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ABSTRACT 
With the growing economy and development of new technologies, organizations must constantly keep up with this 
growing pace. Now, more than ever, it is important to reduce waste and costs in the companies. The markets are 
becoming more competitive, and there is no room for error. This is where, Kaizen comes in, with the Lean 
methodologies, a map of the value chain of the company is made, and it is clear the value added.  
This project presents a quality problem that is happening in Company X, a leader in the automotive industry. There 
isn’t only a problem with scrap, where there has been a high number of products that have been returned by the 
customer, because the specifications weren´t met, but also there is no awareness of the non-quality costs. The 
specific factory being studied assumes that a rework step is obligatory in the process, and this paradigm must 
change because it is a non-value-added activity that is consuming resources, time and space.   
With the support of Kaizen methodologies and the study of researches already made in the quality field, this 
dissertation aims to not only to provide a method to solve quality problems but also to develop a tool, that will allow 
the top management to have a clear vision of the impact of the costs that this quality problem and rework needed 
is having.  
The main results of this dissertation are that the factory gains knowledge of the impact of non-quality, which will 
lead to a higher concern in solving the quality issues, and that there is a structured method that should be applied 
in every project of this nature.  

Keywords: Cost of Quality, Non-value added, Awareness, Problem Solving. 
 

 

1. Introduction 

 
In the modern economic system, car manufacturers 
need to focus on the development of products that 
will meet the customers’ expectations and fulfill 
regulatory requirements. In the more premium 
segment of the automotive industry this challenge, 
with all the competition that exists in the market, 
takes on a different proportion. This industry is 
competitive because nowadays there are different 
brands that present to the customer a high number of 
options. As a consequence of this broad choice, the 
industries are forced to deliver the products with the 
highest quality possible, while not losing sight of the 
costs associated with achieving it.  
 
With all of this change, the organizations, now more 
than ever, have to be very efficient in delivering what, 
how and when the customer wants it. Having this in 
mind, it is important that the companies produce with 
the highest efficiency possible and with the lowest 
costs.  
Company X is an Austrian Management Holding 
company that is well positioned in the market 
because of its extensive portfolio of products and its 
presence in 38 countries around the world. It has 
three divisions: Automotive, Steel/Tube and 
Distribution. Its aim is to be present in the entire value 
chain, by being proximate to the customer and 

expanding into growing markets. There have been 
forecasts made by the company that points to growth in 
the global market this year, by a rise of production 
volumes. 
 
This specific project will focus on one specific plant in 
Hungary. The current situation in this plant is a high 
number of rejection parts from the customer due to 
defects in the final pieces. There were months where 
90% of the pieces were rejected by the customer.  Not 
only is this critical from the client´s point of view, as this 
type of errors can affect the relationship established 
between Company X and the client, but also because 
these quality problems represent a big cost to the 
factory. The need for a rework task is now seen as an 
obligatory step, but this paradigm has to change quickly. 
These non-quality issues are being measured by the 
number of parts that are being returned, but there is no 
awareness about the true cost of this necessity to have 
some pieces being redone. This lack of knowledge of all 
the parameters that are involved in non-quality costs is 
what triggered the need for this dissertation work. A 
more detailed study should be made to assess all the 
costs that are being incurred in the production process, 
in order to understand what production steps should be 
tackled.  A related issue that has been identified is the 
need to have a structured method of solving problems. 
Company X doesn’t have a methodology to be applied 
when quality problems appear, which means there is no 
settled approach that the employees should follow. This 
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fact brings more complexity to a process that already 
isn´t easy.  
Nowadays, the company is facing a negative EBITA 
of approximately 2M€, and now more than ever it is 
imperative that the costs are reduced if this plant 
wants to follow the growth of the production volumes. 
Therefore, the challenge for this dissertation will be 
not only to try to provide a structured method to solve 
the quality problems but also to develop a model that 
will quantify the costs that are inherent to these 
quality problems.   

 

2. State of the Art 

In this section several aspects will be presented: 
Quality Costing and Total Quality Management. 

 
Philip Crosby was an important contributor to the 
development of quality costing. Cutting the COQ 
(1965), a book published in 1965 focused on the 
explanation of different measurements used for 
developing prevention activities. Crosby wrote the 
second book, Quality is Free (Crosby, 1979), where 
it was emphasized that there should be no extra cost 
when the company is aiming to produce quality 
products. At this stage, Crosby was aligned with the 
four categories of costs that Feigenbaum defined, but 
in 1984 there was a simplification to two categories:  

• Price of Conformance (POC) 

• Prince of Non-Conformance (PONC)  
In 1998 the Juran Quality Handbook (Juran, 1988) 
came out with a different perspective on this concept. 
After several studies, Juran understood that the PAF 
should not only include activities but also the indirect 
costs associated with products produced with 
defects. The following costs were considered:  

• Tangible factory costs- scrap, rework and 
inspections 

• Tangible sales costs- handling customers 

• Intangible costs- loss of customer goodwill, 
delays in deliveries 
 

Harrington developed a study where it was 
concluded that if some investments were made in 
prevention activities, the percentage of non-quality 
would decrease, and there would be a reduction in 
the cost per piece. (Harrington, 1987) Further studies 
and analyses were performed and it was concluded 
that the quality costing system has to include not only 
direct costs but also indirect quality costs. 
(Harrington, 1999).  Laszlo in 1997 made a link 
between quality costing and Total Quality 
Management (TQM). A study was carried out that 
highlighted the importance of quality costing when 
trying to implement TQM. In fact, quality costing 
provides a system of monitoring the relevance of the 
projects that are being developed within an 
organization. An improvement project should have a 

decrease in quality costs if it is done effectively. (Laszlo, 
1997) An explanation of Total Quality Management 
(TQM) will be given in the next section. 
 
When a company is trying to improve quality levels, it is 
important that tracking is made regarding the costs 
associated with quality, because the objective is not only 
to deliver what the clients expect but also to do it with 
the lowest cost possible. To achieve this reduction of 
costs associated with quality, they first need to be 
identified and measured. In fact, if the organization´s 
goal is to achieve quality excellence, the costs of quality 
should be measured and reported. (Schiffauerova, 
Thomson, Omar, & Murgan, 2006) In order to collect 
quality costs, a framework to classify the different types 
of costs is needed. Although there is no fixed definition 
of quality costs, what usually is considered is the sum of 
conformance plus non-conformance costs. 
 

• Conformance costs are the costs that are made 
in order to prevent poor quality, such as product 
inspection. (N.M. Vaxevanidis, G. Petropoulos, 
J. Avakumovic, 2009)   

• Non-conformance costs are the costs incurred 
when there is a defect in the product, and there 
is a need for rework or even return. (N.M. 
Vaxevanidis, G. Petropoulos, J. Avakumovic, 
2009)   

 
All in all, there is an evident link between quality and 
costs, and therefore the quality management system 
should be connected to the system that monitors the 
costs of quality. Unfortunately, in many organizations, 
this link doesn´t work as it should. (Weinstein, Vokurka, 
& Graman, 2009)  
It is safe to conclude, that controlling quality principles is 
related to total quality management, and therefore, 
monitoring and controlling costs of quality should be a 
tool that supports the Total Quality Management (TQM) 
methodology. (Lari & Asllani, 2013) 

 
The best way to measure quality is by analyzing the cost 
of quality that results from the costs incurred by 
nonconformance problems. Philip Crosby defends that 
all the costs that arise in addition to those that would 
arise if the product was produced in perfect conditions 
are considered the quality costs due to 
nonconformance.  When companies face high levels of 
scrap level, the usual reaction is to hire more labor to 
inspect all parts, in order to guarantee that only products 
with 100% of quality are delivered to the client. But this 
will not completely eliminate the scrap level and the 
costs due to quality will still remain high. It was in the 
1950´s that the cost of quality first emerged, the concern 
that quality should be improved and that the costs 
associated with it should be reduced. These costs do 
not take into account the costs of producing the products 
but also all the indirect costs, the costs of losing 
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customers due to poor quality products and costs of 
losing market share.  
 
Life Cycle Cost represents a method used in cost 
management, with the purpose of evaluating all 
economical trade-offs that occur during the life cycle 
of one product. (Bierer, Götze, Meynerts, & Sygulla, 
2014) This analysis allows to evaluate in an 
economic point a view different alternatives in a 
process. (Okano, 2001) All the costs associated with 
a process are assessed, by looking at the product´s 
life, from cradle-to-grave. (Peças, Ribeiro, & 
Henriques, 2009a) With this vision, all costs are taken 
into consideration when calculating the cost, since 
the research and development until costs associated 
with the final customer. (Okano, 2001) What happens 
in most cases, is that some of the costs are not 
expressed in the price given to the market, as for 
example costs incurred during disposal phases. 
(Peças, Ribeiro, & Henriques, 2009b) 

 
If the overall life cycle of one product is analyzed, and 
all the costs are taken into consideration, the final 
cost will be the sum of the all different parameters 
that are inherent to the several stages of a process. 
Each stage includes different materials used, several 
types of equipment, labor, energy, and waste are 
generated. (Folgado, Peças, & Henriques, 2010) It is 
important to refer, that this is not a standard analysis, 
there are several approaches that can be made, 
using different methodologies and scopes. A guide 
for Life Cycle Cost analysis was proposed by Greene 
and Shaw (1990), which gave principle for this 
analysis, and various authors have used it in their 
studies. (Greene & Shaw, 1990) 
General steps for this analysis where defined: 

1. Characterization of the object of study 
2. Definition of boundaries of the life cycle 
3. Development of the costing model 
4. Gathering of data  
5. Evaluation of the veracity of the results 

obtained 
6. Discussion of the results 

To summarize, this tool can be used when evaluation 
and comparison are needed, it will support the 
decision of a set of alternatives, based on the most 
effective solution in what costs is concerned. The 
goal is the support of the decisions based on the 
costs that are incurred, taking into consideration all 
the stages in the life cycle of a product. It can be 
applied for cost evaluation, as well as designs 
processes and to compare strategies. (Bierer et al., 
2014) 

 
Total Quality Management (TQM) consists of the 
principles, methodologies, and tools that will allow 
the implementation of a system that will focus on 
continuously improving this ability to fulfill the client´s 
requirements. (Garvin D., 1988)  

Continuous improvement has been the stamp of TQM, 
and it´s present every day and everywhere. Juran in his 
book strongly defends that continuous improvement 
was what made the Japanese industries thrive and in 
order to implement this philosophy, eight steps were 
defined (Juran, 1988): 
1. Proof of need: the problem has to be identified 
2. Diagnosis organization: establishing the tools to 

be used 
3. Diagnosis: the root cause must be found 
4. Breakthrough in the knowledge: solutions are 

developed 
5. Remedial action in findings: implementation of 

solutions designed 
6. Breakthrough in cultural resistance: getting 

people involved and accepting the solution 
7. Control at a new level: monitorization 
8. Holding on to the gains: define a standard to 

assure the continuous gains 

Seven methods were developed for analyzing TQM 
problems by Kaory Ishikawa, the father of the Fishbone 
diagram and other tools. These methods and tools are 
known as the seven tools of Total Quality Management, 
and as more tools have been developed since. A bigger 
emphasizes will be given to the Ishikawa diagram, 
Pareto analysis, Priority Matrix and 5W2H, once it the 
tools used in this project. 

 
The first step to solve a problem is to identify the real 
root cause. This step should be done in the first place; 
only when the clear root cause is identified the solutions 
can begin to be developed. To facilitate this process, 
Kaoru Ishikawa developed the Ishikawa diagram or the 
fishbone diagram. These tool can be applied to any type 
of problem and can be adapted to fit in the best way the 
problem in question. The benefits of this tool are as 
follows: it is a very visual and straightforward tool, it 
involves the workforce in the resolution of the problem 
and it gives organization for the discussion of the 
possible causes. (Mizuno, n.d.) 
 
 

 

 

 

 

 
Also known, as 80-20 rule, the Pareto rule states that, 
80% of the effect comes from 20% of the causes. In the 
case of a TQM application, when a Pareto is developed 
for a machine breakdown, it can be concluded that 20% 
of the effects cause 80% of the machine downtime. 
Therefore, making an effort to solve the 20% can result 
in the solving of the 80% of all problems.  

Figure 1- Ishikawa Diagram 
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Figure 2- Scral Level for Top 6 lines 

Figure 3- Initial State vs Target State 

Figure 4- Savings per Production Line 

Figure 5- Production Process 

Figure 6- Variation of Scrap Pieces 

The aim of this tool is to easily identify which products 
or processes tend to fail more often, and considering 
this, a prioritization can be made.  

 
The Priority Matrix is used to show the existing 
relationships between several items. It is usually 
used as a complementary tool of the tree diagram 
when project planning is ongoing. With this tool, it is 
possible to prioritize the list of items and understand 
which ones should be tackled first because not only 
the relationship between items is identified but the 
strength of its relationship is shown.  

 

The 5W2H tool was developed to be used when 
dealing with an improvement of a process. This tool 
has the function to help in the organization of ideas 
and to push the improvement opportunities, by 
answering to 7simple questions. 

 

3. Case Study 

 
There has been a high number of products rejected 
by the client, and this resulted in a high amount of 
backlog, which now the factory must fulfill while 
delivering the normal quantity established with the 
client. In addition, a lot of parts with defects are 
detected in the Quality Control, which implies that the 
product must be sent back to Rework areas to be 
corrected.  
For the purpose of the work that is being developed 
in this dissertation work, it was necessary to choose 
one production line, to serve as a pilot for the present 
study. The objective at the end of this work is to apply 
to all the production lines in this factory the approach 
matured in this dissertation. 
A structured quantification model is needed for 
understanding what is the reason for the high scrap 
level and what´s the path that the company should 
follow, in order to identify the critical problems and 
solve them. The model that will be developed will 
quantify the costs that are being incurred and give a 
clear picture of how quality is affecting the costs of 
the products. The choice of the production line that 
would serve as the pilot for this project was made 
through the 80-20 principle, by Pareto, for this 
analysis, focusing on top 6 lines, as can be seen in 
Figure 2.  
 
 
 
 
 
 
 
 
 
 

By looking at the graph, it is clear that the Kovomo line 
is the one with the highest scrap level, so it would be 
logical to choose that line over the others, as resolving 
Kovomo´s quality issues will bring a bigger impact to 
Company X and more savings. Company X’s top 
management was questioned in order to understand 
what the goals of the company were regarding the scrap 
level, and what the possible savings were for each line 
if a reduction of the scrap level was achieved. In this 
situation, there was already a clear vision of what the 
target of scrap level was for each line.   The following 
two graphs, Fig 3 and Fig 4, resulted from the 
discussion, having in mind the top 6 lines identified 
above.  

 
 
 
 
 
 
 
 
 
 
The graph above (Fig.3) was built, after the current state 
of each production line had been identified, in terms of 
scrap level percentage and a target state was defined 
with the top management of the Hungarian factory of 
Company X.  
 
 
 
 
 
 
After defining the target state for each production line, 
the savings were calculated, in order to quantify the 
gains that would be achieved. This analysis allows the 
understanding of which line would bring more benefits 

to the project.  All the 15 based projects, including 
Kovomo have similar modus operandi, as it can be seen 

in the figure below (Fig.5), which represents the macro 
production process.  
 

 
 
 
 
Kovomo line, like all the other lines in the plant, have 
been struggling with an increase in scrap level, as is 
seen in Figure 6, which represents in five months the 
scrap generated, compared to the average of 2017.  
 
 
 
 

 
 



5  

Figure 7- #Scrap Parts 

Figure 9-Ishikawa Diagram-Kovomo 

Figure 10- Suggested Procedure 

Figure 11- Step by Step Procedure - Kovomo Case 

By analyzing the graph above, it is evident that 
Kovomo, e producing scrap above the average 
reached in 2017, and that the scrap problem is 
aggravating. Another data collection was made, to 
understand better the current situation, in what scrap 
level is concerned. The engineering team, 
responsible for this specific line, was asked to check 
the output of the line was checked, in order to 
categorize parts in OK parts or Defective parts. With 
this information, the following graph was built: 
 
 
 
 
 
 
 
 
 
 
By analyzing the graph above, a high variability in the 
process is evident, which brings more force for the 
need of this quantification model. 
 
The following indicators where defined, in order to 
track the benefits and savings of the overall, because 
they were identified as crucial for the factory and for 
the Kaizen projects. All of the indicators listed below 
will be affected by the projects that are being 
developed. 

• Overall Savings 

• Personal Cost Saving 

• Scrap Cost Saving 
 

After understanding the whole production process 
that product AB has to go through, it was important to 
characterize the process, this time developing a 
characterization in the quality perspective. The goal 
is to apprehend where exactly in the production 
process these deviations are spotted, and what 
happens once the operator perceives that there is 
something wrong with a piece. So as to reach a better 
knowledge of the entire process and deviations, an 
organigram was built. 
 

 
 
 
 
 
 
 
To comprehend better the entire process and also the 
gaps that exist within it, the Cause and Effect 
Diagram, also known as Ishikawa or Fishbone 
Diagram was built, in order to categorize the possible 
causes for the quality problem.  

 
 
 
 
 
 
 

 

4. Procedure Manual 

 

 

 

 

 

 
The aim of the manual proposed in this dissertation is to 
provide Company X with a method to address whatever 
quality problems appear. This structured procedure 
comes as an answer to this gap. The manual consists of 
9 Steps that have to be taken so that the solution is 
reached in the fastest possible way but guaranteeing a 
good result.Every project that will be made should follow 
the following steps: 
 

1. Clarify the Purpose 
2. Characterize the Initial State 
3. Set the Target State 
4. Find the Root Causes 
5. Design Solutions 
6. Test Solutions 
7. Update Action Plan 
8. Confirm Results and Standardize 

9. Lessons Learned 

The procedure explained previously will be used for 
the scrap problem that was present in the Kovomo. 
In the figure below, a summary can be seen of the 

use of this procedure manual. 

 

 

 

 

 

 

 

 
1. Characterization of the Purpose of the Project  
In case of Company X, once the whole factory is dealing 
with a high-level of scrap, an analysis has to be made, 
as it was shown in Chapter 3, to determine what the 
priority lines are in terms of scrap level. A cost analysis 
was made with the help of the tool developed previously 

Figure 8-Organigram 
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Figure 12- Ishikawa Diagram Example Kovomo 

Figure 14- Standard Work 
Copper Pasting 

Figure 13- Poka-Yoke System 

Figure 15-Test Plan 

Figure 16- Implementation Plan 

Figure 17- Results of the Test 

to determine the lines that incur more quality costs. 
Considering the scope of the project, which in this 
case is the reduction of the Scrap level in the 
Hungarian factory of Company X, and with this two 
analyses done, a path to reducing non-quality is 
clear. 
2. Characterization of the Initial State 
For the characterization of the initial states, all the 
data that was gathered in Chapter 4 regarding Pareto 
for the quality issues and the quantification of the 
associated costs should be presented in this step, as 
it can be seen in Figure 33, in the second step. 
3. Set Target State 
The purpose of this specific project was to reduce the 
scrap level of the production line: considering a 5% 
of scrap level, in the beginning, the target was set to 
3.5%, which would lead to a saving of 11,000€.  For 
the calculation of the benefits, the data that is 
generated by the tool developed in this dissertation is 
used to understand, once the scrap level is reduced, 
how much the savings are due to the reduction of the 
cost of non-quality. 
4. Find Root Causes 
For the identification of all the root causes involved, 
tools such as 5 Whys and the Ishikawa Diagram were 
used: 

• 5 Whys: 
o Why was the product rejected in the Leakage 

test? – It presented signs of leaking 
o Why did the product have leakage products? – 

There were holes between the assembled parts 
o Why were there holes in the part? – There wasn´t 

enough copper in the product 
o Why was there not enough copper in the part? – 

The operator forgot to put the copper paste 

• Ishikawa Diagram, for an organization of all root 
causes, identified: 

 

 

 

 

 
 

5. Define Solutions 
There were two problems that were identified as 
critical, once the Ishikawa Diagram was analyzed: 

• Incorrect copper pasting in the pieces, due to 
lack of standardization in this process 

• Improper calibration in the tubes, since there is 
no system that would alert the operator to this 
problem. 

For these two problems, two solutions were 
developed: 
o Standard Work for the operators in the copper 

pasting station, as it can be seen in the figure 

below (Fig.14) 

o Poka Yoke mechanism, as seen in Figure 13, 
should be implemented in the calibration station, so 
that the operator can test each piece and guarantee 
that only pieces 100% calibrated continue along the 
production process. 

 

 

 

 

 
6. Testing Solutions 
In order to test the solutions presented in the previous 
step, a Test plan had to be defined, as can be seen in 
the following table: 

 

 

 

 

 

 
7. Implementation Plan 
Once the solutions are tested and proved successful, 
the implementation plan is triggered: 
 
 
 
 
 
 
 

 
8. Results Confirmation and Standardization 
During the week of testing made for each solution, the 
data was gathered and the following analysis was made: 

 

 

 

 
 
With the implementation of the Standard Work in the 
pasting station and the poka-yoke system, as it can be 
seen in the graph above, a 33% reduction was achieved. 

 
9. Rollout and Lessons Learned 
After testing the solutions developed, the target of 3% of 
Scrap for the entire Kovomo line wasn´t reached; 
therefore, it was necessary to go back to the root cause 
analysis and understand what other causes could be 
affecting the quality of the production line.  
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Table 1- Machine and Raw Material Costs 

Cost/ hour Cost/second

20.00 €      0.01 €           

15.00 €      0.00 €           

20.00 €      0.01 €           

100.00 €   0.03 €           

25.00 €      0.01 €           0.20 €                        

0.50 €                        

0.60 €                        Brazing

Leakage Test

RAW MATERIAL COSTS PER PIECE

Material

Tube

Copper Rings

Joints

Copper Paste

Safety Caps 

Cost

1.00 €                        

0.02 €                        

Machines

MACHINE COSTS PER PIECE

Cutting

Bending

Welding

5. Model of Quantification of Costs 
When the data was started to be gathered and 
analyzed, in order to start the projects, more 
specifically the Quality workshops, a clear gap was 
identified. When the scrap costs are calculated, the 
only factor that is being taken into consideration is 
the value of the raw material that is lost. All the 
pieces that at some point of the production cycle 
were identified as defective and went back some 
steps along the production process, so that the 
problem could be corrected, weren´t included into 
the non-quality costs. A quality costing model is a 
very important asset when projects associated with 
quality are being developed. It allows to track the 
gains that are being reached with the improvements 
that are being made, and also shows the relevance 
of these types of projects. This is the reason why 
Total Quality Management has to go hand in hand 
with Quality Costing.  
 
The aim of this tool is to change the current 
mentality with regard to quality costing. This 
awareness will bring a vision of the real situation of 
the costs associated with quality. With this 
knowledge, Company X will know what the more 
critical production lines are in terms of costs, and 
what the specific production process to be improved 
is. 
The costs of quality have to be calculated according 
to equation 1: 

 
∑ 𝑄𝑢𝑎𝑙𝑖𝑡𝑦 𝐶𝑜𝑠𝑡𝑠 = ∑ 𝐶𝑜𝑛𝑓𝑜𝑟𝑚𝑎𝑛𝑐𝑒 𝐶𝑜𝑠𝑡𝑠 +

 ∑ 𝑁𝑜𝑛 − 𝐶𝑜𝑛𝑓𝑜𝑟𝑚𝑎𝑛𝑐𝑒 𝐶𝑜𝑠𝑡𝑠               (1) 
 
With the help of the quality costing model, it will be 
able to estimate the cost of non-quality of each piece. 
The logic behind this is that a piece has two options 
regarding the production process. The piece can run 
through the entire production process without any 
error, and this will represent the ideal cost of a piece. 
On the other hand, as explained in Chapter 2, a piece 
can be rejected at some point of the production 
process and has to be sent back to be reworked.  
 
In this case, to the ideal cost of the piece, the cost of 
non-quality should be added. This cost of non-quality 
will contemplate all the costs that are incurred in the 
rework process, such as: 
 
o The cost of having operators that are allocated to 

these rework stations; instead of producing new 
products, their time is spent correcting errors that 
occur along the process. 

o The cost of having the machines running for 
these reworked parts, in case the piece needs to 
go back to a certain machine. 

o The cost of raw material that needs to be 
replaced, if that is the case. 

 

The ideal cost of a piece can be calculated with equation 
2: 

 
𝐼𝑑𝑒𝑎𝑙 𝐶𝑜𝑠𝑡 =  ∑ (𝐹𝑇𝐸 𝐶𝑜𝑠𝑡 𝑗 + 𝑀𝑎𝑐ℎ𝑖𝑛𝑒 𝐶𝑜𝑠𝑡 𝑗 +𝑚

𝑗=1

𝑅𝑎𝑤 𝑀𝑎𝑡𝑒𝑟𝑖𝑎𝑙 𝐶𝑜𝑠𝑡 𝑗)          (2)                                                  
 
The letter j represents all the different production 
processes that can exist in a production line. The 
second parcel is referred to all the costs that are 
incorporated in the quality costing, FTE, Machine, and 
Raw material. Finally, the letter c stands for the costs 
associated with each parameter.  
 
In order to calculate the final cost of a piece produced, 
contemplating the non-quality, the tool will take into 
consideration all the costs explained above. All the 
values presented in this chapter are not real, due to 
confidential reasons. When using this tool, there will not 
only be a vision of the total quality costs, including the 
ideal cost and the non-quality cost, but also a clear 

vision of all the costs that are incurred in each step.  
 
The first step for this quality costing is to characterize 
the production process, by identifying all the steps that 
one piece has to go through until it is ready to be 
delivered to the client.  When all the steps are 
characterized, the data for each step is gathered, 
regarding, FTE time, Machine time, Raw material 
needed, and the costs associated with these 
parameters. The figures below (Table 1), show the data 
gathered for the Kovomo Line.  
 

 
 
 
 
 

The cost of labor that is calculated in Table 4, considers 
the cost per hour per operator (𝑐𝑜𝑠𝑡 𝑒𝑚𝑝𝑙𝑜𝑦𝑒𝑒), the 
cycle time of each piece to be produced in a production 
step, (𝑡𝑒𝑚𝑝𝑙𝑜𝑦𝑒𝑒−𝑛) and the number of operators involved 

in the process (𝑛). With this in mind, the cost of FTE is 
calculated, per production process, with the following 
equation:  

 
𝐹𝑇𝐸 𝐶𝑜𝑠𝑡 =  ∑ (𝑛=1 𝑡𝑒𝑚𝑝𝑙𝑜𝑦𝑒𝑒−𝑛 ∗ 𝑐𝑜𝑠𝑡 𝑒𝑚𝑝𝑙𝑜𝑦𝑒𝑒)  (3)                                   

 
The machine cost is calculated with the same method 
as the FTE cost. It considers the machine cost per piece 
(𝑖) being produced (𝑐𝑜𝑠𝑡 𝑚𝑎𝑐ℎ𝑖𝑛𝑒 𝑖) and the machine 

time per piece (𝑡𝑚𝑎𝑐ℎ𝑖𝑛𝑒 𝑡𝑖𝑚𝑒 𝑖). Therefore, the 
machine cost, allocated to the production of one 
product, can be calculated with the following equation: 
 

𝑀𝑎𝑐ℎ𝑖𝑛𝑒 𝐶𝑜𝑠𝑡 𝑖 =  𝑚𝑎𝑐ℎ𝑖𝑛𝑒 𝑡𝑖𝑚𝑒 𝑖 ∗  𝑐𝑜𝑠𝑡 𝑚𝑎𝑐ℎ𝑖𝑛𝑒 𝑖                                    
(4) 
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CUTTING BENDING WELDING

MANUAL 

ASSEMBLY 

1

MANUAL 

ASSEMBLY 

2

CALIBRATION BRAZING
VISUAL 

CHECK
REWORK 1 SHAPPING

LEAKAGE 

TEST

QUALITY 

CONTROL
PACKAGING TOTAL COST

FTE Time(s) 25.00 8.00 12.00 10.00 10.00 15.00 15.00 30.00 35.00 30.00 15.00

NºFTE 1 1 1 1 2 1 1 1 1 1 1
FTE Cost 0.04 €         0.01 €       0.02 €       0.02 €            0.03 €         0.02 €         0.02 €         0.05 €         0.06 €         0.05 €           0.02 €           0.34 €            

Machine Time(s) 10.00 18.00 13.00 2400.00 13.00

Machine  Time Cost 0.06 € 0.08 € 0.07 € 1.33 € 0.09 € 1.63 €

Raw Material Cost 1.00 €       0.02 €       0.50 €       0.60 €         0.40 €           2.52 €            

PRODUCTION CLYLE
PRODUCTION STEPS

Legend

Rework

Scrap

CUTTING BENDING WELDING

MANUAL 

ASSEMBLY 

1

MANUAL 

ASSEMBLY 

2

CALIBRATION BRAZING
VISUAL 

CHECK
REWORK SHAPPING

LEAKAGE 

TEST

QUALITY 

CONTROL
PACKAGING

Cost per Process 1.06 €     0.08 €     0.11 €     0.03 €      0.52 €         0.02 €             1.97 €     0.02 €     0.36 €     0.05 €       0.15 €     0.05 €       0.42 €         

TOTAL 

COST

% 

OCURRED

Too much Copper X X X X X X X X

Rework X X X X X X X

Lack of Copper X X X X X X X X

X X X X X X

Scrap X X X X X X X X

Leakage Problems X X X X X X X X X X

X X X X X X

Scrap Final X X X X X X X X X X X X

QUALITY PATHS

Table 2- Production Cyle 

Figure 19- Overall Savings 

Figure 20-Scrap Cost Saving 

After having all the necessary data, the following 
table can be completed with the information 
necessary, as can be seen in Table 2: 
 
 
 
 
 
 
 
Alongside this information, the volume produced 
should also be collected, as well as the percentage 
of scrap produced and the cost per FTE. 

With the help of the Organigram a piece can have 

different paths in the production process, depending 
on the existence of quality problems. By studying the 
production process, and understanding where the 
locations are, where a defect can occur, the following 
table, can be built (Table 4). 

 
 
 
 
 
 

 
The following step is to understand from the volume 
produced in a certain month what the percentages 
are of each quality path that occurred. Having the 
percentage of the volume that goes through each 
quality path, and with all the data gathered 
previously, it is possible to determine the costs 
associated to quality, in a certain month, taking into 
consideration all the quality problems that occurred, 
and including all the parameters that are relevant to 
consider in this type of analysis.  
The final non- quality cost will be calculated by the 
Quality Costing Tool, but it can be expressed in the 
following mathematical equation: 
 

𝑁𝑜𝑛 − 𝑄𝑢𝑎𝑙𝑖𝑡𝑦 𝐶𝑜𝑠𝑡𝑠 =  ∑ 𝑇𝑜𝑡𝑎𝑙 𝑂𝑢𝑡𝑝𝑢𝑡𝑛
𝑖=1 ∗

%𝑂𝑐𝑢𝑟𝑟𝑒𝑛𝑐𝑒 𝑖 ∗  ∑ 𝑋𝑎,𝑦
𝑐
𝑦=𝑏                       (4) 

 
The letter i stands for all the quality paths that are 
possible, depending on the defects that may occur. 
Variable b is the 1st Rework process that a certain 
product has to go back to if an error appears. Finally, 
variable c is the Detection point, where the defect is 
in fact detected.  
With this new perspective, the cost of a product is 
calculated with the following mathematical formula: 
 

𝐹𝑖𝑛𝑎𝑙 𝑄𝑢𝑎𝑙𝑖𝑡𝑦 𝐶𝑜𝑠𝑡 =  𝑁𝑜𝑛 − 𝑄𝑢𝑎𝑙𝑖𝑡𝑦 𝐶𝑜𝑠𝑡 ∗
𝑂𝑢𝑡𝑝𝑢𝑡 ∗ %𝑆𝑐𝑟𝑎𝑝 + 𝐼𝑑𝑒𝑎𝑙 𝑐𝑜𝑠𝑡     (5) 

 
What this quantification model gives as an output is 
the clear picture of the quality costs involved in a 

production line, by specifying the costs incurred in 

each step of the process and with all the rework 
included, as can be seen in Figure 18: 
 

 
 
 
 
 

 

Figure 18- Cost per Production Process 

 6.Presentation and Analysis of the Results 

 

• Overall Savings is the principle indicator of the 

project in the Hungarian factory. This indicator 

combines all the savings in every department that 
is dealt with: Quality, Productivity, and Logistics 
 
 
 
 
 
 
 

• The evaluation of the Scrap costs is the principal 
indicator of the Quality work package. This indicator 
considers the reduction associated with scrap costs 

made in the Kovomo line. This cost only considered 

the reduction in a number of parts that went to scrap, 
in other words, material that was wasted.  This 
indicator was used until the tool developed in this 
dissertation wasn´t ready. The increase of savings 
in each line was due to work developed with teams 
from Company X and Kaizen. One of the principle 
projects developed was the definition of a structured 
method to solve quality problems in the lines. From 
the graph in the Figure below the impact of having a 
structured way to solve quality problems becomes 

clear.In this indicator, only the reduction in costs 

made with the reduction of parts that were 
considered as scrap was taken into consideration. 
From this point on, the new tool will present a more 
detailed and accurate way to track Non-Quality 
Costs. 
 
 
 
 
 
 
 

• Personal Cost Saving- This indicator is mostly based 

on the Productivity work package. Since the 
begging of the project, a crucial work has been done 
in several lines that were identified as critical. 
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Figure 21-Personal Cost Saving 

•  In the case of the Kovomo line, in order to begin 
to work on the scrap, the productivity had to be 

improved. A new line design had to be 
implemented in order to guarantee that the 
demand is fulfilled every day. The operator´s 
work had to be balanced in order to guarantee 
that every operator has the same amount of 
work.  One crucial change in terms of 
productivity, but also for quality issues, was to 
create a Mura Station. Mura station stands for 
variability and the goal of this change is to 
concentrate all the processes that bring high 
variability to the line in only one place. In the 
Kovomo´s case, the Shaping workstation was 
taken from the production line and a place and 
operators were established that would only focus 
on this task. With this change, we can guarantee 
that all parts that leave that station to the Leak 
Testing machine are 100%. For the calculation of 
this indicator the following formula was used: 

 
𝑃𝑒𝑟𝑠𝑜𝑛𝑎𝑙 𝐶𝑜𝑠𝑡 𝑆𝑎𝑣𝑖𝑛𝑔 =  ∆(𝑁º𝑂𝑝𝑒𝑟𝑎𝑡𝑜𝑟𝑠) ∗

𝑁º𝑆ℎ𝑖𝑓𝑡𝑠 ∗ 𝐷𝑎𝑦𝑠 𝑜𝑓 𝑊𝑜𝑟𝑘 ∗ 𝑊𝑎𝑔𝑒  (3) 

 
 
 
 
 
 
 

The principal results obtained were: 

• An accumulated value of 264,480€ in what 
Overall Savings is concerned 

• An accumulated value of 14,625€ in Scrap 
Cost Savings 

• An accumulated value of 27,600€ in 
Personal Cost Savings 

 
Despite these values, with this dissertation, a new 
KPI has been developed that from now on should be 
the indicator to track. The costing tool should be 
applied to all production lines in Company X, an 
actual cost of quality should be established, and this 
is the value that should be tracked on a daily basis. 
This new indicator is the most important output of this 
dissertation work. The new indicator was applied to 
one production line, which serves as a pilot for all the 
other lines. These are the values, calculated with the 
newly developed tool, for the Kovomo: 
 

• Cost of one Piece to be produced: 4.80€ 

• Cost per Production Process: 
o Cutting: 1.06€ 
o Bending: 0.08€ 
o Welding: 0.11€ 
o Manual Assembly 1: 0.03€ 
o Calibration: 0.02€ 
o Brazing: 1.95€ 

o Visual Check: 0.02€ 
o Rework: 0.36 
o Shaping: 0.05€ 
o Leakage Test: 0.15€ 
o Quality Control: 0.05€ 
o Packaging: 0.42€ 

Once again, it is important to state that these values 
are not real, due to confidential reasons. 

 
7.Conclusions 

 
This dissertation work focused on the development of a 
quality costing model that would take into consideration 
all the parameters that in fact affect this type of costs. 
Since the beginning of the project, it was clear that that 
the method used until then wasn´t adequate and it didn´t 
reflect the reality of the factory. The factory was losing 
money, and top management didn’t even understand 
where all the losses came from.  
 
With this in mind, this dissertation focused on the 
development of this model, so that from this day on a 
clear picture of each production process is possible. 
There is now the possibility to evaluate each production 
process, not only considering all the costs that are 
incurred, but also to look within a production process, 
and analyze each step of the cycle. Until now, there 
wasn´t any tool that allowed this type of visibility, and the 
quality costs were purely based on the Scrap cost, 
material that due to defects had to be wasted.  

 
As explained, this dissertation focused on the 
development of the concept of this new quality costing 
model, in the future this model, that now it´s an excel, 
should be developed with an IT team, in order to make 
this process more automatic and easier for any user. 
 
Another important contribution of this work is a step by 
step manual, that provides a structured method for 
problem-solving. All the steps are explained in detail, 
and a pilot line was used, to show not only the costing 
model working but also how should this methodology for 
solving problem work. As it was seen in Chapter 4 and 
5, there was a step by step procedure that was followed 
in order to do a proper characterization of the production 
process, identify what are the root causes of the defect 
originated and where are this defects originated in the 
production process. This part is the difficult one when 
this types of projects are being developed, there is 
always a struggle to identify the real root cause of the 
problem. With this manual and the correct tools, it is 
guaranteed that the real causes are identified. From 
here, an engineering and maintenance team should be 
gathered to come with the ideal solution for the cause 
identified. 
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 In this particular case, standardization of the 
processes may be required and implementation of 
quality systems, known as poka-yoke, should be 
implemented, in order to guarantee that once a piece 
finishes a step in the production process, it only 
proceeds to the next step if 100% quality is 
guaranteed. The quality costing model should be 
incorporated in this structured method that is 
proposed. 

 
For the future, the goal is that Company X starts 
using this quality costing model, in every production 
line, in every factory in the world. This tool should 
represent a new indicator that should be followed by 
the top management on every meeting that is made 
to discuss results. Each line should have visual 
what´s the cost per piece produced, and what are the 
costs when defects are produced. 
  
The final objective of this new indicator, it to not only 
bring visibility to the processes, but also to show the 
importance of constantly improving the system, in 
order to reduce costs, and also it allows to track the 
benefits and savings that are being achieved with the 
projects that will be developed in the future.  
 
The work developed in this dissertation, although it 
was made in the automotive industry, it can be 
applied to all kinds of industries. There are many 
factories that are not considering the rework costs in 
the costs of their products, so this quantification 
model could be applied to evidence the costs that are 
being incurred and show the importance of the 
importance of eliminating non-added-value activities 
in the line.  
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