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Abstract 
To become a successful company today all costs, must be kept to a minimum. To make sure 
they are companies need to try new methods and policies to get closer to an optimum 
production. One of the things that need attention is the inventory of spare parts and the 
replacement of the same. The companies want their machines to have as many active hours as 
possible and therefore they need to replace components in them from time to time. 
 
This study will compare the current policy with a new one to see if it is economically justifiable 
to minimize the inventory of spare parts. This will be done by replacing two identical 
components in the same machine before they fail and production stops. We call it the proactive 
block replacement policy. To test this new policy a simulation based on historical data was 
made where the costs associated with the different replacements such as cost of component, 
cost o lost production and cost of the two types of replacements. All these costs were considered 
to see is the company could save money through this change. 
 
The result showed that the new policy was not suitable for this specific component because the 
cost of the component and the variation of lifetime on it was too high. Because of the big 
variation of lifetime, the time of the replacement had to be set after fewer hours of production 
which means more components will be used and the cost per active hour will be higher. 
 
This study is limited because only one specific component at a specific machine was studied 
and it is not possible to make any assumptions for other components from this study. This had 
to be done to get the most precise information from the company to get the best result. 
 
The conclusion of this study is that the company should keep their current replacement theory 
and not change into the new one. Though there might be possible ways of lowering the costs 
by only having one component in inventory instead of two.  
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Sammanfattning 
För att bli ett framgångsrikt företag i dagens samhälle måste alla kostnader hållas till ett 
minimum. För att försäkra sig om detta måste företagen försöka hitta nya metoder och strategier 
för att komma närmare en optimal produktion. En av de saker som behöver undersökas är 
lagerhållningen av reservdelar och byten av de samma. Företagen vill att deras maskiner ska ha 
så många aktiva timmar som möjligt och därför behöver de ersätta komponenter i dem ibland. 
 
Denna undersökning kommer att jämföra den nuvarande strategin med en ny för att se om det 
är ekonomiskt fördelaktigt att minimera lagret av reservdelar. Detta görs genom att byta två 
identiska komponenter i samma maskin innan de hinner gå sönder och produktionen stannar. 
Vi kallar det för den proaktiva blockersättningspolicyn. För att testa den nya strategin gjordes 
en simulering baserad på historiska data där kostnaderna förknippade med de olika bytena, som 
till exempel komponentkostnad, kostnader och förlorad produktion och kostnad för de två 
typerna av byten. Alla dessa kostnader användes för att se om företaget kunde spara pengar 
genom att byta strategi. 
 
Resultatet visade att den nya strategin inte var lämplig för den specifika komponenten eftersom 
kostnaden för komponenten och variationen i livstiden, var för hög. På grund av den stora 
variationen i livslängden måste tiden för bytet planeras in efter färre timmars produktion, vilket 
betyder att fler komponenter kommer behöva köpas in och kostnaden per aktiv timme blir 
högre. 
 
Denna studie är avgränsad på så vis att endast en specifik komponent, på en specifik maskin, 
har studerats och det är inte möjligt att göra några generella antaganden för andra komponenter 
utifrån denna studie. För att få rättvisa och exakta resultat valdes att endast en komponent skulle 
undersökas för bästa resultat. 
 
Slutsatsen av denna studie är att företaget bör behålla sin nuvarande strategi för byten av 
komponenter och inte förändra till den nya. Trots detta kan det finnas möjliga sätt att sänka 
kostnaderna genom att bara ha en komponent i lager istället för två.  
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1. Introduction 
 
This study is conducted to compare the cost of inventory and if it is depending on the result 
interesting to change from having inventory to not having inventory. In this chapter, the 
theoretical problematics leading to this study’s relevance is discussed. The delimitations will 
also be concluded.  
 
1.1 Background 
 
Companies of today are always trying to maximize the efficiency in their processes to save both 
time and money. One way of doing this is to plan the process of changing components in the 
production machine. There have been numerous ways of doing so in the past. The most common 
one was founded by Barlow and Proschan (1965) namely the age-replacement policy. This 
policy states that the component should be changed either at the time of a predetermined time 
T or and the time of component failure. This means that if the component fails before time T 
the replacement is reactive but if the component does not fail it will be changed proactively at 
the time T. This way of both proactive and reactive change of component, was the start of a 
development towards perfecting the time of component replacement. When Barlow and 
Proschan (1965) wrote this, the focus was only on the policy of replacement and no focus was 
on the cost of inventory for the spare components and therefore they assumed the inventory of 
spare parts to be infinite. 
 
Later the focus on inventory was added. Nakagawa and Osaki (1974) chose to always have only 
one spare part in inventory and by doing so lower the cost of the same. This step was one step 
closer to eliminating the inventory of spare parts totally but this was just the first step. 
 
Braglia, Grassi and Montanari (2004) introduced an inventory policy where they describe the, 
according to them, four different inventory policies’. They thought each of these four policies 
has a specific use and are meant to be used in different situations. These policies are no stock, 
single item inventory, just in time policy and multi item inventory. They have different areas 
where they are most suitable. According to Braglia, Grassi and Montanari (2004) the best of 
the four is the just in time policy, the reason not all companies use it is because of the risks it 
comes with. If the machine breaks down the lack of spare parts can be very expensive due to 
production loss and therefore the need of an inventory of the same might be a better option. 
 
Some information has been proved by earlier studies. For example, Jardine and Buzacott, 
(1985) concluded that the total cost of changing a component reactive is always greater than 
the total cost of changing it proactive. This means they recommend changing the component 
before it fails. This further the thought that the proactive with no inventory is more cost efficient 
than the reactive with no inventory and is therefore more interesting to look at. 
 
To find the right type of component for the study the criticality of the component had to be 
considered. Roda et al. (2014) described what characteristics a critical component has and with 
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this knowledge a component that would suit the study could, together with the company, be 
found. Roda et al. (2014) describes for example that when the criticality of a component is high 
the risk of lost production and even further problems with different components is higher.  So, 
when the breakdown of the critical component occurs the risk of bigger problems with the 
production is likely. 
 
1.2 Problem discussion 
 
When looking at diverse ways of managing inventory of spare parts and the actual replacement 
of them one can see there is four primary areas. These are: proactive with inventory, proactive 
with no inventory, reactive with inventory and reactive with no inventory. When looking 
closely at these areas it is possible to see the connection with Braglia, Grassi and Montanari 
(2004). To be able to know which of the four types, Braglia, Grassi and Montanari (2004) 
described, to be the best for a certain production is hard to know without doing some 
calculations. To be able to do the calculations, information about different cost needs to be 
gathered. 
 
One calculation is to see how many parts to have in the inventory, mentioned by Acharya, 
Nagabhushanam and Alam (1986). To do this calculation information is needed and needs to 
be gathered from a company. Some of the needed information are: Price for changing 
component proactive, price of changing the component reactive, price of component and cost 
of lost production etc. This information adds up to being able to make a decision if the reactive 
single unit replacement strategy with inventory or the proactive block replacement strategy 
without inventory is most suitable for a specific component. 
 
According to Braglia, Grassi and Montanari (2004) the most desirable policy to use is the just-
in-time-policy and as mentioned earlier it is closely connected to the proactive with no 
inventory policy and therefore the most interesting to be studying. The company who provides 
the data for this thesis is working with the multi item inventory and is therefore today using the 
reactive with inventory policy. Because of this reasons focus will be to compare PNI with RI 
to see which is preferable during what circumstances. 
 
This have been studied before and that is why the block replacement, replacement of more than 
one component at the same time, was added to the research. By comparing not only reactive 
and proactive, with or without inventory but also the block replacement and single unit 
replacement the study contributes to current knowledge. 
 
1.3 Objectives 
 
The objective with this study is to examine if it is economically justifiable to change from the 
current reactive separate replacement with spare components in inventory to a proactive block 
replacement theory, with just in time delivery of spare parts.  
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Another objective is to reason about, under which circumstances either strategy is most suitable. 
 
1.4 Delimitations 
 
The study is based on a specific component and will because of this not be general for all 
components. The study will not lead to a conclusion whether the company should buy different 
component but will be based on current knowledge about the components specifics. The study 
will neither take the quality of the production machine into account but instead see it as it has 
a constant lifetime and will be changed after an already existing schedule made by the company.  
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2 Theoretical framework 
 
This chapter describes where the current theoretical situation and what have been studied in 
this area before.  
 
2.1 Proactive or reactive 
 
There are separate ways to approach the problem with replacements of components in 
production machines and the associated problem with inventory of the spare parts. One can say 
there are four big archetypes of how to handle this problem and these are shown in Figure 1. 
 

 Proactive Reactive 
Inventory Proactive with inventory (PI) Reactive with inventory (RI) 
No inventory  Proactive with no inventory 

(PNI) 
Reactive with no inventory 
(RNI) 

Figure 2.1: Describing the four archetypes of replacement of components and the associated inventory of spare parts. 

When the different ways of planning the replacement of parts started some of the first who 
started to consider this problem were Barlow and Proschan (1965). They came up with a 
strategy for replacements of components called age-replacement policy. The idea with their 
strategy was to replace a component either at the chosen time T or at the time of breakdown. 
To be able to focus on the replacement they did not take any account to the inventory of the 
spare parts but assumed they had infinite number of spare parts. Barlow and Proschan (1965) 
had by constructing this policy made a mix of both PI and RI when it earlier only had been RI 
or RNI. By doing this they took the first step towards planning of both inventory and 
replacement time. 
 
Nakagawa and Osaki (1974) came up with a policy where the inventory was considered. Their 
idea was to only have one spare part in inventory and when it was used a new should be ordered. 
By considering inventory more they got closer to both PNI and RNI even though they did not 
intend to.  
 
According to Braglia, Grassi and Montanari (2004) there is four diverse types of inventory 
policy’s. These are: No stock, single item inventory, just-in-time-policy and multiple item 
inventory. These four diverse types are suitable in different situations and are described more 
closely bellow: 
 
No stock is used when a conscious decision is made knowing the consequence the facility would 
have by breakdown of the component and value it as lower than the cost of keeping the 
component in inventory all the time for an immediate possibility to replace. Single item 
inventory is the same policy Nakagawa and Osaki (1974) came up with. It is the most basic way 
of inventory. By studying things like unavailability for the plant if the component is not changed 
the company s lead to conclusion to always keep one component in inventory. Just-in-time-
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policy is according to the authors the most desirable choice. The potential critical problems that 
may occur at the plant when a component is missing when needed is can be set aside if the 
component can be delivered at short notice as well as if it is easy to predict when the component 
will break. This policy is often used when the cost of inventory, space of inventory, etc. is high 
and thereby directing the decision towards no inventory of the component. For this policy to 
work it is important for the company to have good integration with both customer and supplier 
to get the component delivered quickly to get the plant working again. Multi item inventory is 
only to be chosen when the risk of a production stop is very high and the cost for a non-
operational plant in: cost, quality or the safety is a too significant risk. This can also be used 
when the just-in-time-policy does not work due to the long provisioning time for the 
components and thereby a better long-time planning is needed. 
 
As we can see Braglia, Grassi and Montanari (2004) have focused on the provisioning of 
components and thereby also how to plan the inventory. Two of them tell us no inventory is 
needed and two of them say the opposite. If we were to put the different choices into Figure 1 
we could see that the no stock would be a description of the RNI because there is no inventory 
and the company waits until the component fails before it is changed. The single inventory is 
the same as Nakagawa and Osaki (1974) proposed and could be both PI or RI depending on the 
company’s own choice when to change the component. Just-in-time-policy needs information 
about the breakdown rate for the component as mentioned earlier and is therefore likely to be 
the best suited for the PNI. The multi item inventory is the easiest to place because there is a 
big inventory and is therefore a typical RI. 
 
2.2 Advantages with the two policies’ 
 
In this part of the chapter relative advantages of the two chosen policies will be reviewed 
according to the literature. 
 
The theory about replacement of equipment and the scheduling of the replacements are often 
based on the criteria of cost (Barlow and Haunter, 1960; Beichelt and Fischer, 1979). In line 
with this, some assumptions have been made to justify the preventative, proactive, replacement 
of components.  

• The cost of replacement for the component are constant and not discounted (Barlow et 
al., 1965; Bergman, 1980) 
 

• The total cost of failure, reactive, replacement is greater than the total cost of a 
preventative, proactive, replacement (Jardine and Buzacott, 1985) 
 

• The components fail rate is continuous and increases with time (Hanscom and Cleroux, 
1975; Jardine and Buzacott, 1985). 
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When it comes to the reactive replacement policy there are some advantages (Barlow and 
Proschan 1964). One of them is the lower inventory cost for spare part. This because more 
components will be used due to a more frequent replacement policy. This means that if the price 
of the component is high it is better to wait for it to fail instead of changing it too often.  
 
2.3 Component replacement considerations 
 
2.3.1 Criticality of component 
 
As Braglia, Grassi and Montanari (2004) describes it, the components criticality in the 
production is important to consider. Roda et al. (2014) describes what is to be considered when 
a criticality analysis is to be made. He has gathered specific criticalities into categories called 
clusters. In each of these four clusters he has under categories called criteria’s which decides 
the criticality of the component. The spare parts plant criticality describes the whole production 
plants criticality for example the environmental and safety aspects. The spare part usage 
characteristics is more specific and is about every single spare part and its usage for example 
how many identical components there are in the plant. Spare parts inventory problems are 
related to the inventory costs and space for example space required. The final cluster is spare 
parts supply characteristics and is about the supply of the spare parts for example number of 
potential suppliers. 
 
Cluster    Criteria 
Spare parts plant criticality Quality problem (the quality of the  
(refers to criticality in the production plant)  component might be unsatisfying)  
 Production loss 

Domino effect (the effect of one 
component failing, causing another 
component’s failure) 
Environmental and safety aspects 
 

Spare parts usage characteristics Number of identical components in the 
plant  

 Usage rate/usage value 
 Frequency/probability of failure 
 Demand volume/predictability 
 
Spare parts inventory problems  Price 
    Spares required 
    Turnover rate 

Deterioration problems (problems to 
find the component in the inventory) 
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Spare parts supply characteristics Lead time (the time for the component 
to arrive from the supplier) 

    Number of potential suppliers 
    Internal repair possibility/cost 
    Substitution cost 
    Masked time 
    Cannibalism 

Standardization/standard parts (or, 
oppositely: specificity/specific parts can 
be used) 
 

Information from the classification Roda et al. (2014) made is useful when choosing which type 
of policy to use. One example is how many parts of the same sort you have. If there is a lot of 
the same sort it might be worth thinking of using a block replacement theory instead of a single 
unit replacement theory. 
 
2.3.2 Block replacement 
 
The block replacement policy is based on the age replacement policy where the component will 
be changed at the fixed time T or at failure. The difference between the two is the fact that block 
replacement changes all the components of same sort at the same time (Barlow and Proschan 
1964).  
 
2.3.3 Single unit replacement 
 
There are many different policies for replacement of a single unit replacement. Among them 
there are the age replacement policy (Barlow and Proschan, 1965) and fail replacement policy 
(Acharya, Nagabhushanam and Alam, 1986). 
 
As mentioned earlier the age replacement theory means the component will be changed at a 
fixed time T or at failure, it is the same for block replacement policy but with more number of 
components replaced (Barlow and Proschan 1964). The fail replacement policy is not like the 
earlier mentioned at all. It can be described as reactive in the way that the component is only 
changed when it fails. This means it have no certain time T to be changed and is therefore harder 
to predict (Acharya, Nagabhushanam and Alam, 1986).  
 
According to Dohi, Kaio and Osaki (1998) both the block replacement policy and age 
replacement policy often assume an infinite amount of spare parts which is impossible. They 
mean the inventory also needs to be considered.  
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2.3.4 Block replacement with inventory provisioning 
 
According to Acharya, Nagabhushanam and Alam (1986) the possibility to optimize the block 
replacement policy together with inventory of spare parts provisioning is possible. The thought 
is to make the inventory of spares just as big as it needs to be and make sure the correct numbers 
of spare parts is provisioned at the right time. The information needed to be able to conduct this 
jointly optimal block-replacement and spare provisioning policy is listed below: 

Cp  cost of preventive replacement of one unit.  
Cf  cost of corrective replacement of one unit.  
n  number of i.i.d. units. 
g(·), G(·)  failure pdf, Cdf of a unit.  
H(x)  mean number of replacements in the interval (0, x) of a unit.  
V(x)  variance of the number of replacements during the interval (0, x). 
T  block replacement interval.  
T*  optimum ordinary block replacement interval. 
T**  jointly optimal block replacement and spare provisioning interval.  
A fixed ordering cost per order (independent of the quantity ordered). 
Ch  holding cost-rate per unit. 
Cb  backorder cost-rate per unit. 
f(·), F(·)  pdf, Cdf of the spares demand for all n units. 
S  order level up to which the replacement units are to be ordered at the beginning 

of each replenishment cycle. 
µk, σk  mean and standard deviation of replacements during the interval (0, kT) for all n 

units, for k = 1, 2, ....  
µk  kn H(T) 
σ2

k kn V(T) 
 
If all data above is collected an optimal time for when the replacement should be scheduled can 
be calculated. Acharya, Nagabhushanam and Alam (1986) made an algorithm where they step 
by step calculates the optimal number of spare components to keep in inventory and by doing 
so minimize the costs with preventative replacement. 
 
 
2.4 Influencing factors 
 
From the earlier parts of this chapter we have seen there is some factors that influence which 
policy is to be used. How big inventory for the spares, how many of the certain component 
there is in the plant, the price of the component, the cost of replacement both reactive and 
proactive, the cost of missed production, etc.  
 
The inventory of spare parts size is dependent on different costs. The cost of the spare part, cost 
of missed production, replacement cost, the cost of keeping the spares in stock are all variables 
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to consider. If it is possible Braglia, Grassi and Montanari (2004) means it is best to use the 
just-in-time-policy to have as low inventory as possible and thereby minimize the inventory 
and cost of keeping components in stock. Acharya, Nagabhushanam and Alam (1986) describes 
a trade-off between the replacement related costs and the inventory related costs of replacement 
parts. They therefore made an algorithm to find the optimized jointly replacement and inventory 
policy where the cost of missed production is also considered. 
 
Depending on the number of similar components there are in a production machine, different 
policies can be applied. When there is one component a failure the age replacement policy age 
replacement (Barlow and Proschan, 1965) or the fail replacement policy (Acharya, 
Nagabhushanam and Alam, 1986). Which one to choose between the two of them depends on 
the price of replacement related costs. If the price of replacement is high the failure replacement 
policy is preferred, while when the price is low a preventative replacement policy like age 
replacement policy in a better alternative. 
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3 Method 
 
In this chapter, the method to reach the result is described. 
 
3.1 Case study 
 
To show the effects of a change from reactive single unit replacement with inventory to 
proactive block replacement with no inventory, a case study was chosen. The reason for 
choosing single case study is to be able to get more information about the specific component 
chosen to study. This will lead to a better result for this component which was chosen to study. 
 
This case study is made together with a manufacturing company located in Sweden. The 
thought is to research if it could be economically justifiable to change two identical components 
at the same predicted time before any of them would break. The components are relatively 
expensive for this production machine but the time to change them is short. The component is 
also crucial in the way that if it breaks the machine is inoperable and the production goes down. 
 
3.2 Choice of company 
 
In this study only one company was chosen to be studied. This is to be able to get a better 
understanding of this specific company and their production. By doing so the study will not 
only look at the surface as it would have been with many, but instead be possible to get deeper 
knowledge. To get the right information from the company the need to be in close contact with 
them is of big essence. 
 
The actual choice of company had some requirements. The first requirement is that the company 
had to be a manufacturing company with parts that eventually needs replacements. The 
company also needed to use a reactive method with inventory to be able to fit the comparison 
between the reactive single unit replacement with inventory and the proactive block 
replacement with no inventory. Finally, the company needed to have some historical data to be 
able to do a simulation of when the part would break down. A company in Halmstad was 
contacted as one of the possible study objects and after some further contact turned out to fulfil 
all the above-mentioned requirements. The reason they were interested in this was that they 
wanted to go over to a more proactive style but have not got the time to investigate the perks. 
 
3.3 Data collection 
 
The gathering of primary data is often collected by observations, personal interviews and verbal 
reports (Ghauri och Grønhaug, 2010). To do a good study of the component two different 
methods will be used.  These two methods are personal interviews and documentation from the 
company and is used to get empirical data for the situation assessment. The personal interviews 
were with the head of maintenance of the company and could therefore give a deep insight in 
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the problems of component replacement. The documentation gave the information about 
component lifetime from their ERP but also constant costs such as the cost of component. Based 
on the personal interview and the documents we narrowed the study down to one specific 
component that will be the one we use for the simulation. This specific component is suitable 
because it is placed at two different places in the same production machine. It also had more 
historical data then the rest of the components had. In this case the empirical data is rather 
constant, price of component for example. The most important data to collect in the breakdown 
rate because it lays the ground for how often the components must be changed. 
   
3.4 The simulation 
 
In this study the difference between two states, one based on the currently used one and one 
constructed, will be compared. To do this comparison one of two ways had to be chosen. The 
first option would be to try the new policy by changing to it. The reason for not using this 
change to get the information is because it might not work as good as intended. Instead, the tool 
simulation was chosen to get the opportunity to compare the current state with a simulated one 
based on data from the company. The current state is that when a component fails it will be 
replaced separately and the spare part will be in the inventory. The simulated state is the 
proactive block replacement with no inventory, this means both components will be changed at 
the same time before any of them fails. The spare parts will not be in the inventory but will 
instead arrive just before the replacement is made. 
 
In this study Monte Carlo-simulation was chosen as a tool for its possibilities to handle complex 
systems. What we seek it the time it will take for the first of the two components to fail. The 
reason for choosing the Monte Carlo-simulation is because the uncertainties that exist with this 
type of information. 
 
The Monte Carlo-simulation was conducted in excel and looks like this: 
 
=NORMINV(RAND();AVARAGE;STDEV) 
 
NORMINV =  The inverse of the normal distribution 
RAND =  Randomness 
AVARAGE =  The average life time for a component (hours) 
STDEV =   The standard deviation (hours) 
 
This simulation shows us the number of hours a component can be used, from a newly replaced 
component until it fails. By doing this for both the identical components we will have the 
possibility to see when the fail will happen. This simulation shows us the normal distribution 
of the amount of days. The reason for choosing the normal distribution and not the binomial 
distribution is because of the times the simulation will be repeated. This simulation will be run 
100 times for each component and with a count that high it is approximately normally 
distributed. 
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The reason for using the inverse of the normal distribution is to find the average lifetime of the 
component. The average lifetime for the component is find by using the historical data collected 
from the company and then calculating the average time from this data. Because we cannot be 
sure that the data collected from the company fully describes the life time of the component a 
random variable added to the simulation. The standard deviation is collected from the same 
data as the average life time and helps us give a more accurate calculation of the life time. 
  
3.4.1 Input data simulation 
 
The input data used for the simulation was chosen based on the literature to be: cost of product, 
cost of proactive block replacement, cost of reactive single replacement, cost of lost production 
and durability of component. The reason for choosing these variables is that they represent the 
costs associated with the change of a component. All the variables are chosen to be constant 
except for the durability of the component. The reason for this is that the components life time 
is the variable that varies the most and is therefore the most interesting to investigate more 
carefully. The durability of the component can also be described as the components lifetime. 
Therefore, the historical data collected from the company was of the components lifetime. The 
data collected was used to find the mean and the standard deviation of the lifetime to be able to 
do the simulation described in 3.4. 
 
3.4.2 Simulation variables 
 
The variables used for the simulation are described below: 
 
Cost of product 
The cost of the component used in the machine. This is the cost for the actual component and 
no ordering costs are involved here. The costs of ordering are instead in the cost of replacement. 
 
Cost of proactive block replacement 
This cost consists of different costs but are constant for each change of component and will 
therefore be under the same cost category. In this category, the cost of labour to change the 
component, order a new component etc. together with the cost of lost production due to the 
change and calibrations are gathered. 
 
Cost of reactive replacement 
The reactive replacement cost is similar to the proactive. The difference is that the change is 
only for a single unit here and the cost for changing two components separately will be higher.  
 
Cost of lost production 
The cost of lost production is not only associated with the cost of the two replacement types. 
There is a risk the component fill fail before the proactive replacement occurs. If this happens 
the machine will be down until the spare parts arrive. 
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Durability of component 
Another important part of the replacement is how long time there is between the changes of 
components. This is based on the components lifetime and will be simulated to get a bigger 
amount of data. 
 
3.5 Validity and reliability 
 
All information in this study was collected from the company. By not using observations but 
instead historical data of the components life time, the simulation could be more exact and the 
outcome would be more precise. 
 
The company owns many production machines with many components in each of them. The 
chosen component is used in many of the machines but to make sure the data would be as 
correct and constant as possible the study only used data from one machine. By doing so the 
validity get higher and the result becomes more correct. 
 
The simulation of the components lifetime was made 100 times for each component which 
gives a trustworthy result.   
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4 Results 
 
In this chapter the costs or RI, reactive with inventory, policy and the PNI, proactive with no 
inventory, policy will be compared. 
 
4.4 Case study 
 
4.4.1 Current policy 
 
The current policy is the reactive single unit replacement with inventory policy. When a 
component fail is it replaced with a spare component from the inventory. When the component 
is replaced a new component is ordered to make sure there are always at least one component 
in the inventory. The reason for this policy is that the company highly value the delivery times 
to their own customers and the risk of lost production time is important to keep down. The risk 
is higher for this particular component due to the facts it is a critical component. When a critical 
component fails the whole machine stops and the production goes down. The current flow chart 
of how the process works today is shown in Figure 4.1. 
 

 
Figure 4.1: Shows the current process from fail to new component arrives to the company. 
 
 

Collected data current policy  
Cost of component 3510 SEK 
Cost of reactive replacement (Labour) 660 SEK/ replacement 
Cost of reactive replacement (Lost production) 667 SEK/ replacement 
Total cost of reactive replacement 4837 SEK / replacement 
Cost of lost production (no inventory) 1000 SEK/ hour 
Mean lifetime of component 590 hours 
Standard deviation 135 hours 

Chart 4.1: The constant variables for reactive replacement, collected from the company. 
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4.4.2 New policy 
 
The new policy is based on the thought that no inventory of spare part should be needed. By 
the right planning and prediction of durability of the components the possibility of 
implementing just in time policy and the block replacement theory should be possible. This 
means that both components should arrive just before the proactive change of both component 
happens. By changing both components at the same time the company can become more cost 
efficient because the time for the whole cycle will become shorter. The replacement cycle for 
the new policy is shown in Figure 4.2. 
 

 
Figure 4.2: Shows the new process of replacement from indication to machine starts again. 
 

Collected data new policy  
Cost of component (2 components) 7020 SEK 
Cost of proactive block replacement (Labour) 825 SEK/ replacement 
Cost of proactive block replacement (Lost production) 1167 SEK/ replacement 
Total cost proactive block replacement 9012 SEK/ replacement 
Cost of lost production (no inventory) 1000 SEK/ hour 
Mean lifetime of component 590 hours 
Standard deviation 135 hours 

Chart 4.2: The constant variables for reactive replacement, collected from the company. 
 
4.5 Simulation 
 
There are different costs associated with a replacement of a component. These are the variables 
chosen to involve in this study: 
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Cost of product 
The cost of the component used in the machine. This is the cost for the actual component and 
no ordering costs are involved here. The costs of ordering is instead in the cost of replacement. 
 
Cost of proactive block replacement 
This cost consists of different costs but are constant for each change of component and will 
therefore be under the same cost category. In this category, the cost of labour to change the 
component, order a new component etc. together with the cost of lost production due to the 
change and calibrations are gathered. The estimated time for labour is 1 hour and 15 minutes 
and the time the machine is down 1 hour and 10 minutes. The cost for 1 hour labour is 660 SEK 
and 1 hour of downtime cost 1000 SEK. The total cost for a change then: labour 825 SEK + 
lost production 1167 SEK = 1992 SEK. This cost is only constant for one cycle and is not 
calculated per hour of production. 
 
Cost of reactive replacement 
The reactive replacement cost is similar to the proactive. The difference is that the change is 
only for a single unit here and the cost for changing two components separately will be higher. 
The estimated labour time per component is 1 hour and the time the machine is down is 40 
minutes. This gives us a total cost per cycle of: labour 660 SEK + lost production 667 SEK = 
1327 SEK. 
 
Cost of lost production 
The cost of lost production is not only associated with the cost of the two replacement types. 
There is a risk the component fill fail before the proactive replacement occurs. If this happens 
the machine will be down until the spare parts arrive. This means for every hour the machine 
is down the cost of lost production is 1000 SEK which stresses the importance of a perfectly 
working supply chain of new spare components.  
 
Durability of component 
Another important part of the replacement is how long time there is between the changes of 
components. The total amount of active hours for the machine per year is 3600 hours. During 
the three past years the component have been changed 5,6 and 8 times per year which means 
the components life times have been 720, 600 and 450. This means the mean are 590 hours with 
a standard deviation of 135 hours. This information will be the base for the simulation in this 
study. 
 
4.5.1 Simulation current policy 
From the simulation, we got new average life times for the components. The average life time 
for components are now as stated in Chart 4.3. 
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Current policy Component 1 Component 2 
Cost of reactive replacement 4837 SEK 4837 SEK 
Average life time of component 573 hours 599 hours 
Standard deviation for component life time 139 hours 126 hours 
Cost/ active hour of component 8,4 SEK/hour 8,1 SEK/hour 

Chart 4.3: Showing the cost per active hour for the component, based on the simulation. 
 
4.5.2 Simulation new policy 
 
To ensure the components does not fail before the time of the proactive block replacement the 
time for the replacement must be set right. In this simulation, the earliest fail of the components 
occurred at the time of 304 active hours. The time for the proactive block replacement is 
therefore set to 300 hours. 
 

New policy (no risk) Component 1 and 2 
Cost of proactive block replacement 9012 SEK 
Time for proactive block replacement 300 hours 
Cost/ active hour of component 30,04 SEK/hour 
Cost/ active hour of each component 15,02 SEK/hour 

Chart 4.4: Showing the cost per active hour for both one and two components with no risk, based on the simulation. 
 
One can also use the mean for both components and subtract the standard deviation. This way 
the component will be changed before it fails in most cases. This gives us the time of either 434 
or 474. We choose the lowest number to be safer. 
 

New policy (with risk) Component 1 and 2 
Cost of proactive block replacement 9012 SEK 
Time for proactive block replacement 434 hours 
Cost/ active hour of component 20,76 SEK/hour 
Cost/ active hour of each component 10,38 SEK/hour 

Chart 4.5: Showing the cost per active hour for both one and two components with risk, based on the simulation. 
 
With this policy, the risk of a fail before the replacement is still possible. From the simulation, 
the result shows us that with this replacement interval there is a risk of 11,8 percent that one of 
the components will fail before this time. 
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4.6 Comparison 
Comparison Current 

policy 
New policy 
(no risk) 

New policy 
(with risk) 

Difference 
between current and 
new (no risk) 

Difference between 
current and new 
(with risk) 

Cost of replacement 4837 
SEK 

9012 SEK 9012 SEK +4175 SEK +4175 SEK 

Average time between 
replacements 

586 
hours  

300 hours 434 hours -286 hours -152 hours 

Average cost/active 
hour and component 

8,25 
SEK 

15,02 SEK 10,38 SEK +6,77 SEK +2,13 SEK 

Expected cost per year 29700 
SEK 

54072 SEK 37368 SEK +24372 SEK +7668 SEK 

Chart 4.6: Comparison of different costs related to the replacements 
 
What we can see in the comparison above is the fact that the average cost per active hour of 
and component is higher. In both the new policies. What is not included in the costs is still the 
cost of keeping the spare components in inventory. We do know that the new policies do not 
use inventory at all and the cost for them. This means the cost of inventory will have to be 6,77 
SEK per hour for the new policy with no risk and 2,13 SEK per hour for the new policy. 
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5 Analysis 
 
The analysis will connect the result with the theoretical framework. 
 
The result of this study shows us that the cost of replacing a component using proactively block 
replacement policy with no risk is not possible to implement yet. The cost for keeping a 
component in inventory is not likely to be a cost of 54072 SEK for one year and is therefore 
not interesting to even speculate about. The second option is more likely to succeed from an 
economic point of view however it comes with a risk near 12 percent. The company have a 
clear view of what they prioritize and it is their customers. A risk that high is not acceptable for 
a company with their customer in focus and they should therefore keep their current 
replacement and inventory strategy. 
 
As Braglia, Grassi and Montanari (2004) said the most desirable choice to make as an inventory 
strategy was the just-in-time-policy. After the simulation, we can see it is not possible to use 
this strategy due to either too excessive costs or too considerable risk. If another policy were to 
be chosen from Braglia, Grassi and Montanari (2004) the best option would be single item 
inventory. This strategy is the one that is most like the company’s current policy and means 
there should always be a component in the inventory for every unit. What might be possible to 
do is to lower the current inventory of two parts to one and use the proactive block replacement 
with the possibility to change one of the components if it fails before the time for the proactive 
replacement. This would lower the inventory costs for this component by 50 percent and would 
be one way of lowering the total costs for the whole replacement cycle. 
 
In this study, we chose a component with a high criticality according to Roda et al. (2014). This 
means it the component fails the whole production machine stops and no further production can 
start until the component have been replaced. If the criticality of the component would have 
been lower we would have a different situation. If the production could continue without 
changing the quality of the product the change of the component would not be prioritized in the 
same way and would be suitable for a block replacement policy. This means the component 
would not be interesting to replace proactively because of the higher cost and the lack of perks 
doing so.  
 
The frequency of component replacement is a significant factor in this study. For the chosen 
component the frequency was relatively low and therefore the time between the replacement 
became quite long. As Braglia, Grassi and Montanari (2004) mentioned the higher frequency 
of component replacement the bigger inventory of spare parts is needed. This means that even 
if the frequency of replacement for the chosen component was relatively low an even lower 
frequency might be needed to make this proactive block replacement theory with no inventory 
a successful strategy. 
 
As we could see the block replacement could save both time and money because both 
components would be replaced at the same time. This means the block replacement is 
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something the company should try to implement in their production to save both time for 
replacement and time to order the new parts. If the components are equally worn out the 
components will likely fail at a nearly the same time and should because of this be replaced at 
the same time and not separately.  
 
This particular component was expensive compared to the rest of the costs, the cost of buying 
it was the biggest part of the total replacement cost. If the component would have been cheaper, 
the other replacement cost would be more important. This would make the impact of a shorter 
replacement time bigger and the cost per active hour would be lower for the proactive block 
replacement policy. 
 
According to (Jardine and Buzacott, 1985) the cost of a proactive replacement is always lower 
than a reactive replacement is. In this study, the difference in cost did not come from whether 
the component was replaced reactively or proactively. The difference came from if it was a 
separate or block replacement of components. The company did not have data showing there 
would be any lower costs for the replacement if it was made proactively and therefore the same 
costs was used for both reactively and proactively. 
 
Some aspects that have not been considered in this study is the domino effect and the 
environmental and safety aspects mentioned by Roda et al. (2014). Both these aspects favour 
the proactive replacement and therefore also the new policy. The domino effect is the risk of 
more components failing in the same time as another does. This means that if the component 
chosen for this study fails the risk of another component to fail in the same machine gets higher. 
If the component is replaced before it breaks instead the risk of this is eliminated. The second 
one is the environmental and safety aspects, this refers to the safety for the operator of the 
machine and the plant in general. If a component fails when the machine is operating the risk 
of an injury is higher than if the machine was stopped and the component changed before fail 
happens. Both these aspects favour the proactive block replacement with no inventory strategy 
and are therefore mentioned here. 
 
The problem that have been studied in this study might not be the actual problem for the 
company. The lead time to get a component from the supplier is estimated to three weeks. This 
is a very long time for a machine to be inoperable. If the time to deliver a new part were to be 
lowered to one day, the company would be more willing to take the risk to have no inventory 
of their own. One way of doing this is to have a closer connection to the supplier and have a 
contract with them to make them deliver faster. The supplier could for example keep the 
component in their own inventory and by doing so be able to send the component right away 
when it is needed. If the current supplier can not deliver this perhaps a new supplier is the real 
solution to the problem. 
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In the delimitations, it is described that the machine is constant and is therefore not mentioned 
through the study. A possible solution for this problem would be to replace the machine instead 
of trying to maximize its current condition. By doing so the component studied in this study 
might not even be interesting to use anymore. This is hypothetical but should at least be 
mentioned even though it is not considered through the study.  
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6 Conclusions 
 
In this chapter, the result, the analysis and the purpose will be linked together. 
 
This study was aiming to find out if the proactive block replacement with no inventory would 
be more cost efficient than the total opposite reactive single unit replacement with inventory. 
The reason for doing so was to see if it was economically justifiable to change two components 
at the same time before they fail. This was to be able to plan the productions more easily and 
to lower the cost of lost production due to a component fail. Another reason for doing it was to 
see if it would be possible to eliminate the inventory and the cost related to it. To be able to get 
the right amount of data a simulation was conducted based on data collected from the company 
who use the component. 
 
The result from the simulation gave us the indication that the reactive single unit replacement 
would be more cost efficient for the specific component that was chosen for this study. The 
inventory cost had to be very expensive to make the two policies even equally expensive. 
Because the company values that the customers get their products in time higher than lowering 
the cost, a higher risk was not to be considered to lower the costs. Therefore, the time when the 
component should be replaced was set to a time earlier than any of the outcomes from the 
simulation. This made the cost per active hour for the components very high and therefore the 
total cost became high as well. 
 
This study was very specific for both the component and the company’s production machine as 
well. This leads to the conclusion that another component, used by the same company, could 
be better for the proactive block replacement policy. This leads to the conclusion that if the 
company would like to test the proactive block replacement theory they would have to do this 
study on all their components to find a one it would work better at. 
 
Possible future studies 
A possible future study would be to see if the deliveries of spare components could be 
implemented as a just-in-time-policy suggests. This would be a major step closer to be able to 
go through with a proactive block replacement policy. 
 
Another possible future study is to investigate whether the company should have an inventory 
themselves or is they instead should let their supplier keep it for them. This would eliminate 
the inventory costs for the company and also shorten the time for the component to arrive after 
the order was made.  
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