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Abstract 
This thesis covers a research project into the problem of assessing the value of buying back offered  

systems from Company X’s customers for the purpose of parts harvesting. The current decision-

making process for buying back a  system for service parts harvesting is thoroughly analyzed in order 

to design an improved decision-process. Additional factors such as uncertainties regarding quality of 

parts and completeness of the systems are taken into account. Furthermore, the impact of holding 

costs on the total value of the system is investigated. All costs related to the process of buying back 

systems are elaborated and integrated in a mathematical model.  The model is implemented in a 

software tool and by means of a case study, the potential improvements by using the model are 

investigated.  

Key words: returned systems, quality uncertainty, completeness uncertainty, service parts harvesting, 

reverse logistics  
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Executive Summary  
In this thesis report we present the results of our study on determining the value of used  systems for 

service parts harvesting.  

Company X has been gaining interest in buying back their systems from customers who are offering 

these systems after use for service parts harvesting. The main drivers for Company X to buy back these 

systems are corporate citizenship and economic profit. As a result of the growing concern of taking 

care of the environment, corporate citizenship requires firms to become more responsible for the 

total lifecycle of their products and hence promoting the circular economy. By buying back systems 

and repairing used service parts,  this provides substantial financial gains for Company X as well. For 

instance, some parts are not produced anymore and become End of Life (EOL). By buying an used 

system from the customer that contains these parts and to repair them is a relatively cheap solution 

to obtain these EOL parts. Furthermore, buying back systems is also interesting regarding competition: 

Company X seeks to prevent that secret technology ends up at competitors such to avoid them from 

entering the market.  

In the current decision-making process Company X is facing several challenges. The process flow of 

buying back systems has never been elaborated in detail such that it is not clear which different 

departments are involved and which data is required from each department. In addition, there is no 

structured model nor tool that assists Company X in the decision whether to buy back a system or not 

for service parts harvesting.  

This research project answers the following research question: 

How can Company X make a cost-effective decision whether to buy back a customer-offered system? 
 
Sub- questions are defined to answer the main question: 
  

1. How does Company X currently decide whether to buy back a  system from a customer? 
 
At this moment the value of the service parts is determined by experience. This approach is extremely 

time-consuming whereas Company X only has a very limited time-span to respond to an offer from 

the customer.  

2. What are the opportunities to improve the current decision-making process regarding buying 
back systems from customers? 

 
One problem that was identified is the required time for the current approach to determine the value 

of the system for service parts harvesting. A lot of time is required in the current situation since the 

process has never been clarified in detail. A deliverable of the project is the process of buying back 

systems for parts harvesting.  

What is also lacking is a tool to execute the analysis. The analysis is conducted by one analyst who 

checks all service parts, based on knowledge and experience. This is a very time-consuming approach 

Company X is normally not given by a customer. After clarifying the in detail, a model has been 

developed and integrated in a software tool to significantly reduce the required analysis time with 

80%. 

Another identified problem is that uncertainties regarding the quality of repairable parts in a returned 

system and the completeness of the returning systems are not taken into account. Thereby, Company 

X assumes that individual defective service parts, sent by the customer, cannot be repaired. 
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Furthermore, it is assumed that all parts from the system that is bought back, can be repaired for a 

fixed percentage  of standard Field Service Defect (FSD) new price and holding costs are negligible. 

FSD-parts are suitable to serve as service parts after repair. 

After developing a mathematical model that indicates the value of the system regarding to service 

parts harvesting, a cost model has been created.  

3. How does the new designed process improve upon the current process? 

The developed decision process has several improvements regarding the old decision-process. The  

process gives a better understanding and insight of the different required activities. Thereby, the 

process made it clear which stakeholders are involved during the process and which activities are 

expected from each involved stakeholder. Furthermore, it is clarified which documents are required 

before the analysis can be conducted which reduces the required time before the analysis starts. 

Demand 
The decision-process is improved by updating the demand of service parts. In the current situation, it 

is assumed that individual defective parts sent by the customer cannot be repaired, although in reality 

this is not true. The number of copies of repaired service parts are not required anymore for parts 

harvesting or buying the parts new. Without taking these repaired parts into consideration, the 

demand forecast for service parts harvesting is too much. 

Quality uncertainty 
During our research we reconsidered the assumption that all service parts from a returned system, 
qualified by Company X as repairable, could be repaired and reused cost effectively. A repair yield for 
each service part per system type is introduced. By implementing the repair yield, the estimated value 
of the system is more accurate which helps Company X during the negotiation process.  
 
Completeness system 
The probability that a part is still in the system is taken into account by a completeness factor. This 
factor is specified for each part per system. Again, a more accurate value of the system can be 
estimated. 
 
Holding costs 
The holding costs were never considered before. In our case study we have conducted a sensitivity 
analysis for the holding costs. It is concluded that the holding costs do affect the value of the system 
and, depending on the percentage holding costs of the cost to purchase the parts, some parts are not 
considered as valuable anymore.  
 
Tool 
One of the main issues regarding the current approach of determining the value of the system, based 

on service parts, is the manual analysis to determine which service parts can be reused by Company 

X. The developed model with all discussed improvements is implemented in a software tool. The new 

analysis takes approximately 1-2 hours which is an enormous reduction in time compared to the old 

analysis, which took up to 10 hours.  

4. How can the decision process be improved in the short term? 

At the time of writing not all specified data is available that is required for the developed model. 

However, systems are already offered by customers. For Company X it is important to make an analysis 

of the offered system based on the current available data. Therefore, we made the following 

recommendations as long as the required data is not available. For the quality uncertainty it is 
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recommended to use the repair history data of individual defective service parts. For the uncertainty 

regarding the completeness of the returned system it is recommended, , to introduce completeness 

factors taking the condition of the system at the customer’s location into account. For the repair costs 

per service part it is recommended to determine the costs per Business Line (BL) and distinguish 

internal and external. 

The main recommendations for Company X are as follows: 
It is recommended that Company X increases the data availability. Furthermore, they should 

investigate the reliability of the customer which has a direct influence on the completeness of the 

offered system. Next, it is crucial to investigate the alternative costs for obtaining EOL parts. Based on 

the analysis throughout the entire project it is necessary to create a better understanding of 

information related to uncertainties. Different involved departments should communicate about their 

findings and knowledge about different aspects regarding the decision of buying back systems.  

 

 
 

- 
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Glossary  

Completeness Factor Factor that indicates the probability that parts are still in the system 
after return. 

 
Categories service parts Service parts can be either categorized into End of Life parts, zero-

ordering parts or rest parts. 
 
End of Life  Term mostly used for parts that are not produced anymore. 
 
End of Service  Moment in time when the service commitment of Company X for a 

system ends. After this period Company X does not offer related 
service parts anymore. 

 
Field Service Defect Every part taken from the field with a (suspected) defect is qualified 

by Company X as a Field Service Defect (FSD) part. FSD-parts are 

suitable to serve as service parts after repair. 

Inventory Position Situation of a particular inventory of a part at a particular time, 
including physical parts on stock, outstanding orders, backorders, 
defective parts sent for repair in the pipeline and parts that returned 
from bought back systems but are not added to Company X’s 
warehouse yet. 

 
Refurbishing Brings the parts to a specified quality, where this quality is less than 

the quality of a new part.  
 
Remaining Useful Life  The period of time from the current time to the end of the useful life. 
 
Repair yield    Probability that a part can be repaired 
 
Reverse Logistics Reverse Logistics is the process of planning, implementing, and 

controlling the efficient, cost effective flow of parts, in process 
inventory, finished goods and related information from the point of 
consumption to the point of origin for the purpose of recapturing 
value or proper disposal” (Rogers & Tibben-Lembke, 1999).  

 
Rest part If a service part is not qualified as EOL part nor zero-ordering part, the 

part is qualified as rest part. 
 
Scrap percentage The probability that an defective FSD part has not been returned to 

Company X or could not be repaired. 
 
Service parent A service part consisting of other service parts 
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Service parts  Parts that have the potential to fail or to degrade and which need to 
be replaced in the field once or more within the system’s lifetime. 
Parts that can be lost or damaged during service actions are also 
considered to be service parts.  

 
Standard cost price FSD The price for buying the service part new 

Zero-ordering part Parts that are required after an emergency (e.g. a fire or earthquake). 
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 Introduction  
It is expected that the global population will grow to 8.6 billion by 2030 (United-Nations, 2018). This 

is putting enormous stress on our environment and resources. Focus on producing and consuming as 

cheaply as possible has created a linear economy with products with short lifetimes and then disposed 

as waste. 

Over the last years, there has been a growing interest in reverse logistics (RL). Reverse logistics deals 

with the control of backwards flows of materials and products including product recovery. Much 

research has been conducted in this field in order to indicate the different activities and uncertainties 

regarding reverse logistics. It becomes more important to damage the environment as less a possible. 

Environmental awareness forces the manufacturers to take responsibility for the take-back and end 

of life treatments of their products (Mazhar, Kara, & Kaebernick, 2007). It is expected from firms to 

deliver sustainable products, where there are benefits at the same time for the environment, 

economics and social aspects.  

Next to an increased interest of the academic world and consumers, interest of companies has 

increased as well. For the corporate world there are different motivations engaging the reverse 

logistics. The advantage of buying back is obtaining an inexpensive source for materials. Secondly, the 

Original Equipment Manufacturer (OEM) prevents that products are sold by competitors. 

Furthermore, decreasing the costs for landfilling and the environmental impact can be used as 

marketing tool, since the company provides a green image (Langella, 2007) (Kannan, Palaniappan, Zhu, 

& Kannan, 2012) (IJomah, 2008).  

However, companies are facing many challenges regarding reverse logistics. Price, demand and costs 

are mostly regarded as uncertain.  However, in reverse logistics there are many other nondeterministic 

parameters involved (Srivastava, 2007). For instance, timing and quantity of returns is uncertain, 

returns should be in balance with the demand to prevent high inventory levels or running out of stock. 

Another challenge is disassembly, since identical products show a wide range of average time for 

disassembly and this task is very labor intensive. The major source of uncertainty of product returns 

is their quality. Two identical items can differ in their quality condition. The quality of the product 

highly depends on customer habit, the age of the product and the nature of the product (electronic 

or mechanical product). Quality uncertainty increases the complexity in product recovery and has a 

high impact on RL, since getting precise and reliable information about the composition and its quality 

properties is very difficult (Nuss, Sahamie, & Stindt, 2015).   

There are enough possibilities for new theoretical developments within buying back products. This 

report addresses the field by focusing on the following defined problem: 

It is unclear how companies should make a fast and cost-effective decision whether to buy back a 

system or not in an efficient way. 

In this report we present our study on assessing the value of an offered system to buy back for parts 

harvesting. The project is conducted at department B of Company X in collaboration with Eindhoven 

University of Technology.  

The remainder of this chapter is organized as follows: after a discussion of the research methodology 

in the first section, we continue the chapter by discussing the problem signals in Section 1.2. Based on 

the problem signals, we formulate the research questions in Section 1.3. Thereafter, the scope of the 

research is given in Section 1.4. In Section 1.5, we conclude this chapter by outlining the remainder of 

the thesis. 
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 Methodology 
There is a distinction between two types of research: explanatory and design based research (Van 

Aken, Berends, & Van der Bij, 2012). Explanatory research includes natural sciences and most of the 

social sciences. It captures physics, biology, sociology and anthropology. The design science captures 

the disciplines medicine and engineering.  

Since this research will focus in assessing the value of buying back offered systems within Company X, 

it is unlikely that the research will result in widely applicable knowledge. Therefore, the aim for this 

project is to develop knowledge for the specific problem of assessing the value of offered systems for 

service parts harvesting. For that reason, this project belongs to the design sciences. An outcome of 

design science are technological rules or solution concepts. Solution concepts that solve a domain of 

the problem, to improve the business performance (Dresch, Lacerda, & Antunes, 2015). This report is 

structured according to the associated reflective redesign for design sciences problem solving 

according to Van Aken et al. (2012), see Figure 1.   

 

Figure 1 Reflective redesign (Van Aken, Berends, & Van der Bij, 2012) 

As mentioned in Figure 1, the reflective redesign is based on the problem-solving cycle. The outcome 

is, next to the solution for the specific business problem, to attain new insights and knowledge on the 

problem in the field in question that is investigated.  

As mentioned in the beginning of the chapter, the selected assignment for this thesis is to improve 

the current decision process of buying back systems from customers for service parts harvesting. The 

problem will be studied at department B within Company X, which we will be characterized in the next 

sections.  

In the next phase analysis and diagnoses, sufficient detailed knowledge of the problem is gathered to 

retrieve insights and support for the development of design knowledge. This includes the use of 

academic literature as well as documents and databases from Company X. Interviews were conducted 

to gain insights in the current process flow and problem as well as important things to take into 

consideration when we were investigating new concepts for the decision making.  
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Modelling is a mandatory part of the design phase. This part includes the development of a 

mathematical model to analyse important decisions. The mathematical model also gives insight in 

how future decisions should look like and how this differs from the current situation. The model is 

implemented in a tool, so the performance of the model can be validated and tested under different 

settings. The results are evaluated.  

Finally, the findings of the thesis that followed from a case study are reflected and suggestion for 

further research are given. 

 

1.1.1  Supply chain management at Company X 
Company X produces very complex systems, which also requires a highly complex supply chain. This 

supply chain includes hundreds of 600 suppliers, plant warehouses, plants, field warehouses and end-

customers.  

Company X uses MRP-1 (Material Requirement Planning-1) as its current planning system to calculate 

how much of each item is needed to satisfy the demand at a specific time in the supply chain. 

The systems that Company X produces are the bottlenecks in the supply chain of a customer If these 
systems fail at a certain moment in time, the whole production process of the customer can go on 
hold. This can result in very high system downtime costs. Hence, any shortage in parts can result in an 
enormous impact on the customers’ profit.  
 

1.1.1.1 Reverse Logistics within company X 

Besides a downstream flow of items, which considers the production of products and distribution to 

a customer, the opposite direction of material flow occurs as well and is called the upstream flow.  

Department A and B of Company X are actively operating in the upstream flows of complete systems 

and single parts. 

As is visible from  Figure 2, individual defective parts, called Field Service Defect (FSD) parts are sent 

by the customer to Company X for repair, after repair these parts can serve as service parts. However, 

Figure 2: Different approaches for system and part returns 
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entire systems do also return. Systems return because they are either end of service (EOS) or the 

system does not longer satisfy the expectations from the customer, because of new systems have 

entered the market with better technology or the customer’s preference had changed (Le Blanc, 

2006). During this project we focus on systems that return for service parts harvesting.  

 
Drivers Company X for buying back systems 
As already mentioned shortly in the introduction, buying back systems is interesting for Company X 

because of multiple reasons. In the paragraphs below the drivers for Company X to buy back systems 

for service parts harvesting are discussed in detail. We have used the classification to illustrate the 

drivers for Company X as mentioned by Dekker et al. (2004). 

1.Corporate Citizenship  
Corporate Citizenship requires firms to become more responsible for the total lifecycle of their 

products. An important reason is the growing concern for the environment. It is expected that firms 

deliver sustainable value. This includes economic, environmental and social benefits at the same time 

(Langella, 2007). Firms should accept responsibility for the entire life cycle of their products and ending 

with proper disposal (Preston, 2001).  

 2.Economic profit 
Recovering parts provide substantial gains for Company X. The economic profit is divided into three 
different categories: cost reduction, competition and end of life. These categories will all be discussed 
in the next paragraphs. 
 
Cost reduction 
Company X gets the opportunity to buy systems with valuable parts relatively cheap. The costs for 

repairing these parts and bringing them back to a certain quality are mostly less than the costs of 

buying these parts new.   

Competition  
As Original Equipment Manufacturer (OEM), Company X tries to prevent that their systems are sold 

to a third-party. In face of competition, Intellectual Property (IP) plays an important role in buying 

back used systems. Company X seeks to prevent that high secret technology ends up at competitors, 

preventing the competitors from entering the market. A second reason to prevent that systems are 

bought by third parties, is protection of the OEM’s quality reputation. If a system is bought by a third 

party, disassembled and service parts are resold, it could be that these parts have a lower quality. The 

parts are still linked to the OEM and this can have a bad influence on its reputation (Driesch, Van Oyen, 

& Flapper, 2005).  

End of Life (EOL) 
It is common that suppliers stop producing specific parts after a certain period of time. Company X 

gets one last time to buy (LTB) opportunity to increase its current stock level of this specific part. After 

production ending, the part becomes End of Life (EOL).  If Company X does not have enough EOL parts 

on stock to serve the demand, alternative solutions have to be found to increase its stock. Buying back 

a used system, disassemble it and bring the EOL parts back in a good condition can be a relatively 

cheap solution. 

3.Legislation 
Some firms must comply with legislation. Jurisdiction forces them to recover or retake the systems 

from customers. At the moment, Company X is not forced to take back their systems from customers. 

They only buy back a system if they are interested to do so. Although legislation is not (yet) relevant 
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for Company X, they are taking the possible effect of future legislation in their strategic planning into 

account. 

1.1.2 Current situation buying back systems 
To get a better understanding and clear insight in the problems Company X is facing regarding buying 

back systems for service parts harvesting, the current situation is described as to how Company X 

makes the decision whether to buy back an offered system for service parts harvesting. The 

information has been collected by interviews with employees from department A and department B 

who are involved in making the decision.  

 
The total value of the system, based on service parts that can be reused, is important in making a 

decision whether to buy back the system for parts harvesting. The service parts are analyzed as 

follows: which service parts are useful based on the demand forecast until end of service, which parts 

can be repaired and what are the costs for Company X when they decide to buy the system. 

End of Service 
End of Service (EOS) is the moment in time where the service commitment of Company X for a system 

ends. After this period Company X does not offer related service parts anymore. The moment for EOS 

is depending on the demand of the specific systems and the increasing risks as depicted in Figure 3. 

The EOS date is based on the demand of the systems and not on the parts, even not when the systems 

show overlap in parts (commonality). 

Increasing risks that can result in ending service contracts include ending the production of parts and 
changes in the industry standards, resulting in: 
 
- increase in number of EOL parts 

- decrease of availability of service parts and technical knowledge 

- decreasing reliability (because of ending the production it is harder to meet the service level 

agreement) 

 
 
 
 
 
 
 
 
 
 
 
 

Figure 3 Demand systems vs the risks (X, 2017) 

Each system belongs to a platform. Although Company X has different EOS moments for different 

platforms, they use the latest moment of EOS  to cover the demand period for service parts during 

the decision-making process because systems have a lot of commonality with respect to service parts. 

 
Reversed flow system buy backs for service parts harvesting 
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When a system is at end of use, the customer offers the system to the  department A of Company X. 

In some cases, Company X accepts the system for a fairly low price because the customer has signed 

another agreement. In other scenario’s, Company X (and competitors) can bring an offer on the 

system the customer can accept or reject.  

 
The price Company X offers the customer is based on the expected de-install costs, transport costs, 

disassemble cost, warehouse costs and the value of all reusable service parts. For determining the 

value of the reusable service parts, a request is sent to department B. The costs are estimated by 

department A. In the current decision-making process, Company X uses average costs for platforms 

related different Business lines (BL’s). 

 Problem signals buying back systems for parts harvesting 
The business environment of backwards flow in which Company X operates is very challenging. In 

order to create some insight in the challenges and issues Company X is facing, a problem analysis is 

conducted at Company X. The problem signals for this project are mentioned by department B and 

department A. Different employees are interviewed to get a better understanding of the current 

situation.  

A combination of 8 factors makes the decision whether to buy back systems for service parts 
harvesting complex. The factors are visualized in Figure 4 and explained afterwards.  
 

 
 

1. Unstructured process flow  
It is not clear which stakeholders should be involved in the process for buying back systems for parts 

harvesting. In the current decision process, department A sends a request to department B. However, 

it is unclear which task can be executed and which cannot because the department B does not have 
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Figure 4: Factors contributing to Company X which makes the decision process whether to buy back systems for parts 
harvesting complex 

2 

1 

8 

3 

4 

7 

6 

5 



 

7 
 

sufficient knowledge about all parts. For these parts an extra department is involved: department C. 

Furthermore, the required information for the department B is not always provided (e.g. system type 

and system number). Collecting the required data can already take a few days. The lack of a structured 

process flow results in more required time. 

2.Time consuming manual analysis  
As mentioned earlier, Company X has several reasons to buy back systems. During 2016, Company X 

had the possibility to buy back 15 systems. Company X expects that this number will increase. Right 

now, there is no model nor a tool that assists Company X in the decision-making whether to buy back 

a system or not for service parts harvesting. At this moment, the decision is made by experience and 

knowledge about the systems by department A and B. However, this manual approach is extremely 

time consuming and Company X only has a limited time period to respond to the customer (circa 2 

weeks). Currently, it takes at least 10 hours to analyse the entire system when taking all the service 

parts that are more expensive than €1000 in consideration. The time-consuming analysis of the parts 

is an extra task for the employee next to his regular job. 

3. Complex BoM 
An system consists of many parts (>1000). For all these parts, information should be gathered whether 

these parts are valuable for Company X for reuse. Hence, this is a time-consuming activity to execute. 

4. High value components 

Company X’s systems consist of high value components. For these parts an extra check is required and 

multiple employees are involved. If one of these parts was qualified as valuable and it turns out that 

this part cannot be reused, the value of the system was overestimated and profit is lost.  

5. Increasing number of EOL parts 

 

Figure 5: Number of different EOL parts over the last 17 years. (X, 2017) 

An increase in the number of EOL is observed over the last years, as is shown in Figure 5 (X, 2017). The 

blue bar indicates the number of different EOL parts at the beginning of the year, the red bar indicates 

the number of new EOL parts that were added during the year. As can be concluded from Figure 5, for 

some EOL parts a solution is found. For instance, in 2016 Company X started with 566 EOL parts. During 

the year another 501 EOL parts are added. In the beginning of 2017 Company X started with 717 EOL 

parts and for 350 parts (566+501-717) a solution was found (e.g. simple adjustments, finding another 

willing supplier or redesign). 
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To conclude, harvesting EOL parts from bought back systems becomes more important since obtaining 

these parts alternatively can be very expensive. Alternative solutions for EOL parts are Near Form Fit 

Function (NFFF), redesign, reactivating a supplier and Last Time Buy (LTB).  When the demand for 

service parts is low, it occurs that the supplier stops producing these parts. Company X gets a last time 

to buy opportunity (LTB). Based on the demand forecast for this specific part, Company X buys a 

number of copies of the part. Sometimes, an alternative solution to gather an EOL part is easy and 

relatively cheap when another part can replace the EOL (NFFF) with a few and simple adjustments. 

Another, more expensive solution is to reactivate a supplier or to find another willing supplier. These 

approaches are not always possible since the supplier is not able to produce the parts anymore or the 

designs are not available. 

In case none of the approaches discussed above are possible, redesign is the only solution left. This 

solution is very expensive: the costs for redesigning a part varies between €500.000 and €2.000.000. 

Redesign is more expensive for newer systems since the parts are more complex. Another 

disadvantage of redesign is the required time for conducting this task. It can take up to 4 years before 

Company X can eventually start with the production 

6.Demand uncertainty 
No uncertainties regarding forecasting demand are taken into account. For all forecast methods, 

certain factors can conspire to impede the accuracy of the forecasted demand (Wouters, Selto, Hilton, 

& Maher, 2012). As a result, it is unknown what the exact quantity of service parts in stock should be. 

In the current decision-making process, Company X orders as many parts to serve the demand horizon 

period until the longest EOS moment in time. Right now, this is 2030. This approach results in 

obsolescence of the service parts, resulting in a high amount of scrapped parts. For instance, if the 

EOS of a system is set at the year 2027 and some parts do not show commonality with other systems, 

too many parts will be stored on stock with their current approach. If Company X implements a more 

accurate demand period they can save money, since less parts are sent to scrap. Another time horizon 

to be set for the demand forecast will directly influence the value of an offered system since less or 

more parts can be considered as valuable. 

7.Quality issues 
Company X assumes that returned parts labelled with a repairable status are good enough to serve 
again in another system for at least one year (warranty period for service parts). If a part cannot be 
repaired in reality, an overestimation of the system value is made, resulting in profit loss. 
 
8. Incompleteness systems 
At the beginning of this project, systems have never been bought back for service parts harvesting. 

However, systems are bought back for entire refurbishment and are resold as good. Company X has 

found out that for these systems parts are missing.  

 

 Research questions 
The objective for this report is to extend scientific knowledge and to develop a solution concept that 

enables Company X to improve the decision-making process whether to buy back a system for service 

parts harvesting. In this subsection, the research question and sub questions are defined.  

Based on the analyses so far, the main research question is defined as follows: 
 
How can Company X make a cost-effective decision whether to buy back a customer-offered l system? 
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The following sub-questions are defined to answer the main research question and to structure the 

thesis in line with the reflective cycle mentioned earlier in section 1.1.   

1. How does Company X currently decide whether to buy back a  system from a customer? 

2. What are the opportunities to improve the current decision-making process regarding buying 

back systems from customers? 

3. How does the new designed procedure improve upon the current procedure? 

4. How can the decision process be improved in the short term? 

 

 Scope of the project 
In this section we outline the scope for this project. In the process of buying back systems for parts 

harvesting, many activities and several departments are involved. We will elaborate the entire process 

flow including different departments. Because of time constraints, it is necessary to further narrow 

down the scope of the research. The aim of the project is to improve the decision making whether to 

buy back systems for parts harvesting and we focus on the activities of the department B, the 

department that analyses the service parts of the system. We do not further focus on the actual 

sourcing, operational activities at the customer  and transport. These activities are executed by other 

departments.  

Department B is responsible for the timely availability of service parts. This department selects the 

parts which can be reused and determines the value of these parts. Tactical decisions setting inventory 

levels are outside the scope of the project. Furthermore, we will not explicitly address the demand 

forecast for service parts. This will be the focus of the research study started by another student.  

Besides department B, we will include the  department A since this department and the  department 

B should work together.  Department A receives the offer from the customer and sends a request for 

value determining of service parts to  department B. After analysis, the value is sent back to 

department A. During the value determinations, costs from other work streams (e.g. sourcing, de-

install, transport etc.) are not included. These activities are not directed by  department B, although 

we have identified all costs that are made during the process, such that the department A only has to 

fill in values for each parameter to determine the costs related to the process of buying back the 

specific system. 

For our modelling and analysis we will only consider service parts. Furthermore, we only focus on parts 

repair and not on refurbishment of parts that will be implemented in systems that are refurbished and 

resold. This is a completely different process flow and not executed by the department B. 

 Thesis outline 
This chapter has provided insights in the company background, problem signals, the research question 
and sub-questions. Based on the research question and sub-questions the thesis is structured as 
follows: in Chapter  2, Company X’s current decision-making process is given. In Chapter 3 a decision 
process is discussed that improves Company X’s current situation. For each department involved, all 
activities are described in detail. To improve the decision in selecting service parts that can be reused, 
the process flow of department B should be discussed in detail in Chapter 4. In Chapter 5 all 
improvements identified in Chapter 4 are incrementally included in a mathematical model. In Chapter 
6 all costs related to the process of buying back a system are given. Next, the model is implemented 
in a tool which is validated and evaluated in Chapter 7. Chapter 8, describes a case study in which the 
input parameters of the model as described earlier are used. The results of the case study and 
sensitivity analyses are discussed. In Chapter 9 the main conclusions and insights are given by 
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answering the research question and sub-questions and discussing recommendations for further 
research within Company X.  
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 Current decision-making process of buying back systems 
In this chapter we discuss Company X’s current decision process and indicate the shortcomings of the 
current process flow. 
 

 Process flow 
As mentioned in the problem analysis, a structured process flow for returning systems for service parts 

harvesting is missing. It is unknown which activities are executed by which department that are 

involved in the process of buying back systems for service parts harvesting. In Appendix A an overview 

of Company X’s current steps in making a decision to buy back a system is depicted in a decision tree 

(Figure 17). The figure also shows the different involved employees from several departments. The 

steps are shortly discussed afterwards. 

 Shortcomings current decision process 
In Appendix A we have identified and analyzed the different current steps. As already shortly 

mentioned in Section 1.2, there are some shortcomings in the current process flow.  

From Figure 17 it can be concluded that not all activities made by each department are clear. For 

instance, it is not efficient that  department B has to send a request to the department C and this is 

not directly sent by the department A since this department has all information of the system. 

Thereby, it was not clear to the department A which data was required by department B.  

Different types of uncertainties are present in the reverse supply chain of Company X. The main classes 

of uncertainties that Company X faces if they decide to buy back systems are: quality, quantity, time 

of receipt of returned product and demand. Company X is aware of the different uncertainties, 

however the impact and causes are not known.  

Corbacioglu et al. (2013) mention that the quality of returned products is the major source of 

uncertainty. The uncertainty in quality for the returning parts is higher than the uncertainty in quality 

for the regular supply chain where the parts will be produced new (Guide, 2000) and it is one of the 

important determinants for value creation. It is uncertain which parts can be repaired and which 

cannot. Yield losses are the result of random variations in the quality of the products, caused by 

customer habits, maintenance and work environment (Rickli & Camelio, 2014). Quality uncertainty 

increases the complexity in product recovery and has a high impact on RL. It is important and 

necessary to make quality driven decisions to achieve an effective and efficient recovery (Meng, Lou, 

Peng, & Prybutok, 2017). Company X has stated that the repair yield is not equal to 100%, although 

this is never taken into account during the current analysis.  

In the current decision process, it is assumed that the quality of the part is sufficient to be repaired 

cost effectively if the X-plant status of a part says ‘repair’. However, Company X has observed that not 

all parts are repaired successfully.  

Company X has categorized the service parts in rest parts and EOL parts. However, Company X does 

not treat the parts differently during the analysis. Thereby, it does occur (in case of a fire at the 

customer) that Company X gets a demand for parts that they normally do not have on stock. If 

Company X puts one copy of these parts on stock, the downtime at the customer can be decreased in 

case of an emergency and money will be saved. 

The demand forecast horizons for different part categories is not considered thoroughly. Thereby, it 

could be cheaper to buy rest parts new (if still produced) than storing the parts for several years in 

Company X’s warehouse.  
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In the current decision process Company X also assumes that the returned systems are in complete 

condition and no parts are missing.  

Uncertainty is generally buffered with time, capacity and safety stock. Theses buffers are mainly 

created by Company X’s employees’ experience.   

In the next chapter we will introduce an improved decision process flow for buying back systems for 

service parts harvesting. In Chapter 4 we will only focus on the process flow of  department B by 

implementing the improvements with respect to the uncertainties. 
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 Improved process flow of buying back a system 
As concluded from the problem analysis and the shortcomings of the current process flow, there are 

some unnecessary steps included in the current decision process or required information is missing. 

Since the process flow is not structured well and it is unknown which information is required and 

which stakeholders should be involved, we have conducted many interviews with several departments 

to improve the process flow such that time can be saved while also providing better decision-making.  

In this chapter the entire process is discussed for systems that are bought back for service parts 

harvesting. All the different activities of the process and corresponding departments are identified 

(Section 3.1) and the activities are described in detail (Section 3.2).  

 Process description  
An overview of the process flow regarding buying back systems is depicted in Figure 6 on the next 

page. Improvements are included that were discussed in Section 2.2. In the left column of the figure 

the department is depicted that conducts the activities, shown in the right column. Different 

departments are depicted in different colors. In the column on the right, it is shown which activities 

differ from the current process flow, depicted in Figure 17. Activities that are different in the new 

situation are either new or content has been changed and are visualized in red, whereas activities that 

do not differ from the current activities are depicted in blue. 

The process will be used to derive all the cost elements related to buying back the system from a 

customer in Chapter 6. A detailed process flow for thedepartment B is given in Chapter 4. 
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Figure 6 Improved process flow buying 
back system for service parts harvesting
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 Description activities  
Department A: 

1. In the first step department A of Company X receives an offer to buy back a system. 

2. Department A creates a form with information about the system. This form should contain 

the system type, the corresponding system number, the customer and location. 

Furthermore, department A determines if the system can be used for service parts harvesting 

or if the system can be refurbished and resold as a good. For this project we focus on the first 

case. Thereafter, department A sends a field engineer to the customer. 

Sub-department D Field engineer: 
3. The engineer checks the status and the condition of the system. These different statuses may 

affect the completeness of the system.  

4. The engineer sends feedback on his findings to  department A.  Department A makes an 

assessment of the “completeness factor”, including several factors. Some systems are better 

maintained by specific customers than the same systems located at different customers. 

Systems that are well maintained are more valuable. These steps are discussed in detail in 

Section 5.5 

 

Department A: 
5. The first criteria in the tree is to check if the system has patents.  If the system contains one 

part or multiple parts with an active patent, the process is followed with step 6. If the system 

does not have parts with a patent, the process is continued at step 8. 

6. Since Company X has more than 10.000 different patents worldwide (Company X Fact Sheet, 

2018), it is necessary to focus only on the relevant ones. Criteria 6 checks if the present 

patent(s) is still active and still encompasses relevant technology. If this is true the system 

has to be bought to protect their own R&D and prevent that the secret technology ends up 

at competitors (7). If the system does not contain a part with an active patent or patent with 

relevant technology, the process is continued at step 8. 

7. The system contains parts with relevant patent(s) and it is therefore recommended to buy 

back the system. For a better negotiation position it is highly recommended to continue the 

process at step 8. By continuing the process, Company X gets a better understanding of the 

value of the remaining parts in the system. For the following steps we should check if a part 

contains a patent before the parts is sent for scrap. 

8. Department A should identify the stakeholders involved to the process of buying back 

systems. In the current decision process, department B is asked to analyse the entire system. 

However, department B has not the required knowledge to do this. Department B can only 

estimate the value of the service parts. If the most expensive parts are not labelled as FSD,  

department B does not analyse these parts. In the current decision process, department B 

has to find out who is responsible for this task and sends a request. Department B has to wait 

for this answer, before they can provide feedback on their own results and the results 

regarding the expensive parts. In the new decision process, department A should request the 

employees from the right departments directly, which can save a lot of time. The process is 

continued in parallel with step 9 and 12. 

Department B: 
9. After receiving a request for analysis from department A,  department B checks if service 

parts are required. All the parts should be analysed and scanned if they are Field Service 

Defect (FSD). These parts can serve as service parts after repair. Hereafter, Company X checks 
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if they have enough copies of this part on stock to serve the demand. If Company X does not 

have enough copies on stock of a part, the process is continued with step 11. A detailed 

process flow with all required steps of department B is discussed in Chapter 4. However, if 

Company X has enough copies of all different service parts on stock to serve the demand 

(and the system does not contain a relevant patent), the system is not needed for service 

parts harvesting and the process is followed by step 10.  

10. Department B, that only focuses on the service parts, gives parts that are not interesting for 

reuse for Company X a value of ‘0’. The process is continued at step 14.  

11. The total value of all interesting service parts for Company X is determined. The process is 

followed by step 15. The values are the standard cost prices to buy the parts new minus the 

repair costs, holding costs and the analysis costs.. 

Department C: 
12. After receiving a request for analysis from  department A, department C checks if Company 

X can use the most expensive parts. If there is no demand for these parts the process is 

continued with step 13. If Company X can use the parts the process is continued at step 14.  

13. The department gives the parts a value of ‘0’ and sends this to department A. The process is 

continued at step 15. 

14. The values of the most expensive parts are determined and the results are sent to  

department A (15). The values are the standard cost prices to buy the parts new minus the 

repair costs. 

Department A: 
15. Department A receives the results from department B and department C. For particular 

systems , the most expensive parts are required as service part and thus labelled as FSD. 

Consequently,  department B has also analysed these parts and determined the value for 

these parts. Department A should check if these values are not counted by both 

departments. 

16. A cost estimation for the system is made. This estimation includes operational activities at 

the customer,  packing, transport and storage at Company X’s warehouse. The repair costs 

are already implemented in determining the value of the parts separately. An overview of 

the costs is mentioned in Chapter 6. 

17. Department A adds the results from department B and the results of department C together. 

Hereafter, the costs that are calculated in step 16 are subtracted and the profit of the system 

is determined.  

18. If a profit of the system is obtained (a positive value after subtracting the costs) a maximum  

price offer is determined. If the price offer is accepted by the customer, the process is 

continued at step 20. If it is not cost effective to buy back the system and there are no 

relevant patents, the process is continued with step 19. If it is cost effective to buy back the 

system but the customer did not accept the offer, the process is continued at step 19 as well. 

Thereby, the department should inform department B if the system is bought back or not. 

19. The system is not bought back, the process ends here.  

Operational employees at customer’s location: 
20. A team with operational employees is sent to the customer’s location to de-install the system 

and to make it ready for transport. 
 

Employees transport company: 
21. The system is transported to Company X’s warehouse. 

 



 

17 
 

Company X’s warehouse: 
22. After arrival at Company X’s warehouse, the parts are stored. 
23. If there is enough work capacity the parts are sorted. Some parts can be repaired internally 

at Company X’s  work center and the process is continued with step 24. If the parts can only 
be repaired externally, the parts are sent to the supplier (step 25).  

 
Employees transport company: 

24. The part is transported to  Company X’s work center. 
25. The part is transported to a supplier. 
 

Company X’s work center: 
26. Company X’s work center repairs the service part. The process is continued with step 28. 

Supplier: 
27. The supplier repairs the part and the process is followed by step 29. 
 

Employees transport company: 
28. The part is transported from Company X’s  work center to Company X’s warehouse. 
29. The part is transported from the supplier to Company X’s warehouse. 

 
Employees warehouse: 

30. The service part is stored in Company X’s warehouse.  
 

 Conclusion process flow system buy backs for parts harvesting 
In this chapter an improved decision process flow for system buy backs for service parts harvesting is 

developed. Each activity is described and the differences with the current decision process flow are 

visualized. Now that all activities are described, time can be saved. 
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 Activities department B 
In this part of the design phase we focus on determining the value of service parts. During the problem 

analysis, it is mentioned that there are some doubtful assumptions made for simplification of the 

analysis. For instance, it is assumed that the returned parts (labelled as repairable) can be repaired 

with a 100% probability. It is also assumed that the system is in complete condition and FSD’s in the 

pipeline are not taken into account for the current demand forecast of each part. Therefore, the 

activities of the department B from Figure 6 are zoomed in as is shown in Figure 7. The process flow 

with all concerning activities (and improvements) is depicted in Figure 8 on the next page. Again, steps 

that differ from the current decision process are depicted in red. Steps that have not changed are 

depicted in blue. 

The process flow helps in understanding the steps that have to be made to improve the operational 

control during the buyback decision process for service parts harvesting. How the activities should be 

executed are later discussed in the model development in Chapter 5.  

  

 

Figure 7 Activity executed by department B
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Figure 8: Different steps department B has to make to determine the value of all service parts of the offered system. 



 

20 
 

1. All the parts should be analysed and scanned if they are Field Service Defect (FSD). FSD-parts 

are suitable to serve as service parts after repair. If the part is labelled as FSD, the process is 

continued with step 3. The parts that are not qualified as FSD cannot be used as service parts 

and are not interesting for service parts harvesting. The process for these parts is continued 

with step 2.  

2. These parts are scrapped and the analysis for these parts ends here.  

3. FSD parts have a X-plant status. This X-plant status indicates if a part can be repaired. The 

reason that some parts cannot be repaired is because of economic reasons or technical 

reasons. There are different codes whether a part can be repaired or not. If a part has a 

repairable code, the process is continued with step 5. If the part has not a repairable code, 

the process is continued with step 2.  

Some parts are labelled as “notification” where the analyst should read the extra notification 

that is made for this part, the process is continued with step 4. 

4. The notification either says that the part should be scrapped (step 2) or that it can be 

repaired (step 5). 

5. Each FSD part has a corresponding SERV. Code. The demand is based on the SERV.code, and 

therefore it is necessary to link the FSD code to the corresponding SERV.code. 

6. Most SERV.codes have a successor SERV.code. In this step the SERV.code is linked to the 

successor SERV.code. If the SERV.code does not have a successor, because Company X had 

decided not to add this part to its service parts list, the process for this part is continued with 

step 2. The parts with successors are continued with step 6. 

7. For all parts the current Inventory Position (IP) is determined. IP includes the number of copies 

of a specific part on stock, outstanding orders of Company X to supplier, backorders from the 

customer and parts from a system that is bought back before but not added to the stock yet. 

8. The next step is to categorize the parts in EOL, zero-ordering and rest parts. The zero ordering 

parts are not taken into account in the current decision process. Zero-ordering parts are 

meant to be used after an emergency (e.g. a fire or earthquake) to prevent an escalation. Parts 

categorized as EOL-parts are followed by step 9, Zero-ordering parts are continued at step 15 

and parts that are neither qualified as EOL, nor Zero-ordering are called ‘rest’ and are further 

analysed by following step 19. 

 

EOL: 
9. The demand forecast for each EOL part is determined. The forecast demand horizon for EOL 

parts is established to the time period until EOS.  
10. This step checks for each EOL part if the part has a forecasted demand for the period until 

EOS. If this is not true the process for this part is followed by step 2. If the part has a forecasted 
demand for the period until EOS, the process is continued at step 11. 

11. Some parts will be returned and repaired during the forecast horizon period. Company X is 
only interested in the fraction of demand forecast of parts that will not return or cannot be 
repaired at the moment of decision. The scrap percentage for each service part is determined. 
Scrap percentage is the percentage of defective parts that cannot be repaired or will not 
return to Company X. The scrap percentage is multiplied by the demand forecast, Section 5.4 
and Section 8.2 further focus on the remaining demand for service parts harvesting. The 
process is continued at step 12 and at step 14. 

12. The forecasted demand per month for each part is determined. 
13. The total time in years the current IP can serve the forecasted demand is determined. The 

time period is an extra outcome of the model.  
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14. The current IP is compared to the demand forecast. If the IP is bigger than or equal to the 
forecasted demand the process is continued at step 2. Otherwise, if the current IP is smaller 
than the demand forecast, the process is continued at step 26. 

 
Zero-Ordering parts: 

15. The scrap percentage for zero-ordering parts is determined. The process is continued at step 
16 and step 18. 

16. Zero-ordering parts do not have a demand since these parts normally do not fail. However, 
Company X has noted that these parts are required in case of an emergency. Since this rarely 
occurs, putting one item of a zero-ordering part on stock is enough to prevent an escalation 
at the customer and to decrease the downtime of the system. And thus, the demand for 
these parts are established on 1 item, independent on time. 

17. Company X’s current stock level for these parts is selected.  
18. If the current IP is equal to 0, the process is continued at step 26. If the IP is already 1, the 

process for this part is continued at step 2. 

Rest parts: 
19. The horizon for the forecasted demand for rest parts is currently set equal to 4years. However, 

this number is variable and can easily be adapted. 
20. During this step for each part it is checked if a part has a forecasted demand. If this is true, the 

process for this part is continued with step 21, if false the process is continued with step 2. 
21. The scrap percentage is determined and multiplied by the demand forecast. The process is 

continued via step 22 and 24. 
22. The number of required copies of a specific part to serve the demand forecast for one month 

is calculated.  
23. The total time in years the current stock can fulfil the forecasted demand is determined. 
24. The current IP is compared to the forecast demand. If the IP is bigger than the forecasted 

demand, the process is continued with step 2. Otherwise, if the current IP is smaller than the 
forecasted demand, the process is continued at step 25. 

25. The holding costs are determined for each rest part. Hereafter, the process is continued at 
step 26. The holding costs are only determined for rest parts because the actual costs for EOL 
parts are unknown and the time when a zero-ordering part is requested is unknown as well.  
 

After analysis: 
26. In this step it is checked if the part already has an reusable service parent. A service parent is 

a part in a higher level in the BoM. Company X is interested in the service part from the highest 
level, since less labor for disassembling is required If the part has an reusable service parent, 
the process for this part goes to step 2. If the part does not have a parent that is reusable for 
Company X, the process is continued with step 27. 

27. All the interested parts are reviewed. This step is required since the BoM is not completely 
correct. It does occur that some parts are mentioned twice in the system, under different 
part-numbers. However, the system actually contains one copy of the part. 

28. The repair costs for each specific part are implemented in the model.  
29. The repair yield, is implemented in the model. The repair yield indicates the probability that a 

part can be repaired. In Section 5.6, we further discuss the repair yield. For parts that can be 
repaired, repair costs are paid. For parts that cannot be repaired only analysis costs are paid. 

30. The value of a part is determined by including the repair costs , analysis costs in case the part 
cannot be repaired and the holding costs. The value of the service parts is multiplied by the 
completeness factor established by  department A. The completeness factor indicates if a part 
is still in the system when the decision is made to buy back the system. We will further discuss 
the completeness factor in Section 5.5. 
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31. The total value of all reusable service parts is determined by adding up the profits of the 
service parts. The results are sent to department A. 

 

 Conclusion activities department A 
In this chapter all required activities executed by department A are elaborated in detail. It is made 

visible which activities differ from the current activities.   
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 Model development 
In this chapter the total model is created to determine the value of all reusable service parts of the 

offered system. The activities introduced in Chapter 4 are implemented in a mathematical model. We 

first create a basic model, in the sections hereafter we extend the model incrementally by an 

improvement as mentioned earlier (remaining demand including repaired FSD’s, repair yield, 

completeness factor). 

In Section 5.1, the assumptions and justifications are mentioned for the basic model. In Section 5.2, 

the basic model is given to determine the value of the system for service parts harvesting.  In Section 

5.3 the parts are categorized in either EOL parts, zero-ordering parts or rest parts. In Section 5.4 the 

demand forecast for each part is given. In Section 5.5 the completeness uncertainty of an offered 

system is taken into account. In Section 5.6 the repair yield is implemented in the model. In Section 

5.7, the demand uncertainty is discussed. The model is further extended in Section 5.8 by 

implementing the holding costs for rest parts. In Section 5.9 the repair costs for all service parts are 

discussed.  

 Assumptions and justification for basic model  
In this subsection it will be shortly discussed why different assumptions are made for the model and 

if this assumption is realistic. It is also discussed which assumptions will later be reconsidered during 

an improvement of the model in further sections. 

1. All the parts, according to the BoM are present in the system.  

It is assumed that the Bill of Material (BoM) given in SAP is correct, since there is not sufficient 
time to check the data. Furthermore, it is assumed that all parts according to the BoM are still 
present in the system. In Section 5.5 we will reconsider this assumption.  
 

2. The remaining useful life times of the parts are long enough for a second life. 

The Remaining Useful Lifetime (RUL), predicts how long it takes before a failure occurs, given 
the current condition of the part and past operation profile (Mazhar, Kara, & Kaebernick, 
2007). If a service part has returned and is repaired we assume that the part will not fail and 
maintains its function. The assumption is necessary since any data regarding the current 
condition of the part and life cycle data are not available. Thereby, the remaining useful 
lifetime of parts is depending on many factors e.g. is the system running on maximum capacity, 
environmental condition, customer habit etc. Data about these factors are unknown as well. 
This assumption also encompasses that if there are several copies of one part in the system, it 
is assumed that these parts undergo the same wear out rate, independent on the location of 
the copy in the system and that both parts will maintain their function. 
 

 

3. The demand is given   

Analyzing the method for forecasting the demand is beyond the scope of this paper. Another 
department focuses on the right strategy to forecast the demand. For the model, these 
forecasts will be used. However, for this project we did not have the liberty for investigating 
the forecast demand. Furthermore, it is assumed that the demand will be completely ordered 
and it is assumed that the time horizon of the demand forecast is right. The horizon for 
demand forecast of different categories is discussed in Section 5.3. 
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4. The demand is stable and deterministic over time  

In reality it is known, that a good forecast method still does not provide deterministic demand, 
since the demand is dependent on many factors that change during time. These factors will 
be later discussed in Section 5.7. However, this project leaves all aspects regarding the 
demand uncertainty out of the scope, as requested by Company X.  
 

5. EOS is fixed and will not decrease of increase  

Information about establishing the EOS is conducted by another department. At the moment 
of writing the thesis it is not known when the year of EOS will change and to what year. It is 
therefore necessary to assume that the current year of EOS is fixed. 
 

6. Only the warehouse for service parts is considered and not the warehouse for factory 
parts. 

 

It is only allowed to use the returned parts as service parts. These parts are never used for 

new systems. For new systems it is only allowed to use factory parts. These parts are stored 

in the factory warehouse. This stock is not meant for service, except when there is an excess 

in parts due to a change in Company X’s output plan. Since this rarely occurs, we only focus 

on the inventory position of the service parts warehouse to determine the number of service 

parts that should be ordered to satisfy the demand forecast.  

7. Every part recovery is successful.  
Company X made use of this assumption in its current decision-making process and we have 

also used the assumption in the basic model because of simplicity. This assumption is 

reconsidered in Section 5.6. 

8. There are no holding costs involved  
For simplicity it is assumed that there are no costs for storing parts in a warehouse. In Section 

5.8, this assumption is discussed in detail. 

9. There are no obsolescence costs for parts  
For simplicity it is assumed that the probability a part can be sold is 100% and thus the 

obsolesce costs are equal to zero. 

10. There are no disposal costs and no salvage values  
In reality there is a small amount of money paid by a third party to Company X for scrapped 

parts. To implement this in the model, the material of the parts should be known and the 

weight. It is not relevant to put effort in collecting these data since the compensation is very 

low. For that reason, it is assumed that the costs and compensation for disposal are equal to 

zero, and it is not further discussed in the model.  

11. The costs for buying parts new are assumed to be equal to the standard FSD cost price  

The actual costs for buying parts new are uncertain since the costs can differ in the future 

when we actually need the part. The price for getting the part new can increase since the part 

can become EOL and redesign of the part is the only solution. However, it is not known in 

advance if the status of a part changes to EOL at the moment the decision for buying back the 

system is made. Thereby, exact costs obtaining EOL parts are unknown as well. Therefore, we 

assume that the price for buying a new part are equal to the standard FSD cost price when the 

decision is made and this cost will not change in the future.  
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12. The repair costs for all parts are assumed to be a fixed percentage of the standard 
FSD cost price. 

 

The actual data about the repair costs of returned parts is not available. However, the finance 

department had calculated an average percentage for all FSD’s over 2015, 2016 and 2017 of 

the standard FSD cost price.  For that reason, it is assumed that the repair costs for the service 

parts returned from a system are equal to a fixed percentage of the standard FSD cost price.  

13. Company X’s warehouse does not have a capacity constraint  
For simplicity of the model it is assumed that Company X’s warehouse has enough capacity to 

store systems that are bought back for parts harvesting or, after disassembly and repair, has 

enough capacity to store service parts. 

14. The labour and facility capacity of the supplier and Company X’s  work center are unlimited.  
Focusing on the capacity is left out of the scope for this project. Therefore, it is assumed that 

the supplier, or in case of internal repair Company X’s work center employee, can always 

inspect and repair a returned part on Company X’s request and there is always enough facility 

capacity available. 

 

 Basic model 
In this section the basic model is developed. After the model an overview is given with all parameters 

and variables for the basic model.  

 

 

 

𝑉𝐵(𝑠) =  ∑ [𝑅𝐸𝐶𝐵𝑝(𝑠) ∗ (𝐶𝑛𝑒𝑤𝑝 − 𝐶𝑟𝑒𝑝𝑝)]

𝑝∈𝑃

 (1) 

 𝑅𝐸𝐶𝐵𝑝(𝑠) = 𝑀𝑖𝑛 (𝐷𝑒𝑚𝑎𝑛𝑑𝑝, 𝑄𝑝(𝑠)) 

 

(2) 

 𝐷𝑒𝑚𝑎𝑛𝑑𝑝 = 𝑀𝑎𝑥[ 𝐷𝑝 − 𝐼𝑃𝐵𝑝, 0] 

 

(3) 

 𝐼𝑃𝐵𝑝 = 𝑃𝐼𝑝 + 𝑂𝑂𝑝 − 𝑂𝐺𝑝 

 

(4) 

where: 

𝐶𝑛𝑒𝑤𝑝 :          𝑠𝑡𝑎𝑛𝑑𝑎𝑟𝑑 𝐹𝑆𝐷 𝑐𝑜𝑠𝑡 𝑝𝑟𝑖𝑐𝑒 𝑓𝑜𝑟 𝑜𝑏𝑡𝑎𝑖𝑛𝑖𝑛𝑔 1 𝑛𝑒𝑤 𝑐𝑜𝑝𝑦 𝑜𝑓 𝑝𝑎𝑟𝑡 𝑝  

𝐶𝑟𝑒𝑝𝑝:            𝑐𝑜𝑠𝑡 𝑓𝑜𝑟 𝑟𝑒𝑝𝑎𝑖𝑟𝑖𝑛𝑔 1 𝑐𝑜𝑝𝑦 𝑜𝑓 𝑝𝑎𝑟𝑡 𝑝  

𝐷𝑝:                  𝑡𝑜𝑡𝑎𝑙 𝑑𝑒𝑚𝑎𝑛𝑑 𝑓𝑜𝑟 𝑝𝑎𝑟𝑡 𝑝 𝑢𝑛𝑡𝑖𝑙 𝐸𝑂𝑆  

𝐷𝑒𝑚𝑎𝑛𝑑𝑝:    𝑑𝑒𝑚𝑎𝑛𝑑 𝑓𝑜𝑟 𝑝𝑎𝑟𝑡 𝑝 𝑢𝑛𝑡𝑖𝑙 𝐸𝑂𝑆 𝑓𝑜𝑟 𝑤ℎ𝑖𝑐ℎ 𝑠𝑡𝑖𝑙𝑙 𝑐𝑜𝑝𝑖𝑒𝑠 𝑎𝑟𝑒 𝑟𝑒𝑞𝑢𝑖𝑟𝑒𝑑 𝑎𝑓𝑡𝑒𝑟 𝑠𝑢𝑏𝑡𝑟𝑎𝑐𝑡𝑖𝑛𝑔 𝐼𝑃𝐵 

𝐼𝑃𝐵𝑝:             𝑖𝑛𝑣𝑒𝑛𝑡𝑜𝑟𝑦 𝑝𝑜𝑠𝑖𝑡𝑖𝑜𝑛 𝑜𝑓 𝑝𝑎𝑟𝑡 𝑝 𝑎𝑡 𝑚𝑜𝑚𝑒𝑛𝑡 𝑜𝑓 𝑑𝑒𝑐𝑖𝑠𝑖𝑜𝑛 𝑓𝑜𝑟 𝑏𝑎𝑠𝑖𝑐 𝑚𝑜𝑑𝑒𝑙 

𝑂𝐺𝑝:              𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑐𝑜𝑝𝑖𝑒𝑠 𝑝𝑎𝑟𝑡 𝑝 𝑖𝑛 𝑏𝑎𝑐𝑘𝑜𝑟𝑑𝑒𝑟 𝑎𝑡 𝑚𝑜𝑚𝑒𝑛𝑡 𝑜𝑓 𝑑𝑒𝑐𝑖𝑠𝑖𝑜𝑛 
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𝑂𝑂𝑝:               𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑐𝑜𝑝𝑖𝑒𝑠 𝑝𝑎𝑟𝑡 𝑝 𝑖𝑛 𝑜𝑢𝑡𝑠𝑡𝑎𝑛𝑑𝑖𝑛𝑔 𝑝𝑢𝑟𝑐ℎ𝑎𝑠𝑒 𝑜𝑟𝑑𝑒𝑟 𝑎𝑡 𝑚𝑜𝑚𝑒𝑛𝑡 𝑜𝑓 𝑑𝑒𝑐𝑖𝑠𝑖𝑜𝑛 

𝑃 ∶                   𝑠𝑒𝑡 𝑜𝑓 𝑑𝑖𝑓𝑓𝑒𝑟𝑒𝑛𝑡 𝑠𝑒𝑟𝑣𝑖𝑐𝑒 𝑝𝑎𝑟𝑡𝑠 

𝑃𝐼𝑝:                 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑐𝑜𝑝𝑖𝑒𝑠 𝑜𝑓 𝑝𝑎𝑟𝑡 𝑝 𝑜𝑛 − ℎ𝑎𝑛𝑑 𝑎𝑡 𝑚𝑜𝑚𝑒𝑛𝑡 𝑜𝑓 𝑑𝑒𝑐𝑖𝑠𝑖𝑜𝑛 

𝑄𝑝(𝑠):            𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑐𝑜𝑝𝑖𝑒𝑠 𝑝 𝑎𝑐𝑐𝑜𝑟𝑑𝑖𝑛𝑔 𝑡𝑜 𝐵𝑜𝑀 𝑜𝑓𝑓𝑒𝑟𝑒𝑑 𝑠𝑦𝑠𝑡𝑒𝑚 𝑠 

𝑅𝐸𝐶𝐵𝑝(𝑠):    𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑟𝑒𝑢𝑠𝑎𝑏𝑙𝑒 𝑐𝑜𝑝𝑖𝑒𝑠 𝑝 𝑒𝑥𝑝𝑒𝑐𝑡𝑒𝑑 𝑡𝑜 𝑏𝑒 𝑜𝑏𝑡𝑎𝑖𝑛𝑒𝑑 𝑣𝑖𝑎 𝑜𝑓𝑓𝑒𝑟𝑒𝑑 𝑠𝑦𝑠𝑡𝑒𝑚 𝑠 𝑓𝑜𝑟 𝑏𝑎𝑠𝑖𝑐 𝑚𝑜𝑑𝑒𝑙  

𝑠:                      𝑜𝑓𝑓𝑒𝑟𝑒𝑑 𝑠𝑦𝑠𝑡𝑒𝑚 

𝑉𝐵(𝑠):           𝑣𝑎𝑙𝑢𝑒 𝑜𝑓 𝑎𝑙𝑙 𝑠𝑒𝑟𝑣𝑖𝑐𝑒 𝑝𝑎𝑟𝑡𝑠 𝑜𝑓 𝑠𝑦𝑠𝑡𝑒𝑚 𝑠 𝑖𝑛 𝑒𝑢𝑟𝑜𝑠 𝑏𝑎𝑠𝑒𝑑 𝑜𝑛 𝑏𝑎𝑠𝑖𝑐 𝑚𝑜𝑑𝑒𝑙  
 
Table 1 required data for basic model 

𝑃 𝑄𝑝 𝐶𝑟𝑒𝑝𝑝 𝐶𝑛𝑒𝑤𝑝  𝐷𝑝 𝐼𝑃𝐵𝑝 

 
The required data for the basic model to determine the value of the offered system is given in Table 
1. The first column shows all the different parts in the system according to the BoM. In the second 
column, the number of copies of the parts are given according to the BoM in SAP. In the third column, 
the expected repair costs for part p are mentioned. These are expected costs since the actual repair 
cost are unknown on forehand. In the fourth column the standard cost price for buying part p new are 
given. In the fifth column the demand until end of service for each part is given. In the next column, 
the inventory position of part p at the moment of the decision is mentioned. Every time the model is 
used to make an analysis of the service parts from an offered system, the values in Table 1 should be 
updated. The required data holds for one moment in time. 
 
In the following sections the model is improved as mentioned earlier.   

 Forecasted demand for different time horizons 
In this section we improve the model by introducing different service part categories. Equation (3) 

from the previous chapter is updated. 

In the current decision process, the demand horizon for all parts is equal to the remaining time period 

until EOS. However, storing parts categorized as rest part until the year of EOS may not be cost 

effective. For parts that are still in production and can still be bought as new, it might be cheaper to 

buy these parts new in a few years rather than to put these parts on stock while the parts are actually 

needed in the year of EOS. For instance, if the standard cost price of the part is equal to €500 with 

annual holding costs of €50 and €200 repair costs, it is not cost effective to store this part for 6 years 

or longer (since 6*50 +200 = 500) if the year of decision is prior to 2024.  

The new, decreased time period for which Company X wants the demand to be covered by having 

sufficient stock is 4 years for the rest parts. This time period is not fixed and can be altered if Company 

X deems necessary. For the scope of this project, it is assumed that a cover period of 4 years is the 

right time horizon for these parts.  

Zero-ordering parts do not have a demand since these parts normally do not fail. However, Company 

X has noted that these parts are required in case of an earthquake or fire at the customer’s location. 

Since this rarely occurs, one item of a zero-ordering part on stock is assumed to be enough to prevent 

that the system is not running for a longer time at the customer’s location. Thus, the demand for these 

parts are established on 1 item. 
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Part p can be categorized either as EOL part, zero ordering part or rest part , hence P consists of these 

three sets:  

 𝑃 = 𝑃𝑒𝑜𝑙  ∪ 𝑃0  ∪ 𝑃𝑟𝑒𝑠𝑡  (5) 

where:  

𝑃𝑒𝑜𝑙:  𝑠𝑒𝑡 𝑜𝑓 𝑑𝑖𝑓𝑓𝑒𝑟𝑒𝑛𝑡 𝐸𝑂𝐿 𝑝𝑎𝑟𝑡𝑠 

𝑃0:     𝑠𝑒𝑡 𝑜𝑓 𝑑𝑖𝑓𝑓𝑒𝑟𝑒𝑛𝑡 𝑧𝑒𝑟𝑜 − 𝑜𝑟𝑑𝑒𝑟𝑖𝑛𝑔 𝑝𝑎𝑟𝑡𝑠 

𝑃𝑟𝑒𝑠𝑡: 𝑠𝑒𝑡 𝑜𝑓 𝑑𝑖𝑓𝑓𝑒𝑟𝑒𝑛𝑡 𝑟𝑒𝑠𝑡 𝑝𝑎𝑟𝑡𝑠 

The demand for each category (EOL, zero-ordering or rest parts)  is defined as follows and should 

replace the demand (𝐷𝑝)  in equation (3): 

 

𝐷𝑒𝑚𝑝 =

{
 
 
 

 
 
 

 

∑ 𝐹𝑝,𝑡

𝑇𝐸𝑂𝑆

𝑡=1

   𝑖𝑓 𝑝 ∈ 𝑃𝑒𝑜𝑙

1,   𝑖𝑓 𝑝 ∈ 𝑃0

∑ 𝐹𝑝,𝑡

𝑇𝑟𝑒𝑠𝑡

𝑡=1

 𝑖𝑓 𝑝 ∈ 𝑃𝑟𝑒𝑠𝑡

 

(6) 

where: 

𝐷𝑒𝑚𝑝:  𝑡𝑜𝑡𝑎𝑙 𝑓𝑜𝑟𝑒𝑐𝑎𝑠𝑡𝑒𝑑 𝑑𝑒𝑚𝑎𝑛𝑑 𝑜𝑓 𝑝𝑎𝑟𝑡 𝑝 𝑑𝑒𝑝𝑒𝑛𝑑𝑖𝑛𝑔 𝑜𝑛 𝑡ℎ𝑒 𝑐𝑎𝑡𝑒𝑔𝑜𝑟𝑦 (𝐸𝑂𝐿, 

               𝑧𝑒𝑟𝑜 𝑜𝑟𝑑𝑒𝑟𝑖𝑛𝑔 𝑜𝑟 𝑟𝑒𝑠𝑡 𝑝𝑎𝑟𝑡) 

𝐹𝑝,𝑡:      𝑓𝑜𝑟𝑒𝑐𝑎𝑠𝑡𝑒𝑑 𝑑𝑒𝑚𝑎𝑛𝑑 𝑓𝑜𝑟 𝑖𝑡𝑒𝑚 𝑝 𝑓𝑜𝑟 𝑚𝑜𝑛𝑡ℎ 𝑡 

𝑡:         𝑖𝑛𝑑𝑒𝑥 𝑓𝑜𝑟 𝑝𝑒𝑟𝑖𝑜𝑑 (𝑚𝑜𝑛𝑡ℎ) 

𝑇𝐸𝑂𝑆:   𝑡𝑖𝑚𝑒 𝑢𝑛𝑡𝑖𝑙 𝐸𝑂𝑆 𝑖𝑛 𝑚𝑜𝑛𝑡ℎ𝑠 𝑎𝑡 𝑚𝑜𝑚𝑒𝑛𝑡 𝑜𝑓 𝑑𝑒𝑐𝑖𝑠𝑖𝑜𝑛 

𝑇𝑟𝑒𝑠𝑡:  𝑒𝑠𝑡𝑎𝑏𝑙𝑖𝑠ℎ𝑒𝑑 𝑡𝑖𝑚𝑒 ℎ𝑜𝑟𝑖𝑧𝑜𝑛 𝑖𝑛 𝑚𝑜𝑛𝑡ℎ𝑠 𝑎𝑡 𝑚𝑜𝑚𝑒𝑛𝑡 𝑜𝑓 𝑑𝑒𝑐𝑖𝑠𝑖𝑜𝑛 

    Remaining demand 
In this section the determination of the remaining demand and the inventory position of service parts 
is extended. Equations (3) and (4) are updated from the basic model. 
 

 
 

Figure 9 Two possibilities of returning FSD’s 
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Different kinds of Field Service Defect (FSD) parts return to Company X. In Figure 9, two possibilities 
of returned FSD’s are visualized. Individual defective parts returned to Company X for repair, and parts 
that returned to Company X in case a system is bought back for parts harvesting. The latter service 
parts are labeled as FSD’s as well. In the first paragraphs we will focus on the defective individual 
returned FSD’s sent by the customer (icon in red circle in Figure 9). 
 
The number of individual defective parts that return from the customer and its fraction that can be 
repaired should be taken into account to determine the remaining demand of a service part at the 
moment a system is offered as buy back. In the current decision process, returned defective parts 
from customers that have a possibility to be repaired are not taken into account. In this section we 
first explain the process of returned individual defective FSD’s sent by the customer. Hereafter, these 
returned parts are implemented in the model to determine the remaining demand. In Section 5.4.1, 
the FSD’s are discussed that returned because of a system buy back.  
 

5.4.1 Returned individual defective FSD’s  
The number of required repaired service parts should be in balance with the forecasted demand. The 
forecasted demand can be fulfilled in three different ways: 

1. Individual defective service parts that are repaired 
2. Service parts are bought new 
3. Service parts are obtained from returned systems (parts harvesting).  

 

 
Figure 10 Demand that can be satisfied from individual defective parts (blue line), customer willingness (yellow line) and 
repair yield (red line). 

Individual defective parts that are repaired  
The process for individual defective parts that are sent by the customer and repaired is depicted by 
the blue line in Figure 10. The number of parts that are returned and repaired provide yields which 
can be used to determine a future demand, by subtracting the fraction of parts sent by the customer 
that can be repaired from the total forecasted demand.  
 
The process should be divided into two sub processes: the first sub process should include the 
customer willingness (yellow line) for returning the part to Company X and the second sub process 
should include the repair yield of the service parts (red line).  
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Figure 11 Example of process of individual defective service parts 

The yield of customer willingness to return the part and the repair yield can be determined from 
historical data. The computation is illustrated by an example in Figure 11. In here, the total demand 
for this part for one year was 80. Some of these parts (60) are returned to Company X and sent to the 
supplier or Company X’s work center for repair. The customer willingness for this part is equal to 0.75. 

A fraction (
20

60
) of these parts is repaired. In the following subsection we explain how we can determine 

the remaining demand of a part by taking care of the customer willingness yield and repair yield. 
 

5.4.2 Customer willingness of returning a defective part 
Based on historic experiences with customers, Company X has concluded that not all defective parts 
return to Company X’s warehouse, such that the customer willingness of returning a defective part is 
mostly not 100%. It is expected that a fraction of the forecasted demand, as determined in equation 
(6), can be satisfied from defective parts that return to Company X from a customer if those can be 
repaired (equation(8)). 

 𝐹𝑆𝐷.𝑊𝐻𝑝 = 𝐷𝑒𝑚𝑝 ∗ 𝐶𝑊𝐹𝑆𝐷𝑝 

 

(7) 

𝑤ℎ𝑒𝑟𝑒: 
𝐶𝑊𝐹𝑆𝐷𝑝:               𝑓𝑎𝑐𝑡𝑜𝑟 𝑐𝑢𝑠𝑡𝑜𝑚𝑒𝑟 𝑤𝑖𝑙𝑙𝑖𝑛𝑔𝑛𝑒𝑠𝑠 𝑜𝑓 𝑟𝑒𝑡𝑢𝑟𝑛𝑖𝑛𝑔 𝐹𝑆𝐷 𝑝𝑎𝑟𝑡 𝑝 𝑡𝑜 

                                 𝐶𝑜𝑚𝑝𝑎𝑛𝑦 𝑋′𝑠 𝑤𝑎𝑟𝑒ℎ𝑜𝑢𝑠𝑒 
𝐹𝑆𝐷.𝑊𝐻𝑝:            𝑒𝑥𝑝𝑒𝑐𝑡𝑒𝑑 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑐𝑜𝑝𝑖𝑒𝑠 𝑜𝑓 𝑑𝑒𝑓𝑒𝑐𝑡𝑖𝑣𝑒 𝐹𝑆𝐷 𝑝𝑎𝑟𝑡 𝑝 𝑡ℎ𝑎𝑡 𝑤𝑖𝑙𝑙 𝑟𝑒𝑡𝑢𝑟𝑛 𝑡𝑜 

                                 𝐶𝑜𝑚𝑝𝑎𝑛𝑦 𝑋 𝑓𝑟𝑜𝑚 𝑐𝑢𝑠𝑡𝑜𝑚𝑒𝑟𝑠 𝑑𝑢𝑟𝑖𝑛𝑔 𝑑𝑒𝑚𝑎𝑛𝑑 ℎ𝑜𝑟𝑖𝑧𝑜𝑛 𝑝𝑒𝑟𝑖𝑜𝑑 𝑎𝑡  
                                 𝑚𝑜𝑚𝑒𝑛𝑡 𝑜𝑓 𝑑𝑒𝑐𝑖𝑠𝑖𝑜𝑛 
 

5.4.3 Repair yield 
The second sub process of returned defective parts that should be considered is the fraction of 
returned FSD parts that can be repaired. This sub process is depicted by the red line in Figure 10.  
 
There is no pre-screening process to ensure that returned service parts can be repaired. After arrival 

at Company X’s warehouse it is not certain whether all defective returned FSD’s can be successfully 

repaired due to quality uncertainty. Company X’s warehouse employees are not able to inspect all 

parts since they do not have the required knowledge. The parts are inspected by Company X’s work 

center employees or by the supplier. Inspection is an important step since the quality of the parts 

differ. During inspection it is decided if the part can be repaired based on technical and economic 

reasons. 

The number of repaired FSD parts during the covered demand horizon from the returned defective 

parts are calculated in the following formula by introducing the repair yield: 

 𝑅𝐹𝑆𝐷𝑝 = 𝐹𝑆𝐷.𝑊𝐻𝑝 ∗ 𝑅𝑌𝑝  

 

(8) 
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𝑤ℎ𝑒𝑟𝑒: 

𝑅𝐹𝑆𝐷𝑝:   𝑒𝑥𝑝𝑒𝑐𝑡𝑒𝑑 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑐𝑜𝑝𝑖𝑒𝑠 𝑜𝑓 𝑑𝑒𝑓𝑒𝑐𝑡𝑖𝑣𝑒 𝐹𝑆𝐷 𝑝𝑎𝑟𝑡 𝑝 𝑡ℎ𝑎𝑡 𝑟𝑒𝑡𝑢𝑟𝑛𝑒𝑑 𝑓𝑟𝑜𝑚 𝑎 𝑐𝑢𝑠𝑡𝑜𝑚𝑒𝑟 

                 𝑎𝑛𝑑 𝑡ℎ𝑎𝑡 𝑐𝑎𝑛 𝑏𝑒 𝑟𝑒𝑝𝑎𝑖𝑟𝑒𝑑 
𝑅𝑌𝑝:         𝑟𝑒𝑝𝑎𝑖𝑟 𝑦𝑖𝑒𝑙𝑑 𝑜𝑓 𝑑𝑒𝑓𝑒𝑐𝑡𝑖𝑣𝑒 𝐹𝑆𝐷 𝑝𝑎𝑟𝑡 𝑝 𝑡ℎ𝑎𝑡 𝑟𝑒𝑡𝑢𝑟𝑛𝑒𝑑 𝑓𝑟𝑜𝑚 𝑎 𝑐𝑢𝑠𝑡𝑜𝑚𝑒𝑟  

Note: the probability of repair is not only dependent on part p, but it also depends on the system 

where the part is from, the location of the part in the system and environment of customer’s location 

(e.g. humidity). However, data about these factors is not available and thus we assume that the repair 

yield only depends on the specific part. 

The remaining demand is given in equation (9), this is an extension of equation (3). 

 𝐷𝑒𝑚𝑎𝑛𝑑𝑅𝑝 = 𝑀𝑎𝑥[ 𝐷𝑒𝑚𝑝 − 𝑅𝐹𝑆𝐷𝑝 − 𝐼𝑃𝐵𝑝, 0] 

 

(9) 

𝑤ℎ𝑒𝑟𝑒: 
𝐷𝑒𝑚𝑎𝑛𝑑𝑅𝑝:   𝑑𝑒𝑚𝑎𝑛𝑑 𝑜𝑓 𝑝𝑎𝑟𝑡 𝑝 𝑖𝑛𝑐𝑙𝑢𝑑𝑖𝑛𝑔 𝑟𝑒𝑡𝑢𝑟𝑛𝑒𝑑 𝑟𝑒𝑝𝑎𝑖𝑟𝑒𝑑 𝐹𝑆𝐷

′𝑠 𝑜𝑓 𝑝𝑎𝑟𝑡 𝑝 𝑠𝑒𝑛𝑡 𝑏𝑦 𝑐𝑢𝑠𝑡𝑜𝑚𝑒𝑟 

Determination repair yield of individual defective FSD’s 
Historical repair data of individual defective FSD’s needs to be analyzed. After arrival a part is sent to 

the supplier or work center. A part can get three different labels: OK (the part is successfully repaired), 

NOK (the part could not be repaired) or NFF (the supplier has not found a failure). If the part is labeled 

as NFF, Company X sends the part for scrap since the customer has returned the parts because of a 

failure. 

𝑅𝑌𝑝 = ∑
𝑂𝐾𝑝(𝑘𝑝)

𝑂𝐾𝑝(𝑘𝑝) + 𝑁𝑂𝐾𝑝(𝑘𝑝) + 𝑁𝐹𝐹𝑝(𝑘𝑝)𝑘𝑝𝜖𝐾𝑝

∗
1

|𝐾𝑝|
=
∑ 𝑂𝐾𝑝(𝑘𝑝)𝑘𝑝∈𝐾𝑝

|𝐾𝑝|
 

 

(10) 

where:  

𝐾𝑝:                          𝑠𝑒𝑡 𝑜𝑓 𝑐𝑜𝑝𝑖𝑒𝑠 𝑜𝑓 𝑖𝑛𝑑𝑖𝑣𝑖𝑑𝑢𝑎𝑙 𝑑𝑒𝑓𝑒𝑐𝑡𝑖𝑣𝑒 𝐹𝑆𝐷 𝑝𝑎𝑟𝑡 𝑝  

𝑁𝐹𝐹𝑝(𝑘𝑝):            𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑝𝑎𝑟𝑡𝑠 𝑝 𝑤𝑒𝑟𝑒 𝑛𝑜 𝑓𝑎𝑢𝑙𝑡 𝑤𝑎𝑠 𝑓𝑜𝑢𝑛𝑑 𝑓𝑟𝑜𝑚 𝑐𝑜𝑝𝑦 𝑘 

𝑁𝑂𝐾𝑝(𝑘𝑝):           𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑝𝑎𝑟𝑡𝑠 𝑝 𝑐𝑎𝑛𝑛𝑜𝑡 𝑏𝑒 𝑟𝑒𝑝𝑎𝑖𝑟𝑒𝑑 𝑓𝑟𝑜𝑚 𝑐𝑜𝑝𝑦 𝑘 

𝑂𝐾𝑝(𝑘𝑝):              𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑝𝑎𝑟𝑡𝑠 𝑝 𝑟𝑒𝑝𝑎𝑖𝑟𝑒𝑑 𝑓𝑟𝑜𝑚 𝑐𝑜𝑝𝑦 𝑘 
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5.4.1 Returning service parts from a system that is bought back 

 
Figure 12 Two possibilities of returning FSD’s 

In this section we will focus on FSD’s that returned because a system is bought back (circled block in 
Figure 12). 
 
The inventory position is updated by parts that returned to Company X from previous bought back 

systems. These parts are not repaired yet and therefore not added to the stock on hand (𝑃𝐼𝑝). 

Company X did not take these part into account in the current decision-making process. However, 

since an increase of offered systems is observed it can occur that parts from a previous bought back 

system are not repaired yet, while a new system is offered by the customer. The value of the system 

is dependent on the demand and inventory position of each part. If the inventory position of a specific 

part is higher than the demand of that part, the part is not required for parts harvesting. For that 

reason, it is important to implement the FSD parts that returned from previous bought back systems 

into the model. The number of reusable copies p that are returned from previous bought back system 

is determined during a previous analysis and is mentioned by 𝑅𝐸𝐶𝑝(𝑎). Equation 4 is rewritten as 

follows: 

𝐼𝑃𝑝 = 𝑃𝐼𝑝 +𝑂𝑂𝑝 − 𝑂𝐺𝑝 +∑ ∑ 𝑅𝐸𝐶𝑝(𝑎𝑟)

𝑎𝑟∈𝐴𝑟𝑟∈𝑅

 

where: 

(11) 

𝐴𝑟:                   𝑠𝑒𝑡 𝑜𝑓 𝑐𝑜𝑝𝑖𝑒𝑠 𝑜𝑓 𝑠𝑦𝑠𝑡𝑒𝑚 𝑡𝑦𝑝𝑒 𝑟 𝑡ℎ𝑎𝑡 𝑤𝑒𝑟𝑒 𝑏𝑜𝑢𝑔ℎ𝑡 𝑏𝑎𝑐𝑘 𝑏𝑒𝑓𝑜𝑟𝑒, 
                         𝑏𝑢𝑡 𝑛𝑜𝑡 𝑑𝑖𝑠𝑎𝑠𝑠𝑒𝑚𝑏𝑙𝑒𝑑 𝑜𝑟 𝑟𝑒𝑝𝑎𝑖𝑟𝑒𝑑 𝑦𝑒𝑡 

 

𝐼𝑃𝑝:                  𝑖𝑛𝑣𝑒𝑛𝑡𝑜𝑟𝑦 𝑝𝑜𝑠𝑖𝑡𝑖𝑜𝑛 𝑜𝑓 𝑝𝑎𝑟𝑡 𝑝 𝑖𝑛𝑐𝑙𝑢𝑑𝑖𝑛𝑔 𝑟𝑒𝑢𝑠𝑎𝑏𝑙𝑒 𝐹𝑆𝐷
′𝑠 𝑓𝑟𝑜𝑚 𝑒𝑎𝑟𝑙𝑖𝑒𝑟 𝑏𝑜𝑢𝑔ℎ𝑡 𝑏𝑎𝑐𝑘 

                         𝑠𝑦𝑠𝑡𝑒𝑚𝑠 𝑎𝑛𝑑 𝑟𝑒𝑝𝑎𝑖𝑟𝑒𝑑 𝑖𝑛𝑑𝑖𝑣𝑑𝑢𝑎𝑙 𝑑𝑒𝑓𝑒𝑐𝑡𝑖𝑣𝑒 𝐹𝑆𝐷′𝑠 

𝑅:                     𝑠𝑒𝑡 𝑜𝑓 𝑑𝑖𝑓𝑓𝑒𝑟𝑒𝑛𝑡 𝑡𝑦𝑝𝑒 𝑜𝑓 𝑠𝑦𝑠𝑡𝑒𝑚𝑠    

𝑅𝐸𝐶𝑝(𝑎𝑟):     𝑎𝑐𝑡𝑢𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑟𝑒𝑢𝑠𝑎𝑏𝑙𝑒 𝑐𝑜𝑝𝑖𝑒𝑠 𝑜𝑓 𝑝𝑎𝑟𝑡 𝑝 𝑓𝑟𝑜𝑚 𝑠𝑦𝑠𝑡𝑒𝑚 𝑎𝑟 𝑡ℎ𝑎𝑡  

                         𝑤𝑎𝑠 𝑏𝑜𝑢𝑔ℎ𝑡 𝑏𝑎𝑐𝑘 𝑏𝑒𝑓𝑜𝑟𝑒, 𝑛𝑜𝑡 𝑎𝑑𝑑𝑒𝑑 𝑜𝑛 𝑠𝑡𝑜𝑐𝑘 𝑦𝑒𝑡 
 

 

 Completeness system 
In this section, the probability that parts are not in the system anymore is taken into account in the 
model and thus assumption 1 is reconsidered.  
 

FSD’s

Defective individual 
service parts sent 
by the customer

Service parts from 
a system that is 

bought back
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5.5.1 Model concerning completeness system 
In the current decision-making process, Company X assumes that the offered systems are complete 
(as mentioned in assumption 1). However, Company X has established, based on data of systems that 
were bought back for refurbishment, that not all parts according to the BoM are in the returned 
systems. Missing parts can have the following reasons:  
 
1.  The BoM is not correct, because of human errors made in SAP  
2. The BoM is not correct, because the customer bought different fitting service parts from a           
competitor. 
3. The system is incomplete, because the customer had already dismantled parts from the system to 
use the parts in other running systems.  
 
Since the value of the system is based on the presence of the service parts, it is important to 
implement an extension that indicates the completeness of the system:  
 

 𝑉𝑆(𝑠) =  ∑ [𝑅𝐸𝐶𝐶𝑝(𝑠) ∗ (𝐶𝑛𝑒𝑤𝑝 − 𝐶𝑟𝑒𝑝𝑝)]

𝑝∈𝑃

 (12) 

 𝑅𝐸𝐶𝐶𝑝(𝑠) = 𝑀𝑖𝑛 (𝐷𝑒𝑚𝑎𝑛𝑑𝐶𝑝, 𝑁𝑝(𝑠)) (13) 

 

𝑁𝑝(𝑠) =  ∑ 𝑋𝑞𝑝

𝑄𝑝

𝑞𝑝=1

(𝑠)  

(14) 

 𝐷𝑒𝑚𝑎𝑛𝑑𝐶𝑝 = 𝑀𝑎𝑥[ 𝐷𝑒𝑚𝑝 − 𝑅𝐹𝑆𝐷𝑝 − 𝐼𝑃𝑝, 0] (15) 

   

where:  

𝐷𝑒𝑚𝑎𝑛𝑑𝐶𝑝:  𝑑𝑒𝑚𝑎𝑛𝑑 𝑜𝑓 𝑝𝑎𝑟𝑡 𝑝 𝑡𝑎𝑘𝑖𝑛𝑔 𝑟𝑒𝑢𝑠𝑎𝑏𝑙𝑒 𝐹𝑆𝐷
′𝑠  𝑓𝑟𝑜𝑚 𝑒𝑎𝑟𝑙𝑖𝑒𝑟 𝑏𝑜𝑢𝑔ℎ𝑡 𝑏𝑎𝑐𝑘 

                         𝑠𝑦𝑠𝑡𝑒𝑚𝑠 𝑎𝑛𝑑 𝑟𝑒𝑝𝑎𝑖𝑟𝑒𝑑 𝑖𝑛𝑑𝑖𝑣𝑑𝑢𝑎𝑙 𝑑𝑒𝑓𝑒𝑐𝑡𝑖𝑣𝑒 𝐹𝑆𝐷′𝑠 𝑖𝑛𝑡𝑜 𝑎𝑐𝑐𝑜𝑢𝑛𝑡 

𝑁𝑝(𝑠):            𝑎𝑐𝑡𝑢𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑐𝑜𝑝𝑖𝑒𝑠 𝑝 𝑖𝑛 𝑜𝑓𝑓𝑒𝑟𝑒𝑑 𝑠𝑦𝑠𝑡𝑒𝑚 𝑠 

𝑅𝐸𝐶𝐶𝑝(𝑠):    𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑟𝑒𝑢𝑠𝑎𝑏𝑙𝑒 𝑐𝑜𝑝𝑖𝑒𝑠 𝑝 𝑜𝑏𝑡𝑎𝑖𝑛𝑒𝑑 𝑣𝑖𝑎 𝑜𝑓𝑓𝑒𝑟𝑒𝑑 𝑠𝑦𝑠𝑡𝑒𝑚 𝑠 

𝑉𝑆(𝑠):           𝑣𝑎𝑙𝑢𝑒 𝑜𝑓 𝑎𝑙𝑙 𝑠𝑒𝑟𝑣𝑖𝑐𝑒 𝑝𝑎𝑟𝑡𝑠 𝑓𝑟𝑜𝑚 𝑠𝑦𝑠𝑡𝑒𝑚 𝑠 𝑖𝑛 𝑒𝑢𝑟𝑜𝑠 𝑖𝑛𝑐𝑙𝑢𝑑𝑖𝑛𝑔 
                        𝑐𝑜𝑚𝑝𝑙𝑒𝑡𝑒𝑛𝑒𝑠𝑠 𝑢𝑛𝑐𝑒𝑟𝑡𝑎𝑖𝑛𝑡𝑦 

𝑋𝑞𝑝(s):          𝑏𝑖𝑛𝑎𝑟𝑦 𝑣𝑎𝑟𝑖𝑎𝑏𝑙𝑒 𝑑𝑒𝑝𝑖𝑐𝑡𝑖𝑛𝑔 𝑖𝑓 𝑐𝑜𝑝𝑦 𝑞 𝑜𝑓 𝑝𝑎𝑟𝑡 𝑝 𝑖𝑠  

                        𝑝𝑟𝑒𝑠𝑒𝑛𝑡 𝑖𝑛 𝑠𝑦𝑠𝑡𝑒𝑚 𝑠, (𝑋𝑞𝑝 = 1) 𝑜𝑟 𝑛𝑜𝑡 (𝑋𝑞𝑝 = 0) 

After a system has been offered, an engineer is sent to check the condition of the system and to check 
if the system is still working, idle or partly packed. If a system is idle, the system is still assembled but 
not in use any more by the customer. If a system is qualified as partly packed, the system is already 
de-installed partly disassembled and partly packed.  
 
It is not possible to check if all the interesting service parts are still in the system. A reason for this is 
that service parts can be placed in the middle of the system and these parts are not visible without 
dismantling the entire system. It can also be that the customer had already partly dismantled the 
system and stored it in boxes to save space. Since not all parts can be checked by the engineer as 
mentioned in equation (14), a probability should be introduced indicating if a part is still in the system. 
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The probability that a part is in the system is depending on the condition of the system. If the system 

is idle, and the customer has another running system that requires the part in the idle system, it is 

likely that the customer removed the part from the idle system and installed this part in his running 

system. The probability is also depending on the type of service part. Some service parts have a higher 

wear out rate. For these parts it is even more likely that the parts are harvested by the customer if he 

has another running system. However, specific data about missing parts is not available.  

Unfortunately, no data is readily available about parts that are actually missing in systems returned 

from customers with respect to their BoM. In order to account for this, it is assumed that all different 

parts are treated independently and share the same probability of the part being present in the 

returned system. Furthermore, if there are more copies of one part in the system, it is assumed that 

these parts undergo the same wear out rate, independent the location of the part in the system. For 

implementing the uncertainty on completeness of the system, we should multiply each copy of the 

part by a completeness factor.  

In the future, data should be collected about parts that are missing and parts that are still installed in 

the system, so that a factor can be determined for each part separately. However, since most 

interesting service parts are only installed once in a system and a completeness factor of , for instance 

80% does not give an answer if a part is still in the system. We have decided to multiply the total value 

of the system by the completeness factor per system type and condition as is shown in equation (16). 

The presence of the most expensive parts have no uncertainty. The engineer can easily check if these 

parts are still in the system. The customer is not able to de-install these parts.  

 𝑉𝑆(𝑠) =  ∑𝑅𝐸𝐶𝐶𝑝(𝑠) ∗ (𝐶𝑛𝑒𝑤𝑝 − 𝐶𝑟𝑒𝑝𝑝)  ∗ 𝐶𝐹𝑝
𝑝∈𝑃

(𝑠) (16) 

 𝑅𝐸𝐶𝐶𝑝(𝑠) = 𝑀𝑖𝑛 (𝐷𝑒𝑚𝑎𝑛𝑑𝐶𝑝, 𝑄𝑝(𝑠)) (17) 

where:   

𝐶𝐹𝑝(𝑠):                𝑐𝑜𝑚𝑝𝑙𝑒𝑡𝑒𝑛𝑒𝑠𝑠 𝑓𝑎𝑐𝑡𝑜𝑟 𝑓𝑜𝑟 𝑠𝑦𝑠𝑡𝑒𝑚 𝑠 𝑎𝑛𝑑 𝑝𝑎𝑟𝑡 𝑝 

 

 Repair yield of parts from a returned system 
In this section, assumption 7 is reconsidered. Company X has observed that not all parts can be 
repaired. In section 5.6.1 the model is discussed. 
 
It is uncertain if parts, returned from systems for part harvesting can be repaired. As mentioned in 
section 5.4.3 the quality between returned products differ enormously. In section 5.4.3 the repair 
yield of defective individual service parts sent by the customer is implemented in the model. In this 
section we will focus on the repair yield of service parts that returned because of a system buy back 
(circled block in Figure 12). 
 

5.6.1 Repair yield model 
The uncertainty that returned FSD’s from the system can be repaired is implemented via the following 
formula: 
 

 𝑅𝑃𝐻𝑝(𝑠) = 𝑄𝑝(𝑠) ∗ 𝑌𝑝(𝑠) 

 

(18) 
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where: 
𝑅𝑃𝐻𝑝(𝑠):         𝑎𝑐𝑡𝑢𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑟𝑒𝑝𝑎𝑖𝑟𝑎𝑏𝑙𝑒 𝑐𝑜𝑝𝑖𝑒𝑠 𝑜𝑓 𝑝 𝑖𝑛 𝑜𝑓𝑓𝑒𝑟𝑒𝑑 𝑠𝑦𝑠𝑡𝑒𝑚 𝑠 

𝑌𝑝(𝑠):                𝑝𝑟𝑜𝑏𝑎𝑏𝑖𝑙𝑖𝑡𝑦 𝑡ℎ𝑎𝑡 𝐹𝑆𝐷 𝑝𝑎𝑟𝑡 𝑝 𝑓𝑟𝑜𝑚 𝑜𝑓𝑓𝑒𝑟𝑒𝑑 𝑠𝑦𝑠𝑡𝑒𝑚 𝑠 𝑐𝑎𝑛 𝑏𝑒 𝑟𝑒𝑝𝑎𝑖𝑟𝑒𝑑 

 
Determination repair yield based on historical data 
To determine the repair yield it is important to distinguish repair data of FSD parts from the returned 
systems and individual defective FSD parts sent by the customer. It is likely that the quality of FSD’s 
from returned systems (that were still working) is higher than the quality of individual defective parts 
sent by the customer. And thus, it is assumed that the repair yield for parts for working returned 
systems is higher than the repair yield for individual defective FSD’s sent by the customer. 
 
To distinguish the repair yield of these categories, historical repair data of the service parts of each 
returned system needs to be analyzed. After system arrival, Company X gets the opportunity either to 
send the service parts for repair or to send the parts for requalify to the supplier or work center. 
Company X’s warehouse employees are not able to inspect the parts. 
 
If a part is sent for requalify, the supplier/ work center only inspects and tests the returned part and 
the part is either labeled as NFF (No Fault Found) or NOK (Not Ok). This approach is recommended for 
systems that were still working at the customer’s location. If the engineer who checked the status of 
the system concluded that the system was still working at the customer’s location and the supplier 
has qualified the part as NFF, we can assume that the part has met the required quality level and can 
be reused as service part.  So, if the part is labeled as NFF, the supplier thinks the part should still work. 
Company X can resell the part again as service part without repair. If the supplier assumes the part 
will fail soon, he can choose to repair the part. If the part is labeled as OK, the part is successfully 
repaired (otherwise it gets label NOK). Part labeled as NOK are sent for scrap. The repair yield per part 
p for a returned system s is determined in the following formula. We only consider parts from the 
same type as the offered system to determine the repair yield of the part. It is assumed that parts 
from systems of the same type have similar repair yields. 
 

 
𝑌𝑝(𝑠) =

∑ 𝑁𝐹𝐹𝑝(𝑙𝑟) + 𝑂𝐾𝑝(𝑙𝑟)𝑙𝑟∈𝐿𝑟,𝑟=𝑡𝑦𝑝𝑒 (𝑠)

∑ 𝑁𝑂𝐾𝑝(𝑙𝑟) + 𝑁𝐹𝐹𝑝(𝑙𝑟) + 𝑂𝐾𝑝(𝑙𝑟)𝑙𝑟∈𝐿𝑟,𝑟=𝑡𝑦𝑝𝑒 (𝑠)
 

  

(19) 

𝑙𝑟 ∈ 𝐿𝑟, 𝑟 = 𝑡𝑦𝑝𝑒(𝑠):  
𝑓𝑜𝑟 𝑎𝑙𝑙 𝑐𝑜𝑝𝑖𝑒𝑠 𝑜𝑓 𝑠𝑦𝑠𝑡𝑒𝑚 𝑟 𝑔𝑖𝑣𝑒𝑛 𝑡ℎ𝑎𝑡 𝑡𝑦𝑝𝑒 𝑟 𝑖𝑠 𝑒𝑞𝑢𝑎𝑙 𝑡𝑜 𝑡𝑦𝑝𝑒 𝑜𝑓𝑓𝑒𝑟𝑒𝑑 𝑠𝑦𝑠𝑡𝑒𝑚 𝑠 
 
where: 
𝐿𝑟:                          𝑠𝑒𝑡 𝑜𝑓 𝑠𝑦𝑠𝑡𝑒𝑚𝑠 𝑜𝑓 𝑡𝑦𝑝𝑒 𝑟 𝑡ℎ𝑎𝑡 𝑤𝑒𝑟𝑒 𝑏𝑜𝑢𝑔ℎ𝑡 𝑏𝑎𝑐𝑘 𝑏𝑒𝑓𝑜𝑟𝑒 
                                𝑎𝑛𝑑 𝑟𝑒𝑝𝑎𝑖𝑟𝑒𝑑 

𝑁𝐹𝐹𝑝(𝑙𝑟):            𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑝𝑎𝑟𝑡𝑠 𝑝 𝑤𝑒𝑟𝑒 𝑛𝑜 𝑓𝑎𝑢𝑙𝑡 𝑤𝑎𝑠 𝑓𝑜𝑢𝑛𝑑 𝑓𝑟𝑜𝑚 𝑐𝑜𝑝𝑦 𝑙 𝑜𝑓 𝑠𝑦𝑠𝑡𝑒𝑚 𝑡𝑦𝑝𝑒 𝑟 

𝑁𝑂𝐾𝑝(𝑙𝑟):           𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑝𝑎𝑟𝑡𝑠 𝑝 𝑐𝑎𝑛𝑛𝑜𝑡 𝑏𝑒 𝑟𝑒𝑝𝑎𝑖𝑟𝑒𝑑 𝑓𝑟𝑜𝑚 𝑐𝑜𝑝𝑦 𝑙 𝑜𝑓 𝑠𝑦𝑠𝑡𝑒𝑚 𝑡𝑦𝑝𝑒 𝑟 

𝑂𝐾𝑝(𝑙𝑟):              𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑝𝑎𝑟𝑡𝑠 𝑝 𝑟𝑒𝑝𝑎𝑖𝑟𝑒𝑑 𝑓𝑟𝑜𝑚 𝑠𝑦𝑠𝑡𝑒𝑚 𝑐𝑜𝑝𝑦 𝑙 𝑜𝑓 𝑠𝑦𝑠𝑡𝑒𝑚 𝑡𝑦𝑝𝑒 𝑟 

From the equation it is shown that only previous bought back systems of the same system type as the 
offered system are considered to determine the repair yield of a specific service part. 
 
Note: the repair yield is not only dependent on the type of part and system type as mentioned in 

equation 19, but also on the environmental location of the system, location of the part in the system, 

age of the part, and how intensively the system has been used. However, since this is not known by 

Company X it is assumed that the repair yield only depends on the system and part type.  
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For systems that were already idle or partly packed, the parts are sent for repair. Parts that are 

qualified as NFF are not considered as working parts, since it is unknown if these parts were still 

working in the system. The repair yield is determined as follows: 

 
 

𝑌𝑝(𝑠) =
∑ 𝑂𝐾𝑝(𝑙𝑟)𝑙𝑟∈𝐿𝑟,𝑟=𝑡𝑦𝑝𝑒 (𝑠)

∑ 𝑁𝑂𝐾𝑝(𝑙𝑟) + 𝑁𝐹𝐹𝑝(𝑙𝑟) + 𝑂𝐾𝑝(𝑙𝑟)𝑙𝑟∈𝐿𝑟,𝑟=𝑡𝑦𝑝𝑒 (𝑠)
 

 

(20) 

It is straightforward to determine the optimal quantity of parts that has to be disassembled and 

repaired. If the repair yield is low, more parts need to be disassembled and repaired to serve the 

demand. The lack of parts for the demand period will be procured and the excess in demand will be 

disposed (Guide, Jayaraman, & Srivastava, 1999).  

The number of parts from the offered system that are sent either to supplier or work center is 
determined by the following equation:  
 

 
𝑅𝑃𝑝(𝑠) = ⌊

𝑅𝐸𝐶𝑝(𝑠)

𝑌𝑝(𝑠)
⌉ 

 

(21) 

 
 𝑅𝐸𝐶𝑝(𝑠) = 𝑀𝑖𝑛 (𝐷𝑒𝑚𝑎𝑛𝑑𝐶𝑝, 𝑅𝐻𝑃𝑝(𝑠)) 

 

(22) 

where: 
𝑅𝐸𝐶𝑝(s):          𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑟𝑒𝑢𝑠𝑎𝑏𝑙𝑒 𝑐𝑜𝑝𝑖𝑒𝑠 𝑝 𝑜𝑏𝑡𝑎𝑖𝑛𝑒𝑑 𝑣𝑖𝑎 𝑜𝑓𝑓𝑒𝑟𝑒𝑑 𝑠𝑦𝑠𝑡𝑒𝑚 𝑠, 𝑖𝑛𝑐𝑙𝑢𝑑𝑖𝑛𝑔 𝑡ℎ𝑒   

                            𝑟𝑒𝑝𝑎𝑖𝑟 𝑦𝑖𝑒𝑙𝑑      
𝑅𝑃𝑝(𝑠):             𝑟𝑒𝑞𝑢𝑖𝑟𝑒𝑑 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑐𝑜𝑝𝑖𝑒𝑠 𝑜𝑓 𝑝𝑎𝑟𝑡 𝑝 𝑜𝑓 𝑠𝑦𝑠𝑡𝑒𝑚 𝑠 𝑠𝑒𝑛𝑡 𝑡𝑜 𝑠𝑢𝑝𝑝𝑙𝑖𝑒𝑟 𝑜𝑟  

                           𝑤𝑜𝑟𝑘 𝑐𝑒𝑛𝑡𝑒𝑟 

Equation 21 is illustrated by an example: 
The demand of part p is equal to 7 (𝐷𝑒𝑚𝑎𝑛𝑑𝐶𝑝). The number of copies of part p in the system is 10 

(𝑄𝑝(𝑠)). The repair yield for this part is established on 75% ((𝑌(𝑠)). And thus the actual number of 

repairable copies of part p of the system is equal to 7,5 (𝑅𝑃𝐻𝑝(𝑠)). The number of reusable copies p, 

obtained from the offered system is equal to 7 (𝑅𝐸𝐶𝑝(𝑠)). However, since the repair yield is lower 

than 100%, more parts from the system are required to obtain this needed 7 items. The number of 

copies from item p, that is sent for repair to eventually obtain the required parts is 𝑅𝑃𝑝(𝑠) = ⌊
7

0.75
⌉ =

9. The number of items sent for repair are rounded to the nearest integer. If the number of reusable 
copies p is rounded down, we could have made an overestimation of the value of the system. It could 
be that less parts can be repaired than are counted as reusable. From the example described above, 
actually 9,33 parts are required to obtain 7 parts (7/0.75). There is a probability that only 6 parts are 
repaired, although for the analysis we counted the reusable value of 7 parts. A consequence is that 
department A offers a higher price for the system. If the number of reusable copies p is rounded up, 
we could have made an underestimation of the system. More parts can be repaired than we have 
counted as reusable. The risk is that department A offers a lower price that is rejected by the customer, 
because a competitor offered a better price. 
 
Since not all parts can be repaired because the repair yield is not equal to 100%, some of these parts 
are rejected by the supplier because of bad quality. For these parts only, costs are paid for the analysis 

and not for repair. In the example above 2 parts will be rejected by the supplier (𝑅𝑃𝑝(𝑠) − 𝑅𝐸𝐶𝑝(𝑠)). 
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For this number of parts analysis costs are paid. For 7 parts repair costs are paid. These costs include 
actual repair and analyzing the part by the supplier or work center if the part can be repaired or not.  
 
The total value of the system can be determined by the next formula: 

 𝑉𝐹(𝑠) =  ∑(𝑅𝐸𝐶𝑝(𝑠) ∗ 𝐶𝑛𝑒𝑤𝑝 − (𝑅𝐸𝐶𝑝(𝑠) ∗ 𝐶𝑟𝑒𝑝𝑝 + (𝑅𝑃𝑝(𝑠) − 𝑅𝐸𝐶𝑝(𝑠))

𝑝∈𝑃

∗ 𝐶𝑎𝑛𝑎𝑙𝑦𝑠𝑖𝑠𝑝
 ) ∗ 𝐶𝐹𝑝(𝑠)) 

 

(23) 

where: 
𝐶𝑎𝑛𝑎𝑙𝑦𝑠𝑖𝑠𝑝

:   𝑐𝑜𝑠𝑡 𝑓𝑜𝑟 𝑎𝑛𝑎𝑙𝑦𝑠𝑖𝑛𝑔 𝑝𝑎𝑟𝑡 𝑝   

𝑉𝐹(𝑠) ∶        𝑣𝑎𝑙𝑢𝑒 𝑜𝑓 𝑜𝑓𝑓𝑒𝑟𝑒𝑑 𝑠𝑦𝑠𝑡𝑒𝑚 𝑠 𝑖𝑛 𝑒𝑢𝑟𝑜𝑠, 𝑖𝑛𝑐𝑙𝑢𝑑𝑖𝑛𝑔 𝑐𝑜𝑠𝑡𝑠 𝑓𝑜𝑟 𝑟𝑒𝑝𝑎𝑖𝑟, 𝑎𝑛𝑎𝑙𝑦𝑠𝑖𝑠 
                       𝑎𝑛𝑑 𝑐𝑜𝑚𝑝𝑙𝑒𝑡𝑒𝑛𝑒𝑠 𝑢𝑛𝑐𝑒𝑟𝑡𝑎𝑖𝑛𝑡𝑦 

       
Note for equation 23 the following assumption is made: 
 

15. The repair costs for all copies of p in system s are equal  

 
16. The analysis cost for all copies of p in system s are equal 

 
 

 

 Demand uncertainty 
The next uncertainty is related to the demand uncertainty, the uncertainty of the required demand in 

future periods. In assumption 3 we stated that the demand is given, stable and deterministic. In the 

next section, causes are given why the demand is uncertain und thus contradicts the assumption. 

5.7.1 Causes demand uncertainty 
The demand for service parts is initially forecasted with a 4-year forecast horizon for rest parts and for 
EOL parts the horizon period is equal from the moment of decision until the year of EOS. The demand 
forecast is based on the demand from the previous 3 years and planned upgrades. The demand 
forecast for 2018 is based on 2015, 2016 and 2017. The same demand forecast of 2018 is also used 
for 2019, 2020 up to 2030. In the current decision process, Company X assumes that the demand is 
stable for each part during the established horizon period. This assumption is questionable. For all 
forecasting methods we should keep in mind that predicting future demand is difficult.  Many factors 
can impede the accuracy of the demand forecast of service parts (Wouters, Selto, Hilton, & Maher, 
2012). 
Even if more historical data was available of the actual demand and demand forecast from previous 
years, we cannot say anything about the accuracy of future forecasts.  In the following paragraphs, 
factors will be mentioned that have impact on the demand forecast by either an increase or decrease 
in the forecast. The findings are summarized in Table 2. 
 
Table 2 overview of factors influencing the demand of service parts 

Factor  Impact on demand 

Failures do occur randomly  Decrease/Increase 

Changes in customer interest and needs Decrease/Increase 

Competitors Decrease 

Technology Developments  Decrease/Increase 

Creating new service parts Increase 
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Weather and natural disasters Increase 

 
 
1.Failures do occur randomly 
Failures of service parts occur randomly, it is therefore unknown if the forecasted demand is an 

underestimation or overestimation of the actual demand.  

2.Changes in customer interest and needs 
The position of Company X in the market is important. It is uncertain whether Company X in the 

upcoming years has the same market position in selling systems or if competitors will take a better 

position. Thereby, if customer’s interests and needs increase for systems of Company X, Company X 

grows and more systems are sold. For this scenario it is likely that more service parts are required than 

are actually forecasted.  A more pessimistic scenario should also be considered. If customer’s interests 

and needs decrease, Company X shrinks, resulting in less required service parts. 

3. Competitors 
Competitors only focusing on service parts also play an important role in the accuracy of the forecast 

demand. Company X has established that third parties started to deal in service parts that fit in 

systems from Company X. If a competitor offers cheaper good parts, the demand for Company X for 

these parts will decrease, and too many parts are forecasted. 

4.Technology developments 
New systems are developed and other systems will be end of service during the time period of demand 

forecast. Although, the systems have a lot of commonality in parts, this is not true for all parts and 

thus, some parts are not required anymore.  

Service parts are upgraded regularly by Company X. This can result in disappearing of the current 

service code, because after each upgrade of a part a new service code is created. Upgrades could also 

result in less demand because the parts are improved and the wear out rate is lower. 

5.New service parts 
Some parts were not qualified as service parts. However, Company X has later established that the 

demand for some parts has increased because of failures of these parts and Company X had decided 

to change the part to a service parts. So, currently the forecast demand for these parts is zero, 

however this can be different in the future. Especially, for new parts it is uncertain to Company X if 

they ever will change the status of the part to service part.  

6.Weather and natural disasters 

Weather and natural disasters at the customer’s location can affect the demand forecast. 

Earthquakes and floods do occur. In case of such a natural disaster, the demand increases. 

5.7.2 Problems 
When the demand is not predicted accurately, Company X is forced to increase the safety stock to 

prevent running out of stock and not meeting service level agreements. The disadvantage of this 

approach are higher holding costs and the risk of obsolescence.  

Due to time constraints we will not further focus on the demand uncertainty. For this project we focus 

on the process flow of buying back systems. Another department within Company X focuses on 

demand forecasting. For our model, we will still assume that the demand is stable and deterministic 

although we know that this is not true in reality.  
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 Holding costs 
In the current decision process, no costs related to the inventory were taken into account. In this 

section we introduce holding costs. First, we define the term and what components are included. In 

Subsection 5.8.2, we implement the holding costs in the developed model of the previous section 

(5.7). 

5.8.1 Definition holding costs 
Holding costs, also referred as inventory costs or carry costs are defined as “the costs that accrue as a 

result of having capital tied up in inventory” (Nahmias & Olsen, 2015). Holding costs are cost made for 

stored parts that are not sold. This cost includes all costs associated to the physical inventory on hand 

at any point in time. Holding costs include the following components: 

1. Rental costs (costs for providing the space to store the parts) 

2. Taxes and insurances 

3. Obsolescence, spoilage and deterioration, breakage 

4. Opportunity costs  

Point four includes the forgone value that could have been obtained from other possible alternatives 

that are blocked by choosing a particular alternative and using a scarce resource for that (Wouters, 

Selto, Hilton, & Maher, 2012). If the company decides to decrease its stock levels, the company saves 

money which can be invested elsewhere, for instance in new product development.  

The total percentage inventory carrying costs is the sum of the 4 components indicated above. The 

inventory is measured in units, so the holding costs are expressed in terms of euros per unit per year. 

The holding costs per unit per year are given by: 

 𝐻𝑝 = 𝐼 ∗ 𝐶𝑛𝑒𝑤𝑝 (24) 

where: 

𝐻𝑝:   ℎ𝑜𝑙𝑑𝑖𝑛𝑔 𝑐𝑜𝑠𝑡 𝑖𝑛 𝑡𝑒𝑟𝑚𝑠 𝑜𝑓 𝑒𝑢𝑟𝑜𝑠 𝑝𝑒𝑟 𝑢𝑛𝑖𝑡 𝑝 𝑝𝑒𝑟 𝑦𝑒𝑎𝑟 

𝐼:     𝑝𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 𝑖𝑛𝑣𝑒𝑛𝑡𝑜𝑟𝑦 𝑐𝑎𝑟𝑟𝑦𝑖𝑛𝑔 𝑐𝑜𝑠𝑡 𝑜𝑓 𝑡ℎ𝑒 𝑐𝑜𝑠𝑡 𝑡𝑜 𝑝𝑢𝑟𝑐ℎ𝑎𝑠𝑒 𝑖𝑛𝑣𝑒𝑛𝑡𝑜𝑟𝑦  

 

5.8.2 Holding costs model 
For our model the following extra assumptions are made: 

17. Holding costs for EOL parts are negligible  
The exact costs for EOL parts are not known. In the worst scenario it is only possible to obtain 
EOL parts by redesign. In this scenario the costs are much higher than the holding costs that 
have to be paid in case the system is bought back. Since it is not known which solutions can 
be found to obtain EOL parts, we assume the worst scenario. The costs for holding EOL parts 
for a period until EOS are always much lower than the cost for redesign. Therefore, the holding 
costs for EOL parts are neglected. 
 

18. Holding costs for zero-ordering parts are negligible.  
It is unknown when a zero-ordering part is needed. However, when a zero-ordering part is 

needed, an escalation at the customer’s location can be prevented if one copy of each part is 

stored. We assume that the holding costs for these parts are much lower than in the 

alternative situation where this part needs to be ordered as ‘new’ with an emergency 
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transshipment and where costs are incurred for system downtime. The costs for holding zero-

ordering parts are negligible compared to cost in case of an emergency. 

19. The holding costs are fixed linear costs per part per euro invested.  
There is a fixed price per part per euro invested and thus the costs are linear. 

 

For rest parts, the consideration of holding costs can be interesting. For instance, if there are enough 

parts on stock for the coming 3 years, then we still need items for one more year with the current 

forecasted horizon. However, we also have to pay for the holding costs for the first three years. If the 

costs for repair and the holding costs for the coming three years are greater than the costs for buying 

the item new in three years, it is not cost-effective to repair the item and put it on stock as is shown 

in the following formula.  

 𝐶𝑟𝑒𝑝𝑝
+ 𝑧𝑝 ∗ 𝐻𝑝 < 𝐶𝑛𝑒𝑤𝑝 (25) 

where: 

𝑧𝑝:                     𝑡𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑚𝑜𝑛𝑡ℎ𝑠 𝑝𝑎𝑟𝑡 𝑝 𝑖𝑠 𝑠𝑡𝑜𝑟𝑒𝑑 𝑜𝑛 𝑠𝑡𝑜𝑐𝑘 𝑎𝑡 𝑡ℎ𝑒 𝑚𝑜𝑚𝑒𝑛𝑡 𝑜𝑓 

                          𝑑𝑒𝑐𝑖𝑠𝑖𝑜𝑛, 𝑎𝑐𝑐𝑜𝑟𝑑𝑖𝑛𝑔 𝑡𝑜 𝑓𝑜𝑟𝑒𝑐𝑎𝑠𝑡𝑒𝑑 𝑑𝑒𝑚𝑎𝑛𝑑  
 
If part p does not meet the condition as described in equation (25), the part is not considered as 

reusable anymore. For parts that meet the condition, these parts are still included in determination 

of the system value. The total value of the systems is determined via the following equation: 

 𝑉𝑇(𝑠) =  ∑  ((𝑅𝐸𝐶𝑝(𝑠) ∗ 𝐶𝑛𝑒𝑤𝑝 − (𝑅𝐸𝐶𝑝(𝑠) (𝐶𝑟𝑒𝑝𝑝 + 𝑧𝑝 ∗ 𝐻𝑝))

𝑝∈𝑃′

+ (𝑅𝑃𝑝(𝑠) − 𝑅𝐸𝐶𝑝(𝑠)) ∗ 𝐶𝑎𝑛𝑎𝑙𝑦𝑠𝑖𝑠𝑝 ) ∗  𝐶𝐹𝑝
(𝑠))  

 

(26) 

𝑃′ = {𝑝𝜖𝑃| "𝑝   𝑓𝑢𝑙𝑓𝑖𝑙𝑠 𝑒𝑞𝑢𝑎𝑡𝑖𝑜𝑛 (25)"}  

where: 

𝑉𝑇(𝑠): 𝑣𝑎𝑙𝑢𝑒 𝑜𝑓 𝑎𝑙𝑙 𝑠𝑒𝑟𝑣𝑖𝑐𝑒 𝑝𝑎𝑟𝑡𝑠 𝑜𝑓 𝑠𝑦𝑠𝑡𝑒𝑚 𝑠 𝑖𝑛 𝑒𝑢𝑟𝑜𝑠 𝑖𝑛𝑐𝑙𝑢𝑑𝑖𝑛𝑔 𝑐𝑜𝑚𝑝𝑙𝑒𝑡𝑒𝑛𝑒𝑠𝑠 𝑓𝑎𝑐𝑡𝑜𝑟, 
              𝑟𝑒𝑝𝑎𝑖𝑟 𝑦𝑖𝑒𝑙𝑑 𝑎𝑛𝑑 ℎ𝑜𝑙𝑑𝑖𝑛𝑔 𝑐𝑜𝑠𝑡𝑠 
 
There is no research conducted by Company X on determining the percentage inventory carrying costs 

of the cost to purchase inventory. For that reason, a sensitivity analysis will be conducted with 

different percentages to show the impact of holding costs on the total value of the system. If the 

holding costs are estimated too high, the value of the system is underestimated and we could have 

sent parts for scrap unfairly. 

 Repair costs of FSD parts 
In this section we focus on the repair costs of parts. This improvement has effect on equation (26). 
Currently, Company X makes use of an average percentage of the standard FSD cost price for 
determining the cost of repair for all service parts independent of the system they come from. In this 
section the disadvantages of this approach are discussed and what data should be collected to 
improve the approach in the future.  
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5.9.1 Disadvantage and improvements 
The repair costs should be calculated for each part separately. Small deviations of the percentage can 

result in a big difference of repair costs if the part is expensive. However, this data is not available. 

The finance department calculated the average percentage of repair costs for all parts compared to 

the standard FSD cost price for the last 3 years. This average percentage is used in the current decision-

making process for buying back systems for parts harvesting. The disadvantage of this approach, 

where an average percentage is taken, is that the repair costs of most parts inevitably differ from this 

percentage. This can result in big consequences for the value of the system. 

Table 3 different percentages should be determined per FSD category, per part and system 

 Individual defective parts Service parts from system buy back 

Parts/ 
System 

A B A B 

1 ..% ..% ..% ..% 
2 ..% ..% ..% ..% 
3 ..% ..% ..% ..% 
4 ..% ..% ..% ..% 

 

In the future, we should distinguish the different FSD returns as mentioned in Figure 12 (individual 

defective returned service parts and service parts returned form systems that are bought back). 

Furthermore, we should determine the repair costs per part per system type. It is necessary to 

distinguish different types since the repair costs vary per system for the same part, because of 

different wear out rates between systems. So, in the future 𝐶𝑟𝑒𝑝𝑝 needs to be replaced by 𝐶𝑟𝑒𝑝𝑝(𝑠). 

In Table 3 an overview of the required data is given.  

Another disadvantage of the average percentage of 35% is that it is determined based on all repaired 

service parts, including service parts that were highly needed. It is possible that the supplier under 

usual conditions had rejected the part because of low quality and repairing the part was not cost-

effective. However, if the part is highly needed the part has to be repaired as soon as possible. These 

parts increase the average repair cost, while these parts are not interesting for buying back systems 

for service parts harvesting, because the process of repairing parts from bought back systems takes 

too long (approximately 6 months).  

Before parts can be considered as reusable, it should be checked if it is cost effective to repair each 

part separately. The condition written in Equation (25) is extended as follows:  

  

 𝑅𝐸𝐶𝑝(𝑠) ∗  (𝐶𝑟𝑒𝑝𝑝(𝑠) + 𝑧𝑝 ∗ 𝐻𝑝) + (𝑅𝑃𝑝(𝑠) − 𝑅𝐸𝐶𝑝(𝑠)) ∗ 𝐶𝑎𝑛𝑎𝑙𝑦𝑠𝑖𝑠𝑝
< 𝑅𝐸𝐶𝑝(𝑠) ∗ 𝐶𝑛𝑒𝑤𝑝 

(27) 

If the condition for a part is not met, the part is not considered as reusable anymore. The result is that 

the part will not be sent to the supplier or work center. 

The total value of the system then is: 
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𝑉(𝑠) =  ∑ [(𝑅𝐸𝐶𝑝(𝑠) ∗  (𝐶𝑛𝑒𝑤𝑝 − 𝐶𝑟𝑒𝑝𝑝(𝑠) − 𝑧𝑝 ∗ 𝐻𝑝) − (𝑅𝑃𝑝(𝑠) − 𝑅𝐸𝐶𝑝(𝑠)) ∗ 𝐶𝑎𝑛𝑎𝑙𝑦𝑠𝑖𝑠𝑝
)

𝑝∈𝑃′′

∗ 𝐶𝐹𝑝(𝑠)] 

 

𝑃′′ = { 𝑝𝜖𝑃|  "𝑝 𝑓𝑢𝑙𝑓𝑖𝑙𝑠 𝑒𝑞𝑢𝑎𝑡𝑖𝑜𝑛 (27)"} 

 

      

(28) 

where: 
𝐶𝑟𝑒𝑝𝑝(𝑠):      𝑐𝑜𝑠𝑡 𝑓𝑜𝑟 𝑟𝑒𝑝𝑎𝑖𝑟𝑖𝑛𝑔 1 𝑐𝑜𝑝𝑦 𝑜𝑓 𝑝𝑎𝑟𝑡 𝑝 𝑓𝑟𝑜𝑚 𝑠𝑦𝑠𝑡𝑒𝑚 𝑠 

𝑉(𝑠):             𝑡𝑜𝑡𝑎𝑙 𝑣𝑎𝑙𝑢𝑒 𝑜𝑓 𝑎𝑙𝑙 𝑠𝑒𝑟𝑣𝑖𝑐𝑒 𝑝𝑎𝑟𝑡𝑠 𝑜𝑓 𝑠𝑦𝑠𝑡𝑒𝑚 𝑠 𝑖𝑛 𝑒𝑢𝑟𝑜𝑠, 𝑡𝑎𝑘𝑒𝑛 𝑎𝑙𝑙 𝑚𝑜𝑑𝑒𝑙  
                       𝑖𝑚𝑝𝑟𝑜𝑣𝑒𝑚𝑒𝑛𝑡𝑠 𝑖𝑛𝑡𝑜 𝑎𝑐𝑐𝑜𝑢𝑛𝑡  

 

 Conclusions and insight on model development 
In this chapter, the model for determining the value of an offered system for service parts harvesting 

has been developed. The improvements are incrementally explained. Each section focuses on one 

improvement and the model of the previous section is extended.  

In Section 5.1 the assumptions and justifications are given for the basic model that is developed in 

Section 5.2. This model is incrementally extended in the following sections In Section 5.3 the service 

parts are categorized in either EOL parts, zero-ordering parts and rest parts. In Section 5.4 we have 

stated that the remaining demand for parts harvesting (or buying the part new) is determined by 

subtracting the repaired FSD’s, sent by the customer as defective part and FSD’s from systems that 

are bought back, from the total forecasted demand. In Section 5.5, the uncertainty of parts in the 

system is discussed. We made assumptions about the completeness for each system. In a sensitivity 

analysis in Section 8.6, the impact of different completeness factors on the value of the system is 

shown. After sorting and inspection of the first returned systems the completeness of these systems 

should be monitored during feedback sessions with the different departments, and a more accurate 

completeness factor per system and part can be determined. In Section 5.6, we concluded that 

assumption 7 is not well-thought of and had to be reconsidered. It was stated that not all parts that 

returned could be repaired successfully. In this section the expected repair yield of FSD parts from 

returned systems is implemented in the model. In Section 5.7, the causes of demand uncertainty are 

indicated. Because of a time-constraint we will not focus further on demand uncertainties. In Section 

5.8 the holding costs are discussed for parts categorized as rest parts. In Section 5.9, the repair costs 

are discussed. It is highly recommended to determine the repair costs for each service part returned 

from bought back systems separately. Furthermore, it is important to determine the repair cost per 

part per system, since the wear out rate differs between systems, resulting in varying repair costs. 

An overview of the entire model with all discussed improvements is given in Appendix B.  
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 Costs for buying back a system 
After having discussed the process flow for offered systems for service parts harvesting in Chapter 4, 

and the model that determines the value of the offered system regarding to service parts harvesting 

as described in Chapter 5, it should be determined for which systems buying back will lead to a profit. 

Company X can gain economic benefits by repairing service parts of the systems. The result of the 

value of the system is sent to department A. For returning the system and repairing service parts and 

storing the parts, costs are incurred. Department A should consider the costs that are already made 

in the process and the future costs which Company X makes after deciding to buy back the system. 

The economic benefit is obtained by subtracting the future costs from the values of the service parts 

and the most expensive parts. In this section the full costs related to buy back systems for service parts 

harvesting is given and categorized in different cost buckets. We distinguish sunk costs and future 

costs in case the system will be bought back. Hereafter, the differences between the current cost 

buckets and the new created cost buckets are compared in Section 6.1.1. 

 Cost buckets overview 
In step 17 of the process flow in Figure 6, the total value of the entire system should be determined 

by department A. It is crucial that department A is aware of all costs that are made and will be made 

when Company X decides to buy back the system. Costs that has already been incurred and cannot be 

recovered before department A decides whether to buy back the system are defined as sunk costs. 

These costs are excluded from the decision whether to buy back the system. The total cost for buying 

back the system and repairing the service parts is divided into different elements as depicted in  Figure 

13. A cost bucket is created for each phase of the process per department  as is depicted in the first 

column of the process flow (Figure 6): 

 
1.   analyzing the system by department A 
2.   checking system by an engineer 
3.   evaluation by department A 
4.   analyzing the system by department B 
5.   analyzing by department C 
6.   operation cost customer’s location  
7.   transport to Company X’s warehouse 
8.   costs Company X’s warehouse 
9.   transportation costs to Company X’s work center or to a supplier 
10. internal repair by Company X’s work center 
11. external repair by supplier 
12. transportation costs of service part to Company X’s warehouse 
13. costs Company X’s warehouse 
14. negotiation costs made by department A 
 
Subsequently, the costs can be further split up into elements.  

Note: cost bucket 14 is the third green box in Figure 6. It is chosen to introduce this cost bucket at the 

latest, since department A should be aware of all future costs described in the cost buckets before.  

 
In Figure 13 an overview of all costs elements is depicted. The buckets are created by interviewing 

several involved departments. Cost bucket 1, 2, 3, 4 and 5 are sunk costs. A part of cost bucket 14 is 

sunk as well. These costs are made before the decision whether to buy back the offered system. The 

green boxes depicted in Figure 13 show the cost elements that do not alter from the current cost 
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elements. Costs boxes depicted in yellow were already considered by Company X. However, for the 

new decision-making process the costs are differently determined and the content has been  changed. 

In the red boxes new cost elements are shown. These were not considered before by department A, 

nor as sunk costs, nor as future costs.  
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Figure 13 Different cost buckets for buying back a system for service parts harvesting  
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6.1.1 Differences in cost buckets 
After identifying all cost elements as described in Figure 13, differences in cost elements with the 

current decision making are described. The calculations for the cost activities are constructed in 

Appendix C. On Company X’s request we have distinguished this step from the detailed formulas. The 

reason for this is to indicate firstly were the differences are on a high level.  

1. The system is offered to department A. This department sends an engineer to the system. The 
costs this department made were not considered. 
 

2. An engineer is sent to the customer’s location to check the status and condition of the system. 
The costs he made were not considered.  
 

3. Department A evaluates the findings and identifies the stakeholders. Department A sends a 
request for analysis to the identified stakeholders. This bucket was not taken into account 
before.  
 

4. In the fourth bucket, the offered system is analyzed by department B. This bucket was not 
taken into account.  
 

5. Department C checks if Company X can use the most expensive parts. These parts are not 
always qualified as service parts. However, since the demand for some of these parts are 
higher than the production rate, the parts can be interesting as well. This cost bucket has 
never been considered before. 
 

6. In the next cost bucket, the costs made at the customer’s location are considered. Currently, 

Company X uses rough estimates. The developed cost model differs from the current process, 

because all the actions executed at the customer are mentioned separately and costs for 

inspection and documentation are introduced.  

7. The next cost bucket includes the transportation cost from the customer to Company X’s 
warehouse. 
 

8. In the eighth bucket, the costs made at the local warehouse of Company X are described. In 

the current decision-making process inventory holding costs and sorting costs are not 

considered. The holding costs are already included in the model of Chapter 5 and should not 

be considered anymore by department A. 

 

9. This bucket includes the transportation cost of the service part from Company X’s warehouse 

to the supplier or Company X’s work center for repair. 

 

10. In this bucket, the costs made at Company X’s work center (internal repair) are described. The 

costs for repair at Company X’s work center are  already included by determining the value of 

the system  as described in Chapter 5. In Figure 13, the cost bucket is split across several 

elements. This shows the importance to determine the repair costs for each part separately 

as discussed in the previous chapter. For department A this cost bucket should not be 

considered anymore since these costs are already included in the model of Chapter 5.  

 

11. If parts cannot be repaired at Company X’s work center, the parts are repaired by a supplier. 

In the current decision making Company X does not distinguish the cost made by the work 

center and made by the supplier. For external repair and internal repair the same fixed 
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percentage of the standard FSD cost price is used. However, external repair is mostly more 

expensive than internal repair. During the analysis of the department B, these repair costs are 

included and should not be taken into account by department A. 

 

12. The parts are transported after repair (either internal or external) to Company X’s warehouse.  

13. The parts are stored in Company X’s warehouse. This bucket includes the holding costs that 
were not considered before. For rest parts these costs are already included by department B. 
For the remaining categories it is difficult to determine the holding costs as described earlier. 
These costs should not be considered as future costs by department A anymore. 

 
14. The results from department B and department C are gathered by department A. They decide 

whether it is useful to buy the system back. This cost bucket includes the calculations that are 
required to determine the price offer and the final price offer that is paid. The price offer is 
taken into account in the current situation however, the cost for determining the offer was 
never considered. 
 

 Conclusions and insights 
In this chapter all different costs elements are identified. This gives department A an overview of 

future cost when they decide to buy back the system and sunk costs. Thereby, it is clarified which costs 

are already included by department B and which not. 
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 Implementation and model evaluation 
It is too complicated to execute the computations of the created mathematical model for buying back 

a system in Chapter 5 manually.  For this reason, a software tool is created to generate the results of 

the value of the service parts of an offered system. In the following sub sections, it is first explained 

how the software program is selected. Hereafter, assumptions are made based on the available data 

and the model is implemented in a software tool. Finally, the model implemented in the tool is 

validated by several methods. 

 Software tool 
The model that has been created in the previous chapters can be implemented in several software 

programs. In a preferred situation, software is used without having to buy extra licenses. The 

advantage this provides is more flexibility for use by different employees. Furthermore, employees 

who will work on with the tool should have sufficient knowledge about the program so that the tool 

is simple to use. It is important to listen to employees in what programs they are experienced. Without 

doing this, it is likely that the tool will not be used in the future by the employees from Company X.  

It is also necessary to consider the required steps and if the software program is able to execute these 

steps. 

After discussing the possibilities, we have chosen to develop a tool in Excel.  

 Data  
Collected data is necessary for building the model, validating the model, and conducting experiments 

with the validated model. Data validity is left out of the scope, since it is extremely time consuming, 

and extra data access is required. Hence, for this project it is assumed that the collected data from 

SAP and Spotfire is sufficiently accurate. For instance: 

1. All FSD’s are actually labeled as FSD’s and no crucial parts are missing.  
2. The FSD’s are correctly categorized in either EOL parts, zero-ordering parts or rest parts. 
3. The standard FSD cost prices are given 
4. No human mistakes are made by updating the BoM after a part is repaired.  
In reality we know this is not true. Sometimes a mistake can easily be solved if a crucial part is placed 

twice in the system instead of once, however since there is a lack of knowledge of actual parts that 

should be placed in a system, we cannot solve this entire problem of inaccurate data. For that reason, 

we have to make the assumption that the BoM in SAP is correct. For the future, we highly recommend 

to increase the correctness of the BoM. 

We have already mentioned in the Chapter 5 that multiple parameters are included. However, these 

parameters are not investigated before by Company X and thus not all required data is available or in 

the proper quality. In Section 8.2 it is explained how these parameters should be implemented with 

the available data. This way the analyst of department B can develop a better understanding in which 

situations the model should be applied and which benefits can be achieved by implementing the 

model. After obtaining successful results, more research needs to be conducted on determining more 

accurate values of the different parameters. 

 Implementation: supportive information excel tool 
The model is implemented in Excel with the available data in April 2018. In Section 8.2 it is explained 

how the model can be approached if the data is not available.  In one sheet different values of the 

parameters can be selected to see the impact on the total value of the system. For Company X a very 
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detailed manual is written and a training is provided to assist the analysist by using the developed 

tool. 

 Research and model evaluation 
In this section the quality of research is evaluated. The model is implemented in a tool and hereafter  

evaluated. Van Aken et al. (2012) mentioned the most important research quality criteria: 

1. Controllability 

2. Reliability  

3. Validity  

Each criterion is discussed in this section.  

7.4.1 Controllability  
Controllability is a prerequisite for the evaluation of validity and reliability (Van Aken, Berends, & Van 

der Bij, 2012). It is necessary to reveal how the executed research is conducted so, that the research 

can be replicated by others. . A case study is executed in Chapter 8. It is clear which parameters are 

required. By using the model, tool and manual the research could be replicated by others. Therefore, 

we can conclude that the research conducted during this thesis is controllable.  

7.4.2 Reliability 
Swanborn (1996) and Van Aken (2012) define reliability as follows: “The results of a study are reliable 

when they are independent of the particular characteristics of that study and can therefore be 

replicated in other studies.” The results of the test should not be dependent on the researchers who 

are executing the analysis, the instrument, the respondents and the situation.  

For this project no respondents are involved. The instrument that is used is the developed Excel tool. 

The model is not implemented in another program because of time constraints. During model 

validation (section 7.4.3) the Excel tool is tested intensively. Different situations are tested. Running 

the tool at different moments of time with the same input parameters gave exact the same results. 

Finally, to exclude that the results are dependent on the researcher who is executing the analysis, the 

model should be implemented by someone else to check whether the same results are provided. 

However, this is a time-consuming task and therefore left out for this project.  

7.4.3 Model validation 
For the validation of the model in the Excel tool we have made use of the article of Sargent (2011). 

Different validation techniques are discussed to validate conceptual models. However, for this project 

it is not possible to use all suggested methods, because Company X has not saved the required data 

and there has never been bought back a system for service parts harvesting before this research 

project. So, that for instance an event validity test is not possible. The methods discussed by Sargent 

that are applicable for this project are: 

1. Comparison to other models 
2. Extreme conditions test 
3. Face validity 

 
The explanation, elaboration and results of the different validation methods can be found in Appendix 
D. 
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7.4.3.1 Conclusion validation 

As can be concluded from the results of the discussed validation methods, the model implemented 

in the tool is valid. 
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 Case study 
This chapter describes the results of a case study within Company X. The developed tool is applied to 

company data that is adjusted for this thesis because of confidentiality reasons from Company X. 

During the case study, the value of service parts from the offered system is determined. In Section 

8.1, the data is given that is required for running the tool. In Section 8.2, the model as described in 

Chapter 5 is approached since not all required data is available.  In Section 8.3, the execution of the 

case study is described. In Section 8.4 the results of the case study are discussed. Hereafter, several  

sensitivity analyses are conducted to illustrate the impact of changes in several input parameters on 

the total value of the system. The chapter is concluded in Section 8.8. 

 Preparation  
For preparations conducting the case study, the following data is required:  

1. System number 

2. BoM for every offered system 

3. Demand forecast for service parts  

4. Stock on hand for service parts 

5. Outstanding orders at suppliers for service parts 

6. Backorders for service parts 

7. Number of reusable service parts that originate from a system that is bought back earlier 

8. Number of defective FSD’s sent by the customer 

9. Historical data of repair yield of defective service parts sent by customers 

10. Historical data of repair yield of service parts returned from offered systems 

11. Standard FSD cost prices for each service part 

12. Data regarding the category of service parts (e.g. EOL, zero-ordering or rest parts). 

13. Successor codes of service parts 

14. Data about whether a part is repaired internal or external 

15. X- plant status of each FSD part 

16. File that links the parts to the corresponding FSD code 

 

 Approached model 
In April 2018, not all required data is available as mentioned in the developed model in Chapter 5. In 

this section it is shown how the model is approached for the case study if data is not available. 

Scrap percentage 
In Section 5.4 it is mentioned to distinguish the customer willingness to return the part to COMPANY 

X on the one hand and the probability that the part can be repaired on the other hand. However, data 

on customer willingness is not available at the moment of conducting the case study. Therefore, we 

decide to make an approach of the model by introducing the scrap percentage. This is defined as the 

fraction of forecasted demand of parts that do not return or cannot be repaired. The scrap percentage 

is depicted by the blue line in Figure 10 and is determined from historical data. Determination of the 

scrap percentage is illustrated by an example in Figure 11:  

 (
60

80
) of defective parts (FSD’s) are not returned or repaired. The scrap percentage for this part is  

80−20

80
∗ 100% = 75%. It should be noted that the fraction Company X scraps is not equal to 75%, 

since not all parts return to Company X. This percentage is used to determine the forecasted demand 
as calculated in equation (6) for service parts harvesting. For the part from the example only 75% of 
the forecasted demand is required for service parts harvesting.  
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𝜂𝑝 =
𝑆𝑝

𝑇𝐹𝑆𝐷𝑝
∗ 100% 

 

(29) 

where: 
𝑆𝑝:              𝑡𝑜𝑡𝑎𝑙  𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 ℎ𝑖𝑠𝑡𝑜𝑟𝑖𝑐𝑎𝑙 𝑜𝑏𝑠𝑒𝑟𝑣𝑒𝑑 𝑖𝑛𝑑𝑖𝑣𝑖𝑑𝑢𝑎𝑙 𝑑𝑒𝑓𝑒𝑐𝑡𝑖𝑣𝑒 𝐹𝑆𝐷′𝑠 𝑡ℎ𝑎𝑡  

𝑎𝑟𝑒 𝑛𝑜𝑡 𝑟𝑒𝑝𝑎𝑖𝑟𝑒𝑑 𝑎𝑡 𝑚𝑜𝑚𝑒𝑛𝑡 𝑜𝑓 𝑑𝑒𝑐𝑖𝑠𝑖𝑜𝑛 

𝑇𝐹𝑆𝐷𝑝: 𝑡𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 ℎ𝑖𝑠𝑡𝑜𝑟𝑖𝑐𝑎𝑙 𝑜𝑏𝑠𝑒𝑟𝑣𝑒𝑑 𝑖𝑛𝑑𝑖𝑣𝑖𝑑𝑢𝑎𝑙 𝑑𝑒𝑓𝑒𝑐𝑡𝑖𝑣𝑒  𝐹𝑆𝐷′𝑠  𝑎𝑡 𝑚𝑜𝑚𝑒𝑛𝑡 
𝑜𝑓 𝑑𝑒𝑐𝑖𝑠𝑖𝑜𝑛 

𝜂𝑝:              𝑠𝑐𝑟𝑎𝑝 𝑝𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 𝑜𝑓 𝑝𝑎𝑟𝑡 𝑝 𝑎𝑡 𝑚𝑜𝑚𝑒𝑛𝑡 𝑜𝑓 𝑑𝑒𝑐𝑖𝑠𝑖𝑜𝑛 

 

Equation (9) is rewritten as: 

 

𝐷𝑒𝑚𝑎𝑛𝑑𝑅𝑝 = 𝑀𝑎𝑥[𝜂𝑝 ∗ 𝐷𝑒𝑚𝑝 − 𝐼𝑃𝐵𝑝, 0] 

 

(30) 

Repair yield 
As mentioned in section 5.6.1, we should distinguish data about the repair yield from parts from 

bought back systems and individual defective parts sent from the field. However, systems have never 

been returned for parts harvesting and thus no historical data is available of systems that are bought 

back. Hence, it is not possible to determine the repair yield based on service parts of returned systems. 

With the current available data it is only possible to determine the repair yield based on individual 

defective returned service parts from the field. For this approach parts can only be sent for repair and 

not for requalify. The repair yield for service parts from the system is determined as follows: 

 
𝑌𝑝(𝑠) = 𝑅𝑌𝑝 (31) 

 

The following assumptions are made: 

20. The repair yield of part p is the same for individual defective FSD’s and FSD’s from 
returned systems. 
 

 

21. The repair yield depends only on the type of the part and not on the system (or 
environment, location etc.). 
 

 

22. If there is no data available about the repair history of a specific individual defective 
FSD part, it is assumed that the repair yield for individual defective FSD parts is equal 
to 0 and thus these parts cannot be repaired. 

 

 

23. The repair yield for parts determined from data from 2013 did not change. 
 

 

In 2013, data for the repair yield was collected and saved for the first time. For some parts the 

repair yield can be determined with data from more recent years. However, for some parts, 

the repair yield can only be determined from data from 2013. More recent data about the 

repair history of parts is not added since this never had the priority or was not considered. It 



 

52 
 

is unknown which data is from 2013 only and which data encompasses repair data of more 

recent years: data is simply overwritten by new data. The moment of time data is changed is 

unknown and therefore impossible to trace the updated repair yields. It is uncertain if the 

repair yield determined from data from 2013 is still reliable to determine the current repair 

yield of returned defective FSD parts. It is highly recommended to investigate the current 

repair yield of returned defective FSD parts. However, because the data is not available at the 

moment, we assume that the repair yield for parts determined from data from 2013 did not 

change. 

The disadvantage of equation (31) is that it is assumable that an underestimation of the value of the 

system is made. If the system is still running at the moment the decision is made, the quality of the 

parts from the system is probably better than from individual defective FSD’s. 

 
Completeness factor 
The completeness factor should be calculated for each part per system type as mentioned in Section 

5.5. However, data is not available and the following assumption is made: 

24. The completeness factor is equal for all parts in the system, except for the most 
expensive part analysed by department C since these parts are always in the system. 

 

 

The formula for the completeness factor is as follows: 
 

𝐶𝐹𝑝(𝑠) = {
1 𝑖𝑓 𝑝 ∈ {𝑚𝑜𝑠𝑡 𝑒𝑥𝑝𝑒𝑛𝑠𝑖𝑣𝑒 𝑝𝑎𝑟𝑡𝑠}

𝐶𝐹 (𝑠), 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒
 

 

(32) 

The exact completeness factor is determined by department A. The completeness factor is determined 

by the condition (working, idle, partly packed) of the system. If the system is working we still cannot 

assume that the BoM is completely correct, because it is possible that the customer replaced a part 

or an error has been made in SAP. However, systems from this category have the highest certainty 

that the parts are in the system and the total value of the system will be multiplied by the highest 

completeness factor. 

Systems categorized as idle will get a lower completeness factor. Although the system is still 

assembled, it is uncertain if the system can still work or if parts are already harvested by the customer 

for a running system.  

For systems that are already de-installed, partly disassembled and packed it is hard to say anything 

about the complete condition of the system. Deinstallation needs to be executed carefully according 

to restrictions. If the customer has already de-installed and partly disassembled the system before the 

systems is offered as buy back, it is uncertain for Company X if the guidelines are precisely followed. 

Thereby, the risk that parts are already harvested by the customer is higher. Therefore, the total value 

of such a system is multiplied by the lowest completeness factor.  

Next to the condition of the system, the customer’s behaviour should be taken into account as well. 

It does occur that the customer has not replaced any parts by Company X as long as the system was 

working at the customer. Company X’s systems have a lifetime of seven years. However, many service 

parts with a high wear out ratio do have a much shorter lifetime. If no or little parts failed during the 

time the system was running, according to Company X’s administration, it is likely that the customer 
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had bought parts elsewhere. Company X cannot repair and resell these parts. Furthermore, 

customer’s behaviour is directly related to the number of Company X’s systems a customer has. If a 

customer has only one system of Company X, parts harvesting does not occur. However, if a customer 

has more running systems of Company X, parts harvesting for other systems is more likely. It is 

therefore assumed that the completeness factor for systems is lower for customers with multiple 

systems. Another customer reliability factor is the executed upgrades. Systems of customers who 

regularly upgrade their parts and who have a comprehensive service contract are more reliable. 

Since the exact completeness factors are not known, a sensitivity analysis will be conducted that 

shows the impact of the factor on the value of the system.  

FSD cost price 
No data is available of the repair costs of service parts that return from systems that are bought back. 

Therefore, we made use of the repair costs for individual defective FSD’s. For these parts the repair 

costs per part are not known as well, only an average for all service parts is determined. It is also 

possible to distinguish the average repair costs for external and internal repair. The latter approach is 

recommended.  

 Description execution  
After a system is offered by a customer, department A sends the system number to department B to 

conduct the analysis for parts harvesting. In Chapter 4, it is explained which different activities are 

required to obtain the value of the system focusing on service parts and in Chapter 5 the activities are 

implemented in a developed model.. Data is implemented in a tool. The tool is based on the 

approached model as discussed in the previous section. 

The results of the analysis, focusing on service parts is sent to department A. For the construction of 

this case study, further calculations made by department A are not included. After the analysis of 

department B, department A should subtract the costs as discussed in Chapter 6. 

 Results  
Based on a real system offer from a customer, a fictitious scenario has been constructed in which the 

system is analyzed for service parts harvesting. All values for the input parameter that are case 

dependent are given in Table 4. 

Table 4 input parameters 

Input parameter Value Unit 

𝑪𝒓𝒆𝒑𝒑 35% of the standard FSD cost 
price 

Euros 

𝑪𝑭𝒑(𝒔) Each part is still placed in the 
system with a probability of 
90% 

Percentage 

𝑪𝒂𝒏𝒂𝒍𝒚𝒔𝒊𝒔𝒑(𝒔) 10% of the standard FSD cost 
price 

Euros 

𝒀𝒑(𝒔) Repair yield is determined 
according to equation (31) 

Percentage 

𝜼𝒑 Scrap percentage is 
determined according to 
equation (29) 

Percentage 

P See  Appendix E - 

𝑪𝒏𝒆𝒘𝒑  See Appendix E Euros 
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𝑫𝒆𝒎𝒑 See Appendix E Units 

𝑰𝑷𝑪𝒑 See  Appendix E Units 

 

The results of this case study are based on  fictitious input values. This means that the value of the 

system does not match the actual value of systems of Company X.  

In Appendix E all parts are linked to the required input variables as mentioned earlier.  

Table 5 number of parts of case study 

Component Number of 
different parts 

Number of copies of 
all different parts 

Number of valuable 
different service 
parts 

Total number 
of copies of 
all different 
service parts 

p 663 987 91 154 

 

The fictitious system contains 663 different parts and in total 987 copies as is shown in Table 6Table 

6 Results case study. After running the tool only 91 different parts were considered as service parts 

that could be reused. The number of copies reusable parts is equal to 154.  

Table 6 Results case study 

Total value of interesting service parts €   457,241.72 

Total cost repair+ holding costs + analysis costs 
service parts 

€   387,368.62 

Total costs new price of service parts €   844,610.35 

 

Table 6 shows the results of the case study. The total value of the system focusing on service parts 

harvesting is € 457,241.72. If the selected parts for reuse are bought new, the costs are € 844,610.35. 

While the costs for repairing, storing and analyzing the parts are equal to € 387,368.62. Thus, the value 

of the system focusing on service parts is € 844,610.35- € 387,368.62= € 457,241.72.  

The value € 457,241.72 is communicated to department A including the assumptions that were made 

for the analysis. Department A determines, based on the provided value, the price that will be offered 

for the system. 

 Sensitivity analysis holding costs 
In order to illustrate the impact of holding costs on the decision whether to buy back an offered system 

for parts harvesting we conducted a holding costs sensitivity analysis focusing on rest parts. In this 

section, the results of the sensitivity analysis with respect to holding costs are shown. The variables 

that are kept at a constant value are represented in Table 7. 

Table 7: Input variables that are kept constant for the sensitivity analysis of holding costs 

Parameter Value 

𝑪𝒓𝒆𝒑𝒑
(𝒔) 35% of the standard FSD cost price  

𝑪𝒂𝒏𝒂𝒍𝒚𝒔𝒊𝒔𝒑
 10% of the standard FSD cost price 

𝑪𝑭𝒑(𝒔) 100% 
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If the holding costs increase, then for some parts it is not cost effective anymore to consider these 

parts as reusable service parts for Company X. The part does not meet the condition in equation (27). 

Every time the holding costs increase, it should be checked for each part if it is cost effective to 

consider this part as reusable. 

Table 8: Impact of equation (27) on number of reusable copies 

Holding costs Number of copies parts scrapped 

0% - 

5% - 

10% - 

15% - 

20% - 

25% 8 

30% 4 

35% 1 

40% - 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 8 shows the impact of the condition written in equation (27) on the number or reusable copies. 

At 0% holding costs, 154 copies are considered as reusable. If the holding costs increase, some copies 

are not considered as reusable anymore as illustrated in the second column of the table. 

The holding costs vary between 0% and 40% as is shown in Figure 14. The total value of the system 

based on service parts is sensitive to the holding costs for rest parts. After an increase in holding costs, 

the value of the system decreases. The decrease is not linear because some parts are not considered 

as reusable anymore after an increase in holding costs. 

 Sensitivity analysis completeness system 
In order to illustrate the impact of the completeness of the system, a sensitivity analysis is conducted 

on the completeness factor. In Table 9, the values of the parameters that are kept constant are shown. 

Figure 14 Sensitivity Analysis Holding costs 
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Table 9: Parameters for the sensitivity analysis for the completeness of the system 

𝑪𝒓𝒆𝒑𝒑
(𝒔) 35% of the standard FSD cost price  

𝑪𝒂𝒏𝒂𝒍𝒚𝒔𝒊𝒔𝒑
 10% of the standard FSD cost price 

𝑰 15% of the standard FSD cost price 

 

 

Figure 15: Sensitivity Analysis Completeness Factor  

The value of the system decreases linearly by a decreasing completeness factor. This is reasonable 

since the value of the system is multiplied by the completeness factor. For this example the most 

expensive parts are not included. The costs for repair, holding and analyzing decrease as well since 

parts that are not placed in the system anymore will not be sent for repair and are not stored.  

 Sensitivity analysis FSD repair costs 
We have stated in Section 5.9 that different percentages of the repair costs with respect to the 

standard FSD cost price impacts the value of the system. In this section, the repair costs are varying 

while the parameters mentioned in Table 10 are kept constant.  

Table 10: Parameters used for the repair costs analysis 

Parameter Value 

𝑪𝑭𝒑(𝒔) 100% 

𝑪𝒂𝒏𝒂𝒍𝒚𝒔𝒊𝒔𝒑
 10% of the standard FSD cost price 

𝑰 15% of the standard FSD cost price 

 

For the analysis, it is important to take equation (28) into account as well the constraint written in 

equation (27). If the repair costs increase, fewer parts should be considered as reusable parts since it 

can be cheaper to buy the parts new.  

In the current decision process the constraint is never considered. Since it was assumed that all parts 

could be repaired and thus the repair yield is 100% and no analysis costs were required. Thereby, it 

was assumed that no holding cost were required. Furthermore, it was assumed that a part could be 

repaired for 35% of the standard FSD price. The remaining value of the part was 65% of the standard 
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FSD cost price. Hence all parts qualified as reusable, while the constraint in equation (27) was not 

taken into account, were included in the analysis.  

Table 11: Output sensitivity analysis repair costs 
The analysis is conducted twice, first without considering the constraint in equation (27) and thereafter with considering the 
constraint. The value in red are extra costs above buying the part new. 

 

In the conducted sensitivity analysis for repair costs we first show the value of the system while 

increasing the repair cost and all parts were kept considered as valuable (equation (27) is not taken 

into account). The costs for buying all these parts new is € 850,117.22 and remains constant. The value 

of the system decreases every time the repair costs increase as can be seen in the second column of 

Table 11. For repair cost above 90% of the standard FSD cost price in the example, it is not cost 

effective to buy the system back as can be seen from the values in red. 

For showing the impact of the constraint, written in equation (27), we conducted a second sensitivity 

analysis. Every time the repair costs increase (fifth column Table 11), it could be that some parts are 

not considered as reusable anymore, since it is cheaper to buy the parts new. Excluding parts occurs 

before 100% repair costs with respect to the standard FSD cost price, since we included the repair 

yield for each part, analysis costs and holding costs for rest parts. The value of the system is shown in 

the third column of Table 11. The cost for buying the reusable parts new is given by the fourth column 

of Table 11. 

 

Percentage repair 

costs with respect to 

standard FSD cost 

price

 Value system, not 

including constraint 

 Value system, including 

constraint 

 Cost of buying the 

parts new Repair costs

0% € 754,510.66 € 754,510.66 € 850,117.22 € 95,606.56

5% € 711,963.66 € 712,004.80 € 850,117.22 € 138,112.42

10% € 669,451.88 € 669,498.94 € 850,117.22 € 180,618.28

15% € 626,940.10 € 626,993.08 € 850,117.22 € 223,124.14

20% € 584,428.32 € 584,487.22 € 850,117.22 € 265,630.00

25% € 541,916.54 € 541,981.35 € 850,117.22 € 308,135.86

30% € 499,404.75 € 499,485.09 € 844,610.35 € 345,125.26

35% € 456,892.97 € 457,241.72 € 844,610.35 € 387,368.62

40% € 414,381.19 € 415,011.20 € 844,610.35 € 429,599.14

45% € 371,869.41 € 372,780.69 € 844,610.35 € 471,829.66

50% € 329,357.63 € 330,562.65 € 844,289.40 € 513,726.75

55% € 286,845.85 € 288,570.14 € 839,134.43 € 550,564.29

60% € 244,334.07 € 246,613.42 € 839,134.43 € 592,521.01

65% € 201,822.29 € 204,909.97 € 833,658.81 € 628,748.84

70% € 159,310.51 € 163,227.03 € 833,658.81 € 670,431.78

75% € 116,798.73 € 121,858.70 € 821,508.01 € 699,649.30

80% € 74,286.95 € 81,179.84 € 807,228.31 € 726,048.47

85% € 31,775.17 € 40,818.42 € 807,228.31 € 766,409.89

90% € 10,736.61 € 2,388.47 € 754,771.50 € 752,383.03

95% € 53,248.39 € 257.20 € 257.20 € 0.00

100% € 95,760.17 € 0.00 € 0.00 € 0.00
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Figure 16 Sensitivity Analysis Repair Costs 

The results of the sensitivity analysis are also visualized in a graph in Figure 16. The blue line shows 

the value of the system without taking the constraint into account. The value of the system including 

the constraint is given by the red line. The repair costs, taken the constraint into account, are visualized 

by the yellow line. Finally, the green line shows the costs for buying the parts new. This value is almost 

constant; the value only decreases if parts are not considered as reusable anymore because of the 

implemented constraint. 

By increasing the repair costs, the value of the system decreases strongly. As is shown in table and 

figure, the value of the system including the constraint and the value of the system not including the 

constraint do not much differ for low cost percentages. Although, if the repair costs increase, the 

values diverge. This makes sense since the repair costs are almost equal to the price of buying the part 

new, after adding the costs for holding the part on stock and analyzing parts, the costs for buying the 

part new are less. 

 Conclusions and insights on the case study and sensitivity analyses.  
In this chapter a case study is conducted by making use of the approached model. The results of the 

case study are based on fictitious values. In Section 8.5, 8.6 and 8.7 sensitivity analyses are conducted 

that show the impact of a parameter on the total value of a system.  
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 Conclusions and further research  
In this chapter we evaluate our results in line with the problem-solving cycle, as earlier explained in 
the methodology in Section 1.1. The chapter is divided into three sections. In the first section we 
provide an answer to the research question. In Section 9.2 we provide recommendations for further 
research. Finally, in Section 9.3 relevance for academics and an academic contribution of this research 
project is given. 

 Research question 
In the introduction we concluded that Company X is facing several problems and many uncertainties 

regarding the decision-making process of buying back systems for service parts harvesting. We found 

that these problems can be translated to process flow, time constraints and the current decision-

making process is too limited in execution as several doubtful assumptions are made (e.g. quality 

uncertainty, completeness uncertainty, holding costs). We have used Company X as a case study to 

research how these problems can be tackled more effectively, in order to improve the decision-making 

process whether to buy back offered systems from customers for service parts harvesting. After the 

comprehensive problem analysis, the following research question was formulated: 

How can Company X make a cost-effective decision whether to buy back a customer-offered system? 
 
The decision process is improved in several ways: a detailed process flow is created, indicating 

improvements compared to the old process flow. Furthermore, a model is developed with all 

introduced improvements. This model is implemented in a tool in Excel which helps the analyst and 

can save a lot of time for executing the tasks. To avoid misunderstandings in costs that are already 

included during the analysis of service parts, a cost model is created. The cost model helps department 

A in understanding future costs and sunk costs as well. In the paragraphs below we will shortly discuss 

the model extensions for analyzing service parts and the tool.  

Model extensions 
The following extensions are included in the model: 

• Demand forecast for service parts harvesting is subtracted by individual defective FSD’s  that 

will return and can be repaired during the forecasted demand horizon. 

• The inventory position is extended by parts from bought back systems that returned to 

Company X but are not disassembled or repaired yet.  

• Service parts are categorized in either EOL parts, zero-ordering parts or rest parts. These parts 

have a different demand forecast horizon. 

• The repair yield from parts from the offered system is implemented. 

• A completeness factor is introduced.  

• The holding costs for rest parts are taken into account.  

• The repaired costs are determined for each part per system. 

Software tool 
To decrease the time for conducting the analysis, the developed model is implemented in an Excel 

tool. After filling in the required data for the tool, the reusable service parts are selected with the 

corresponding value for Company X at the moment the decision is made. The new analysis takes 

approximately 1-2 hours which is an enormous reduction in time compared to the old analysis, which 

took up to 10 hours. Furthermore, the levels of the system are taken into account and thus it is 

prevented that parts are counted twice. 
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At the moment of writing, not all specified data was available that is required for the model. However, 

systems are already offered by customers. For Company X it is important to make an analysis of the 

offered system based on the current available data. During the case study an advice is given in how 

the available data at Company X can be best aligned with the new designed decision process. These 

input variables should be used until enough data is available to improve the decision process with 

required data. 

 Recommendations for further research within Company X 
In this section we will recommend further research to be conducted within Company X.  

Control and feedback loops 
Based on the analysis throughout the entire project it is necessary to create a better understanding of 

information related to uncertainties. Different involved departments should share their findings and 

knowledge about different aspects regarding the decision of buying back systems. Feedback after each 

system buy back process is necessary to gain a better understanding and awareness of the process, 

uncertainties and to improve the control of backflow of systems  

Because the first system was bought back during this project, the actual results could not be evaluated. 
It takes 6 months before the system is de-installed, disassembled, transported and repaired and this 
goes beyond the time limit of this project. After six months it is important to evaluate the actual results 
and compare them with the results of the conducted analysis. 

Input data 
To improve the decision-making process, it is crucial to increase the reliability of data downloaded 

from SAP that is used in the system and the availability of data.  

Demand uncertainty 
In this thesis, we have assumed that demand was given, stable and deterministic. Further research 

may lead to a reduction in associated uncertainty compared to this study were no uncertainty was 

taken into account.  

Planning horizon 
It should also be investigated what time horizon should be used to store rest parts. Currently, the time 

horizon is set to 4 years as we have used in our model. For improving the decision-making process, is 

it important to focus on the right time period in which the parts should be stored on stock. For 

instance, if the period is increased to 6 years it can be that more parts are relevant and can be reused. 

In the developed process these parts are sent for scrap. By including these extra parts that are 

necessary during the next 6 years, the total value of the system will increase.  

Optimization number of copies stored 
We have shown the impact of the holding costs on the value of the total system. We did not make an 

optimization for the number of copies of each part that could be stored on stock. This should be 

investigated in further research to improve the inventory policy.   

FSD standard price EOL 
In the developed model it is assumed that the costs for buying EOL parts new is equal to the standard 

FSD cost price. However, this is in reality not true, because these parts cannot be bought new by the 

supplier anymore. The costs for near form fit, or redesign are not investigated. If redesign is the only 

solution for an EOL part, the costs will be higher than the used standard FSD cost price. This will affect 

the value of the offered system. It is important to improve the cost estimation of EOL parts. It is 

recommended to involve the department E at the process for buying back offered systems. They can 

investigate each EOL part and give an estimation of the alternative cost price. 
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 Relevance for academics and academic contribution  
At the beginning of this master project, a literature study was conducted. Based on the literature study 

it could be concluded which problems company managers were facing when they considered taking 

back their products after regular lifetime use by a customer. During this project, models were 

developed that address these identified problems. The first model which was created addressed 

several issues and uncertainties regarding reverse logistics. The second model encompassed all 

related costs for returning a system and bringing a part to a certain quality level. Many previous 

literature studies are focused on one certain factor within this field. In this thesis, several factors are 

addressed simultaneously in one model (e.g. completeness uncertainty, quality uncertainty, holding 

costs, repair costs). To our knowledge, the combination of these multiple factors has never been 

modeled in previous studies. 

Furthermore, to our best knowledge, the probability that parts are missing is never considered in 

previous literature research. It is assumed that parts harvesting by the customer does not occur. Based 

on Company X’s experience it is concluded that customers do de-install parts from a system that is 

idle and install the part in their running system. In our model we have implemented the completeness 

uncertainty of systems. 

If companies consider reverse logistics, especially buying back their systems from customers, 

managers are facing the same issues regarding reverse logistics. Costs made by a backward flow differ 

in costs from forward flows. The cost model that is made can be utilized as basis for other companies. 

All the different activities required for reverse logistics are mentioned in the model such that 

companies only have to fill in the required parameters. 

As discussed, reverse logistics includes many uncertainties. The model for determining the value of 

the service parts of the offered system is very general and can be used by many companies buying 

used systems.  
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 Explanation current process flows 

In Chapter 2, the current decision process is discussed. In this Appendix, the corresponding process 

flow is depicted in Figure 17. After the figure, each activity is described.  
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Figure 17 Current decision tree Company X, for taking back systems for parts harvesting 
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Department A: 
1. In the first step department A of Company X receives an offer to buy back a system. 

2. Department A sends a request to a field engineer to check the condition of the system at the 

customer’s location (step 3). Department A sends in parallel a request to Department b to 

determine the value of reusable service parts (step 4). 

 

Field engineer: 
3. The engineer checks the status and the condition of the system. The results are sent to 

Department A (step 20) 

Department B: 
4. After receiving a request for analysis from department A, department B checks if the system 

contains parts, e.g. lens, laser and optic, that they cannot analyse, because of insufficient 

knowledge. If this is true the process is continued at step 5, otherwise the process is 

continued with step 6 

5. A request for analysing the selected parts is sent to department C (step 15) and the process 

is followed via step 6. 

6. All the parts should be analysed and scanned if they are Field Service Defect (FSD). FSD-parts 

can be suitable to serve as service parts after repair. If the part is labelled as FSD, the process 

is continued with step 8. The parts that are not qualified as FSD cannot be used as service 

parts and are not interesting for service parts harvesting. The process for these parts is 

continued via step 7.  

7. These parts are scrapped and the analysis for these parts ends here.  

8. FSD parts have an X-plant status. This X-plant status indicates if a part can be repaired. The 

reason that some parts cannot be repaired is because of economic reasons or technical 

reasons. There are different codes whether a part can be repaired or not. If a part has a 

repairable code, the process is continued via step 9. If the part has not a repairable code, the 

process is continued via step 7. Some parts are labelled as “notification”, the analyst should 

read the extra notification that is made for this part, this either say repair or scrap.  

9. Each FSD part has a corresponding SERV. Code. The demand is based on the SERV.code, and 

therefore it is necessary to link the FSD code to the corresponding SERV.code. Most 

SERV.codes have a successor SERV.code. In this step the SERV.code is linked to the successor 

SERV.code. If the SERV.code does not have a successor, because Company X had decided not 

to add this part to its service parts list, the process for this part is continued via step 7. The 

parts with successors are continued via step 10. 

10. The next step is to categorize the parts in EOL and rest parts. Parts categorized as EOL-parts 

are followed by step 11 and parts that are not qualified as EOL, called ‘rest parts’ are further 

analysed by following step 13. 

 

EOL: 
11. The demand forecast for each EOL part is determined. The forecast demand horizon for EOL 

parts is established on the period until the latest EOS year. The EOS’s are not equal for the 
different platforms, because of commonality of the systems with respect to parts the 
demand period is set equal to the latest EOS year.  
The current inventory position (IP) is compared to the demand forecast of each part. If the 
IP is bigger than or equal to the forecasted demand the process is continued via step 7. 
Otherwise, if the current IP is smaller than the demand forecast, the process is continued via 
step 12. 
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12. The value of each part is calculated by multiplying the standard FSD cost price by 65%. This   
is because it is assumed that the repair costs are equal to 35% of the standard FSD cost price. 
The process is continued via step 15. 

 

Rest parts: 
13. The current IP is compared to the demand forecast of each part. If the IP is bigger than or 

equal to the forecasted demand the process is continued via step 7. Otherwise, if the current 
IP is smaller than the demand forecast, the process is continued via step 14. 

14. The value of each part is calculated by multiplying the standard FSD cost price by 65%. This   
is because it is assumed that the repair costs are equal to 35% of the standard FSD cost price. 
The process is continued via step 15. 

15. All selected parts are reviewed. This step is required since the BoM is not completely correct. 
It does occur that some parts are mentioned twice in the system, under different numbers. 
However, the system actually contains one of them. If a part is not correctly counted twice, 
a part is sent for scrap (step 7), otherwise the process is continued via step 19. 

 
Department C: 

16. Department C checks if the selected parts by department B can be reused. If not, the parts 
are sent for scrap (step 7) if the parts can be reused the process is continued at step 17. 

17. The value of the requested parts is determined and sent back to department B (step 18) 
 

Department B: 
18. The value of the requested parts is received from department A. 

19. The total value of the system for parts harvesting is determined by adding all values of the 

selected service parts and the value received from department C together. The result is sent 

to department A. 

Department A: 
20. The costs are for deinstallation, disassembly, transport, packaging and storage are subtracted 

from the value that is received. The repair costs for each part are already included by 

department B. Hereafter, they determine a price offer for the customer. 

21. If the customer accepts the price offer of Company X the process is continued via step 23. 

However, if the customer rejects the price offer the process is continued via step 22. 

22. The customer has rejected the price offer, the process ends here. 

 
Operational employees at customer’s location: 

23. A team with operational employees is sent to the customer’s location to de-install the system 
and to make it ready for transport. 

 
Transport: 

24. The system is transported to Company X’s warehouse. 
 
Company X’s warehouse: 

25. After arrival at Company X’s warehouse, the parts are stored. 
26. The parts are sorted. Some parts can be repaired internal at Company X’s work center and 

the process is continued via step 28. If the parts can only be repaired external, the parts are 
sent to the supplier (step 27).  

Transport: 
27. The part is transported to a supplier. 
28. The part is transported to Company X’s work center. 
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Supplier: 
29. The supplier repairs the part and the process is continued via step 30. 

 
Transport: 

30. The part is transported from Company X’s work center to Company X’s warehouse. 
 

Company X’s work center: 
31. Company X’s work center repairs the service part. The process is continued via step 31. 

 
Transport: 

32. The part is transported from the supplier to Company X’s warehouse 
 
Company X’s warehouse: 

33. The service part is stored in Company X’s  warehouse.  
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In this Appendix, an overview of the model as described in Chapter 5 is given, hereafter the parameters 
and variables are given 

   

𝑉(𝑠) =  ∑ [(𝑅𝐸𝐶𝑝(𝑠) ∗  (𝐶𝑛𝑒𝑤𝑝 − 𝐶𝑟𝑒𝑝𝑝(𝑠) − 𝑧𝑝 ∗ 𝐻𝑝) − (𝑅𝑃𝑝(𝑠) − 𝑅𝐸𝐶𝑝(𝑠))

𝑝∈𝑃′′

∗ 𝐶𝑎𝑛𝑎𝑙𝑦𝑠𝑖𝑠𝑝
) ∗ 𝐶𝐹𝑝(𝑠)] 

 

𝑃′′ = { 𝑝𝜖𝑃|  "𝑝 𝑓𝑢𝑙𝑓𝑖𝑙𝑠 𝑒𝑞𝑢𝑎𝑡𝑖𝑜𝑛 (34) "}  

 

      

(33) 

𝑅𝐸𝐶𝑝(𝑠) ∗  (𝐶𝑟𝑒𝑝𝑝(𝑠) + 𝑧𝑝 ∗ 𝐻𝑝) + (𝑅𝑃𝑝(𝑠) − 𝑅𝐸𝐶𝑝(𝑠)) ∗ 𝐶𝑎𝑛𝑎𝑙𝑦𝑠𝑖𝑠𝑝
< 𝑅𝐸𝐶𝑝(𝑠) ∗ 𝐶𝑛𝑒𝑤𝑝 

 

(34) 

𝐻𝑝 = {
𝐼 ∗ 𝐶𝑛𝑒𝑤𝑝 𝑖𝑓 𝑝 𝜖 𝑃𝑟𝑒𝑠𝑡

0, 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒
 

 

(35) 

𝑅𝑃𝑝(𝑠) = ⌊
𝑅𝐸𝐶𝑝(𝑠)

𝑌𝑝(𝑠)
⌉ 

 

(36) 

𝑅𝐸𝐶𝑝(𝑠) = 𝑀𝑖𝑛 (𝐷𝑒𝑚𝑎𝑛𝑑𝐶𝑝, 𝑅𝐻𝑃𝑝(𝑠)) 

 

(37) 

𝐷𝑒𝑚𝑎𝑛𝑑𝐶𝑝 = 𝑀𝑎𝑥[ 𝐷𝑒𝑚𝑝 − 𝑅𝐹𝑆𝐷𝑝 − 𝐼𝑃𝑝, 0] (38) 

𝐷𝑒𝑚𝑝 =

{
 
 
 

 
 
 

 

∑ 𝐹𝑝,𝑡

𝑇𝐸𝑂𝑆

𝑡=1

   𝑖𝑓 𝑝 ∈ 𝑃𝑒𝑜𝑙

1,   𝑖𝑓 𝑝 ∈ 𝑃0

∑ 𝐹𝑝,𝑡

𝑇𝑟𝑒𝑠𝑡

𝑡=1

 𝑖𝑓 𝑝 ∈ 𝑃𝑟𝑒𝑠𝑡

 

(39) 

 

  

𝑅𝑃𝐻𝑝(𝑠) = 𝑄𝑝(𝑠) ∗ 𝑌𝑝(𝑠) 

 

(40) 

𝑌𝑝(𝑠) =

{
 
 

 
 ∑ (

𝑁𝐹𝐹𝑝(𝑙𝑟) + 𝑂𝐾(𝑙𝑟)

𝑁𝑂𝐾𝑝(𝑙𝑟) + 𝑁𝐹𝐹𝑝(𝑙𝑟) + 𝑂𝐾𝑝(𝑙𝑟)
)

𝑙𝑟𝜖𝐿𝑟,   𝑟=𝑡𝑦𝑝𝑒 (𝑠)

 𝑖𝑓 𝑙 ∈ {𝑤𝑜𝑟𝑘𝑖𝑛𝑔 𝑠𝑦𝑠𝑡𝑒𝑚}

∑ (
𝑂𝐾𝑝(𝑙𝑟)

𝑁𝐹𝐹𝑝(𝑙𝑟) + 𝑁𝑂𝐾𝑝(𝑙𝑟) + 𝑂𝐾𝑝(𝑙𝑟)
) 

𝑙𝑟𝜖𝐿𝑟,   𝑟=𝑡𝑦𝑝𝑒 (𝑠)

       𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒

 

(41) 
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𝑁𝑝(𝑠) =  ∑ 𝑋𝑞𝑝

𝑄𝑝

𝑞𝑝=1

(𝑠)  

(42) 

 

𝐼𝑃𝑝 = 𝑃𝐼𝑝 + 𝑂𝑂𝑝 − 𝑂𝐺𝑝 + ∑ ∑𝑅𝐸𝐶𝑝(𝑎𝑟)

𝑟∈𝑅𝑎𝑟∈𝐴𝑟

 

 

 

 

 

(43) 

𝑅𝐹𝑆𝐷𝑝 = 𝐹𝑆𝐷.𝑊𝐻𝑝 ∗ 𝑅𝑌𝑝  

 

(44) 

𝐹𝑆𝐷.𝑊𝐻𝑝 = 𝐷𝑒𝑚𝑝 ∗ 𝐶𝑊𝐹𝑆𝐷𝑝 (45) 

 

 

𝑃 = 𝑃𝑒𝑜𝑙  ∪ 𝑃0  ∪ 𝑃𝑟𝑒𝑠𝑡 (46) 

 

 

𝐴𝑟:                   𝑠𝑒𝑡 𝑜𝑓 𝑐𝑜𝑝𝑖𝑒𝑠 𝑜𝑓 𝑠𝑦𝑠𝑡𝑒𝑚 𝑡𝑦𝑝𝑒 𝑟 𝑡ℎ𝑎𝑡 𝑤𝑒𝑟𝑒 𝑏𝑜𝑢𝑔ℎ𝑡 𝑏𝑎𝑐𝑘 𝑏𝑒𝑓𝑜𝑟𝑒, 
                         𝑏𝑢𝑡 𝑛𝑜𝑡 𝑑𝑖𝑠𝑎𝑠𝑠𝑒𝑚𝑏𝑙𝑒𝑑 𝑜𝑟 𝑟𝑒𝑝𝑎𝑖𝑟𝑒𝑑 𝑦𝑒𝑡 

𝐶𝑎𝑛𝑎𝑙𝑦𝑠𝑖𝑠𝑝
:         𝑐𝑜𝑠𝑡 𝑓𝑜𝑟 𝑎𝑛𝑎𝑙𝑦𝑠𝑖𝑛𝑔 𝑝𝑎𝑟𝑡 𝑝   
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                        𝑤𝑎𝑠 𝑏𝑜𝑢𝑔ℎ𝑡 𝑏𝑎𝑐𝑘 𝑏𝑒𝑓𝑜𝑟𝑒, 𝑛𝑜𝑡 𝑎𝑑𝑑𝑒𝑑 𝑜𝑛 𝑠𝑡𝑜𝑐𝑘 𝑦𝑒𝑡 

𝑅𝐸𝐶𝑝(𝑠):       𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑟𝑒𝑢𝑠𝑎𝑏𝑙𝑒 𝑐𝑜𝑝𝑖𝑒𝑠 𝑝 𝑜𝑏𝑡𝑎𝑖𝑛𝑒𝑑 𝑣𝑖𝑎 𝑜𝑓𝑓𝑒𝑟𝑒𝑑 𝑠𝑦𝑠𝑡𝑒𝑚 𝑠 

𝑅𝐸𝐶𝐵𝑝(𝑠):    𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑟𝑒𝑢𝑠𝑎𝑏𝑙𝑒 𝑐𝑜𝑝𝑖𝑒𝑠 𝑝 𝑒𝑥𝑝𝑒𝑐𝑡𝑒𝑑 𝑡𝑜 𝑏𝑒 𝑜𝑏𝑡𝑎𝑖𝑛𝑒𝑑 𝑣𝑖𝑎 𝑜𝑓𝑓𝑒𝑟𝑒𝑑 𝑠𝑦𝑠𝑡𝑒𝑚 𝑠 𝑓𝑜𝑟 𝑏𝑎𝑠𝑖𝑐 𝑚𝑜𝑑𝑒𝑙  

𝑅𝐹𝑆𝐷𝑝:          𝑒𝑥𝑝𝑒𝑐𝑡𝑒𝑑 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑐𝑜𝑝𝑖𝑒𝑠 𝑜𝑓 𝑑𝑒𝑓𝑒𝑐𝑡𝑖𝑣𝑒 𝐹𝑆𝐷 𝑝𝑎𝑟𝑡 𝑝 𝑡ℎ𝑎𝑡 𝑟𝑒𝑡𝑢𝑟𝑛 𝑓𝑟𝑜𝑚 𝑎 𝑐𝑢𝑠𝑡𝑜𝑚𝑒𝑟  

                        𝑑𝑢𝑟𝑖𝑛𝑔 𝑑𝑒𝑚𝑎𝑛𝑑 ℎ𝑜𝑟𝑖𝑧𝑜𝑛 𝑝𝑒𝑟𝑖𝑜𝑑 𝑎𝑛𝑑 𝑡ℎ𝑎𝑡 𝑐𝑎𝑛 𝑏𝑒 𝑟𝑒𝑝𝑎𝑖𝑟𝑒𝑑 
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𝑅𝑃𝑝(𝑠):         𝑟𝑒𝑞𝑢𝑖𝑟𝑒𝑑 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑐𝑜𝑝𝑖𝑒𝑠 𝑜𝑓 𝑝𝑎𝑟𝑡 𝑝 𝑜𝑓 𝑠𝑦𝑠𝑡𝑒𝑚 𝑠 𝑠𝑒𝑛𝑡 𝑡𝑜 𝑠𝑢𝑝𝑝𝑙𝑖𝑒𝑟 𝑜𝑟  

                        𝑤𝑜𝑟𝑘 𝑐𝑒𝑛𝑡𝑒𝑟 

𝑅𝑃𝐻𝑝(𝑠):      𝑎𝑐𝑡𝑢𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑟𝑒𝑝𝑎𝑖𝑟𝑎𝑏𝑙𝑒 𝑐𝑜𝑝𝑖𝑒𝑠 𝑜𝑓 𝑝 𝑖𝑛 𝑜𝑓𝑓𝑒𝑟𝑒𝑑 𝑠𝑦𝑠𝑡𝑒𝑚 𝑠 

𝑅𝑌𝑝:                𝑟𝑒𝑝𝑎𝑖𝑟 𝑦𝑖𝑒𝑙𝑑 𝑜𝑓 𝑑𝑒𝑓𝑒𝑐𝑡𝑖𝑣𝑒 𝐹𝑆𝐷 𝑝𝑎𝑟𝑡 𝑝 𝑡ℎ𝑎𝑡 𝑟𝑒𝑡𝑢𝑟𝑛 𝑓𝑟𝑜𝑚 𝑎 𝑐𝑢𝑠𝑡𝑜𝑚𝑒𝑟  

𝑠:                     𝑜𝑓𝑓𝑒𝑟𝑒𝑑 𝑠𝑦𝑠𝑡𝑒𝑚 

𝑡:                     𝑖𝑛𝑑𝑒𝑥 𝑓𝑜𝑟 𝑝𝑒𝑟𝑖𝑜𝑑 (𝑚𝑜𝑛𝑡ℎ) 

𝑇𝐸𝑂𝑆:              𝑡𝑖𝑚𝑒 𝑢𝑛𝑡𝑖𝑙 𝐸𝑂𝑆 𝑖𝑛 𝑚𝑜𝑛𝑡ℎ𝑠 𝑎𝑡 𝑚𝑜𝑚𝑒𝑛𝑡 𝑜𝑓 𝑑𝑒𝑐𝑖𝑠𝑖𝑜𝑛 

𝑇𝑟𝑒𝑠𝑡:              𝑒𝑠𝑡𝑎𝑏𝑙𝑖𝑠ℎ𝑒𝑑 𝑡𝑖𝑚𝑒 ℎ𝑜𝑟𝑖𝑧𝑜𝑛 𝑖𝑛 𝑚𝑜𝑛𝑡ℎ𝑠 𝑎𝑡 𝑚𝑜𝑚𝑒𝑛𝑡 𝑜𝑓 𝑑𝑒𝑐𝑖𝑠𝑖𝑜𝑛 

𝑉𝐵(𝑠):           𝑣𝑎𝑙𝑢𝑒 𝑜𝑓 𝑎𝑙𝑙 𝑠𝑒𝑟𝑣𝑖𝑐𝑒 𝑝𝑎𝑟𝑡𝑠 𝑜𝑓 𝑠𝑦𝑠𝑡𝑒𝑚 𝑠 𝑖𝑛 𝑒𝑢𝑟𝑜𝑠 𝑏𝑎𝑠𝑒𝑑 𝑜𝑛 𝑏𝑎𝑠𝑖𝑐 𝑚𝑜𝑑𝑒𝑙  

𝑉(𝑠):              𝑡𝑜𝑡𝑎𝑙 𝑣𝑎𝑙𝑢𝑒 𝑜𝑓 𝑎𝑙𝑙 𝑠𝑒𝑟𝑣𝑖𝑐𝑒 𝑝𝑎𝑟𝑡𝑠 𝑜𝑓 𝑠𝑦𝑠𝑡𝑒𝑚 𝑠 𝑖𝑛 𝑒𝑢𝑟𝑜𝑠, 𝑡𝑎𝑘𝑒𝑛 𝑎𝑙𝑙 𝑚𝑜𝑑𝑒𝑙  
                        𝑖𝑚𝑝𝑟𝑜𝑣𝑒𝑚𝑒𝑛𝑡𝑠 𝑖𝑛𝑡𝑜 𝑎𝑐𝑐𝑜𝑢𝑛𝑡 

𝑉𝐹(𝑠) ∶          𝑣𝑎𝑙𝑢𝑒 𝑜𝑓 𝑜𝑓𝑓𝑒𝑟𝑒𝑑 𝑠𝑦𝑠𝑡𝑒𝑚 𝑠 𝑖𝑛 𝑒𝑢𝑟𝑜𝑠, 𝑖𝑛𝑐𝑙𝑢𝑑𝑖𝑛𝑔 𝑐𝑜𝑠𝑡𝑠 𝑓𝑜𝑟 𝑟𝑒𝑝𝑎𝑖𝑟, 𝑎𝑛𝑎𝑙𝑦𝑠𝑖𝑠 
                         𝑎𝑛𝑑 𝑐𝑜𝑚𝑝𝑙𝑒𝑡𝑒𝑛𝑒𝑠 𝑢𝑛𝑐𝑒𝑟𝑡𝑎𝑖𝑛𝑡𝑦 

𝑉𝑆(𝑠):             𝑣𝑎𝑙𝑢𝑒 𝑜𝑓 𝑎𝑙𝑙 𝑠𝑒𝑟𝑣𝑖𝑐𝑒 𝑝𝑎𝑟𝑡𝑠 𝑓𝑟𝑜𝑚 𝑠𝑦𝑠𝑡𝑒𝑚 𝑠 𝑖𝑛 𝑒𝑢𝑟𝑜𝑠 𝑖𝑛𝑐𝑙𝑢𝑑𝑖𝑛𝑔 
                          𝑐𝑜𝑚𝑝𝑙𝑒𝑡𝑒𝑛𝑒𝑠𝑠 𝑢𝑛𝑐𝑒𝑟𝑡𝑎𝑖𝑛𝑡𝑦 

𝑉𝑇(𝑠):             𝑣𝑎𝑙𝑢𝑒 𝑜𝑓 𝑎𝑙𝑙 𝑠𝑒𝑟𝑣𝑖𝑐𝑒 𝑝𝑎𝑟𝑡𝑠 𝑜𝑓 𝑠𝑦𝑠𝑡𝑒𝑚 𝑠 𝑖𝑛 𝑒𝑢𝑟𝑜𝑠 𝑖𝑛𝑐𝑙𝑢𝑑𝑖𝑛𝑔 𝑐𝑜𝑚𝑝𝑙𝑒𝑡𝑒𝑛𝑒𝑠𝑠 𝑓𝑎𝑐𝑡𝑜𝑟, 
                          𝑟𝑒𝑝𝑎𝑖𝑟 𝑦𝑖𝑒𝑙𝑑 𝑎𝑛𝑑 ℎ𝑜𝑙𝑑𝑖𝑛𝑔 𝑐𝑜𝑠𝑡𝑠 

𝑋𝑞𝑝(s):            𝑏𝑖𝑛𝑎𝑟𝑦 𝑣𝑎𝑟𝑖𝑎𝑏𝑙𝑒 𝑑𝑒𝑝𝑖𝑐𝑡𝑖𝑛𝑔 𝑖𝑓 𝑐𝑜𝑝𝑦 𝑞 𝑜𝑓 𝑝𝑎𝑟𝑡 𝑝 𝑖𝑠  

                          𝑝𝑟𝑒𝑠𝑒𝑛𝑡 𝑖𝑛 𝑠𝑦𝑠𝑡𝑒𝑚 𝑠, (𝑋𝑞𝑝 = 1) 𝑜𝑟 𝑛𝑜𝑡 (𝑋𝑞𝑝 = 0) 

𝑌𝑝(𝑠):              𝑝𝑟𝑜𝑏𝑎𝑏𝑖𝑙𝑖𝑡𝑦 𝑡ℎ𝑎𝑡 𝐹𝑆𝐷 𝑝𝑎𝑟𝑡 𝑝 𝑓𝑟𝑜𝑚 𝑜𝑓𝑓𝑒𝑟𝑒𝑑 𝑠𝑦𝑠𝑡𝑒𝑚 𝑠 𝑐𝑎𝑛 𝑏𝑒 𝑟𝑒𝑝𝑎𝑖𝑟𝑒𝑑 

𝑧𝑝:                    𝑡𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑚𝑜𝑛𝑡ℎ𝑠 𝑝𝑎𝑟𝑡 𝑝 𝑖𝑠 𝑠𝑡𝑜𝑟𝑒𝑑 𝑜𝑛 𝑠𝑡𝑜𝑐𝑘 𝑎𝑡 𝑡ℎ𝑒 𝑚𝑜𝑚𝑒𝑛𝑡 𝑜𝑓 

                         𝑑𝑒𝑐𝑖𝑠𝑖𝑜𝑛, 𝑎𝑐𝑐𝑜𝑟𝑑𝑖𝑛𝑔 𝑡𝑜 𝑓𝑜𝑟𝑒𝑐𝑎𝑠𝑡𝑒𝑑 𝑑𝑒𝑚𝑎𝑛𝑑  
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 Cost model 

In this Appendix the cost calculations for each cost bucket identified in Chapter 6 are described. 

The different buckets are discussed in detail, so that it is clear which parameters are included. These 

formulas with parameters are appropriate for different kind of systems. Many of the parameters, like 

the hourly rate of the employees have to be determined and filled in once, thereafter it can be used 

in several calculations for different systems. The hourly rate consists of hourly labor costs and 

insurance costs as well. Some cost parameters are new or the calculations differ because the current 

process is too general and not accurate enough. The improved parameters and calculations increase 

the level of detail and gives assistance to department A in estimating the cost related to buying back 

the system.  

Total costs for buying back the system 

The total costs for buying a specific system 

 𝐶𝐵𝑢𝑦𝑖𝑛𝑔𝐵𝑎𝑐𝑘 = 𝐶𝐷𝐴 + 𝐶𝑒𝑛𝑔 + 𝐶𝑒𝑣.𝐷𝐴 + 𝐶𝐷𝐵 + 𝐶𝐷𝐶𝑑𝑒𝑣 + 𝐶𝑐𝑢𝑠.𝑙𝑜𝑐 + 𝐶𝑡𝑟𝑎𝑛 + 𝐶𝑤ℎ1
+ 𝐶𝑡𝑟.𝑤𝑟 + 𝐶𝑤𝑐 + 𝐶𝑠𝑢𝑝𝑝 + 𝐶𝑡𝑟.𝑟𝑤  + 𝐶𝑤ℎ2 + 𝐶𝑛𝑒𝑔 

(47) 

where:  
𝐶𝐵𝑢𝑦𝑖𝑛𝑔𝐵𝑎𝑐𝑘    =  𝑡ℎ𝑒 𝑡𝑜𝑡𝑎𝑙 𝑐𝑜𝑠𝑡𝑠 𝑓𝑜𝑟 𝐶𝑜𝑚𝑝𝑎𝑛𝑦 𝑋 𝑖𝑓 𝑡ℎ𝑒𝑦 𝑑𝑒𝑐𝑖𝑑𝑒 𝑡𝑜 𝑏𝑢𝑦 𝑏𝑎𝑐𝑘 𝑎 𝑠𝑦𝑠𝑡𝑒𝑚 𝑓𝑜𝑟  

                                 𝑠𝑒𝑟𝑣𝑖𝑐𝑒 𝑝𝑎𝑟𝑡𝑠 ℎ𝑎𝑟𝑣𝑒𝑠𝑡𝑖𝑛𝑔 (𝑒𝑢𝑟𝑜𝑠) 

𝐶𝐷𝐵                    = 𝑐𝑜𝑠𝑡 𝑚𝑎𝑑𝑒 𝑏𝑦 𝑑𝑒𝑝𝑎𝑟𝑡𝑚𝑒𝑛𝑡 𝐵 𝑡𝑜 𝑎𝑛𝑎𝑙𝑦𝑧𝑒 𝑡ℎ𝑒 𝑠𝑒𝑟𝑣𝑖𝑐𝑒 𝑝𝑎𝑟𝑡𝑠 𝑜𝑓  
                                𝑡ℎ𝑒 𝑠𝑦𝑠𝑡𝑒𝑚 (𝑒𝑢𝑟𝑜𝑠) 
         
𝐶𝑐𝑢𝑠.𝑙𝑜𝑐             =   𝑐𝑜𝑠𝑡 𝑚𝑎𝑑𝑒 𝑎𝑡 𝑐𝑢𝑠𝑡𝑜𝑚𝑒𝑟

′𝑠 𝑙𝑜𝑐𝑎𝑡𝑖𝑜𝑛𝑠 (𝑒𝑢𝑟𝑜𝑠) 

𝐶𝑒𝑛𝑔                  = 𝑐𝑜𝑠𝑡 𝑚𝑎𝑑𝑒 𝑏𝑦 𝑡ℎ𝑒 𝑒𝑛𝑔𝑖𝑛𝑒𝑒𝑟 𝑑𝑢𝑟𝑖𝑛𝑔 𝑐ℎ𝑒𝑐𝑘𝑖𝑛𝑔 𝑡ℎ𝑒 𝑠𝑦𝑠𝑡𝑒𝑚 (𝑒𝑢𝑟𝑜𝑠) 

𝐶𝑒𝑣.𝐷𝐴               = 𝑒𝑣𝑎𝑙𝑢𝑎𝑡𝑖𝑜𝑛 𝑐𝑜𝑠𝑡 𝑚𝑎𝑑𝑒 𝑏𝑦 𝑑𝑒𝑝𝑎𝑟𝑡𝑚𝑒𝑡𝑛 𝐴 (𝑒𝑢𝑟𝑜𝑠)  

𝐶𝐷𝐴                   = 𝑐𝑜𝑠𝑡𝑠 𝑚𝑎𝑑𝑒 𝑏𝑦 𝑑𝑒𝑝𝑎𝑟𝑡𝑚𝑒𝑛𝑡 𝐴  
                               𝑓𝑜𝑟 𝑡ℎ𝑒 𝑓𝑖𝑟𝑠𝑡 𝑎𝑛𝑎𝑙𝑦𝑠𝑖𝑠 𝑎𝑓𝑡𝑒𝑟 𝑡ℎ𝑒 𝑐𝑢𝑠𝑡𝑜𝑚𝑒𝑟 ℎ𝑎𝑠 𝑜𝑓𝑓𝑒𝑟𝑒𝑑 𝑡ℎ𝑒 𝑠𝑦𝑠𝑡𝑒𝑚 (𝑒𝑢𝑟𝑜𝑠) 
 
𝐶𝐷𝐶.𝑑𝑒𝑣            = 𝑐𝑜𝑠𝑡 𝑚𝑎𝑑𝑒 𝑏𝑦 𝑑𝑒𝑝𝑎𝑟𝑡𝑚𝑒𝑛𝑡 𝐶  𝑡𝑜 𝑎𝑛𝑎𝑙𝑦𝑧𝑒  
                              𝑡ℎ𝑒 𝑙𝑒𝑛𝑠, 𝑜𝑝𝑡𝑖𝑐 𝑎𝑛𝑑 𝑙𝑎𝑠𝑒𝑟 𝑜𝑓 𝑡ℎ𝑒 𝑠𝑦𝑠𝑡𝑒𝑚(𝑒𝑢𝑟𝑜𝑠) 
 
𝐶𝑛𝑒𝑔                 = 𝑝𝑟𝑖𝑐𝑒 𝑚𝑎𝑑𝑒 𝑓𝑜𝑟 𝑛𝑒𝑔𝑜𝑡𝑖𝑎𝑡𝑖𝑜𝑛 𝑎𝑛𝑑 𝑏𝑎𝑟𝑔𝑎𝑖𝑛𝑖𝑛𝑔 𝑐𝑜𝑠𝑡 𝑤𝑖𝑡ℎ 𝑐𝑢𝑠𝑡𝑜𝑚𝑒𝑟 (𝑒𝑢𝑟𝑜𝑠)  

𝐶𝑠𝑢𝑝𝑝               = 𝑟𝑒𝑝𝑎𝑖𝑟 𝑐𝑜𝑠𝑡𝑠 𝑚𝑎𝑑𝑒 𝑏𝑦 𝑡ℎ𝑒 𝑠𝑢𝑝𝑝𝑙𝑖𝑒𝑟 (𝑒𝑢𝑟𝑜𝑠) 

𝐶𝑡𝑟𝑎𝑛               = 𝑡𝑟𝑎𝑛𝑠𝑝𝑜𝑟𝑡𝑎𝑡𝑖𝑜𝑛 𝑐𝑜𝑠𝑡 𝑜𝑓 𝑠𝑦𝑠𝑡𝑒𝑚 𝑡𝑜 𝐶𝑜𝑚𝑝𝑎𝑛𝑦 𝑋′𝑠 𝑤𝑎𝑟𝑒ℎ𝑜𝑢𝑠𝑒 (𝑒𝑢𝑟𝑜𝑠) 

𝐶𝑡𝑟.𝑟𝑤              = 𝑡𝑟𝑎𝑛𝑠𝑝𝑜𝑟𝑡𝑎𝑡𝑖𝑜𝑛 𝑐𝑜𝑠𝑡 𝑜𝑓 𝑎 𝑠𝑒𝑟𝑣𝑖𝑐𝑒 𝑝𝑎𝑟𝑡 𝑓𝑟𝑜𝑚 
                              𝑟𝑒𝑝𝑎𝑖𝑟 𝑙𝑜𝑐𝑎𝑡𝑖𝑜𝑛 𝑡𝑜 𝑤𝑎𝑟𝑒ℎ𝑜𝑢𝑠𝑒(𝑒𝑢𝑟𝑜𝑠) 

𝐶𝑡𝑟.𝑤𝑟              = 𝑡𝑟𝑎𝑛𝑠𝑝𝑜𝑟𝑡𝑎𝑡𝑖𝑜𝑛 𝑐𝑜𝑠𝑡 𝑜𝑓 𝑝𝑎𝑟𝑡 𝑓𝑟𝑜𝑚 𝑤𝑎𝑟𝑒ℎ𝑜𝑢𝑠𝑒 𝑡𝑜 𝑟𝑒𝑝𝑎𝑖𝑟 𝑙𝑜𝑐𝑎𝑡𝑖𝑜𝑛 (𝑒𝑢𝑟𝑜𝑠) 

𝐶𝑤𝑐                   = 𝑜𝑝𝑒𝑟𝑎𝑡𝑖𝑛𝑔 𝑐𝑜𝑠𝑡𝑠 𝑚𝑎𝑑𝑒 𝑖𝑛 𝐶𝑜𝑚𝑝𝑎𝑛𝑦 𝑋′𝑠 𝑤𝑜𝑟𝑘𝑐𝑒𝑛𝑡𝑒𝑟 (𝑒𝑢𝑟𝑜𝑠) 

𝐶𝑤ℎ1                 =  𝑐𝑜𝑠𝑡𝑠 𝑚𝑎𝑑𝑒 𝑖𝑛 𝐶𝑜𝑚𝑝𝑎𝑛𝑦 𝑋′𝑠 𝑤𝑎𝑟𝑒ℎ𝑜𝑢𝑠𝑒  
                               𝑎𝑓𝑡𝑒𝑟 𝑎𝑟𝑟𝑖𝑣𝑎𝑙 𝑓𝑟𝑜𝑚 𝑐𝑢𝑠𝑡𝑜𝑚𝑒𝑟(𝑒𝑢𝑟𝑜𝑠) 
 
𝐶𝑤ℎ2                 = 𝑐𝑜𝑠𝑡𝑠 𝑚𝑎𝑑𝑒 𝑖𝑛 𝐶𝑜𝑚𝑝𝑎𝑛𝑦 𝑋′𝑠 𝑤𝑎𝑟𝑒ℎ𝑜𝑢𝑠𝑒 𝑎𝑓𝑡𝑒𝑟 𝑟𝑒𝑝𝑎𝑖𝑟 (𝑒𝑢𝑟𝑜𝑠) 
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1. Costs for analyzing the service parts 
If a system is end of use, a customer can offer a system to department A. Department A creates a form 
with all relevant information about the system (system platform, system number, location, customer) 
and sends an engineer to check the system.  
 

 𝐶𝐷𝐴 =  𝑇𝑎𝑚.𝑑𝑎 ∗ 𝑅𝑒𝑚𝑝.𝑑𝑎 

 

(48) 

where: 

𝑅𝑒𝑚𝑝.𝑑𝑎            =  𝑡ℎ𝑒 ℎ𝑜𝑢𝑟𝑙𝑦 𝑟𝑎𝑡𝑒 𝑜𝑓 𝑑𝑒𝑝𝑎𝑟𝑡𝑚𝑒𝑛𝑡 𝐴 − 𝑒𝑚𝑝𝑙𝑜𝑦𝑒𝑒 𝑖𝑛 𝑒𝑢𝑟𝑜𝑠/ℎ𝑜𝑢𝑟 

𝑇𝑎𝑚.𝑑𝑎              = 𝑡𝑖𝑚𝑒 𝑖𝑛 ℎ𝑜𝑢𝑟𝑠 𝑎𝑛 𝑒𝑚𝑝𝑙𝑜𝑦𝑒𝑒 𝑓𝑟𝑜𝑚 𝑑𝑒𝑝𝑎𝑟𝑡𝑚𝑒𝑛𝑡 𝐴 𝑠𝑝𝑒𝑛𝑑𝑠 𝑜𝑛 

                                  𝑡ℎ𝑒 𝑎𝑛𝑎𝑙𝑦𝑠𝑖𝑠 𝑜𝑓 𝑡ℎ𝑒 𝑠𝑦𝑠𝑡𝑒𝑚 𝑠ℎ𝑜𝑟𝑡𝑙𝑦 𝑎𝑓𝑡𝑒𝑟 𝑡ℎ𝑒 𝑠𝑦𝑠𝑡𝑒𝑚 𝑖𝑠 𝑜𝑓𝑓𝑒𝑟𝑒𝑑 𝑏𝑦 𝑎 𝑐𝑢𝑠𝑡𝑜𝑚𝑒𝑟. 

 
2 Costs engineer 
After the customer has offered the system, an engineer from Company X has to check the system. 

Sometimes, there is already an engineer from Company X working at the customer’s location. In this 

case no extra transportation and accommodation costs are required for the engineer. However, if 

there is no engineer from Company X working at the customer’s location, an engineer is sent and 

transportation and accommodation costs have to be paid. After arrival the engineer inspects the 

completeness and condition of the system.  

 

 𝐶𝑒𝑛𝑔 = 𝐶𝑡𝑟.𝑒𝑛𝑔 + 𝐶𝑎𝑐𝑐. + 𝐶𝑖𝑛𝑠𝑝 + 𝑇𝑒𝑛𝑔 ∗ 𝑅𝑒𝑛𝑔 (49) 

where: 

𝐶𝑎𝑐𝑐.                 = 𝑎𝑐𝑐𝑜𝑚𝑎𝑑𝑎𝑡𝑖𝑜𝑛 𝑐𝑜𝑠𝑡𝑠 𝑒𝑛𝑔𝑖𝑛𝑒𝑒𝑟 (𝑒𝑢𝑟𝑜𝑠) 

𝐶𝑖𝑛𝑠𝑝                 = 𝑖𝑛𝑠𝑝𝑒𝑐𝑡𝑖𝑜𝑛 𝑐𝑜𝑠𝑡 𝑒𝑛𝑔𝑖𝑛𝑒𝑒𝑟 (𝑒𝑢𝑟𝑜𝑠) 

𝐶𝑡𝑟.𝑒𝑛𝑔              = 𝑡𝑟𝑎𝑛𝑠𝑝𝑜𝑟𝑡𝑎𝑡𝑖𝑜𝑛 𝑐𝑜𝑠𝑡 𝑜𝑓 𝑡ℎ𝑒 𝑒𝑛𝑔𝑖𝑛𝑒𝑒𝑟 𝑡𝑜 𝑡ℎ𝑒 𝑐𝑢𝑠𝑡𝑜𝑚𝑒𝑟
′𝑠 

                              𝑙𝑜𝑐𝑎𝑡𝑖𝑜𝑛 𝑎𝑛𝑑 𝑏𝑎𝑐𝑘 (𝑒𝑢𝑟𝑜𝑠) 

𝑅𝑒𝑛𝑔                  =  𝑡ℎ𝑒 ℎ𝑜𝑢𝑟𝑙𝑦 𝑟𝑎𝑡𝑒 𝑜𝑓 𝑡ℎ𝑒 𝑒𝑛𝑔𝑖𝑛𝑒𝑒𝑟 𝑖𝑛 𝑒𝑢𝑟𝑜𝑠/ℎ𝑜𝑢𝑟   

𝑇𝑒𝑛𝑔                   = 𝑡𝑖𝑚𝑒 𝑖𝑛 ℎ𝑜𝑢𝑟𝑠 𝑡ℎ𝑒 𝑒𝑛𝑔𝑖𝑛𝑒𝑒𝑟 𝑠𝑝𝑒𝑛𝑑𝑠 𝑜𝑛 𝑐ℎ𝑒𝑐𝑘𝑖𝑛𝑔 𝑡ℎ𝑒 𝑠𝑦𝑠𝑡𝑒𝑚′𝑠 𝑐𝑜𝑛𝑑𝑖𝑡𝑖𝑜𝑛

/𝑐𝑜𝑚𝑝𝑙𝑒𝑡𝑒𝑛𝑒𝑠𝑠 

 

3. Evaluation costs department A 
After an engineer has checked the system, the findings are evaluated by department A. Next to the 

condition of the systems, department A determines the reliability of the customer. This is discussed 

in Chapter 5.5. Hereafter, the stakeholders are identified and a request to analyze the system is sent. 

 𝐶𝑒𝑣.𝐷𝐴 = 𝑇𝑒𝑣 ∗ 𝑅𝑒𝑚𝑝.𝑑𝑎   (50) 

where: 

𝑅𝑒𝑚𝑝.𝑑𝑎        =  𝑡ℎ𝑒 ℎ𝑜𝑢𝑟𝑙𝑦 𝑟𝑎𝑡𝑒 𝑜𝑓 𝑑𝑒𝑝𝑎𝑟𝑡𝑚𝑒𝑛𝑡 𝐴 − 𝑒𝑚𝑝𝑙𝑜𝑦𝑒𝑒 𝑖𝑛 𝑒𝑢𝑟𝑜𝑠/ℎ𝑜𝑢𝑟 
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𝑇𝑒𝑣                    =  𝑡𝑖𝑚𝑒 𝑖𝑛 ℎ𝑜𝑢𝑟𝑠 𝑎𝑛 𝑒𝑚𝑝𝑙𝑜𝑦𝑒𝑒 𝑓𝑟𝑜𝑚 𝑑𝑒𝑝𝑎𝑟𝑡𝑚𝑒𝑛𝑡 𝐴 𝑠𝑝𝑒𝑛𝑑𝑠 𝑜𝑛 

                                𝑒𝑣𝑎𝑙𝑢𝑎𝑡𝑖𝑛𝑔 

4. Cost made by department B 
Department B checks if Company X can use the system for service parts harvesting. The analyst of 
department B checks all the service parts by using the BoM obtained from SAP. The costs for analyzing 
the system can be obtained from the hourly rate and the time the analyst is spending on the analysis. 
 

 𝐶𝐷𝐵 = 𝑇𝑎𝑛.𝐷𝐵 ∗ 𝑅𝑒𝑚𝑝.𝐷𝐵 

 

(51) 

where: 
𝑅𝑒𝑚𝑝.𝐷𝐵      =  𝑡ℎ𝑒 ℎ𝑜𝑢𝑟𝑙𝑦 𝑟𝑎𝑡𝑒 𝑜𝑓 𝑑𝑒𝑝𝑎𝑟𝑡𝑚𝑒𝑛𝑡 𝐵 

                               𝑒𝑚𝑝𝑙𝑜𝑦𝑒𝑒 𝑖𝑛 𝑒𝑢𝑟𝑜𝑠/ℎ𝑜𝑢𝑟 

𝑇𝑎𝑚.𝐷𝐵         = 𝑡𝑖𝑚𝑒 𝑖𝑛 ℎ𝑜𝑢𝑟𝑠 𝑎𝑛 𝑒𝑚𝑝𝑙𝑜𝑦𝑒𝑒 𝑓𝑟𝑜𝑚 𝑑𝑒𝑝𝑎𝑟𝑡𝑚𝑒𝑛𝑡 𝐵 
                                 𝑠𝑝𝑒𝑛𝑑𝑠 𝑜𝑛 𝑎𝑛𝑎𝑙𝑦𝑠𝑖𝑛𝑔 𝑎𝑙𝑙 𝑡ℎ𝑒 𝑠𝑒𝑟𝑣𝑖𝑐𝑒 𝑝𝑎𝑟𝑡𝑠  
 
5.Cost made by department C 
After receiving a request from department A, the most expensive parts are analyzed. These parts are 
not necessarily qualified as service part. However, for some parts Company X has observed a 
shortage. And therefore, they are analyzed separately.  
 

 𝐶𝐷𝐶 = 𝑇𝑎𝑛.𝐷𝐶 ∗ 𝑅𝑒𝑚𝑝.𝐷𝐶  

 

(52) 

where: 
𝑅𝑒𝑚𝑝.𝐷𝐶              =  𝑡ℎ𝑒 ℎ𝑜𝑢𝑟𝑙𝑦 𝑟𝑎𝑡𝑒 𝑜𝑓 𝑡ℎ𝑒 𝑑𝑒𝑝𝑎𝑟𝑡𝑚𝑒𝑛𝑡 𝐶 𝑒𝑚𝑝𝑙𝑜𝑦𝑒𝑒 𝑖𝑛 𝑒𝑢𝑟𝑜𝑠/ℎ𝑜𝑢𝑟 

𝑇𝑎𝑛.𝐷𝐶                 = 𝑡𝑖𝑚𝑒 𝑖𝑛 ℎ𝑜𝑢𝑟𝑠 𝑎𝑛 𝑒𝑚𝑝𝑙𝑜𝑦𝑒𝑒 𝑓𝑟𝑜𝑚 𝑑𝑒𝑝𝑎𝑟𝑡𝑚𝑒𝑛𝑡 𝐶 𝑠𝑝𝑒𝑛𝑑𝑠 𝑜𝑛 𝑡ℎ𝑒 𝑎𝑛𝑎𝑙𝑦𝑠𝑖𝑠 
                                   𝑜𝑓 𝑡ℎ𝑒 𝑙𝑎𝑠𝑒𝑟, 𝑜𝑝𝑡𝑖𝑐 𝑎𝑛𝑑 𝑙𝑒𝑛𝑠  
 

6.Cost made at the customer’s location 
In this paragraph the cost made by the operational employees from Company X at the customer’s 
location are presented. These costs are only made if the system is bought back. The costs at the 
customer’s location consist of de-installing the system, partly disassemble the system into modules so 
that the system can be transported, packaging costs and documentation costs. The cost depends on 
the system type and the packaging quality. If the customer wants to get rid of the system immediately, 
lower costs are made, however the parts may become less useful.  
 The employees have to travel to the customer’s location and thus, transportation and 
accommodation costs need to be included as well. The required time to de-install, partly disassemble 
and packaging the disassembled parts depends on the system type but is approximately 1 week. The 
disassembled parts are still too big and too heavy to transport them by hand to the container for 
transport, therefore a forklift is rented if not available by the customer.  
 

 𝐶𝑐𝑢𝑠.𝑙𝑜𝑐 = 𝐶𝑜𝑝.𝑒𝑚𝑝 + 𝐶𝑡𝑜𝑜𝑙𝑠 

 

(53) 

 𝐶𝑜𝑝.𝑒𝑚𝑝 = (𝐶𝑑𝑒𝑖𝑛 + 𝐶𝑑𝑖𝑠 + 𝐶𝑝𝑎𝑐𝑘 + 𝐶𝑑𝑜𝑐 + 𝐶𝑡𝑟.𝑒𝑚𝑝 + 𝐶𝑎𝑐𝑐.𝑒𝑚𝑝) 

 

(54) 
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 𝐶𝑜𝑝.𝑒𝑚𝑝 = ((𝑇𝑑𝑒𝑖𝑛 + 𝑇𝑑𝑖𝑠 + 𝑇𝑝𝑎𝑐𝑘 + 𝑇𝑑𝑜𝑐) ∗ 𝑅𝑜𝑝.𝑒𝑚𝑝 + 𝐶𝑡𝑟.𝑒𝑚𝑝 + 𝐶𝑎𝑐𝑐.𝑒𝑚𝑝) 

 

(55) 

where: 

𝐶𝑎𝑐𝑐.𝑒𝑚𝑝         = 𝑡𝑜𝑡𝑎𝑙 𝑐𝑜𝑠𝑡𝑠 𝑟𝑒𝑙𝑎𝑡𝑒𝑑 𝑡𝑜 𝑡ℎ𝑒 𝑎𝑐𝑐𝑜𝑚𝑜𝑑𝑎𝑡𝑖𝑜𝑛 𝑜𝑓 𝑎𝑛 𝑒𝑚𝑝𝑙𝑜𝑦𝑒𝑒 (𝑒𝑢𝑟𝑜𝑠)  

𝐶𝑜𝑝.𝑒𝑚𝑝          = 𝑡𝑜𝑡𝑎𝑙 𝑐𝑜𝑠𝑡𝑠 𝑚𝑎𝑑𝑒 𝑏𝑦 𝐶𝑜𝑚𝑝𝑎𝑛𝑦 𝑋′𝑠 𝑜𝑝𝑒𝑟𝑎𝑡𝑖𝑜𝑛𝑎𝑙 𝑒𝑚𝑝𝑙𝑜𝑦𝑒𝑒𝑠 (𝑒𝑢𝑟𝑜𝑠) 

𝐶𝑑𝑒𝑖𝑛               = 𝑡𝑜𝑡𝑎𝑙 𝑐𝑜𝑠𝑡𝑠 𝑡𝑜 𝑑𝑒 − 𝑖𝑛𝑠𝑡𝑎𝑙𝑙 𝑡ℎ𝑒 𝑠𝑦𝑠𝑡𝑒𝑚 (𝑒𝑢𝑟𝑜𝑠) 

𝐶𝑑𝑜𝑐                = 𝑡𝑜𝑡𝑎𝑙 𝑐𝑜𝑠𝑡 𝑡𝑜 𝑑𝑜𝑐𝑢𝑚𝑒𝑛𝑡 𝑡ℎ𝑒 𝑠𝑦𝑠𝑡𝑒𝑚 (𝑒𝑢𝑟𝑜𝑠) 

𝐶𝑑𝑖𝑠                 = 𝑡𝑜𝑡𝑎𝑙 𝑐𝑜𝑠𝑡 𝑓𝑜𝑟 𝑑𝑖𝑠𝑎𝑠𝑠𝑒𝑚𝑏𝑙𝑦, 𝑢𝑛𝑡𝑖𝑙 𝑡ℎ𝑒 𝑠𝑦𝑠𝑡𝑒𝑚 𝑐𝑎𝑛 𝑏𝑒 𝑡𝑟𝑎𝑛𝑠𝑝𝑜𝑟𝑡𝑒𝑑 (𝑒𝑢𝑟𝑜𝑠) 

𝐶𝑝𝑎𝑐𝑘              = 𝑡𝑜𝑡𝑎𝑙 𝑐𝑜𝑠𝑡𝑠 𝑡𝑜 𝑝𝑎𝑐𝑘 𝑡ℎ𝑒 𝑑𝑖𝑠𝑎𝑠𝑠𝑒𝑚𝑏𝑙𝑒𝑑 𝑝𝑎𝑟𝑡𝑠 𝑝𝑟𝑜𝑝𝑒𝑟𝑙𝑦 (𝑒𝑢𝑟𝑜𝑠) 

𝐶𝑡𝑜𝑜𝑙𝑠             = 𝑡𝑜𝑡𝑎𝑙 𝑐𝑜𝑠𝑡 𝑓𝑜𝑟 𝑟𝑒𝑛𝑡𝑖𝑛𝑔 𝑚𝑎𝑡𝑒𝑟𝑖𝑎𝑙 𝑡𝑜 𝑡𝑟𝑎𝑛𝑠𝑝𝑜𝑟𝑡 𝑡ℎ𝑒 𝑑𝑖𝑠𝑎𝑠𝑠𝑒𝑚𝑏𝑙𝑒𝑑  
                             𝑠𝑦𝑠𝑡𝑒𝑚 𝑡𝑜 𝑡ℎ𝑒 𝑐𝑜𝑛𝑡𝑎𝑖𝑛𝑒𝑟 (𝑒𝑢𝑟𝑜𝑠) 
 
𝐶𝑡𝑟.𝑒𝑚𝑝          = 𝑡𝑜𝑡𝑎𝑙 𝑐𝑜𝑠𝑡 𝑟𝑒𝑙𝑎𝑡𝑒𝑑 𝑡𝑜 𝑒𝑚𝑝𝑙𝑜𝑦𝑒𝑒

′𝑠 𝑡𝑟𝑎𝑛𝑠𝑝𝑜𝑟𝑡 𝑡𝑜 𝑡ℎ𝑒 𝑐𝑢𝑠𝑡𝑜𝑚𝑒𝑟′𝑠 𝑙𝑜𝑐𝑎𝑡𝑖𝑜𝑛 

                            𝑎𝑛𝑑 𝑏𝑎𝑐𝑘 (𝑒𝑢𝑟𝑜𝑠)  

𝑅𝑒𝑚𝑝              =  𝑡ℎ𝑒 ℎ𝑜𝑢𝑟𝑙𝑦 𝑟𝑎𝑡𝑒 𝑜𝑓 𝑡ℎ𝑒 𝑜𝑝𝑒𝑟𝑎𝑡𝑖𝑜𝑛𝑎𝑙 𝑒𝑚𝑝𝑙𝑜𝑦𝑒𝑒 𝑖𝑛 𝑒𝑢𝑟𝑜𝑠/ℎ𝑜𝑢𝑟   

𝑇𝑑𝑒𝑖𝑛              = 𝑡𝑜𝑡𝑎𝑙 𝑡𝑖𝑚𝑒 𝑖𝑛 ℎ𝑜𝑢𝑟𝑠 𝑜𝑝𝑒𝑟𝑎𝑡𝑖𝑜𝑛𝑎𝑙 𝑒𝑚𝑝𝑙𝑜𝑦𝑒𝑒𝑠 𝑎𝑟𝑒 𝑠𝑝𝑒𝑛𝑑𝑖𝑛𝑔 𝑜𝑛 𝑑𝑒𝑖𝑛𝑠𝑡𝑎𝑙𝑙𝑡𝑖𝑜𝑛  

𝑇𝑑𝑖𝑠                = 𝑡𝑜𝑡𝑎𝑙 𝑡𝑖𝑚𝑒 𝑖𝑛 ℎ𝑜𝑢𝑟𝑠 𝑜𝑝𝑒𝑟𝑎𝑡𝑖𝑜𝑛𝑎𝑙 𝑒𝑚𝑝𝑙𝑜𝑦𝑒𝑒𝑠 𝑠𝑝𝑒𝑛𝑑 𝑜𝑛 𝑑𝑖𝑠𝑎𝑠𝑠𝑒𝑚𝑏𝑙𝑦  

𝑇𝑑𝑜𝑐               = 𝑡𝑜𝑡𝑎𝑙 𝑡𝑖𝑚𝑒 𝑖𝑛 ℎ𝑜𝑢𝑟𝑠 𝑜𝑝𝑒𝑟𝑎𝑡𝑖𝑜𝑛𝑎𝑙 𝑒𝑚𝑝𝑙𝑜𝑦𝑒𝑒𝑠 𝑠𝑝𝑒𝑛𝑑 𝑜𝑛 𝑑𝑜𝑐𝑢𝑚𝑒𝑛𝑡𝑎𝑡𝑖𝑜𝑛 

𝑇𝑝𝑎𝑐𝑘             = 𝑡𝑜𝑡𝑎𝑙 𝑡𝑖𝑚𝑒 𝑖𝑛 ℎ𝑜𝑢𝑟𝑠 𝑜𝑝𝑒𝑟𝑎𝑡𝑖𝑜𝑛𝑎𝑙 𝑒𝑚𝑝𝑙𝑜𝑦𝑒𝑒 𝑠𝑝𝑒𝑛𝑑 𝑜𝑛 𝑝𝑎𝑐𝑘𝑎𝑔𝑖𝑛𝑔 𝑡ℎ𝑒 𝑠𝑦𝑠𝑡𝑒𝑚 

 
7. Transportation costs from customer to Company X 
After disassembling the system into modules, the modules are ready for transportation. The modules 
are transported in containers, these containers are rented from a third party. Every time, a tariff is 
determined based on the weight and size of the modules and the distance. The containers are either 
transported by ship, airplane or truck. The type of transport depends on the distance and time 
constraint. If shipping or transport by airplane is selected, the containers are first transported to the 
airport or harbor by truck. Shipping is cheaper than transport by airplane however, it does occur that 
there is a time constraint and transport by airplane is the only solution. 
 
A distinction is made between the costs for continental transport and intercontinental transport. An 
extra cost element that occurs during intercontinental transport is custom duties on imports, for 
continental transport this is not always necessarily.   
 

 𝐶𝑡𝑟 = 𝐶𝑡𝑟𝑢𝑐𝑘 + 𝐶𝑐𝑜𝑛𝑡𝑎𝑖𝑛𝑒𝑟 + (1 − 𝑍) ∗ (𝐶𝑖𝑛𝑡𝑒𝑟.𝑐𝑜𝑛 + 𝐶𝑐𝑑) +  𝑍 ∗ (𝐶𝑐𝑜𝑛 + 𝐶𝑐𝑑) (56) 

 
where: 

𝐶𝑐𝑑                  = 𝑐𝑜𝑠𝑡 𝑓𝑜𝑟 𝑐𝑢𝑠𝑡𝑜𝑚 𝑑𝑢𝑡𝑖𝑒𝑠 𝑜𝑛 𝑖𝑚𝑝𝑜𝑟𝑡𝑠 (𝑒𝑢𝑟𝑜𝑠) 

𝐶𝑐𝑜𝑛                = 𝑐𝑜𝑠𝑡 𝑓𝑜𝑟 𝑐𝑜𝑛𝑡𝑖𝑛𝑒𝑛𝑡𝑎𝑙 𝑡𝑟𝑎𝑛𝑠𝑝𝑜𝑟𝑡𝑎𝑡𝑖𝑜𝑛 𝑏𝑦 𝑎𝑖𝑟𝑝𝑙𝑎𝑛𝑒 𝑜𝑟 𝑠ℎ𝑖𝑝 (𝑒𝑢𝑟𝑜𝑠) 
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𝐶𝑐𝑜𝑛𝑡𝑎𝑖𝑛𝑒𝑟      = 𝑐𝑜𝑠𝑡 𝑓𝑜𝑟 𝑟𝑒𝑛𝑡𝑖𝑛𝑔 𝑎 𝑐𝑜𝑛𝑡𝑎𝑖𝑛𝑒𝑟 (𝑒𝑢𝑟𝑜𝑠) 

𝐶𝑖𝑛𝑡𝑒𝑟.𝑐𝑜𝑛       = 𝑐𝑜𝑠𝑡 𝑓𝑜𝑟 𝑖𝑛𝑡𝑒𝑟𝑐𝑜𝑛𝑡𝑖𝑛𝑒𝑛𝑡𝑎𝑙 𝑡𝑟𝑎𝑛𝑠𝑝𝑜𝑟𝑡𝑎𝑡𝑖𝑜𝑛 𝑏𝑦 𝑎𝑖𝑟𝑝𝑙𝑎𝑛𝑒 𝑜𝑟 𝑠ℎ𝑖𝑝 (𝑒𝑢𝑟𝑜𝑠) 

𝐶𝑡𝑟𝑢𝑐𝑘            = 𝑐𝑜𝑠𝑡𝑠 𝑓𝑜𝑟 𝑡𝑟𝑎𝑛𝑠𝑝𝑜𝑟𝑡𝑎𝑡𝑖𝑜𝑛 𝑏𝑦 𝑡𝑟𝑢𝑐𝑘 𝑡𝑜 𝑡ℎ𝑒 𝑎𝑖𝑟𝑝𝑜𝑟𝑡  
                             𝑜𝑟 ℎ𝑎𝑟𝑏𝑜𝑟 𝑜𝑟 𝑐𝑜𝑚𝑝𝑙𝑒𝑡𝑒𝑙𝑦 𝑡𝑟𝑎𝑛𝑠𝑝𝑜𝑟𝑡𝑒𝑑  𝑏𝑦 𝑡𝑟𝑢𝑐𝑘 (𝑒𝑢𝑟𝑜𝑠) 
 
𝑍                    = 𝑏𝑖𝑛𝑎𝑟𝑦 𝑣𝑎𝑟𝑖𝑎𝑏𝑙𝑒 𝑤ℎ𝑒𝑡ℎ𝑒𝑟 𝑎𝑛 𝑖𝑛𝑡𝑒𝑟𝑐𝑜𝑛𝑡𝑖𝑛𝑒𝑛𝑡𝑖𝑎𝑙 𝑜𝑟 𝑐𝑜𝑛𝑡𝑖𝑛𝑒𝑛𝑡𝑖𝑎𝑙 𝑡𝑟𝑎𝑛𝑠𝑝𝑜𝑟𝑡 𝑖𝑠  

                             𝑟𝑒𝑞𝑢𝑖𝑟𝑒𝑑.  𝐼𝑓 𝑍 𝑖𝑠 𝑒𝑞𝑢𝑎𝑙 𝑡𝑜 0, 𝑎𝑛 𝑖𝑛𝑡𝑒𝑟𝑐𝑜𝑛𝑡𝑖𝑛𝑒𝑡𝑖𝑎𝑙 𝑡𝑟𝑎𝑛𝑠𝑝𝑜𝑟𝑡𝑎𝑡𝑖𝑜𝑛 𝑖𝑠 𝑟𝑒𝑞𝑢𝑖𝑟𝑒𝑑  

                             𝑎𝑛𝑑 𝑖𝑓 𝑍 𝑖𝑠 𝑒𝑞𝑢𝑎𝑙 𝑡𝑜 1 𝑎 𝑐𝑜𝑛𝑡𝑖𝑛𝑒𝑛𝑡𝑖𝑎𝑙 𝑡𝑟𝑎𝑛𝑠𝑝𝑜𝑟𝑡𝑎𝑡𝑖𝑜𝑛 𝑖𝑠 𝑟𝑒𝑞𝑢𝑖𝑟𝑒𝑑.   

 

8. Cost made by the warehouse  
After arrival all system modules are stored in Company X’s  warehouse. The warehouse activity is 
outsourced. Company X is charged per meter square. In the developed model the cost includes rental 
costs to store the parts, lost interest, obsolesce  and labor costs (e.g. inspection, disassembly, sorting 
and packaging).  
If the required facility is available the modules are disassembled into service parts. Sometimes, 
Company X inspects the parts. However, mostly Company X sorts the parts immediately for repair, 
because of lack of knowledge. A part can either be repaired by Company X’s work center or a part is 
sent to the corresponding supplier.   
 

 𝐶𝑤ℎ1 = 𝑘 ∗ 𝐶𝑟𝑒𝑛 ∗ 𝑦 + 𝐶𝑖𝑛𝑠 + 𝐶𝑑𝑖𝑠 + 𝐶𝑠𝑜𝑟 + 𝐶𝑝𝑎𝑐𝑘.𝑝𝑎𝑟𝑡 + 𝐶𝑜𝑏𝑠 + 𝐶𝑖𝑛𝑡 (57) 

   

where:  

𝐶𝑑𝑖𝑠                  = 𝑐𝑜𝑠𝑡 𝑡𝑜 𝑑𝑖𝑠𝑎𝑠𝑠𝑒𝑚𝑏𝑙𝑒 𝑡ℎ𝑒 𝑚𝑜𝑑𝑢𝑙𝑒 𝑖𝑛𝑡𝑜 𝑝𝑎𝑟𝑡𝑠 (𝑒𝑢𝑟𝑜𝑠) 

𝐶𝑖𝑛𝑠                 = 𝑡𝑜𝑡𝑎𝑙 𝑐𝑜𝑠𝑡 𝑓𝑜𝑟 𝑖𝑛𝑠𝑝𝑒𝑐𝑡𝑖𝑛𝑔 𝑎𝑙𝑙 𝑝𝑎𝑟𝑡𝑠 (𝑒𝑢𝑟𝑜𝑠) 

𝐶𝑖𝑛𝑡                 = 𝑐𝑜𝑠𝑡 𝑓𝑜𝑟 𝑙𝑜𝑠𝑡 𝑖𝑛𝑡𝑒𝑟𝑒𝑠𝑡 (𝑒𝑢𝑟𝑜𝑠) 

𝐶𝑜𝑏𝑠                = 𝑐𝑜𝑠𝑡 𝑓𝑜𝑟 𝑜𝑏𝑠𝑜𝑙𝑒𝑠𝑒𝑛𝑐𝑒 (𝑒𝑢𝑟𝑜𝑠)  

𝐶𝑝𝑎𝑐𝑘.𝑝𝑎𝑟𝑡      = 𝑡𝑜𝑡𝑎𝑙 𝑐𝑜𝑠𝑡𝑠 𝑓𝑜𝑟 𝑝𝑎𝑐𝑘𝑎𝑔𝑖𝑛𝑔 𝑝𝑎𝑟𝑡𝑠 𝑏𝑒𝑓𝑜𝑟𝑒 𝑡ℎ𝑒𝑦 𝑎𝑟𝑒 𝑡𝑟𝑎𝑛𝑠𝑝𝑜𝑟𝑡𝑒𝑑 

                              𝑓𝑜𝑟 𝑟𝑒𝑝𝑎𝑖𝑟 (𝑒𝑢𝑟𝑜𝑠) 

𝐶𝑟𝑒𝑛                = 𝑟𝑒𝑛𝑡𝑎𝑙 𝑐𝑜𝑠𝑡𝑠 𝑐𝑜𝑠𝑡𝑠 𝑝𝑒𝑟 𝑚
2(𝑒𝑢𝑟𝑜𝑠)  

𝐶𝑠𝑜𝑟                 = 𝑡𝑜𝑡𝑎𝑙 𝑐𝑜𝑠𝑡𝑠 𝑓𝑜𝑟 𝑠𝑜𝑟𝑡𝑖𝑛𝑔 𝑡ℎ𝑒 𝑝𝑎𝑟𝑡𝑠 (𝑒𝑢𝑟𝑜𝑠) 

𝑘                      = 𝑟𝑒𝑞𝑢𝑖𝑟𝑒𝑑 𝑠𝑡𝑜𝑟𝑎𝑔𝑒 𝑠𝑝𝑎𝑐𝑒 (𝑖𝑛 𝑚2)  

𝑦                      = 𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑦𝑒𝑎𝑟𝑠 𝑡ℎ𝑒 𝑚𝑜𝑑𝑢𝑙𝑒 𝑤𝑖𝑙𝑙 𝑏𝑒 𝑠𝑡𝑜𝑟𝑒𝑑 

 

8.1 Costs for disassembly  
The returned module is first disassembled into factory parts. Subsequently, the factory parts are built 
into the corresponding parents (e.g. service parts).  
 

 𝐶𝑑𝑖𝑠 = 𝑇𝑑𝑖𝑠 ∗ 𝑅𝑤𝑐.𝑒𝑚𝑝 + 𝐶𝑓𝑎𝑐.𝑑𝑖𝑠 (58) 

where: 
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𝐶𝑓𝑎𝑐.𝑑𝑖𝑠         = 𝑓𝑎𝑐𝑖𝑙𝑖𝑡𝑦 𝑐𝑜𝑠𝑡 𝑡𝑜 𝑑𝑖𝑠𝑎𝑠𝑠𝑒𝑚𝑏𝑙𝑒 𝑡ℎ𝑒 𝑚𝑜𝑑𝑢𝑙𝑒𝑠 (𝑒𝑢𝑟𝑜𝑠) 

𝑅𝑤𝑐.𝑒𝑚𝑝        = ℎ𝑜𝑢𝑟𝑙𝑦 𝑟𝑎𝑡𝑒 𝑜𝑓 𝑡ℎ𝑒 𝑤𝑎𝑟𝑒ℎ𝑜𝑢𝑠𝑒 𝑒𝑚𝑝𝑙𝑜𝑦𝑒𝑒 (𝑒𝑢𝑟𝑜𝑠/ℎ𝑜𝑢𝑟𝑠)  

𝑇𝑑𝑖𝑠                = 𝑡𝑖𝑚𝑒 𝑖𝑛 ℎ𝑜𝑢𝑟𝑠 𝑎𝑛 𝑒𝑚𝑝𝑙𝑜𝑦𝑒𝑒 𝑖𝑠 𝑠𝑝𝑒𝑛𝑑𝑖𝑛𝑔 𝑜𝑛 𝑡ℎ𝑒 𝑑𝑖𝑠𝑠𝑎𝑠𝑠𝑒𝑚𝑏𝑙𝑦 

 
 
9. Transport for repair 
The transportation cost for each service parts is dependent on whether Company X is capable to repair 
the part internally, or they have to outsource the repair to the supplier. If Company X can repair the 
part by themselves, the part is transported to Company X’s work center. However, if the supplier has 
to check and repair the part, transportation cost from Company X’s warehouse Company X’s 
warehouse to the supplier is necessary. The cost for transportation to Company X’s  work center is 
mostly lower than the cost for transportation to the corresponding supplier.  
 

 𝐶𝑡𝑟.𝑤𝑟 = 𝑆 ∗ 𝐶𝑡𝑟.𝑒𝑥 + (𝑆 − 1) ∗ 𝐶𝑡𝑟.𝑖𝑛 (59) 

where: 

𝐶𝑡𝑟.𝑒𝑥 = 𝑡𝑜𝑡𝑎𝑙 𝑡𝑟𝑎𝑛𝑠𝑝𝑜𝑟𝑡𝑎𝑡𝑖𝑜𝑛 𝑐𝑜𝑠𝑡 𝑜𝑓 𝑝𝑎𝑟𝑡𝑠 𝑓𝑟𝑜𝑚 𝐶𝑜𝑚𝑝𝑎𝑛𝑦 𝑋 𝑡𝑜 𝑡ℎ𝑒 𝑠𝑢𝑝𝑝𝑙𝑖𝑒𝑟 𝑓𝑜𝑟 𝑒𝑥𝑡𝑒𝑟𝑛𝑎𝑙  
                 𝑟𝑒𝑝𝑎𝑖𝑟 (𝑒𝑢𝑟𝑜𝑠) 
 
𝐶𝑡𝑟.𝑖𝑛  
= 𝑡𝑜𝑡𝑎𝑙 𝑡𝑟𝑎𝑛𝑠𝑝𝑜𝑟𝑡𝑎𝑡𝑖𝑜𝑛 𝑐𝑜𝑠𝑡 𝑜𝑓 𝑝𝑎𝑟𝑡𝑠 𝑓𝑟𝑜𝑚 𝐶𝑜𝑚𝑝𝑎𝑛𝑦 𝑋 𝑡𝑜 𝐶𝑜𝑚𝑝𝑎𝑛𝑦 𝑋′𝑠 𝑤𝑜𝑟𝑘𝑐𝑒𝑛𝑡𝑒𝑟 𝑓𝑜𝑟 𝑖𝑛𝑡𝑒𝑟𝑛𝑎𝑙 
                 𝑟𝑒𝑝𝑎𝑖𝑟 (𝑒𝑢𝑟𝑜𝑠) 
 
𝑆         =  𝐵𝑖𝑛𝑎𝑟𝑦 𝑣𝑎𝑟𝑖𝑎𝑏𝑙𝑒, 𝑖𝑓 𝑆 𝑖𝑠 𝑜𝑛𝑒, 𝑡ℎ𝑒 𝑠𝑢𝑝𝑝𝑙𝑖𝑒𝑟 𝑖𝑠 𝑛𝑒𝑒𝑑𝑒𝑑 𝑡𝑜 𝑐ℎ𝑒𝑐𝑘 𝑎𝑛𝑑 𝑟𝑒𝑝𝑎𝑖𝑟 𝑡ℎ𝑒 𝑝𝑎𝑟𝑡 

                  𝐼𝑓 𝑆 𝑖𝑠 𝑧𝑒𝑟𝑜, 𝑡ℎ𝑒 𝑝𝑎𝑟𝑡 𝑖𝑠 𝑟𝑒𝑝𝑎𝑖𝑟𝑒𝑑 𝑎𝑡 𝐶𝑜𝑚𝑝𝑎𝑛𝑦 𝑋′𝑠 𝑤𝑜𝑟𝑘 𝑐𝑒𝑛𝑡𝑒𝑟 

 

10. Company X’s work center  
Department B has already included the repair costs for the selected service parts and calculated the 

remaining value of each service part after subtracting the repair costs. These cost should not be taken 

into account by department A. However, since this is part of the process we mention the repair costs 

here separately as well. Here we focus on the different elements that are included at Company X’s 

work center. 

If a part can be repaired by Company X, the part is sent to the corresponding work center. First the 
part is unpacked and inspected. The part is either repaired or sent for scrap. For parts that cannot be 
repaired, no repair costs are paid. Hereafter, the part is packed (mostly, it is possible to use the old 
packaging material), stored and a document is written before the part is sent back to Company X’s 
warehouse. This task is conducted for every service parts that the analyst of department B qualified 
as usable for Company X and can be repaired by Company X’s work centers. The total costs of the 
different work centers should be added together to provide the total costs for Company X’s work 
centers. 

  
𝐶𝑤𝑐 = 𝐶𝑠𝑡 + 𝐶𝑢𝑛𝑝𝑎𝑐𝑘 + 𝐶𝑖𝑛𝑠𝑝 + 𝜋 ∗ 𝐶𝑝𝑎𝑐𝑘 + 𝜋 ∗ 𝐶𝑟𝑒𝑝𝑎𝑖𝑟.𝑖𝑛 + (1 − 𝜋 ) ∗ 𝐶𝑠𝑐𝑟𝑎𝑝 + 𝐶𝑑𝑜𝑐

+ 𝐶𝑓𝑎𝑐 + 𝐶𝑚𝑎𝑛.𝑟𝑒𝑝 

 

(60) 
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 𝐶𝑤𝑐 = (𝑇𝑢𝑛𝑝𝑎𝑐𝑘 + 𝑇𝑖𝑛𝑠𝑝 + 𝑇𝑝𝑎𝑐𝑘 + (1 − 𝜋) ∗  𝑇𝑠𝑐𝑟𝑎𝑝 + 𝑇𝑑𝑜𝑐) ∗ 𝑅𝑒𝑚𝑝.𝑤𝑐
+ 𝑇𝑚𝑎𝑛.𝑟𝑒𝑝 ∗ 𝑅𝑚𝑎𝑛.𝑤𝑐 + 𝐶𝑓𝑎𝑐 + 𝐶𝑠𝑡 + 𝜋 ∗ 𝐶𝑟𝑒𝑝𝑎𝑖𝑟.𝑖𝑛 

(61) 

 
where:  

𝐶𝑑𝑜𝑐                 = 𝑡𝑜𝑡𝑎𝑙 𝑑𝑜𝑐𝑢𝑚𝑒𝑛𝑡𝑎𝑡𝑖𝑜𝑛 𝑐𝑜𝑠𝑡𝑠 𝑓𝑜𝑟 𝑎𝑙𝑙 𝑝𝑎𝑟𝑡𝑠 𝑡ℎ𝑎𝑡 𝑎𝑟𝑒 𝑟𝑒𝑝𝑎𝑖𝑟𝑒𝑑 𝑖𝑛 𝐴𝑆𝑀𝐿
′𝑠 𝑤𝑜𝑟𝑘  

                              𝑐𝑒𝑛𝑡𝑒𝑟(𝑠) (𝑒𝑢𝑟𝑜𝑠) 

𝐶𝑓𝑎𝑐                 = 𝑡𝑜𝑡𝑎𝑙 𝑓𝑎𝑐𝑖𝑙𝑖𝑡𝑦 𝑐𝑜𝑠𝑡𝑠 (𝑒𝑢𝑟𝑜𝑠) 

𝐶𝑖𝑛𝑠𝑝                = 𝑡𝑜𝑡𝑎𝑙 𝑐𝑜𝑠𝑡𝑠 𝑓𝑜𝑟 𝑖𝑛𝑝𝑒𝑐𝑡𝑖𝑛𝑔 𝑡ℎ𝑒 𝑟𝑒𝑡𝑢𝑟𝑛𝑒𝑑 𝑝𝑎𝑟𝑡𝑠 𝑎𝑡 𝐴𝑆𝑀𝐿
′𝑠 𝑤𝑜𝑟𝑘 𝑐𝑒𝑛𝑡𝑒𝑟 (𝑒𝑢𝑟𝑜𝑠) 

𝐶𝑚𝑎𝑛.𝑟𝑒𝑝         = 𝑡𝑜𝑡𝑎𝑙 𝑚𝑎𝑛𝑎𝑔𝑒𝑚𝑒𝑛𝑡 𝑐𝑜𝑠𝑡𝑠 𝑓𝑜𝑟 𝑟𝑒𝑝𝑎𝑖𝑟𝑖𝑛𝑔 𝑝𝑎𝑟𝑡𝑠 (𝑒𝑢𝑟𝑜𝑠) 

𝐶𝑝𝑎𝑐𝑘               = 𝑡𝑜𝑡𝑎𝑙 𝑐𝑜𝑠𝑡𝑠 𝑓𝑜𝑟 𝑝𝑎𝑐𝑘𝑎𝑔𝑖𝑛𝑔 𝑡ℎ𝑒 𝑝𝑎𝑟𝑡𝑠 (𝑒𝑢𝑟𝑜𝑠) 

𝐶𝑟𝑒𝑝𝑎𝑖𝑟.𝑖𝑛         = 𝑡𝑜𝑡𝑎𝑙 𝑐𝑜𝑠𝑡𝑠 𝑓𝑜𝑟 𝑖𝑛𝑡𝑒𝑟𝑛𝑎𝑙 𝑟𝑒𝑝𝑎𝑖𝑟 𝑜𝑓 𝑡ℎ𝑒 𝑝𝑎𝑟𝑡𝑠 (𝑒𝑢𝑟𝑜𝑠) 

𝐶𝑠𝑐𝑟𝑎𝑝              = 𝑡𝑜𝑡𝑎𝑙 𝑠𝑐𝑟𝑎𝑝𝑝𝑖𝑛𝑔 𝑐𝑜𝑠𝑡𝑠 (𝑖𝑛𝑐𝑙𝑢𝑑𝑖𝑛𝑔 𝑙𝑎𝑏𝑜𝑟 𝑐𝑜𝑠𝑡𝑠)(𝑒𝑢𝑟𝑜𝑠) 

𝐶𝑠𝑡                    = 𝑡𝑜𝑡𝑎𝑙 𝑠𝑡𝑜𝑟𝑎𝑔𝑒 𝑐𝑜𝑠𝑡 (𝑒𝑢𝑟𝑜𝑠) 

𝐶𝑢𝑛𝑝𝑎𝑐𝑘           = 𝑡𝑜𝑡𝑎𝑙 𝑐𝑜𝑠𝑡𝑠 𝑓𝑜𝑟 𝑢𝑛𝑝𝑎𝑐𝑘𝑖𝑛𝑔 𝑡ℎ𝑒 𝑟𝑒𝑡𝑢𝑟𝑒𝑛𝑑 𝑝𝑎𝑟𝑡𝑠 (𝑒𝑢𝑟𝑜𝑠) 

𝑅𝑒𝑚𝑝.𝑤𝑐          = ℎ𝑜𝑢𝑟𝑙𝑦 𝑟𝑎𝑡𝑒 𝑜𝑓 𝑡ℎ𝑒 𝑤𝑜𝑟𝑘 𝑐𝑒𝑛𝑡𝑒𝑟 𝑒𝑚𝑝𝑙𝑜𝑦𝑒𝑒 (𝑒𝑢𝑟𝑜𝑠/ℎ𝑜𝑢𝑟) 

𝑅𝑚𝑎𝑛.𝑤𝑐          = ℎ𝑜𝑢𝑟𝑙𝑦 𝑟𝑎𝑡𝑒 𝑜𝑓 𝑡ℎ𝑒 𝑤𝑜𝑟𝑘 𝑐𝑒𝑛𝑡𝑒𝑟𝑠
′𝑚𝑎𝑛𝑎𝑔𝑒𝑚𝑛𝑡 (𝑒𝑢𝑟𝑜𝑠/ℎ𝑜𝑢𝑟) 

𝑇𝑑𝑜𝑐                 = 𝑡𝑜𝑡𝑎𝑙 𝑡𝑖𝑚𝑒 𝑖𝑛 ℎ𝑜𝑢𝑟𝑠 𝑎𝑛 𝑒𝑚𝑝𝑙𝑜𝑦𝑒𝑒 𝑖𝑠 𝑠𝑝𝑒𝑛𝑑𝑖𝑛𝑔 𝑜𝑛 𝑑𝑜𝑐𝑢𝑚𝑒𝑛𝑡𝑎𝑡𝑖𝑜𝑛 

𝑇𝑖𝑛𝑠𝑝                = 𝑡𝑜𝑡𝑎𝑙 𝑡𝑖𝑚𝑒 𝑖𝑛 ℎ𝑜𝑢𝑟𝑠 𝑎𝑛 𝑒𝑚𝑝𝑙𝑜𝑦𝑒𝑒 𝑖𝑠 𝑠𝑝𝑒𝑛𝑑𝑖𝑛𝑔 𝑜𝑛 𝑖𝑛𝑠𝑝𝑒𝑐𝑡𝑖𝑜𝑛 

𝑇𝑚𝑎𝑛.𝑟𝑒𝑝         = 𝑡𝑜𝑡𝑎𝑙 𝑡𝑖𝑚𝑒 𝑖𝑛 ℎ𝑜𝑢𝑟𝑠 𝑡ℎ𝑒 𝑚𝑎𝑛𝑎𝑔𝑒𝑚𝑒𝑛𝑡 𝑖𝑠 𝑠𝑝𝑒𝑛𝑑𝑖𝑛𝑔 𝑜𝑛 𝑐𝑜𝑜𝑟𝑑𝑖𝑛𝑎𝑡𝑖𝑜𝑛 

𝑇𝑝𝑎𝑐𝑘               = 𝑡𝑜𝑡𝑎𝑙 𝑡𝑖𝑚𝑒 𝑖𝑛 ℎ𝑜𝑢𝑟𝑠 𝑎𝑛 𝑒𝑚𝑝𝑙𝑜𝑦𝑒𝑒 𝑖𝑠 𝑠𝑝𝑒𝑛𝑑𝑖𝑛𝑔 𝑜𝑛 𝑝𝑎𝑐𝑘𝑖𝑛𝑔 𝑡ℎ𝑒 𝑝𝑎𝑟𝑡 

𝑇𝑠𝑐𝑟𝑎𝑝              = 𝑡𝑜𝑡𝑎𝑙 𝑡𝑖𝑚𝑒 𝑖𝑛 ℎ𝑜𝑢𝑟𝑠 𝑎𝑛 𝑒𝑚𝑝𝑙𝑜𝑦𝑒𝑒 𝑖𝑠 𝑠𝑝𝑒𝑛𝑑𝑖𝑛𝑔 𝑜𝑛 𝑠𝑐𝑟𝑎𝑝𝑝𝑖𝑛𝑔 𝑎 𝑝𝑎𝑟𝑡  

𝑇𝑢𝑛𝑝𝑎𝑐𝑘           = 𝑡𝑜𝑡𝑎𝑙 𝑡𝑖𝑚𝑒 𝑖𝑛 ℎ𝑜𝑢𝑟𝑠 𝑎𝑛 𝑒𝑚𝑝𝑙𝑜𝑦𝑒𝑒 𝑖𝑠 𝑠𝑝𝑒𝑛𝑑𝑖𝑛𝑔 𝑜𝑛 𝑢𝑛𝑝𝑎𝑐𝑘𝑖𝑛𝑔 

                              𝑡ℎ𝑒 𝑟𝑒𝑡𝑢𝑟𝑒𝑛𝑑 𝑝𝑎𝑟𝑡 

𝜋                      = 𝑝𝑟𝑜𝑏𝑎𝑏𝑖𝑙𝑖𝑡𝑦 𝑡ℎ𝑎𝑡 𝑡ℎ𝑒 𝑝𝑎𝑟𝑡 𝑐𝑎𝑛 𝑏𝑒 𝑟𝑒𝑝𝑎𝑖𝑟𝑒𝑑 𝑏𝑦 𝐶𝑜𝑚𝑝𝑎𝑛𝑦 𝑋′𝑠 

 
10.1 Internal repair costs 
Internal repair for each part includes repairing, testing and cleaning the part and the use of the 

required tools. All number of copies that have to be repaired per work center are added together to 

provide the total internal repair costs per work center. 

 
 𝐶𝑟𝑒𝑝𝑎𝑖𝑟.𝑖𝑛 = 𝐶𝑟𝑒𝑝 + 𝐶𝑡𝑒𝑠𝑡 + 𝐶𝑐𝑙𝑒𝑎𝑛 + 𝐶𝑡𝑜𝑜𝑙𝑠 (62) 

   

 𝐶𝑟𝑒𝑝𝑎𝑖𝑟.𝑖𝑛 = (𝑇𝑟𝑒𝑝 + 𝑇𝑡𝑒𝑠𝑡 + 𝑇𝑐𝑙𝑒𝑎𝑛) ∗ 𝑅𝑒𝑚𝑝.𝑤𝑐 + 𝐶𝑡𝑜𝑜𝑙𝑠 

 

(63) 
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where: 
𝐶𝑐𝑙𝑒𝑎𝑛               = 𝑡𝑜𝑡𝑎𝑙 𝑐𝑜𝑠𝑡 𝑓𝑜𝑟 𝑐𝑙𝑒𝑎𝑛𝑖𝑛𝑔 𝑡ℎ𝑒 𝑝𝑎𝑟𝑡 𝑎𝑓𝑡𝑒𝑟 𝑟𝑒𝑝𝑎𝑖𝑟 (𝑒𝑢𝑟𝑜𝑠) 

𝐶𝑟𝑒𝑝                  = 𝑡𝑜𝑡𝑎𝑙 𝑐𝑜𝑠𝑡 𝑓𝑜𝑟 𝑎𝑐𝑡𝑢𝑎𝑙 𝑟𝑒𝑝𝑎𝑖𝑟 (𝑒𝑢𝑟𝑜𝑠) 

𝐶𝑡𝑒𝑠𝑡                 = 𝑡𝑜𝑡𝑎𝑙 𝑐𝑜𝑠𝑡 𝑓𝑜𝑟 𝑡𝑒𝑠𝑡𝑖𝑛𝑔 𝑡ℎ𝑒 𝑟𝑒𝑝𝑎𝑖𝑟𝑒𝑑 𝑝𝑎𝑟𝑡 (𝑒𝑢𝑟𝑜𝑠) 

𝐶𝑡𝑜𝑜𝑙𝑠               = 𝑡𝑜𝑡𝑎𝑙 𝑐𝑜𝑠𝑡 𝑓𝑜𝑟 𝑡𝑜𝑜𝑙𝑠 𝑟𝑒𝑞𝑢𝑖𝑟𝑒𝑑 𝑑𝑢𝑟𝑖𝑛𝑔 𝑖𝑛𝑡𝑒𝑟𝑛𝑎𝑙 𝑟𝑒𝑝𝑎𝑖𝑟 (𝑒𝑢𝑟𝑜𝑠) 

𝑇𝑐𝑙𝑒𝑎𝑛              = 𝑡𝑜𝑡𝑎𝑙 𝑡𝑖𝑚𝑒 𝑖𝑛 ℎ𝑜𝑢𝑟𝑠 𝑎𝑛 𝑒𝑚𝑝𝑙𝑜𝑦𝑒𝑒 𝑖𝑠 𝑐𝑙𝑒𝑎𝑛𝑖𝑛𝑔 𝑡ℎ𝑒 𝑝𝑎𝑟𝑡 

𝑇𝑟𝑒𝑝                  = 𝑡𝑜𝑡𝑎𝑙 𝑡𝑖𝑚𝑒 𝑖𝑛 ℎ𝑜𝑢𝑟𝑠 𝑎𝑛 𝑒𝑚𝑝𝑙𝑜𝑦𝑒𝑒 𝑖𝑠 𝑠𝑝𝑒𝑛𝑑𝑖𝑛𝑔 𝑜𝑛 𝑟𝑒𝑝𝑎𝑖𝑟 

𝑇𝑡𝑒𝑠𝑡                 = 𝑡𝑜𝑡𝑎𝑙 𝑡𝑖𝑚𝑒 𝑖𝑛 ℎ𝑜𝑢𝑟𝑠 𝑎𝑛 𝑒𝑚𝑝𝑙𝑜𝑦𝑒𝑒 𝑖𝑠 𝑡𝑒𝑠𝑡𝑖𝑛𝑔 𝑡ℎ𝑒 𝑝𝑎𝑟𝑡 

 
11.Cost made by the supplier  
Again, these costs are already included by the value determination of department B. 
 
Company X’s warehouse sorts the returned parts. If Company X is not able or qualified to repair the 
part by themselves, the part is transported to the related supplier. The supplier repairs the part if 
possible. If it is not possible to repair the part, Company X only pays analysis costs. 
 

 𝐶𝑠𝑢𝑝𝑝 = 𝜌 ∗ 𝐶𝑟𝑒𝑝𝑎𝑖𝑟.𝑒𝑥 + (1 − 𝜌) ∗ 𝐶𝑎𝑛𝑎𝑙𝑦𝑠𝑖𝑠 

 

(64) 

where: 

𝐶𝑎𝑛𝑎𝑙𝑦𝑠𝑖𝑠        =   𝑐𝑜𝑠𝑡𝑠 𝑝𝑎𝑖𝑑 𝑓𝑜𝑟 𝑎𝑛𝑎𝑙𝑦𝑠𝑖𝑠 𝑖𝑛 𝑐𝑎𝑠𝑒 𝑡ℎ𝑒 𝑝𝑎𝑟𝑡 𝑐𝑎𝑛𝑛𝑜𝑡 𝑏𝑒 𝑟𝑒𝑝𝑎𝑖𝑟𝑒𝑑 

𝐶𝑟𝑒𝑝𝑎𝑖𝑟.𝑒𝑥       = 𝑐𝑜𝑠𝑡𝑠 𝑓𝑜𝑟 𝑒𝑥𝑡𝑒𝑟𝑛𝑎𝑙 𝑟𝑒𝑝𝑎𝑖𝑟 𝑜𝑓 𝑡ℎ𝑒 𝑝𝑎𝑟𝑡(𝑠) (𝑒𝑢𝑟𝑜𝑠) 

𝜌                     =   𝑝𝑟𝑜𝑏𝑎𝑏𝑖𝑙𝑖𝑡𝑦 𝑡ℎ𝑎𝑡 𝑡ℎ𝑒 𝑝𝑎𝑟𝑡 𝑐𝑎𝑛 𝑏𝑒 𝑟𝑒𝑝𝑎𝑖𝑟𝑒𝑑 𝑏𝑦 𝑡ℎ𝑒 𝑠𝑢𝑝𝑝𝑙𝑖𝑒𝑟 

 
12. transport from repair to Company X’s warehouse 
After repair, the parts are transported to Company X’s warehouse. The transportation cost for each 
part are variable and dependent on the location the part is repaired and import duties. The 
transportation costs for all parts separately should be added together to provide the total 
transportation cost. 
 

 𝐶𝑡𝑟.𝑟𝑤 = 𝑆 ∗ 𝐶𝑡𝑟.𝑒𝑥2 + (𝑆 − 1) ∗ 𝐶𝑡𝑟.𝑖𝑛2 (65) 

where: 

𝐶𝑡𝑟.𝑒𝑥2               =  𝑡𝑟𝑎𝑛𝑠𝑝𝑜𝑟𝑡𝑎𝑡𝑖𝑜𝑛 𝑐𝑜𝑠𝑡 𝑓𝑟𝑜𝑚 𝑡ℎ𝑒 𝑠𝑢𝑝𝑝𝑙𝑖𝑒𝑟 𝑡𝑜 𝐶𝑜𝑚𝑝𝑎𝑛𝑦 𝑋′𝑠 𝑤𝑎𝑟𝑒ℎ𝑜𝑢𝑠𝑒 (𝑒𝑢𝑟𝑜𝑠) 

𝐶𝑡𝑟.𝑖𝑛2                =  𝑡𝑟𝑎𝑛𝑠𝑝𝑜𝑟𝑡𝑎𝑡𝑖𝑜𝑛 𝑐𝑜𝑠𝑡 𝑓𝑟𝑜𝑚 𝐶𝑜𝑚𝑝𝑎𝑛𝑦 𝑋
′𝑠 𝑤𝑜𝑟𝑘 𝑐𝑒𝑛𝑡𝑒𝑟 𝑡𝑜 𝐶𝑜𝑚𝑎𝑝𝑛𝑦 𝑋′𝑠  

                                 𝑤𝑎𝑟𝑒ℎ𝑜𝑢𝑠𝑒 (𝑒𝑢𝑟𝑜𝑠) 

𝑆                        = 𝐵𝑖𝑛𝑎𝑟𝑦 𝑣𝑎𝑟𝑖𝑎𝑏𝑙𝑒, 𝑖𝑓 𝑆 𝑖𝑠 𝑜𝑛𝑒, 𝑡ℎ𝑒 𝑝𝑎𝑟𝑡 𝑖𝑠 𝑡𝑟𝑎𝑛𝑠𝑝𝑜𝑟𝑡𝑒𝑑 𝑓𝑟𝑜𝑚 𝑠𝑢𝑝𝑝𝑙𝑖𝑒𝑟 𝑡𝑜  
                                𝐶𝑜𝑚𝑝𝑎𝑛𝑦 𝑋′𝑠 𝑤𝑎𝑟𝑒ℎ𝑜𝑢𝑠𝑒.  𝐼𝑓 𝑆 𝑖𝑠 𝑧𝑒𝑟𝑜, 𝑡ℎ𝑒 𝑝𝑎𝑟𝑡 𝑖𝑠 𝑡𝑟𝑎𝑛𝑠𝑝𝑜𝑟𝑡𝑒𝑑 𝑓𝑜𝑟𝑚 
                                𝐶𝑜𝑚𝑝𝑎𝑛𝑦 𝑋′𝑠 𝑤𝑜𝑟𝑘 𝑐𝑒𝑛𝑡𝑒𝑟 𝑡𝑜 𝐶𝑜𝑚𝑝𝑎𝑛𝑦 𝑋′𝑠 𝑤𝑎𝑟𝑒ℎ𝑜𝑢𝑠𝑒. 

13. Cost warehouse Company X 
The service parts are stored at the warehouse until the part is requested by a customer.  
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 𝐶𝑤ℎ2 = 𝑘 ∗ 𝐶ℎ𝑜𝑙 ∗ 𝑦 + 𝐶𝑖𝑛𝑡 + 𝐶𝑜𝑏𝑠 (66) 

Where:  

𝐶ℎ𝑜𝑙                 = ℎ𝑜𝑙𝑑𝑖𝑛𝑔 𝑐𝑜𝑠𝑡𝑠 𝑝𝑒𝑟 𝑚
2(𝑒𝑢𝑟𝑜𝑠) 𝑝𝑒𝑟 𝑦𝑒𝑎𝑟  

𝐶𝑖𝑛𝑡                 =   𝑐𝑜𝑠𝑡 𝑓𝑜𝑟 𝑜𝑝𝑝𝑜𝑟𝑡𝑢𝑛𝑖𝑡𝑦 𝑐𝑜𝑠𝑡𝑠 (𝑒𝑢𝑟𝑜𝑠) 

𝐶𝑜𝑏𝑠                 =   𝑐𝑜𝑠𝑡 𝑓𝑜𝑟 𝑜𝑏𝑠𝑜𝑙𝑒𝑠𝑒𝑛𝑐𝑒 (𝑒𝑢𝑟𝑜𝑠)  

𝑘                       = 𝑟𝑒𝑞𝑢𝑖𝑟𝑒𝑑 𝑠𝑡𝑜𝑟𝑎𝑔𝑒 𝑝𝑒𝑟 𝑝𝑎𝑟𝑡 (𝑖𝑛 𝑚2)  

𝑦                       = 𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑦𝑒𝑎𝑟𝑠 𝑡ℎ𝑒 𝑝𝑎𝑟𝑡 𝑤𝑖𝑙𝑙 𝑏𝑒 𝑠𝑡𝑜𝑟𝑒𝑑 

 
14.Costs for negotiations and bargaining 
Department A checks the results of the service parts analysis and the analysis of the most expensive 
parts analyzed by department C. For some situations the most expensive parts are labeled as service 
parts. Department A should make sure that these values are not counted twice by both departments. 
 
After analyzing the parts, the value of the system can be determined by summing the new prices of 
all the selected parts. If all the costs are indicated, department A starts internal discussion about the 
price offer for buying back the system by subtracting the total costs from the value of the system. 
Thereafter, they start the negotiation about the price and bidding process. The final price Company X 
pays for the system is added to this cost bucket as well.  
 

 𝐶𝑛𝑒𝑔 = (𝑇𝑝𝑠 + 𝑇𝑛𝑒𝑔) ∗ 𝑅𝐷𝐴 + 𝐶𝐶𝐹 

 

(67) 

 
𝑇𝑝𝑠                =  𝑡𝑜𝑡𝑎𝑙 𝑡𝑖𝑚𝑒 (ℎ𝑜𝑢𝑟𝑠) department A 𝑠𝑝𝑒𝑛𝑑𝑠 

                            𝑜𝑛 𝑑𝑖𝑠𝑐𝑢𝑠𝑠𝑖𝑛𝑔 𝑡ℎ𝑒 𝑏𝑒𝑠𝑡 𝑝𝑢𝑟𝑐ℎ𝑎𝑠𝑖𝑛𝑔 𝑠𝑡𝑟𝑎𝑡𝑒𝑔𝑦 

𝑇𝑛𝑒𝑔              = 𝑡𝑜𝑡𝑎𝑙 𝑡𝑖𝑚𝑒 𝑑𝑒𝑝𝑎𝑟𝑡𝑚𝑒𝑛𝑡 𝐴 𝑠𝑝𝑒𝑛𝑑𝑠 𝑜𝑛 𝑛𝑒𝑔𝑜𝑡𝑖𝑎𝑡𝑖𝑜𝑛 𝑤𝑖𝑡ℎ 𝑡ℎ𝑒 

                           𝑐𝑢𝑠𝑡𝑜𝑚𝑒𝑟 𝑎𝑛𝑑 𝑡ℎ𝑒 𝑏𝑖𝑑𝑑𝑖𝑛𝑔 𝑝𝑟𝑜𝑐𝑒𝑠𝑠 (ℎ𝑜𝑢𝑟𝑠) 

𝑅𝐷𝐴            =  𝑡ℎ𝑒 ℎ𝑜𝑢𝑟𝑙𝑦 𝑟𝑎𝑡𝑒 𝑜𝑓 𝑎𝑛 𝑑𝑒𝑝𝑎𝑟𝑡𝑚𝑒𝑛𝑡 𝐴 𝑒𝑚𝑝𝑙𝑜𝑦𝑒𝑒 𝑖𝑛 𝑒𝑢𝑟𝑜𝑠/ℎ𝑜𝑢𝑟   

𝐶𝐶𝐹               = 𝑝𝑟𝑖𝑐𝑒 𝑝𝑎𝑖𝑑 𝑓𝑜𝑟 𝑡ℎ𝑒 𝑠𝑦𝑠𝑡𝑒𝑚 (𝑒𝑢𝑟𝑜𝑠)   

 

  



 

82 
 

 Validation methods 

In this chapter the methods, as described in Section 7.4.3, to validate the model are discussed. 

1. Comparison to other models (results) 
Although there was not a model developed for the current decision-making, we have validated the 

model by comparing the results of a system that was analyzed in June 2017 and with the results of 

analyzing the system again by the developed model (with recent downloaded data).  

An analyst of the department B has made an overview of the valuable parts for Company X for parts 

harvesting. Although, there were interesting parts placed in the system for Company X that could be 

used for parts harvesting, the system was eventually not bought back. The customer accepted a higher 

offer from a third party. For that reason, any further information about the completeness and the 

repair yield is not available.  

Evaluation validation  
By downloading the current BoM, it is found out that the BoM of both analyses differ. If we use the 
downloaded BoM we cannot validate the model, because the input values differ too much. Therefore, 
we have decided to analyze the parts that were marked as ‘reusable’ during the analysis last year. 
Since no improvements were taken into account during the analysis of last year, we first only 
implement the basic model. 
 

 
Figure 18 comparison to other models (fictional numbers)  

In Figure 18, the results of both models are shown. The codes of the parts are not shown and the 
values of the parts are fictional. In the red table the results of the old model are shown and in the blue 
table the results of the developed model are given. The blue highlighted parts of the red table are also 
labeled as reusable parts in the new model and thus kept. The parts that are not highlighted are 
scrapped because the part does not meet a condition of the developed model. 
 
Steps  
The first step that is conducted is implementing the corresponding FSD-code. The parts from each 
model got the same FSD-code.  

Part Fictional value parts DEFA x-plant Remark Part category:EOL/zero/rest Demand forecast IP Max(Demand - IP,0) Fictional value parts

A 237,473.34€                …. … …..FSD VC A rest #N/A 0 #N/A #N/A

B 18,056.22€                  …. … …..FSD VD EOL B rest #N/A 0 #N/A #N/A

C 15,119.79€                  …. … …..FSD VS #N/A #N/A #N/A #N/A #N/A #N/A

D 12,660.99€                  …. … …..FSD VD D rest 36.81160512 4 36.81160512 12,844.84€                  

E 10,475.58€                  …. … …..FSD VS E EOL 2.88 1 2.88 10,315.57€                  

F 9,277.87€                    …. … …..FSD VD F rest #N/A 0 #N/A #N/A

G 6,217.92€                    …. … …..FSD VS G rest 6.288 -1 6.288 6,217.92€                    

H 5,196.00€                    …. … …..FSD V7 EOL H EOL 1.872 0 1.872 5,250.23€                    

I 4,354.21€                    …. … …..FSD VS I rest 112.1754317 2 112.1754317 4,417.45€                    

J 4,028.76€                    …. … …..FSD VD EOL J EOL 13.80403584 3 13.80403584 4,315.51€                    

K 3,874.58€                    …. … …..FSD VS K rest #N/A 0 #N/A #N/A

L 3,687.67€                    …. … …..FSD VS L EOL 3.744 2 3.744 3,696.25€                    

M 3,500.93€                    …. … …..FSD VS M rest #N/A 0 #N/A #N/A

N 3,385.48€                    …. … …..FSD VS N rest #N/A 0 #N/A #N/A

O 2,301.54€                    …. … …..FSD VD O rest 13.91919898 1 13.91919898 2,291.15€                    

P 2,301.54€                    …. … …..FSD VD P rest 13.91919898 1 13.91919898 2,291.15€                    

Q 2,074.63€                    …. … …..FSD V5 Q rest 3.984 0 3.984 2,074.63€                    

R 1,828.97€                    …. … …..FSD VD R rest 1.104 0 1.104 1,848.06€                    

S 1,089.41€                    …. … …..FSD VD S rest 31.3211712 1 31.3211712 1,100.78€                    

T 707.60€                       …. … …..FSD V5 T rest 31.34974464 7 31.34974464 707.60€                       

U 661.51€                       …. … …..FSD VD U rest 2.544 1 2.544 660.42€                       

V 644.98€                       …. … …..FSD VD ESM V EOL 58.91581699 -2 58.91581699 654.35€                       

W 615.33€                       …. … …..FSD VD EOL W rest 1.824 0 1.824 621.75€                       

X 612.77€                       …. … …..FSD VD X rest #N/A 0 #N/A #N/A

Y 589.52€                       …. … …..FSD VD EOL Y rest 1.660215936 2 2 634.79€                       

350,737.14€               59,942.45€                 

Old analysis Analysis based on developed model
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In the next step the X-plant status is indicated, this shows whether a part can be repaired or not based 
on economical and technical reasons. The parts are all labeled as repairable in both models.  
 
Hereafter, the corresponding service codes are implemented. With the current data, for 1 service part, 
no successor is created. In the developed model we do not consider this part anymore as interesting. 
The reason for this is that Company X had decided in the meantime not to consider this part as a 
service part anymore.  
 
The next step is to identify the category of the part. Some parts are currently labeled as EOL, and in 
the old analysis these parts were labeled as rest parts, the other way around did also occur as can be 
seen from Figure 18.   
Since, EOL parts are an important reason for deciding to buy back a system for parts harvesting, we 
have focused on these parts in detail. All parts labeled as EOL in the analysis by using the developed 
model are analyzed manually to check if these parts are truly categorized. We have checked the 
category of the part in two different warehouses. Both warehouses had labeled these parts as EOL, so 
we did not incorrectly label the parts as EOL. Thereafter, we have checked if we correctly labeled the 
parts as rest-part, and again we have used the data of the two different warehouses. After the manual 
analysis it can be concluded that the parts got the right label and most likely the status of some of 
these parts has changed during the year, because for some EOL parts a solution was found or the 
production ended for other parts and they became EOL. Another reason for the difference is  a mistake 
made in the old model. 
 
After identifying the category of the parts, the forecasted demand is implemented. The demand 
period for all parts is established until EOS, such as it was done in the old model. If there is no 
forecasted demand for the required horizon or if there are enough parts stored on stock, the parts are 
scrapped and not further taken into account as reusable parts. If a part did not have a forecasted 
demand, this is indicated as #N/A in column Demand forecast of Figure 18. If enough parts are stored 
on stock, this is indicated as 0 in column Max (Demand-IP,0). Data about the forecasted demand 
during the old analysis is not available. We can only conclude that currently seven of these parts are 
not required anymore.  
 
In the following step, the standard FSD prices for each item are implemented. This value is determined 
by subtracting the repair costs of the standard FSD cost value. In the developed model we used the 
same fixed percentage of the standard FSD cost prices for repair that were used during the old 
analysis). Small differences between the two analyses are visible, since the earlier analysis used 
different rounded numbers. 
 
Finally, the values of all parts are added together. The main difference in the value of the system is 

because an expensive part was included in the old model. During the analysis with the developed 

model there was no forecasted demand for this part and was therefore not included in the developed 

model. In the old model department B had also checked if the part could be used for system 

refurbishment. For the improved process, this activity does not belong to department B anymore, as 

mentioned earlier in Chapter 3, and was therefore not included in the developed model. The second 

reason for a difference is because both models made use of different data. Different data is the most 

likely cause for the different results made in the analyses. The analysis made in June 2017 is based on 

the forecasted demand for service parts at that moment in time. The same applies to the inventory 

position level. Both data differ right now.  A third reason for the different results is a mistake made by 

the analyst of department B. This analysis is conducted completely manually and therefore highly 

sensitive to human mistakes. It is not possible to verify this, since only the results are saved and not 

the entire decision-making process. Finally, an explanation of the difference in values could be a 
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structured mistake made in the developed model. Further research on the validation of the model in 

section 2 should show this. 

Model extensions 
By only comparing the results with the developed basic model and the results of the old analysis, we 

can conclude that the model is validated, and the difference in value is explained by one of the three 

reasons above. However, we did not validate the entire model since we have not included the 

extensions of the model. Since this is an old system, the scrap percentage and repair yield are not 

known for any part. The only extension we could implement is the different horizons for the forecasted 

demand. Different horizons for the forecasted demand did not have impact on the total value of the 

system. 

We cannot say anything about the completeness of the system since it is not documented if this 

system was still running, was idle or already partly disassembled. Furthermore, any information about 

reliability of the customer is unknown as well.  

The value of the system calculated by the entire developed model is probably different than the value 

calculated in the analysis above. For the analysis in Figure 18, we have only implemented the parts 

that were labeled as reusable parts during the old analysis. Some parts are not reusable anymore, but 

it could also occur that parts that are scrapped in the old analysis are reusable right now. 

By copying only the parts labeled as reusable, it is impossible to see what different levels the parts 

have in the system.  It is important to take the different levels of the service parts into account. 

 
2. Extreme conditions 

It is crucial that the model is plausible for extreme conditions and unlikely combinations of factors. By 

using the method extreme condition test, it is checked how the implemented model (with all 

extensions) deals with extreme values. It is important for the model that parts are scrapped if one of 

the conditions is not met. In this section different input parameters got extreme values. 

Holding costs 
For the first test the condition written in equation (27) is tested. If the holding costs are very high 

compared to the cost of buying a part new, the model should not consider this part as reusable part 

for Company X. It is more cost-effective to buy the part new when required.  

Table 12 Extreme conditions, holding costs part p 

Parameter Value 

𝑪𝒓𝒆𝒑𝒑(s) € 350 

𝒛𝒑 1 

𝑪𝒏𝒆𝒘𝒑 € 1000 

𝑪𝒂𝒏𝒂𝒍𝒚𝒔𝒊𝒔𝒑 €100 

𝑹𝑬𝑪𝒑(𝒔) 1 

𝑹𝑷𝒑(𝒔) 1 

 

In Table 12 the values of the different parameters are given that determines if rest part p should still 

be considered as reusable service part. 

Table 13 Extreme conditions, different scenarios for the holding costs of part p 

𝑷𝒂𝒓𝒂𝒎𝒆𝒕𝒆𝒓 Scenario 1 Scenario 2 Scenario 3 
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𝑯𝒑 0 €650 €950 

In Table 13, different scenarios with different values of the holding costs are given. After implementing 

the values in the tool, the tool either gives “scrap” if it is not cost-effective to repair the part and put 

part p for z-years on stock. Or the tool gives “keep” if it is cheaper to repair and store part p. 

Table 14 Results extreme condition, holding costs 

Input Output tool 

𝑯𝒑 = 𝟎. The holding cost to put the part on 

stock and the repair costs together are lower 
than the cost for buying the part new.  

Keep, the part is still considered as reusable 

𝑯𝒑 = 𝟔𝟓𝟎. The holding costs together with 

the repair costs for the part are equal to the 
cost for buying the part new 

Scrap, the part is not taken into account 
anymore 

𝑯𝒑 = 𝟗𝟓𝟎. The holding costs and the repairing 

costs are greater than the costs for buying the 
part new 

Scrap, the part is not taken into account 
anymore 

  

It can be concluded from Table 14 that the tool does not consider the part any more as reusable part 

for parts harvesting if the condition is not met. The part is not included in determining the value of 

the system anymore. The value of this part is equal to 0.  

Inventory Position 
In equation (15), the maximum value of either 𝐷𝑒𝑚𝑝 − 𝑅𝐹𝑆𝐷𝑝 − 𝐼𝑃𝑝 or 0 is used.  

 
If enough parts are held on stock (more items than the forecasted demand), no parts are needed for 

parts harvesting and these parts should not be considered as reusable. The current demand for part 

p (𝐷𝑒𝑚𝑝)and the number of copies of part p that probably return and can be repaired of individual 

defective FSD’s (𝑅𝐹𝑆𝐷𝑝) are given in Table 15. 

 
Table 15 Extreme conditions, inventory position part p 

Parameter Value 

𝑫𝒆𝒎𝒑 100 

𝑹𝑭𝑺𝑫𝒑 10 

 
Table 16 Extreme conditions, different scenarios for the inventory position of part p 

𝑷𝒂𝒓𝒂𝒎𝒆𝒕𝒆𝒓 Scenario 1 Scenario 2 Scenario 3 

𝑰𝑷𝒑 20 90 200 

 
In Table 16, different scenarios with different values of the inventory position of item p are given. 

After implementing the values in the tool, the tool gives either “0” if enough parts are stored to fulfil 

the demand for the required time period, or the tool gives the result of 𝐷𝑒𝑚𝑝 − 𝑅𝐹𝑆𝐷𝑝 − 𝐼𝑃𝑝 in case 

this value is >0. 

Table 17 Results extreme condition, inventory position 

Input Output tool 

The inventory position is lower than the 
required forecast demand  

70, still 70 parts are required for parts 
harvesting 
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The inventory position is equal to the forecast 
demand  

0, no parts are required 

The inventory position is greater than the 
forecast demand 

0, no parts are required 

 
As can be seen from the example in Table 17, the new demand is either equal to 70 (100-10-20), or 0 

when enough parts are kept on stock. It can be concluded that the equation is implemented correctly 

in the tool. 

 Repair yield 
If the repair yield is low and there is demand for these parts, more parts need to be disassembled to 

satisfy the demand. However, it is not possible to disassemble more parts than the number of copies 

that are actually present in the system. The number of parts that can be repaired are given in equation 

(18). The number of copies of parts sent to the supplier is given in equations (21). 

Table 18 Extreme conditions, repair yield part p 

Parameter Value 

𝑫𝒆𝒎𝒂𝒏𝒅𝑪𝒑 6 

𝑸𝒑 10 

The values of the parameters for number of copies and demand of part p are given in Table 18. 
 
Table 19 Extreme conditions, different scenarios for repair yield of part p 

𝑷𝒂𝒓𝒂𝒎𝒆𝒕𝒆𝒓 Scenario 1 Scenario 2 Scenario 3 Scenario 4 Scenario 5 

𝒀𝒑(𝒔) 10% 30% 50% 80% 100% 

In Table 19, different scenarios with different repair yields of item p are given. After implementing the 

yields, the tool should either give the number of copies that maximal could be repaired from the 

system, or if the demand is lower, the tool should show the demand. 

 
Table 20 Results extreme condition, repair yield 

Input  Output tool 

𝒀𝒑(𝒔) 𝑹𝑷𝑯𝒑(𝒔) 𝑹𝑷𝒑(𝒔) 𝑹𝑬𝑪𝒑(𝒔) 

Repair yield is equal to 
10%  

Number of copies 
that can be repaired 
is 1  

Number of copies 
sent to supplier is 10 
 

1, only one copy of p 
can be obtained from 
the system   

Repair yield is equal to 
30% 

Number of copies 
that can be repaired 
is 3 

Number of copies 
sent to supplier is 10 
 

3 copies of item p are 
obtained from the 
system 

Repair yield is equal to 
50% 

Number of copies 
that can be repaired 
is 5 

Number of copies 
sent to supplier is 10 
 

5 copies of item p are 
obtained from the 
system. 

Repair yield is equal to 
80% 

Number of copies 
that can be repaired 
is 8 

Number of copies 
sent to supplier is 8 
 

6 copies of item p are 
obtained from the 
system 

Repair yield is equal to 
100% 

Number of copies 
that can be repaired 
is 10 

Number of copies 
sent to supplier is 6 
 

6 copies of item p are 
obtained from the 
system 
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As can be seen from Table 20, the repair yield influences the number of copies that can be repaired 
and the number of copies of part p that is sent to the supplier. From the results above, it can be 
concluded that the model is implemented correctly in the tool. 
 
Repair costs vs costs for buying part new 
It is not cost-effective if the costs for repair, holding costs and analysis costs are greater than buying 
the part new (standard FSD cost price) when required. During this validations section, the impact of 
the repair costs is investigated. This condition is earlier mentioned in equation (27).  

 

The values of the parameters from the equation are given in Table 21. 
 
Table 21 Extreme conditions, repair costs for item p 

Parameter Value 

𝑹𝑷𝑺𝒑 12 

𝑹𝑬𝑪𝑺𝒑 10 

𝑪𝒂𝒏𝒂𝒍𝒚𝒔𝒊𝒔𝒑
 € 100 

𝑪𝒏𝒆𝒘𝒑   € 1000 

𝑯𝒑 € 0 

 
In Table 22, different scenarios are described. In each scenario, a different percentage of the standard 
FSD cost price is used as repair costs.  
 
Table 22 Extreme conditions, different scenarios for repair costs of item p 

𝑷𝒂𝒓𝒂𝒎𝒆𝒕𝒆𝒓 Scenario 1 Scenario 2 Scenario 3 Scenario 4 Scenario 5 

𝑪𝒓𝒆𝒑𝒑
 35% 39% 40% 80% 100% 

 
Table 23 Results extreme condition, repair costs 

Input Output tool 

Repair cost is equal to 35%  Keep, the total cost for parts harvesting is 3500+200= €3700, 
where the total costs for buying the parts new is €10000 

Repair cost is equal to 39% Keep, the total cost for parts harvesting is 3900+200= €4100, 
where the total costs for buying the parts new is €10000 

Repair cost is equal to 40% Keep, the total cost for parts harvesting is 4000+200= €4200, 
where the total costs for buying the parts new is €10000 

Repair cost is equal to 80% Keep, the total cost for parts harvesting is 8000+200= €8200, 
where the total costs for buying the parts new is €10000 

Repair cost is equal to 100% Scrap, the total cost for parts harvesting is 10000+200= 
€12000, where the total costs for buying the parts new is 
€10000 

 
From Table 23 we can conclude that the costs are correctly implemented in the model.  
 

 
3. Face validity 

Structured interviews are conducted to find out if the model and its behavior are reasonable. So, for 
instance it checks if the relationships of input and output are reasonable. For this method the analyst 
of department B is asked if the results are reasonable. All the steps made in the model are discussed 
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and accepted. The results are also discussed with department A. Based on the feedback we can 
conclude that the model and tool are valid. 
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 Values input parameters for case study 

This appendix provides all values that are used in the case study that were not kept constant. It shows 

that the fictive system contains 663 different parts. Thereafter, different data files are downloaded 

and linked to the corresponding part. It is shown which part is a FSD part, which part had a successor 

service part, the X-plant status of a part, the standard FSD cost price for each part, the demand 

forecast for each part based on the category of the part and the current inventory position of the part. 

As can be seen in Table 24, for some values #N/A is written, this means that these parts were not 

qualified as a service part, the part does not have a successor, or the part is not repairable. No demand 

forecast, nor the standard FSD cost price nor the inventory position is required to be implemented for 

these parts.  
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Table 24 Values for the input parameters of the case study 

 

p FSD? Successor?

X-

plant 

status

1 YES YES VM 493.20€          51.02328 -1

2 #N/A #N/A #N/A #N/A #N/A #N/A

3 YES YES V7 1,460.77€       49.46756 -6

4 YES YES VA 899.00€          65.58603 3

5 YES YES VD 1,187.92€       46.11763 0

6 YES YES VA 138.92€          39.27481 3

7 YES YES VM 433.02€          3.456 1

8 YES YES VL 266.15€          23.05291 0

9 YES YES VA 165.40€          897.4715 7

10 YES YES VM 777.20€          532.9237 1

11 YES YES VM 876.25€          378.3745 -1

12 YES YES VD 479.95€          230.6623 3

13 YES YES VD 1,015.40€       2.303289 7

14 YES YES VA 191.28€          30.46419 2

15 YES YES VM 1,088.05€       433.9936 -15

16 YES YES VA 108.55€          3.85159 9

17 YES YES VA 108.49€          16.10622 5

18 YES YES VD 2,396.12€       546.3911 0

19 YES YES VD 1,123.51€       39.49525 1

20 #N/A #N/A #N/A #N/A #N/A #N/A

21 YES YES VM 691.51€          797.1626 -31

22 YES YES VA 492.75€          850.0634 0

23 #N/A #N/A #N/A #N/A #N/A #N/A

24 YES #N/A VA 502.25€          #N/A #N/A

25 #N/A #N/A #N/A #N/A #N/A #N/A

26 YES YES VA 754.37€          1032.105 -5

27 YES YES VM 970.55€          24.96789 -1

28 YES YES VM 970.55€          17.07407 1

29 YES YES VL 1,066.48€       1020.064 6

30 YES YES VM 7,790.86€       1107.875 -14

31 YES YES VM 416.75€          1223.236 -6

32 YES #N/A VM 226.54€          #N/A #N/A

33 YES YES VM 2,364.91€       1070.428 3

34 #N/A #N/A #N/A #N/A #N/A #N/A

35 YES YES VL 1,722.58€       #N/A 0

36 #N/A #N/A #N/A #N/A #N/A #N/A

37 #N/A #N/A #N/A #N/A #N/A #N/A

38 #N/A #N/A #N/A #N/A #N/A #N/A

39 #N/A #N/A #N/A #N/A #N/A #N/A

40 #N/A #N/A #N/A #N/A #N/A #N/A

41 #N/A #N/A #N/A #N/A #N/A #N/A

42 #N/A #N/A #N/A #N/A #N/A #N/A

43 YES YES VL 3,384.25€       69.07449 1

44 YES YES VL 27,783.60€    17.23209 0

45 YES #N/A V7 31,096.26€    #N/A #N/A

46 #N/A #N/A #N/A #N/A #N/A #N/A

47 #N/A #N/A #N/A #N/A #N/A #N/A

48 YES YES VA 101.23€          1.749324 1

49 YES YES VM 338.26€          #N/A 0

50 YES YES VM 233.91€          53.50507 1

51 YES YES VM 103.29€          1142.584 2

52 #N/A #N/A #N/A #N/A #N/A #N/A

53 #N/A #N/A #N/A #N/A #N/A #N/A

54 YES YES VA 69.97€            188.1957 20

55 YES #N/A VM 438.48€          #N/A #N/A

56 YES YES VM 75.00€            20.74807 2

57 #N/A #N/A #N/A #N/A #N/A #N/A

58 YES YES VA 309.63€          35.74718 0

59 YES YES VM 50.38€            34.67064 8

60 YES #N/A VA 247.20€          #N/A #N/A

61 YES YES VM 47.49€            14.58378 4

62 YES YES VM 397.82€          172.1814 -2

63 YES YES VA 48.03€            9.331163 8

64 YES #N/A VM 194.94€          #N/A #N/A

65 YES YES VM 62.32€            #N/A 29

66 YES YES VD 1,421.25€       49.47331 1

67 YES YES VD 1,421.25€       75.66731 1

68 YES YES VM 49.80€            4293.197 -41

69 YES YES VE 1,741.06€       81.20061 2

70 YES YES VA 234.51€          48.65387 2

p FSD? Successor?

X-

plant 

status

71 YES YES VM 37.60€            16.23347 10

72 YES YES VM 35.91€            20.56625 9

73 #N/A #N/A #N/A #N/A #N/A #N/A

74 YES YES VM 458.43€          18.19746 -1

75 YES YES VD 4,284.00€       40.34513 3

76 YES YES VA 169.05€          161.3088 0

77 YES #N/A VN 132,221.42€  #N/A #N/A

78 YES YES VD 10,597.85€    134.7525 -2

79 #N/A #N/A #N/A #N/A #N/A #N/A

80 YES YES V7 906.17€          26.17392 4

81 YES YES VM 473.86€          4212.799 -8

82 YES YES VM 4,815.46€       35.51037 -6

83 YES YES VA 1,052.57€       #N/A 5

84 YES YES VM 770.46€          203.9721 -2

85 #N/A #N/A #N/A #N/A #N/A #N/A

86 YES YES VM 635.42€          359.8316 -6

87 YES YES VD 1,515.28€       45.04464 4

88 #N/A #N/A #N/A #N/A #N/A #N/A

89 #N/A #N/A #N/A #N/A #N/A #N/A

90 YES YES VD 1,365.45€       12.98394 1

91 #N/A #N/A #N/A #N/A #N/A #N/A

92 YES YES V7 2,913.82€       22.70886 1

93 YES YES VM 459.51€          2.534458 1

94 YES YES VM 479.80€          #N/A -3

95 YES YES VL 1,371.02€       1511.5 6

96 YES YES VN 1,340.48€       1511.5 6

97 #N/A #N/A #N/A #N/A #N/A #N/A

98 YES YES VD 1,450.06€       468.6082 -6

99 YES YES VD 849.66€          468.6082 -6

100 YES YES V7 3,501.80€       11.2679 4

101 YES YES VD 3,204.15€       640.8914 -4

102 YES YES VA 956.40€          5370.325 -6

103 YES YES VM 415.85€          93.04077 -1

104 YES YES VM 200.91€          15.04755 0

105 YES YES VM 198.75€          4.374174 13

106 YES YES VM 226.72€          #N/A 10

107 #N/A #N/A #N/A #N/A #N/A #N/A

108 YES YES VD 2,076.94€       8.80962 1

109 #N/A #N/A #N/A #N/A #N/A #N/A

110 #N/A #N/A #N/A #N/A #N/A #N/A

111 YES YES VD 1,981.71€       250.3691 -4

112 YES YES VD 3,527.06€       250.3691 -4

113 YES YES VD 1,057.91€       596.7131 3

114 YES YES VD 1,377.42€       2786.679 0

115 YES YES VM 636.88€          284.9378 0

116 YES YES VA 144.26€          7.026933 2

117 YES YES VA 172.18€          169.0038 3

118 YES YES VD 1,634.54€       270.3165 3

119 YES YES VA 226.78€          35.58072 2

120 YES YES VL 1,803.80€       473.8694 10

121 YES YES VD 1,803.80€       473.8694 10

122 YES YES VM 1,212.05€       13.67369 8

123 YES YES VM 2,100.37€       15.24433 2

124 YES #N/A V7 450.95€          #N/A #N/A

125 YES YES VM 502.35€          647.0134 -2

126 YES #N/A VM 581.45€          #N/A #N/A

127 #N/A #N/A #N/A #N/A #N/A #N/A

128 YES YES VL 1,662.38€       2378.641 -23

129 YES YES VM 435.25€          7.467379 1

130 #N/A #N/A #N/A #N/A #N/A #N/A

131 YES YES V7 1,113.68€       #N/A 6

132 #N/A #N/A #N/A #N/A #N/A #N/A

133 YES YES VA 1,048.80€       9.764719 0

134 YES YES VM 432.98€          #N/A 6

135 YES YES VM 770.46€          #N/A 3

136 YES YES VD 5,001.05€       595.848 -3

137 YES YES VL 956.40€          5370.325 -6

138 YES YES VA 1,180.35€       55.7234 0

139 YES YES VA 351.57€          9.764719 0

140 YES YES VL 387.91€          472.7111 4
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p FSD? Successor?

X-

plant 

status

141 YES YES VM 632.62€          65.22485 1

142 #N/A #N/A #N/A #N/A #N/A #N/A

143 YES #N/A V7 2,928.95€       #N/A #N/A

144 #N/A #N/A #N/A #N/A #N/A #N/A

145 #N/A #N/A #N/A #N/A #N/A #N/A

146 YES YES VD 2,615.66€       193.0221 4

147 YES YES VL 2,256.00€       1376.579 -4

148 YES YES VD 20,333.31€    808.1842 -16

149 YES YES VM 128.71€          136.3873 8

150 YES YES VA 441.11€          54.11833 0

151 #N/A #N/A #N/A #N/A #N/A #N/A

152 #N/A #N/A #N/A #N/A #N/A #N/A

153 #N/A #N/A #N/A #N/A #N/A #N/A

154 #N/A #N/A #N/A #N/A #N/A #N/A

155 YES YES VM 1,789.02€       181.8313 3

156 YES YES VM 1,798.97€       147.6901 1

157 #N/A #N/A #N/A #N/A #N/A #N/A

158 #N/A #N/A #N/A #N/A #N/A #N/A

159 #N/A #N/A #N/A #N/A #N/A #N/A

160 #N/A #N/A #N/A #N/A #N/A #N/A

161 #N/A #N/A #N/A #N/A #N/A #N/A

162 #N/A #N/A #N/A #N/A #N/A #N/A

163 #N/A #N/A #N/A #N/A #N/A #N/A

164 YES YES VM 401.12€          102.5656 4

165 YES #N/A VA 381.28€          #N/A #N/A

166 #N/A #N/A #N/A #N/A #N/A #N/A

167 YES YES VA 373.31€          537.7253 12

168 #N/A #N/A #N/A #N/A #N/A #N/A

169 #N/A #N/A #N/A #N/A #N/A #N/A

170 YES YES VA 46.37€            35.19042 6

171 #N/A #N/A #N/A #N/A #N/A #N/A

172 #N/A #N/A #N/A #N/A #N/A #N/A

173 YES YES VM 277.22€          39.41346 1

174 YES YES VM 4,848.12€       271.583 5

175 #N/A #N/A #N/A #N/A #N/A #N/A

176 #N/A #N/A #N/A #N/A #N/A #N/A

177 #N/A #N/A #N/A #N/A #N/A #N/A

178 YES #N/A VA 49.98€            #N/A #N/A

179 YES #N/A VA 49.98€            #N/A #N/A

180 YES YES V7 4,282.95€       12.26763 2

181 #N/A #N/A #N/A #N/A #N/A #N/A

182 #N/A #N/A #N/A #N/A #N/A #N/A

183 #N/A #N/A #N/A #N/A #N/A #N/A

184 #N/A #N/A #N/A #N/A #N/A #N/A

185 #N/A #N/A #N/A #N/A #N/A #N/A

186 YES #N/A VN 89,694.00€    #N/A #N/A

187 #N/A #N/A #N/A #N/A #N/A #N/A

188 YES YES VL 8,062.63€       573.3883 -1

189 YES #N/A VL 263.83€          #N/A #N/A

190 #N/A #N/A #N/A #N/A #N/A #N/A

191 #N/A #N/A #N/A #N/A #N/A #N/A

192 #N/A #N/A #N/A #N/A #N/A #N/A

193 #N/A #N/A #N/A #N/A #N/A #N/A

194 YES #N/A VA 19.31€            #N/A #N/A

195 #N/A #N/A #N/A #N/A #N/A #N/A

196 #N/A #N/A #N/A #N/A #N/A #N/A

197 #N/A #N/A #N/A #N/A #N/A #N/A

198 #N/A #N/A #N/A #N/A #N/A #N/A

199 #N/A #N/A #N/A #N/A #N/A #N/A

200 #N/A #N/A #N/A #N/A #N/A #N/A

201 #N/A #N/A #N/A #N/A #N/A #N/A

202 YES #N/A VA 23.51€            #N/A #N/A

203 YES #N/A VA 37.32€            #N/A #N/A

204 #N/A #N/A #N/A #N/A #N/A #N/A

205 #N/A #N/A #N/A #N/A #N/A #N/A

206 #N/A #N/A #N/A #N/A #N/A #N/A

207 YES YES VA 27.12€            5.432388 7

208 YES YES VM 36.92€            #N/A 26

209 #N/A #N/A #N/A #N/A #N/A #N/A

210 #N/A #N/A #N/A #N/A #N/A #N/A

p FSD? Successor?

X-

plant 

status

211 YES YES VM 209.52€          1.324493 0

212 YES YES VL 2,381.03€       271.1423 -3

213 #N/A #N/A #N/A #N/A #N/A #N/A

214 #N/A #N/A #N/A #N/A #N/A #N/A

215 #N/A #N/A #N/A #N/A #N/A #N/A

216 #N/A #N/A #N/A #N/A #N/A #N/A

217 #N/A #N/A #N/A #N/A #N/A #N/A

218 #N/A #N/A #N/A #N/A #N/A #N/A

219 #N/A #N/A #N/A #N/A #N/A #N/A

220 #N/A #N/A #N/A #N/A #N/A #N/A

221 #N/A #N/A #N/A #N/A #N/A #N/A

222 YES #N/A V7 68,106.78€    #N/A #N/A

223 #N/A #N/A #N/A #N/A #N/A #N/A

224 #N/A #N/A #N/A #N/A #N/A #N/A

225 #N/A #N/A #N/A #N/A #N/A #N/A

226 YES YES VM 897.71€          #N/A 1

227 YES YES V7 897.71€          13.96054 2

228 #N/A #N/A #N/A #N/A #N/A #N/A

229 #N/A #N/A #N/A #N/A #N/A #N/A

230 #N/A #N/A #N/A #N/A #N/A #N/A

231 #N/A #N/A #N/A #N/A #N/A #N/A

232 #N/A #N/A #N/A #N/A #N/A #N/A

233 #N/A #N/A #N/A #N/A #N/A #N/A

234 #N/A #N/A #N/A #N/A #N/A #N/A

235 #N/A #N/A #N/A #N/A #N/A #N/A

236 #N/A #N/A #N/A #N/A #N/A #N/A

237 #N/A #N/A #N/A #N/A #N/A #N/A

238 #N/A #N/A #N/A #N/A #N/A #N/A

239 #N/A #N/A #N/A #N/A #N/A #N/A

240 #N/A #N/A #N/A #N/A #N/A #N/A

241 #N/A #N/A #N/A #N/A #N/A #N/A

242 #N/A #N/A #N/A #N/A #N/A #N/A

243 #N/A #N/A #N/A #N/A #N/A #N/A

244 #N/A #N/A #N/A #N/A #N/A #N/A

245 YES YES VJ 199.35€          229.1572 0

246 #N/A #N/A #N/A #N/A #N/A #N/A

247 #N/A #N/A #N/A #N/A #N/A #N/A

248 #N/A #N/A #N/A #N/A #N/A #N/A

249 #N/A #N/A #N/A #N/A #N/A #N/A

250 YES YES VA 867.51€          #N/A 0

251 YES YES VL 169.83€          40.78865 2

252 YES #N/A VA 2,299.77€       #N/A #N/A

253 #N/A #N/A #N/A #N/A #N/A #N/A

254 #N/A #N/A #N/A #N/A #N/A #N/A

255 #N/A #N/A #N/A #N/A #N/A #N/A

256 #N/A #N/A #N/A #N/A #N/A #N/A

257 YES YES VM 2,901.15€       1.854006 0

258 YES YES VA 17.95€            5447.528 7

259 YES YES VE 3,098.94€       343.9056 -7

260 #N/A #N/A #N/A #N/A #N/A #N/A

261 YES YES VL 927.72€          #N/A 3

262 YES YES VN 4,081.45€       434.4828 -22

263 YES #N/A VA 251.95€          #N/A #N/A

264 YES YES VA 381.32€          #N/A 0

265 YES YES VM 1,351.72€       23.5588 8

266 YES YES VA 177.38€          152.373 8

267 YES YES VA 235.09€          149.5639 2

268 YES YES VA 284.74€          34.07061 0

269 YES YES VA 263.14€          366.4109 7

270 YES YES VA 214.78€          45.40513 6

271 YES YES VM 308.68€          354.8951 0

272 YES YES VA 382.48€          213.867 1

273 YES YES VM 224.03€          589.0659 2

274 YES YES VM 364.51€          64.91589 1

275 YES YES VA 58.86€            1.008 30

276 YES YES VM 63.26€            25.31133 14

277 YES YES VA 23.94€            5.956768 24

278 YES YES VE 2,511.18€       129.3301 -3

279 #N/A #N/A #N/A #N/A #N/A #N/A

280 YES YES VM 529.95€          16.47014 9
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p FSD? Successor?

X-

plant 

status

280 YES YES VM 529.95€          16.47014 9

281 YES YES VM 948.78€          16.84628 4

282 #N/A #N/A #N/A #N/A #N/A #N/A

283 #N/A #N/A #N/A #N/A #N/A #N/A

284 #N/A #N/A #N/A #N/A #N/A #N/A

285 YES YES VM 84.62€            10.06586 26

286 YES YES V7 4,962.69€       1.283289 2

287 YES YES VD 1,327.25€       7.189222 5

288 YES YES VS 6,545.57€       111.2236 -3

289 YES YES VS 3,926.40€       8.874924 8

290 YES YES VD 1,599.25€       0 1

291 YES YES VM 878.12€          333.748 2

292 YES YES VM 161.46€          4.965489 4

293 YES YES VD 51,416.29€    61.77785 -8

294 YES YES VA 196.12€          317.8254 9

295 #N/A #N/A #N/A #N/A #N/A #N/A

296 #N/A #N/A #N/A #N/A #N/A #N/A

297 #N/A #N/A #N/A #N/A #N/A #N/A

298 #N/A #N/A #N/A #N/A #N/A #N/A

299 YES YES VL 2,163.91€       0 2

300 #N/A #N/A #N/A #N/A #N/A #N/A

301 YES YES VA 79.25€            13985.7 9

302 YES #N/A VL 13,498.34€    #N/A #N/A

303 #N/A #N/A #N/A #N/A #N/A #N/A

304 YES YES VA 111.46€          112.0493 3

305 #N/A #N/A #N/A #N/A #N/A #N/A

306 #N/A #N/A #N/A #N/A #N/A #N/A

307 #N/A #N/A #N/A #N/A #N/A #N/A

308 #N/A #N/A #N/A #N/A #N/A #N/A

309 YES #N/A VM 892.28€          #N/A #N/A

310 #N/A #N/A #N/A #N/A #N/A #N/A

311 #N/A #N/A #N/A #N/A #N/A #N/A

312 #N/A #N/A #N/A #N/A #N/A #N/A

313 #N/A #N/A #N/A #N/A #N/A #N/A

314 #N/A #N/A #N/A #N/A #N/A #N/A

315 #N/A #N/A #N/A #N/A #N/A #N/A

316 #N/A #N/A #N/A #N/A #N/A #N/A

317 YES YES VM 111.46€          112.0493 3

318 #N/A #N/A #N/A #N/A #N/A #N/A

319 YES YES VA 181.75€          890.8414 -5

320 #N/A #N/A #N/A #N/A #N/A #N/A

321 #N/A #N/A #N/A #N/A #N/A #N/A

322 YES YES VD 895,700.52€  0 1

323 YES YES VK 685,518.69€  1 0

324 YES YES VD 539,643.00€  0 1

325 YES YES V7 6,304.74€       5.432388 1

326 YES YES V7 12,395.75€    8.359214 -1

327 YES YES VD 36,550.72€    40.72393 3

328 YES YES VD 1,538.69€       79.96472 2

329 #N/A #N/A #N/A #N/A #N/A #N/A

330 YES YES VD 11,209.62€    6.404233 2

331 #N/A #N/A #N/A #N/A #N/A #N/A

332 #N/A #N/A #N/A #N/A #N/A #N/A

333 YES YES VM 815.34€          67.56983 2

334 #N/A #N/A #N/A #N/A #N/A #N/A

335 #N/A #N/A #N/A #N/A #N/A #N/A

336 #N/A #N/A #N/A #N/A #N/A #N/A

337 #N/A #N/A #N/A #N/A #N/A #N/A

338 YES YES VD 18,292.25€    9.271475 3

339 YES YES VD 17,658.85€    21.04552 2

340 #N/A #N/A #N/A #N/A #N/A #N/A

341 #N/A #N/A #N/A #N/A #N/A #N/A

342 YES YES VM 174.97€          58.07974 2

343 YES YES VD 14,377.35€    32.5291 0

344 #N/A #N/A #N/A #N/A #N/A #N/A

345 #N/A #N/A #N/A #N/A #N/A #N/A

346 YES YES VM 785.63€          331.9932 -1

347 #N/A #N/A #N/A #N/A #N/A #N/A

348 YES YES VM 2,507.18€       8.014806 2

349 #N/A #N/A #N/A #N/A #N/A #N/A

350 YES YES VD 30,974.97€    77.94534 3

p FSD? Successor?

X-

plant 

status

351 #N/A #N/A #N/A #N/A #N/A #N/A

352 #N/A #N/A #N/A #N/A #N/A #N/A

353 YES YES VD 2,266.28€       46.21513 1

354 YES YES V7 4,167.54€       10.19618 1

355 #N/A #N/A #N/A #N/A #N/A #N/A

356 YES YES VM 111.46€          169.4869 -2

357 YES YES VE 1,229.25€       71.626 -6

358 YES YES VM 55,337.58€    24.70363 1

359 YES YES VA 165.66€          215.1649 1

360 #N/A #N/A #N/A #N/A #N/A #N/A

361 YES YES VA 47.34€            22.62241 8

362 YES YES V7 5,885.09€       34.92378 2

363 #N/A #N/A #N/A #N/A #N/A #N/A

364 YES YES V7 13,300.17€    67.55243 2

365 YES YES VM 1,768.14€       #N/A 2

366 #N/A #N/A #N/A #N/A #N/A #N/A

367 #N/A #N/A #N/A #N/A #N/A #N/A

368 YES YES V8 9,496.45€       139.4813 2

369 YES YES VM 141.97€          3039.447 8

370 YES #N/A V7 1,953.40€       #N/A #N/A

371 YES YES VL 934.37€          408.8825 -1

372 YES YES VD 4,231.68€       39.24145 5

373 #N/A #N/A #N/A #N/A #N/A #N/A

374 YES #N/A V7 5,816.63€       #N/A #N/A

375 YES YES VA 2,006.31€       #N/A #N/A

376 YES YES VD 2,158.78€       14.509 1

377 YES YES VL 2,017.98€       20.3095 2

378 YES YES VS 2,897.11€       20.3095 2

379 YES YES VL 2,027.62€       19.97237 11

380 YES YES VS 2,770.40€       19.97237 11

381 YES YES VM 582.57€          #N/A 1

382 YES YES VM 500.52€          #N/A 6

383 YES YES VA 237.72€          #N/A 11

384 YES YES VL 395.48€          #N/A 10

385 YES YES VL 395.48€          #N/A 2

386 YES YES VL 395.48€          #N/A 6

387 YES YES VL 228.28€          #N/A 13

388 YES YES VL 423.00€          #N/A 4

389 YES YES VL 423.00€          #N/A 7

390 YES YES VL 255.78€          #N/A 2

391 #N/A #N/A #N/A #N/A #N/A #N/A

392 #N/A #N/A #N/A #N/A #N/A #N/A

393 YES YES VL 48,356.78€    131.6993 -1

394 YES YES VL 180.91€          607.8723 -3

395 YES YES VL 825.82€          607.8723 -3

396 #N/A #N/A #N/A #N/A #N/A #N/A

397 YES YES VL 6,715.75€       368.4566 -4

398 YES YES VM 579.20€          16.28908 0

399 YES YES VL 1,398.80€       35.24457 -3

400 YES YES VL 849.54€          22.14834 1

401 #N/A #N/A #N/A #N/A #N/A #N/A

402 #N/A #N/A #N/A #N/A #N/A #N/A

403 YES YES VE 76,413.46€    #N/A 0

404 YES YES VE 65,478.94€    #N/A 0

405 #N/A #N/A #N/A #N/A #N/A #N/A

406 YES YES V7 2,615.34€       68.60601 -2

407 #N/A #N/A #N/A #N/A #N/A #N/A

408 #N/A #N/A #N/A #N/A #N/A #N/A

409 #N/A #N/A #N/A #N/A #N/A #N/A

410 #N/A #N/A #N/A #N/A #N/A #N/A

411 #N/A #N/A #N/A #N/A #N/A #N/A

412 #N/A #N/A #N/A #N/A #N/A #N/A

413 #N/A #N/A #N/A #N/A #N/A #N/A

414 YES YES VE 981.05€          138.5653 0

415 YES YES VE 981.05€          91.8219 0

416 YES #N/A VN 73,178.95€    #N/A #N/A

417 YES #N/A VN 32,212.95€    #N/A #N/A

418 #N/A #N/A #N/A #N/A #N/A #N/A

419 #N/A #N/A #N/A #N/A #N/A #N/A

420 #N/A #N/A #N/A #N/A #N/A #N/A
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p FSD? Successor?

X-

plant 

status

421 #N/A #N/A #N/A #N/A #N/A #N/A

422 YES YES VM 376.62€          #N/A #N/A

423 #N/A #N/A #N/A #N/A #N/A #N/A

424 YES YES VE 35,972.28€    118.5272 1

425 #N/A #N/A #N/A #N/A #N/A #N/A

426 YES YES VM 302.31€          413.2817 1

427 YES #N/A VA 57.18€            #N/A #N/A

428 YES YES VM 899.77€          0.945968 9

429 YES YES VM 146.86€          62.97924 0

430 #N/A #N/A #N/A #N/A #N/A #N/A

431 YES YES V7 1,225.32€       17.67181 2

432 YES YES VL 60.71€            6.195871 21

433 YES YES VM 460.28€          4.653976 1

434 #N/A #N/A #N/A #N/A #N/A #N/A

435 #N/A #N/A #N/A #N/A #N/A #N/A

436 #N/A #N/A #N/A #N/A #N/A #N/A

437 #N/A #N/A #N/A #N/A #N/A #N/A

438 YES #N/A VE 842.06€          #N/A #N/A

439 #N/A #N/A #N/A #N/A #N/A #N/A

440 YES YES VM 782.89€          8.956041 1

441 YES YES VA 71.88€            #N/A 24

442 YES YES VM 27,744.43€    0.945959 0

443 #N/A #N/A #N/A #N/A #N/A #N/A

444 YES YES VL 6,650.42€       5.292748 2

445 YES YES VE 34,369.34€    83.32331 2

446 #N/A #N/A #N/A #N/A #N/A #N/A

447 YES #N/A V7 24,667.88€    #N/A #N/A

448 #N/A #N/A #N/A #N/A #N/A #N/A

449 #N/A #N/A #N/A #N/A #N/A #N/A

450 YES YES VM 222.05€          5.97523 4

451 YES YES VM 2,519.35€       2.987608 11

452 #N/A #N/A #N/A #N/A #N/A #N/A

453 #N/A #N/A #N/A #N/A #N/A #N/A

454 YES YES VD 4,002.31€       6.280151 0

455 #N/A #N/A #N/A #N/A #N/A #N/A

456 #N/A #N/A #N/A #N/A #N/A #N/A

457 #N/A #N/A #N/A #N/A #N/A #N/A

458 #N/A #N/A #N/A #N/A #N/A #N/A

459 #N/A #N/A #N/A #N/A #N/A #N/A

460 #N/A #N/A #N/A #N/A #N/A #N/A

461 YES YES VD 9,482.75€       #N/A 5

462 #N/A #N/A #N/A #N/A #N/A #N/A

463 #N/A #N/A #N/A #N/A #N/A #N/A

464 YES #N/A VN 124,255.35€  #N/A #N/A

465 #N/A #N/A #N/A #N/A #N/A #N/A

466 YES YES VL 2,812.43€       59.40551 1

467 #N/A #N/A #N/A #N/A #N/A #N/A

468 YES YES V7 3,914.15€       #N/A 2

469 YES #N/A VA 2,062.40€       #N/A #N/A

470 #N/A #N/A #N/A #N/A #N/A #N/A

471 YES #N/A VC 0.02€              #N/A #N/A

472 YES #N/A V8 40,813.11€    #N/A #N/A

473 YES YES VA 168,160.63€  55.39761 10

474 #N/A #N/A #N/A #N/A #N/A #N/A

475 YES YES V7 1,662.26€       #N/A 3

476 #N/A #N/A #N/A #N/A #N/A #N/A

477 YES YES VE 19,998.28€    2.250642 0

478 YES YES VD 13,284.85€    10.34875 3

479 #N/A #N/A #N/A #N/A #N/A #N/A

480 #N/A #N/A #N/A #N/A #N/A #N/A

481 #N/A #N/A #N/A #N/A #N/A #N/A

482 #N/A #N/A #N/A #N/A #N/A #N/A

483 #N/A #N/A #N/A #N/A #N/A #N/A

484 #N/A #N/A #N/A #N/A #N/A #N/A

485 #N/A #N/A #N/A #N/A #N/A #N/A

486 #N/A #N/A #N/A #N/A #N/A #N/A

487 #N/A #N/A #N/A #N/A #N/A #N/A

488 YES YES V7 2,746.31€       39.72432 -4

489 #N/A #N/A #N/A #N/A #N/A #N/A

490 #N/A #N/A #N/A #N/A #N/A #N/A

p FSD? Successor?

X-

plant 

status

491 #N/A #N/A #N/A #N/A #N/A #N/A

492 YES YES VL 1,535.58€       186.5188 1

493 YES YES VL 1,535.58€       126.2756 1

494 YES YES VL 3,252.82€       92.72422 1

495 #N/A #N/A #N/A #N/A #N/A #N/A

496 #N/A #N/A #N/A #N/A #N/A #N/A

497 #N/A #N/A #N/A #N/A #N/A #N/A

498 YES #N/A VN 490.82€          #N/A #N/A

499 #N/A #N/A #N/A #N/A #N/A #N/A

500 #N/A #N/A #N/A #N/A #N/A #N/A

501 #N/A #N/A #N/A #N/A #N/A #N/A

502 #N/A #N/A #N/A #N/A #N/A #N/A

503 #N/A #N/A #N/A #N/A #N/A #N/A

504 YES #N/A VL 27,783.60€    #N/A #N/A

505 YES #N/A V7 3,001.74€       #N/A #N/A

506 YES YES VM 48.35€            245.0578 29

507 #N/A #N/A #N/A #N/A #N/A #N/A

508 #N/A #N/A #N/A #N/A #N/A #N/A

509 #N/A #N/A #N/A #N/A #N/A #N/A

510 #N/A #N/A #N/A #N/A #N/A #N/A

511 #N/A #N/A #N/A #N/A #N/A #N/A

512 #N/A #N/A #N/A #N/A #N/A #N/A

513 #N/A #N/A #N/A #N/A #N/A #N/A

514 #N/A #N/A #N/A #N/A #N/A #N/A

515 #N/A #N/A #N/A #N/A #N/A #N/A

516 #N/A #N/A #N/A #N/A #N/A #N/A

517 #N/A #N/A #N/A #N/A #N/A #N/A

518 YES YES VD 23,334.85€    128.1392 1

519 YES #N/A VN 26,632.98€    #N/A #N/A

520 #N/A #N/A #N/A #N/A #N/A #N/A

521 #N/A #N/A #N/A #N/A #N/A #N/A

522 YES #N/A VN 1,247.05€       #N/A #N/A

523 #N/A #N/A #N/A #N/A #N/A #N/A

524 YES #N/A VN 17,466.52€    #N/A #N/A

525 YES YES VA 140.60€          #N/A 20

526 YES #N/A VA 598.42€          #N/A #N/A

527 #N/A #N/A #N/A #N/A #N/A #N/A

528 #N/A #N/A #N/A #N/A #N/A #N/A

529 YES #N/A VN 37,309.00€    #N/A #N/A

530 YES YES V7 2,589.65€       #N/A 3

531 YES YES V7 1,827.31€       7.798328 7

532 #N/A #N/A #N/A #N/A #N/A #N/A

533 #N/A #N/A #N/A #N/A #N/A #N/A

534 YES #N/A VN 32,647.88€    #N/A #N/A

535 YES #N/A VN 32,872.28€    #N/A #N/A

536 #N/A #N/A #N/A #N/A #N/A #N/A

537 YES YES V7 5,764.86€       #N/A 0

538 YES YES VD 6,502.58€       #N/A 1

539 YES YES VL 4,760.95€       #N/A 4

540 #N/A #N/A #N/A #N/A #N/A #N/A

541 #N/A #N/A #N/A #N/A #N/A #N/A

542 YES YES VL 1,299.42€       568.5687 0

543 YES YES V7 18,242.49€    58.60961 1

544 YES #N/A V8 8,699.51€       #N/A #N/A

545 #N/A #N/A #N/A #N/A #N/A #N/A

546 YES #N/A VA 11,933.34€    #N/A #N/A

547 YES YES VM 777.14€          17.50237 2

548 #N/A #N/A #N/A #N/A #N/A #N/A

549 #N/A #N/A #N/A #N/A #N/A #N/A

550 #N/A #N/A #N/A #N/A #N/A #N/A

551 #N/A #N/A #N/A #N/A #N/A #N/A

552 YES YES VD 444,323.88€  0 1

553 #N/A #N/A #N/A #N/A #N/A #N/A

554 YES YES VM 3,389.60€       1495.255 3

555 YES YES VD 2,841.42€       920.2207 -16

556 YES YES VD 1,539.08€       107.7402 0

557 #N/A #N/A #N/A #N/A #N/A #N/A

558 YES YES VL 386.18€          359.8933 4

559 YES YES VL 966.02€          2540.42 -19

560 YES YES VL 367.58€          976.6069 3
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p FSD? Successor?

X-

plant 

status

561 YES YES VL 307.75€          4586.204 8

562 YES YES VL 301.34€          4586.204 8

563 YES YES V7 33,660.91€    #N/A 1

564 YES YES VE 3,701.15€       138.4226 4

565 YES YES VL 21,794.80€    3147.867 -35

566 #N/A #N/A #N/A #N/A #N/A #N/A

567 YES #N/A VM 132.05€          #N/A #N/A

568 YES #N/A VM 131.22€          #N/A #N/A

569 #N/A #N/A #N/A #N/A #N/A #N/A

570 #N/A #N/A #N/A #N/A #N/A #N/A

571 YES YES V8 88,022.08€    55.39761 10

572 #N/A #N/A #N/A #N/A #N/A #N/A

573 #N/A #N/A #N/A #N/A #N/A #N/A

574 #N/A #N/A #N/A #N/A #N/A #N/A

575 #N/A #N/A #N/A #N/A #N/A #N/A

576 #N/A #N/A #N/A #N/A #N/A #N/A

577 YES YES VL 0.05€              #N/A #N/A

578 #N/A #N/A #N/A #N/A #N/A #N/A

579 #N/A #N/A #N/A #N/A #N/A #N/A

580 YES YES VD 50,260.23€    63.30053 3

581 YES YES V7 5,363.31€       #N/A 3

582 YES #N/A VA 10,207.14€    #N/A #N/A

583 YES YES VE 80,004.02€    #N/A #N/A

584 #N/A #N/A #N/A #N/A #N/A #N/A

585 YES YES VL 6,474.98€       13.96053 4

586 #N/A #N/A #N/A #N/A #N/A #N/A

587 YES YES VL 2,627.06€       37.66944 0

588 YES YES VD 1,905.03€       8.280961 1

589 YES YES VD 1,930.20€       39.73044 1

590 YES YES VD 2,028.45€       31.47053 2

591 #N/A #N/A #N/A #N/A #N/A #N/A

592 YES YES VD 16,278.48€    839.3162 -5

593 YES YES VL 3,116.05€       562.3517 -6

594 #N/A #N/A #N/A #N/A #N/A #N/A

595 YES YES VA 200.55€          186.7302 19

596 #N/A #N/A #N/A #N/A #N/A #N/A

597 #N/A #N/A #N/A #N/A #N/A #N/A

598 YES YES VE 35,303.58€    #N/A 2

599 YES #N/A VN 99,137.22€    #N/A #N/A

600 YES YES VN 50,869.02€    394.3894 1

601 #N/A #N/A #N/A #N/A #N/A #N/A

602 #N/A #N/A #N/A #N/A #N/A #N/A

603 YES YES VD 187.80€          60.72981 0

604 YES YES VD 952.12€          60.72981 0

605 YES YES VL 15,281.86€    285.7006 -3

606 YES YES VA 381.92€          143.2376 0

607 YES YES VD 5,812.48€       #N/A #N/A

608 YES YES VN 1,210.58€       2378.641 -23

609 YES YES VA 2,348.85€       9.764719 0

610 YES YES VD 1,714.31€       5370.325 -6

611 YES YES VM 452.02€          798.0172 11

612 YES YES VM 925.28€          798.0172 11

613 YES #N/A VM 670.14€          #N/A #N/A

614 YES #N/A VM 599.95€          #N/A #N/A

615 #N/A #N/A #N/A #N/A #N/A #N/A

616 YES YES VD 7,310.25€       94.89582 0

617 YES YES VM 650.08€          44.43236 7

618 YES YES VD 15,048.63€    285.9486 11

619 #N/A #N/A #N/A #N/A #N/A #N/A

620 #N/A #N/A #N/A #N/A #N/A #N/A

621 YES YES VD 2,687.75€       121.541 -6

622 #N/A #N/A #N/A #N/A #N/A #N/A

623 #N/A #N/A #N/A #N/A #N/A #N/A

624 #N/A #N/A #N/A #N/A #N/A #N/A

625 #N/A #N/A #N/A #N/A #N/A #N/A

626 #N/A #N/A #N/A #N/A #N/A #N/A

627 #N/A #N/A #N/A #N/A #N/A #N/A

628 YES YES VA 57.23€            44.685 14

629 #N/A #N/A #N/A #N/A #N/A #N/A

630 #N/A #N/A #N/A #N/A #N/A #N/A

p FSD? Successor?

X-

plant 

status

631 #N/A #N/A #N/A #N/A #N/A #N/A

632 #N/A #N/A #N/A #N/A #N/A #N/A

633 #N/A #N/A #N/A #N/A #N/A #N/A

634 #N/A #N/A #N/A #N/A #N/A #N/A

635 #N/A #N/A #N/A #N/A #N/A #N/A

636 #N/A #N/A #N/A #N/A #N/A #N/A

637 #N/A #N/A #N/A #N/A #N/A #N/A

638 YES #N/A VA 663.68€          #N/A #N/A

639 YES YES VM 73.65€            #N/A #N/A

640 YES YES V7 1,210.46€       6.780314 2

641 YES YES VL 1,863.69€       450.8523 -14

642 YES YES VN 1,737.54€       1740.104 5

643 YES YES VM 701.60€          687.0028 2

644 YES YES VM 7,349.83€       153.4476 -2

645 YES YES V7 75.22€            0.945961 0

646 YES YES VD 0.02€              #N/A 0

647 YES YES VE 3,569.34€       923.8336 -23

648 YES #N/A VA 5,183.38€       #N/A #N/A

649 YES YES VM 29.38€            #N/A #N/A

650 YES YES VM 141.38€          #N/A #N/A

651 #N/A #N/A #N/A #N/A #N/A #N/A

652 #N/A #N/A #N/A #N/A #N/A #N/A

653 #N/A #N/A #N/A #N/A #N/A #N/A

654 YES YES V7 9,438.42€       50.59898 0

655 YES YES VD 47,819.86€    21.20831 1

656 YES YES V7 40,512.69€    40.97834 2

657 YES YES V7 4,250.72€       12.50159 1

658 #N/A #N/A #N/A #N/A #N/A #N/A

659 YES YES VE 8,062.63€       573.3883 -1

660 YES YES VM 206.20€          1142.584 2

661 YES YES VL 1,261.15€       2540.42 -19

662 YES YES VL 4,505.88€       39.04479 6

663 #N/A #N/A #N/A #N/A #N/A #N/A
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