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Definitions of key terms 

 

Bottleneck: “Department, facility, machine, or resource already working at its full capacity 

and which, therefore, cannot handle any additional demand placed on it. Also called critical 

resource, a bottleneck limits the throughput of associated resources”, 

(Businessdictionary.com, 2010). 

 

Cycle time: “Period required to complete one cycle of an operation; or to complete a 

function, job, or task from start to finish. Cycle time is used in differentiating total duration of 

a process from its run time”, (Businessdictionary.com, 2010). 

 

Effectiveness: “Doing the right things to create the most value for the company”, (Chase et 

al. 2006; 8). 

 

Efficiency: “Doing something at the lowest possible cost…the goal of an efficient process is 

to produce a good or provide a service by using the smallest input of resources”, (Chase et al. 

2006; 8). 

 

Lead time: “Number of minutes, hours, or days that must be allowed for the completion of an 

operation or process, or must elapse before a desired action takes place”, 

(Businessdictionary.com, 2010). 

 

Order picking: “Order picking is the activity by which a small number of goods are extracted 

from a warehousing system to satisfy a number of independent customer orders”, 

(Goetshalckx, M., and Ashayeri, J., 1989; 99) 

 

Work-in-progress: “Continuation of a partly-completed work towards its conclusion”, 

(Businessdictionary.com, 2010). 
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List of abbreviations 

 

EMV – Elmotorverkstaden (Electric engineering work shop) 

 

MRP – Material Requirement Planning 

 

NNVA – Necessary but Non-Value Adding 

 

NVA – Non-Value Adding 

 

PVS – Produkt verkstad medelstora pumpar (Work shop middle-sized pumps) 

 

PVT – Produkt verkstad tunga pumpar (Work shop heavy pumps) 

 

VA – Value-Adding 
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1. Introduction 

In this chapter an introduction to the problem will be given in order to provide the reader 

with some insight to the study. A background description will be given with the purpose to put 

the reader in a context. The background will be followed by a problem discussion, 

presentation and formulation, purpose and relevance. Also the limitations that were faced 

during the process will be displayed in this chapter.   

1.1 Background 

Logistics activities have been around for thousands of years but it was not until Second World 

War that the importance of logistics activities started to receive recognition and emphasis. 

During the 1970s the logistics activities got even more attention due to the realization of it 

being a major contributor to costs. In addition to the globalization of industry, logistics cost 

became a critical issue for many organizations leading to the high interest in the field of 

logistics. However, logistics activities first started to gain attention for studies in the early 

1990s as a consequence of the need of supporting business strategies, Grant et al (2006).  

 

Grant et al (2006) discusses the importance of planning and coordinating activities within the 

logistics field and it is made evident that organizations have to have an overall mission in 

order to move towards a common objective. Managers within the logistic fields will not be 

able to make proper decision if they cannot utilize the organizations overall strategy in order 

to come up with corresponding logistics strategies. Christopher (2005) states that logistics 

activities should be planned and coordinated as one single process instead as independent 

activities, this in order to create competitive advantages and to reduce the total cost of 

logistics activities. According to Tompkins et al (2003), to achieve reduced cost and increased 

productivity within an organization it is essential to reduce or eliminate all activities that are 

unnecessary or wasteful in any type of processes. Cost reduction can be realized through 

investigating activities such as transportations costs, acquisition cost, inventory costs, and 

logistics cost etcetera.  

 

The material handling process is considered to be one of several key logistics activities that 

are needed to facilitate the flow of a product from point of origin to consumption. The 

material flow should thereby be planned from the point of origin to the point when it reaches 

the customer, Grant et al (2006). Since the competitive markets require rapid and flexible 

responses due to the challenges of today´s changing customer demands and uncertainties it is 

important to consider how to stay competitive, Ho and Ranky (1995). Ever since the logistics 

costs became obvious, organizations has found the logistic field as an area that could be used 

for competitive advantages against competitors, Christopher (2005). For example according to 

Ho and Ranky (1995) this could be accomplished through the design of new material handling 

methods. 

 

Domingo et al (2007) expresses the important impacts layout has on material flows and that is 

something that differentiates every organizations. Thereby it is apparent that it could be used 

as a competitive advantage since every organization can affect their material flow differently 

depending on special characteristics and circumstances of organizations. Tompkins et al 

(2003) further explain that the arrangements of patterns within a facility are dependent on the 

interactions between workstations areas, available space, and the size of material being 

handled. Facility layout design and material handling system are two inseparable functions 

and should therefore be jointly considered when planning for an effective material flow.  
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Manzini et al (2005) explain that there is an increasing new trend towards automation of 

warehousing. Furthermore, Grant et al (2006) express that there exist automated systems with 

the purpose to facilitate the material handling activities. Some of the advantages of an 

automated storage system are that the amount of material handling will be reduced, savings 

will be made in labour, and, it will increase the availability etcetera.     

 

 

1.2 Problem Discussion 

Tompkins et al (2003) explain that material handling is an activity that can be observed in 

everyday activities. Due to the amounts of movements, problems can arise in a wide range of 

contexts, for example longer lead times, high amount of time spent on material handling and 

unnecessary movements can occur. Fortunately these problems most commonly also have a 

number of different solutions that can be implemented in order to achieve effective material 

flows. Material handling improvements can therefore result in significant cost savings as it is 

an activity that consists of many possibilities of improvements. Hines and Rich (1997) discuss 

the importance of eliminating activities that bring no value to the end product, one of these 

activities considered are transportations and the handling of material. According to both 

Tompkins et al (2003) and Hines and Rich (1997) the ideal goal should be to eliminate 

material handling activities completely and instead put efforts on value-adding activities. 

However, Hines and Rich (1997) explains that some operations sequences are important for 

the completion of a product but do not necessarily bring any value to it. Tompkins et al 

(2003) therefore suggest that it is more appropriate to minimize the amount of material 

handling, which could be a more practical goal for most organizations. An example of a non-

value adding procedures are the unnecessary material movements that could be eliminated in 

order to improve the overall efficiency and reduce unnecessary costs related to these 

activities. However, one of the difficulties is how to minimize the amount of time spent on 

material handling as it is impossible to eliminate it totally.  

 

At manufacturing companies there can be a tendency to put unnecessary efforts on handling 

material. Ways of working are commonly based on routine and no further thoughts are spent 

on questioning the utilized methods. According to Goetshalckx and Ashayeri (1989) the 

manual material handling is time consuming as it demands a lot of manpower. On the other 

hand an automated storage system for material handling requires a lot of capital investments. 

Also it requires more knowledge from the operator in order to keep the automated storage 

system in desired condition. An advantage however is that manpower can be reduced. The 

objective should be that time related to the extraction of material should be kept low in order 

to reduce the overall time spent on order picking and material handling. 

  

 

1.3 Presentation of problem 

Time spent on material handling due to large amounts of movements is very high, and must 

be reduced in order to reduce the total cost of logistics activities. If existing methods for 

facilitating the movements can be combined and utilized, each movement can be minimized 

by planning for an effective flow. Furthermore, the availability of material is important and 

should be increased for the purpose of serving the manufacturing of products and having a 

smooth and efficient flow. By implementing an automated storage system the availability of 

material could be improved. However, it is important to consider the desired functionality 
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with the automated system since such initial investments are high and therefore once again 

planning for an effective usage is important in order to maintain an efficient material flow.    

 

    

1.4 Problem formulation 

 

 How can material handling be improved in order to minimize time and cost?  

 

 

1.5 Purpose 

The purpose is to develop a model and give suggestions for the material handling when using 

an automated storage system. This in order to reduce unnecessary movements that appear 

within the material handling processes by identifying new methods of working. The model 

will work as a foundation of suggestions that could be considered by companies in order to 

reduce cost and time spent on material handling activities. 
 

 

1.6 Relevance 

It is stated by Grant et al (2006) that cost savings within the logistics fields has a higher 

influence on profits than increased sales, and an euro saved within logistics has a higher 

impact than an euro increase in sales. According to Grant et al (2006) logistics nowadays 

concerns a high amount of the total operating expenses within business. Tompkins et al 

(2003) states that a lot of the total operating expenses are related to the material handling and 

thereby it is relevant to minimize this cost. As Tompkins et al (2003) further explains there is 

a wide range of problems related to logistics activities and by that there also exist a numerous 

of solutions. Identification of problems areas and suggestions of improvements can 

differentiate depending on the eye of the beholder. 

 

It is evident that various researches have been made on logistics activities such as material 

handling, value and supply chains etcetera. Due to that characteristic of organizations layouts 

and strategies differentiate in a wide range, it could be difficult to create a model for the 

purpose of material handling that fits all types of organization. However, it is possible to 

present a model suited for one purpose that could be considered by an organization in order to 

reduce time and cost spent on material handling. By utilizing the model, there will be 

alternatives that can be taken into consideration and give suggestions for improvements of 

existing material handling. 

 

 

1.7 Limitations/Delimitations 

Due to time restrictions the degree thesis will be delimited by the author and the given model 

will thereby not be tested in practice as it would take a lot of time to rearrange the placement 

of material in such a short notice. Therefore the model will give the case company 

suggestions that could be considered and implemented in a later stage. 

   

The focus of this thesis will be put on the material handling processes at one specific unit at a 

company. The material handling will be observed from the point of when the material arrives 



12 
 

at the arrival deck until it reaches the operators hand. Identification of bottlenecks within the 

material handling will lead to one target for further investigation.  

 

 

1.8 Timeframe 

The timeframe of this thesis is displayed in table 1. It shows the estimated duration of each 

chapter. Moreover, it also displays when important activities takes place, such as the seminars 

and final submission. 

  

Week 12 13 14 15 16 17 18 19 20 21 

Introduction   X X X      

Research Methodology   X X X      

Theory   X X X      

In depth observation at the 

company 

X X   X X     

Empirical Findings  X X   X     

Model development      X X X   

Analysis       X X   

Results       X X   

Conclusions         X X  

Discussions and recommendations        X X  

Adjustments         X X 

Seminar 1    X       

Seminar 2       X    

Final submission          X 
Table 1, Timeframe 
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2. Research Methodology 

In this chapter the research methodology performed in this case study will be presented. Each 

subheading will explain the approach that will be taken regarding the type of methods used in 

this research.   

2.1 Research perspectives 

Two of the most dominant perspectives within sociology are positivism and hermeneutics, 

according to Danermark et al (2003). The hermeneutics focuses on utilizing interpretations as 

the main research method in order to understand different circumstances. Knowledge about 

the society must be based on understandings, something that is only attainable through 

interpretations. However, when performing hermeneutics studies a requirement is to have a 

lot of basic data in order to avoid generalization. On the other hand the positivism focuses on 

using facts that is based on experiences. Through empirical studies the researcher tries to find 

characteristics that are repeating itself and when these characteristics have been settled it is 

possible to predict and interfere within a process, Danermark et al (2003) 

 

A case study requires a positivism perspective since the study is based on scientific basics. 

However, the hermeneutics perspective will also be a necessity in this specific case study, 

thus the interpretations collected at the case company will have an effect on the research.       
 
 

2.2 Research approach 

Patel and Davidson (2003) explain that a researcher relates theory and practice with each 

other. The theory is founded in information and gathered data from the studied object. This 

work is one of the most essential problems within scientific research, when a researcher 

continuously tries to find interesting parallels between theory and practice. Bryman (2002) 

discuss the relation between theory and practice and explains that a researcher should 

distinguish between two different methods, a deductive- and an inductive way of working.  

 

Bryman (2002) explains that a deductive approach is characterized by that it allows the 

researcher to draw conclusion from existing theories. Already known theories are often 

derived with purpose to create hypothesis that should be validated through the use of 

empirical findings. Patel and Davidson (2003) states that with a deductive approach the 

objectivity within the research is strengthened due to that the initial facts is based on already 

existing theories. Bryman (2002) explains that within an inductive approach the researcher 

studies a practice without any theoretical basis. The inductive method implies that conclusions 

and theories are generalized on observations and therefore, theories are stated from empirical 

findings. According to Patel and Davidson (2003) the researcher can study an object without 

relying on a common theory and then formulate an own theory based on the empirical 

findings. A risk with this approach is that the apprehension of the width of the theory will be 

difficult to grasp and thereby it will be difficult to generalize. 

 

A third approach is the abductive, which is a combination of the deductive- and the inductive 

approach. The theoretical concepts are used as guidance for interpretations, where the 

inductive approach helps to identify and formulate theory and the deductive are used to justify 

theory and conclusions, Danermark et al (2003) 

 

This particular study constitutes of an abductive approach, where theories are explained and 

further investigated in practice.  
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2.3 Qualitative and Quantitative approach  

Holme and Solvang (1997) explains that there is two different approaches of data collection, a 

qualitative-, and a quantitative approach. The qualitative approach concerns observations and 

interpretations while the quantitative approach is based on statistical numbers and figures. 

Further they state that there is no fixed difference between them and a combination of them 

could prove to be more advantageous than only using one. Patel and Davidsson (2003) 

explain that the quantitative and qualitative approaches aims on how the researcher chose to 

generate, treat and analyse the collected data. A case study is often associated with qualitative 

data collection but that is not necessary true as some quantitative data could be used as well 

according to Bryman (2002). It is however true that those who chose to work according to a 

case study approach uses qualitative methods such as observations and unstructured 

interviews in order to create an intensive and detailed study.    

 

According to Holme and Solvang (1997) there exist both possibilities and boundaries working 

with qualitative and quantitative approaches. The qualitative approach has its strengths in its 

way of displaying a comprehensive view of a specific situation. The qualitative approach has 

a low level of standardized questions and it is open for adaption to certain circumstances. 

Examples of changes can be reformulations of questions as they turn out to be incorrect or 

maladjusted. The quantitative approach on the other hand has its strengths in statistical 

generalizations, which allow sure expression about perceptions and opinions among the 

selection of people being interviewed. However, the quantitative approach does not allow 

flexibility and answers are strictly following the type of questions being asked.  

 

Throughout this research the qualitative approach will be an important part of this study as a 

lot of time will be spent on the case company. Informal communications with key informants 

and other informants will probably occur while spending time at the unit. The quantitative 

approach will be used in a later stage of the case study when analyzing the target of the 

investigation. Numbers of current interest will be provided by the case study unit.  
 

 

2.4 Research strategy 

A case study approach will be used for the purpose of this report. According to Yin (2007) the 

case study approach are preferred as it covers questions concerning “how” and “why” when 

certain situation are in interest. Focus is then put on actual behaviours in a concrete context. 

Graziano and Raulin (2007) however explain that a case study research might inflict some 

constraints on the study, such as the researcher might intervene on participant´s functioning. 

However, by imposing those constraints the focus of the study still might be narrowed but it 

will still be possible to keep the essential interest in participants’ natural behaviours. 

According to Patel and Davidson (2003) a case study allows the researcher to get a 

comprehensive picture describing for example individual-, group-, and organizational 

behaviours. A case study allows that different information sources are used for data 

collection.  
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2.5 Data collection methods 

It is suggested by Patel and Davidson (2003) to combine different data collection methods 

such as for example interviews, observations, and literature reviews with each other. In the 

following sub chapters some of these methods will be further presented.   

 

 

2.5.1 Interviews 

Yin (2007) discusses the importance of asking the right questions and being a good listener. 

He explains that research is not only about the answers but also about being able to capture 

the important data regarding the case. During an interview a large amount of information is 

processed and it important for the researcher to focus on the important parts and further 

elaborate these in order to enriching the information. To define appropriate questions is one of 

the most vital steps within an interview and therefore time should be spent on preparing those. 

It is important to ensure that the questions contain substance and form, meaning that the 

researcher has a clear view on what the study involves. Moreover, he discusses the 

importance of having more than one source of information when performing case studies and 

also it is important to do the interviews with key informants to get the preeminent information 

needed for the research.  

 

For a researcher it is important not to only register data on a mechanically way but also to 

consider the interpretations that occurs during an interview. There might be information that 

is contradictory and therefore it might be necessary to take other aspects in mind. Good 

questioners ask good questions and interpret them as correctly as possible. Moreover, the 

researcher should not allow that his own preconceived thoughts or ideological opinions affect 

the final interpretations of a situation,Yin (2007).  

 

In this case study the interviews will be unstructured since a lot of time will be spent with 

informants. Meetings with key informants will take place both in formal and informal 

occasions which mean that it is necessary to distinguish between relevant and non relevant 

information.  

 

 

2.5.2 Observations 

Patel and Davidssons (2003) explain that observations are useful when performing data 

collections among areas that involve different behaviours and processes in its natural 

environments. The observations bring depth and other dimensions to the research. One of its 

strengths is the relatively independence from other information sources and is often beneficial 

as a complement to other research methods. 

 

According to Patel and Davidsson (2003) there are a numerous of disadvantages with 

performing observations. Firstly observations are expensive and time consuming. Secondly 

the benefits with studying behaviours and processes within its natural environment are not 

always an advantage. Difficulties can arise meaning that questions such as: are the behaviours 

representative? When is spontaneous actions captured?  

 

Doing observations will mean that a specific amount of time will be spent with members of 

the study target, which means that a relationship between interviewee and informants will be 

created. The researcher can decide upon whether to have a hidden or open observation. The 
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open observation approach means that the participants are aware and accepting the study 

whiles the hidden is the opposite. The hidden approach allows the participants to act normal 

in the studied environment while it can be difficult to distinguish natural behaviours when 

performing an open observation. Moreover, an observation can be unstructured or structured. 

A structured observation is formed by decisions already made before starting to investigate. 

The unstructured form of observation is a more explorative approach with no set restrictions 

on what to observe in order to gain as much information possible for further analysis, Holme 

and Solvang (1997) 

 

The observations made during this study will more or less be unstructured and performed 

successive in order to get a clear insight of the unit being observed. The participants will be 

aware of the study.  

 

 

2.5.3 Literature review 

If researchers do not have any knowledge about existing literatures within the study area it is 

of importance to find appropriate work of references. In order to find the most appropriate 

literature it is necessary to formulate good words to search for. It is necessary to find out what 

literatures that exist and already is known within the area of the study. Moreover it is of 

interest to investigate methods and research strategies that already has been applied in order to 

avoid any replication of things that already exist. A literature review can also supply the 

researcher with theoretical backgrounds that is relevant of the specific area of interest, 

Bryman (2002).   

    

Literature reviews will be performed in order to put the theoretical background needed for this 

case study in context.  

 

 

2.5.4 Archival records  

The archival records often consist of computer files and records stored in a database. Some of 

these documents are publicly accessible through for example internet. Some examples of 

publicly documents are advertising, annual reports, etcetera which are easy to access. Other 

documents do not necessarily have to be official, which means that non authorized persons 

must have the approval by the organization to access this information. It can be difficult for a 

researcher to get the approval to access these documents due to confidentiality. Researchers 

that performs case studies and utilizes techniques such as observations and qualitative 

interviews could benefit from getting access to confidential documents, Bryman (2002). 

          

The case company’s database will be investigated in order to understand current situation at 

the case company. This will lead to the possibility of performing a quantitative research as 

well, including numbers and other information that are of interest. For example the use of 

extraction frequencies and usage values of articles will be of interest.      
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2.6 Reliability and validity 

According to Yin (2007) the reliability in a report is achieved by that the method of inquiry 

can be redone doing the same type of case study and still get the same result and conclusions 

as the previous research. The purpose with the reliability is to ensure that faults and 

imbalances are minimized within a research. In order to reach reliability the researcher most 

eliminate any randomness and ensure that the results will be same if the same methods will be 

used for another study with the same target. A guideline principle that can be followed in 

order to ensure the reliability within a research is to document the procedures consistently so 

that a reviewer has no doubts about the reliability. 

 

According to Bryman (2002) the validity shows how reasonable the results drawn from the 

gathered data are. The validity ensures that we are performing the appropriate research in 

order to obtain the objectives of the research. This means that operational measures are 

chosen with purpose to meet the objectives of the research. Thereby the validity concerns how 

to study the right thing or/and area. In a quantitative research the validity is reached through 

comparisons between different sources. Figures and numbers could be complemented by for 

example interviews. To reach validity within a qualitative research depends on the 

researchers’ ability to understand and interpret information, Holme and Solvang, (1997). 

 

In order to minimize any faults within this case study the interpreted information will be 

checked and confirmed by representatives from the case company. This is made in order to 

ensure that no faulty information will be displayed. Moreover, in order to ensure the 

reliability the procedures for the data gathering will be carefully explained throughout the 

report.   

 

 

2.7 Generalization 

Bryman (2002) explains that researches might feel the need of testing the range of 

generalization of their results. It is desirable to generalize the results so that it is valid for 

other groups and situations than just the specific target of the study. The aim for 

generalization of results forces the researcher to consider the matter of how representative the 

target groups are for the study. The more representative a selection is, the more certain the 

researcher can be on the ability to generalize the results. Thus, this will make it possible for 

the researcher to state that the results are not only specific for the study target.   

 

Critics’ states that it can be difficult to generalize the results of a qualitative research since it 

are not easy to generalize the results to other groups than just the studied object.  A role is that 

results from qualitative researches should be generalized with a connection to theory rather 

than to the population. Quantitative researches are easier to generalize as it is based on figures 

and numbers, Bryman (2002)      

 

Since the developed model in this case study will not be tested it is difficult to state if it will 

work or not. However, the model was developed with respect to automated storage systems 

and should therefore be applicable to similar storage systems.  
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2.8 Summary      

Table 2 displays a short summary of the chosen research methods for the purpose of this 

thesis. 

 

Research perspective Positivism with influences from the 

hermeneutics perspective 

Research approach Abductive, a mixed combination of inductive 

and deductive approaches 

Research method Mostly qualitative research method but also 

some quantitative methods will be used 

Research strategy Case study 

Data collection method Interviews 

Observations 

Literature study 

Company´s database 
Table 2, Summary of research methodology 
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3. Theoretical framework 

In this chapter the theoretical concepts used for this research will be presented. It will give 

the reader a comprehensive overview of relevant aspects regarding theory of this study and 

furthermore, it will put the reader in a context. The chapter consists of theories related to the 

field of logistics, for example material handling, order picking etcetera. Also some concepts 

like the ABC-analysis and MRP (material requirement planning) will be presented.  

3.1 Logistics activities 

Logistics deals with the flow of goods or material from the point of origin to point of 

consumption. Logistics handles activities such as procuring, moving and storing material, 

parts and finished inventory. The objective and mission with logistics are to plan and 

coordinate all activities necessary to accomplish the supply of material and to ensure that the 

materials flow are as efficient as possible, Grant et al (2006).   

 

Grant et al (2006) emphasis the competitive advantages that logistics brings. Logistics 

activities are difficult to duplicate in comparison to other elements such as price and product 

type. Due to that different organization has many possible characteristics and differentiates in 

a wide range the logistics could be used as a competitive advantage. Christopher (2005) also 

emphasis that logistics activities offers great advantage against competitors. He further 

mentions two ways to create competitive advantage. The first one involves that an 

organization should try to differentiate itself from other similar business types. The other is to 

operate at a lower cost than the competitors leading to higher profits.   

 

 

3.1.1 Material handling 

Bark, (2002) explains that material handling is concerned with the physical handling, 

movement, storing and packaging of goods in a logistic system, such as in a material flow 

or/and a production process. The purpose with the different material handlings functions is to 

create physical place utilization.  

 

The material handling process is a broad area that includes the movements of raw materials, 

products in process and/or finished goods within a plant. An objective for most management 

is to reduce the material handling to the greatest possible extent as most of the handling is not 

value adding. Minimization of travel distances, bottlenecks and inventory are just examples of 

things that affect the material handling, Grant et al (2006).  

 

Bark, (2002) states that for most companies and organizations the material flows stands as a 

considerable contributor of the total costs. According to Tompkins et al (2003) up to 20-50% 

of the total operating expenses are attributed to the material handling. Therefore, it is of vital 

importance that a continuous strive for identifying unnecessary activities within the material 

flow exist within the organization in order to reduce costs. According to Grant et al (2006) a 

high amount of money can be saved if materials flows are analysed with the purpose to find 

areas for improvements. According to Bark (2002) it is important that organizations 

continually investigate the possibilities of improving the material handling processes.   
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3.1.2 Order picking 

According to Goetshalckx and Ashayeri (1989) one of the most fundamental parts of logistics 

activities are order picking. This is a procedure that is labour intensive when handled 

manually, and when handled automatically it is capital intensive instead. 

  

Goetshalckx and Ashayeri (1989) explain that there can be different preconditions before the 

order picking takes place. They discuss the difference between static or dynamic information. 

Static information is said to be when all the information needed for picking the order is 

accessible before the gathering of material. Static information also requires that the need of 

components, parts etcetera do not change when picking the material. Dynamic information is 

when all the information is not available before order picking or when the need changes 

during the process of collecting the material.        

 

The larger variation of components and component sizes the more complex the material 

handling system will be, requiring more resources in order to handle it. There also exist a 

wide range of different items and the larger the variation in unit size, the more complex the 

order picking system will be. Taking out items from storages requires the identification, 

selection, retrieval and packaging of them. With a high demand on direct distribution of 

material to workstations with the purpose to reduce inventory levels the order picking costs 

are likely to increase, as the service levels should be kept maintained as well, Goetshalckx and 

Ashayeri, (1989). 

 

 

3.2 Automated storage systems 

Goetshalckx and Ashayeri (1989) explain that an automated system for material supply is a 

capital intensive investment. According to Grant et al (2006) automated systems provide 

benefits as well, for example automated materials handling operations eliminates labour and 

non-value-adding processes. However, advantages and disadvantages with automated systems 

can be held against each other. Grant et al (2006; 269-270) has listed some of the advantages 

and disadvantages as follow: 

 

Advantages of automated systems: 

 Cost reduction in labour 

 Increase of output rate 

 Reliability and time of service will 

be improved 

 The amount of material handling 

will be reduced 

 Increased accuracy level 

 Increased availability 

 Better working/ergonomics 

condition 

 

 

 

Disadvantages of automated systems: 

 Initial capital cost might be high 

 Risk of downtime and unreliability 

of equipment 

 Software related problems 

 Lack of flexibility to respond to 

changing environments 

 Problems with the capacity 

 Maintenance interruptions and the 

related costs 

 User interface and training 

 Work acceptance 

 Obsolescence 

There exist a number of systems that can be used for the purpose of material handling 

according to Grant et al (2006). Examples are robots, carousels, item picking equipment, 

conveyors and scanning systems.    
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3.3 Lean-, and Agile production approaches 

Christopher (2005) explains that many of the logistics activities that take place add more cost 

than value to the products. For example the movement and repositioning of pallets, storing it 

etcetera has probably not added any value to it but it has added considerable to the total cost. 

Therefore, it is important to consider the minimization of processes that add no value but 

contributes to the cost.  

 

Lean production is most commonly associated with waste elimination and continuous 

improvements. These waste are usually related to excess of inventory or/and capacity, Shah 

and Ward, (2007). The lean approach suits production where the lead times are long, volumes 

are high, product variation are low and, demand are predictable. The agile approach however 

is better suited for less predictable demands and where requirements on high variety are high. 

In order to be able to live up to the requirement of volume and variety changes a organization 

has to work on its ability to react “agile”, meaning being able to quickly adjust after market 

demands and change fast from one product to another, Christopher (2005).  

 

Christopher (2005) explains that where a mixture of production types exist, for example 

longer lead times but with an unpredictable demand it could be necessary to combine the 

production approaches. The first step however should be to reduce lead times since the 

organization can have difficulties in influencing the variability, this in order to enable the 

agile approach.         

 

    

3.3.1 Value-adding and non value-adding time 

Hines and Rich (1997) states that it is necessary to map the value-adding processes in order to 

fully understand the different value streams. A value stream refers to the specific processes 

that actually add value to a particular product or service, which in the end will make the final 

product or service valuable to the end customer.  

 

Hines and Rich (1997) emphasis the discussion whether a procedure for a product is value-

adding or could be considered as waste and therefore should be eliminated. According to 

Monden (1998) all manual operations within any manufacturing process fall into three 

different categories: pure waste, operations without value added, and net operations to 

increase value added. Hines and Rich (1997) further discuss these categories and renames 

Monden´s theory with: 

 

 Non-value adding (NVA) 

 Necessary but non-value adding (NNVA) 

 Value-adding (VA) 

 

NVA operations are considered to be pure waste and should for this reason be eliminated 

completely. This includes for example waiting time, double handling of goods and high 

amounts of inventory levels that tie up capital. Some operations sequences however, are 

necessary for the completion of a product but do not necessary bring any value to it. These 

operations are named NNVA and might be wasteful but are necessary for the operating 

procedures. Examples of NNVA operations are for example motion distances between 

workstations, unpacking raw material from suppliers and transferring equipments between 

operators. In order to eliminate these types of operations it would be necessary to make major 

changes to the processes such as creating new facility layouts and demand unpacked goods 
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from the suppliers. VA operations involve refinement of products by human labour such as 

raw materials processing, assembling and painting, Hines and Rich, (1997) 

 

 

3.3.2 Seven types of waste 

Hines and Rich (1997) states that there are seven significant types of waste that can be 

identified and should if possible be eliminated or at least be reduced from the value stream. 

There are different types of methods for waste reduction that can be used either independently 

or in combination with others. These methods are chosen depending on which type of waste 

that is concerned. The seven types of waste according to Hines and Rich (1997) are: 

 

1. Overproduction is regarded as the most serious waste as it affects the production 

flow in a negative way. It also has an effect on the lead times and the time it takes 

to identify defected items. In addition overproduction leads to more work-in-

progress stocks and communication problems are likely to occur when the physical 

amount of goods that has to be treated increases.  

2. Waiting waste occurs when time is used ineffectively. The goods are not moving or 

being refined which results in that both worker and goods are influenced, each 

spending time waiting. The optimal should be trying to have a consistent flow of 

goods and if waiting time occurs it should be used for other activities. 

3. Transportation is another type of waste that has a final affect on the lead times. 

Transportation of material in the factory does not bring any value to a finished 

product and therefore manufacturing industries should try to reduce the amount of 

movement of material as much as possible.  

4. Inappropriate processing occurs when complex solutions are used for performing a 

simple action. Mistakes are made when procuring inflexible systems for simple 

procedures and suggestible is to use a cost effective system that fits its purpose. 

5. Unnecessary inventory involves for example extra need for manpower and floor 

space to stock and to transport the inventory, lead time disadvantages and 

communication problems. Unnecessary inventories create a high amount of tied up 

capital but it is not relevant to reduce inventory levels in an irrational manner. 

Instead focus should be put on observing the causes behind the inventory levels.  

6. Unnecessary movements involve the ergonomics and are more or less a matter of 

employees’ welfare when performing the operations. Uncomfortable working 

procedures will in the long run affect productivity and quality related to the 

product. 

7. Defects means that rework on products has to be made in order to fulfil quality 

requirements. Correction of mistakes does not add value to the product. If the 

production can ensure quality from the beginning it is not as important with quality 

control and this function can be reduced.               

 

Monden (1998) discuss that the different types of waste will develop and create a joint type of 

waste, unnecessary capital investment. Which includes that extra capital is invested in order 

to take care of the different types of waste. For example the above mentioned wastes requires 

additional storage for the unnecessary inventory, extra manpower and, purchasing more 

equipments.  
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3.4 Adapting the manufacturing to product variety 

Monden (1998) explain that conflicts might arise between product variety and trying to get 

the production flow to run smoothly. For mass production it is an advantage to have specific 

machines for that type of production and as a result cost will be reduced. However, for 

various types of products it requires a general purpose or flexible machines. The production 

processes must accommodate the equipments and tools for their general usefulness. To adapt 

the production to product variety can have several advantages. Firstly, the production 

processes can promptly adapt to changing markets. Secondly, shifting customer orders can be 

made without relying on product inventories as the smoothed productions allows it. Thirdly, 

the inventories of work-in-progress will be reduced if the processes achieve a production 

according to the cycle time.  

 

Monden (1998) states that in order to realize smoothed production requires reduced lead 

times. In addition the setup time most be reduced and this can be made through preparations 

made in advance. To shorten the lead times the manpower can be trained in handling more 

machines or equipments meaning that they will become a multi function employee. By 

handling various processes one by one, and each process will only proceed when the 

employee finish his job is called one-piece production. According to Monden (1998) the 

benefits of this working procedure are that: 

 

 Production lead times is shortened as the products are produced one by one  

 Unnecessary inventory between the processes can be eliminated 

 Increased productivity due to multi-process workers 

 Motivation among employees increases as they can participate more in the factory 

system 

 Team-work abilities will be trained which contributes to improved teamwork and 

employees willingness to help each other. 

 

 

3.4.1 Inventory levels 

Most organizations today chose to keep inventories as the market today is associated with 

uncertainty. Future demands from customers are one of these uncertainties that can 

differentiate leading to difficulties in planning for production. Another uncertainty is the 

suppliers’ ability to meet delivery promises or that the suppliers do not live up to required 

standards of materials or components. The reliability of being able to assure production after 

customer demands forces organizations to carry safety stocks, Christopher (2005). However, 

it is desirable to reduce the amount of tied-up capital in inventory. But the advantage of 

reduced price associated with high volume purchases are also a contributor to large amounts 

of inventory, Grant et al (2006).  

 

It is stated by Christopher (2005) that 50 % or more of company’s assets are tied up in 

inventory. The inventory within logistics concerns raw material, subassembly or already 

finished components, work in progress to finished goods. Tompkins et al (2003) explains that 

material handling focuses on a lot of different elements. One of them is to provide the right 

amount of material for production. A common problem area is to know the inventory level 

needed for assuring that the right amount of material can be provided. The right amount 

focuses on providing material after need, not after what is expected.  
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Christopher (2005) discusses the cost associated to inventory as this is one of the larger cost 

elements within a business. The true cost of holding inventory includes a number of costs to 

be included. Normally the element that contributes the most to cost is the cost of capital. 

Other cost elements are storage and handling, obsolescence, damage and deterioration, theft, 

insurance and management cost.   

   

           

3.5 Planning the layout for efficient flow 

In order to facilitate the flow, space and activity relationship it is suggested by Tompkins et al 

(2003) to consider departmental planning. Depending on the variation and volumes among 

products it is appropriate to plan the departments after its intended purpose. Production 

planning departments are workstations that are grouped together during the planning of the 

facility layout. Workstations with the same objective and purpose can be combined, for 

example when workstations perform operations on similar products and components or when 

the workstations perform similar processes. The production planning departments might be 

further subdivided based on the characteristics of a product. Tompkins et al (2003) explains 

that there are different types of combination strategies: 

 

 Production line departments – when there is a stable demand for a standardized 

product the workstations required to produce that product should be combined. 
 Fixed materials location department – when the demand of the product is low and the 

product is awkward to move the workstations should be combined to one department. 

This should facilitate movements towards the product rather than the product being 

moved towards components and equipments needed for production. 
 Product family department – when there is a medium demand for similar components 

the components forms groups or/and families. The groups of components form the 

workstations. 
 Process department – workstations that perform similar processes can be combined. 

 

To determine which workstations that are considered to be similar depends not only on the 

workstations but also the relationships among and between them and the overall facility 

affects the final determination of groupings. When performing departmental planning the 

material handling might be affected as the distances between operations can be minimized. 

The facility layout design and the material handling system design are two inseparable 

activities that jointly should be considered in an early stage since material handling activities 

such as movements within industries should be minimized, Tompkins et al (2003).    

 

 

3.6 ABC analysis 

According to Vollmann et al (2005) the ABC-analysis is a method for categorizing items with 

the purpose to put attention to the most important ones and by that receive interest from 

management. The ABC analysis can be used using a number of parameters even though it is 

the usage value that stands as the traditional base, Segerstedt (2008).  

 

𝑈𝑠𝑎𝑔𝑒 𝑣𝑎𝑙𝑢𝑒 =   𝐶𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛 (𝑝𝑒𝑟/𝑦𝑒𝑎𝑟)  ∗ 𝑉𝑎𝑙𝑢𝑒 (𝑝𝑟𝑖𝑐𝑒 𝑝𝑒𝑟 𝑢𝑛𝑖𝑡) 
 

This method is well used with the purpose to highlight and restrict the storage of finished 

goods. However, the method also has its limitation thus, it only gives an on-the-spot account 
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of a given situation. This is a common utilized method in logistics and material administrative 

related occasions in order to balance the inventory levels, demands or if wanted cost of 

storage and delivery service level. It initial starts with the so called 80/20 role, for example 

meaning that 20 % of the products stands for 80 % of the turnover, Segerstedt (2008).  

 

Vollmann et al (2005) explains that the ABC-analysis can be based on both single and 

multiple criteria. The single-criterion is based on the usage value and forms three types of 

groupings. These three groups are A, B, and C items where A items has the highest usage 

value while the C items has the lowest. The ABC-analysis allows the identification of the 

most important items which will have a high impact on for example a firm´s overall inventory 

cost. However, it can be misleading to only use one parameter since it is possible to overlook 

other important criteria. Therefore, it could be important to consider the multiple-criteria 

analysis since it takes other parameters in consideration. The multiple-criteria will provide 

nine different groupings.      

 

 

3.7 Material Requirement Planning, MRP 

The MRP is a computer based system that facilitates the supply for the production processes. 

The system controls the inventory levels and tries to keep the inventory levels as low as 

possible by considering inputs from different elements. The main sources that the MRP 

system base it decision on are specification of the order (delivery date, acquired resources 

etcetera), list of materials for each product (raw material, components, sub-assemblies 

etcetera) and information regarding inventory that are at hand at the plant warehouses. The 

MRP system facilitates the manufacturing control and ensures that adequate amounts of 

materials exist in order to supply for the manufacturing. By utilizing the MRP system 

information are more easily accessible, accurate and timely. This also ensures that the 

reliability of information becomes higher, Grant et al (2006).      
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4. Empirical findings  

In this chapter a brief description of the case company will be given. Furthermore, a 

comprehensive description of the PVT (Produkt Verkstad Tunga pumpar) unit will be 

displayed since the research was limited to this unit. Later a more detailed description of the 

study target will be presented.  

4.1 General facts about the ITT Corporation 

In 1901 a small foundry workshop was founded in Emmaboda. In 1929 the founder of the 

workshop established contact with a company in Stockholm which sold pumps and fans. After 

that contact was settled the workshop in Emmaboda started to produce Flygt pumps. In 1968 

the company was bought up by ITT but it was not until 2008 ITT Flygt got its current name, 

ITT Water & Wastewater. Today that small foundry workshop in Emmaboda is a part of ITT 

industries which is the market-leading producer of under water pumps. The products are used 

in water and sewage facilities, irrigation, drainage, and within various types of industry 

processes in different branches, (ITT Water & Wastewater 2010). 

 

Within ITT Water & Wastewater a numerous of strong trademarks exists such as Flygt, 

Sanitaire and Wedeco. The ITT corporation have 45 000 employees all over the world and has 

a turnover around 50 billion SEK.  ITT Water & Wastewater is active in over 130 countries 

all around the world. Manufacturing takes place in Sweden, Italy, Germany, Argentina, 

China, and USA, (ITT Water & Wastewater 2010). 

 

The main office is located in Stockholm where they have their research and development unit 

and their main factory is situated in Emmaboda, (ITT Water & Wastewater 2010). 
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4.2 The PVT unit at ITT Water & Wastewater in Emmaboda 

At the Emmaboda site there are different production departments that are producing different 

kinds of pumps with various capacity, applications, and shapes.  

 

At the PVT unit in Emmaboda they manufacture the biggest and heaviest pumps used for 

large industry processes. The production process at the PVT unit produces heavy pumps 

almost solely against customer orders. The production line involves machining and 

assembling of parts delivered by both external and internal suppliers.  

 

 

 

 

 

 

 

 

     

 

 

 

Figure 1, A simplified overview of the PVT unit  
 

In figure 1 a simplified picture of the PVT layout are presented (observe that scales are not 

considered). The joint name for the storage at the PVT unit is 01 and includes storing of both 

larger and smaller components. Each number represents different stations and number 1-7 and 

10 will be further explained in later sections. A short description of them will be given in 

order to understand figure 1, and they are as follows: 

 

1. Arrival of goods. This is where the arrivals of material occur and it is from this point 

that the material handing starts. 

2. Reporting area. This is where the material handler manually enters the arrival of the 

goods into the computer system. Also manual filling of paper formats is done for the 

purpose of saving information in the archival records.  

3. Area of assembling. When work load is minimized for the material handler he/she 

could assemble smaller products in this area. But he/she will still have the possibility 

to see if any goods arrive at the arrival area. 

4. Quality control area. Quality controls are made on arrived goods in specified intervals. 

5. Storage area for that is used for the bigger and heavier articles stored at the PVT unit. 

6. The automated storage system.  Storage for smaller articles (replacing number 10). 

7. Assembly workstations. This is where the largest and heaviest pumps are assembled. 

8. Heat treating and painting area. 

9. Packing of goods. When the finished pump has been packed it is transported the 

shipping deck at the site area.  

10. Old storage of smaller articles (nowadays replaced by number 6).  
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4.3 The material handling at the PVT unit 

In the following subchapters the reader will be introduced to the planning phase behind the 

material handling but also a description of the practical flow will be displayed. The portrayal 

of the practical flow will be based on observations made from the point of goods arrival to the 

point when the material reaches the operator.  

 

 

4.3.1 Order processing and purchasing 

This subchapter displays the planning phase behind the material handling and depicts the 

order processing and purchasing of goods, based on observations. 

 

The logistics responsibilities and working methods 

At the PVT department three persons are working with the logistics and are thereby also 

responsible for the ordering of material to the PVT unit. As they are supposed to supply 

material for the account of the PVT unit production they are not only providing material to 

storage 01 but they are also assuring that material are delivered to storage 02, 04 and 26. 

However, it is only storage 01 that is situated at the PVT unit and the others are situated at 

different locations at the site (see appendix 1 for site map).  

 

Storage 01 – located at the PVT unit  

Storage 02 – spare parts 

Storage 04 – casted parts to be machined 

Storage 26 – located at the PVS unit 

 

Customer orders are handled by personnel that are situated in the same location as the 

logisticians. The nearby working areas assure that communication between different working 

areas and responsibilities makes it easier to cooperate. When the customer orders have been 

treated and specific material requirements have been specified by the order handlers, the order 

is further treated by the logisticians. The first step made by the logisticians is to plan for the 

order. Precautions are taken against work covering and a material control is performed in 

order to check the status of the material, which means that they check the balance, planned 

incoming material and future material need. The order planer also checks if it is possible to 

meet the customers wish for delivery date and plans the production from that explicit date. To 

be able to assure a specific date for delivery it is important to take notice to the lead times that 

are involved in the process, such as for example the time it takes for the suppliers to deliver 

material, time for transportation between the different locations, and production time. The 

specific material requirements for the customer order are checked and material reservations 

are booked for production. The reservations trigger the acquisitions that have to be made for 

production.  

 

The purchases that have to be made are divided into two different areas which are ordering of 

subjects such as raw material and, already finished goods such as for example screws for the 

purpose of assembling at PVT but also spare parts to storage 02. Each area of purchase is 

handled by two different logisticians. The logisticians’ main task is to provide material in the 

right time so that the production can flow smoothly.   
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MRP (Material Requirement Planning)  

The MRP system suggests different purchases that have to be made in order to assure 

production. However, the system suggestions are based on historical needs, which mean that 

it suggests after needs which changes with time. The need of material is checked against the 

system and either they order or they do not depending on the amount they have in stock. Also 

they check the lead times so that they can assure for future production. However, one of the 

goals is to hold down the amount of tied-up capital.  

 

External or internal ordering 

Orders are made from either external or internal suppliers. Orders can be put on the internal 

foundry that supplies castings to the different manufacturing units. However, as the PVT unit 

produces the biggest and heaviest pumps at the site some of the castings have to be ordered 

from external suppliers. Approximately the local foundry at the Emmaboda site can provide 

20 % of the volume (measured in tons) for the account of the PVT unit. Otherwise, the local 

foundry at the Emmaboda site does not have the capacity to supply castings of the right sizes 

to the PVT unit and therefore it must be purchased from external suppliers. This however, 

causes other problems for the logisticians as they represent a small part of the consumers of 

castings which means that they can be passed over for disadvantages against more important 

customers of castings. They will therefore not be a prioritized customer and thereby it might 

in the long run affect the delivery times against their own customers. 

 

 

4.3.2 Practical material handling  

This subchapter is based on participating observations made at the PVT unit in order to 

establish a portrayal of how the material handling works today. The picture below gives the 

reader a view of the logistic material flow at the PVT unit. Further descriptions will be given 

in following sections 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2, The logistic material flow.  
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Arrival of goods to the PVT unit 
When the orders have been received by the suppliers they will send the ordered goods to the 

ITT site. All the products arrive at a centralized warehouse where it is sorted and further sent 

to the units that originally ordered the goods. From the centralized warehouse the goods are 

transferred using so called “blue carriages”. These carriages rotate around the site and 

therefore it is difficult to follow a time schedule, which results in irregular arrivals to the 

different units at the site. Furthermore, the personnel driving the carriages work between 8.00 

a.m. to 16.00 p.m. with a lunch hour around 12.00-13.00 p.m. which will have an effect on the 

delivery time. The personnel working at the PVT unit works in shifts starting at 6.00 a.m. 

which means that there is time where no goods deliveries will arrive. The time difference of 

two hours will give the person handling the goods time for preparing the transfers that has 

arrived during the night. Due to that shift workers do not have the usual lunch hour between 

12.00-13.00 p.m. the work load might be lowered during that hour. On Fridays the workdays 

are shortened and due to that second shift workers are free nobody will replace the first shift 

that finish at 13.36 p.m. which results in delivered goods even though no personnel is 

working. The goods will then not be reported until Monday morning which means that even if 

it arrived on the correct delivery date it will be reported as delayed delivery. The person 

responsible for the material handling during the second shift will be moved to the assembling 

after taking care of the last goods delivery. The arrival area must be empty before leaving the 

station and before shifting working assignment. If there is occasions when no goods has to be 

handled there is a small assembling workstation next to the arrival area that can substitute the 

lacking need of material handling. Moreover, the material handler also could refill more 

frequently used articles lacking at the workstations in order to occupy oneself. 

 

Reporting the arrived goods 

When the material arrives to the unit it is the material handler who has to report the arrived 

goods into the computer system. At the centralized warehouse it is only reported to the extent 

that it is possible to see if the goods are at the site. However, it is not reported as arrived 

goods until it reaches the units that originally ordered it. When the articles are registered into 

the system it will display the storage position along with other information concerning that 

specific article so that the material handler knows in which location it should be placed. Either 

it should be placed in storage or it is supposed to be quality checked and then it is transferred 

to the nearby located area for reception control. When there is an urgent need for articles at 

the workstations the material handler supplies the articles directly to the assemblers, this type 

of information will be given in the system. Moreover the material handler is responsible for 

controlling the arrived goods, assuring that it is the right article, right volume and right quality 

before transporting it to its destination.   

 

Storage space 

As they handle a lot of big components at the PVT unit they have to have a storage that is 

adopted after size and weight. The larger components take up a lot of space and therefore they 

are placing the articles vertically. Safety restrictions explain that the heaviest articles should 

be placed closely to the ground in order to avoid dangerous falling objects. Only the truck 

drivers are allowed to drive within the storage area and persons with no purpose to be there 

are referred to secure paths that will lead them between the different working areas. These 

paths are equipped with gratings that will protect passing personnel or visitors from falling 

objects from the vertical layers.  

 

Smaller components are stored in the automated storage system that is accessible at the PVT 

unit. The automated storage consists of three elevator storages (see figure 3). The material 
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handler operates one or multiple storages. The automated storage system is indexed manually 

by the employee working a keypad on the automated storage´s work surface. When a shelf 

number is demanded the shelf will be collected and taken down by the automated machinery 

to the pick station. Each shelf is moved vertically up and down in the automated storage 

system after request from the employee. The shelves consist of a number of spaces for the 

purpose of storing articles. Only one shelf in the storages can be exposed at each time 

meaning that it takes time to shift between desired shelves. The PVT unit also stands for a 

large variety of products and therefore they also have a wide range of smaller articles that has 

to be stored in the automated storage system. Moreover each order can consist of a lot of 

different smaller components and therefore a lot of the material needed for each pump comes 

from the automated storage. The material handler is responsible for storing arrived goods in 

the automated storage and also for the order picking towards the work stations.  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3, The three storages 550, 551 and 552. Moreover, the figure displays the keypad for manual 

operating.  
 

Order picking and preparing for assembly 

The order picking is based on the jobs that are placed by 

the logisticians. Each article necessary for an order is 

printed on lists that have to be sorted by the material 

handler. Larger components are mixed with smaller and 

needs to be sorted out before collecting each article. 

Larger components require aid from trucks while the 

smaller components are placed on a smaller carriage that 

can be lead by hand. When the list is printed an outtake 

from the system will take place and the balance in the 

storage will change. The material is then provided to the 

workstation that is going to assemble the pump. The 

pumps are produced after product types and produced one 

by one.   

 

           
           Figure 4, Carriages for transporting smaller articles 
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Other responsibilities by the material handler 

Moreover, the material handler is responsible for performing a survey on the arrived goods, 

such as for example if it is the right amount, right product etcetera. They also take care of 

packing, wrappings and empty pallets. The material handling is not a one man assignment but 

for everybody that works within the assembling at the PVT unit. All employees should know 

how to work with the arrived goods such as report it into the system and transfer it to its right 

location. The assignments of the material handling are rotated among the employees.  
 
 

4.4 Identification of bottlenecks 

By investigating the whole material handling process at the PVT unit some problems areas 

were identified by the author.  

 

The MRP system bases the purchases that have to be made on historical needs. Since the 

order placements differs a lot from time to time and the production at the PVT unit seldom 

has any standardization, the orders that are suggested by the MRP system must be controlled 

and confirmed before order placement. Since the customer demands differentiate more at the 

PVT unit than on other units at the site it can be difficult to base the purchases on historical 

needs.  Moreover, there is a problem related to the fact that they as customers of castings can 

be passed over for disadvantages as they are considered to be rather small customers of 

castings compared to others.               

 

The arrivals of goods to the PVT unit are very irregular, making it hard to plan the work load 

for the material handler. Only a few of the deliveries are to some extent known before arrival, 

for example the deliveries from the EMV (elmotorverkstaden) are scheduled, the work load 

will be minimized during lunch hours and, some deliveries always occur on a certain day but 

time is unknown. The arrivals that occur on Friday afternoons after the materials handlers 

shift ends will not be reported into the system on the right delivery date. Therefore, even if the 

goods arrived on the correct delivery date it will be reported as delayed delivery on Monday 

morning. This means that inadequate information is put into the computer system. Moreover, 

when the goods arrive it is effort and time consuming to report the arrived goods into the 

computer system since it is made manually by the material handler. The arrival of goods have 

to be reported into the computer system in order to change the balance in inventory but notes 

are also put on paper and stored as archival records. 

 

When an order is placed a list will be printed with all the information necessary before 

picking all the articles for the order. However, this list is unstructured and there is a need of 

sorting the list in order to facilitate the material handlers work. The list is sorted with the aim 

to make the order picking effectively, and making sure that no unnecessary movements takes 

place. The sorting of the list is both time and effort consuming but it is necessary to sort it in 

order to facilitate the order picking. Since the placement of articles in the automated storage 

are placed at random and no further thoughts has been put on planning for effective extraction 

of articles the order picking from the automated storages are time consuming. To extract and 

shift between desired shelves takes time. Sometimes articles necessary for one product is 

placed in the same storage which make it difficult to obtain the advantages of simultaneously 

work two storages at the same time, in order to save time.  
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4.5 With focus on the automated storage system 

The focus and further investigation of this thesis will be put on the automated storage system 

since it is a newly installed equipment that requires that new methods of working should be 

established. Additional communication with personnel working with the installation of the 

new equipments confirms the lack of a well thought-out idea behind the placement and 

organization of articles in the automated storage. 

 

Why installing the automated storage system? 

The process of installing the new equipments for storing smaller articles is a recent started 

project that still is proceeding. The installations left to proceed with are the implementation of 

a system that will replace the manual outtake of materials. This simply means that the order 

picking list will be added to the system and allows the material handler to start the machinery 

which then automatically will collect the shelves in a given order from the order picking list.  

 

The lack of storage space caused the trigger of implementing equipment that would facilitate 

their working procedures. Another cause was to move the storage so that it would be more 

easily accessible for the material handler. Earlier the smaller article storage was located next 

to the wall behind the workstations making it difficult for the material handler to access the 

area when using forklifts for transporting newly arrived goods that were supposed to be 

stored.  One related aspects of choosing the automated storage system was the desire of 

gathering the smaller articles at one location in the facility in order to reduce lead time and 

thereby also make the material handlers´ work more efficient. Also the ergonomics were 

considered as the automated storage system allows a better working environment for the 

material handler.  

 

The economic impact on the unit was not high either 

because of that the automated storage already existed at 

the site and it was only a matter of moving and 

installing the equipment at the PVT unit.  

 

From the beginning the idea was to place and organize 

the articles after product, meaning that each product 

should have its own shelf/shelves. But due to time 

pressures from management this was abandon and 

articles were placed at random from the previous 

storage location.  
Figure 5, Storage 550 
 

Technical requirements that must be considered when planning the placement of articles 

Each shelf can only carry a weight of 250 kg. Thereby considerations most be taken to the 

max amount of articles placed at each shelf so that it 

do not exceed the max weight.  

 

The number of shelves is limited in the storages. In 

current moment (100506) the three storages consist of 

1068 storage spaces. 865 different articles numbers 

exist in the automated storage system, leading to a 

space utilization of 81 %. Moreover, most articles are 

at current moment placed in storage 550.   
 

     Figure 6, An extracted shelf in storage 550  
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5. Analysis 

In this chapter the empirical data gathered at the case company are analysed by comparing it 

with the theoretical background. 

5.1 Material handling 

The material handling processes are a broad area that includes a lot of activities. At the PVT, 

material handling is an activity that requires a lot of time and expenses, since for example 

there are employees that are fully committed to the assignment of transporting material 

through the unit. This study concerns the material handling functions from the point of when 

the material arrived at the unit until it reaches the operators hand. The identification of 

different bottlenecks within the material handling was found but this study will only focus on 

one of these bottlenecks. The focus of this study will therefore be on how to organize the 

placements in the automated storage system in order to minimize the amount of time and cost 

related to the material handling.  During the material handling, a lot of movements occur 

which should be minimized due to the fact that material handling is considered to be a waste 

activity that actually does not bring any value to the product itself. When the goods arrive at 

the unit they are either moved to storage, quality control or directly to the workstations. When 

the goods are stored in storage, this will actually mean that the articles will be handled once 

more when extracting the articles from the storage area to the workstations. The same extra 

material handling comes with the transportation of the articles from the quality control to 

either storage or directly to the workstation. It should therefore be desirable to minimize the 

amount of movements and, in highest possible extent provide the articles directly to the 

workstations. However, it can be difficult to adapt this approach concerning smaller 

components since they are ordered in larger quantities. This due to the related cost savings 

that can be made when ordering larger quantities and, that orders of smaller components 

seldom is ordered piece by piece.  

 

 

5.1.1 Identified waste activities related to the material handling 

Of the seven significant types of waste that can be identified and should be reduced to best 

possible extent, some of these typical waste activities could be identified at the PVT unit; 

waiting, transportation, inappropriate processing, unnecessary inventory and unnecessary 

movements.  

 

Waiting 

The waiting waste is associated with the time it takes to extract articles from the automated 

storage. Shifting between the different shelves is time consuming and it is desirable to place 

the materials so that extraction time will be reduced. Even though the storages are operated 

simultaneously waiting time can occur. This waiting time should be reduced in order to use 

the time more effectively.  

 

Transportation 

The transportation of material between different places should be reduced. Movements of 

material do not bring any value to the finished product. Therefore, the aim for the PVT unit 

should be to reduce these movements and rather supply material from the arrival area directly 

to the workstations and assembling, than keeping the material in storage.  
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Inappropriate processing 

As the PVT unit handles a very wide range of material it is necessary to consider the 

equipments used for providing material to the workstations. Since the material comes in 

different sizes it exist different equipments for transporting the material. It is then necessary to 

avoid inappropriate processing and use the right equipment for the right purpose. It is 

important to avoid that complex equipments are used for simpler tasks. 

 

Unnecessary inventory 

Since the product variety at the PVT unit comes in a very wide range, unnecessary inventory 

can occur. Less commonly used material can take place in the storages and also contribute to 

that unnecessary capital is tied up in inventory. However, it is important to consider the time 

it takes for the suppliers to provide material in order to ensure for PVT´s own production. 

Some consideration must also be taken on the cost savings that can be made that is associated 

with high volume purchases. In order to avoid safety stocks and high volume purchases it is 

necessary to have reliable suppliers that are able to provide the correct material, in right 

condition, correct volume and at the right time. Moreover, it is not only the tied up capital that 

are associated with unnecessary inventory but also cost elements such as handling, storage, 

deterioration, theft and management costs can be attributed to inventory costs. Since smaller 

articles most commonly are ordered in larger quantities it could be difficult to reduce 

unnecessary inventory in the automated storage. This due to that cost could be increased if 

ordering smaller articles more frequently and in smaller volumes. With smaller volume 

purchases, the material handling towards the automated storage system would increase as 

well.   

 

Unnecessary movements 

The waste associated with unnecessary movements according to theory concerns the 

ergonomics. One of the purposes with installing the automated storage system was to 

facilitate the working procedures for the employees, with the aim to improve the ergonomic 

working conditions. Uncomfortable working procedures will in the long run affect 

productivity and quality of products. 

 

Unnecessary capital investment  

All of these waste activities have a common output, which is that all these waste contributes 

to unnecessary capital investments. This means that additional expenses are necessary in order 

to take care of the different types of waste. For example at the PVT unit the material handling 

is a full time job and a necessary process, but it does not add any value to the finished 

product. Therefore, costs in forms of pay checks are connected to something that is actually 

not causing any value to the product. Thereby, it is necessary to reduce the amount of waste 

activities in order to reduce unnecessary expenses that are associated with waste activities.      

 

 

5.2 Reduce unnecessary movements 

Unnecessary movements related to the ergonomics have already been mentioned. The 

improved ergonomic working conditions will in the long run affect product quality and 

productivity. However, by reducing the movements between different functions and keeping 

articles closer to its final purpose is a way to save time. By further liberating time for the 

material handler will allow that efforts can be planned for more VA activities.   
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By further planning the movements and ensure that already existing resources are fully 

utilized it is possible to take fully advantages from the capacity they bring. As the case 

company already have the necessary equipments in order to supply for the material handling 

processes, such as the automated storage system and transportation equipments, it is necessary 

to consider how they should be utilized. By improving equipments and continually strive to 

improve the material flow it is possible to increase the material handling capacity. And by the 

reduction of movements it is possible to save time, which could be used for VA activities 

instead. By planning the placements in the automated storage system, so that the most 

frequent used articles are close to the users facilitates the order picking towards the 

workstations. This should allow that movements are reduced when extracting the articles. 

Meaning that time will be reduced and thereby also the cost of material handling.   

 

 

5.2.1 Planning for production and efficient material flow 

Since the PVT unit is producing the heaviest and largest pumps at the site the production here 

is more project based than on the other units. The pumps vary in size and therefore it is 

necessary to adapt the workstations after its purpose. It is necessary to facilitate the 

movements towards the workstations when it is complicated to move the product itself. This 

has been realized by the PVT unit and all equipments, tools and components are moved 

towards the workstations in order to facilitate the flow of material.  

 

The service level of materials towards the workstation should be sufficient in order to ensure 

that production is running smoothly. Once again the need of having frequently used material 

close to the assembly workstations is evident in order to maintain high service level. The 

distances between workstation and storage area should be low but without the functions 

interfering with each other. The planning behind the layout is crucial in order to ensure for an 

effective material flow and the facility layout and material handling activities should be 

jointly considered as they affect each other. Planning the facility layout and at the same time 

incorporate the material handling activities into the planning will facilitate the planning of 

material flow in later stages. 

 

It is difficult to affect the variety in customer demands and therefore efforts should be made 

on reducing lead times. The PVT unit as well will have difficulties in influencing the 

customer demands and product variety and therefore, it could be necessary to consider the 

reduction of lead times. This will be obtained by having high service levels towards the 

workstations which allows the reduction of the overall lead time when assembling a pump. 

The set up times at the workstations will be reduced if the service levels of material supply are 

high due to that the assemblers quickly can start on a new order. Being one step ahead of 

production could be important in order to reduce the lead times. Through planning and 

preparing in advance this could lead to that the setup times are being reduced, making it 

possible for the employees to change fast between production types. Adapting manufacturing 

to product variety can have several advantages such as the production processes can adapt 

quickly to changing markets and customer demands. The PVT unit produces the different 

product types one by one at the different workstations which enables that the material for 

production are known before the manufacturing starts, making it possible to reduce 

unnecessary transportations and movements. Moreover, as unnecessary movements add to the 

total cost of production it is necessary to reduce these. The static form of information 

facilitates the service level of material and unnecessary material gathering can be avoided. 

The articles will, based on this information be provided at the workstations when needed. By 
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having the necessary information for order picking at once all the extractions from the 

automated storage system could be made at once and time will be saved since all the 

gathering of articles for one order would be made at the same occasion. 

 

 

5.3 Identify new methods of working 

The automated storage system that was chosen for further investigation already existed at the 

plant which meant that it did not cause any larger economic impact for the PVT unit. More 

advantages and disadvantages with an automated storage system can be seen in chapter 3.2. 

However, since other units at the site also utilize automated systems for material storages it 

should be suggestible to consider how they have used these storages in order to fully utilize 

the storage capacity they bring.  

 

The purpose with the installation of the automated system was to facilitate the material 

handling which should be reached by planning the placement of articles according to product 

groups. This however, is a very complex aim due to the fact that it requires a lot of planning 

as the different products groups comes in a very wide range of variety. Most orders that are 

received by the PVT unit are customized and details can differ from time to time, which 

means that a very low amount of products are standardized and this would complicate the 

arrangements of articles. As the time pressure from management also affected the planning of 

arrangements this aim was abandoned and the articles were placed at random. Moreover, the 

more variation of components leads to a need of a lot of different resources in order to handle 

it. And the larger amount of articles will also require a well thought-out plan in order to 

facilitate the gathering of material needed for production. This thereby led to the need of a 

model on how to arrange the articles. 

 

By implementing the automated storage systems the PVT unit made an attempt to move the 

material closer to the workstations. The distance between workstation and automated storage 

system however, is almost the same as before. But the accessibility has been improved since it 

is easier to access the automated storage with the forklifts that are commonly used for 

transporting the arrived goods from the arrival area to the storage area. Better ergonomics are 

also a result of the implementation. 

 

 

5.4 Reduce time and cost related to material handling 

One of the objectives for management should be to minimize travel distances. Further it is 

stated that a lot of expenses can be reduced if management consider the identification of 

problem areas in the material flow. One of the aims for the case company should thereby be to 

keep commonly used articles as close to the workstations as possible in order to save time and 

material handling expenses. Having the material close to the workstation will not only affect 

the travel distance but it could also affect the choice of equipment that are chosen in order to 

move the articles. This means that it will not be necessary to use complex equipments for 

simple tasks such as moving the smaller stored articles in the automated storage from one 

point to another. The usage of the automated storage system should be easy and not require 

that unnecessary time is spent on waiting for the collection of material from the different 

shelves. However, it is not only the time connected to the time it takes for the automated 

storage to provide the right shelf but there is also time related to the identification, selection 

and retrieval of the right material. This is done manually by the material handler and the range 
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of product knowledge and experience will thereby have an effect on time related to extraction 

of the material.  

 

 

5.5 ABC-analysis 

In this section the ABC-analysis will be portrayed in order to display the steps that further 

were used in order to create the model for the automated storage system. The displayed steps 

form the basis of the developed model which is displayed in the following result chapter. 

Tables of data such as extraction frequencies and usages values can, if desired, be provided 

by the author.  

 

Step one, specify purpose 

The ABC-analysis will in this report be used in order to choose 20 % of the most frequent 

extracted articles for the automated storage system. This in order to justify why the common 

used articles should be kept close to the users in order to reduce time related to the extraction 

of articles. In this example storage 550 will be used in order to portray the ABC-analysis.  

 

Step two, describe current situation 

In order to get a comprehensive view of the automated storage system at the PVT unit the 

material handling functions were observed. Informal discussions were made with informants 

to fully understand their point of views concerning the automated storage. It was made 

evident that the automated storage system lacked a well thought-out idea of how to organize 

the articles in the storages. The original idea of placements was abandoned due to time 

restrictions, and articles were placed at random. 

 

In order to get a more valid opinion of the current situation some quantitative data were 

collected in order to fully understand the informants’ points of views. Data concerning 

currents placements, extraction frequencies and usage values were collected on the articles 

stored in the automated storage system. The data concerning the articles organization in the 

storage system were based on an on-the-spot occasion of placements. The data about the 

extractions frequencies were based on a one month period while the usage values on the other 

hand were based on a one year period. 

 

Step three, analyze/evaluate 

During a time period of a month 1684 extractions were made from storage 550, and from 251 

different storage spaces. If the calculation is based on the number of extraction during that 

specific month, 20 % of 1684 would be close to 337.  

 

1684 × 0,2 = 336,8 
 

The 337 extractions come from eleven different articles and storage spaces, and are placed on 

eight different shelves. This means that the most frequent used articles during that month are 

extracted from different storage spaces. If extracted at the same occasion it would be 

preferable to keep them at the same shelf number in order to reduce the time it takes to extract 

the different shelves. By having them on the same shelf would suggest that instead of 

extracting eight shelves only one shelf would be extracted, meaning that the time used for 

extracting the articles would be eight time less. The purpose is to keep the most frequent used 

articles close to the users in order to keep a high service level towards the workstations. 
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The total usage value in storage 550 is 5 017 286. The usage value of the eleven most 

extracted articles is 882 071. 

 
882071

5017286
= 0,176 

 

This means that the most frequent extracted material represents 17.6 % of the usage value. 

However, it does not necessarily have to be that the most frequent extracted articles have the 

highest usage value.  

 

Step four, develop alternatives 

Since the purpose with the automated storage system was to keep the most frequently used 

articles close to the user and facilitate the service level towards the workstations, it should be 

suggestible to base the new placements on extraction frequencies. This due to that it does not 

necessarily have to be that the articles with the highest usage value are the most frequent used 

articles. However, as the PVT unit has a very wide variation of products and seldom have any 

standardized product types the variations of demands has to be considered. It is difficult to 

base future demand on historical needs and thereby they have to be prepared to act in an agile 

way, where quick adaptations to market changes are important.  

 

Step five, evaluate 

Before considering the implementations of the new placements it is important to evaluate the 

gains and advantages of rearranging the articles. In the displayed example in step three about 

storage 550 the time could be reduced eight times, which is based on the fact that instead of 

extracting eight different shelves only one would be extracted based on the information given 

from the extraction frequencies. With the reduction of time related to the extraction of articles 

the handling of the material would also be reduced. This would mean that material handling 

costs also could be reduced. However, the material handling at the PVT unit is a full time job 

and the time savings and related reduction of material handlings costs should be further 

considered since the savings would perhaps not have a substantial effect on the entire material 

handling process. This means that it is possible that the time saved will only be used for the 

purpose of other NNVA processes instead. Thereby this leads to that considerations also has 

to be taken against the efforts and costs related to rearrangements of the articles. 

 

Step six, implement 

Since the automated storage system at current moment lacks a well thought-out idea behind 

the placements and organization of articles it could be suggestible to at least consider the idea 

of rearranging the articles after extraction frequencies. This due to that this idea allows the 

articles to be placed after the need of them, and places the most frequent used articles close to 

the users. However, it is important to create clear tasks of how to organize the articles. This 

could be made of the use of clear rearrangements schedules where the new placements of 

articles are clearly displayed. Moreover it could be important to choose what has to be made 

by whom and how it should be made.  A follow-up on the new placements should be made in 

order to measure the progress and advantages of the rearrangements. This would answer to 

whether or not the purpose of the automated system has somewhat been obtained through the 

rearrangements of articles.  
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6. Results 

In this chapter the results will be presented. A literature research will be presented in order 

to display previous studies concerning the topic of material handling. Moreover, the 

suggested model for the case company will be presented.  

6.1 Literature search 

A literature research has been made in order to validate the study. A search of different words 

related to the topic of the investigation has been made in a database. The database used for 

this purpose was Emerald, which allows the researcher to simply search for interesting 

scientific articles. The articles found will be displayed in table 3, displaying the number of 

investigated-, and relevant articles for this study. Also literature sources from the library at the 

Linnaeus University in Växjö were used for finding relevant references. The literature found 

at the library at the Linnaeus University in Växjö made it evident that a lot of information 

concerning logistics activities such as for example material handling exist, and is an area of 

interest for studies.   

 

Search phrase/word Database Investigated Relevant Authors 

Material handling,  Facility 

layout, Design 

Emerald 8 2 Cha and Chen (2001) 

Huertas et al (2007) 

Material handling, 

Bottlenecks, Expenses 

Emerald 2 1 Caputo and Pelaggage 

(2008) 

Material handling, 

Bottlenecks, Time savings 

Emerald 4 2 Sabharwal et al (2009) 

Caputo and Pelaggage 

(2008) 

Material handling, 

Automated storage systems 

Emerald 1 0  

Automated storage systems Emerald 4 0  

Material handling, 

Selection of material, 

Placement 

Emerald  3 3 Hassan (2002) 

Manzini et al (2005) 

Goetshalckx and 

Ashayeri (1989) 

Material handling, ABC-

analysis 

Emerald  2 2 Partridge and Perren 

(1998) 

Petersen et al (2004) 
Table 3, Results from article search 

 

 

6.2 Literature discussion 

Even though a lot of information about material handling exist it is not made evident, based 

on the searches made for this thesis that automated storage systems is of the same interest. 

Based on the above search phrases in table 3 only five hits were made about the automated 

storage system, all of them were investigated but were not of any interest for this thesis. But, 

Manzini et al (2005) emphasis the new increased trend towards automation of warehousing 
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such as for example automated storage systems, this mostly due to increased labour costs. 

Literature shows that there exist suggestible ways of planning for placements of materials, 

components and already finished goods such as for example through class based storing. 

However, material handling activities still remains as an interesting subject of studies since 

the automation of storage systems are a fairly new trend.  Furthermore reduction of material 

handling activities seems to be an objective for most organizations as this stands as an 

important part that differentiate competitors in the competitive market.    

  

Most of the investigated articles showed that reduction of material handling is attainable 

through the planning and construction of facility layout. A common factor that joined the 

different investigated articles was that considerable attention was but on reducing movements. 

This was made through rearrangement of facility layouts and thereby it was possible to reduce 

material handling costs. The aim of this thesis however, was to focus on a single equipment, 

the automated storage system and not the entire facility layout. Thereby the planning and 

construction that was important for the layout should be redirected to the automated storage 

system for the purpose of this thesis.  

 

This thesis considers the placements and organization of articles and it is made clear of the 

literature search that the ABC-analysis has been made for this purpose in similar cases. 

According to Goetshalckx and Ashayeri (1989), the new trend of shorter production trends 

causes more frequently picking of smaller quantities of material. This justifies the need of 

keeping the most frequent used articles close to the users and thereby also the need of 

organizing placements of articles. This in order to being able to provide high service levels 

towards production. 

 

 

6.3 Model overview 

This is an overview of the model (figure 7) for the automated storage system. The model 

consists of six different phases. Phase one includes the specification of the automated storage, 

which means that the purpose of the storage system should be explained in order to 

understand the desired functionality. In phase two all the relevant data should be gathered in 

order to describe the current situation. This is made in order to be able to perform the analysis 

and evaluation in the next phase. In order to analyse the different data the user should use the 

ABC-analysis for creating class formations. In the fourth phase alternatives should be 

developed for placements of articles in the storage system. In phase five evaluations of 

possible gains should be made on the alternatives made in the previous phase. In the last 

phase an implementation plan have to be made in order to facilitate the rearrangements and 

new placements of articles.    

 

 

 

 

 

 

 

 

 
 

Figure 7, Model overview 
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6.4 Systematic model development 

In figure 8 the complete model that was created will be displayed. The model was created for 

the purpose of being utilized for automated storage systems. Furthermore, it is based on the 

steps made in the ABC-analysis displayed in the previous chapter. It was made with the aim 

to clearly illustrate each step in order to facilitate the understanding of the model for potential 

users. An explanation of each phase will be given in later sections in order to facilitate the use 

of the model.     

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

Figure 8, Systematic model development 



43 
 

Phase one, Specify purpose 

In this phase it is important to establish the purpose and functionality of the automated storage 

system. This should be made in order to establish objectives so that resources can be directed 

and planned in a proper way. Planning for resource utilization is important in order to fully 

utilize the existing capacities and use it in an effectively manner.  

 

Phase two, Describe current situation 

To be able to get a comprehensive view of the current situation it is important to collect 

proper data in order to prepare for the next phase. Quantitative data concerning articles should 

be collected from the database. The data that is collected should visualize the current 

situation, placements-, extraction frequencies-, and usage values of the articles. For the 

extraction frequencies and the usage values it is suggestible to use data that covers a one year 

period. This is due to that eventual changes and variation in demands of articles should not be 

affecting the outcome of the analysis. The qualitative data should be gathered in order to fully 

understand the current situation of the material handling. This information should be gathered 

through observations of the material handling and also through conversations with those who 

work with the automated storage system. It is important to consider the opinions of the 

workers in order to create a motivating working environment. But also it is the workers 

working close to the storage system that posses the knowledge and are familiar to the actual 

situation, and it is important to consider this knowledge. 

 

Phase three, Analyse/Evaluate 

In this phase the information collected in the previous phase will be used. The data that was 

collected from the database will be used for describing existing situation. Information 

collected from the observations and conversations should also be considered. With the 

information given form the ABC-analysis the efforts of organizing formations of classes 

should be facilitated. The idea is that the most frequent used articles should be placed close to 

the user and facilitates the order picking. So by using the ABC-analysis it is possible to form 

classes for this purpose. However, the use of usage value will also make it possible to form 

other types of classes. An evaluation of the different class formations should be performed.  

 

Phase four, Develop alternatives 

In this phase different alternatives of placements in the automated storage should be 

developed by the use of the information about the different formations of classes in the 

previous phase. Considerations should also be put on eventual changes of demands meaning 

that placements based on frequencies are changeable with changing customer requirements 

and time. The usage values of the articles will also vary with changing demands. 

 

Phase five, Evaluate 

In order to choose the most preferable alternative will require that considerations are put on 

time and cost savings that will occur if implementing one of the alternatives. A change does 

not necessarily mean that substantial savings will be made and therefore it is important to 

evaluate the outcome of the implementation. The alternatives have to be compared in order to 

properly show benefits and downsides of the alternatives. Considerations must thereby also be 

put on efforts and expenses needed for performing the rearrangements of articles in the 

automated storage system.  
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Phase six, Implement 

If one of the alternatives of placements are chosen and should be implemented it is necessary 

to create clear tasks for how to rearrange the articles. To plan for the implementation is an 

important factor since it will facilitate this phase. Moreover, it is preferable to plan in detail 

for what needs to be done, how it should be done and who will perform the rearrangements of 

articles because this will facilitate the implementation. A follow-up should be made in order 

to see if the implementation worked as it were supposed to do. 
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7.  Conclusions  

This chapter contains the conclusions that can be drawn from this report. Also an attempt to 

answer the problem formulation presented in the first chapter will be made. Furthermore a 

section of criticism of the thesis will also be displayed.  

7.1 Answer to the problem formulation 

In this section an attempt to answer the problem formulation in chapter one will be made. The 

problem formulation reads as follows: 

 

  How can material handling be improved in order to minimize time and cost?  

 

A model was developed in order to facilitate the organization of placements in the automated 

storage system. The model suggests that the ABC-analysis should be used in order to create 

class formations of articles stored in the automated storage system. The purpose with the 

utilization of the ABC-analysis was to create class formation based on extraction frequencies. 

This would allow the consideration of having the most frequent extracted articles placed close 

to each other and placed on the same shelves in order to reduce the time related to the 

extraction. Moreover, some considerations were put on the usage value which is the 

traditional base of the ABC-analysis. However, it was early found in this study that the focus 

had to be put on what was important, which is that the highest frequent used articles should be 

close to the user in order to minimize extraction time and increase the service levels towards 

the workstations. When performing a double ABC-analysis a class will be formed which 

includes low usage value and low extraction frequencies, this information could be used in 

order to justify that these articles could be ordered after need and not be stored in storage, 

reducing the tied up capital in inventory.  

 

Moreover, when performing an example of the ABC-analysis in storage 550 the outcome was 

that eleven articles represented 20 % of the extractions during a month. These eleven articles 

were placed in eight different shelves, meaning that if they were to be extracted at the same 

time the shelves had to be switched eight times. If they on the other hand could be placed on 

the same shelf it would mean that the shelf only had to be extracted once, eight times less than 

before. Thereby if classifying all articles and place them after the amount of extractions it 

would be possible to reduce the time related to the extractions. Less time spent on handling 

the articles would also mean that the material handling costs will be reduced. However, the 

time savings made would perhaps be substantial but it do not necessarily mean that the cost 

saving will be as large as the time savings. However, the time savings in this case would not 

be substantial to allow the material handler to totally abandon the assignment of the material 

handling and therefore this will still be a full time job.  

 

 

7.2 Criticism of thesis 

The information gathered for the purpose of the ABC-analysis is not sufficient. It would be 

suggestible to use data that covers an entire year in order to assure that no fluctuations are 

affecting the outcome of the ABC-analysis. This should especially be considered due to the 

high variation of produced products at the PVT unit. Moreover, the data received from the 

PVT unit was not always consistent. This was perhaps due to that some data were changing 

over time and not requested at the same occasions, for example the list of current storage 

places are of the type that changes.  
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It is possible that the model will not work in practice. However, it will give the case company 

an idea that could be taken into consideration and be further developed. Also it is difficult to 

know if the model is generally applicable since it has not yet been tested.  
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8. Discussions and recommendations 

In this chapter discussion about different topics will be displayed, such as for example 

discussions about the other bottlenecks found at the case company. Recommendations for the 

case company will also be mentioned. Furthermore, suggestions on future research will be 

made.       

8.1 Discussions 

In the following sections the different discussions about some topics will be displayed. 

 

Discussions about the bottlenecks found in section 4.4 

Problems that might arise for the PVT unit is that they are depending on that the suppliers are 

being able to deliver on time. Their internal supplier at the site cannot produce all the castings 

necessary for their type of production and thereby they have to rely on external suppliers. 

Since they compared to other customers of castings represent a small group they can be 

passed over for more important customers. This makes it difficult for the logisticians to plan 

for the ordering of material. Moreover, since the MRP system base the acquisition suggestions 

on historical needs it is important that orders suggested by the system is checked and 

compared with planned production before conforming an order. This due to large variation of 

products and changes of customer demands.  

 

A problem that arises for the material handlers is the irregular arrival of material to the unit. If 

it would be possible to plan the arrival it would be easier to plan the material handlers 

working load, perhaps he/she could use their time for more VA activities if the delivery times 

were better planned. Another problem with the arrivals is the reporting of arrived goods. This 

is time and effort consuming at the moment and could be improved by the implementation of 

some type of scanning system. By the implementation of a scanning system would lead to that 

the process of reporting and obtaining information concerning the destination of the goods 

(storage, quality control or workstation) would be facilitated. Also the lacking reporting on 

Friday afternoon’s causes some troubles since the reporting will take place on Mondays 

instead, resulting in delayed arrivals and inadequate information in the system.       

 

The list for the order picking which at the moment causes some extra efforts could be 

improved. For example considerations should be put on if this process could be improved by 

that the list are sorted before printed. In some way it should be possible to sort the articles in 

the system and facilitate the material handlers work when picking the articles for the orders.   

 

Discussions about the automated storage system 

The implementation of the automated storage system is a good solution of storing the smaller 

articles. However, it is unfortunate that it lacks a well thought-out plan for the placements and 

organization of articles. But if classifications of articles are performed and placements are 

rearranged in order to fully utilize the advantages the value of the automated storage system 

would increase. The automated storage system do also offers other favourable factors such as; 

 

 It does not require a lot of space since it is utilizing the facility height rather than 

width. This will mean that space utilization will be close to optimal. 

 It gathers all articles at one common area. 

 The quality will be improved since the articles are protected against the outer 

environment. For example articles will be protected against dirt and 

deterioration.    
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 Improved ergonomics, which in the long run will affect the production and 

quality of products. 

 The articles are also easier accessible for the material handler than before the 

implementation. 

 

The implementation however, does not come for free. The costs of implementation and efforts 

of moving the articles are something that has to be considered. But also an automated storage 

system will mean that maintenance costs will be added to the total cost of operations.  

 

Discussions about the ABC-analysis 

The information about extraction frequencies used for the ABC-analysis was provided by the 

case company but it only stretched over a time period of a month. But the principle can be 

applied for any type of time period, and suggestible is to use it for a one year period to get a 

comprehensive picture of how the articles is used during a year. Moreover, the usage value is 

calculated on a one year basis (consumption per/year * price per unit). However, when 

extraction frequencies are used it does not have to be that the most common articles have the 

highest usage value. Another important matter to consider is the use of right data, the more 

accurate data the better the class formation will be leading to the advantage of having frequent 

used articles closer to the users. For the case company it could be of even more importance to 

consider the data concerning extracted articles frequencies since there production vary during 

a year. The order placements at the case company can vary over time and therefore, it is 

important to consider extraction made during a whole year. The one month data used for this 

study is not sufficient as the extraction frequencies can be irregular and vary during a year, 

and due to this the usage value can be deceptive as the frequencies only cover a one month 

period while the usage value are based on a year. 

 

Another thing that needs to be considered is if time that will be saved when just improving 

one of the material handling activities. The question is whether the time savings will lead to 

that the material handler will utilize the time saved for other VA purposes or will it be spent 

on NNVA activities instead. This should be considered since the material handling is a full 

time job and smaller improvements will probably lead to that efforts will be put on other 

material handling activities instead. The time savings made are perhaps too small in 

comparison to the overall time spent on material handling. Thereby, it could be important to 

consider whether or not a change like this is worth the implementation efforts.  

 

Moreover, it can be difficult to approach the idea of supply smaller articles directly to the 

workstations. Since the smaller articles stored in the automated storage often is ordered in 

larger quantities but when used, only smaller quantities are extracted from the storage. 

Therefore, there exists a need of storing the smaller articles in the automated storage system. 

It is thereby important to consider the placements of articles since they have to be stored in 

storage. The organization and placement of articles are important to consider in order to 

facilitate the extraction of articles.    
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8.2 Recommendations 

Something that was realized when working with all the data from the databases was that most 

articles were stored in storage 550. Storage 551 also contained a lot of articles but they were 

not as frequent extracted during the one month period that was studied as the articles in 

storage 550. Storage 552 was the least utilized storage. Suggestible should be that 

considerations should be taken in order to fully utilize the advantage of simultaneously work 

with the storages in order to save time. This could be obtained through dividing the articles 

more equally between the storages and avoid overload on one of the storages. 

 

As mentioned in the discussions about the bottlenecks some implementations could be made 

in order to facilitate the work load of the material handler. For example, a scanning system 

could be implemented and also programming of the printing system could be made in order to 

avoid unnecessary work for sorting the order picking list.  

 

Since other units at the site also utilize automated storage systems it should be suggestible to 

consider how they have placed articles in the storages. This in order to see possibilities of how 

to organize placements or in worst case avoid placements that have been made by other units.        

 

 

8.3 Future research 

Further investigations of the placements of articles in the automated storage can be made. In 

this research the extractions frequencies has been the most important factor, but also some 

attention were given to the usage value. However, it could be possible to direct the articles in 

the storages towards the workstations and its final destination. This means that articles should 

be placed after its destination. Especially this could be considered if the recommendation is 

followed, that articles should be divided more equally between the three storages in the 

automated storage system. Then it would be possible to plan for that the articles that are 

commonly used at one workstation should be placed in the same storage and the class 

formations used from the ABC-analysis could decide the placements on the different shelves.  

 

Also the original placement idea in the automated storage system could be a possibility of 

future research. The idea of placing the articles after product order could be possible but it 

would desire a lot of planning since the variation of products is high. In this case it would be 

necessary to consider the arrangements of articles since one article could be related to several 

products and therefore, it would be necessary to investigate the most advantageous placement.              
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Appendix 1, ITT Water & Wastewater; a site map 
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