
 

 
 
Lappeenranta University of Technology 
School of Business and Management 
Industrial Engineering and Management 
Cost Management 
 
 
 
 
 
 
 
 
Ari Mäenpää 
 
 
Measuring Cost of Poor Quality in Delivery Projects of Mining 
Technology Company  
 
Master’s Thesis 
 
 
 
 
 
 
 
1st Examiner:  Professor Timo Kärri 
 
2nd Examiner:  University lecturer Antero Tervonen 
 
Supervisor: Virpi Mäkelä 
 
 
Nummela 15.9.2016  



 ii

  

 ABSTRACT  Author: Ari Mäenpää  
Subject: Measuring Cost of Poor Quality in Delivery Projects of Mining Technology 
Company  
 Year: 2016   Place: Nummela  
 Master´s Thesis. Lappeenranta University of Technology. School of Business and 
Management, Industrial Engineering and Management. Cost Management.  
83 pages, 21 figures, 1 table and 10 appendices.  
 
Examiners:  Professor Timo Kärri, D. Sc. (Tech.) and University lecturer Antero 
Tervonen D.Sc. (Tech.)  
Supervisor: Head of Continuous Improvement Virpi Mäkelä, M. Sc. (Econ.) 
 Keywords:  Cost of Poor Quality, COPQ, Quality Costs, Process Model, PAF Model 

 The purpose of this Master’s Thesis is to develop a model for measuring the cost of 
poor quality in mining technology company delivery projects. The scope in the 
delivery process was delimited to be from planning to warranty. A process oriented 
model with four classifications: rework, additional costs, inefficiency, and intangible 
costs, was developed. The model was tested in real life projects and results were 
reported. Two different approaches to utilize the model were introduced.  
 
Results based on case study showed that more than 17% of project revenue could be 
moved from costs to profits by doing things right the first time. Two interesting non-
statistical significant correlations were found. Comparison of results shows that there 
is correlation between accumulation of quality costs and project total costs. Another 
correlation exists between productization and manufacturing. Productization had a 
major impact to the quality costs in manufacturing. Research also revealed that 
regardless budget is met, the project could contain a considerable amount of cost of 
poor quality. 
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Tämän työn tarkoituksena oli kehittää malli huonosta laadusta johtuvien kustannusten 
mittaamiseen kaivosteknologia yrityksen toimitusprojekteihin. Malli kattaa vaiheet 
aloituksesta takuuvaiheeseen. Tuloksena oli prosessipohjainen malli, jossa 
kustannukset on jaoteltu neljään kategoriaan: korjaus-, muutos-, 
tehottomuuskustannuksiin sekä aineettomiin kustannuksiin. Mallin toiminta verifioitiin 
toimitusprojektissa ja mallin käyttöön esiteltiin kaksi erilaista lähestymistapaa. 
 
Case tapaus osoitti, että yli 17 %:n osuus projektin liikevaihdosta olisi siirrettävissä 
kustannuksista suoraan tulokseen, mikäli asiat tehtäisiin laadukkaasti. Otoksen koosta 
johtuen löydökset eivät ole tilastollisesti merkittäviä mutta esiin nousi kaksi 
mielenkiintoista korrelaatiota. Tulosten tarkastelu osoitti myös korrelaation 
laatukustannusten ja projektin kokonaiskustannusten välillä. Myös tuotteistamisella oli 
vahva korrelaatio valmistuksen laatukustannuksiin. Tutkimus osoitti myös, että 
budjettiin pääseminen ei ole tae, ettei projekti pitäisi sisällään heikosta laadusta 
johtuvia kustannuksia. 
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1 INTRODUCTION 
  
1.1 Background  
The fact is that a company has two possible ways to improve profitability; cutting the costs 
or selling more. Quality and cost, both of these have been recognized as order winners 
(Flynn et al. 2005). If the cost of poor quality is analyzed, it is noticed that actually these 
two order winners are meeting each other. In the case where the cost of poor quality is 
high, the costs of the company will go up and from another angle if quality is high, it will 
help the company sell more. (Gryna & Juran, 1988.)  
 
Outotec has had a couple of examples in history where some bad decisions were made 
during the process and those decisions were causing many additional costs. Before this 
thesis, the company did not have a harmonized way to measure or estimate how much 
these costs have actually been. In future, the company would like to know the amount of 
money spent due to poor quality and also be able to see in more detail where those costs 
are coming from in order to utilize continuous improvement processes where they are most 
effective. The company’s current financial situation also supports actions having short 
payback as, at the moment of writing this, it has lost roughly 75% of its share value in 
three years.  One of Outotec’s key activities for this year is strengthening its capital 
structure. (Outotec website, 2016c.) 
 
Another fact that shouldn’t be forgotten is that the challenging market the company is 
facing today is really putting pressure to lower fixed costs as Douglas (2009) very well 
describes, “Quality costing is particularly relevant during times of economic meltdown, 
when cost reduction is on top of the agenda of every company’s competitive strategy.” It is 
really delightful to see that management understands the situation and dares to act; it will 
be exciting to see if those actions are strong enough. 
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1.2 Research objectives and delimitations   
 
The purpose of this thesis was to develop a fit for purpose model for measuring COPQ 
(Cost of Poor Quality) in a Finnish mining technology company. Even though quality costs 
could and should be measured over the whole company (Juran 1998) and for all processes 
due to time and complexity, the scope is delimited to cover only processes in delivery 
projects and, more exactly, the process from planning to warranty period.   
 
A secondary target was to verify that the developed model works and test it in one delivery 
project. A result of this testing should be validation that the model helps to collect COPQ 
data and providing valuable information which can be used further in improvement 
programs. 
 
The theoretical part of this work focused on main cost collection methods. In the cost 
classification section, classifications that are relevant for this work and caused discussion 
during the workshops and interviews are presented. 
 
This thesis focused only to building of a model for collecting the costs. Further tools for 
analyzing the cost e.g. root cause analysis and using the data were introduced shortly but 
are outside of the main focus. Another out scoped area is customer indirect costs, e.g. costs 
caused additional shutdown time of site. Even though information to calculate those costs 
would be available it is extremely difficult to obtain permission to publish that information. 
 
1.3 Model development 
 
In this section, methods used for model building are presented in detail. Figure 1 below 
shows the different phases of modelling and verification of the model.  



 

 10

 
Figure 1. Phases of the modelling 
 
Work was started with the planning phase and wide literature research, as the topic was not 
familiar to the writer. Literature review was mainly performed by using search words; 
Quality Costs, Cost of Poor Quality, COPQ. Gathering more information and staying in 
topic was ensured by following references of the earlier found results. After some basic 
knowledge was gained, the target was to continue by using a workshop as a research 
method. Invited participants were global subject matter experts representing different 
process phases around the organization. The target of the workshop was to collect tacit 
information that would help in model development, e.g. interests of different stakeholder 
groups. 
 
With the information received from the workshop, the target was to develop a preliminary 
approach. Until this point, research was mainly qualitative. The approach was tested by 
using a piloting tool as a target to gain some quantitative results. The next actions were 
determined based on pilot. After piloting, the target was to do semi-structured qualitative 
interviews (appendix 9) with open questions to determine that the approach is pragmatic 
and complete enough. Interviews were also used to provide data for testing the model. 
 
A combination of results from interviews and information available in ERP-system were 
used as inputs for testing the model. At the end, the model was adjusted based on the 
findings. During the process work and results were reported. 
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1.4 Structure of the thesis 
 
This thesis starts with a detailed introduction to the topic. First, the foundations of the work 
are built by introducing terminology and concepts of the Quality and Cost of Poor Quality. 
After this, with the help of the literature, earlier models and methods are presented and 
those fit for this work are analyzed. In order to better understand total requirements of the 
model, the next steps of using the model are introduced. 
 
After introduction of different options, Section 3 opens different types of cost items that 
can be used to build the model. Different approaches relating to the categorization of these 
cost items are also introduced in this chapter. For each approach, one option is selected to 
be used in the model developed.  
 
When all the elements for the model are gathered, the fourth section will contain a short 
company presentation and detailed description of processes as the environment where the 
to be developed model needs to fit. The last part of this section contains the basis for the 
model and actual formulas to calculate the COPQ. 
 
The last empirical section describes how the model was tested. First the project tested is 
introduced briefly so that context can be understood. The second part of this section 
contains the calculations and examples based on the formulas and interviews. Finally, 
results and conclusions will close the work, summarize findings, and provide further 
research topics.  
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2 COST OF POOR QUALITY 
 
2.1 Definition of Quality and Cost of Poor Quality (COPQ)  
Quality has been defined in several ways in history of research and in this chapter some of 
those definitions are introduced. Juran uses in his Quality Handbook (1998) the definition 
“fitness for use” widely, even in the beginning of the book, he states that such a short 
wording cannot perfectly fulfill the definition of both major meanings of the word 
“quality”. By this he refers to two different relationships between quality and costs. On the 
one side, quality means features of deliverable that are meeting customer needs and 
providing customer satisfaction with higher quality causing higher costs; where on the 
another hand, quality can also mean “freedom from deficiencies” which reduces errors and 
customer dissatisfaction with higher quality and less costs.  
 
Crosby (1979) has defined quality as a conformance to requirements. The reason for this 
definition he explains that the word quality is too subjective and thus it does not have 
absolute value that everybody could understand and agree on; but instead, every individual 
has his own idea of what it means. Crosby also highlights that requirements can vary 
greatly depending on the type of the end product. For example, requirements between a 
physical product and a service are totally different. 
 
Deming (1982) tries to tame the quality definition by stating that, “Quality is a predictable 
degree of uniformity and dependability, at low cost and suited to the market.” In Deming’s 
definition cost is only seen from one dimension whereas variety plays a major role as a 
root cause of costs. Feigenbaum (1983) highlights strong customer centricity in a quality 
definition and stresses that quality comes from customer experience, which leads into the 
fact that quality is actually a dynamic concept that as more expectations are fulfilled, more 
new ones will show up. Ishikawa (1985) agrees about the customer experience and 
dynamicity but adds that it is not enough to measure quality only from product or service 
point of view, but that it should be measured also from perspective of activities done to 
create those, which takes his definition closer to later presented process approach. 
 
All of the authors above had a common target of achieving the highest quality with 
minimum costs and TQM (Total Quality Management) shares this goal (Tsai, 1998: 721). 
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Quality definitions were presented above but how is a minimum cost specified if just the 
definition cannot be agreed upon? When Juran, in the first version of his Handbook (1962), 
introduced an optimum quality cost model known also as economics of quality described 
in Figure 2, his view was that at a certain point preventing failures becomes so expensive 
that preventive costs will start to increase the total cost. In that model, minimum costs 
could be found at the point where preventing failures is still more inexpensive than letting 
them happen. Based on this definition, perfect quality would be way too expensive to keep 
as a target - still this model has been widely accepted. (Porter and Rayner 1992.) However, 
in the same Quality handbook but in a later edition, Juran & Gryna (1988) introduced a 
“zero defect” approach where minimum costs can be achieved with perfect quality as seen 
from Figure 2. According to this definition, perfect quality is at the point where prevention 
costs are minimal and failure costs are zero. This view has gained some evidences from 
ASQC Quality Costs Committee study (Campanella, 1989: 126). Even though the study 
supports this view, there was still mentioned the possibility of trade-offs between costs and 
quality of design but trade-offs between costs and quality of conformance was excluded 
(Junes, 2012: 12). 
 

 
Figure 2. Classical minimum cost function on left (Juran, 1962) and modern (Juran and 
Gryna, 1993) on right adopted from Sandoval-Chávez and Beruvides (1998). 
 
Some of the authors have chosen more mathematical ways to measure quality. Taguchi for 
example has defined a Quality Loss Function (Figure 3). “The quality loss function is a 
continuous function that is defined in terms of the deviation of a design parameter from an 
ideal or target value” (Li and Lu, 2014: 33). From this point of view optimal costs exist at a 
point where quality characteristics do not deviate from a target value even though 
specification limits would allow that (Juran, 1998). One restriction that is important to 
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mention about quality loss function is that it does not count quality losses that are 
following the point of delivery (Hoyer and Hoyer, 2001).  

 
Figure 3. Taguchi Loss function. (Campanella, 1999) 
 
Crosby (1979) defines costs of quality (COQ) in his book by using two components 
(Figure 4). The cost of good quality is describing costs that are occurring for preventing 
and appraising the quality defects before they get to a failure level. Another component is 
cost of poor quality (COPQ) which is covering the costs which are caused by actions that 
are needed for correcting the failures either noticed before delivery (internal failure costs) 
or after delivery (external failure costs) to the customer. Feigenbaum (1983) had quite a 
similar view except instead of poor quality he uses the wording “cost of failure of control”. 

 
Figure 4. Cost of Quality components by Crosby (1979). 
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Tawfek et al. (2012) combine this nicely into another definition where the COQ is seen as 
the sum of conformance and non-conformance costs. Cost of conformance is spending for 
secure good quality and cost of non-conformance is the result of poor quality.  According 
to Schiffauerova and Thomson (2006) this is usually split inside the COQ.  
 
There are also several definitions where the cost of quality is seen as an equivalent to cost 
of poor quality. One example of this is Campanella’s (1999) definition of the cost of poor 
quality as a cost that could be avoided if employees could be helped so that job would be 
done correctly according to the process with the assumption that the process has no non-
value-adding steps. Campanella also would expand the quality cost definition to cover 
costs that are occurring due to inefficiencies in the process. ASQ (Sissonen, 2008: 40) 
states that the cost of poor quality contains all those costs that are coming from a difference 
between the realized cost of product or service and what the reduced cost would be if there 
was no possibility of substandard service, failure of products, or defects in their 
manufacture.   
 
Thomasson and Wallin (2013) in turn are defining COPQ from a profit loss perspective by 
stating that the cost for poor quality is the total losses occurred due to the fact that a 
company’s processes and products are not perfect. Relating to profit and loss Juran and 
Gryna (1988) state that it is often that the value of cost of poor quality is higher than 
companies’ profits.   
 
In summary, it is clear that quality has been described in research several different ways 
and there is no one correct definition for it (Machovski and Dale, 1998; Yang, 2008). What 
is generally agreed is that Quality means target value or fulfilling expectations; whether it 
is approached from customer, process or from any other point of view. Cost of Quality and 
Cost of Poor Quality are often understood as synonyms but this master’s thesis will follow 
model (Figure 5) based on Crosby’s categorization where cost of quality are total costs on 
top of target value which can be divided into cost of good quality and cost of poor quality. 
The term minimum costs will be used which can be seen as a synonym for costs in 
Taguchi’s ideal or target point even though Juran and Gryna’s (1993) modern cost function 
shows that minimum quality cost does not necessarily mean minimum product cost. 
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Figure 5. Cost components used in this thesis. 
 
2.2 Quality cost identification methods 
 
In this section, main quality costing methods found in literature are introduced in more 
detail. Schiffauerova & Thompson (2006), Aniza (2014) classify COQ models into four 
main groups, which are: PAF or Crosby’s model, opportunity cost models, process cost 
models and ABC (activity based costing) models. Schiffauerova and Thompson admit that 
this categorization only represents common underlying principles. There are also other 
classifications.  For example, Cheah et al. (2011: 408) divide these models into three 
groups, which are Quality, Process and ABC models. This thesis will follow the later 
mentioned categorization. There are also some minor models mentioned in literature e.g. 
quantitative approach by Son and Hsu but those are left out of this thesis scope. 
 
Tsai (1998) summaries very well the relationship between these three models. In all 
models costs are divided into groups and each classification has the same target, to 
separate value adding and non-value-adding cost components. This can be clearly seen in 
Figure 6. In the latest development of the PAF model, lost opportunities are also attempted 
to be estimated; whereas they are still causing challenges in ABC and Process models. 
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Figure 6. Relationship between models modified based on original Tsai (1998). 
 
2.2.1 PAF, Crosby’s model and Opportunity model  
PAF model, Crosby’s model and Opportunity model are grouped together, as they can be 
seen as one model, which has been developed over time by adding new dimensions and 
changing the name. Even though categorization between Crosby’s model and the 
Opportunity model, price of conformance (POC) and price of non-conformance (PONC) 
the content and meaning by nature of these elements is different. (Tsai, 1998: 732.) 
 
PAF and Crosby’s model 
 
The Preventive, Appraisal and Failure (PAF) classification for quality costs also known as 
the optimal quality model were invented by Feigenbaum in 1950s and further developed by 
Juran & Crosby (Harrington, 1987). PAF is the most commonly used quality costing 
model. This is due to historical reasons. For example, it was the only model approved by 
British Standards Institute until 1992 (Dale and Plunkett, 1987). Crosby (1979) divides 
costs into two groups, price of conformance and price of non-conformance where the first 
group practically contains the preventive and appraisal costs that are spent to make things 
right the first time and the second group contains the failure costs that are needed to correct 
the non-conformance.  
 
Preventive costs are the costs that are associated with setting up a company’s total quality 
system and are thus planned and occur before any operations (Oakland, 1993). These 
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efforts can be seen as cost or investment taken to minimize the risk of non-conformity 
(Dale and Plunkett, 1999). Actions are proactive, upfront investments to avoid quality 
defects occurring (Campanella, 1999) and thus, from a financial point of view, these costs 
have different characteristics compared to actual costs (Junes, 2012). These are costs 
incurred driving the failure and appraisal costs to the minimum (Juran and De Feo, 2010). 
Prevention costs occur from actions that ensure that process provides quality products and 
services (Feigenbaum 1983). Thus, prevention costs can also be called cost-avoidance 
investment (Harrington, 1999). Among the Quality experts there seems to be agreement 
that the most cost-effective actions are the ones done under prevention (Gupta and 
Campbell, 1995). 
 
According to Feigenbaum (1983) appraisal costs result from setting the control of products 
and processes that gain the quality level customers and processes require. Campanella 
(1999) has quite a similar view, as he sees that appraisal costs relate to measuring, 
evaluating and auditing the outputs to make sure they are meeting expectations and 
requirements. Appraisal costs are the costs of evaluating the achievement against set 
quality targets whenever there is the possibility for poor quality. Harrington (1987) 
summarizes that these are the costs that are occurring due to the determination that activity 
was performed right every time. 
 
Hwang and Aspinwall (1996) in turn are proposing that the PAF model can also be divided 
further to micro and macro levels. The macro level describes quality costs in external 
relationships like customer and vendor. The micro model focuses more on companies’ 
internal processes costs caused by different organization units. 
 
Failure costs arise from correcting the defects found either before (internally) at 
organization or after (externally) delivery to customer (Feigenbaum, 1983). Failure costs 
are always connected to the consequence of failure of meeting the expectation of internal 
or external customer (Campanella, 1989). Gryna (1999) states that internal failure costs are 
inside of the company whereas external failure costs include poor quality outside the 
company. Harrington (1987) supports this view by adding that internal failures cause costs 
only to an organization, where external failures cause costs for organization and customers. 
According to Tsai (1998), failure costs are costs occurring when the result of work, product 
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or service fails to meet designed quality standards. External and internal failure costs are 
resultant that show how well a company has performed preventive and appraisal activities 
(Junes 2012). After reviewing several definitions of how the cost should be allocated to 
internal and external portions there is clear disagreement seen. Details of that topic are 
introduced later on in this master’s thesis when different cost classifications proposed for 
poor quality costs are described in more detail.   
 
The rule of thumb, “1-10-100” is commonly used to describe why costs are collected in the 
PAF model into these categories, even though the rule does not have scientific proof. The 
rule describes how measured variable increases when dimension measuring progress 
moves forward. In this environment, measured variable could be quality costs and progress 
dimension could be example time, process or PAF classification. In practice this would 
mean the quality issue that is noticed during the prevention activities would cost 1 unit of 
money; if it is noticed during the appraisal activities it would cost 10 units; and if it would 
cause failure costs it would cost 100 or even 1000 units depending are those failures 
internal or external. (Sissonen, 2008.) This is the reason why in the PAF model, issues 
should be resolved as early as possible by investing in prevention and appraisal activities. 
Still in most industrial segments, highest costs are seen in areas of internal and external 
failures, therefore most organized efforts are focusing on this area (Campanella, 1999).  
 
Despite the PAF model’s huge popularity, some criticism has been addressed against it. It 
has been stated that there are missing clear allocation rules, which are the costs that will 
fall under which cost group. This causes challenges in using the model as almost all 
activities can be recognized to belong into preventing or bad quality category. Some 
activities like design mistakes could be seen under all categories, depending on the point of 
view. There are also practical experience showing that firms with reduced quality costs do 
not had increased prevention costs. The PAF model is only focusing on negative costs and 
does not count positive effects like increased sales revenue. Missing intangible cost 
categories like customer goodwill and loss of sales are seen as lacking in the model. (Porter 
and Rayner, 1992.) From the process point of view, the model does not support the 
philosophy of continuous improvement, which limits its usage. Capturing the hidden costs 
from the process has also been seen as difficult by using PAF model (Junes, 2012 p.75). 
On top of these challenges Plunket & Dale (1987) state that the model is inappropriate for 
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“indirect” functions, as those are not required to book time so it is difficult to categorize 
the costs to categories.  
 
Opportunity model 
 
The Opportunity model focuses on costs that traditional accounting systems are not 
managing to bring visible and successful management should take account of them. Often, 
these costs are described as indirect. (Deming, 1982). The Opportunity model tries to 
capture losses of opportunities that could save money or create more revenue for the 
company so in theory optimally all these opportunities are taken (Cheah, 2011). Another 
point of view to opportunity costs is Kaplan and Groessl’s (2002) proposal that costs are 
rising from foregone opportunities that are caused by lack of resources for all available 
options. This forces the allocation of resources which causes lost opportunities following 
the situation. In practice opportunity costs are profits companies did not manage to earn 
because they did not take given opportunities, e.g. excess stock that ties up capital which 
could be utilized for production that creates profit for the company; or major costs to the 
customer repairing the defect, causing lost opportunity for additional sales. If a customer 
has additional shutdown time due to poor delivery, it could drive the customer to change 
suppliers.  
 
The Opportunity model challenges traditional defect-related cost reporting by trying to also 
capture costs that are not visible or do not create defects. Another seen point is that often, 
ineffectiveness designed into a process is costlier than defects created in the process. 
Indirect costs can be divided into four different groups; customer-incurred, customer-
dissatisfaction, loss-of-reputation and lost opportunity. Cost is customer-incurred when 
output does not manage to cover customer expectations. Customer-dissatisfaction is 
creating costs when the customer is not returning due to experience of bad quality and can 
be seen as lost sales. Loss-of reputation is more difficult to measure and often relates to the 
customer network where a bad reputation is causing loss of sales among multiple 
customers. Lost opportunity costs arise when clear business case is lost due to bad quality. 
(Harrington, 1999) According to Sandoval-Chavez and Beruvides (1998: 117-118) 
opportunity losses could be classified into three components; underutilization, inadequate 
processing and poor delivery. Yang (2008) instead expanded the traditional quality activity 
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list with two intangible elements; extra resultant costs covering the costs that are raised due 
to operational errors and estimated hidden costs that are difficult to analyze and quantify. 
 
The Opportunity model supports the iceberg hypothesis where the major part of costs is 
hidden below the waterline (Krishnan, 2006). Sandoval-Chávez and Beruvides’ (1998) 
empirical study proves that there is a major portion of poor quality costs that fall under the 
umbrella of opportunity loss and Giakatis et al. study (2001) states that hidden quality 
costs can be even three times higher than quality costs without hidden elements. Despite 
the fact that researchers seem to agree that opportunity related costs are way too important 
to be left outside of quality costing, this method is still quite young and there is not much 
detailed research information available about hidden quality costs elements or collecting 
those costs (Cheah et al., 2011). A part of Opportunity costs can be collected from the 
activity reports but a large portion of those need to be estimated in some way. One way of 
estimating, e.g. lost customer goodwill or lost sales, could be Taguchi’s quality loss 
function. (Albright and Roth, 1994). Another way of estimating internal opportunity costs 
is to give experts performing those actions the possibility to estimate them themselves 
(Tsai, 1998). 
 
2.2.2 Process cost models  
A major difference between the Process cost model and models mentioned above is that 
instead of just classifying the costs, they are split into small pieces (process) and compared 
against a conformance value which can be seen as “a minimum cost being in business”, 
which can be still improved (Kanji, 1990). A conclusion could be that in the Process cost 
model, the minimum cost would be 100% quality from a perfect process. A benefit of this 
model is that costs can be seen in more detail and each process step can be analyzed if it is 
value adding or not. 
 
The Process cost model was developed by Ross 1977, with the first documented 
implementation by Marsh 1989 (Tsai, 1998). A difference between the Process cost model 
and the traditional model is that it focuses more on process quality than product or service 
quality. The main idea behind the model is that for every service or product delivered 
toward the customer, some activities (doing) are needed and all those activities are 
controlled by process. The Process cost model is the preferred method for recognizing 
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quality related costs within TQM (Total Quality Management), as it recognizes the 
importance of ownership and gives a more integrated approach than the PAF model. 
(Porter and Rayner, 1992.) 
 
The Process cost model is the second quality cost collecting and analyzing model approved 
by British Standard on quality costing. The Process cost model can be used “from any 
particular work stage to the overall business” (in BS 6143 part 1, 1992).  IDEF (Integrated 
Definition) activity box (Figure 7) can be used at any level to identify key objects and 
ownership of process. With IDEF, the process is divided into activities where activity 
inputs and outputs can be recognized and analyzed. Another dimension of activity that can 
be analyzed efficiently with the IDEF model is control and effect of a certain activity (Dale 
& Plunkett, 1991). In the Process cost model, costs arising from dimensions mentioned 
above are categorized based on processes and classified into two groups. Cost of 
Conformance (COC) includes the costs that are needed for providing products and services 
efficiently and fully meeting customer requirements. Cost of non-conformance (CONC) 
contains the costs that are waste of time, materials and capacity that are caused by actions 
needed to correct products or services leading to unsatisfied customer.  
 

 
Figure 7. Process model in BS 6143: Part 1: 1992. (Guide to the economics of quality, 
1998). 
 
Even though there are lot of good elements in the Process cost model it is not widely used 
in the industrial segment. Another possibility to analyze process is to use “integrated 
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process flowcharts which have proven to be more effective for modeling processes as they 
facilitated improved understanding and better interdepartmental communications.” 
(Goulden & Rawlings, 1995:44.) 
 
The Process cost model has seen to be closer to the total quality management approach in 
BS 6143: Part 1 (Guide to the economics of quality, 1998), but still Goulden & Rawlings 
(1995) highlight that comparing results given by the Process model is difficult, as the 
model is always planned for existing processes and rarely processes are exactly the same. 
It has been found that in a complex environment, a number of outputs for each activity can 
be high. These multiple inputs and outputs can blur the ownerships of processes and 
picture of total processes. Based on the findings in these cases usage of the model can be 
too difficult for the managers who do not have a background of process modeling. It is also 
stated that neither the PAF model nor the Process cost model provide appropriate tools to 
allocate overhead costs into COQ (Tsai, 1998). 
 
2.2.3 ABC models  
The ABC model was developed by Cooper and Kaplan for accounting purposes so it is not 
only a quality costing method (Dale and Plunkett, 1995). “While most COQ measurement 
methods are activity/process oriented, traditional cost accounting establishes cost accounts 
by the categories of expenses, instead of activities.” Traditional accounting or Quality cost 
models focus on what the cost is but are not interested about where the cost is coming from 
or what is causing it. (Tsai, 1998.) With the ABC method, it is possible to recognize key 
activities more efficiently and by directing the investments to those, providing more visible 
results. Another benefit of using ABC is the ability to recognize unused capacity and 
increase utilization of the resources with the same costs. (Campanella, 1999.) 
 
The ABC model contains two phases; this two-dimension model is described in Figure 8. 
In the first phase, costs are divided into cost drivers linked to the activities that are needed 
to produce the product or service (Kaplan and Cooper, 1998: 92-97). On the quality costing 
side, Deming (1982: 11) has described this in a bit of a humoristic way “Defects are not 
free. Somebody makes them, and gets paid for making them.”  In this joke there is a cold 
fact that Cooper and Kaplan have understood - for every penny of cost of poor quality 
there is activity done, even not doing something can be seen as an activity. In order to 
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recognize these activities a process needs to be described before starting further actions so 
there are also similarities compared to the Process model. The second phase of ABC is to 
divide costs from these costs to the cost objects, which can be more traditional like 
departments, customers or products. (Kaplan and Cooper, 1998: 92-97.)  
 

 
 
Figure 8. Two dimension of ABC model. (Tsai 1998, p.728.) 
 
If categorizations of the PAF or Process cost model are utilized in ABC accounting, the 
system can provide naturally quite good quality costing data on top of normal accounting 
numbers. This way overhead costs also get allocated into the COQ system, as they are first 
traced to activities from there to the cost objects. (Tsai, 1998.) 
 
When the PAF approach is chosen to be the base for the ABC model, PAF categories are 
representing COQ related activities on top of the normal activities. In the first stage, 
company costs would be traced into activities (containing COQ activities) by using 
resource drivers. If a resource is creating input only to one COQ-related activity, it will be 
a direct cost, but if it is seen that resource inputs to several activities the cost needs to be 
distributed by using a resource driver. This way COQ cost related activities can be 
recognized in the first phase of ABC costing. If the Process cost approach is chosen, the 



 

 25

activities would be COC and CONC-related but the process as such would work exactly 
the same way as described above. (Tsai, 1998: 737.)  
 
The second phase of the ABC accounting provides the possibility to follow the costs back 
to the roots. In the case where Process cost model or PAF model are utilized together with 
ABC, depending on the end target, either products or services can be used as a cost object 
and link existing COQ-related activity costs to them. Most of the prevention costs are very 
difficult to allocate back to specific cost objects as they are overheads without direct 
relationship to products; whereas, appraisal and prevention costs often have direct links to 
cost objects and thus are easier to allocate. The second option is to utilize the Process cost 
model and allocate costs back to each process step. (Tsai, 1998.) 
 

2.3 Collecting Quality costs 
 
There is a lot of research available on how the costs should be allocated but just lately 
some information has come available how the costs should be in practice collected. 
According to Juran (1999) there are two general reason and way to collect the costs: 

 Quality costs are estimated in a certain moment of time to justify the quality 
improvement program or quality cost reduction. 

 Costs are measured continuously to gain a trend so that prioritizing, planning and 
following improvement activities is made possible. 

 
DeFeo (2001) summarizes well the findings from the literature. These are the main steps in 
measuring the cost of poor quality: 

(1) Identify activities resulting from poor quality. 
(2) Decide how to estimate costs. 
(3) Collect data and estimate costs. 
(4) Analyze results to decide on the next step. 

 
Like in DeFeo’s steps all start from identifying the target of measurement (Campanella 
1999, Harrington 1987, Oakland 1993, Tsai 1998) as you need to know where you are in 
order to continue your way to a preset target. 
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Campanella’s (1999) & Oakland’s (1993) first step is to identify main activities in a 
selected process and monitor that through an organization’s existing financial system; or 
from a customer’s point of view, identify those activities that are causing customer 
dissatisfaction or opposite creating value to the customer. According to Campanella, the 
result should be either a cost report or customer satisfaction report. He sees the final step of 
process as reviewing the results and identifying opportunities and valuating those by using 
cost-benefit analysis. Oakland’s approach (following more the second approach specified 
by Juran) is a bit more comprehensive as he continues by specifying the boundaries of 
processes and identifies outputs, inputs and controls for each step.  
 
After all the activities are mapped into conformance and non-conformance groups a 
process cost report is conducted.  Based on this report, improvement activities are then 
prioritized and performed. Harrington (1987) approaches the topic more from a defect 
perspective. During the identification phase he collects defects found from the processes 
clusters those into proper COPQ model and only after that maps the processes and actors. 
After this, Harrington quantifies how much these found defects are creating costs to the 
company. Based on this analysis, he plans and implements improvement activities. Follow-
up of these actions starts a new loop in a system. 
  
Webster (1995) starts his ABC model collection by identifying the activities but continues 
by categorizing the costs into PAF categories. After that it is recommended to pay attention 
to relationships between different categories by using causal connection analysis and create 
a link between the costs and products based on the root cause analysis. The result is having 
calculated and categorized cost of product or service including cost of poor quality. Tsai 
(1998) proposes an approach, which has been collected from several sources, but there is 
no scientific evidence that it would work. In this model after identification phase activities 
are analyzed and outputs and measures are assigned, value added analysis is performed and 
cost drivers specified. In the next step, data is gathered and activity/process cost 
assignment is performed. 
 
Tawfek et al. (2012) utilizes a two stage model where first COQ factors from literature 
review were validated by sending questionnaires to local business experts resulting costs in 
33 different categories. In the second step, these factors were used to analyze COQ of 
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projects. He highlighted that as technology inside of these projects plays a major role, 
results are not directly comparable. These categories were classified on four different 
groups based on the expected effect into project cost of quality. In the highest group there 
were factors like project duration and project location whereas the lowest group had 
special site requirements and used contractors.  
 
Purgslove & Dale (1995) described the collection method they started by choosing initial 
cost elements and modified that set with recognized elements for the business they were 
measuring. One statement from them was that scoping the quality costing system is really 
difficult as the outcome, especially a variance of it is not known and they ended up 
specifying a model in a high level without much detail. Another point they raised was that 
the estimation of costs is not an efficient way of recognizing the costs as sometimes 
improvement cannot be recognized and often people are not willing to change their initial 
estimates even though new information is available. Still they ended up measuring almost 
all working hours with estimates, with the only exception being appraisal and prevention 
costs that can be found directly from normal accounting data. Goulden and Rawlings 
(1995) had a more hands on way to collect cost poor quality from indirect employees by 
requiring them to book their hours. The response was positive as it was a way for 
employees to do their contributions to topics that were inefficient. It also increased the 
understanding of the organization that quality is everybody’s topic. 
 
Any of the above described collection approaches do not cover the point of how to collect 
intangible or opportunity costs and there is still a lack of research-based literature on how 
to collect hidden quality costs. Cheah et al. (2011) addressed a major focus on opportunity 
costs in their collection process. They started the collection by analyzing an historical view 
of costs together with in-house experts and categorizing those to operating and quality 
related costs to get the sum of visible quality costs. In the second step, more detailed 
interviews were performed using data collected in the first step to support the findings. 
Major findings that traditional accounting system were not able to capture were under 
utilization of installed capacity, setup and change-over costs, non-value adding process 
steps, down-times, additional financial costs due to missing information, inventory holding 
costs, lost sales and customer complaints. Unfortunately, Cheah did not provide a 
continuous method to collect these costs so this study belongs to the first group of Juran’s 
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categorization.  During the literature review no research came up that would explain how 
to collect opportunity costs in a continuous manner. 
 
Based on this review it was decided to follow the Process cost model and adjust it with 
opportunity costs as this was seen as the most adequate and hands on method to collect 
cost of poor quality at the company. As there was no previous definition for COPQ at the 
company, it was defined to be “all the costs that are deviating from the process or plan”. It 
was well understood that this does not contain all categories in areas of cost of poor quality 
but seen as a good starting point. In this master thesis those categories are still analyzed in 
theoretical part to secure the possibility to extend the model later on. 
 

2.4 Using Quality cost data and Root cause analysis 
 
According to Campanella (1999) quality cost reports can be used to point out strengths and 
weaknesses of the current quality system in the company. Before any appropriate actions 
can be made based on quality costs identified and collected it is necessary to analyses them 
(Feigenbaum, 1983: 122).  
 
Before tracing costs to their sources root causes should be found by using cost driver 
analysis of ABC process or root cause analysis. Root cause analysis usually shows that 
problems are existing in several areas of a product or service and reasons for those issues 
are normally located far away in the chain of the causes as can be seen from Figure 9. 
(Feigenbaum, 1983: 81, Sissonen 2008: 35.) This way just curing the symptoms can be 
avoided. For example, if the inspections in the process are taking a long time due to the 
complex design, instead of trying to improve the inspection process it could be worth it to 
encourage designers to simplify the design. (Tsai, 1998.)   
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Figure 9. Root cause analysis (Sissonen 2008, Junes 2012). 
 
Quality cost information should be an integrated part of the company’s data flow and 
continuous performance measurement. Schiffauerova and Thomson (2006) listed examples 
of metrics that could be used to follow feedback of the improvement programs based on 
quality costing model (proposal can be seen in Figure 10). 
 

 
Figure 10. Proposed metrics for measuring quality based on COPQ (Schiffauerova and 
Thomson (2006). 
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Analysis of quality costs can be done from several different dimensions. One way to 
analyze costs is a comparison between the different cost items; comparison against total 
costs can be useful as well. It’s also possible to trend-based time lines and see how the 
improvement actions are affecting. Often a breakdown of the costs to different process 
areas is needed. (Feigenbaum, 1983: 122.) Special attention should be paid when 
comparing the causes of the cost of poor quality, as in the Goulden and Rawlings (1995) 
study they found out that there was very little correlation between causes in different 
process areas.  
 
One way of comparing the results can be also to compare them to other companies. For 
this purpose, Harry and Schroeder (2000) provided reference how Cost of quality has been 
seen in Six Sigma methodology presented in Figure 11. 
 

 
Figure 11. Cost of quality as percentage of sales (Harry, 1998). 
 
Quality cost data can be used to prioritize improvement programs for e.g. reducing 
warehouses, introducing phase gate models or reducing scrap where monetary value can be 
used to help communication between the managers and employees, identifying 
improvement opportunities and monitoring results (Goulden and Rawlings 1995, Porter 
and Rayner 1992). There should be a program established for continuous quality 
improvements, which would gain its priorities from the quality cost report. A process 
owner should be nominated to each process area to monitor the resultant cost changes. 
Iterative cycles of improvements using teams or individuals should be executed to achieve 
cost savings. (BS 6143-1, 1992.) 
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Goulden and Rawlings (1995) shared good objectives to ensure the system is not a one-
time exercise but is used in a continuous manner: 

 Purpose of the system should be clear and defined. 
 Selected model meets the needs of the organization using it. 
 Information is meaningful and relevant for the users and information providers. 
 Employees from all stages need to be involved and clear ownership needs to be 

nominated for designing, implementing and operating the system. 
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3 WAYS TO CLASSIFY AND CATEGORIZE COSTS  
3.1 Different cost items 
 
From literature there can be found several (Aniza 2014, Campanella 1999, Goulden & 
Rawlings 1995, Sandoval-Chávez & Beruvides 1998, Tsai 1998, Wang & Chen 2009) cost 
items and how the costs should be followed. According to Schiffaurerova and Thomson 
(2006) study of cost of quality best practices model should be modified so that it suits the 
situation, environment, purpose and needs.  
 
In Table 1 are presented cost items that were collected during the literature review and 
were suitable for the target company business. In the second column there is a simplified 
cost classification which was the result of a workshop arranged in the target company. 
More detailed explanations for different groups of costs decided in the workshop can be 
found below the table. Calculation rules are defined in the section where the model is 
described in more detail. In this section different classifications found from literature are 
introduced in order to validate that most important aspects covered in a build quality 
costing model. 
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 Table 1. Result of re-grouped cost items. 
Cost Items New Cost Group 
Warranty (Campanella 1999, Tsai 1998,Aniza 2014, Goulden & Rawlings 
1995) Additional costs 
Lost Sales (Aniza 2014,Sandoval-Chávez & Beruvides 1998) Intangible costs 
Returns (Campanella 1999, Aniza 2014, Goulden & Rawlings 1995) Additional costs 
Product recalls (Aniza 2014) Additional costs 
Penalties (Campanella 1999, Wang & Chen 2009, Goulden & Rawlings 
1995) Additional costs 
3rd Party support due to Poor Quality (Aniza 2014,Goulden & Rawlings 
1995) Additional work 
Audits (Campanella 1999, Wang & Chen 2009) Additional work 
Test and Inspection (Campanella 1999, Tsai 1998, Aniza 2014, Goulden 
& Rawlings 1995) Additional work 
Scrap (Campanella 1999, Aniza 2014, Goulden & Rawlings 1995) Inefficiency 
Waste (Campanella 1999, Aniza 2014,Goulden & Rawlings 1995) Inefficiency 
Inefficiency (Tsai 1998, Aniza 2014, Sandoval-Chávez & Beruvides 
1998, Goulden & Rawlings 1995) Inefficiency 
Delay (Schiffauerova & Thomson, 2006, Goulden & Rawlings 1995) Inefficiency 
Quality Projects & System development (Campanella 1999,Aniza 2014, 
Wang & Chen 2009) 

Quality system 
related costs 

Quality ensurance data & analysis (Campanella 1999, Aniza 2014, Wang 
& Chen 2009) 

Quality system 
related costs 

Additional work, e.g. repair or support (Tsai 1998, Aniza 2014, Goulden 
& Rawlings 1997, Goulden & Rawlings 1995) Rework 
Corrective actions e.g. Product redesign (Campanella 1999, Wang & Chen 
2009, Goulden & Rawlings 1995) Rework 
Rework (Campanella 1999, Aniza 2014, Goulden & Rawlings 1995) Rework 

 
Additional costs are costs that are reported directly in monetary value; normally these are 
costs that are received in a form of invoice. Additional work can be measured in hours and 
normally the origin of these cost is elsewhere. An example of this kind of costs could be 
internal costs that are arising from the situation where company personnel are used to 
support supplier due to bad quality. Another classification to internal work is rework which 
has defined to be work that is non-value adding and is noticed already in the origin of the 
costs. An example could be the design department noticing design errors in the drawing 
audit and doing the corrections. Inefficiency is used to describe all kinds of material and 
opportunity costs; it can be either losing additional revenue or losing money due to bad 
choices. Quality system related costs are not seen as being that important in this master’s 
thesis as it is delimited to delivery projects where these costs are mainly integrated to the 
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way of working and are included in the plan, meaning they are not defined to be part of 
poor quality according the company’s definition of COPQ. 
 

3.2 Internal - External 
 
Internal and external classifications are mainly used in areas of cost of poor quality to 
separate internal failures from external failures in PAF-model (Feigenbaum 1983, Tsai 
1998, Campanella 1999).  
 
Internal costs are specified to be the costs that arise as a result of correcting the deliverable 
which does not meet customer requirements prior to being delivered to customer. 
Examples of internal costs are scrap and waste or rework due to incorrectly performed 
process. If requirements are not fulfilled in-house those will most probably lead to 
customer dissatisfaction and to additional external costs. External costs are seen as costs 
resulting from fixing the product or service after it has been delivered to the customer. 
Examples of external costs are penalties paid due to late delivery or time spent to negotiate 
with an unhappy customer. (Campanella 1999) 
 
There are also other ways to classify costs into groups of internal and external in area of 
COPQ. Harrington (1999) uses one by stating that 75% of an organization’s internal costs 
are non-value adding. With this statement Harrington is referring to the process redesign 
and later on activity based costing providing more detail information about the internal 
work performed inside of the company. 
 
This internal and external thinking creates differences between the traditional cost 
accounting (TCA) and activity based costing (ABC). TCA is transaction-oriented and 
focuses on where the expenses should be directed from an accounting perspective; 
whereas, ABC is activity based and focuses more on the activities creating the first level 
cost pools and from there dividing costs furthermore to cost objects. (Khataie and Bulgak, 
2013.) To clarify this let us take an example from the cost items collected from the 
literature. Additional costs that are arising due to the fact that internal personnel are needed 
to support the supplier due to poor quality of product (additional costs). This support can 
be instructing proper welding techniques. In TCA this cost would most probably end up to 
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the project as an internal cost. It could even end up in personnel departments’ cost centers 
as this support can be seen as an activity that can be utilized in several projects. In ABC 
there would be an additional layer for the activities. Instead of just following the cost, it 
could be noticed that the actual origin is outside of the company, so from an activity 
perspective, this cost should be external. With this information “it’s possible to trace the 
cost of poor quality to its sources and hence see where the quality improvement 
opportunities exist” (Tsai, 1998). 
 
A third aspect of categorizing costs is the point who is suffering the costs. It is important to 
understand consequences of poor quality to the customer and what kind of strategic impact 
they can have on business. (Harrington, 1999.) If the company provides spare parts that are 
not meeting customer requirements and stops the process, a major part of the costs can be 
seen as external, as customer is carrying them. This topic will continue in more detail in 
section “Direct and Indirect”. 
 
3.3 Visible - Invisible 
 
The most common metaphor for describing visible and invisible costs is the iceberg model. 
The iceberg model is used to illustrate the ratio between visible, top of the iceberg and 
invisible costs, part of under the water as can be seen from Figure 12. Often only visible 
costs are taken into account when speaking about COPQ. (Krishnan, 2006). 
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Figure 12. Iceberg visualization by Krishnan, 2006. 
 
Some authors do believe in Taguchi’s loss function to collect hidden costs (Schiffauerov 
and Thomson, 2006) but there is no practical method developed for how those costs could 
be collected. Even though costs are difficult to measure some companies have managed to 
determine certain multipliers based on calculations to estimate these costs more accurately. 
One example is Moen’s loss factor where loss (f) is described as a relation of maximum 
expected loss (Ctot) based on overall lost estimation 
 

     
  (1) 

 
 

and worst case difference in meeting customer requirements (CImax) compared to main 
competitor. In this example the maximum difference of meeting customer requirements 
was five. As a result, this is the loss factor that can be used to determine annual invisible 
costs for certain products. (Moen, 1998) 
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There are certain evidences from the empirical studies which show that invisible costs can 
rise as high as three to four times of visible costs (Campanella 1999, Krishnan 2006). 
Sandoval-Chávez and Beruvides (1998) study in process industry proved that invisible 
costs can be up to 56 percent of total profit. Hidden costs should not be excluded from the 
cost of poor quality measurement even though they are not easy to measure. There is no 
model existing that would help to collect all the hidden costs but organizations should be 
encouraged to use their imagination to collect as much of these costs as possible. If 
management had the possibility to see all these costs it would have a major effect on 
decisions made. Often these costs are seen as intangible as it is not possible to give exact 
monetary value for these costs. (Campanella 1999, Krishnan 2006) 
 
3.4 Direct - Indirect  
Harrington (1999) introduced the quality costing system shown in Figure 13. The first part 
is costs that are direct (also known as controllable) and can be measured directly from the 
company’s general ledger meaning that traditional cost accounting can provide this 
information and management can control these costs directly. The second part of 
Harrington’s model is indirect (also known uncontrollable) which cannot be separated 
from the ledger but are part of product and services life cycle. 
 

 
Figure 13. Direct and Indirect cost components (Harrington, 1999). 
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In Harrington’s (1999) model components of direct poor quality costs are controllable, 
resultant and equipment costs. Controllable costs are costs to ensure that customer 
requirements are met, similar to preventive and appraisal costs in PAF model. Resultant 
costs are costs arising from actions that are taken to return product or service to a level that 
is meeting the customer requirements comparable to failure costs in PAF model. 
Equipment costs are costs that are invested in measuring or acceptance process to make 
sure that output is meeting customer requirements. 
 
Components of indirect costs are customer-incurred, customer-dissatisfaction, loss-of-
reputation and lost opportunity costs. Customer-incurred costs arise from failures but the 
customer is carrying the costs. An example of this kind of costs could be loss of production 
while equipment is down. This cost group is very important from two aspects: 

 One time cost to fix defect can be minor to company but indirect costs of customer 
can be a lot more. 

 If these costs are incurring frequently these can lead to costs that are more than just 
repairing the defects. 
 

According to Harrington customer dissatisfaction has a binary value meaning the customer 
is either satisfied or not. When the quality level meets customer acceptance level there is 
no major change in customer satisfaction. This also supports the theory of order winners 
and order qualifiers (Flynn, 1995). Loss-of-reputation contains all lost sales due to the fact 
that customer’s attitude towards the company is very negative due to poor quality faced 
earlier. Lost-opportunity costs are relating to opportunities the organization is not able to 
capture; these costs are comparable to the costs collected with the help of the Opportunity 
model. 
 
Another aspect of classification of direct and indirect is more traditional which for example 
Campanella (1999) shared in the form of traditional cost and price structure (Figure 14). 
These direct costs, also known as prime costs, are costs that are part of basic structure of a 
product or service. These prime costs consist of direct materials which end up being part of 
the end product and direct labor that is used to assemble direct materials or directly deal 
with customers in delivering the service.  
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In Campanella’s classification indirect costs consist of indirect materials, indirect labor and 
miscellaneous expenses. Indirect material costs are incurred from supplies consumed 
during the manufacturing process without ending up being part of the end product or 
service e.g. tools that are needed for the assembly. Indirect labor contains wages and 
salaries of the persons who do not add any input directly to end product or service e.g. 
supervisors of manufacturing or service job. Miscellaneous costs are expenses that cannot 
be allocated into classes mentioned earlier, for example legal requirements like taxes or 
insurances. 
 

 
Figure 14. Traditional cost and price structure (Campanella 1999, p.180). 
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4 MODEL FOR CASE COMPANY 
 
4.1 Outotec Oyj  
Outotec was established in 2006 when Outotokumpu’s technology department was 
separated to be its own company and listed as Helsinki stock. With the current name, 
Outotec has been known from 2007. Outotec’s mission is “Sustainable use of Earth’s 
natural resources” and under that mission they are delivering technologies and life-cycle 
solutions for processing minerals and metals and producing energy from biomass and 
wastes to customers all over the world. A target on top of being a profitable business its 
goal is to reduce customers’ ecological footprint.  (Outotec, 2016b) 
 
Outotec has been facing challenging markets during the last three years which has also 
affected its financial performance. Revenue of the company in 2015 was 1,4 billion euros 
and operating profit negative 12 million. On top of that, the company has been forced to 
adjust its fixed costs with cooperation negotiations three years in a row. (Outotec, 2016c.) 
This also explains why Outotec is interested in ways of reducing costs like measuring the 
Cost of Poor Quality. 
 
In Outotec’s operating model (Figure 15) there are three dimensions in a matrix; Market 
Units, Business Units and Support Functions. The role of Market Units is to support 
customers with project implementations, deliveries and services; whereas Business Units 
are responsible for developing solutions and lifecycle services to the customer. Support 
Functions contains organizational pieces like Finance, HR, Legal and Strategy. (Outotec, 
2016b.) 
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Figure 15. Outotec’s Operating model (Outotec, 2016b). 
 
In delivery projects, elements of the matrix are work in cooperation, as Product lines 
(Figure 16) are normally responsible for larger delivery projects, but as Market Units have 
the best customer knowledge and their business is to support customer after the delivery by 
providing services, it is important that they are involved during the delivery project. 
Deliver Solutions processes (Figure 17) describe how this cooperation should happen and 
works as glue between different organizational units. Interfaces inside of the process and 
operating model are most challenging from cost of poor quality point of view; how to 
make sure that ball doesn’t drop.    
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Figure 16. Outotec’s Business Units and Product Lines inside of the Units (Outotec, 
2016b). 
 
4.2 Outotec Deliver Solutions processes 
 
This Master’s thesis is focusing on the Deliver Solutions process (Figure 17) which 
consists of two sub processes; Deliver Plant Solutions, where content of delivery is large 
and contains lot of customer specific modifications, and Deliver Proprietary Equipment 
where content is more productized and modifications play a minor role during the delivery. 
The Plant Solutions process also includes the proprietary equipment process, so by going 
through that in detail, equipment delivery process is covered at the same. 
  
This is the main level of described processes; the second level of can be found in Appendix 
1 and Appendix 2 and an example of the lowest level process chart (Manage Warranty 
period) is in Appendix 3. 
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 Figure 17. Outotec Deliver Solution processes (Outotec, 2016a) 
 
 
Plan implementation (common) 
 
Plan implementation is common with Deliver Plant Solutions (Appendix 1) and Deliver 
Proprietary Equipment (Appendix 2). In this process phase a prerequisite is that a contract 
is effective. Contract effectiveness is verified with handover from sales where order 
recognition is validated. When prerequisites are fulfilled, a project manager starts to 
prepare a project plan containing elements like budget and resource plan. As Outotec is a 
multinational company and experts are located all around the world, one major thing in the 
planning phase is to define and divide the scope and responsibilities of each location taking 
part in the delivery. After this is clear, controllers are responsible for building a project 
cost structure also known as Work Breakdown Structure (WBS) into legal units’ systems. 
An example of a structure can be found in Appendix 4. A cost structure is used to follow 
project and product costs and are linked on a corporate level by using the same sales key. 
Part of the planning are also risk assessment, supply, inspection and service plans. When 
all this has been done, a Steering Group of the project will approve the plan and the project 
can start. 
 
Lead and Manage Implementation (common) 
 
This phase is also part of the common project management process and thus shared 
between the delivery processes. It begins by defining project practices like meeting and 
reporting.  The second part is customer involvement so the customer can follow the project 
progress and all necessary customer documentation and approvals are done during the 
project. In this step also budget is followed more frequently and planned costs are updated 



 

 44

as changes compared to the original project plan start to actualize in the form of scope 
changes and claims.  
 
Plant engineering (Deliver Plant Solutions) 
 
The plant solutions process specific part starts with the plant engineering process where 
requirements are collected from customer and frozen so that concept development can 
start. Engineering manager make sure all relevant design disciplines are included and 
principles are provided by product lines. The concept is reviewed internally and necessary 
approvals are collected. After the customer has accepted the concept, the engineering 
manager arranges handover to basic engineering. 
 
Detail engineering of proprietary equipment (Delivering Equipment and Material) 
 
As described in the beginning of this section, delivering equipment is another main process 
in Deliver Solutions and can be followed separately but is also integrated into the Plant 
Solutions process. The general plan process (implementation, lead and manage, close and 
warranty period) is the same, but detail engineering is the first process specific activity. 
 
It starts with a planning and designing phase, which contains creation of as-sold structure. 
During the process, an engineering plan is created and needed supplier documentation is 
collected. Functional design and identifying long lead time items and informing supply are 
part of actions. The second phase, drafting, contains activities like tailoring customer 
specific requirements and splitting the work into work packages. After this actual detail 
design is done, documented, checked and approved, the resulting detail delivery structure 
is completed. 
 
Expedite and Inspection for fabrication (Deliver prop. Equipment)  
Expedition and inspection happens based on the plans created in the plan implementation 
phase. This process starts with negotiations with suppliers and one critical part of the 
inspection is the suppliers’ progress report which is used to follow-up supplier quality. 
Another major part of this phase is manufacturing where the supplier receives the technical 
drawings and should provide its manufacturing plan based on the drawings. When the 
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manufacturing plan is approved, the supplier (internal or external) can start manufacturing. 
Depending on the content there are several levels of inspections that are performed during 
and after manufacturing. Any findings from these inspections are corrected as they appear. 
The project procurement manager is responsible for following that all activities are 
performed. When manufacturing is done, a quality engineer ensures that final delivery 
meets Outotec requirements and delivery is approved. If a third party supplier is used, 
service related documentation is collected and necessary spare parts are created. 
 
Project logistics (Deliver prop. Equipment) 
 
When equipment is ready to be shipped, the process jumps into logistics where the 
logistics plan done during the procurement plan is followed. A really important item is 
requesting quotes for deliveries. In the past they have been done just with estimations, 
resulting in major cost overruns. Logistics specialists make sure that transportation follows 
all the terms mentioned in the sales contract and identify export requirements in global 
projects. In large equipment deliveries route planning needs to be done before actual 
delivery as this can have a major impact on costs. The next action is to make sure packing 
follows good practices and there are no major surprises when site receives the goods after 
the delivery. 
 
Construction and Commissioning (Deliver Plant Solutions) / Installation and 
Commissioning (Deliver prop. Equipment) 
 
In this process phase, planning is done before entering the site and sequence of activities is 
clear. A high level construction schedule and health and safety plans are created. If 
subcontractors are used, they are audited and all required contracts are signed. Teams are 
mobilized to the site and responsibility is handed over to the site manager. Final 
construction documentation is provided by the engineering manager. Work is performed 
and site manager together with the on-site construction manager is responsible for handling 
all operative issues arising during the work. All the required inspections are performed and 
documented. Commissioning is done and handover to the customer is done. 
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Close Implementation (common) 
 
The third common project management element in these processes is Close 
implementation where the prerequisite is that commissioning is done and tests are done 
and documented according the test plan. The project manager presents the status of the 
project and the steering group will decide if the project can continue to warranty period. If 
there are major issues, the open project will be closed conditionally e.g. project manager 
will keep the lead in the beginning of the warranty period where normally a new person 
would be nominated from the market unit to have the service lead role. In this step all 
financial requirements like invoices and payments are checked and customer feedback is 
collected. At the end handover to the service organization is done.  
 
Manage warranty period (common) 
 
The last common element in these processes is the manage warranty period where open 
tails from the project are closed according to the plan that the service lead has prepared. 
Feedback and lessons learnt are provided to the project organization and to the product 
lines which products delivery consisted of. The controller will close the project and release 
remaining warranty provisions. 
 
4.3 Model for measuring Cost of Poor Quality 
 
In this chapter it is explained how Cost of Poor Quality could be measured and estimated at 
Outotec. There are two sections; the first one will describe the overall guidelines that were 
agreed to be based on the literature and workshop among the Outotec experts. The second 
section will then describe detailed calculation formulas for each process step. 
 
Basis of the Model 
 
Based on the literature findings the best fit for the purpose model for collecting cost of 
poor quality at Outotec is the Process cost model. Another point supporting this selection is 
the fact that delivery processes are well documented and deployed at the moment. This 
decision also supports well the definition of COPQ as Outotec experts from different areas 
concluded: “COPQ is all the costs that are deviating from the process or plan.” 
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In academic literature there were two main aspects for usage of quality costs and both were 
also highlighted by company experts. Especially project managers who were eager to use 
quality costs for instant feedback and to make sure projects are profitable whereas 
development organization was more interested in prioritization of long term development 
projects and synergies gained from those in different projects. 
 
Literature review also brought up multiple different ways and levels to categorize quality 
costs. With Outotec experts this kind of detail of dividing costs was seen as overkill and a 
more practical approach was required. Resultant of this was a proposal to have simplified 
categorization (Figure 18) containing four groups of costs (rework, additional costs, idle 
time / inefficiency and intangible) and internal / external dimensions. Content of these 
classifications compared to the literature were already introduced in Table 1.  
 

 
Figure 18. Outotec Delivery Solution processes (Outotec, 2016a) 
 
The main idea behind simplified categorization was to make reporting the COPQ easier so 
that it could really be deployed into the organization. Leaving out these reporting 
dimensions was not seen as option because without them, the result of the costs would be 
one value without any easy way to do further analysis for root causes of these costs. 
Another observation made during the model development was that there is need for 
additional dimension in order to fulfill the requirement of bundling costs from several 
process steps (symptoms) relating to one root cause. This requirement is visualized in 
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Figure 19 where activities are building up process and one root cause is creating symptoms 
to several different activities, causing a situation where in the last activity there are only 
two symptoms visible without a clear link to root causes. By leaving out this capability the 
model would be invalid as there would not be a possibility to do further analysis what of 
the total costs (or even estimate) of one root cause. Without the total cost being available it 
would be impossible to calculate Return on Investment (ROI) for improvement projects. 
On the other hand, this approach can be seen as a pragmatic option compared to more 
holistic measuring, as adding the level of the details is also complicating the measurement. 
This could be used as a quick way to analyze the level of quality costs in each project 
without requiring input from each and every individual. 
 

 
Figure 19. Requirement to collect costs based on one root cause. 
 
One idea was to include COPQ into the WBS-element which is used for project and 
product cost follow-up. With the simple solution of adding one element to the project, this 
would constraint product cost follow-up as those costs should be part of product even 
though they are rising due to poor quality. With a complex approach, adding an element 
into each activity in the WBS, reporting would become too cumbersome and most 
probably would lead to failure. The proposal to handle this aspect is to tie these costs to the 
lessons learnt process where an event is created for each incident which has or can have an 
effect on quality. This way, with a model like this, there is also a possibility to gather 
invisible costs described in iceberg of Krishnan (2006). If that is looked at another way 
around actually each lesson learnt should have a monetary value, which COPQ naturally is.  
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Calculating COPQ in each process step 
 
The reason for a simplified cost classification was that there would be enough at a general 
level to be used in each process step. The idea of the model is that all of those costs are 
collected or calculated in each step with following guidelines or estimations: 
 
Rework is work already done once by department people which can consist of internal or 
external persons. In order to calculate this, the following formula should be used: 
 
Cr = Σ Hds × Rha + Cmt - (Σ Him × Ri + Σ Hem × Re + Cmm)        (2) 
 
Where: 
Cr is Cost of rework [€], 
Hds is Hours of department used for that specific project [h], 
Him is Minimum hours of department estimated after work performed [h], 
Hem is Minimum hours of external hours estimated after work performed [h], 
Rha is Average rate of total hours [€/h], 
Ri is Rate for internal hours that is used in controlling (contains allocated overheads) [€/h], 
Re is Rate for external hours extracted from invoices [€/h], 
Cmt is Cost of total material used [€] and 
Cmm is Cost of minimum material required estimated after work is performed [€]. 
 
Formula (2) is in overall level used to calculate the difference between actual and 
minimum costs in a certain process step. Overhead costs are considered in hourly rate. By 
using this formula each activity internal quality costs can be captured. Cr can’t result 
negative value as minimum costs used in this formula is theoretical value introduced in 
model creation and thus actual values can’t be lower than it. It’s important to understand 
difference between the rework and additional costs. Rework is happening always inside of 
the department and thus more detail input and more detail formula for calculation can be 
used. But as learnt poor quality often has roots in earlier step of the process and thus it’s 
important to separate these two values from each other. Additional costs which are done in 
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a later phase of process due to poor quality earlier in the process are calculated by using 
the formula (3): 
 
Ca = Σ Ha × Rha + Cmi        (3) 
 
Where: 
Ca is Additional costs [€], 
Ha is Hours (internal and external) of department used for fixing the symptoms caused by 
another department [h], 
Rha is Average rate of total hours [€/h] and 
Cmi is cost from additional material or invoices spent to fix the symptoms [€]. 
 
Until now, the model is capturing the direct costs caused by poor quality but there are also 
costs that are indirectly relating to the original event like idle time and inefficiency. This is 
why the model also contains a way to capture those by using the next formula: 
 
Cii = (Σ ((Pt – Pm) × Cp)) × (Cm / Cpm)      (4) 
 
Where: 
Cii is Cost for idle time and inefficiency [€], 
Pt is Theoretical capacity for certain process step (Maximum capacity * 80 %) [units], 
Pm is Estimation of Minimum capacity required for this project [units], 
Cp is Cost of capacity, total costs of capacity used divided by used units [€/unit], 
Cm is Minimum cost of project (Σ Him × Ri + Σ Hem × Re + Cmm) [€] and 
Cpm is Total minimum costs of projects in measurement period [€]. 
 
In the formula above capacity is in representing important role, capacity units can be hours, 
material or costs and thus this formula is used to capture overall waste or scrap in any 
process step. Another thing to consider is that total minimum costs require the same 
measurement period for several projects in order that an allocation can be done. On the 
another hand if just one project is measured, the result of dividing Minimum cost of project 
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per Total minimum costs will equal to one and thus it will not have any affect the result. 
This approach will be used later on in example cases. 
 
The last element of the model is collecting the Intangible costs Cin which will be done by 
estimating the costs. Example of estimation could be the lessons learnt from the case where 
the company lost sales because of too long lead time. Afterward it was clarified that 
actually there was free capacity to deliver the project in the requested schedule, but nobody 
checked this. In this case estimation of the COPQ would be profit budgeted and potential 
service profits of maintaining equipment which would, of course, require more detailed 
estimations and calculations. 
 
Finally, all elements are collected for cost of poor quality and a total can be summed up 
with the formula: 
 
COPQ = Cr + Ca + Cii + Cin       (5) 
 
Linking these COPQ costs per root cause as described in Figure 19 result is a practical and 
scalable model to measure and utilize Cost of Poor Quality data. 
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5 CASE STUDY 
 
In this section, the model was tested with a real delivery project in a retrospective manner 
with the help of interviews of experts who worked for these projects. Roles and questions 
can be found in Appendix 9. The project was multinational and contained subprojects. The 
main reason for splitting the projects is that they are handled by different legal units and 
thus accounting and business transactions must be done separately. 
 
5.1 Case project overview  
Case project was a retrofit project that was done for open pit gold-copper mine in Market 
Area. Outotec had delivered earlier an on-stream analyzer which proved that the mine is 
losing a lot of end products with the tailings. With this knowledge, the production process 
was investigated and it was noticed that the flotation circuit was inefficient. The project 
scope included design, delivery, installation, commissioning of the proprietary equipment 
and assisted operation and regular training on-site to improve the flotation process. Project 
duration from beginning to end was six months. (Outotec, 2016) 
 
This chapter is hidden due to confidential information. 
 
The total project was sold from local office in Market Area but project delivery was 
divided into multiple units so that delivery from Market Area to the customer which was 
the main project (id: DU-160006), work breakdown structure (WBS) can be found from 
Appendix 5, contained project management, manufacturing and steelwork, half of the main 
components and construction work. The project created between Finland and Market Area 
(id: DU-150098) WBS in Appendix 6, contained detail engineering, another half of the 
main components. Part of those components were purchased from internal supplier Outotec 
Turula which is its own legal company and thus created manufacturing projects (ids: MF-
151107 & MF-151108) WBS in Appendices 7 and 8. The reason why two projects were 
created was a bit unclear.  
 
The main component of this project was Outotec TankCell® 160 (Figure 20) which is a 
highly productized Outotec offering so no major plant modifications or layout engineering 
was required, which meant the process used in this project was deliver proprietary 
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equipment. Some construction work was required to remove existing equipment and to 
make new ones to fit into place. 
 

 
Figure 20. Outotec TankCell® e160 (Outotec, 2016). 
 
5.2 Testing the Model 
 
In this section, each process step of the project is introduced in more detail from a quality 
perspective. Due to information confidentially, only interviewed roles can be found from 
Appendix 9 and no names are mentioned in references. Also, major findings as a result of 
these interviews and WBS data are opened a bit and cost calculations according to the 
defined model are presented. Due to sensitive content just the formula used and end result 
as a percentage of project value is presented. The latter one can be used to compare to 
other companies (Harry and Schroeder, 2000). 
 
Plan, Lead and Manage and close implementation 
 
In planning and managing implementation, the most important thing is to create and follow 
budget and schedule which will contain estimations of the cost and time for each WBS-
element. Estimation mistakes are part of poor quality but they are not directly creating 
additional costs or rework. Indirectly they can lead to major cost increases e.g. with 
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additional materials required to achieve the promised end result. In order to get estimates 
right it is crucial that scope from the sales phase is fixed as early as possible and after that 
it is not changed so the delivery team can start working efficiently from the beginning. 
Often old projects are used as a base for these estimations which, from a quality point of 
view, easily repeats the estimation mistakes done once. 
 
According to the project manager and product line specialist interview in the case project, 
there was a delay from the customer side to get an effective contract and some work was 
started without proper information, thus lot of inefficient and repeating work was done in 
the beginning. An estimation of results caused by these challenges is presented in a later 
phase in each process step separately. Especially, this caused challenges in detail 
engineering and fabrication. This proves that root cause based on cost collection would add 
value in calculating the costs and increase an understanding of how issues in different 
process steps are linked to each other.  
 
The project manager had provided to the steering group a timeline (Appendix 10) which 
shows the delays and catch ups in lead implementation very well. The project was 
delivered one month late but there were no penalty clauses tied for the total schedule. In a 
worst case, poor quality in this phase could lead to an end result of losing the sale or major 
penalties to be paid. There are some examples like this in other projects; in those cases, a 
valid calculation would be to estimate the lost profit with the model or record the penalties 
paid and add a factor on top of lost trust for that customer. Engineering freeze was planned 
to happen before the contract was signed but this did not happen and the freeze was set two 
weeks late (week after contract signing). Manufacturing was started two weeks late and 
engineering was completed almost a month late, which delayed the first delivery two 
weeks with the total delivery phase delayed one month.  
 
The penalty clause was tied to customer total shutdown time. The first shutdown started 
two days early and duration was 14 days instead of the planned 10 days. The second 
shutdown started three weeks later than planned and took 6 days instead of the planned 10. 
The total shutdown time was kept within the limits; thus penalties were avoided.  The 
successful second shutdown also had the positive effect of intangible costs that could have 
followed from delayed delivery. The first signs were already in the air, as during the 
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interviews, it came up that the customer was unsatisfied for the planning of the first 
shutdown which was partly a result of the issue in contract signing. 
 
Overall, the cost difference between the planned and actual costs was only 2 % (Appendix 
5), which indicates the plan implementation phase in overall went well.  The same 
difference just in lead and manage implementation was 20% which indicates that some 
estimation errors occurred in the detail level of the plan. Another really interesting finding 
relating to manage implementation was that product line experts used for this project were 
mainly booking their hours (rough estimation of 6000 hours by one of the experts) to the 
internal cost center instead of project so they are not visible in these calculations. On top of 
this, the same expert also estimated that there would have been 1000 hours’ savings 
potential if the scope had been nailed down early enough. 
 
Detail engineering of proprietary equipment 
 
The target of this process step was high quality manufacturing drawings which could be 
used to manufacture and assemble the end product. In this case, the product required 
hundreds of drawings. In the case project, the lead mechanical engineer of flotation cells 
described quality of the project as good, as no major complaints were received from 
manufacturing relating to drawings; still, he saw that there was the potential to save up to 
50% time if the scope had been clear from the beginning. The project manager also 
highlighted that as this was a brown field project, meaning work done for an existing site, 
it requires lot of information from the site and collection of this information did not happen 
early enough in the proposal phase, which caused mistakes in estimations of engineering 
work. Actually, the engineering budget was made based on the original scope. 
 
One example of this kind of unclarified specifications was missing information was the 
product a center launder cell or external launder cell and was it only the top of the cell or a 
complete cell. Costs from rework were seen as minor during this project but the delay and 
inefficiency in communication due to the different time zones was seen as more harmful 
from a quality perspective. Another example of rework was a design error in a tray that 
was in place but did not keep tailings inside of it and thus was redesigned and re-installed. 
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As most of the costs that could have been saved in engineering were related to inefficiency, 
formula 4 was used to calculate the total cost of inefficiency of mechanical engineering 
which resulted in costs of 3,4% of turnover.  
 
Another part of engineering was the process engineering where the target was to design 
and ensure the flotation process worked optimally and verify that performance of the cells 
was better compared to the old installation that was replaced. Process engineering went 
overall well and Process control highlighted that when the mechanical part was done the 
equipment worked well and no rework activities were required from process engineering 
point of view. One additional note relating to inefficiency she highlighted that with better 
preparation of sampling, there could have been saved two days of work. Another major 
finding was that in the beginning of the project, safety introduction was held quite quickly 
by the company but the whole team (5 persons) waited three days for permission 
(approval) to work at the site, which was purely idle time for the group. Here was also 
utilized inefficiency formula (4), which will give a result of 0,02 % costs compared to 
turnover caused by inefficiency in process engineering.   
 
Expedite and inspection for fabrication 
 
In this process step, the target was to get goods either to manufacturing or installation site 
on time with a reasonable price. In this project, there were three main activities under this 
process step: procurement and inbound logistics done by Market Area, manufacturing done 
in Market Area workshop and manufacturing done in Finland, Turula workshop. As seen 
from Appendix 5, this process step created over half of the costs of the total project. 
 
The procurement manager highlighted that due to the delay in the beginning of the project 
they had challenges in sourcing and buying everything on time but they managed to get 
goods in time so that shutdown wasn’t delayed due to that. Another point he raised was 
that as scope was not fixed from the beginning of the project, valuable time was reduced 
from sourcing and scope change increased the need for raw materials for a total of 30%. 
On top of that he said that normally achieved 10% savings in negations was not collected 
due to a tight schedule. Scope change and tight schedule are also visible in the WBS 
(Appendix 6) as only 30 % of hours budgeted for procurement activities were used but still 
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the total cost of this phase ran over the budget by 22%. These costs can be seen as 
additional costs and thus are calculated by using additional cost formula (3) from the 
model where negative hours will be used due to the fact that reducing the additional costs 
would require more procurement hours to be spent. The result was that procurement 
additional costs were 4,3% of turnover. 
 
From a rework point of view changing scope was causing a situation where procurement 
specialists were doing sourcing and call activities several times instead of once. This 
caused the situation where combining the shipments was not possible and it caused 
additional transportation which could have been avoided by better planning. The 
procurement manager’s estimation of savings potential in inbound freights was roughly 20 
% and on top of that working time could have been saved. By using formula 2 for the 
rework, a result of 0,01 % of project revenue came from procurement rework. 
 
The major part of manufacturing costs came from the Market Area workshop. During the 
project 60 to 90 persons were involved. In the beginning of manufacturing only part of the 
drawings were available and this caused inefficiency of work; this is again visible in the 
WBS (Appendix 6) as 13 % cost overrun compared to budget.  
 
During the interviews, it became obvious that there were some rework costs not calculated 
in detail engineering as, for example, the project manager highlighted that a lot of the 
drawings contained late changes which caused a major part of these inefficiency costs in 
manufacturing so actually those should be reported as additional costs. 
 
An example of an inefficient way of working manufacturing was forced to use is that first, 
the bottom of the tanks were done and then they returned later to do the upper parts. A 
second element creating delay was design errors, such as the support of the bridge on top 
of the tank required redesign and caused waiting time for the assembly team. On top of this 
already earlier mentioned uncertainty in scope caused a situation where manufacturing 
started to prepare assembly of tanks with side launders and finally received the information 
that those should be with central launders, which are more complicated from a 
manufacturing point of view. The manufacturing lead also highlighted that as this was the 
first of kind manufacturing at Market Area they did not have experience of this type of 
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assemblies which caused delay, as a lot of learning happened during the project. To open a 
bit of impact of these findings, potential savings seen if there had been no waiting, would 
be 15% of manufacturing costs and savings achieved with an efficient way of working, 
38% of manufacturing costs. 
 
There was no clear documentation of how much was additional costs and how much was 
internal inefficiency, so in order to complete the calculations it was necessary to assume 
that 70% of the costs were due to additional costs and 30% due to inefficiency based on 
comments from the project manager. Formula (3) of the additional costs resulted in 4,4 % 
of total project revenue and formula (4) of the inefficiency brought 1,9 % of the total 
project revenue from Market Area manufacturing. 
 
A minor part of this project manufacturing was Turula delivering the key components of 
the TankCell®. According to the manufacturing project engineer from Turula, tank cell 
key components are well productized and similar assemblies are done tens or hundreds of 
times in a year for more than twenty years in a row. Due to this fact components and 
operations are well known and everything was received on time and overall quality of 
work was good. One minor finding was that in the testing phase there was 10% overrun 
compared to budget (Appendix 7) but according to project engineering, these can also be 
indirect hours which are not included in the budget.  
 
For comparison, a quality cost exercise was done for another project where the end product 
did not have this long history, nor high productization level and as an end result, quality 
costs of that project were 21% of the revenue. Based on this information it can be 
concluded that productization decreases the quality costs. 
 
Project logistics 
 
Outbound logistics played quite a small role in this project even though site location was 
not the easiest. The overall responsibility of the outbound transportation was the 
customer’s so basically the customer only needed to be informed when the goods were 
ready to be picked up. The logistic coordinator estimated that could save up to 20 % if the 
transportation responsibility and full control had been Outotec’s. This is valuable 
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information but as the amount of transportation costs were so minor, they will not be 
included in the calculations. This is evidence there would be more of this kind of minor 
quality costs that cannot be collected without having the on-time measurement in place. 
 
From an intangible costs point of view, there were a couple of cases where a customer 
representative contacted Outotec’s representative and asked to hurry delivery without 
understanding that it was not the responsibility of Outotec. This kind of misunderstanding 
can easily show up as frustration at the customer’s end and cause intangible quality costs 
for example in the form of loss sales. 
 
Installation 
 
Installation in this project consisted of removal of existing tank lines, preassembly of the 
manufactured tanks and installing those during the shutdown of site. The installation team 
consisted of a total of 80 persons. Before installation as a preventive action, people were 
trained before they were mobilized to the site.  
 
According to the installation team leader, during the installation, there was a lot of room 
for improvements and those were really visible as there were two different but similar 
installations which made comparison possible. WBS (Appendix 5) shows this also clearly, 
as the actual hours recorded to this phase exceeded the planned, being 2,5 times more. 
Still, some costs savings in price level of personnel used was achieved as costs were 
actually 60% of planned. Key points he highlighted were that there must be enough time 
for preparation and those activities need to be done well. In this case it meant that all the 
components must be preassembled, fixings and components need to be checked that 
everything is ready for assembly and team needs to know their own role, risks and overall 
picture of the shutdown. 
 
In this project, the first shutdown was proposed to be started later which easily creates 
intangible costs but the customer did not accept this and thus lot of inefficiency costs were 
rising during the first installation as there was no time to complete preparation activities. 
The first installation over ran three days of the planned schedule. For the second shutdown, 
lessons were learnt and everything was done in time which was roughly half of the first 
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and four and half days faster compared to the planned. It is obvious that there are always 
some lessons learnt during the installation so the whole time cannot be calculated as a cost 
of inefficiency while defining minimum cost. If 80% of the difference is considered as 
potential savings, the total percentage will still be 30% of the installation total costs. 
 
Examples of content of inefficiency mentioned above were preassembly activities done 
during the shutdown. Tanks themselves were assembled before the shutdown but only 
installing the platforms and other components took three days out of actual shutdown 
activities. Some delays were caused by the fact that, for example, required special bolts did 
not arrive on time to the site and thus caused a total of 10 days’ delay for the installation. 
Some delay was also caused by the customer; one example was given that the customer 
promised to move an electric generator so a crane could get into a better place but at the 
end, the Outotec crew moved the generator. By calculating inefficiency formula (4) we get 
a result of inefficiency costs in the installation phase of 2,5% compared to total project 
revenue. 
 
The installation team leader did not remember any rework needing to be done but a couple 
of unplanned activities were mentioned. Some pipelines needed to be changed due to 
unidentified interferences and a small additional shutdown was required to change one 
cable trail which prevented another activity to continue. Also, customer documentation not 
being up to date caused surprises that led to additional work and costs, which were not 
invoiced to the customer. One example was that fixes were needed for the foundations of 
the cells which needed to be done before installing the new cells even though this was not 
in Outotec’s project scope. These were described to be minor compared to the inefficiency 
activities, which again proves that there is still quite a lot of this kind of minor quality costs 
which easily stay hidden.  
 
Commissioning equipment 
 
Commissioning in this project consisted of three different phases. The first was called a 
dry run, where equipment was just turned on to see that everything works. The second 
phase was a wet test where a process is tested with water in order to see that the lines are in 
shape. The third and last phase is testing with real slurry. 
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According to the commissioning supervisor, during the water tests (wet test), massive leaks 
were found from the tanks due to bad welding of the joints which caused roughly 35% 
hours of additional work during the commissioning phase. Another thing that caused issues 
was the level control calibrations which were not in Outotec’s project scope but was done 
free of charge to help customer. In the slurry tests, there were additional costs due to 
misunderstandings from the customer’s site. They requested that Outotec provide all 
lubricants for the equipment and do the lubrication even though according to the contract 
this was not in Outotec’s scope. Some safety issues were raised during the commissioning 
which easily affects intangible costs, as safety is one of the key values of Outotec. 
 
As most of the costs were coming from additional costs, calculations were done using 
formula 3 which resulted in 0,9 % of additional costs for the commissioning phase. 
Interviews also prove there is a high probability that more poor quality costs stay hidden. 
 
Manage warranty period 
 
This project is so fresh that the warranty period is still in the beginning. There was already 
a recognized punch list in the works so it is obvious that at least some costs will land to the 
warranty period but unfortunately they were not available at the time of writing this thesis. 
On average, warranty period costs have been somewhere between two and three percent of 
project revenue but as this project quality was described to be excellent compared to other 
projects it might be that costs will be lower. 
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6 RESULTS 
 
In this section results achieved during the model development and usage of the model are 
summarized and validated against findings from the literature. On top of that, 
recommendations for immediate development and further research topics are mentioned.  
 
Numerical results 
 
The total costs of poor quality collected with the help of interviews and summed up with 
COPQ formula (5) was 17 % from project revenue as can be seen from the green line on 
Figure 21. This matches well with the other research, e.g. Harry (1998) stated that a typical 
company cost of poor quality is between 15% and 25%. After the interviews, it is obvious 
that still a lot of the costs of poor quality lays in the project as hidden. 
 

 
Figure 21. Results collected by using model developed. 
 
Other results that are visible in Figure 21 are how much of the costs were found from each 
process step and what type of costs they are. The highest number was in expedition and 
fabrication, 10,61% which is more than half of the total poor quality costs. A large portion 
in this process phase makes sense as in this project there was a lot of engineering and 
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manufacturing related activities. Just for comparison, the blue line describes how the 
project total costs cumulated in each of the process phases and it is also visible that most of 
the costs were raised during the purchasing and manufacturing phases. By comparing these 
two numbers seems like the cost of poor quality ratio is actually quite fixed for project total 
cost accumulation. This is a bit of a surprising finding as in the research there was 
highlighted that fixing the issues in a later stage is more expensive (Campanella, 1999). 
Partly this can be explained with the fact that also doing anything in a later stage is more 
expensive and thus it does not have such a major impact on the ratio. On the another hand 
during the interviews come up a lot of data which proved that there would be still more 
costs in the project but those stayed partly hidden during this work. For further research, 
one idea would be to verify this finding by using the model for the other delivery projects 
and as this was brown field project, would be interesting to see if the trend is the same in 
green field projects. 
 
Detail analysis on the different cost types in Figure 21 reveals that inefficiency and 
additional costs are creating the majority of the costs; whereas, rework and intangible costs 
are not reported at all. At least one explanation for this is that noticing, pointing out, 
understanding and sharing own group inefficiency is easiest to do. In order to capture 
rework and intangible costs on time measurement would be required as these costs seem to 
be extremely difficult to capture in retrospective review. Another observation relating to 
intangible costs was that those are normally arising sometime after the project is delivered 
and they do not necessary link directly to certain projects so the model should be extended 
to cover the whole company like Juran (1998) recommended. 
 
Even though additional costs were quite visible in procurement, it seems like work related 
costs that other departments were causing were not raised up easily during the discussions. 
One reason might be the fear of a negative impact to the working environment.  Clearly, 
the biggest costs were rising at the interface of engineering and expedition/fabrication and 
this would be the best place to start doing the more detailed root cause analysis as to what 
is causing these costs. In this project, one of the biggest causes seemed to be not fixed 
project scope. One observation was that with the help of productization, up to 20% of the 
quality costs in manufacturing can be saved and for sure that has a positive impact on the 
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engineering as well. Based on this finding it is highly recommended to add more effort to 
productize more end products. 
 
On the another hand it was good that the project was fresh so most of the workers still 
remembered details from the beginning of the project but unfortunately any warranty costs 
did not land on the time of data collection for the work. Now, unfortunately, these costs are 
not available in this thesis, however, results could be easily collected after the warranty 
period has ended. 
 
Model  
 
The model was tested in delivery projects and it brought results so from that point of view 
it works. The model was tested on a higher level by using retrospective interviews which 
would be a pragmatic approach also for other projects. For example, the project cost 
controller and person responsible for quality could do similar interviews to gain quick 
numbers on how different projects are doing. 
 
In order to achieve more detailed information from the model, small development is 
required. Linking the COPQ into the lessons learnt process and building additional 
reporting levels between the operational activities and WBS would help to get out more of 
the hidden costs. As part of the lessons learnt process, employees would be required to 
record the cost of poor quality immediately after each performed task. An additional 
reporting layer (Figure 22) would help to collect small streams of COPQ without upsetting 
the project or product cost structure.  
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Figure 22. Additional reporting layer proposed between operational activities and project 
WBS. 
 
This kind of more detailed approach was piloted in the beginning of the model 
development in Turula. Results were not good as it was found that employees did not 
fulfill the information as requested and results of that pilot were really light so quite heavy 
change management activities would be required in any case.  
 
Another finding was that people were quite willing to open own experience but pointing 
out the originator of the quality issues was a bit difficult to some of the employees. Also, 
estimations of the COPQ were quite careful even WBS was clearly showing results. An 
example of this is the installation phase where quality was often described as excellent but 
still lot of issues were found from that process phase. 
 
Other findings 
 
Earlier in the company’s internal research, more focus had been paid on the budget 
overruns than actual costs of poor quality. Results from this thesis proved that research 
should pay more attention to details as lots of costs are hidden by re-allocating the money 
inside of the budget. A good example of this is the difference in budget versus used hours 
in manufacturing. This kind of hiding also causes a lot of issues for future projects when 
the content of the project varies but the estimations are copied. It is also a bit of a challenge 
or requires the Company’s chosen definition of the COPQ which was: “all the costs that 
are deviating from the process or plan” to be redefined. As in this project, for example, the 
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plan from a monetary point of view was achieved really well but still there was plenty of 
potential for savings in the details.  
 
Also, different stakeholder groups’ interests became visible during the interviews. Project 
managers wanted to use quality cost information one time in order to avoid budget 
overruns and in order to scale actions for found quality issues, as they did not see a 
similarity between different projects. Development personnel instead wanted to recognize 
similarities between the different projects in order to target the improvement programs 
correctly. This finding supports fully Juran’s (1999) statement that there are two different 
aspects for collecting the costs of poor quality. 
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7 CONCLUSION 
 
The main target of this thesis was to develop a fit for purpose model for measuring Cost of 
Poor Quality in delivery projects. Literature review supported the model development and 
all the critical cost items were included. A Process oriented model with four classifications; 
rework, additional costs, inefficiency, and intangible costs was developed. Two possible 
approaches for utilizing the model were presented. The first was a pragmatic approach with 
less detailed information, without requiring any development and easily performed with 
semi-structured interviews. The second was a more detailed approach requiring small 
developments but providing more complete data to support prioritization of further 
development programs. During the development, Juran’s (1999) point of different interests 
in collecting the quality costs was proven as project managers wanted to have short term 
actions based on collected information and development personnel wanted to utilize 
information in development projects. 
 
The second target for this thesis was verification that the model works. The model was 
tested in a real life delivery project and it gave a total of 17 % savings potential compared 
to project revenue for this case and still it was obvious that not all costs were visible. It was 
proven that some costs did not show up in the total amount, as the root cause was not 
informed but symptoms were visible. On top of this the project was not finalized during the 
costs from warranty period was unreported. With the additional costs, the results were still 
in line with earlier research results, which were stating that a normal company COPQ is 
between 15 and 25 percentages (Harry, 1998). From the results can also be drawn a 
conclusion that there is correlation between the quality costs and project total costs 
accumulation, which wasn’t in line with the earlier researches. This would be an 
interesting finding to first confirm by collecting warranty period costs and after that 
verifying with more detailed research on this topic if still required. 
 
The company ordered this work to get monetary value for the bad quality done during the 
deliveries. Additionally, the company also received a definition of what the cost of poor 
quality is for them: “all the costs that are deviating from the process or plan.” Another 
eye-opening finding was that regardless of whether budget was met there was still a huge 
amount of quality costs that could have been transformed straight to profit. The example 
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case also highlighted the areas where development activities are most urgently needed, as 
most of the poor quality costs were raised in purchasing and manufacturing phase, though 
most of these were just symptoms from the sales phase and no fixed delivery scope. 
Unfortunately, the sales phase was not part of this thesis scope due to time related 
restrictions. That would be another interesting research topic for the future - how big of a 
portion of poor quality related root causes are born in the sales phase. This case also 
proved that started productization has a positive impact on quality costs. 
 
For academic the world, this research gave more real life data relating to quality costs. In 
literature review lot of different categorizations were available but only little actual data of 
collected quality costs. Another interesting point is quality costs per process phase even 
though due to different processes this is not comparable data. As a conclusion for the 
whole work, it is perfect to join quality guru Deming’s evergreen statement (1982): 
“Defects are not free. Somebody makes them, and gets paid for making them.” 
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APPENDIX 1: Deliver Plant Solutions Process (Outotec, 2016) 

 



 

  
 

 
APPENDIX 2:  Deliver Proprietary Equipment Process (Outotec, 2016) 

 
  



 

  
 

APPENDIX 3:  Manage Warranty period process (Outotec, 2016) (hidden) 
  



 

  
 

APPENDIX 4:  Example of Work Breakdown structure (Outotec, 2016) 

 
  



 

  
 

APPENDIX 5:  Work Breakdown structure of case project main project 
DU-160006 (hidden) 
  



 

  
 

APPENDIX 6: Work Breakdown structure of case project from Finland 
to Market Area DU-150098 (hidden) 
  



 

  
 

APPENDIX 7: Work Breakdown structure of case project from Finland 
to Market Area MF-151107 (hidden) 
  



 

  
 

APPENDIX 8: Work Breakdown structure of case project from Finland 
to Market Area MF-151108 (hidden) 
  



 

  
 

APPENDIX 9: Interview details: Roles of persons interviewed and 
interview questions 
Roles interviewed: 
Project Manager  
Logistics Coordinator 
Installation Team lead 
Process Controller 
Installation Supervisor 
Turula Manufacturing Project engineer 
Lead Mechanical Designer 
IOMS Manual Creator 
Procurement Manager 
Commissioning Supervisor 
Product line expert 
Market Area Manufacturing lead 
 
Interview questions for project personnel 
What was your role in the project? 
Which parts of Delivery process you are working in? 
How much hours did you book to the project? 
Do you think that quality of project was good? 
How would you describe end result of your work for project (drawing, 
manufacturing product)? 
Now when you have seen the end result how much 
you would need to perform same tasks with 100% information? 
Do you remember any tasks that were repeating, done twice? 
Do you remember any unplanned activities (e.g. fixing or redesigning)? 
Do you remember thinking that "this could be done more efficiently" 
Did you have idle time during this project? 
Did you receive any complaints from internal or external customers?  
 



 

  
 

APPENDIX 10: Project Original schedule versus actual schedule 

 


