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Summary English 
Theorists have shown that continuous improvements of the organization are a requirement in 

today’s global market. The nature of the required improvements can vary from business to 

business. This study is conducted within a business where the marked demand is higher than 

the average production rate of the product. Improvements in this case will be referred to in-

crease the production rate by assessing the bottleneck section of the plant. In order to increase 

the production rate, the unplanned stoppages of the bottleneck section needs to be reduced. By 

reducing the unplanned stoppages of the bottleneck section the profitability of the business 

will increase, since the bottleneck section is regulating the output of the plant. The angle from 

which the availability will be increased is through maintenance. A model is developed and 

implementation example is presented in order to show the increase in the availability of the 

bottleneck section. The model will provide a systematic approach to define market demand, 

bottlenecks, severity of assets, criticality of failures and a maintenance decision making pro-

cess regarding the profitability of maintenance investments. The result of the model is in-

creased availability of the bottleneck section, leading to a higher profit. The study is conduct-

ed on Cementa AB, owned by Heidelberg Cement Group. 

Sammanfattning Svenska 
Teoretiker har visat att ständiga förbättringar inom organisationer är ett måste i dagens 

globala marknad. Karaktären av  de ständiga förbättringarna kan variera från organisation till 

organisation. Denna studie är genomförd på ett företag där efterfrågan av produkten är högre 

än den genomsnittliga produktionen av produkten. Förbättringar i detta fall kommer innebära 

att öka produktionen genom att angripa flaskhalsen i fabriken. För att kunna öka produktionen 

måste den oplanerade stopptiden av flaskhalsen reduceras. Genom att reducera den 

oplanerade stopptiden av flaskhalsen kommer vinsterna i organisationen öka, detta eftersom 

flaskhalsen reglerar produktionsvolymen av fabriken. Tillgängligheten skall ökas genom 

underhåll av flaskhalsen. En modell är utvecklad och kommer implementeras som ett exempel 

för att öka tillgängligheten genom underhåll. Modellen kommer ge ett systematiskt arbetssätt 

för att identifiera efterfrågan, flaskhalsar, allvarlighetsgraden av tillgångar (maskiner/objekt), 

kritikalitetet av potentiella fel och en grund för en beslutsprocess gällande lönsamheten av 

underhållsinvesteringar. Resultatet av modellen är ökad tillgänglighet av flaskhalsen som 

leder till ökad vinst. Studien är gjort på Cementa AB, ägd av Heidelberg Cement Group. 
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Key definitions 
Mean Time Between Failures (MTBF) – This measurement describes the average expected 

time between failures on specific equipment (Nahmias, 2009). The equation for MTBF is de-

scribed by Duffuaa, et al., (1999) as:      
                                

                    
. 

Mean Time To Repair (MTTR) – This measurement consists of the expected value of the 

repair time (Nahmias, 2009). MTTR include travel time, notification time, diagnostic time, 

wait time e.g. parts need to be cooled, reassembly time, fix time etc. (Campbell & Jardine, 

2001). The equation is as follows.      
                    

                    
. 

Availability – The total time equipment is operating is describing its availability. The formula 

for calculating availability according to Nahmias (2009):              
    

         
. 

Effective – Reaching the stated organizational goal on time (Kreitner, 2009). 

Efficiency – Reaching the stated goal with minimum resources (Kreitner, 2009). 

Breakdown – Failure causing no availability of equipment (Duffuaa, et al., 1999). 

Failure – The termination of the ability of equipment to perform its required function 

(Duffuaa, et al., 1999). 

Fault – An unexpected deviation from requirements that warrants corrective action (Duffuaa, 

et al., 1999). 

Item: According to the European Standard SS-EN 13306:2001 “Any part, component, device, 

subsystem, functional unit, equipment or system that can be individually considered”. 

Asset: According to the European Standard SS-EN 13306:2001 “A formally accountable 

item”. 

Profitability: Profitability can be defined as: “The ability of a firm to produce profit”, more 

clearly described as: “The rate of discount by which the benefit is exactly as great as the sacri-

fice”, this means that profitability is the general ability of a firm to provide incomes through 

the sacrifice of resources (Rantanen, 1995). 

Profitability: Profitability can be defined as: “The ability of a firm to produce profit”, more 

clearly described as: “The rate of discount by which the benefit is exactly as great as the sac-

rifice”, this means that profitability is the general ability of a firm to provide incomes through 

the sacrifice of resources (Rantanen, 1995). In relation to production, profitability can be 

achieved through higher capacity, this implies that unplanned stoppages such as failures, will 

have an impact on profitability when the demand is high (Alsoyuf, 2001).  
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1. Introduction 

The introduction to the study performed, including background, discussion presentation and 

formulation of the chosen problem, the purpose of the study, delimitations and a time frame is 

introduced in this chapter. 

1.1 Background 
Today organizations are facing an increasing global competition (Chalmers, 2012). Geopoli-

tics and technology in combination have formed a change in the global production- and con-

sumption patterns (Jaehne, et al., 2009). Continuously improvements of the business are a 

requirement in order to keep market shares. Organizations can compete both by bringing new 

products/services to the market or improve existing products/services and internal processes 

to secure their competitiveness (Chalmers, 2012) 

In general there are four types of manufacturing strategies; process focused, repetitive fo-

cused, product focused and mass customization focused. Product focused strategy implies a 

production that is developed to produce high volumes with low variety. These industries are 

often called “continuous processes” because the production has a long and continuous run 

(Heizer & Render, 2004). 

Manufacturing efficiency is generally influenced by the following three factors; physical re-

sources are highly available, increasing quality of human resources, and manufacturing tech-

niques and methods are improved (Rao, 1996). The manufacturing effectiveness could be 

enhanced by reducing losses due to unplanned stoppages (Al-Najjar, 2010). Traditionally 

maintenance was considered as a hub for costs, if the maintenance department could present 

low figures it was considered as good. Although recent studies show that low maintenance 

cost does not imply good maintenance (Al-Najjar, 2010). Studies have shown that unplanned 

maintenance cost 3-4 times more than planned maintenance (Rao, 1996). Studies shows that 

the maintenance related costs add up to 15-40% (28% average) of the total cost for producing 

a product, the utilization of the assets was 55-60%. This implies that the production capacity 

could be increased by improving maintenance strategies without investing more money in 

new machines etc. 

In comparison with other construction materials concrete have the longest life cycle. Concrete 

is used in all types of constructions e.g. roads, bridges, housings, dams etc. which makes it the 

most useful and versatile product in modern society. Cement is the main ingredient in con-

crete. One of the characteristic of the cement branch is low sensitivity to recessions 

(HeidelbergCementGroup, 2009).  

In cement manufacturing companies, the continuous production process with high volumes of 

production is connected to the profitability of the company. When a cement plant has reached 

a certain production volume where the additional production is directly profitable, limitations 

will be directly contributing to loss of profit (Handley, 2009). According to Handley, (2009) 

cement producing companies can, to prevent limitations, choose either to buy new equipment, 

or improve the existing one in order to increase availability of the continuous process, leading 
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to increased profitability. Gordon (2004) states that economic opportunities at cement manu-

facturing plants can be related to either the unit cost of production or the increasing in plant 

total production. The increasing of plant production can be addressed by increasing availabil-

ity and capacity of production limiting sections (Gordon, 2004).  

1.2 Problem Discussion 
When striving to achieve high competitiveness, companies must ensure the availability of 

their value adding processes. In certain industries such as process industries, where continu-

ous production is performed and high volumes of products is produced; breakdowns and un-

planned stoppages results in high costs. Maintenance plays an important role in this type of 

production environment since the availability of the production will contribute to the profita-

bility of the company, and the maintenance task is to ensure and improve high availability 

(Al-Najjar, et al., 2010). If resources are spent on creating a more efficient maintenance, high-

er availability of equipment can result in increased output of the production process and re-

duce the needs for additional investments for the company to expand (Alsyouf, 2004). 

The maintenance performed at a production process can be prioritized in order to become 

more efficient, certain sections in the production process can be more critical than others and 

therefore require more maintenance resources. These steps could require increased mainte-

nance because of frequent breakdowns and equipment failures. Although, another requirement 

for increased maintenance allocation is the criticality of the production section, this could for 

instance be applied to a section which can be described as a bottleneck section where the cer-

tain section is of high importance to the output of the process. I.e. a bottleneck section might 

not have more downtime than other sections, but has more severe consequences when down-

time occurs or increases (Li, et al., 2009). In process industries such as the cement industry, 

bottlenecks will have higher importance since this type of industry is relying on producing 

high volumes of products in a continuous rate. And loss of production could be considered as 

loss of profit (Heizer & Render, 2004). 

1.3 Problem Presentation 
Downtime and unplanned stoppages in critical production sections results in high losses for 

continuous process industries (Al-Najjar, et al., 2010). That renders the profitability to be di-

rectly connected to the output of the process, a process which is regulated by a specific sec-

tion which can be called the bottleneck section. With allocated maintenance resources on bot-

tleneck sections, companies can with the improving of preventive maintenance actions, in-

crease the output of the process. This leads to increased profitability in this type of industry, 

by reducing the amount of unplanned stoppages in this sector (Li, et al., 2009). 

In the cement producing industry, the production step called the cement kiln is often consid-

ered as the most important section of the production process, although raw milling of material 

can be more important to the profitability of the production process if the capacity of the raw 

mill is low and regulates the throughput of the entire plant (Gordon, 2004). 

1.4 Problem Formulation 
 How to increase profitability in a raw mill within process industries? 
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1.5 Purpose 
The purpose of this thesis is to develop a model that systematically identifies bottleneck sec-

tions and increase the availability cost effectively in cement industry. In scenarios where the 

demand is higher than the plant output the model will contribute to increased availability in 

the bottleneck section providing higher business profitability. 

1.6 Relevance 
The scientific relevance of this study is the combination of maintenance related theories into 

one compact model fitting process industries. The model will focus on increasing availability 

in bottleneck sections within the cement producing branch. However it will be designed so 

that it could be used in other industries, with smaller modifications. The generalized model 

could be used in educational purpose, in educations with a clear focus on producing organiza-

tions.  

Maintenance is described to affect the manufacturing techniques and methods (Rao, 1996), 

and that improvement of maintenance strategies leads to increased availability of the produc-

tion process. The presented model is a combination of different maintenance related theories 

with regards to availability that could be implemented within, mainly cement producing in-

dustries, but also, with modification in any producing organization. The model will provide a 

simple approach to identify the bottleneck section and the most critical assets within this sec-

tion. Methods and tools will be utilized in order to secure the increasing availability of the 

bottleneck section. 

1.7 Delimitations 
Critical production sections can generate high cost, not only by the production losses that re-

sults from unplanned stoppages, but through unplanned maintenance actions which can gen-

erate high cost through cost of repair. These additional costs will not be addressed in this 

study; focus will instead be on increasing the capacity by reducing unplanned stoppages 

through maintenance and therefore increase the profitability. Reliability will not be mentioned 

in this report, only availability. The relation between availability and reliability within the raw 

mill at the case company is as follows; when assets are available they are reliable, therefore 

we, the authors choose only to mention availability. The study will be conducted at the facili-

ty in which the raw mill is located. Input- and output systems will not be considered. The 

study is delimited with regards to failure types. The failure types the report will address are 

mechanical failures. Planning of maintenance actions and resources will not be addressed in 

this study. The life cycle cost approach will not be used in this thesis since it is too compre-

hensive with respect to the limited time. Costs related to the implementation of the model will 

not be addressed. 
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1.8 Limitations 

Due to time limitations, some actions will only be conducted on one asset as an example of 

how the actions could be practiced. The authors will conduct a Failure Mode Effect and Criti-

cality Analysis (FMECA) and Root Cause Failure Analysis (RCFA) on only one asset and 

one failure, although it is preferable to conduct additional studies on all assets. The asset that 

these actions will be taken on will be selected with respect to theoretical and empirical find-

ings. 

1.9 Timeframe 
 

 

    March April May 

  W 10 11 12 13 14 15 16 17 18 19 20 21 

Introduction                           

Methodology                           

Theory                           

Empirical findings                           

Analysis                           

Results & conclusions                           

Adjustments                           

Submission                           

Table 1.9-1 Timeframe  
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2. Research Methodology 

In this chapter, we will introduce some methods used in scientific research. This includes 

three scientific approaches, data collection methods such as qualitative and quantitative, va-

lidity, generalization, reliability and a description of how our report is conducted with re-

gards to these methods. 

2.1 Scientific Approaches 
Information connected to the real world can be stated as empirical information; the main task 

of a scientist is to relate empirical information to theoretical information in order to develop 

new theories about different chosen problems. When relating empirical information and theo-

retical information, three different terms are introduced by Patel & Davidsson (2011): deduc-

tion, induction and abduction. 

2.1.1 Deduction 

The deductive approach involves making conclusions from theoretical information about the 

chosen subject. Based on previous discoveries and theories about the chosen subject, the de-

ductive scientist is developing new hypotheses, making the new discoveries and findings 

more relevant and the objectivity of the research is strengthened. Namely, conclusions are 

made on specific cases from theoretical information. Since many theories developed in sci-

ence is based on an empirical verified holistic perspective, many new studies is conducted on 

a deductive approach to gain knowledge about the applicability of the theory to certain cases 

(Patel & Davidson, 2011). 

2.1.2 Induction 

Inductive research is using explorative approaches to develop new theories; empirical infor-

mation is gathered with no connection to any previous specific theory, i.e. theory is developed 

from a specific case. Scientists working on an inductive approach is affected by the current 

conditions of the empirical study object, making the study inevitable subjective (Patel & 

Davidson, 2011). The empirical data used in inductive approaches can lead to weaknesses in 

the developed theory since the subjectivity of the matter can result in the theory to be applica-

ble to only the empirical case company, rendering in a low scientific value of the study 

(Holme & Solvang, 2010).  

2.1.3 Abduction 

Abduction related to both induction and deduction when performing the study. Meaning that 

you develop your hypothesis from one specific case, this part is considered inductive, then 

applying this specific hypothesis to additional cases, which is deductive. By applying the the-

ory to additional cases, the scientist can develop a more general solution which becomes more 

subjective. When using an abductive approach, previous experiences and research in the cho-

sen study area may result in certain objectivity in the study (Patel & Davidson, 2011). 
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2.2 Qualitative & Quantitative Research 

The data collection method is essential for the design of the research. Depending on which 

type of research you are performing, the data collection method is chosen. According to Cre-

swell (2009), there are two different types of methods: qualitative and quantitative research. 

Quantitative research is a method where focus is on larger amounts of study objects with 

many measurements performed in order to generalize the result of the study. When conduct-

ing a quantitative study, data can be collected from surveys, tables, statistics etc. With the 

output of the measurements as similar as possible, a generalized conclusion can be made 

(Patel & Davidson, 2011). Numbered data is analyzed from a statistical perspective in order to 

generalize the findings from a deductive approach (Cresswell, 2009). Quantitative methods 

are more formalized and structured and the results relies on patterns within the collected data 

which gives the result of the study increased accuracy and stronger connection to the truth 

(Holme & Solvang, 2010). 

Qualitative research is relying on deeper exploration and understanding of the chosen prob-

lem. With the increased research, more resources and efforts of describing the study is re-

quired (Patel & Davidson, 2011). Scientists must often argue and present their result more 

thoroughly than scientists using quantitative methods. The results must also be appropriate 

and true, which can be seen as an obstacle since the individuals conducting the study must 

interpret the observations and reflect the result as accurate as possible. Qualitative methods 

for collecting data usually consist of direct observation, interviews and analysis of sources, an 

example of a qualitative research is a case study (Holme & Solvang, 2010). 

2.3 Validity, Reliability and Generalizability 
In order to secure the scientific relevance a few terms needs to be taken into consideration. 

These terms are presented below: 

2.3.1 Validity 

According to Flick (1995) validity could be described as “a question of whether the research-

er sees what he or she thinks he or she sees”. Generally there are three types of errors that are 

occurring when grounding qualitative researches that could be referred to validity. Type 1; see 

a principle or a relation when it is not correct. Type 2; reject a principle or a relation when it is 

correct. Type 3; ask the wrong questions.  

There are two kinds of validity, internal and external. The former one refers to the question, 

how the research findings match the reality? The latter one refers to the question; could the 

findings of the study be applied to other situations? (Merriam, 1998). Holme & Solvang 

(2010), mention that validation is dependent on what have been measured, and if the meas-

urements are defined with regards to the issue. It is complicated to describe the reality since it 

is a multidimensional, complex and ever-changing environment. Data is not speaking for it-

self; there is always an interpreter or translator involved. Numbers, equations and words are 

all abstract and symbolic representations of the reality, they are not reality themselves. There 

is of importance that the study is both internally and externally valid (Merriam, 1998). 
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2.3.2 Generalizability 

Generalization falls under the category of external validity and it refers to the question, can 

the result be applicable to other situations? The generalizability can be an obstacle for qualita-

tive studies. The scientist can go to too far by controlling different measurements and out-

comes which will lead to applicability only to other controlled situations. An example of the 

delicacy with generalization is as follows. 80% of the students with an average absence of 

50% are failing. If a student has been absent for more than 50%, does it automatically mean 

that he will fail the course? To be sure an investigation of the student records must be con-

ducted (Merriam, 1998).  

In qualitative studies the scientists choose the object carefully with the intention to investigate 

the problem in depth, not to find a general explanation of the problem. The issue of generali-

zation in qualitative researches is centered on the question, is it possible to generate general 

assumptions by investigating only one case? (Merriam, 1998). It is preferable to conduct a 

case study in a natural setting if the scientists want to generalize the findings with respect to 

the real world. A laboratory is an artificial setting which is easily controlled and isolated from 

the real world. Therefore the generalization of such studies could be questionable, since the 

environment could be highly controlled in which the study is conducted (Robson, 2008). 

2.3.3 Reliability 

According to Merriam (1998), reliability refers to how many times a study could be replicated 

in order to find the same results. Reliability is difficult when studying social contexts since 

human behavior is never static. Reliability is based upon the assumption that there is only one 

reality and multiple experiments will yield the same result. Reliability and validity is connect-

ed with a traditional assumption that the study is more valid if repeated studies are conducted 

with the same results. However, measurements, observations and people can be repeatedly 

wrong. Replication of a qualitative research will not yield the same results, but this does not 

imply that the results of the original study are invalid. Several interpretations of the data can 

be taken, although they will all stand until they are proved otherwise by new evidence. The 

traditional meaning of the term reliability is not applicable in a qualitative research. Instead 

terms such as dependability and consistency should be applied.  

Dependability means that the scientist should explain the assumptions and reasons behind the 

study. The scientist should also explain the vantage point of the study, the basis of the selec-

tion of informants and a description about them. The scientist should explain in detail how the 

results were found which implies an explanation about, how the data were collected, how cat-

egories were derived and how decisions were taken (Merriam, 1998).  

The term consistent differ from reliability by stating that the results are consistent with the 

data collection if the study is repeated (Merriam, 1998). 

2.4 Our Research 
In our study, we have chosen to conduct our study from a deductive approach; we will base 

our analysis of the empirical findings on relevant theories which will lead to relevant result 

and conclusions. The qualitative methods will best be described as a case study that is con-

ducted, and also of interviews with responsible personnel in order to get relevant information 
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about the assets within the chosen section in the production. The interview will be conducted 

during a meeting where an interdisciplinary team is interviewed. The interdisciplinary team 

will consist of responsible personnel from different disciples within the plant. During the in-

terview the questions will be asked with regards to templates formed by theorists (FMECA & 

RCFA Templates). Previous records and data will be used in order to determine common sit-

uations which the object is related to, such as stoppages, failures etc. 

The validity of the study will be ensured by asking questions formed by different theorists e.g. 

templates for measurements. The questions will be asked to an interdisciplinary group with 

personnel from all different departments of the plant. The generalizability will be secured by 

the usage of known and relevant tools and methods contributing to the result of our model. 

Also, presenting and collect data that often occurs within process industries such as produc-

tion rates and labor costs. The model will be formed so it can be easily modified to fit other 

organizations within the process industry to ensure the adaptability. The reliability will be 

ensured by having multiple sources. The data collected will be duplicated meaning that there 

are two or more persons that take notes. Then the notes are then compiled.  
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3. Theory 

In this chapter the reader will get an understanding of the theoretical concepts used in order 

to analyze the empirical findings. The choice of theories to use in this thesis is conducted with 

the readers understanding in focus as well as the contribution to our model that we will de-

velop. 

3.1 Balanced Scorecard (BSC) 
According to Hatch & Raef (2008), the BSC is a tool that will help the management to meas-

ure, monitor and communicate business strategies and goals in terms that is understood by 

everyone within the organization.  

The scorecard includes four different perspectives from which measurements are taken in 

order to determine how to manage the organization in order to get future competitiveness. The 

four perspectives are; financial-, customer-, internal business process- and learning and 

growth perspective. It is important to link every perspective to the financial; otherwise the 

goals in the different perspectives could be contradicting (Olve, et al., 2004). 

Organizations in general use financial and non-financial measurements to control the organi-

zation. The non-financial measurements are used to improve front-line and customer facing 

actions. The financial measurements are used to give senior managers feedback about the per-

formance in the lower- and mid-level employees. These types of measurements only provide 

the organization with tactical feedback regarding the control and the short term operations of 

the organization. The BSC emphasizes that lower- and mid-level employees must understand 

the financial consequence of their actions. Senior executives must understand the different 

drivers that provide a long term financial success. The BSC is a top down approach that aims 

to get all levels of employees to understand how their work affects organizational visions and 

strategies. The BSC also gives the opportunity to give practical suggestions of how employees 

at all the organizational levels should with accordance to stated visions and strategies (Kaplan 

& Norton, 1996).   

The measures in the BSC are balanced between internal and external business processes. The 

internal measurements refer to finding critical internal business processes, educate employees 

and improve innovation. The external measurements refer to customers and shareholders. The 

BSC also show a balance of the outcome, it concerns results from previous efforts as well as 

measures that drive future efforts (Kaplan & Norton, 1996).  

3.1.1 Financial Perspective 

The financial goals can differ depending on in which business stage the organization is in. 

The stages are growth-, sustain- and harvest stage (Kaplan & Norton, 1996). This report will 

focus on the sustain stage. 

All other perspectives need to be connected to the financial perspective in order to avoid crat-

ing contradicting goals within the perspectives (Olve, et al., 2004). 

Kaplan & Norton (1996) states that financial goals can differ depending on which business 

stage the product is in and they present three different stages; growth, sustain and harvest. The 
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growth stage is an early phase in a product life cycle on the market, the products has a good 

potential to grow. The sustain stage is when the products are still attracting investments; the 

management are maintaining their existing market share, or even trying to expand it. The in-

ternal projects within the organization at the sustain stage will focus on identifying and elimi-

nate bottleneck sections. The harvest stage could be considered as the last phase where to or-

ganization takes benefit from the investments in the previous stages. Management is no longer 

focusing on new investments, rather than maintaining the existing production capacity. For 

each of these stages there are three different themes that drives the strategy, the themes are: 

revenue growth and mix, cost reduction/productivity improvement and asset utiliza-

tion/investment strategy (Kaplan & Norton, 1996).  

 Sustain Stage 

As stated previously in the text the sustain stage is when organizations focus the internal in-

vestments on identifying and eliminate bottleneck sections in order to expand the market 

share. The focus in this stage is also to enhance continuously improvements. Generally organ-

izations within this stage create financial objectives that refer to profitability. In order to cre-

ate the objectives, management can use measurements related to accounting income i.e. oper-

ating income and gross margin. From these measurements the management will get a hint 

referring to maximize the income generated from an investment in a specific business unit. 

Measurements used for this type of business units relate the accounting income earned to the 

capital invested. In order to evaluate the performance of these kind of business units the fol-

lowing measurements could be used; return-on-investment, return-on-capital-employed, and 

economic value-added (Kaplan & Norton, 1996). 

Revenue growth and mix theme is referring to expanding the market of a product i.e. reaching 

new customer segments. The cost reduction/productivity improvements theme refers to lower 

the direct cost and indirect costs of a specific product. Asset utilization/investments strategy 

theme refers to increase the utilization of assets (Kaplan & Norton, 1996). 

 Cost Reduction/Productivity Improvement Theme 

According to Kaplan & Norton (1996) financial objectives with focus on reducing cost per 

unit is a suitable goal for organizations that are in the sustain stage of their business. The fo-

cus is to create competitive cost levels and improving operating margins will contribute to 

higher profitability. Focus on reducing cost per unit is suitable for organizations with a ho-

mogenous product e.g. chemical industry. The goal for this industry could be to reach a spe-

cific cost per gallon produced. In many cases there are many different departments that are 

contributing to produce a unit, and cost for producing the units comes not only from one 

place. In order to keep track of the different cost Kaplan & Norton (1996) recommends an 

activity-based process-oriented costing system.  

3.1.2 Customer Perspective 

Generally in this perspective the managements determine the customer expectations and why 

they are willing to pay for the product (Olve, et al., 2004). The management should determine 

their marketing segments; the segments should deliver the profitability that has been set in the 

financial perspective. The organization should identify all market and customer segments, 

both in their existing market- and customer segment and potential market- and customer seg-
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ments in order to choose the segment that will provide the organization with the highest prof-

itability (Kaplan & Norton, 1996). Kaplan & Norton (1996) also states that organizations that 

are trying to be everything to everyone often fail; instead they are nothing to anyone.  Man-

agement should measure customer satisfaction, retention, loyalty of the targeted segment. The 

management should form the organizational vision and strategy into marketing- and customer 

based objectives (Kaplan & Norton, 1996).  

When the market- and customer segment is determined the management should measure the 

market share. This process is simple once the segment is identified. Trade associations, gov-

ernmental statistics and industry groups can often provide the required information in order to 

determine the size of the total market. Customer satisfaction forms the foundation on which 

customer retention and customer acquisition stands on.  

In order to keep market share or even expand them the organizations first must retain the cus-

tomers in the chosen segment. In general industrial organizations have easy to determine all 

the customers, the benefit of identifying all customers is that it provides the opportunity to 

easily measure the customer retention from period to period. Generally, organizations that are 

trying to expand their market share have the intentions to increase customers within the tar-

geted segment, expanding market shares could also be addressed as customer acquisition. The 

management should measure at which rate a unit attracts new customers. Managers could 

measure the acquisition rate by investigating the number of new customers or the total sales to 

new customers in the targeted segment (Kaplan & Norton, 1996).  

3.1.3 Internal Business Process Perspective 

This perspective is often initiated after defining the financial- and customer perspective. The 

objectives are set to fit the goals for the previous two perspectives. Managers should identify 

the internal processes that are most critical for achieving the financial and customer goals. 

Generally an internal value chain can be identified in most organizations, consisting of three 

processes. The first process should capture the innovation process, i.e. identifying future and 

current customer needs and expectations and creates solutions for these. The second process 

should capture the operation process i.e. the delivering of existing products and services to the 

existing customers. The third and last process should consist of a post-sale service i.e. offer-

ing services that will add value to the customers purchased product or service (Kaplan & 

Norton, 1996). 

 Innovation Process 

With the results of the measurements conducted within the customer perspective the R&D 

(Research and Development) department could focus on tomorrow’s needs and expectations. 

It is preferable to anticipate what customers would like tomorrow, i.e. giving a product fea-

tures that represent needs and expectations that the customers not yet have gotten. By provid-

ing tomorrows products today the organization could create competitive advantages (Kaplan 

& Norton, 1996).  

However the relation between inputs to the R&D and revenues from the product designed is 

difficult to anticipate. The inputs to the R&D could be labor costs, equipment and materials. 

Within the manufacturing process it is easy to anticipate the revenue of the product with re-
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gards to the overall production costs i.e. the margin. Within the electronic business a R&D 

project could last for two years while the sales of the product is five years, in such case it is 

difficult to determine how much money that could be spent on R&D (Kaplan & Norton, 

1996). 

 Operation Process 

The operation process refers to the process from which the customer places the order to where 

the customer gets the ordered product. This process should be cost effective, consistent, and 

the product should be delivered on time. Traditionally Scientific Management have been ap-

plied to the operation process, the measurements have been conducted with respect to finan-

cial goals. The measurements where conducted on labor costs, speed, budgets, machine effi-

ciency, purchase prices and so on. These measurements resulted in poor quality, high invento-

ry costs, uncertain delivery of raw material etc. To make the measures more extensive and 

beneficial within the operation process the measures should also concern characteristics of the 

production process, product and service offerings. This implies measuring flexibility and the 

unique features of the product that creates value to the customer (Kaplan & Norton, 1996).  

 Post-sale Service Process 

This process refers to the treatment of customers after they purchased a product i.e. warran-

ties, repair activities and treatment of defects and returns. Some organizations sells specially 

made products where eventual downtime of the equipment could be critical and highly expen-

sive for the customer. Therefore the organization should offer the customer rapid and reliable 

service in order to increase the value of the purchase.  

3.1.4 Learning and Growth Perspective 

The three first steps within the BSC form the foundation for the fourth and last perspective. 

When management starts to define this perspective they should know what areas within the 

organization that needs to be improved by referring to the financial goals, customer goals, and 

internal process goals (Olve, et al., 2004). The objectives within this perspective are to reach 

excellence within the previous three perspectives. The organization should invest in the peo-

ple in order to create long term financial growth. There are generally three categories for the 

learning and growth perspective employee capabilities, information system capabilities and 

motivation (Kaplan & Norton, 1996). 

 Employee Capabilities 

The measurements that refer to this category are similar with the measurements conducted 

within the customer perspective. The management should measure employee satisfaction, 

employee retention and employee productivity (Kaplan & Norton, 1996). 

Kaplan & Norton (1996), state that it is important to retain employees in order to create long 

term success. Management should make long term investments in its employees so that un-

wanted departure represents a loss in the intellectual level of the employees. A long term loyal 

employee could represent great experience and knowledge of the organization as well as what 

defines customer satisfaction and expectation.  

Employee productivity measurements imply a measurement that represents a figure of how 

many employees it takes to produce a certain output. The simplest measurement is revenue 
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per employee. Revenue per employee means in short that if the organization sells more prod-

ucts the revenue per employee increases. However the limitation with revenue per employee 

is that it does not consider costs related to the production (Kaplan & Norton, 1996). 

 Information System Capabilities 

It is necessary to motivate and nurture a high skilled work force but it is also important to give 

the employees up to date information, especially when changes within the organization is to 

be made. Each employee should get timely and up to date information about the customer 

relationship with the organization. Operators within the organization needs timely and accu-

rate feedback on the products they just produced. Only when having this information employ-

ees could be expected to continuously improve their work according to the stated improve-

ment policy.  

 Motivation 

It is possible to measure the motivation among the employees. A simple way of measuring the 

motivation is suggestions per employees. The more improvement suggestion the organization 

gets the more motivated employees. Many improvement suggestions points out that the em-

ployees are active in the decision making and improvement process (Kaplan & Norton, 1996).  

3.2 Bottleneck 
A bottleneck section is defined by (Stevenson, 2009): “An operation in a sequence of opera-

tions whose capacity is lower than the other operations”. This implies that the bottleneck is 

regulating the output of the entire process of operations, and the process output is exactly the 

same as the output of the bottleneck (Stevenson, 2009), a bottleneck’s capacity is lower than 

the market demand. If there is any suspicion of a bottleneck section the management should 

measure how available capacity relates to required capacity. (Chase, et al., 2006).  

There are many ways that could increase the availability within a bottleneck section, e.g. bet-

ter tooling, higher quality labor, reduction in setup time and so forth. The extra run time that 

could be gained by increasing the availability is valuable. One extra hour of availability result 

in an extra hour production time of the whole plant. Resources should not be spent on increas-

ing the availability of non-bottlenecks since it would only increase the idle time of the system 

(Chase, et al., 2006). Bottlenecks create unevenness in the processes, and could be dealt with 

by investing in new equipment to increase the capacity of the operation, or by improving the 

capacity of the existing equipment. However if the bottleneck operation is improved, another 

bottleneck will in many cases appear in another operation, unless the process will become 

completely balanced with the same output on all different operations (Stevenson, 2009). 

3.2.1 Identification of Bottlenecks 

The first step of identifying the bottleneck is to identify the market demand. After the deter-

mination of the market demand the management should conduct capacity calculations on each 

section within the plant (Chase, et al., 2006).  

For example, the different sections within the plant are, A, B, C and D. In order to fulfill the 

demand, section, A has to produce 110% of its maximum capacity. Section, B has to produce 

150% of its maximum capacity. Section C has to produce 95% of its maximum capacity and 

section D has to produce 120% of its maximum capacity (Chase, et al., 2006).  
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A list is created, starting with the section that has the lowest capacity related to the demand, in 

this example the list will look like this: 

B – 150% 

D – 120% 

A – 110% 

C – 95% 

By making this list the management can easily see which section that represents the bottle-

neck (section B). The management can also see which section that will be identified as a bot-

tleneck after the availability of section B is increased. Although, it is preferable to conduct a 

practical study of the plant, meaning physical measurements and interview of operators in 

order to strengthen the calculations. The result of the practical study could be that the order of 

the list will change (Chase, et al., 2006). 

3.3 Record Keeping 
It is recommended to store data regarding historical events of the assets. Records should in-

clude the history of repairs, costs and plant engineering specifications. The information can be 

used for determining replacements of equipment on assets and what type of replacement. In 

order to create a good maintenance program all historical data should be stored. The data 

should regard e.g. departments where the asset is located, asset number, description of the 

asset, MTBF, frequency of maintenance, manufacturer serial number on asset, warranty of 

asset, number of failures and repair time on asset (Niebel, 1994). 

3.4 Failure Mode Effect and Criticality Analysis (FMECA) 
FMECA is a technique developed by the United States Military and is used for improving 

reliability of a system or equipment. When conducting FMECA, the object of study should be 

chosen carefully since the possible failure modes which should be described, can be of a var-

ied nature. FMECA is conducted by listing the different components in the chosen system, 

then list the different failure modes connected to these components and study the possible 

causes for failure (Levitt, 2003). 

The FMECA table consists of different boxes in different fields, each field represents a cate-

gory. Marquez (2007) describes the different categories in FMEA, which is the same concept 

as FMECA but without the criticality analysis included, as: description of functions, descrip-

tion of functional failures, failure modes, and failure mode effects. These categories are used 

to describe the failures and the effects of them related to the asset chosen. The criticality anal-

ysis performed in FMECA is described by Lopez, et al., (2010) as a method to estimate the 

criticality level of a failure using the occurrence, severity and the ability to detect the failure. 

These three criterions is then multiplied together to obtain a Risk Priority Number (RPN) in 

order to distinguish significant failures. A failure with a higher value on the risk priority num-

ber should be considered to be more critical for the asset (Levitt, 2003) 

An example of a FMECA table performed in the automotive industry gathered from 

weibull.com is described in Appendix 1. 
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3.5 Root Cause Failure Analysis (RCFA) 

The definition of a root cause failure is described by Marquez (2007), as the most basic fail-

ure cause that could be identified and fixed by management. The reason why to start working 

with RCFA is mainly for the purpose of finding hidden deficiencies; these deficiencies can 

lead to strange failure modes that the maintenance management has low experience of and 

occurs at rare failure frequencies. With the knowledge gathered from the usage of RCFA, 

maintenance management will easier define and implement their maintenance plan and activi-

ties, creating higher efficiency of the maintenance at the company. 

According to Marquez (2007), there are three different categories of failure causes: physical 

human and latent cause. The physical causes are the technical explanation of why the asset 

failed, the human cause relates to human errors that results in physical failures, the latent 

causes are related to the management systems which is responsible for the human errors to 

continue to occur. Marquez describes the method for using RCFA in seven different steps: 

1. Select the RCFA team 

2. Identify the problems 

3. Determine the significance of the problems, start the analysis for those problems with 

the highest significance. 

4. Identify the physical cause of the problem and describe it in different hypothesises 

which is based on the physical evidence. 

5. Investigate the different hypothesises in order to find the physical, human and latent 

root causes of the problem. Develop a RCFA logic tree described in figure 3.4-1 

RCFA Template. 

6. Propose recommendations that can minimize the consequences of the failures. The so-

lutions should be cost-beneficial. 

7. Determine the effect of the corrective actions to solve the problem. Follow up the im-

plementation and function of the corrective maintenance for the result of the RCFA. 

(Marquez, 2007) 
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Figure 3.5-1 RCFA Template 

3.6 Costs 
There are many different costs to consider when calculating the cost for maintenance. By 

lowering the maintenance related costs the profitability is affected, but the profitability is also 

affected by external factors that influence the sales volume. Therefore lowering the mainte-

nance related costs should be considered as savings (Al-Najjar, 2010).  

3.6.1 Unavailability Costs 

Unavailability costs is related to equipment failure and planned maintenance operations, these 

figures are considered as costs in certain businesses with high demand rate where the unavail-

ability is connected to loss of sales and profit.  

Al-Najjar (2010) presents one way of calculate the cost due to unavailability when the de-

mand is higher than the average production rate.  

The calculation is as follows: (
        

                                       
)                  . 

Al-Najjar (2007), presents a formula for calculating the savings due to less failures. 

                                                                 

               

3.6.2 Maintenance Related Costs 

Maintenance related costs can be divided into two different groups: direct and indirect costs. 

The direct costs relate to labor costs, direct material required when performing the mainte-
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nance and spare parts expenses. These can be considered as more visible cost while the indi-

rect costs, which relates to unplanned actions, loss of production etc. can be considered more 

as invisible costs which sometimes can be harder to identify and measure (Al-Najjar, 2010). 

Since the maintenance operations performed are directly linked to the different processes in a 

business, such as production, it can often be related to as a cost for the company. Although, 

maintenance could in most cases be considered as a profit-center where additional funding on 

enhancing maintenance in processes can often lead to additional savings in the indirect cost 

segment (Al-Najjar, 2010). The indirect costs can be described by the nature of the cost; two 

of them are described by Al-Najjar (2010) as: Unavailability costs and performance ineffi-

ciency costs. 

3.6.3 Pay-Back Method 

Skärvad & Olsson (2011), mention a simple method for calculating when an investment will 

be profitable. The method is called the pay-back method.  

The calculation for the pay-back method is as follows; 
 

 
. G represents the investment and a 

represents the savings after the investment.  

En example of how to use the calculation is as follows; 150 000 is invested in a new asset, the 

assets will contribute to an output value of 50 000 each year. 
      

     
       . This mean 

that after tree years the invetment will be profitable.  

3.7 Maintenance 

Maintenance can be defined by Kelly (1998), as: “The combination of all technical and asso-

ciated administrative actions intended to retain an item in, or restore it to, a state in which it 

can perform its required function” The impact of maintenance in modern industries can be 

shown by the contribution of maintenance related costs to the total operating costs, which has 

increased significantly since the 90’s (Mobley, 2004). Since this new impact on the total 

economy of a company, additional businesses strive for creating a maintenance excellence, 

which implies having a maintenance organization which is top rated, giving a competitive 

advantage on the market (Hagberg & Henriksson, 2010). 

3.8 Maintenance Impact on Production 

Modern production philosophies and concepts requires higher availability and smooth produc-

tion flows in order to reach higher status of the manufacturing units in a business, an example 

of this is the lean concept and tools utilized in lean philosophy such as Just-In-Time, which is 

based on a consistent flow within the production and reduced inventory levels (Al-Najjar, 

2010). 

Furthermore, companies have to consider the technical, social and controlling systems within 

the manufacturing units when assessing the maintenance activities. The flow and the equip-

ment are considered within the technical level. The employees are described in the social sys-

tem with consideration to education and organization. The controlling system relates to the 

production planning and quality controlling (Al-Najjar, 2010). 
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The main purpose of integrating maintenance activities in production systems is to create a 

stable production with as low amount of unplanned stoppages as possible; this can be 

achieved with regards to both disciples and with higher efficiency in scheduling. Regarding 

which type of industry that is considered, maintenance is applied with higher importance re-

garding production losses. For instance, in the process industry where there is a continuous 

production, stoppages and downtime is direct related to losses in production. Production loss-

es results in lower sales. Cost of repairing the equipment including spare parts and manpower 

contributes to the importance of preventive maintenance and condition monitoring in this type 

of industry (Al-Najjar, 2010). 

3.9 Maintenance Impact on Quality 
Quality is in many cases the most important factor in order to build long term competitive-

ness. Assets require maintenance to produce products with high quality. Assets that are not 

maintained tend to produce faulty products and the result is products that do not fulfill cus-

tomer expectations. Studies have shown that quality and the condition of assets are closely 

together and that maintenance is among the three main groups that causes quality variations in 

process industries. If a failure is defined as when an asset produces products outside the quali-

ty span instead of, e.g. when required function is lost, the quality deviations could be lowered. 

With this definition the asset would be maintained before it starts to produce low quality 

products (Al-Najjar, 2010).  

Poor quality could lead to an increased production rate to satisfy the demand.  This, due to 

high scrap rates and rework which leads to increasing production costs, and increasingly 

stressed assets. The maintenance availability on assets decrease and the failure frequency 

could increase, even if the assets are new. Quality could be ensured with a well suited mainte-

nance policy (Al-Najjar, 2010). 

3.10 Maintenance Impact on Environment & Safety 
Al-Najjar (2010) defines safety with regards to assets as “the ability of an item not to cause 

injury to persons, nor significant material damage or other unacceptable consequences such 

as pollution and environmental effects during its use”.  

Environmental pollution caused by unnatural factors are high, in UK losses due to fire dam-

age inside production are running over one million pounds each year. There are studies that 

show that work environment influence the performance. Maintenance has an impact on envi-

ronment and safety, e.g. if a nuclear power plant is maintained according to failure based 

maintenance the result could be devastating. An effective maintenance policy prevents envi-

ronmental pollution and human hazard. With high level of maintenance the noise and vibra-

tion levels of assets could be kept low which result in a better work environment for the oper-

ators which in turn could lead to higher productivity (Al-Najjar, 2010).  

3.11 Availability and Asset failure 
Availability is when the asset is up and running, i.e. producing products. The availability can 

be calculated, the figure represents a percentage of how available an asset is. There are differ-

ent calculations depending on how availability is defined (Duffuaa, et al., 1999). A suitable 

definition in this case is as follows;              
    

         
 (Nahmias, 2009). According 
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to Ben-Daya, et al., (2009) in some cases cost becoms the second criterion for performance 

measurements while availability becoms the first criterion, specially when security is 

valuable. 

3.11.1 Asset Failure 

Failure at assets can be according to Niebel, (1994) divided into four different categories de-

pending on the nature of the failure. These are: infant mortality, chance failures, abuse or 

misuse failures and wear out failures.  

The infant mortality stage is the first operating stage of an asset, where the failure rate is high 

because of misuse, faulty installation or faulty supplier processing. Chance failures are fail-

ures that occur in the constant failure rate section of assets operating lifespan, these failures 

occurs at a normal rate during the assets life and could be referred as random failures. Abuse 

or misuse failures are the product of unintended usage of the asset. These failures occur if the 

asset is used beyond its designed purpose and they occurs more frequently in the infant mor-

tality stage of an assets life, since new equipment can be used in non-proper ways because of 

lack of training etc. Wear out failures occurs in the later period of an assets lifespan, these 

failures occurs due to aging of the equipment where the asset could have developed corrosion 

or fatigue etc. of its components. In the wear out section, failures become more frequent with 

the time lapse of the period. These failures can be relocated further into time with preventive 

actions (Duffuaa, et al., 1999; Niebel, 1994).  

3.11.2 Asset Priority Number 

Assets should be given a priority number (1-4). The figure represents the priority of assets, 

which can be referred to the severity. Number one is representing top severity of asset and is 

given to systems that can contribute to human hazard, production losses or unavailability of 

production if failure occurs. Number four should be given to assets that can be unavailable for 

a short while and not result in human hazard or impact on plant operation. An example of 

assets that are given number four could be the air conditioning system in an office, since a 

short breakdown would not contribute to production losses or human hazard (Niebel, 1994). 
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4. Model Development 

In this chapter, we will describe the development of our model. First, we will show two inspi-

rational models which we have used to gain information. The first model is a maintenance 

control system developed by Niebel (1994), and the second is a maintenance management 

model developed by Marquez (2007). Thereafter we present the different steps in or model 

and methods used in the different steps. 

4.1 Inspiration Models 

In order to assure the theoretical and practical relevance of the model, inspiration will be 

gathered from previous research within the area of study. Since the objective is to develop a 

model, previous maintenance models will be considered. 

4.1.1 Maintenance Control System 

Niebel (1994) describes the maintenance control system as a vital component for maintenance 

management. The maintenance control system is used for identifying and planning of mainte-

nance resources in order to achieve completion of planned maintenance activities and assure 

the quality of those. The system is developed with plant availability in focus for maintenance 

improvements based on records from the production. The records consist of information re-

garding production performance, quality, equipment failure, equipment history and cost. This 

information is used for an analysis for evaluation of the economic impact and the quality of 

the production so that new maintenance programs and activities can be developed. In figure 

4.1.1-1 below, an overview of a maintenance control system is described. 

 

Figure 4.1-1 Maintenance Model by Niebel (1994)  
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4.1.2 Maintenance Management Model 

Marquez (2007), presents a management model consisting of eight different blocks; each 

block has a purpose of grouping together maintenance management activities by type. This is 

performed in order to structure the maintenance activities and assuring the decision making 

support in each block. The model is presented below. 

 

Figur 4.1-1 Maintenance Management Model by Marquez (2007) 

 

  



22 

 

The model presented below is a tool box to execute the steps presented in the model above. 

 

Figure 4.1-2 Toolbox for the Maintenance Management Model by Marquez (2007) 

The first phase in the model refers to the company maintenance objectives and strategy in 

order to motivate the need for maintenance improvements and defining the scope of the mod-

el. The second phase motivates the prioritization of assets with regards to failure probability 

and severity. The assets with direct hazardous criticality will be addressed immediately in 

phase three by finding root causes of failures.  In phase four, the maintenance plans and re-

sources will be designed, beginning on the assets with the highest priority. How and which 

preventive actions that will be performed will be developed, although the author states that 

this process could be done more or less thoroughly depending on how much time and re-

sources that is available. The fifth phase considers the time interval for which the model will 

be applied, since the model can be developed to be used for short or long intervals. Short in-

terval models are used for controlling and allocation purposes, while a long term model refers 

to capacity planning. Phase six is the execution of the designed and planned activities. In 

phase seven, the asset life-cycle is analyzed with consideration to the cost related to the asset, 

this step can be used to evaluate if the current asset should be replaced. The last step in the 

model refers to continuous improvements of the maintenance management and the new tech-

niques which are used when implementing this model. The next step in the development of 

the model is to present and choose different techniques that can be used in the different phas-

es. 

4.2 Our contribution to the study field 
The models developed by (Niebel, 1994) and (Marquez, 2007) provide us with inspiration of 

how to improve the maintenance management. From Niebels (1994), maintenance control 
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system, we retrieved inspiration of how we can use production records in order to find critical 

equipment causing high cost and low availability. Also, the cost reduction is in focus in order 

make the improvements profitable. The model developed by Marquez (2007), have inspired 

us to use different tools in the different activities which we will perform in our model. The 

model has also inspired us to develop certain steps. For example, the BSC will be used in or-

der to define the business strategy and demand, FMECA and RCFA will be used in order to 

further evaluate assets with high criticality. The BSC capture more than just one perspective 

within an organization. The usage of BSC identifies in which market lifecycle a product is in. 

Then market demand is determined. After, it defines how to work internally within the organ-

ization to reach the goal. Then the BSC describes how to motivate the employees in order to 

reach the goals (Kaplan & Norton, 1996). This is profitable in our case since the management 

can see how well the product is doing on the market. In some cases, in process industries, the 

demand is higher than the plant output. This implies that the management needs to find inter-

nal business processes that need to be improved. And the personnel need to be well motivated 

in order to perform well during the improvement. 

In this thesis, the model will be developed with regards to theories and tested at a case com-

pany acting within process industries. Therefore, some steps in the model developed by 

Marquez (2007), will not be addressed since we will not be contributed by their activity. The 

initial step of defining the objectives for maintenance improvements will be addressed with 

the usage of BSC. A priority list will be developed with our own severity scale which is based 

on unavailability. An example of an intervention of an asset will be performed with respect to 

the developed priority list. The life-cycle cost analysis will not be used since we will focus on 

improving the current assets instead of investing in new.  

4.3 A model for Increasing Profitability through Maintenance 

The model developed in this thesis aims at improving the profitability of raw mill production 

processes by optimizing new maintenance investments. By identifying and prioritizing com-

ponents leading to availability, the maintenance department can gain knowledge of where to 

start scheduling resources cost effectively in order to increase the availability, leading to in-

creased production capacity and finally increased profit. 
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Figure 4.3-1 Maintenance Management Model Strategies 

Each of these steps will be performed with tools and inputs in order to ensure the reliability of 

the output of the activity, known concepts which are presented in the theory chapter will be 

utilized in some steps such as step 1 and 7, and some activities will be based on existing in-

formation compared to a theoretical basis, e.g. the severity of failure will be compared to the 

maintenance impact on production theory section 3.8. The used concepts and information is 

described in figure 4.1.1-2 as a toolbox for the previous presented model in figure 4.1.1-1. 
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Figure 4.3-2 Maintenance Management Model Tools 

Step 1: Identify Market Demand  

Define; with the usage of Balanced Scorecard described in section 3.1.1 Financial Perspective 

in which stage the product is in within its life cycle. When the stage is determined the market 

demand should be defined as described in section 3.1.2 Customer Perspective. If the result of 

the measurement of the market demand is that the demand is higher than the average output of 

the plant, theory presented in section 3.1.1 Financial Perspective suggest to improve internal 

business processes, further described in section 3.1.3 Internal Business Process Perspective. 

When the improvements are determined the personnel should be educated according to the 

learning and growth perspective, described in section 3.1.4. 

Step 2 Identification of Bottleneck Section 

The capacity of the profit adding production process is considered to be constrained at one 

specific operation, defined in chapter 3.2 as a bottleneck section. This implies that increasing 

availability and capacity of the bottleneck section will result in increased production of prod-

ucts for the whole production process. The trigger to start working on increasing availability 

on a bottleneck operation and not any other operation in the production process is described in 

section 3.2 Bottleneck with increased idle time of the other operations. The work of identify-

ing the bottleneck section actually starts in step one of the model, with the defining of the 

market demand. When performed, the management can then map out how much capacity each 

section of the production process should require in order to meet the demanded capacity. The 

section which gets the highest percentage value in terms of extra capacity needed should be 

considered the bottleneck. A description of how to do this calculation is described in section 

3.2.1 Identification of Bottlenecks. 
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Step 3 Define Assets  

In order to track down the main actors for unavailability of the bottleneck section, all subsys-

tems and assets needs to be documented. Information about these assets can be provided by 

the case company, as well as be gathered from observations. This step is triggered by the 

search of capacity losses of the existing equipment within the bottleneck section. The assets 

are defined with respect to the definition of items and assets given by the European Standard 

SS-EN 13306:2001. 

Step 4 Determine the Severity of Failure on all Assets 

The severity of assets will be determined with respect to three different perspectives. The 

three perspectives are production, environment & personal safety, and quality. A figure be-

tween one and four represent the severity of assets. For example if a failure of an asset could 

result in production losses, environmental impact or personal hazard or quality impact the 

severity will be 1 (highest) as described in section 3.13.2. 

Step 5 Compile Previous Failures 

In order to make a priority list previous failure must be identified. The purpose of the priority 

list is to determine which asset to start the maintenance improvements work on. A process log 

of five years could be investigated to determine which asset that has been contributing to the 

highest unavailability of the past five years. It is described in section 3.3 Record Keeping that 

records regarding all maintenance activities should be stored in order to optimize the mainte-

nance program. Although, invalid and old information can be captured if using too old rec-

ords, therefore a span of five years could be suitable in this case.  

Step 6: Create Priority List  

The priority list is developed with the unavailability of the assets in focus. By using the pro-

cess logs for documentation of the assets they can be prioritized with respect to the unavaila-

bility time in the time span chosen. The unavailability time is relevant since all time is related 

to profit when working in the bottleneck section, as described in section 3.2 Bottleneck. The 

purpose of the priority list is to show which assets to focus on when working on improve-

ments for availability, starting with the one asset with the highest value on production losses 

and continuing. We are not considering if any action is taken to prevent a specific failure 

which is documented in this list, although management can easily subtract those hours from 

the list if they know that the failure is addressed. In order to make the list easy to modify, all 

documented failure modes and their contribution to the total stoppage time of the asset is de-

scribed in the priority list. 

Step 7: Find Potential Failure Causes and Root Causes 

Until now, we have created a list to show which assets and occurred failures that have con-

tributed to unavailability of the bottleneck section, this information can be used for a decision 

making basis for new investments in maintenance activities. However we want to develop the 

best possible basis for the decision makers. Therefore highest prioritized assets and their fail-

ure modes should be thoroughly examined in order to find the root causes behind the known 

failure modes. In this step, it is possible to find new failures which can occur and should be 

considered since they can be of an imminent nature and can be considered as critical if they 

can contribute with a lot of stoppage time. These two steps can be performed with the usage 
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of FMECA which is described in chapter 3.4, and with RCFA described in chapter 3.5. This 

step is performed with the highest ranked asset in the priority list. 

Step 8 Determination of New Maintenance Investment 

Determine the cost effective and profitability of maintenance investments. In this step a for-

mula is used to calculate how much more money that could be spent effectively and profitable 

on maintenance activities on a specific asset. The formula will be developed with regards to 

theory presented in section 3.6 Costs. The new maintenance investment calculation is done to 

ensure that the money spent on reaching high availability does not get too high. The mainte-

nance investment can vary depending on the pay-back time that has been set on the organiza-

tion. After this step is performed, and actions has been performed in order to prevent the fail-

ures on the specific asset, the next asset in the priority list should be focused on, repeating 

step 7 and 8 in a cycle through the entire priority list. 
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5. Empirical findings 

This chapter describes the data we have gathered at the case company, involving: company 

and production process description, a description of the raw mill section, maintenance organ-

ization, criticality measurements and a data collection section. 

5.1 Company Description 
According to Cementa ABs web page the cement producing business in Sweden started in 

1871 and it was called Skånska Cementaktiebolaget. During the years it has changed both 

name and owner a number of times. Today it is called Cementa AB and it is owned by Hei-

delberg Cement Group. Heidelberg Cement Group is a global organization with approximate-

ly 52 000 employees located in more than 40 countries. Heidelberg Cement Group has three 

factories located in Sweden, one in the city of Skövde in central Sweden and the other two is 

located on Öland and Gotland which are two islands located outside the eastern coast of Swe-

den. Cementa AB manufactures and sells cement in Sweden; the factory located at Deger-

hamn on Öland produces cement for heavy concrete constructions such as bridges and foun-

dations which has to endure high environmental impact and stresses. The plant has around 75 

employees and a capacity of around 1000 tons of cement per day, which results in around 

300,000 tons annually. The company is striving to become more environmental friendly and 

several actions to prevent environmental impacts have been conducted. Filtering of gases and 

dust and the usage alternative fuels for heating purposes are some examples of environmental 

friendly actions.  

5.1.1 Product 

The cement produced at Cementa AB consists of limestone which is mined directly from the 

island; the limestone located in the foundation of Öland has rare properties which makes the 

cement gain additional strength. With these properties, the cement produced by Cementa AB 

gain a higher demand on the market and the company sells all produced cement and has a 

demand which exceeds the factory capacity. Current forecasting indicates possible sales at 

115-120% of the current capacity. The profit per ton cement produced is 180SEK. 

5.1.2 Product Demand 

The market department that is monitoring the market demand is located in Stockholm. The 

main product at Cementa AB is anläggningscement, and as mentioned before this product has 

additional strength because of the rare properties of the limestone that is located on Öland. 

Because of the special properties of the product the demand of it is high. The market depart-

ment budgeted 390 000 tons of anläggningscement for 2011 in Sweden, with support from the 

plant on Gotland they managed to produce 410 000 tons, all went right out to the market. The 

demand for 2012 is expected to increase. A market demand index curve that represents the 

demand for the coming years is presented below.  
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Figure 5.1-1 Marked Demand Index Anläggningscement 

The index curve is developed by the marked department of Cementa AB located in Stock-

holm. Their responsibility is to evaluate and define the future demand in Sweden.  
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5.2 Production Process/Subsystems 

The process of producing cement at Cementa AB can be described in 16 different sec-

tions/steps:  

1. The quarry: This is where Cementa AB is mining the main ingredient which is used 

when producing cement, called limestone. 

2. Grinding: At this section, the limestone is crushed by a grinding machine into pieces 

with sizes up to maximum 30 millimeters. 

3. Compensation storage: This storage is used as a buffer for the next step in the process; 

this section is also used as a blending station for the pieces for quality purposes. 

4. Raw mill: The pieces is again ground together with sand Merox and Bauxite into a fi-

ne dust called raw meal, where the particles are smaller than 0,09 millimeters, this sec-

tion requires heating for the incoming material before the grinding process, the heating 

is performed by using excessive heat from the cement kiln which is described later in 

this process. According to Cementa AB, this section is considered to be the bottleneck 

of the process. This step is further described later in section 5.4 Raw Mill. 

Figure 5.2-1 Production Process at Cementa AB Figure 5.2-2 Production Preocess at Cementa AB 
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5. Electro filter: This filter is filtering the excessive heat gases which is used in the Raw 

Mill and originates from the cement kiln in order to remove smaller particles. 

6. Sulfate cleaning section: In this section, the sulfate in the excessive heating gases is 

removed with ground limestone and water before the gases are released into the at-

mosphere. This step creates a byproduct, gypsum, which is later used in the production 

process. 

7. Raw meal silos: This is used for storage for the raw meal. 

8. Cyclone tower with precalcination: At this step, calcium carbonate is separated into 

calcium oxide and carbon dioxide, in order to reduce the amount of carbon dioxide. 

9. Cement kilns: The two cement kilns (called 3 and 4) consists of 80 meter long pipes 

where the raw meal is slowly transported towards the heaters. During the transporta-

tion, the raw meal is transformed into clinker at a temperature of 1450 degrees. The 

kilns are heated with coal and alternative fuels. This step is also considered to have a 

vital status since the production capacity is relatively low in comparison to other 

plants, according to Cementa AB. Due to the combustion process within the kilns 36% 

of the raw meal burns up. 

10. By-pass filter: This filter is used for the removal of alkali content in the material for 

securing the strength of the cement. 

11. Clinker cooler: In this section, the clinker is cooled with air. 

12. Electro filter: This second electro filter is cleaning the gases from the clinker cooler, 

the heat extracted from these gases is used for generating electricity and remote heat-

ing. 

13. Clinker silos: Here, the clinker is stored. 

14. Gypsum and additives storage: The additives and the gypsum, which is used in the 

next step in the process, are stored here. 

15. Cement mills: Here, the clinker is ground with gypsum and other additives in a mix 

which guarantees high strength and endurance of the cement. Due to additives the 

production volume of increases with 4,5% 

16. Cement silos and unloading: This is the final storage for the finished product; the un-

loading system is used by trucks and boats for further transportation. 

Information gathered from Cementa ABs database. 
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5.3 Maintenance Department at Cementa AB 

The maintenance department consists of three different branches: 

 Maintenance Control Center (MCC) 

The control center is used for coordinating maintenance actions in the other two 

branches, spare parts management, handling of outsourced maintenance actions and 

planning proactive maintenance activities. 

 Mechanical maintenance 

The supervisor has the main responsibility of the crew. The mechanical maintenance 

crew is responsible for the maintenance performed on the mechanical functions at the 

factory. 

 Electrical maintenance 

The supervisor has the main responsibility of the crew. All electrical components and 

systems are maintained by the electrical maintenance crew. 

The information is gathered from Cementa ABs database. 

5.3.1 Maintenance Goals 

The maintenance department at Cementa AB has formulated their strategy with the intention 

to achieve a world class maintenance level, see 2. In order to achieve this, Cementa AB has 

developed a pyramid which tops with the long term goal of world class maintenance, and the 

foundation is described with different levels including boxes with goals to be achieved. When 

a goal is completed, the content of the box is considered to be developed, documented and 

implemented, and the box is marked green. There are two additional stages a goal can be 

marked in, under development which is marked with a yellow box and not relevant/ not im-

plemented is marked in red. Additional boxes can be marked in white and consists of an ex-

Figure 5.2-1 Maintenance Organizational Chart 



33 

 

ternal input element which inherits from other parts of the company, such as business and 

production plans. 

The pyramid is considered as a goal and Cementa AB is continuously working to achieve it. 

See Appendix 3 for current maintenance pyramid at Cementa AB.  

The information is gathered from Cementa ABs database. 

5.4 Raw Mill 
In order to follow the flow within the raw mill, see Appendix 4. 

The raw mill section has a primary task of producing raw meal, which is later in the produc-

tion heated up in the purpose to convert the material to clinker. The mixture of raw meal con-

sists mainly of limestone, but also sand, Bauxite and Merox. These four different components 

are combined and milled together in order to produce raw meal. Each component is added by 

the right quantity through a scale which is calibrated in order to secure the right amount. The 

sand, Bauxite and Merox are then transported to the mill. After the milling the additives are 

transported with the limestone by an elevator to a gate which divides the material into two 

different separators. The separators are used do sort bigger and smaller particles. The bigger 

particles are milled once more and the smaller particles are transported to the kilns. The lime-

stone is not directly transported to the mill. It is transported through a stone feeding screw to 

the stamp-mill where is it crushed into smaller components. After the stamp-mill, the crushed 

limestone is transferred to a circulating elevator by a drag chain. The circulating elevator is 

then vertically carrying the limestone to a gate where it is separated in two different channels, 

these channels leads to two different separators called the north and south separators these are 

used for separating larger pieces of material which will go into the main mill, and smaller 

particles which will be transported to the kilns. These separators are also used after the main 

mill in order to eliminate larger particles from the finished raw meal, the separated larger par-

ticles will be sent to the main mill again. 

Information gathered on a tour within the facility. 

5.5 Cementa AB Criticality Analysis 
The Heidelberg Cement Group has developed a criticality scale for assets in the plants; this 

scale is determining the criticality of failure at the specified asset. The scale consists of four 

different levels with different criticality: normal, important, critical and highly critical. In the-

se levels, the severity of failure is related to impact on production, environmental & personal 

safety, product quality and repair cost.  

To determine the criticality level on every asset the maintenance management invites expert 

personnel from all the different departments within the plant to a meeting, this result in an 

interdisciplinary group. Since the group is formed by personnel from all different departments 

within the plant they will get relevant information regarding each perspective, e.g. a mechani-

cal engineer knows best about the safety hazard if failure occurs on specific assets while a 

production manager knows best about costs related to production if a machine fails. On the 

meeting the maintenance management team asks yes or no questions about each asset. If 
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someone answers yes the asset will get the criticality number from which criticality level the 

question comes from, see Appendix 5. 

Information gathered from the central database by Heidelberg Cement Group. 

5.6 Data Collection 
The information which is gathered and later analyzed in this study is presented in this section 

following. This data is utilized further in the different tools and methods presented in our 

model. 

5.6.1 Identification and Mapping of Assets in Raw Mill 

Cementa AB has divided the different items in the section into assets, giving them specific 

asset numbers. All the equipment that can be considered as assets, given an asset number 

within the raw mill is presented below. According to Cementa AB the assets are. The assets 

are also found within Appendix 10.  

The assets within the raw mill are, see below.  

22Z03 – Merox scale 22T13 – Air cannon 22T08 – Air cannon  

22Z04 – Limestone scale 22Z05 – Sand scale 22T06 – Air cannon 

22T07 – Air cannon 22Z06 – Bauxit scale 22T14 – Air cannon 

22T15 – Air cannon 22Z07 – Conveyor belt 22Z08 – Stone screw 

22K01 – Stamping mill 22Z09 – Drag chain 22Z10 – Circulating elevator 

22V27 – Gate  22A01 – North separator 22A02 – South separator 

22P07 – Grease pump, separators 22Y01 – Shaking gutter 22Y02 – Shaking gutter 

22Y06 – Gate  22Y08 – Gate  22K02 – Raw mill 

22Z11 – Air channel 22Z12 – Air channel 22C05 – Residue filter 

22Z18 – Filter screw 22Z19 – Filter gate 22F06 – Air sucking fan 

22V48-54 – Gates  22K02 – Raw miller 22V37 – Gate  

22V38 – Gate  22F08 – Air channel fan 22P05 – Pump for sprocket 

Information gathered from Cementa ABs data base. 

5.6.2 Process Logs 

The process logs are provided by Cementa ABs database and are compiled to one document, 

also only the mechanical failures are incorporated. The process log can be found within Ap-

pendix 12. 

5.6.3 Critical Assets 

The chosen assets within the raw mill section have been analyzed by Cementa AB according 

to their criticality scales presented in chapter 5.5 Cementa AB Criticality Analysis and in Ap-

pendix 5. The result of this analysis is presented in Appendix 10. 



35 

 

5.6.4 Production Capacity 

The different production steps within the production process of Cementa AB has different 

purposes, steps like the filters has mainly the purpose of reducing emissions of gases which 

are environmentally hazardous. The main steps for producing and handling of the actual 

product, the cement, are narrowed down to four: the grinder that grinds the limestone, the raw 

mill which produces the raw meal, the kilns which turns the raw meal into clinker and the 

finished cement grinder which grinds the clinker together with additives into the finished ce-

ment product. The grinder is operating 2 shifts 5 days a week, all the other steps are supposed 

to be operating for 24 hours a day. The only stoppage of these steps is during maintenance. 

The average production capacity for the raw mill, the kilns, and the cement mill is presented 

in Appendix 13, 14, 15 and 16. The raw mill, kilns and cement mill is considered to produce 

at full capacity when producing, which implies that when each process is operated the aim is 

to produce at 100% of capacity, no process is deliberately set to produce at e.g. 50% of capac-

ity. 

36% of the produced raw mill is burned within the kilns; it is due to the combustion process 

that occurs within the kiln. When the clinker reaches the cements mill after the burning pro-

cess the volume increase with 4,5% due to additives within the cement. 

The information is gathered from Cementa ABs database. 

5.6.5 FMECA and RCFA Templates 

In order to conduct a FMECA- and RCFA, an interdisciplinary team is assigned, with compe-

tence from all the engineering departments from the plant. When the costs of actions the aver-

age cost per hour of one mechanic is 320SEK. 

During the meeting three persons (authors and Head of Maintenance Control Center) was tak-

ing notes, a compilation of the notes is found later within the analysis chapter.  

The template below shows how the FMECA was conducted. The FMECA is divided into ten 

different steps. The last column of the tenth step shows the criticality of the failure addressed. 

 

Figure 5.6-1 FMECA Template 
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The FMECA and RCFA team follows the instructions made by Heidelberg Cement Group 

when conducting the methods. After the FMECA was conducted the RCFA analysis was 

started. The template for RCFA is presented in Appendix 9. The procedure for the RCFA is to 

answers the questions in the order that the arrows points out. Yes or No questions will lead 

the path for the following questions.  

5.6.6 Costs 

The profit margin per ton cement is 180SEK. The cost for one mechanical personnel is 

320SEK per hour.   
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6. Model Testing 

This chapter describes the testing of our model at the case company Cementa AB, the differ-

ent steps that was modeled in chapter 4 will be presented and compared with relevant theory. 

6.1 Step 1: Identify Market Demand 
In order to define the market demand four perspectives within the balanced scorecard is taken 

into consideration. 

6.1.1 Financial Perspective 

In section 3.1.1 Financial Perspective it is stated that products in general can be placed into 

three different stages, growth-, sustain- or harvest stage. The growth stage refers to new prod-

ucts that are expected to grow. The sustain stage refers to products that are attracting new in-

vestors and is still growing on the market. Lastly the harvest stage is when the products sell-

ing life cycle is over. No investments regarding expanding the production volume of the 

product is done.  

The main product at Cementa AB was developed in 1983, which mean that the product is not 

new on the market. By looking at the index curve presented in section 5.1.1 Product, one can 

see that the demand of the product is steadily increasing, attracting new customers, which 

means that the product should fall under the sustain stage. 

6.1.2 Customer Perspective 

In order to create an index curve one must identify the market segment and the customer de-

mand. Cementa AB knows that the product produced at the plant has special features which 

give it additional strength which attract a certain customer segment. They also need to identi-

fy possible new customer in order to create as accurate market demand index curve as possi-

ble. In section 3.1.2 Customer Perspective regards retention and acquiring customer. To be 

able to develop a customer demand index curve the rate of which the customers are acquired 

must be known.  

6.1.3 Internal Business Process Perspective 

Section 3.1.1 Financial Perspective suggest for organizations that have products within the 

sustain stage to focus on improving the internal business processes within the organization, 

which they refer to lower the cost for producing one unit. Three different types of improve-

ments are mentioned within the internal business processes, innovation-, operation-, and post-

sale service process. 

Section 3.1.3 Internal Business Process Perspective states that the innovation process refers to 

invest capital in the R&D department. Since the demand of the product is so high with the 

features is has today less money could be spent on R&D and more in the operation process. 

However, some resources could be spent on the innovation process since the demand could 

increase if new features that overcome the customer expectations are found.  

Regarding the operation process there is suitable to reach as low cost as possible per produced 

amount. Cementa AB has a homogenous production since they are mainly focusing on pro-



38 

 

ducing one product and could reach a sertain cost per ton produce. Improving the internal 

business process in their case could mean, finding the bottleneck section within the produc-

tion, since the demand is higher than the average output. It is stated within section 3.2 that the 

bottleneck section is regulating the output of the organization when the demand is higher than 

the average output of the production. The bottleneck is regulating the profitability. If higher 

production volumes could be reached by increasing the availability of the bottleneck section 

the profitability would also increase. However, the demand is so high that the first step is to 

identify and improve the bottleneck section in order to get the output higher since the output 

of the bottleneck is reflecting the profitability. The text above suggests improvements within 

the operation process.  

Cementa AB has evaluated their maintenance organization with regards to different mainte-

nance tools. The result of the evaluation is that they lack the use of FMECA and RCFA see 

Appendix 3. The theory presented in section 3.4 FMECA and 3.5 RCFA imply that the usage 

of RCFA and FMEA improve the maintenance, by making it more effective which could lead 

to higher availability of the plant. With respect to the market demand at Cemanta AB the us-

age of RCFA and FMEA on the bottleneck section could increase the profitability through 

maintenance.  

It is mentioned that cement is the main ingredient within concrete. It is stated that concrete 

has one of the longest life cycle of any other construction material. Therefore, smaller re-

sources should be spent on the post-sale service process described in section 3.1.3 Internal 

Business Process Perspective. The life cycle and the sustainability of concrete is so long that 

small amounts of resources needs to be spend on providing services for maintaining the prod-

uct after the delivery.  

6.1.4 Learning and Growth Perspective 

Focusing mainly on identification and improvements of the bottleneck section within the plant 

could require new skills. In section 3.1.4 states that the last perspective within the BSC is the 

learning and growth perspective. This perspective should focus on giving the staff the re-

quired knowledge in order to succeed with the goals stated within the previous perspective. 

An example is the usage of RCFA and FMEA. The evaluation of the maintenance organiza-

tion highlights the neglect of these two tools. In order to use them personnel needs to be edu-

cated in order to conduct a good job. In section 3.1.4 Learning and Growth Perspective it is 

mention that the personnel motivation and loyalty could increase by educate them which 

could be beneficial for the organization. This could also result in retaining the work force 

which leads to an experienced and well educated workforce that is retained, which is stated as 

beneficial in section 3.1.4 Learning and Growth Perspective. Positive results should also be 

communicated in order to motivate the personnel. For example, if the availability of the bot-

tleneck section is increased it should be communicated to the personnel showing them that 

they have done a good job. By educating personnel some unnecessary failures could be 

avoided. Especially one failure type called abuse or misuse failures, they are described in sec-

tion 3.11.1 Asset Failure. 
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6.2 Step 2: Identification of Bottleneck Section 

The production process could be divided into four different processes, first the grinding pro-

cess, second the raw mill, third the kilns and fourth the cement mill.  

The limestone grinding process performed after the quarry is currently producing 24 hours 

five days per week compared to the other operations at the factory which are scheduled for 

producing around the clock every day of the week. This implies high production capacity of 

the limestone grinder. 

By dividing the other three stations, described in section 2.3.1 outcome is:  

1. Raw mill 

2. Kilns 

3. Cement mill. 

Theory suggests that it is preferable to use average calculations of the different processes in 

order to determine the bottleneck section.  

In order to make the comparison as fair as possible, all figures regarding the average capacity 

is recalculated to cement, which means that the outputs from the raw mill and kilns are recal-

culated into tons of cement. The figures presented are also recalculated into average produc-

tion during producing day. For example, one of the processes has a higher downtime than the 

other and despite that is can produce enough volumes to cover the average production of the 

departments that has less downtime.  

Thorough calculations for the average production rate are shown in Appendix 8. 

 Average cement production 2007-2011 

1. Raw mill: 298 997 tons per year 

2. Kiln 3&4: 290 817 tons per year 

3. Cement mill: 310 231 tons per year 

 Average downtime 2007-2011 

1. Raw mill: 47 days per year 

2. Kiln 3&4: 60 days per year 

3. Cement mill: 45 days per year 

 Average production per producing day 2007-2011 

1. Raw mill: 940 tons per producing day 

2. Kiln 3&4: 953 tons per producing day 

3. Cement mill: 969 tons per producing day 

By making this list as described in section 3.2.1 Identification of Bottleneck one can identify 

the bottleneck section. 

6.3 Step 3: Define Assets 
The raw mill section is to be considered as one producing unit at the production process of 

Cementa AB, although since it is called a section, it consists not of only one machine, but a 
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series of machines and transportation units in order to produce the raw meal. These machines 

should be considered as assets within the raw mill if a comparison to the European Standard 

SS-EN 13306:2001 is made in order to determine what an item is, which can be described in 

this case as a subsystem or functional unit, and then described as an asset as: “a formally ac-

countable item”. 

The assets chosen for this study is as described in chapter 1 delimited to the walls of the raw 

mill section, this implies that no input our output system of the raw mill is considered.  The 

assets in the raw mill can be divided into three different sections, the input assets, the feeding 

system of the raw mill, and the output assets. The feeding system is located in the main raw 

mill building and is what we will consider in this report. The documentation of these assets is 

performed with information from the case company Cementa AB. All assets can be described 

together with the flowchart described in Appendix 6. A complete list of the assets considered 

including name and object number is described in section 5.6.1 Identification and Mapping of 

Assets in Raw Mill. 

6.4 Step 4: Determine the Severity of Failure on all Assets 

In this step the severity of assets will be analyzed. The severity analysis is regarding produc-

tion, quality and environment & safety. The asset severity figures will be in relation to una-

vailability. 

6.4.1 Maintenance Impact on Production, Quality and Environment & Safety 

The asset choosing process is performed related to the assets impact on the production and 

business process. In section 3.8, 3.9 and 3.10 regarding maintenance impact on production, 

quality, environment & safety mentioned that the main purpose of maintenance activities is to 

create a stable production flow. A stable production flow in this case means as low unplanned 

stoppages as possible. Therefore assets that can contribute to interruption of the production 

flow needs to be identified. Interruptions in the production are not only due to failures con-

tributing to immediate stoppages of assets. In section 3.9 it is described how maintenance can 

contribute to a stable quality.  It is stated that assets that are not properly maintained can start 

to produce products outside the quality range. At Cementa AB, producing low quality raw 

meal, results in immediate system shutdown. Also theory state that environment & safety can 

be secured by a good maintenance program. As a criterion in Cementa ABs criticality meas-

urement is environment and safety which implies that some assets could contribute to an un-

acceptable level of pollution or contributing human hazard which result in immediate system 

shutdown.  

6.4.2 Asset Severity Figures 

In section 3.11.2 it is mentioned asset priority numbers, (1-4). Number one should be given 

the assets that are most severe for the production, which in this case refers to assets that can 

contribute to unavailability of the whole raw mill. Number four is given to assets that are less 

severe for the production, which refers to assets that can be unavailable without causing any 

interruptions of the production. Cementa AB, assemble an interdisciplinary team consisting of 

personnel from all the different departments,  in order to determine the criticality of assets, 

giving the assets figures between one and four, one being the most vital. The interdisciplinary 
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team answers questions formed centrally by Hedielberg Cement Group in order to determine 

the severity number, or as Cementa AB call it, criticality, the template is shown in Appendix 

5. The questions refer to three perspectives production, environment & safety, and quality. 

The result of the criticality determination is presented in appendix 10. 

6.4.3 Reconsideration of Asset Severity Figures 

As analyzed in section 6.1 Step 1: (Identify Market Demand) the market demand is higher 

than the average production. In section 6.2 Step 2: Identification of Bottleneck Section it is 

determined that the raw mill can be considered as the bottleneck section. In section 3.2 Bot-

tleneck Section it is mention that the bottleneck section is regulating the entire output of the 

facility. If an unexpected failure occurs on an asset with severity figure one it contribute to an 

increased availability, as described in section 3.11 Availability and Asset Failure. The time 

span of the unavailability is dependent of the MTTR described in section 3.11. Therefore if an 

unplanned failure occurs on an asset with criticality one, it causes an unnecessary interruption 

of the raw mill resulting in an impact on the output of the plant since the raw mill is the bot-

tleneck section. In section 5.2 Production Process/Subsystems the production process is de-

scribed, figure seven represents the raw meal storage. This could be interpreted as if a failure 

occurs the production flow will be stable as long as the raw meal storage is sufficient. How-

ever, the market demand is determined to be higher than the plant output. This implies that the 

other sections within the plant such as the kilns, and cement mill will eventually catch up with 

the unavailability of the raw mill, despite the storage. In order to build raw meal storage the 

kilns and cements mill needs to be unavailable.  

Since any unavailability, despite the storage size causes interruptions within the production, at 

the current market demand the severity analyze should be reconsidered for the raw mill. Since 

it is stated in 3.8, 3.9 and 3.10 that production, quality, environment & safety can be ensured; 

therefore the severity determination should include these perspectives. Although the severity 

for assets that can cause potential system shutdown, resulting in potential loss of production, 

should not have criticality 2 as it is now, see Appendix 5 for the criticality criterion. Referring 

to the current market demand and that the raw mill is a bottleneck section the criterion named 

“potential system shutdown within 24 hour” and “potential product sales loss” should be ex-

cluded from criticality two and be replaced to criticality one. Also, the criterion named “po-

tential system shutdown within 48 hours” should be excluded from criticality three and be 

replaced to severity one. This is resulting in a new severity, not criticality template, for the 

raw mill. The template is shown in Appendix 7. When conducting the new severity analysis 

on the raw mill the asset severity list changes see Appendix 10. After the severity determina-

tion is completed the next step is to compile previous failures on all assets. The reason why 

the criticality is changed into severity is because the criticality of failures is determined within 

the FMECA. 

6.5 Step 5: Compile Previous Failures 

When we have information about all assets we are focusing on, the next step is to retrieve data 

regarding the production on these assets. The importance of this data is described in section 

3.3 Record Keeping and should be considered in all production environments, making this 

step of the model as generalized as possible. The data used for documenting previous failures 
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is gathered from process logs of a time span of three years, here we can argue about the exten-

sion of this period which is described in chapter 3.3 Record Keeping as the best value of five 

years, although in our case only three years of process logs was available for analysis for our 

research. The amount of years should be considered with the validity and reliability of the 

data in focus as mentioned in 2.3.   

When gathering the data of failures at the assets, the process logs will be reviewed, in this 

case, we have delimited ourselves to one type of failure called mechanical failures. The other 

failure types that exist in the process logs are: electrical failures, process failures and miscel-

laneous failures. The choosing of mechanical failures was conducted together with Kenta 

Jonsson, head of maintenance control center at Cementa AB, in order to delimit ourselves 

from a very large selection of failures, although we recommend users of our model to incor-

porate all failure types for the best possible result. The process logs are presented in Appendix 

12 with only mechanical failures presented. 

The result of this step is a compilation list which includes the following information regarding 

the assets: object number, object name, severity of failure on the asset, failure causes, occur-

rences, total stop hours and Mean Time To Repair. MTTR is used later in step 8 Determina-

tion of New Maintenance Investment, although we think when the information regarding 

causes, stop time and occurrences is gathered the MTTR could be calculated as well, the for-

mula for MTTR is described in Key Definitions. The compilation list is described in Appen-

dix 17. 

6.6 Step 6: Develop Priority List 
The priority list has a purpose to show which asset that is sever in terms of unavailability, all 

the assets presented in the compilation list in Appendix 17. The unavailability is in focus 

since the assets are creating unavailability of the raw mill section which is the bottleneck sec-

tion as described in section 3.2 Bottleneck and is generating costs due to unavailability. The 

list is developed using the compilation list and for adding additional information and restruc-

turing the current list.  

The first step is to restructure the compilation list, putting the asset with the highest value on 

total stoppage time at the top, followed by the one with the next highest and so on. In our list, 

the stamping mill will then be the asset with the highest priority in our list, followed by the 

raw miller. The next step in developing the priority list is to calculate the cost of the unavaila-

bility of each asset.  

The unavailability cost will be determined on the stamping mill since it has been determined 

that this asset contributed to the longest unavailability, as seen in appendix 18 

The calculation for determining the unavailability cost is the one in section 3.6.1 Unavailabil-

ity Costs. The calculation will be modified to fit the presented values in appendix 18. In sec-

tion 3.6.1 the following calculation is presented;  

(
        

                                       
)                   
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Instead of dividing downtime with the theoretical time for producing one unit the authors will 

multiply downtime with average production per hour, which lead to the calculation presented 

below.  

                                                      

The cost for unavailability for the past three years for the stamping mill is as follows; 

                         

The average unavailability cost per year is as follows;  
      

 
           

With this result of the calculations we can show in the priority list how much production loss-

es each assets total amount of stoppage time has contributed with. This information will be 

used later in step 8 when the determining of a profitable investment in maintenance is consid-

ered. 

The asset priority list is presented in Appendix 18. 

6.7 Step 7: Find Potential Failure Modes and Root Causes 
When the priority list is developed, we can discover that the highest prioritized asset is the 

Stamping mill which is used for crushing limestone into smaller particles before it is added 

into the raw miller. Now in step 7, we will analyze the stamping mill using two methods, 

FMECA and RCFA in order to find all failure causes and information regarding them, and 

then we will choose one failure to perform a RCFA on to determine the root cause of the fail-

ure where we can find investment opportunities.  

The FMECA and RCFA team consisted of three employees from the plant. Johan Carlsson, 

Head of Maintenance Control Center, Patrik Johanson, Supervisor of Mechanical Department 

and Benny Björklund, Supervisor Production Department. Some of the steps within the 

FMECA and RCFA are regarding labor cost. 

6.7.1 Failure Mode Effect and Criticality Analysis 

Earlier in this study, we gathered data regarding occurred failure modes in order to track 

down actors of unavailability, although the purpose of this step is to give the decision makers 

the best possible basis for their task, as described in section 4.3 step 7.  This can be performed 

by finding possible failure modes which has not occurred yet. These failure modes could in 

some cases be more critical than occurred failures and companies might have to plan mainte-

nance investments to prevent these. They can also be proper maintained by the company, and 

then the information about them can be used as evaluation of current maintenance since if 

they have not yet occurred, they should be considered to be proper maintained in some cases. 

The failure modes on an asset can be used when performing a FMECA, presented in section 

3.6, in order to evaluate each failure mode with respect to e.g. the cause and effect of the fail-

ure mode. After the FMECA & RCFA team was assembled we started adding the failure 

modes into the FMECA template shown in section 5.6.5, we started with the three known 

failure modes at first, described in Appendix 18. Then we together with the FMECA team 

systematically added all failure modes to the FMECA template, and in this process the 

FMECA discovered additional three failure modes which have not occurred during the three 
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past years. These three failure modes are described in the documented FMECA table present-

ed in Appendix 19. 

One part of the FMECA is to assign criticality numbers to the failure modes judging their 

severity, occurrence and the ability to detect the failure, as mentioned in chapter 3.6. By mul-

tiplying these three criterions we can assign each failure mode a Risk Priority Number (RPN) 

which represents the criticality level of the failure mode. 

The severity of the failure mode is determined with regards to the potential effects of the fail-

ure in collaboration with the cost of the risk. This value has no connection to the severity 

number of assets described in step 4. The occurrence is estimated with respect to the frequen-

cy of the failure mode. The detectability is based on easy the technicians can detect the failure 

when it has occurred. 

The RPN number can then be used for choosing which failure mode to start investing mainte-

nance on. In our FMECA presented in Appendix 19 we had three non-occurred failure modes 

which all received a higher RPN than those that have occurred in the past three years, alt-

hough in this case the current maintenance organization at Cementa AB has in their opinion 

spent enough resources on these type of failures so that they has been prevented on this asset.  

6.7.2 Root Cause Failure Analysis 

When the FMECA is performed and most failure modes have been documented, the one with 

the highest RPN number is distinguished. Although in this case the three non-occurred failure 

modes which have the highest RPN is considered to be properly maintained and needs no fur-

ther evaluation. Therefore, we have chosen the failure mode that has occurred once the last 

three years and has resulted in the most unavailability of the raw mill. The failure is described 

as a broken axis in the stamping mill, resulting in 74 stoppage hours. The production loss due 

to the broken shaft reached:                                          . This 

failure mode was given a value of 10 on the RPN. The FMECA resulted in a potential failure 

cause of incorrect mounting of the component in this case and is currently controlled by 

communication verbally with the mounting personnel.  

With this information provided by the FMECA we can develop a RCFA in order to distin-

guish the root cause of the failure. In this analysis, we used the RCFA template provided by 

the maintenance organization at Cementa AB, presented in Appendix 9. In the RCFA the first 

part to fill in was the failure cause tree where you answer a series of questions in order to re-

trieve the root cause, each question is following with a new question of why did that happen? 

In this case the bad mounting was caused of unclear instructions that was unclear because of 

lack lingual skills since the mounting personnel was outsourced from another country, the 

final question was why there was lack of lingual skills and it was answered by the lack of 

written instructions instead of verbal ones. After that step, the information regarding the fail-

ure, including stoppage time, cost etc. is inserted. Then there are five different boxes to 

choose from, we have chosen the one saying that it is possible to compress the corrective 

work in case of failure and then from nine different causes we have chosen the one saying that 

Maintenance operating procedures are not updated. This responds to the last why question 

that no written instructions on maintenance activities exists in this type of mounting. Thereaf-
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ter we can insert suggestions for an efficient work in this area together with the RCFA team. 

The suggestions are to develop new written instructions for this type of mounting, ensure that 

competent personnel are performing the activity and that the activity is properly supervised. 

Another box in the RCFA template is saying that other similar equipment could benefit from 

this improvement is also relevant in this case since the problem of bad instructions could exist 

in more assets. The RCFA performed is described in Appendix 20. 

The RCFA performed on the failure chosen can also be translated into a RCFA logic tree pre-

sented in section 3.5. The result is presented below. 

 

Figure 6.7-1 RCFA Template 

6.8 Step 8: Determination of New Maintenance Investment 

As it is mentioned in section 3.6.2 Maintenance Related Costs the cost due to production loss-

es is categorized to indirect costs. It is also mentioned that the maintenance department could 

be considered as a profit center where investments are made in order to create higher and 

more stable production. The determination of the new maintenance investment will lead to a 

cost effective maintenance investment which aims at increase the availability and will consist 

of three different steps. The first step is to select the asset with the highest unavailability cost. 

The second step will be to determine the new maintenance investment with regards to the 

RCFA and. The third and last step is to determine the pay-back time of the investment. The 

recommended pay-back time can vary; the specific pay-back time is set by the maintenance 

management of the organization.  

 Step 1. Select Asset With Highest Unavailability Cost 

As mentioned in section 6.6 Step 6 the asset contributing to the highest unavailability cost is 

the stamping mill. The cost for the unavailability reaches a yearly average of 268 938SEK. 

 Step 2. Determining the Maintenance Investment 

When conducting the FMECA and the RCFA one can determine which failures that can be 

prevented by addressing the root cause of the problem. By looking at the RCFA in Appendix 
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20 one can see that the root cause for the broken shaft can be prevented by making correct 

instructions for changing a shaft. The other action for preventing the failure is to let personnel 

with the correct competence conduct the job. 

Since the RCFA proved that it is possible to prevent the root cause of the broken shaft, in-

vestment could be made in order to prevent the failure from ever happening. When conduct-

ing a full RCFA the maintenance management team can see which failures that can be avoid-

ed by addressing the root cause. Although, it is possible to invest 268 938SEK in order to 

reduce the failures with 50% per year. 

In section 3.6.1 Unavailability Cost a calculation that will show the savings that will occur 

when reducing the failures is presented. The calculation is as follows; 

                                                                 

               

As shown in Appendix 18 the average failure rate of the stamping mill is approximately two 

failures a year. The average stoppage time (MTTR) is approximately 16 hours. The saving 

implied by reducing the failures with 50% is shown below. 

                               

In order to prevent the root cause regarding the broken shaft the maintenance department 

could create proper instructions for mounting the shaft. An estimation made by the mainte-

nance department of how much time is takes to create the instructions by person with the right 

competence is approximately 8 hours. The labor cost that follows with the instruction will be; 

             , referring to the labor cost presented in section 5.6.5. This implies that; 

                      can be spent on preventing the other root causes.  

 Step 3. Determining the Pay-Back Time 

The calculation for determining the pay-back time of an investment is presented in section 

3.7.3. The calculation is as follows; 
              

           
                  

Using the calculation presented above the pay-back period of the maintenance investment will 

be; 
      

      
          . This means that by investing the average production loss 

(268938SEK) with an estimation of reducing the failures with 50% it will take approximately 

two and a half years when the maintenance investment will be profitable. 

The next phase in the usage of our model is to perform the actions needed to prevent the fail-

ure on the stamping mill. When that is done, the next assert in the priority list developed in 

step 6, the raw miller, should be considered in step 7 and 8. 
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7. Results 

In this chapter, the results from the different steps analyzed in chapter 6. Analysis, are pre-

sented. The results from the steps are presented in the same order as they are analyzed. 

7.1 General Result 
The result of this study is the model developed in chapter 4. The model is tested at the case 

company in chapter 6 based in the empirical findings and the data collection presented in 

chapter 5. The model has been developed in accordance to the problem formulation and pur-

pose.  

7.2 Step 1: Identify Market Demand 
The results of the usage of the BSC and the different perspectives are presented below. 

7.2.1 Financial Perspective 

The product produced at Cementa AB, is within the sustain stage meaning that Cementa AB 

need to focus on the internal business processes since the product is acquiring new customers. 

Since the demand is higher than the output improvements of the internal business processes 

should be focused on finding the bottleneck section within the plant and increase the availa-

bility in order to produce larger volumes. By increase the availability of the bottleneck the 

producing volumes increases resulting in higher profitability.  

7.2.2 Customer Perspective 

By knowing the special features of the product produce, and the customer segment of which 

the product attract, the market department can create a market demand index curve. They can 

also define the rate of which the product acquires new customers. The market demand index 

curve is presented in section 5.1.2 and is showing that the demand is increasing. 

7.2.3 Internal Business Process Perspective 

Smaller resources could be invested on the research & development department since im-

provements of the product in this stage could attract even more customers.  

However the larger amount of resources should be spent in the operation process which refers 

to improve the production in order to reach higher production volumes. The investments with-

in the operational process should be focused on finding the bottleneck section and improve 

the availability in order to create higher profitability. Cementa AB lack of the usage of RCFA 

and FMECA, by using these tools the availability of a bottleneck section could be improved.   

Smaller resources could be spent on post-sale services due to the long and steady life cycle of 

the end product.   

7.2.4 Learning and Growth Perspective 

In order to succeed with the improvements defined personnel should be educated in the usage 

of RCFA and FMECA. By educating personnel the motivation and loyalty of the personnel 

could be increased. It can be profitable for the organization to have motivated and loyal per-

sonnel with good knowledge and skills. It is also recommended to create a good communica-
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tion feed with the personnel in order to communicate positive results, contributing to in-

creased motivation among the personnel.   

7.3 Step 2: Identification of Bottleneck Section 
The calculation of the bottleneck is regarding average production of the latest five years 2007-

2011. The results are presented below. 

 Average production per producing day 2007-2011 

1. Raw mill: 940 tons per producing day 

2. Kiln 3&4: 953 tons per producing day 

3. Cement mill: 969 tons per producing day 

The third calculation is defining the bottleneck section, which is the raw mill. 

7.4 Step 3: Define Assets 
The trigger for using this step is to find the actors of unavailability of the raw mill. The actors 

can be described in different levels of detail, since the raw mill is not only one machine, but a 

system of assets collaborating in order to produce raw meal for the cement production pro-

cess. The choosing of the assets to consider is performed for delimitation purposes, since we 

are not considering the input or output system of the production section, which as well can be 

creating unavailability of the raw mill. The usage of flow charts as well as additional infor-

mation provided by Cementa AB was useful to use for the selection of assets to consider in 

this study. The list of assets chosen is presented in Appendix 10. 

7.5 Step 4: Determine the Severity of Failure on all Assets 
In this step the result of the severity analysis of all assets will be presented. The severity anal-

ysis is regarding production, quality and environment & safety. The asset severity figures will 

be in relation to unavailability. 

7.5.1 Asset Severity Figures 

Criticality measurements are renamed to severity measurements since the criticality meas-

urements are determined within the FMECA on failures instead of assets. It is preferable to 

use figures between 1 and 4 in order to determine the severity figures. Figure 1 represents the 

most severe status, and figure number 4 represents the less severe status. The criterion of the 

different severity statuses are presented in Appendix 5. The result of the severity measure-

ments conducted by Cementa AB is presented in Appendix 10. 

7.5.2 Reconsideration of Asset Severity Figures 

When the market demand is higher than the plant output the criterions for severity analysis of 

assets within a bottleneck section could be reconsidered. All assets that can result in a stop-

page of the whole raw mill should have severity number one, despite if the stoppage of the 

entire plant can be avoided by taking from the raw meal storage. Eventually the other pro-

cesses on the plant will catch up with the production of the raw mill. This implies a change 

within the severity measurement. All assets that can cause any interruption of the raw mill 

should have severity figure one. The raw mill regulates the entire output of the plant which 
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means that any interruption will eventually lead to production losses, despite the size of the 

raw meal storage. The recommended criterions for severity analysis within a bottleneck sec-

tion when market demand is higher than the plant output are presented in Appendix 7. The 

result of the new severity analysis is presented in Appendix 11. 

7.6 Step 5: Compile Previous Failures 
With the assets chosen, the trigger for the next step can be described as finding the reason 

why these assets have contributed to unavailability of the raw mill. This is achieved by check-

ing through process logs provided by Cementa AB which includes stoppage reports from a 

time span of three years. Here, delimitation is made to only consider mechanical failures in-

stead of all failure types which are additionally described as electrical, process and miscella-

neous failures, although we recommend users of this model to incorporate all failure types for 

the best possible result. This step resulted in a compilation list where we describe the different 

assets together with the discovered failure modes from the process logs; information regard-

ing these failures such as occurrences and total stop hours is also incorporated. We have also 

calculated the MTTR value for all assets which is used in the maintenance savings calcula-

tions presented in step 8.  

7.7 Step 6: Develop Priority List 
With the information provided by the company in the compilation list, we than can prioritize 

the assets with consideration to the total unavailability time of each asset. The unavailability 

of the assets is the main attribute in this prioritization since we are conducting this study on 

the raw mill production section. It has been determined that the raw mill is the bottleneck sec-

tion in step 2 of this model. This implies that unavailability of an asset which is considered as 

severe which is described in step 4 in this model will result in unavailability of the raw mill 

production section as a whole. Therefore, we can distinguish the stamping mill as the highest 

prioritized asset within the raw mill, with a total of 111,5 unplanned stoppage hours. The val-

ue of all stoppage hours on each asset will also need to be described, and is calculated with 

the production loss during the stoppage hours times the Cement value per ton described in 

section 5.1.1 Product. The result of the value calculations is used for determining new 

maintenance investments in step 8. 

7.8 Step 7: Find Potential Failure Modes and Root Causes 
The next step was to find potential failure modes. The trigger for this step was to gain addi-

tional information that will be used as a basis for investments in maintenance, e.g. a potential 

failure could in some cases be more severe and imminent that one that has occurred recently 

and could need immediate attention. Although in our case we discovered three additional fail-

ure modes on the stamping mill is found during the FMECA. In this case the maintenance 

organization spent the sufficient amount resources needed to prevent these failure modes. The 

result of the FMECA was in our opinion successful and the criticality analysis conducted 

helped us to choose the failure mode that will be further evaluated in order to discover the 

root cause using RCFA. The FMECA and RCFA tables that were used when conducting the 

methods are described in Appendix 1 and Appendix 9. 
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The chosen failure mode is described as a broken shaft resulting in 74 stoppage hours of the 

stamping mill and ultimately the raw mill section as a whole. These hours resulted in a cost of 

535 464 SEK due to unavailability of the production process. When determining the root 

cause of the broken axis the RCFA is conducted, the result of the RCFA is describing an issue 

with the maintenance procedures when mounting the axis. These procedures is described with 

instructions that is conducted verbally instead of written form, leading to inconveniences 

when performing the procedure and ultimately an incorrect mounting leading to breakdown of 

the stamping mill. These procedures should therefore be updated into written form in order to 

prevent this type of failure, and it could also be an actual issue in other assets within the pro-

duction of Cementa AB. 

7.9 Step 8: Determination of New Maintenance Investment 

The determination of the maintenance investment is as follows. 

 Step 1. Determining the Unavailability Cost 

The total unavailability for the past three years is 806 814SEK, the average unavailability cost 

per year is 268 938SEK.  

 Step 2. Determining the Maintenance Investment 

With support from the FMECA and RCFA analysis the management can determine which 

failures that could be prevented permanently. If the estimation is that it is possible to invest in 

268 938SEK in order to reduce 50% of the failures the maintenance savings will be 

155 776SEK per year.  

 Step 3. Determining the Pay-Back Time 

If it is possible to reduce the failure rate with 50% each year contributing in savings of 

155 776SEK per year the pay-back time is two and a half year. This means that after two and 

a half years the maintenance will be profitable.  

7.10 Increased Availability and Profit 
By using this model the availability of the raw mill (bottleneck section), will increase. The 

increasing availability will contribute to a higher output of the plant resulting in higher profit 

for the organization.  

The eight different steps of the model will create a systematical approach to increase the 

availability of the bottleneck.  

When the eighth step is initiated all the unavailability hours have been determined. By sys-

tematically reducing the unavailability hours on all assets in the priority list, the availability 

increases. When the availability increases the production increases. Since it is the bottleneck 

that have been addressed the output of the plant will be increased. The result of this is in-

creased profitability since bigger volumes can be produced and sold. 

The validity is ensured since measurements are conducted by following templates developed 

by scientists. Also the different theories presented have more than one reference. The model is 

tested theoretically, unfortunately there are no concrete proves that the model will function 

well in reality. In order to secure the validity more the model should be implemented within 
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one or more case companies. When the model has been implemented measurements should be 

conducted in order to determine how well it functions.  

The study is reliable since the data collection process has been duplicated. Two or more per-

sons have collected the same data. The data has then been compiled. Also reliable sources of 

information have been used. 

Generalizability has been secured by making a model that could be modified in order to fit 

other process industries. For example the determination of the pay-back period can easily be 

changed depending on the suitable pay-back period set by the management. The model could 

also be tested to more than one company in order to ensure generalizability. 
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8. Conclusions 

First we present some concluding statements for this thesis, following by some general rec-

ommendations for the case company where this study is conducted. Further we discuss the 

theoretical relevance and how further research in this area of study could be conducted. 

The problem formulation presented in this thesis was as follows:   

 How to increase profitability in a raw mill within process industries? 

With the usage of the model the availability of the bottleneck section can be increased. The 

tools and methods contribute with relevance in this study since they are well represented and 

approved by theorists. These also created a significant amount of value to our model. Also, 

calculations for maintenance used in the implementation of the model where also relevant and 

beneficial for this study, since they made our result measurable 

By working systematically from defining the market demand and business goals to the 

maintenance investment proposal by several steps fitting to the process industries, a generali-

zation of model can be presented. 

The ability to modify this model for better applicability is also something we encourage in 

order to make this model available for different types of production processes. Though, the 

purpose and aim of the model should remain the same if the different steps are utilized as in-

tended. 

The model developed is then tested and analyzed in a real production process at a raw mill 

located in the production of cement at the Swedish company called Cementa AB.  

8.1 Future Research 
The model developed in this thesis needs further application at more real cases in order to 

increase the validity. The activities performed after our model ends could also be incorporated 

in other models or new ones can be applied in order to make the investments as valid as pos-

sible and to be able to measure the gains from these. The reliability aspect could be incorpo-

rated in future research in order to increase the adaptability and the precision of the decision 

making process. Additional time is required in order to use the model at full extent and con-

duct measurements on order to prove the full result of the model.  
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9. Recommendations 

In this chapter general recommendations for this study are described. Recommendations for 

the case company are also included. 

9.1 General Recommendations 
Generally we recommend companies using this model to apply this model to bottleneck sec-

tions when situated in high demanded production in order to increase the profitability, also the 

usage of the different methods proposed in the different steps is recommended to be used 

since their contribution was beneficial in this study. 

9.2 Recommendations for the Case Company 
We recommend the company of Cementa AB to systematically further evaluate all the actors 

of unavailability presented in the priority list. Due to the maintenance goal of 2012 to start 

working with methods such as FMECA and RCFA we recommend further usage of these. 

Hopefully we have provided some of the best possible information of where to apply these 

tools in order to gain increased profitability.  

We also recommend Cementa AB to use the result of the evaluation of the stamping mill 

within the raw mill in order to enhance their maintenance procedures to eliminate that type of 

problem, this counts for all assets and not only the stamping mill. 

We recommend the company to incorporate all the steps in the model with dedication and at 

full extent in order to get the best possible result. 
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Appendix 1 
The table below shows a FMECA template. 
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Appendix 2 
The chart below shows the maintenance goals at Cementa AB. The information is gathered from Cementa ABs database. 
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Appendix 3 
Current maintenance at Cementa AB. The information is gathered from Cementa ABs database. 
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Appendix 4 
The chart below shows the flow within the raw mill. 
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Appendix 5 
The template shows the criterion for the criticality criterion at Cementa AB. Information gathered from Cementa ABs data base.
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Appendix 6 
The chart below shows the assets within the raw mill. The information is gathered from Cementa ABs database. 
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Appendix 7 
The table below shows the reconstructed severity criterions. 
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Appendix 8 
Below the average capacity calculations are presented, all figures are in tons. 

Average cement production 2007-2011 

1. Raw Mill 

Average production of raw meal 2007-2011 

                                    

 
                              

Average production of klinker 2007-2011 

                                        

Average production of cement 2007-2011 

      

     
                            

2. Kiln 3&4 

Average production of klinker 2007-2011 (kiln 3) 

                                    

 
                             

Average production of klinker 2007-2011 (kiln 4) 

                                    

 
                             

 

Average production of cement 2007-2011 (both kilns) 

               

     
                            

3. Cement mill 

Average production of cement 2007-2011 
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Average downtime 2007-2011 

1. Raw mill 

Uptime 2011, 2010, 2009, 2008 and 2007 

2011: 
      

  
            2010: 

      

  
            

2009: 
      

  
            2008: 

      

  
            

2007: 
      

  
            

Average uptime of the raw mill 2007-2011 

                          

 
      

Average downtime of the raw mill 2007-2011 

(                  )

       
                  

2. Kiln 3&4 

Average uptime of kiln 3, 2007-2011 

                          

 
                     

Average uptime of kiln 4, 2007-2011 

                          

 
                     

Average uptime of kiln 3&4, 2007-2011 

           

 
                     

Average downtime of kiln 3&4 2007-2011 

(                  )
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3. Cement mill 

Uptime 2011, 2010, 2009, 2008 and 2007 

2011: 
      

  
            2010: 

      

  
            

2009: 
      

  
            2008: 

      

  
            

2007: 
      

  
            

Average uptime of the cement mill 2007-2011 

                          

 
                     

Average downtime of the cement mill 2007-2011 

(                  )

       
                  

Average cement production per producing day 2007-2011 

1. Raw mill 

Average cement production per producing day 2007-2011 

      

        
                        

2. Kiln 3&4 

Average cement production per producing day 2007-2011 

      

        
                        

3. Cement mill 

Average cement production per producing day 2007-2011 
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Appendix 9 
The template below shows the RCFA template. 

Labour cost on this 

failure

Spare parts cost on 

this failure:

Failure frequency:

□ It is profitable to 

modify the 

equipment

(Write a X in 

when 

appropriate)

No improvement 

possible. 

Investment / 

modification

Frequency (in days) :

Date:

-

-

-

-

-

Frequency (in days) :

-

-

-

-

-

□ There is no 

preventative plan on 

this equipment

□ There is a 

preventative plan on 

this equipment

□ Driving instructions 

are not complete / do 

not exist

□ Driving instructions 

exist

Create a preventative 

plan

Create / Complete 

and insure correct 

implementation

Implementation date:

Implementat

ion date:

Implementat

ion date:

Implementat

ion date:

FAILURE CAUSE TREE

4th Why

5th Why

6th Why

□ It is possible to avoid the 

breakdown through better 

equipment operating procedures.

Date of achievement

Suggested content & frequency of operating 

instructions

Suggested actions for a better 

implementationSuggested content & frequency of the preventative plan:

Suggested actions for a correct achievement of the plan 

(training, methods, management system…)

□ Instructions are applied at the 

required frequency

□ Instructions are not always applied or 

applied properly

Check content and frequency of 

driving instructions

Train Production workers / Check correct 

implementation of operating instructions

Investment / modification proposed

Other similar equipment for which it would be 

profitable to act the same way

□ The plan is applied at 

defined frequencies and 

content is not adapted

□ The plan is not always 

applied properly (frequency / 

skills…)

Review the content of the 

plan (activities, maybe 

frequencies)

Review correct achievement 

of the plan

- 

-

-

-

-

-

-

-

-

-

Controls planned in Maintenance Routines :
Possible delay 

(in days) :

-

-

-

-

-

-

-

-

-

-

Controls planned in Production Routines : Frequency (in days) :
Possible delay 

(in days) : Suggestions for an efficient work:

Workers were not efficient in 

repairing the equipment
Check repair conditions

Existing Periodical preventative works planned on this 

equipment:

Possible delay 

(in days) :
Maintenance operating procedures 

are not updated

Maintenance procedures do not exist

Technical documents do not exist

Technical documents exist but were 

not found

Spares were out of stock
Existing driving / operating instructions

Did workers comply with 

these instructions?:

A "repairable part" was not repaired 

and therefore was out of stock

How do we make sure these instructions 

are complied with?

Spares were not the right ones / 

Spares were not in good state

Technical documents are not 

updated

□ It is profitable to do preventative 

works on this equipment

□ It is possible to compress the 

corrective work in case of failure

Cost of the failure (tons lost x 

marge):
3rd Why

PRODUCTION INFORMATION MAINTENANCE INFORMATION FAILURE CAUSE TREE

2nd Why

□ It is not profitable to modify the 

equipment, or do preventative 

work, or train people, or modify 

Production hours lost on this 

equipment over the past 12 

months:

FAILURE

Equipment : 

Date of the failure: 

Improvement form

N°: 

Accountable: 

Validation of actions 

suggested

Date of validation:

Validation of actions 

implementation

Date of validation:

Production hours lost on this 

failure:
1st Why
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Appendix 10 
The table below shows the criticality figures set by Cementa AB. The information is gathered 

from Cementa ABs database. 

22Z03 Merix scale 1 Impact on raw mix quality 

22T13 Air cannon 1 Impact on raw mix quality 

22T08  Air cannon 1 Impact on raw mix quality 

22Z05 Sand scale 1 Impact on raw mix quality 

22T06  Air cannon 1 Impact on raw mix quality 

22T07 Air cannon 1 Impact on raw mix quality 

22Z06 Bauxit scale 1 Impact on raw mix quality 

22T14 Air cannon 1 Impact on raw mix quality 

22T15 Air cannon 1 Impact on raw mix quality 

22Z04 Limestone scale 1 Impact on raw mix quality 

22Z07  Conveyor bels 2 Potential kiln shutdown within 24 hours 

22Z08 Stone screw 2 Potential kiln shutdown within 24 hours 

22K01 Stamping mill 2 Potential kiln shutdown within 24 hours 

22Z09 Drag chain 2 Potential kiln shutdown within 24 hours 

22Z10 Circulating elevator 2 Potential kiln shutdown within 24 hours 

22A01 North separator 2 Potential product sales loss 

22A02 South separator 2 Potential product sales loss 

22Y01 Shaking gutter 2 Potential product sales loss 

22Y02 Shaking gutter 2 Potential product sales loss 

22Y06 Gate 2 Potential product sales loss 

22Y08 Gate 2 Potential product sales loss 

22C05 Residue filter 2 Potential safety hazard to personnel 

22F06 Air sucking fan 2 Potential safety hazard to personnel 

22K02 Raw miller 2 Potential kiln shutdown within 24 hours 

22P05 Pump for sprocket 2 Potential kiln shutdown within 24 hours 

22F08 Air channel fan 2 Potential kiln shutdown within 24 hours 

22Z11 Air channel 2 Potential kiln shutdown within 24 hours 

22Z12 Air channel 2 Potential kiln shutdown within 24 hours 

22V37 Gate 4 

 22V38 Gate 4 

 22V48-54 Gates 4 

 22Z18 Filter screw 4 

 22Z19 Filter gate 4 

 22V27 Gate 4 

 22P07  Grease pump, separators 4 
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Appendix 11 
The table below shows the new severity figures set by the severity criterions designed by the 

authors. 

22Z03 Merix scale 1 Impact on raw mix quality 

22T13 Air cannon 1 Impact on raw mix quality 

22T08  Air cannon 1 Impact on raw mix quality 

22Z05 Sand scale 1 Impact on raw mix quality 

22T06  Air cannon 1 Impact on raw mix quality 

22T07 Air cannon 1 Impact on raw mix quality 

22Z06 Bauxit scale 1 Impact on raw mix quality 

22T14 Air cannon 1 Impact on raw mix quality 

22T15 Air cannon 1 Impact on raw mix quality 

22Z04 Limestone scale 1 Impact on raw mix quality 

22Z07  Conveyor bels 1 Potential kiln shutdown within 24 hours 

22Z08 Stone screw 1 Potential kiln shutdown within 24 hours 

22K01 Stamping mill 1 Potential kiln shutdown within 24 hours 

22Z09 Drag chain 1 Potential kiln shutdown within 24 hours 

22Z10 Circulating elevator 1 Potential kiln shutdown within 24 hours 

22A01 North separator 1 Potential product sales loss 

22A02 South separator 1 Potential product sales loss 

22Y01 Shaking gutter 1 Potential product sales loss 

22Y02 Shaking gutter 1 Potential product sales loss 

22Y06 Gate 1 Potential product sales loss 

22Y08 Gate 1 Potential product sales loss 

22K02 Raw miller 1 Potential kiln shutdown within 24 hours 

22P05 Pump for sprocket 1 Potential kiln shutdown within 24 hours 

22F08 Air channel fan 1 Potential kiln shutdown within 24 hours 

22Z11 Air channel 1 Potential kiln shutdown within 24 hours 

22Z12 Air channel 1 Potential kiln shutdown within 24 hours 

22C05 Residue filter 2 Potential safety hazard to personnel 

22F06 Air sucking fan 2 Potential safety hazard to personnel 

22V37 Gate 4 

 22V38 Gate 4 

 22V48-54 Gates 4 

 22Z18 Filter screw 4 

 22Z19 Filter gate 4 

 22V27 Gate 4 

 22P07  Grease pump, separators 4 
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Appendix 12 
The table is showing the process log with regards to mechanical failures. The log is for year 2009, 2010 and 2011. 

 

Number Hours Number Hours Number Hours Number Hours NumberHours Number Hours Number Hours Number Hours Number Hours Number Hours Number Hours Number Hours Number Hours

Failure Cause

Bolt detached outlet 22K02 1 6,5 1 6,50

Breakdown 22A01 1 11,5 1 11,50

Unplanned stoppage 22A02 1 4,00 1 4,00

Clogged, metal debris 22Z11 2 1,50 2 1,50

A broken shaft 22K01 1 74 1 74,00

Increased vibration levels 22K01 1 8,50 1 4,5 2 13,00
Clogged 22A02 1 1,75 1 1,75

Sum 1 4,00 0 0,00 1 8,50 4 80,00 2 8,25 0 0,00 0 0,00 0 0,00 0 0,00 0 0,00 0 0,00 1 11,50 9 112,25

Stopp < 1 h 2 1 1 1 1 2 1 1 1 11

Stopp 1-24 h 3 9 4 13 11 3 6 4 3 6 2 4 68

Stopp > 24 h 2 1 2 2 3 1 11

Sum 7 9 5 15 13 4 9 6 6 8 3 5 90

Number Hours Number Hours Number Hours Number Hours NumberHours Number Hours Number Hours Number Hours Number Hours Number Hours Number Hours Number Hours Number Hours

Failure Cause

Leakage 22A01 1 0,5 1 0,5 2 1,00

Hole 22Z11 1 8 1 8,00

Broken sealing inlet 22K02 1 1,50 1 1,50

Hole in outlet carrier 22Z10 1 23 1 23,00

Failure 22Z08 2 5,5 1 2,25 3 7,75

High temp. outlet bearing 22Z10 1 4,25 1 1,00 2 5,25

Failure mill house 22K01 1 3,5 1 3,50

Increased vibration levels 22K01 1 7,00 1 7,00

Worn out gear 22Z09 3 3,25 3 3,25

Sum 1 0,50 1 0,50 1 7,00 0 0,00 0 0,00 1 8,00 2 26,50 0 0,00 3 9,75 1 2,25 4 4,25 1 1,50 15 60,25

Stopp < 1 h 3 2 6 2 1 1 1 1 1 7 7 32

Stopp 1-24 h 6 13 6 11 4 4 9 4 9 13 15 17 111

Stopp > 24 h 1 1 1 1 4

Summa 9 15 7 18 7 6 10 5 10 14 22 24 147

Number Hours Number Hours Number Hours Number Hours NumberHours Number Hours Number Hours Number Hours Number Hours Number Hours Number Hours Number Hours Number Hours

Failure Cause

Detached outlet grid 22K02 1 2,5 1 2,50

Failure 22Z08 1 6 16,50 1 22,50

Bearing failure 22Z05 1 1,50 1 1,50

High temp. outlet bearing 22K02 5 14,50 1 12,75 1 1,5 3 2,25 1 0,50 2 2,50 13 34,00

High temp. Inlet bearing 22K02 1 2,00 1 3,25 2 5,25

Failure mill house 22K01 1 6,25 1 7,75 2 14,00

Chain break in two 22Z09 1 4,25 1 2,75 1 1,75 3 8,75

Worn out 22Z09 1 3,25 1 3,25

Hole in bag 22A02 1 1,5 1 1,50

Sum 0 0,00 1 6,00 9 41,25 1 2,75 2 5,00 1 12,75 1 1,50 3 2,25 1 3,25 2 7,75 2 8,25 2 2,50 25 93,25

Stopp < 1 h 3 6 5 2 3 1 4 5 2 31

Stopp 1-24 h 21 6 13 7 4 6 3 5 5 9 2 5 86

Stopp > 24 h 1 0 1 2

Summa 24 12 18 9 8 6 4 9 5 15 2 7 119

Downtime

December Per yearOctober November

Downtime Downtime Downtime Downtime Downtime DowntimeDowntime Downtime

June July August September

Råverk 2011

January February Mars April May

Downtime Downtime Downtime Downtime

DowntimeDowntime Downtime Downtime Downtime

December Per yearSeptember October November

Downtime Downtime Downtime Downtime Downtime

Raw mill 2009

January February Mars April

DowntimeDowntime

July August SeptemberMay June

May June July

Downtime

August

Raw mill 2010

January February Mars April October November December Per year

Downtime Downtime Downtime Downtime Downtime Downtime DowntimeDowntime Downtime Downtime Downtime Downtime Downtime
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Appendix 13 
The table below shows the average production of the raw mill. Source, Cementa ABs database. 
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Appendix 14 
The table below shows the average production of kiln 3. Source, Cementa ABs database. 
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Appendix 15 
The table below shows the average production of kiln 4. Source, Cementa ABs database. 
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Appendix 16 
The table below shows the average production of the cement mill. Source, Cementa ABs database. 
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Appendix 17 
The table below shows the compilation list.  

Object number 
Object Raw 
mill 

Cementa 
Criticality Failure causes Occurance 

Total 
stop 
hours MTTR 

22Z03 Merox scale 1         

22T13  Air Cannon 1         

22T08  Air Cannon 1         

22Z05 Sand scale 1 Bearing failure 1 1,5 1,5 

22T06 Air Cannon 1         

22T07 Air Cannon 1         

22Z06 Bauxit scale 1     

 

  

22T14 Air Cannon 1         

22T15 Air Cannon 1     

 

  

22Z07 

Transportation 

belt 1         

22Z04 

Limestone 

scale 1     

 

  

22Z08 

Stone feeding 

screw 1 Failure 4 30,25 7,5625 

22K01 Stamping mill 1 Failure mill house 3 17,5   

      A broken shaft 1 74   

      

Increased vibration 

levels 3 20   

TOTAL 

STAMPING MILL       7 111,5 15,92857143 

22Z09 Drag chain 1 Chain break in two 3 8,75   

      Worn out gear 3 3,25   

      Worn out 1 3,25   

TOTAL DRAG 

CHAIN       7 15,25 2,178571429 

22Z10 

Circulating 

elevator 1 

Hole in outlet 

carrier 1 23 23 

22V27 Gate 4         

22A01 North separator 1 Breakdown 1 11,5   
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      Leakage 3 2   

TOTAL NORTH 

SEPARATOR       4 13,5 3,375 

22A02 South seperator 1 Hole in bag 1 1,5   

      Clogged 1 1,7   

      

Unplanned 

stoppage 2 4   

TOTAL SOUTH 

SEPARATOR       4 7,2 1,8 

22P07 Grease pump 4         

22Y01 Shaking gutter 1         

22Y02 Shaking gutter 1         

22Y06 Gate 1         

22Y08 Gate 1         

22C05 Residue filter 2         

22Z18 Filter screw 4         

22Z19 Filter gate 4         

22F06 Suction fan 2         

22V48-22V54 Gates 4         

22K02 Mill 1 

High temp. Inlet 

bearing 2 5,25   

      Hole on heating let 2 7   

      

High temp. outlet 

bearing 15 39,25   

      

Detached outlet 

grid 1 2,5   

      

Bolt detached 

outlet 1 6,5   

      

Broken sealing 

inlet 1 1,5   

TOTAL MILL 22 62 2,454545456 

22P05 Pump:cogs 1   

 

    

22Z11 

Air 

transportation 

channel 1 Hole 1 8   

      
Clogged, metal 

2 1,5   
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debris 

TOTAL TRANSPORTATION CHANNEL 3 9,5 3,166666667 

22Z12 

Air 

transportation 

channel 1         

22Z33 Sluss 1 Bearing failure 1 4 4 

TOTAL 54 277,7 5,142592593 
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Appendix 18 
The table below shows the Asset Priority list 

Priority Asset number Asset Name Severity Failure causes Occurance Total stop hours MTTR Total Stop Total Loss (3years) Total Loss (1year additional) Total Production/Hour 40,2Ton

22K01 Stamping mill 1 A broken shaft 1 74 Cement Value/Ton 180 SEK

Increased vibration levels 3 20

Failure mill house 3 17,5 Production Value/Hour 7236

TOTAL STAMPING MILL 7 111,5 15,92857143 111,5 806814 268938

22K02 Mill 1 High temp. outlet bearing 15 39,25

Hole on heating let 2 7

Bolt detached outlet 1 6,5

High temp. Inlet bearing 2 5,25

Detached outlet grid 1 2,5

Broken sealing inlet 1 1,5

TOTAL MILL 22 62 2,454545456 62 448632 149544

22Z08 Stone feeding screw 1 Failure 4 30,25 7,5625

Total Stone feeding screw 30,25 30,25 218889 72963

22Z10 Circulating elevator 1 Hole in outlet carrier 1 23 23

Total Circulating elevator 23 23 166428 55476

22Z09 Drag chain 1 Chain break in two 3 8,75

Worn out gear 3 3,25

Worn out 1 3,25

TOTAL DRAG CHAIN 7 15,25 2,178571429 15,25 110349 36783

22A01 North separator 1 Breakdown 1 11,5

Leakage 3 2

TOTAL NORTH SEPARATOR 4 13,5 3,375 13,5 24421,5 8140,5

22Z11 Air transportation channel 1 Hole 1 8

Clogged, metal debris 2 1,5

TOTAL TRANSPORTATION CHANNEL 3 9,5 3,166666667 9,5 68742 22914

22A02 South seperator 1 Unplanned stoppage 2 4

Clogged 1 1,7

Hole in bag 1 1,5

TOTAL SOUTH SEPARATOR 4 7,2 1,8 7,2 52099,2 17366,4

22Z33 Sluss 1 Bearing failure 1 4 4

TOTAL SLUSS 4 4 28944 9648

22Z05 Sand scale 1 Bearing failure 1 1,5 1,5

TOTAL SAND SCALE 1,5 1,5 10854 3618

11 22Z03 Merox scale 1

12 22T13 Air Cannon 1

13 22T08 Air Cannon 1

14 22T06 Air Cannon 1

15 22T07 Air Cannon 1

16 22Z06 Bauxit scale 1

17 22T14 Air Cannon 1

18 22T15 Air Cannon 1

19 22Z07 Transportation belt 1

20 22Z04 Limestone scale 1

21 22Y01 Shaking gutter 1

22 22Y02 Shaking gutter 1

23 22Y06 Gate 1

24 22Y08 Gate 1

25 22P05 Pump:cogs 1

26 22Z12 Air transportation channel 1

27 22C05 Residue filter 2

28 22F06 Suction fan 2

29 22V27 Gate 4

30 22P07 Grease pump 4

31 22Z18 Filter screw 4

32 22Z19 Filter gate 4

33 22V48-22V54 Gates 4

7

8

9

10

1

2

3

4

5

6
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Appendix 19 
The table below is representing the conducted FMECA. 

Plant Equipment Team Date

Preventive Detection

Actions 

taken S O D

R

P

N

Production loss

3

Loosened bolt

2

PM 2 times 

annually 1 6 4,3

Increased inspections, 

each 7:th weak. 

Especially on bolts 2,3 PJ dec-12

Environmental 

issue

Production loss

5

Mounted wrong

1 Communication 2 10 53,5

Instructions for 

mounting. A supervisor 

demonstrating the 

mounting. 1,2 JC

Next 

annual 

stoppage

Production loss
4

Inbalance, Natural 

vibration 1

Vibration 

analysis 2 8 5
None

None

Bearing failure

Production loss

4

Wear, Inbalance, 

insufficient 

lubrication. 

Increased 

temperature levels 1

Vibration 

analysis, PM 2 

times annually 3 12

None

Production loss
2

Wear
2

PM 2 times 

annually 3 12 3,9
None

Production loss
3

Wear, component 

failure 3

PM 2 times 

annually 2 18 8,7

Finding better material 

for components 6 JC 2013-04-01

Potential Cause(s) 

of Failure

O

c

c

u

r

r

Current Controls

D

e

t

e

c

t

R

P

N

Person 

in 

charge

Actions Results

DeadlineFunction

Cost of the 

Risk

Cost of 

the action

Crushing 

limestone 

into smaller 

particles

Failure mill 

house
Visual detection

Recommended Actions

Potential 

Failure Mode

Potential Effect(s) 

of Failure

S

e

v

e

r

Weared out 

crushing 

hammers 

(potential)

Visual

A broken 

shaft
Noise, visual

Weared out 

seperator grid 

(potential

Visual

Increased 

vibration 

levels

Noise, visual

Bearing failure 

(potential)
Noise, visual
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Appendix 20 
The conducted RCFA is presented below 

74
Labour cost on this 

failure
34k

0
Spare parts cost on 

this failure:
3k

53,5k Failure frequency: 1

□ It is profitable to 

modify the 

equipment

(Write a X in 

when 

appropriate)

No improvement 

possible. 

Investment / 

modification

Frequency (in days) : X

Date:

-

-

-

-

-

Frequency (in days) :

-

-

-

-

-

□ There is no 

preventative plan on 

this equipment

□ There is a 

preventative plan on 

this equipment

□ Driving instructions 

are not complete / do 

not exist

□ Driving instructions 

exist

Create a preventative 

plan

Create / Complete 

and insure correct 

implementation

Implementation date:

Implementat

ion date:

Implementat

ion date:

Implementat

ion date:

FAILURE

Equipment : Axis in 22K01 Stamping mill

Date of the failure: 2010

Improvement form

N°: 

Accountable: 

Validation of actions 

suggested

Date of validation:

Validation of actions 

implementation

Date of validation:

Production hours lost on this 

failure:
1st Why

Incorrect mounting

PRODUCTION INFORMATION MAINTENANCE INFORMATION FAILURE CAUSE TREE

2nd Why

lack of instructions

□ It is not profitable to modify the 

equipment, or do preventative 

work, or train people, or modify 

□ It is profitable to do preventative 

works on this equipment

Production hours lost on this 

equipment over the past 12 

months:

□ It is possible to compress the 

corrective work in case of failure

Cost of the failure (tons lost x 

marge):
3rd Why

lack of linguistic skill

How do we make sure these instructions 

are complied with?
Spares were out of stock

Existing driving / operating instructions

Did workers comply with 

these instructions?:

Spares were not the right ones / 

Spares were not in good state

Technical documents are not 

updated

A "repairable part" was not repaired 

and therefore was out of stock

Technical documents exist but were 

not found

Technical documents do not exist

Existing Periodical preventative works planned on this 

equipment:

Possible delay 

(in days) :
Maintenance operating procedures 

are not updated

Maintenance procedures do not exist

Controls planned in Production Routines : Frequency (in days) :
Possible delay 

(in days) : Suggestions for an efficient work:

Workers were not efficient in 

repairing the equipment
Check repair conditions

-

-

-

-

-

Create written instructions for mounting shaft. 

Competent personell performing the activity. 

Competent supervision of the activity.

Next annual 

stoppage

Controls planned in Maintenance Routines :
Possible delay 

(in days) :

-

-

-

-

-

-

-

-

-

-

Investment / modification proposed

Other similar equipment for which it would be 

profitable to act the same way

All equipment with lack of maintenance instructions.

□ The plan is applied at 

defined frequencies and 

content is not adapted

□ The plan is not always 

applied properly (frequency / 

skills…)

Review the content of the 

plan (activities, maybe 

frequencies)

Review correct achievement 

of the plan

- 

-

-

-

-

Date of achievement

Suggested content & frequency of operating 

instructions

Suggested actions for a better 

implementationSuggested content & frequency of the preventative plan:

Suggested actions for a correct achievement of the plan 

(training, methods, management system…)

□ Instructions are applied at the 

required frequency

□ Instructions are not always applied or 

applied properly

Check content and frequency of 

driving instructions

Train Production workers / Check correct 

implementation of operating instructions

FAILURE CAUSE TREE

4th Why

5th Why

6th Why

□ It is possible to avoid the 

breakdown through better 

equipment operating procedures.

No written instructions existed
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