work this outline design up into a detailed design for the new process, 

and then implement it. 
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VERIFY  ï make sure the new process performs as required and introduce controls to ensure it keeps 

performing that way.  

c. Process management  

Because it requires a fundamental change in the way an organization is structured and managed, 

process management is often the most challenging and time-consuming part of Six Sigma.  

 

In general, process management consists of: 

ǒ Defining processes, key customer requirements, and process ñownersò. 

ǒ Measuring performance against customer requirements and key performance indicators. 

ǒAnalyzing data to enhance measures and refine the process management mechanisms. 

ǒ Controlling process performance by monitoring process inputs, process operation, and process 

outputs, and responding quickly to problems and process variations. 

4.1 Process Improvement  

Step 1 ï Define 

Having identified the improvement project to be carried out, the project needs to be established by 

carrying out the following activities: 

ǒ PREPARE A PROBLEM STATEMENT  - this statement must describe the problem in specific 

terms that identify: what is wrong; what is the visible evidence of the problem ï the symptoms; how 

serious is the problem, expressed in quantifiable and measurable terms; how large is the problem ï 

can it be addressed by a single, manageable size improvement project or will it need to be sub-

divided into several smaller, manageable projects. 
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ǒ PREPARE A MISSION STATEMENT - this statement must describe what is going to be done 

about the problem, i.e., the objective of the improvement project. The mission statement should 

contain the same variable and unit of measure as does the problem statement. 

ǒ SELECT A PROJECT TEAM - the project team selected should be a cross-functional team that 

spans all functions upon which the improvement project will have an impact, both direct and 

indirect.  

Step 2 ï Measure 

During this Measure step, symptoms of the problem that exists are identified and a baseline 

measurement of current and recent performance is established. Also, a map of how the process that 

is producing the problem operates is developed. 

However, the real purpose of this step is to analyze the symptoms and then to confirm, or modify, 

the mission statement based upon the results of this analysis. In Six Sigma a symptom is defined as 

the outward, observable evidence of a problem. It is an output of the process that is producing the 

problem. 

If a symptom like this occurs on an ongoing basis, it signals a chronic, underlying quality problem 

that needs to be addressed. To address such a problem, first of all, the symptom needs to be analyzed 

in the following manner: 

ǒ Develop operational definitions 

ǒ Measure the symptom 

ǒ Define the boundaries ï that is, the scope of the improvement project 

ǒ Concentrate on the vital few ï those sources of error thought to be largely responsible for the 

problem. It is time consuming to attempt to tackle all possible sources, and the result may not justify 

the effort. 
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Once the above analysis of the symptoms has been completed, the mission statement should be 

revisited to confirm that it is still applicable, or to modify it to make it applicable. The results of the 

analysis may reveal that the problem is somewhat different from the one that was originally 

described; or that the improvement project is too large and needs to be broken down into more 

manageable parts. 

 

Step 3 ï Analyze 

During this Analyze step, theories about the causes of the problem are formulated, these theories are 

tested, and, finally the root causes of the problem are identified. 

ǒ FORMULATING THE THEORIES ï the project team brainstorms possible theories, 

documents them, and then organizes them in the form of a cause-and-effect diagram. 

ǒ TESTING THE THEORIES ï before any theory can be accepted as true, it must be 

systematically tested. Any data required to test a particular theory that is not available, must first be 

collected. 

If the data collected demonstrates that a particular theory is clearly not important, then that theory 

can be eliminated. 

ǒ IDENTIFYING THE ROOT CAUSE(S) ï once testing has been completed, the root cause(s) of 

the problem should be able to be determined. 

Once found, the removal of the real root cause(s) will sharply reduce or eliminate the 

problem/deficiency. 

Step 4 ï Improve 

During this Improve step, several sequential activities are performed and these are described below.  
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ǒ EVALUATION OF ALTERNATIVES ï alternative improvement methods are evaluated to 

determine which method will best remove, or reduce the effect of, the root cause(s) of the problem. 

This evaluation is carried out using a set of evaluation criteria such as cost, impact; cost/benefit ratio, 

cultural impact etc 

ǒ DESIGN OF THE IMPROVEMENT ï an improvement method has been selected, the 

improvement process is designed by confirm that the improvement achieves the project goals; 

determining the required resources; specify the procedures and the other changes required; assessing 

human resource requirements to determine whether any training/re-training is required. 

 

ǒ PLAN FOR ñCULTURAL RESISTANCE  ï by their very nature, improvement efforts create 

change in an organization and ñcultural resistanceò is a natural consequence of change. 

Therefore, dealing with this potential cultural resistance needs to be factored into the improvement 

project plan. 

ǒ PROVE EFFECTIVENESS ï before an improvement is finally adopted, it must be proven 

effective under operating conditions. This could be done with a pilot test; a dry run, which doesnôt 

involve delivery to the customer; an acceptance test; a simulation 

ǒ IMPLEMENT ï this involves introducing the proposed change to the people that will make it 

work. This demands: a clear plan; a description of the change; an explanation indicating why the 

change is necessary; involvement of those affected; the change. 

The most important parts of implementation, though, are good planning, good preparation, and good 

cooperation between all of the individuals concerned. 

Step 5 ï Control  
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During this Control step, controls are put in place to ensure that the gains that have been achieved 

will continue and the problem will not recur. To do this the following activities need to be carried 

out. 

ǒ Design effective quality controls 

ǒ Foolproof the improvement 

ǒ Audit the controls 

 

4.2  Implemetation roles  

 

With any organizational change initiative, idea must have proof that it is a worthy pursuit, preferably 

along with examples of success stories from grassroots efforts or other companies. And an idea 

needs senior management support to evolve into an effective initiative that establishes long-term 

improvements. Six Sigma leaps such 

hurdles easily. No longer considered 

a risky quality approach by many 

senior managers, Six Sigma is 

considered a necessity to better meet 

the needs of their businesses. As a 

consequence of Six Sigma success in 

the manufacturing area, many 

organizations are considering 

implementing it as a mode of 

operations for transactional and administrative business processes. The critical component to seeing 

bottom-line results for Six Sigma is careful implementation. One of the fundamental inventions of 

Six Sigma is to introduce ñprofessionalò analysing of quality mangement functions. Six Sigma 

Figure 2: Implementation Process 
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borrows martial arts ranking terminology to define a hierarchy (and career path) that cuts across all 

business functions and a 

promotion path straight into the 

executive suite. 

Six Sigma can be a great success 

or an expensive failure, 

depending on how it is 

implemented. Successful 

implementation should be viewed 

as ongoing process of infusing 

six sigma methodologies into an 

organizationôs culture such that 

employees use Six Sigma 

techniques when they approach 

their every day work. The implementation process is illustrated in figure 2, requires up front 

Corrective action, Waste removal to develop awareness and generate robust design before projects 

are started. 

 

 

5.0 Six Sigma Infrastructures:  

An infrastructure is what ensures that necessary resources are available when needed. In addition to 

senior management support, a solid infrastructure upon which to implement Six Sigma involves 

fostering a receptive culture and assigning the appropriate roles and responsibilities. Fostering a 

receptive culture takes time. This initially involves introducing the work force to the basic principles 

of Six Sigma and establishing pathways     to both   voice and address concerns. Otherwise, if the 

work force does not understand the principles of Six Sigma, it will not support the implementation. 

The best-practice distinction is that successful organizations then demonstrate Six Sigma's potential 

through small-scale successes and set goals linked to management compensation. The results of 

these efforts should be a culture in which operations are discussed in terms of customer satisfaction, 

defects, and business needs. Following the example of Six Sigma champions and specialists, the 

Executive 
Leadership

Champion

Master Black 
Belts

Black Belts

Green Belts

Yellow Belts

Figure 3: Continuous Roles Representation 
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work force is encouraged to pose questions and verbalize problems in an objective and collaborative 

environment. Assigning the appropriate roles involves shifting the full-time responsibilities of a few, 

critical employees. Roles typically include an Executive Leadership, Six Sigma champion, Master 

Black Belts, Black Belts, and Green Belts. (Sometimes, additional roles are created, such as Yellow 

Belts and Brown Belts.) Those necessary roles and responsibilities are often determined by a Six 

Sigma steering committee. And the initiative often resides within a department as a stand-alone 

function, separate from other quality initiatives. Figure 3 represents the continuous roles managed 

and linkage between those roles played in an organization. Descriptions of the primary roles follow: 

 

 Executive Leadership includes CEO and other members of top management. They are 

responsible for setting up a vision for Six Sigma implementation. They also empower the 

other role holders with the freedom and resources to explore new ideas for breakthrough 

improvements. 

 

 The Champion role is critical. Often senior managers with a full-time commitment to Six 

Sigma, champions understand Six Sigma principles and have strategic ties to business units. 

They act as guides, mentors, and facilitators for the practitioners/Black Belts. 

 Master Black Belts with the highest level of training, act as teachers and mentors. 

Responsible for delivering results and handling multiple projects, Master Black Belts have 

especially strong leadership skills and must be respected in the organization in order to 

influence decisions. They assist champions and guide Black Belts and Green Belts. Apart 

from statistical tasks, their time is spent on ensuring consistent application of Six Sigma 

across various functions and departments. 

 Black Belts with an extensive level of training, guide improvement projects. Technically 

oriented, these individuals create, facilitate, train, and lead teams, with an analytical 

approach. The primary focus of Black Belt is lead/execution of project, whereas Champions 

and Master Black Belts focus on identifying projects/functions for Six Sigma. 
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 Green Belts are qualified to solve the majority of process problems that arise in 

manufacturing environments and can always consult with Black Belts if they come up 

against a particularly challenging problem. Operated under a Black Belt 

 Yellow Belts represent everyone else on the team. They're not immersed in the details of the 

project but Yellow Belts are essential. They do apply some elements of the Six Sigma 

methodology as they help the Green Belt meet project goals and objectives. Yellow Belts are 

staff members, administrators, operations personnel and anyone else who might play a role. 

Another important role in the Six Sigma method is Process Ownership. Process owners are generally 

used in the DMAIC and DFSS projects and are responsible for the management of processes within 

the organization. Process leaders can be current managers and leaders or can be promoted from a 

non-leadership position. A process owner is responsible for managing improved processes created 

by an improvement team. 

A process owner needs to have the following qualifications: 

 An expert on the subject matter  

 Someone who experiences problems with the poorly functioning processes and will benefit 

from the improved process 

 A person who has a positive influence on others  

 Able to communicate effectively with leaders of other processes  

 Can think outside the box and create methods for improvement  

Six Sigma projects should focus on core processes (i.e., not sublevel) that have been systematically 

selected by Champions, Master Black Belts, or other partners. The characteristics of an ideal Six 

Sigma project are: 

 a connection to strategic and annual operating plans 

 recognition as being important to the organization 
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 a scope that can be completed within a reasonable time frame (typically, three to six months), 

and 

 Support and approval by management. 

 

Quality management tools and Methodologies used in Six Sigma: [4] 

 There are many Six Sigma quality tools and measurement representations. We are going to 

represent one of the famous tools used in many organizations to keep track the progress. It is 

Process Capability. A Six Sigma quality level process is said to translate to process capability 

index values for process capability index/process performance index. A PROCESS is a 

unique combination of tools, materials, methods, and people working in production of 

measurable output. These outputs can be evaluated by statistical methods.  

 The capability of a process is some measure of the proportion of in-specification items the 

process produces when it is in a state of statistical control. We have traditional method of 

calculating data called batch performance. The difference between batch performance and 

process capability are in batch performance we consider only the actual value produced,  

 

but in process we are interested to know about the capability of process in statistical control. 

To calculate data, we consider all data should be   in-control process, measureable mean and 

standard deviation. The important thing to mention is the specification limits are not 

determined by statistical data, but determined by customer requirements and economy of 

process. 

           

Cp measures the centered process output; Cpk measures the process between the 

specification limits. USL is upper specification limit, LSL is the lower specification limit, ů 

is Standard deviation and µ is the estimated mean of the process. When an organization 

understands the plusses and minuses of each metric they work with their customers and 



Engineering Management (Engr 801)  Project -2    Spring 2009    San Francisco State University 18 

suppliers to direct their efforts toward the best metric for a given situation rather than 

reacting to issues that result from ñmandatedò metrics that makes no sense. 

Two parts of process capability are:  

1) Measure the variability of a process, and  

2) Compare that variability with a proposed specification or product tolerance. 

  

 

 

 

Figure 4: Process Capability 

A final observation from above graph, figure 4 can be done based on the specification limits. 

The indices can be used to add precision and may be easier to use as ongoing checks on a 

conforming process, but they are not terribly intuitive, and may be overkill in straightforward 

situations. 

Creating and implementing Six Sigma will not guarantee real benefits within an organization. 

But, when implemented wisely to a business strategy combined with other  

 

effective metrics, organizations can achieve benefits. The benefits are improved delivery 

time, reduced waste, and improved internal/external customer satisfaction. Though the six 

sigma success can be obtained only with wise implementation and sustain attention of 

executive management. This results a change in corporate culture to a learning organization. 

The cultural change within an organization through Six Sigma requires exposing the work 

force to Six Sigma, publicizing projects under way, and sharing the subsequent successes. 
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6.0 Six Sigma Tools: 

Generally, two classes of software are used to support Six Sigma; Analysis tools to perform 

statistical or process analysis and Program management tools to manage and track a company's 

entire Six Sigma program. 

6.1 Analysis Tools: 

 Engine Room by MoreStream 

 IBM WebSphere Business 

Modeler  

 iGrafx Process for Six Sigma  

 JMP  

 Microsoft Vision  

 Minitab  

 Quality Companion by Minitab  

 SigmaXL  

 Software Agweb Methods BPM 

Suite  

 Statgraphics  

 STATISTICA  

 Telelogic System Architect  

 Actuate  

 The Unscrambler  

 Select Architect Business 

Process Modeling 

 

6.2 Quality management tools and Methodologies used in Six Sigma: 

There are many Six Sigma quality tools and measurement representations. We are going to 

represent one of the famous tools used in many organizations to keep track the progress. It is 

Process Capability. A Six Sigma quality level process is said to translate to process capability 

index values for process capability index/process performance index. A PROCESS is a unique 

combination of tools, materials, methods, and people working in production of measurable 

output. These outputs can be evaluated by statistical methods.  
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Cp measures the centered process output; Cpk measures the process between the specification 

limits. USL is upper specification limit, LSL is the lower specification limit, ů is Standard 

deviation and µ is the estimated mean of the process. When an organization understands the 

plusses and minuses of each metric they work with their customers and suppliers to direct their 

efforts toward the best metric for a given situation rather than reacting to issues that result from 

ñmandatedò metrics that makes no sense. 

Two parts of process capability are:  

1) Measure the variability of a process, and  

2) Compare that variability with a proposed specification or product tolerance. 

 

 

 

7. Statistics of Six Sigma Companies: 
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Companies NOT Using Six Sigma (conõt)

9000 

Series

What Quality Management Systems are you using?

Types of QMS

%
 o

f T
yp

e 
of

 Q
M

S

45

35

25

40

5

30

20

15

10

50

0

47.4

%

33.1

%

13.5

% 9.8%
7.5% 7.1%

4.9%
3.8% 3.0% 2.6%

2.0%

TQM Malcolm 

Baldrige

LEAN 

Thinking

Unique 

QMS

CMM-

SEI

ASQ/ 

CQA

ANSI/ 

Mil-Std

Country 

Specific 

Award for 

Excellence

EFQM Cont. 

Quality/ 

Process 

Improvement

Balanced 

Scorecard

Go Fast ð

GE 

Workout 

Process

1.1% 1.1%

 
 

 

 

 

 

Companies USING Six Sigma (conõt)

40

30

25

20

15

10

5

0-1 years

21.0%

How long have you been using Six Sigma?

Length of Years Usage

%
 o

f 
Y

ea
rs

 U
sa

ge

1-2 years 2-3 years 3-4 years 4-5 years More than 5 

years

35

0

35.3%

13.4%

7.1%
3.6%

10.3%



Engineering Management (Engr 801) Project -2   Spring 2009   San Francisco State University 

 

 

22 

 
 

 

 

 

 

Companies USING Six S igma 
(conȭt)

55

45

35

25

60

40

5

30

20

15

10

50

Quality

62.1%

What are you measuring with Six Sigma?

Measurement of Six Sigma

%
 o

f M
ea

su
re

m
en

t

0

Service 

Performance

Mnfg 

Performance

Financial 

Performance

All Areas Employee 

Performance

Specific 

Areas

65

43.3%

39.7%
37.9%

26.3%

23.7%

5.4%

What profit $ increases do you attribute 

to Six Sigma?
Á None - 17.0%

Á $1,000,000 to $10,000,000 - 12.9%

Á over $10,000,000 - 12.5%

Á $100,000 to $250,000 - 7.6%

Á Under $10,000 - 6.7%

Á $10,000 to $25,000 - 5.4%

Á $500, 000 to $1,000,000 - 5.4%

Á $25,000 to $50,000 - 4.5%

Á $250,000 to $500, 000 - 3.1%

Á $50,000 to $100,000 - 2.7%

Companies USING Six Sigma (conõt)

What cost savings $ do you 

attribute to Six Sigma? 
Å over $10,000,000 - 18.3%

Å $1,000,000 to $10,000,000 - 14.7%

Å $500, 000 to $1,000,000 - 8.5%

Å $250,000 to $500, 000 - 8.0%

Å Under $10,000 - 6.7%

Å $50,000 to $100,000 - 6.3%

Å $100,000 to $250,000 - 5.8%

Å None - 5.8%

Å $10,000 to $25,000 - 4.0%

Å $25,000 to $50,000 - 3.1%
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8.0 List of Six-Sigma Companies:   

The following is the list of well-known Six-Sigma companies in different sectors: 

Electronics and Computers                                                            

 General Electric                                                                  

 Advanced Micro Devices(AMD) 

 Honeywell 

 Siemens 
 

 Construction: 

 Jacob Engineering Group 

 Owens Corning       

 Automobiles and Airlines: 

 SouthWest Airlines 

 US Airways Group 

 Ford Motor Company 

Books: 

 Amazon.com 

 The McGraw-Hill Companies 

 

Financial Services:      

 Bank of America 

 HSBC 

 Merrill Lynch 

Health Care: 

 Mckesson Coorporation 

 Baxter HealthCare 

 Cardinal Health 

 New York-Presbyterian Hospital

9.0 Six Sigma Implementation in Smaller and Mid-Sized Companies: 

9.1 Challenges  

Large companies are making Six Sigma as an authoritative command to their supply base as a condition of 

doing future business. When small companies petition deployment proposals from Six Sigma consulting 

companies, they learn that the implementation of Six Sigma approach can require million of dollars in 

investment, dedication of their full time resources, and training of the masses. This approach to Six Sigma 

is unrealistic for smaller and mid-sized companies. There is a real need to accommodate smaller and mid-

sized companies into the Six Sigma, because the nearly represent as much as 75%-80% of total value 

stream activity. 

The top-down implementation of Six Sigma is a major barrier to the entry for smaller and mid-sized 

companies. Alternative Six Sigma deployment models allow smaller and mid-sized companies to 

implement at a pace where they can actually implement the methodology and reap benefits. This can be 

achieved without the huge resource commitment and overhead structure of the traditional Six Sigma 
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implementation approach. As a virtue of which smaller companies sometimes are able to gain faster and 

more benefits that their large customers. 

9.2 Possible Solutions: 

In the Six Sigma implementation cycle, majority of the benefits are not made from Black Belts but are 

derived from the Green Belt and Yellow Belt level, especially when the Six Sigma process becomes 

institutionalized. The Black Belts and Green Belts are interchangeable for about 80% of the companyôs Six 

Sigma opportunities. Many constraints of the smaller and mid-sized companies can be addressed by using 

Green Belt and Yellow Belt, thereby allowing them to implement at a manageable pace. Such companies 

become as technically skilled as their larger counterparts and in many cases they are outperforming their 

costumers in both financial aspect and cultural transformation. 

Use Scalable Six Sigma Implementation: Following Steps can be used for Six Sigma deployment and 

execution process for smaller and mid-sized organizations: 

 Develop a Six Sigma strategy and overarching infrastructure. This step includes the strategy, 

implementation approach and projects that are directly aligned to the organization's strategic 

plan and customer requirements. It also includes well-organized communication and awareness 

building for Six Sigma. 

 Implementation planning: For a high impact Six Sigma projects includes defining objectives, 

scope, goals, priorities, work plans, deliverables, baseline performance, and expected 

performance improvements. 

 Begin Team formation and the education plan concurrently.  The teams prevent time and 

resources debating over what needs to be done. Apart from it, education is modified according 

to business specific needs that include sample issues, data, and examples from their actual 

processes. 

  Although the Six Sigma approach is different in smaller and mid-sized organizations, 

executives in such companies should make sure that Six Sigma still requires the same leadership 

and commitment as in larger companies. 
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 Some people should complete Green Belt certification which focuses on Six Sigma that also 

includes and integrates Kaizen and Lean. A program should stress deployment of the right tools 

to the right opportunities, because not all problems require a complex statistical approach. 

 Other team members should complete Yellow Belt certification which focuses on the basic 

"blocking and tackling" tools of Six Sigma, and also Kaizen and Lean. 

 As the Six Sigma Lifecycle progress, individuals are transitioned to the next level of Six Sigma 

achievement. New resources should be developed into Green Belts and Yellow Belts 

respectively based on need and the goal should be to ramp up to a point where the tangible 

savings is funding the Six Sigma program. 

 Certification should be given by achievement and not by attendance. Apart from the classroom, 

all certification candidates must complete a mandatory project which demonstrates the correct 

deployment of Six Sigma and solves a real business problem and achieves a targeted savings. 

The above approach can be modularized so that the company can quickly transition their Six Sigma 

resources to the next highest level of achievement. Companies can accomplish their Six Sigma 

implementation at a more pace. The number of projects, the levels of education, and the whole deployment 

and execution approach occur at a pace that has a direct link to strategy and results. 

The above type of approach to Six Sigma helps smaller and mid-sized organizations to achieve results at a 

manageable pace and yields desired results. The "one size fits all" Six Sigma deployment model isn't 

pragmatic for all companies, and other deployment models should be explored. Smaller and mid-sized 

companies can be accommodated into the Six Sigma fold with the right deployment model. 

10.0 Reception of Six Sigma Companies 

Lack of Originality : According to management consultant Joseph M. Juran described Six Sigma is ña basic 

version of quality improvement,ò there is nothing new in it. According to Joseph Juran ñcreating specialists 

can be very helpful but thatôs not a new idea.ò Already, the ñAmerican Society for Quality (ASQ)ò long 

ago established certificates, such as for reliability engineers. For example ASQ  described the certifications 

for engineers such as Quality Improvement Associate, Quality Inspector, Quality Technician, Calibration 

Technician, Quality Auditor, Biomedical Auditor, HACCP Auditor, Quality Process Analyst, Quality 
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Engineer, first one issued in 1968, Software Quality Engineer, Reliability Engineering, Manager of Quality 

Organizational Excellence. Six Sigma includes facilitators and they have adopted new and stylish terms, 

like belts with different colors.  

 

10.1 Role of consultants:  

A number of consulting firms are selling Six Sigma, though they have a basic knowledge of the tools and 

techniques involved. It has therefore, created an industry of training and certification. The expansion of 

various belt like ñGreen Beltsò, ñMaster Black Beltsò and ñGold beltsò has given more opportunity to the 

such institutions that have rudimentary knowledge in Six Sigma.  

 

 

 

11.0 Obstacles and challenges of six sigma method  

 

1. Issues in strategy Hammer and Goding (2001) argued that six sigma has been the target of criticism and 

controversy in the quality community characterizing it as óTotal Quality Management on Steroidô.  

One of the main criticisms is that Six Sigma is nothing new and simply repackages traditional principles 

and techniques related to quality (Catherwood, 2002). Organizations must realize that six sigma is not the 

universal answer to all business issues, and it may not be the most important management strategy that an 

organizations feels a sense of urgency to understand and implement six sigma. To ensure the long-term 

sustainability of the six sigma method, organizations need to analyze and accept its strengths and 

weaknesses and properly utilize six sigma principles, concepts, and tools. 

 

2. Issues in organizational culture Quality concepts need to be embedded into the process of designing 

rather than just monitoring the quality at the manufacturing level (McClusky, 2000).  

The more important issue is the change in organizational culture that puts quality into planning. Addressing 

the problems and issues that are easy to correct and claiming that the six sigma method is a big success is 

simply deceiving. Organizations without a complete understanding of real obstacles of six sigma projects or 

a comprehensive change management plan are likely to fail. Senior managementôs strong commitment, 

support, and leadership are essential to dealing with any cultural issues or differences related to six sigma 
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implementation. If the commitment and support of utilizing various resources do not exist, organization 

should probably not consider adopting Six Sigma. 

 

3. Issues in training (Belt Program) 

 

Training is a key success factor in implementing six sigma projects successfully and should be part of an 

integrated approach. The belt program should start from the top and be applied to the entire organization. 

The curriculum of the belt program should reflect the organizationôs needs and requirements. It has to be 

customized to incorporate economical and managerial benefits. Training should also cover both qualitative 

and quantitative measures and metrics, leadership, and project management practices and skills. It is 

important to note that formal training is part of the development plan of producing different belt level 

experts. Participants need to be well informed of the latest trends, tools, and techniques of Six Sigma, and 

communicate with actual data analysis. The authors found that selection of less-capable employees for 

Black Belt assignments was associated with challenges to six sigma projects. 

 

11.1 Advantages of Six Sigma  

 Six Sigma can and does help many companies design better products with less waste and at a lower 

cost. Six Sigma methodology at its best produces organization wide synergy, everyone pulling 

together to improve quality, cut costs and drive profitability.  

 The top down approach of Six Sigma means that what is found to be good can be capitalized on and 

what is found to be bad can be removed quickly because they very top tier of management are 

involved and expecting change, not running away from it. 

 

11.2 Disadvantages of Six Sigma 

 It is a bit gimmicky and it has been argued that it is simply are branding of continuous improvement 

as practiced by Toyota. It of leads to the outsourcing of improvement projects which leads to a lack 

of accountability.  
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 Many people argue that quality standards should be set according to the specific task or process 

they are related to and that setting 3.4 defects per million as a standard yardstick could actually lead 

to more time spent in less profitable areas.  

 The standardization of Six Sigma may inhibit new and creative processes and may actually stifle 

company growth if Sig Sigma Enthusiasts are given free reign. 

 

12.0 Application of Six Sigma in Engineering Industry | Thermal Power Plant 

12.1 Introduction  

In todayôs fast-paced global economy, markets demand that companies produce their products more 

quickly, with better quality and at the same time consume the least amount of energy. Developers need to 

create innovative complex products in minimum time with lesser energy use. Six Sigma is a broadly 

accepted methodology that focuses on improving an organizationôs operational performance, business 

practices and systems by identifying and preventing ódefectsô in manufacturing and service-related 

processes (Klefsjo et al., 2001). It is a disciplined, systematic, data-driven approach to process 

improvement that targets the near-elimination of defects from every product, process and transaction 

(Antony, 2004). Doing things better, faster and at lower cost is the Six Sigma way (Mathew et al., 2005). 

 

12.2 Six Sigma and its goals  

Sigma is a Greek letter representing standard deviation or the amount of variation within a given process 

(McAdam and Lafferty, 2004). According to Harry and Schroeder (1999), Six Sigma is a powerful 

breakthrough business improvement strategy that enables companies to use simple and powerful statistical 

methods for achieving and sustaining operational excellence. It is a business strategy that allows companies 

to drastically improve their performance by designing and monitoring everyday business activities  in ways 

that minimise waste and resources while increasing customer satisfaction.  Park (2002) described how Six 
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Sigma implies three things: statistical measurement, management strategy and quality culture. It is a 

measure of how well a process is performing through statistical measurement of the quality level. It is a 

new management strategy under the leadership of the top management that creates quality innovation and 

total customer satisfaction. It is also a quality culture. It provides a way to do things  right the first time and 

to work smarter by using data. It also provides an atmosphere  to solve many Critical-to-Quality (CTQ) 

problems through team efforts. The statistical representation of Six Sigma describes quantitatively how a 

process is performing. The goal of Six Sigma is to design processes that do what they are supposed to do 

with very high reliability, ultimately producing very consistent products and services (Coronado and 

Antony, 2002). The numerical goal of Six Sigma is reducing defects to less than  3.4 Parts Per Million 

(PPM), also known as óDefects Per Million Opportunitiesô (DPMO), reducing cycle time and dramatically 

reducing costs which impact the bottom line (Behara et al., 1995; Goh and Xie, 2004).   

 

12.3 About the case study  

This case study is taken from a thermal power plant. Every industry consumes energy to produce its output 

and so does the power industry. The power consumed by a power plant is the power it cannot sell. The 

more it conserves energy, the more it will be able to sell. Thus energy conservation brings additional 

revenues, better efficiency and competitive advantage. Most of the gas-based thermal power plants are 

operating on one module of  a combined cycle power plant, which consists of two gas turbines, two heat 

recovery steam generators and a steam turbine. DM water is used for steam generation through the gas-

based combined cycle power plant. Within this closed cycle of DM water, the DM water make-up cycle is 

required to compensate for the losses incurred in the water-steam cycle due to evaporation, start-up and 

shutdown venting, valve passing and blow downs. The DM make-up water enters a condenser at 

atmospheric temperature that is heated over 500ºC to raise steam. A flow meter is used to measure the day 

cycle make-up water as a percentage of the feed water flow. It is calculated that each approximately 0.1% 
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increase in cycle make-up water increases the generation cost by 0.2 million dollars per annum, which 

includes the cost of heat loss, extra water and consumption of chemicals.   

Hence, main Critical to Quality (CTQ) measure selected for Six Sigma implementation is to conserve 

energy by reducing the DM make-up water requirement at the thermal power plant. Presently, make-up 

water consumption at the thermal power plant is around 0.9% to 2.0% of the Maximum Continuous Rating 

(MCR). In comparison, other combined cycle power plants of the same rating have been able to achieve a 

DM water cycle consumption in the order of 0.5% to 0.7%. It emphasises  the magnitude of the problem 

with make-up water consumption. Also, the DM water consumption is continuous in nature and any saving 

obtained in it will be substantial.  For this reason, the problem of DM water consumption has been 

formulated for Six Sigma application. 

 

12.4 Application of Six Sigma Define, Measure, Analyze, Improve and Control methodology   

To solve any problem, the methodology adopted must cover all possible causes of the problem. If the 

methodology of problem solving is not comprehensive enough, the solution obtained at completion will not 

be correct and the problem will resurface sooner or later. A process flow chart is prepared to proceed in a 

sequential manner and to present a one-shot picture of the entire methodology, as shown in Figure 1. 
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Figure 1 Flow diagram of methodology adopted 

 

To study all possible variations of water consumption, six monthsô data of cycle make-up water 

consumption has to be collected. The cycle make-up water consumption has to be converted in terms of 

percentage of the MCR of feed water flow so that this methodology can be applied to the other power 
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plants. As it is not possible to reduce the cycle make-up water consumption to zero and the minimum is the 

best, it is not possible to fix the Lower Specification Limit (LST) for water consumption. Hence, in this 

study, only the Upper Specification Limit (USL) of 0.7% and target value of 0.5% are specified and 

selected based on the water consumption pattern existing in the best power plants around. For successful 

implementation of the Six Sigma methodology in thermal plants, two main factors, i.e., working staff and 

management of the thermal power plant, must have confidence in Six Sigma. For this reason, presentations 

of methodology and resulting expected benefits were made clear to management and operating staff. This 

way necessary support for the analysis of the problem and the implementation of the   recommendation was 

acquired. A group of engineers from different disciplines was formed to facilitate the application of Six 

Sigma to the problem. The group met regularly during different stages of the project.  

The five-step improvement cycle using Six Sigma organizations, DMAIC has been successfully 

implemented in the thermal power plant to reduce the DM make-up water consumption as explained next.  

 

12.4.1 Define  

 
Define the problem and define what the customer requires (Henderson and Evans, 2000). In the define 

phase, a high-level process map ï a Supplier, Input, Process, Output Customer (SIPOC) diagram, was 

drawn for cycle make-up water consumption as shown in Figure 2.  

 

 

 

 

 

 

 

 

 

 

 

Figure 2 High-level process map for cycle make-up water consumption 
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12.4.2 Measure  

 
In the measure phase, a Measurement System Analysis (MSA) is conducted which includes the Gauge 

Repeatability and Reproducibility (Gauge R&R) studies. The purpose of the Gauge R&R study is to ensure 

that the measurement system is statistically sound. Gauge R&R studies determine how much of the 

observed process variation is due to measurement system variation. For doing Gauge R&R studies, it is not 

always possible  to check the instrument at any stage or even to take it into a laboratory. So the  measure 

phase of the process industry presents a different scenario as compared to the manufacturing industry. The 

process industry being a continuous process, it does not have discrete outputs within the process which can 

be measured separately, i.e., the item measure is an event; it may not happen the same way twice. For such 

situations, another measuring device of tested accuracy and characteristics needs to be put in series to the 

original instrument before the Gauge R&R study.  

 

In the cycle make-up water consumption at the thermal plant, the make-up water flow is measured using a 

flow meter. To perform a Gauge R&R study on this process, another flow meter of tested accuracy and 

characteristics needs to be put in series to the installed flow meter. Two persons were needed to perform 

this experiment. The sample size was ten and two readings were taken on each sample, thereby making a 

total of 40 readings.   

From the results of the Gauge R & R study, the repeatability and reproducibility comes out to 2.75% and 

0.00% respectively, and put the percentage study variation to be 2.75%, which is less than 10%, indicating 

that the flow meter was correct.  

 

12.4.3 Analyze 
 

Data is analyzed and the causes of the problem were discovered using the following tools:   

 

1. Run Chart 

A run chart or trend chart was drawn from the data collected for day cycle make-up water from 

the thermal plant measured through a flow meter. From the results obtained using Minitab®, P-

values (as shown in Figure 3) for clustering (0.51045), trend (0.36191), oscillation (0.63809) 

and mixtures (0.48955) are more than significance level of 0.05, indicating no special cause of 

variation in data. 
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2. Histogram 

 

A histogram helps to display a large amount of data that is difficult to interpret and to identify the 

mean relative to customer-specific requirements. By providing a visual summary of data, the 

histogram reveals whether the process is centered on a target value or the data meet the 

specifications. The histogram in Figure 4 clearly shows that the data was not centric and the mean is 

far beyond the USL (0.7%) and target (0.5%) value, which shows the problem of centering. 

 

3. Process capability analysis 

 

Process capability analysis was performed to find out the actual state of the process. Minitab was 

used to draw a process capability analysis curve for cycle make-up water from the thermal power 

plant measured through the flow meter, as shown  in Figure 5.  

 

The Z- bench sigma value of the process was found to be ï0.75 and the existing DPMO level of the 

process comes out to 774435.70, which is remarkably high. This shows that there are many 

opportunities for improvement in the process. 

 

4. Fishbone diagram  

Using expert experience and critical analysis of the actual combined cycle on site, a fishbone 

diagram was drawn (as shown in Figure 6) to find out the causes of more DM water consumption 

during the combined cycle. 

The brainstorming points in the fishbone diagram can be classified as follows. 

 

  Steam/Water Analysis System (SWAS)  

 

a) Sampling valve remaining open after collection of samples  

b) Improper adjustments of SWAS sampling valves  

c) Higher number of sample collection in SWAS  

d) Sample drains remained open during shutdown of the boiler 

 DM water consumption during combined cycle start-up   

a) Late closing of drain and vent valves during boiler start-up 



Engineering Management (Engr 801) Project -2      Spring 2009        San Francisco State University 

 

35 

 DM water losses during normal operation of the combined cycle 

a) Boiler tube leakages  

b) Longer running with boiler tube leakages 

c) Valve passing 

1. Passing due to under sizing of actuators  

2. Passing of valves due to improper limit switch setting  

3. Passing of drain and vent valves 

d) Blow down opening for silica and conductivity test  

e) Gland leakages from pumps  

f) Leakages from HP/LP pipelines, flanges and piping  

g) Vacuum pump overflow 

 Frequency of boiler hydraulic test. 

5.  Bar chart 

 

A bar chart was drawn which shows components of the problem that have the biggest impact. For 

making the bar chart, the actual DM water wastage from different points was measured or 

approximated where measurement was not possible. Based upon the measurement results, the bar chart 

was drawn and resultant causes with their percentage contribution were found to have the biggest 

impact on the cycle make-up water consumption, as shown in Figure 7. 

 
Figure 3 Run chart of previous make-up water 
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Figure 4 Histogram of previous make-up water 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5 Process capability analysis of make-up water before implementing DMAIC methodology. 
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Figure 6 Fishbone diagram 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7 Bar chart showing causes by percentage of contribution 

 



Engineering Management (Engr 801) Project -2      Spring 2009        San Francisco State University 

 

38 

12.4.4 Improve 
 

The process needs to be improved to remove causes of defects. The optimal solution for reducing the mean 

is determined and confirmed in the improve phase. Specific problems identified during analysis are 

attended to in the improve phase. This stage involves:  

 

 Use of brainstorming and action workouts 

 Process optimization and confirmation experiment  

 Extracting the few vital factors through screenings  

 Understanding the co-relation of the few vital factors. 

 

 In this phase, the improvement actions were carried out on the causes of more DM make-up water 

consumption as mentioned in the analysis of the fishbone diagram. 

 

12.4.5 Control  

 

This phase defines control plans specifying process monitoring and corrective actions.  It ensures that the 

new process conditions are documented and monitored. All possible causes of specific identified problems 

from the analysis phase were tackled in the control phase. 

 

Control solutions to identified problems have been prepared in sequence to the improve the solutions as 

explained above. This will prevent the problems from recurring. The proposed control solutions to improve 

the previous solutions are listed in sequence as follows. 

 

 

12.5 Steam-water analysis system 

 

 Sampling values remaining open after the collection of samples. 

 

The problem of sampling valves remaining open after sample collection was looked into. The lab analysts 

were interviewed for this purpose. They were found to be casual in their approach and were not aware of 

the losses being incurred by leaving the sampling valves open. For them, it was a normal, routine matter.  



Engineering Management (Engr 801) Project -2      Spring 2009        San Francisco State University 

 

39 

 

The improvement steps taken were as follows 

 

Step 1  Instructions were pasted on the SWAS panel for closure of sample valves after each sample 

collection. 

 

Step 2     All lab analysts were individually spoken to, to emphasize the importance  

of the closure of SWAS valves after sample collection. 

 

 

 Improper adjustment of SWAS sampling valves  

 

 Along with the lab analysts, the chemistry section in charge, the operator and the instrumentation 

staff were instructed about the proper adjustment of all the SWAS online sampling valves to ensure 

sufficient sampling flow.  

 

 Higher number of sample collection in SWAS Measuring more than one parameter in series (in 

place of parallel sampling as is done presently) could reduce the flow of samples drawn from the 

system.  

 

 Samples drain remaining open in shutdown boiler Operation staff and lab analysts were instructed 

to close the sampling valves immediately after boiler shutdown.   

 

 

12.5.1 De-mineralised water consumption during combined cycle start-up 
 

Late closing of drain and vent valves during start-up. As per standard procedure, different vent and drain 

valves are to be closed during start-up at different pressure and temperatures. Separate work instructions 

were prepared which highlighted the pressure and temperature conditions for the individual drain and vent 

valve closing operations. These instructions were readily made available in the control room at proper 

locations. The implementation of these instructions was important to ensure that drain and vent valves were 

closed at appropriate times, hence avoiding unnecessary wastage of DM water.   
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Boiler tube leakages and longer running with boiler tube leakages to reduce instances of boiler tube leakage 

the following improvements could be made. 

 

As per standard procedure, different vent and drain valves are to be closed during  

start-up at different pressure and temperatures. Separate work instructions were prepared which highlighted 

the pressure and temperature conditions for the individual drain and vent valve closing operations. These 

instructions were readily made available in the control room at proper locations. The implementation of 

these instructions was important to ensure that drain and vent valves were closed at appropriate times, 

hence avoiding unnecessary wastage of DM water.   

 

Boiler tube leakages and longer running with boiler tube leakages To reduce instances of boiler tube 

leakage the following improvements could be made:  

 

1. Gas turbine loading/unloading has to be done at the normal loading rate only and never at a 

rapid loading rate so as to avoid the development of sudden stresses in the boiler tubes and, 

hence, boiler tube leakages.  

 

2. The rate of increase in boiler temperature during start-up should not exceed the allowable rate of 

temperature increase of 165ºC/h especially during cold start-up. 

  

3. Whenever a boiler tube leakage is detected during operation, grid authorities should be taken in 

confidence to immediately stop the unit. They are to be made aware of the possibility of a 

longer shutdown requirement if the unit continues to run with a boiler tube leakage. 

 

 Valve passing The identified valve passing should be attended to during the next shutdown.  

 Blow down for silica and conductivity test. 

The past six monthôs data of boiler water chemistry indicated that although silica and conductivity 

values were always maintained at normal, in the present practice the blow down was still being 

opened weekly for two hours. As an improvement measure, the frequency of blow down opening 

was changed from weekly to fortnightly and its effect on silica and conductivity is being monitored.  
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 Gland leakages from pump. The glands of all the pumps with excessive gland leakage were 

replaced with a high-quality gland and tightened properly. 

 

 Leakages from High Pressure (HP)/Low Pressure (LP) pipelines, flanges and piping  

 

 All leakages identified from HP/LP pipelines, flanges and pipingôs should be attended to during the 

next shutdown.  

 

 Vacuum pump overflow  

 

The overflow from vacuum pump seal water tanks is a major source of DM water loss. To avoid 

this loss, solenoid make-up valves and manual valves of both seal water tanks were adjusted 

properly for both low- and high-level settings.   

 

 

12.5.2 De-mineralised water losses during normal operation of the  combined cycle  

 

 Boiler tube leakages and longer running with boiler tube leakages. 

 

In future, inspection of boiler tube leakages shall be carried out in the  

presence of field quality personnel. Proper repair and hydraulic testing of  

the boiler section after repair should be ensured.  

 

 Valve passing  

 

Though the problem of valve passing cannot be totally eliminated, still it is 

recommended to carry out proper checking of the entire boiler valves 

during boiler shutdown as a planned job.  

 

 Blow down for silica and conductivity test. 

 

As a long-term measure, an automatic blow down system may be installed. 

Depending upon silica and conductivity values, the boiler lowdown shall 

operate automatically and shall maintain the prescribed conductivity and silica level. 
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 Gland leakages from pumps  

 

A minimum amount of gland leakage must be present for smooth operation of the pump. To 

avoid DM water loss due to excessive gland leakages, the lands of all these pumps should be 

replaced with high-quality glands and lightened optimally. A schedule has been prepared to 

check/tighten. (if required) the glands of all the pumps fortnightly.  

 

 Leakages from HP/LP pipelines, flanges and pipings  

 

For line leakages from the HP line during normal operation, an online sealing Contract can be 

provided so that leakages are attended to without  

delay.   

 

 Vacuum pump overflow  

 

The schedule for quarterly checking of solenoid valves and manually operated valves of both seal 

water tanks has been prepared. To detect the problem of seal water tank overflow at the earliest, the 

daily checking of seal water tanks has to be included in the log sheet of the operator. 

 

12.5.3 Frequency of boiler hydraulic test   

 

An internal hydraulic test may be planned in such a way that water need not be drained after the 

test. This can be possible if the internal hydraulic test is performed the night before the external 

hydraulic test. 

 

12.6 Improvement results  

 

The application of the project recommendation brought up the sigma level to 1.63 with DPMO level of 

51389.17 (an improvement of 723046.53) and the mean of the process was reduced to 0.54066% (an 

improvement of 0.368% mean), which is equivalent monetary saving of 0.74 million dollars per annum.(as 

shown in Figure 8). 
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Figure 8 Process capability of make-up water after improvement. 

 

 

 

A few more agreed recommendations are 

still to be implemented during plant 

shutdown. The estimated savings from 

the project after the implementation of all 

recommendations are expected to be 0.8 

million dollars per annum, with the mean 

make-up water expected to go down 

below 0.5%, which is substantial for any 

thermal power plant. 

 

Figure 8 Process capability of make-up water after improvement (continued) 

 

 


