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Abstract 

Currently, customers are exerting a lot of pressure on companies by demanding for best 

product quality, customized products, reduced product lead time and reliable product 

delivery. Therefore, for companies to be highly competitive, there is need to improve 

productivity and delivery performance by having an efficient material flow. Neverthe-

less, the task of making the material to flow efficiently throughout the manufacturing 

process up to when the customer receives the product is not easy. To solve this, com-

panies are focusing on the material handling system as it has an impact on efficient 

material flow and productivity. Hence, the aim of this project was to explore how an 

internal material handling system can be improved to guarantee a better delivery per-

formance. 

To fulfil the aim, a single case study was undertaken at a dairy food producing company 

in Jonkoping. The information on the subject area was obtained through interviews, 

observation at the company and an extensive literature review. The information that 

was obtained was assessed in accordance with the framework of the project that in-

cludes; principles and physical elements used for designing a material handling system, 

software and information, and human and management. 

Combined analysis of the findings from the empirical study and the extensive literature 

review helped to identify the problems faced in an internal material handling system of 

the company. This was followed by identifying ways of improving material handling 

system and thereafter, improvement suggestions were made targeting enhancement of 

the delivery performance of the system. 

In conclusion, the findings indicate that improvement of an internal material handling 

system does not only depend on improving the physical attributes of the system, far 

from it, it is more dependent on having an efficient and effective information system. 

Another factors that came out is that there should be a proper integration of the material 

handling system and the workers operating the system. From a systems perspective this 

research has added information sharing and human and management to the one dimen-

sional physical elements improvement of a material handling system. 

 

 

 

 

 

Keywords 

Material challenges, Material handling system, Material flow, Material management, 

Information flow, Sweden  



Contents 

5 

 

Contents 

 

1 Introduction ............................................................................ 8 

1.1 BACKGROUND ................................................................................................... 8 

1.2 PROBLEM DESCRIPTION ................................................................................... 9 

1.3 AIM AND RESEARCH QUESTIONS .................................................................... 10 

1.4 SCOPE ............................................................................................................ 11 

1.5 OUTLINE.......................................................................................................... 12 

2 Theoretical background ....................................................... 13 

2.1 MATERIAL HANDLING ..................................................................................... 13 

2.2 CHALLENGES IN MATERIAL HANDLING ............................................................ 13 

2.2.1 Summarised challenges/problems faced in internal material handling 

systems. ................................................................................................................. 14 

2.3 IMPROVEMENT OF MATERIAL HANDLING ......................................................... 15 

2.3.1 Principles physical elements use for designing a material handling system 18 

2.3.2 Software and Information ............................................................................ 21 

2.3.3 Human and Management ............................................................................. 22 

2.4 5 WHY METHOD OF DATA ANALYSIS ................................................................ 25 

3 Method and implementation ................................................ 26 

3.1 RESEARCH PROCESS ........................................................................................ 26 

3.2 RESEARCH APPROACH .................................................................................... 26 

3.3 RESEARCH METHOD ........................................................................................ 27 

3.3.1 Case study .................................................................................................... 27 

3.3.2 Case company description ........................................................................... 27 

3.4 DATA COLLECTION .......................................................................................... 29 

3.4.1 Primary data ............................................................................................ 29 

3.4.2 Secondary data collection ....................................................................... 31 

3.5 DATA ANALYSIS .............................................................................................. 32 



Contents 

6 

 

3.6 RELIABILITY AND VALIDITY ........................................................................... 33 

3.6.1 Reliability ................................................................................................ 33 

3.6.2 Internal validity ............................................................................................ 33 

3.6.3 External validity ........................................................................................... 34 

4 Findings and analysis .......................................................... 35 

4.1 RQ1 -  WHAT ARE THE CHALLENGES AFFECTING THE DELIVERY 

PERFORMANCE OF THE MATERIAL HANDLING SYSTEM? ........................................... 35 

4.1.1 Current state ......................................................................................... 35 

4.1.2 Data from the interviews ..................................................................... 36 

4.1.3 Problems associated with material handling system ...................... 37 

4.1.4 Observations ......................................................................................... 38 

4.1.5 Summary of the identified challenges as compared to literature .. 42 

4.2 ROOT CAUSE OF THE PROBLEM “THE 5 WHY” ............................................... 42 

4.3 RQ2 – HOW CAN THE DELIVERY PERFORMANCE OF THE MATERIAL HANDLING 

SYSTEM IN THE CURRENT SITUATION BE IMPROVED? ............................................... 44 

4.3.1 Communication ..................................................................................... 45 

4.3.2 Planning ................................................................................................. 46 

4.3.3 Resistance towards change ............................................................... 46 

5 Discussion ............................................................................ 48 

5.1 DISCUSSION OF THE FINDINGS ....................................................................... 48 

5.1.1 Discussing Research Question One ................................................. 48 

5.1.2 Discussing Research Question Two ................................................. 51 

5.2 DISCUSSION OF METHOD ................................................................................ 53 

5.3 LIMITATION OF THE PROJECT.......................................................................... 54 

5.4 IMPLICATIONS OF THE PROJECT ..................................................................... 54 

6 Conclusion and future research.......................................... 56 

6.1 CONCLUSION ................................................................................................... 56 

6.2 FUTURE RESEARCH .......................................................................................... 57 

7 References ............................................................................ 58 



Contents 

7 

 

8 Appendices ........................................................................... 62 

8.1 APPENDIX 1 THE INTERVIEW QUESTIONS FOR PRODUCTION LEADER/PLANNER 62 

8.2 APPENDIX 2 THE INTERVIEW QUESTIONS FOR SUPERVISOR AND OPERATORS ... 63 

List of figures 

Figure 1 Project objective ............................................................................................. 11 

Figure 2 Flow and Distance interaction (Chittratanawat and Noble, 1999) ................. 17 

Figure 3  5 Why work Sheet ......................................................................................... 25 

Figure 4 Case company departments ............................................................................ 27 

Figure 5 Packaging department layout ......................................................................... 28 

Figure 6 Reasons of stoppage time of C/D machine for period of 6 months ................. 37 

Figure 7 Stoppage time of C/D machine per hours for 14 days ..................................... 41 

Figure 8 Packaging plant drawing ................................................................................ 45 

List of tables 

Table 1 Material handling system design/improvement (Hassan, 2010) ..................... 18 

Table 2 MHS design/improvement principles (Hassan, 2010) ..................................... 19 

Table 3 methodological instruments in relation to the research questions .................. 29 

Table 4 Overview of the interviews performed ............................................................. 30 

Table 5 Interviews details ............................................................................................. 30 

Table 6 Interviewees responses .................................................................................... 36 

Table 7 Time consumed for bring materials from main store to machine .................... 39 

Table 8 The average time of delivering the material from main store to shop floor .... 40 

Table 9 Percentage of the stoppage time due to machine operator stop ...................... 41 

Table 10 The comparison between the challenges between literature and case 

company ........................................................................................................................ 42 

Table 11 The challenges alongside suggested solution ................................................ 44 



Introduction 

8 

 

1 Introduction 

This chapter makes an introduction to the research on the study area. It starts by pre-

senting the background to the study and thereafter the problem description. The prob-

lem description is then narrowed down to the aim of the study. The aim is then concep-

tualised into two research questions. Lastly, the scope and the research outline is given. 

1.1 Background 

Christopher (2005), alluded that logistic systems have become important for companies 

to invest in so as to gain competitive advantage over other competitors. This is as a 

result of the ever increasing global competitive market, shorter life cycle of products, 

and increased customer expectations. Logistics has been defined differently by different 

authors. Recently, it has been defined as; to plan, implement, and control of transport 

activities and also the storage of products; that is inclusive of the services with related 

information from the starting to the point of use in order to meet the customer quality 

(Lowe, 2002). Understanding of logistics has been made simpler by Jonsson and Matts-

son (2005).  They defined logistics as an open system that interacts with its surround-

ings. In order for these interaction to happen logistics has to manage three types of 

flows, these are (i) monetary (ii) material and (iii) information. In summary, logistics 

can be thought of as activities that deliver material to the right place at the right time. 

Logistics involves different functional elements, these include; material handling, pro-

duction planning, information processing, storage, demand forecasting, etc. (Gourdin, 

2001). From a systems perspective, Christopher (2005) defines logistics as a system 

containing sub-systems that works together and have the same goal. The goal is usually 

to satisfy the needs of the customers. The sub-systems control the movement of value 

adding activities.  

Goldsby and Martichenko (2005), alluded that the characteristics of most logistics sys-

tems in companies are the same and hence the challenges that are faced in logistics. 

They went on to state that the sole purpose of logistics is to reduce on the levels of 

inventory. Inventory levels challenges can be look at it from different perspectives, that 

is, global supply chain and the company supply chain. From the global supply chain the 

challenge involves maintaining or reducing the inventory levels at the warehouses 

and/or retail stores. At the company supply chain, the challenge lies maintaining or 

reducing the inventory levels at storage point or buffers. To eliminate the challenges or 

wastes in inventory, inventory management systems have been advocated for. How-

ever, most of the value adding activities come from transportation. In the same vain, 

Jonsson and Mattsson (2005) have suggested material handling systems (MHS) as one 

of the effective tools to reduce non value adding activities in logistics. MHS works to 

ensure that right material is delivered to the right place with the right specifications. 

With MHS companies can reduce the buffer levels in working areas and at the same 

time reduce on the operational costs (Jonsson and Mattsson, 2005). 
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Production efficiency to a large extent depends on the three factors of inputs; i.e., man-

power, material and equipment. As such, customer demand can be met when the men-

tioned input factors are combined in a balanced way. With regards to material input 

factor, material handling can be described as that part of manufacturing dealing with 

the initial planning, procurement, handling, storing and distribution of material for man-

ufacturing (Rumelt, 2002). Rumelt (2002) further classified material used in manufac-

turing into (a) Raw materials and (b) components parts and assemblies. Raw materials 

come from primary industries while components parts and assemblies are finished prod-

ucts of a production process and can be used as part of a large product. Managing all 

material is known as material handling. Lee and Dobler (2007), have defined material 

handling as all those functions and tasks that relate to the movement of material into 

the company and the administration of the same up to the time of use in the manufac-

turing process. Materials handling includes all the activities with regards to acquisition, 

handling, control, and movement of material used in manufacturing. 

Most often, companies have to store produced products in a warehouse in readiness to 

be delivered to the customers (Hassan, 2006). In order to handle the huge volume of 

material and final products, different material handling methods, tools and machines 

are used. Machines such as forklifts, manual trucks, conveyors and other different strat-

egies are used to handle various materials and products. 

One method a company can use to improve its performance is Material handling. The 

naturally existing relationship between material handling and the production flow 

makes it extremely relevant in manufacturing. When there is a disparity in the relation-

ship, extra stock builds up and the flow of material is disturbed. As a result, the produc-

tion lead time is affected and ultimately customers become dissatisfied. As such a num-

ber of challenges in material handling have been identified that might lead to customer 

dissatisfaction and ultimately loss competitive edge. On one hand, Kaipia (2009) as 

Mulchy did, identified Delivery precision, operating costs and information flow as the 

main challenges in material handling. On the other hand, inventory levels, delivery 

quality and safety were determined to be the challenges in material handling by other 

authors (Hassan, 2006). 

1.2 Problem description 

At the moment, customers are exerting a lot of pressure on companies in terms of de-

manding for best product quality, customised products, reduced product lead time and 

reliable delivery of products (Domingo et al. (2007). Therefor for companies to be 

highly competitive, there is need to improve productivity and delivery performance by 

having an efficient material flow Kaipia (2009). Nevertheless, the task of making the 

material to flow efficiently throughout the manufacturing process up to when the cus-

tomer receives the product is not easy. Hassan (2010) states that, production sections in 

companies usually have areas where material is kept that is ready to be used for pro-

duction and moving of such material is difficulty because of less space in the production 

areas. More so, it becomes problematic to supply the consumed material to maintain 

production. Domingo (2007) alluded to the difficulties companies face in maintaining 
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huge levels of work in process material in the production area and maintaining high 

performance delivery on the production floor. Hassan (2010), postulated that compa-

nies face reduced productivity if work stations in production are staved of material to 

use when needed. And this most of the time, is the cause of low performance of com-

panies in terms of delivering products to customers.  

Transporting and collecting material is a major cause of waste formation in a production 

area. Improving internal material handling by using just in time (JIT) leads to removal 

or reduction of the work in process inventory levels (Sanchez and Perez, 2001). Never-

theless, Kaipia (2009) stated that physical material handling system improvement is not 

the ultimate solution to the problem, but that companies should also consider the appli-

cation of information sharing system that improves the flow of material. This is because 

material flow that is flexible will require to be updated frequently by information sys-

tems that are accurate and reliable. Without such, accumulation of excess work in pro-

cess will begin. As such, it safely to say that one of the conditions that is required to 

have an efficient material handling system is having a strong information link between 

areas of material supply and areas where material is used. 

Despite of the significance of selecting a correct material handling system been made 

in literature, most of the frameworks of internal material handling system dwells on the 

processes of equipment selection and scheduling of the systems (Domingo et al., 2007). 

Mattson (2012) and Fitzpatrick & Ali (2010) postulate that there is limited literature 

that focuses on models which looks into material handling system problems from a 

broader view with an aim of improving the delivery performance of the system. Further, 

Hassan (2010), stated that more research should be conducted to come up with improve-

ment models of material handling system with a view of improving the systems perfor-

mance and lowering the buffer levels in production sections. 

For the researcher to conduct a real life inquiry into the stated areas, a Swedish dairy 

production case company was selected and present in chapter three in section 3.3.2. 

1.3 Aim and research questions 

Literature suggest that there is less research around the area of broader view of MHS 

improvement and related models. Therefore, the aim of this research is:  

To explore how an internal material handling system can be improved to guarantee 

a better delivery performance.  

To achieve the aim of this project, the following research questions were answered. 

 

RQ1 -  What are the challenges affecting the delivery performance of the material han-

dling system? 

This research question investigates the challenges faced in the internal material han-

dling system. The challenges will be limited in accordance with their influence on the 

delivery performance of the material handling system. 
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RQ2 – How can the delivery performance of the material handling system in the current 

situation be improved? 

In view of the identified challenges faced in internal material handling system, this re-

search question objective is to come up with suggestion on how to improve the internal 

material handling system so as to have a better delivery performance of the system.  

 

 

Figure 1 Project objective 

1.4 Scope 

Improvement of the internal material handling system covered the packaging depart-

ment /section of the case company focusing on the Tetra pack machines/packaging ma-

chine and the related material flow excluding other departments, suppliers and custom-

ers. Therefore, the project objective was to improve the internal material handling sys-

tem with a view of assuring a higher delivery performance on the shop floor of the 

packaging section. A tetra pack product was chosen and every material handling step 

of this product was followed for the study.  

The suggested improvements of the internal material handling system are only applica-

ble to the packaging section of the case company and delimited by the set company 

rules and regulations.   

  

RQ1 RQ2

Challenges  
in MHS

How to 
improve MHS

Improved 
MHS



Introduction 

12 

 

 

1.5 Outline 

Chapter 2: Theoretical background presents the findings from literature through re-

view of literature related to material handling systems, materials management, material 

flow. The theoretical background served as the framework to identify the knowledge in 

literature pertaining to the study area.  

   

Chapter 3: Method and implementation. Outlined in this chapter is the research design, 

methodological tools used with justification of the selection, data analysis, the literature 

strategy and lastly the validity and reliability of the study. 

 

Chapter 4: Findings and analysis: the emphasis of this chapter is on presenting the 

findings from the case company and the presentation of the analysis of the data gath-

ered.    

 

Chapter 5: Discussion: In this chapter, the discussion of the analysed findings in rela-

tion to literature is presented. The discussion of the method is also present in this chap-

ter.  

 

Chapter 6: Conclusions: At the end of the study, the conclusions are made based on 

the previous chapters and guidance is given on further research. 
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2 Theoretical background 

In this chapter, the theoretical background is presented that is focused on the project 
topic. This chapter will answer the research question using theory. Therefore, the dif-
ferent parts in this chapter are presented according to the research questions outlined 
in the first chapter.  

2.1 Material handling 

Material handling has been described as the process that is done to move, control, protect 

as well as to store material (Ondiek, 2009). The process of material handling is very 

important as material has to be handled very well to keep it from damage and deliver it 

safely to the destination with the desired quality and conditions.  

When a proper material handling is put in place, accidents are reduced and/or eliminated 

as a result of proper and careful handling of material is done. Johnson (1993), stated that 

material handling improves the profitability of an organisation when accidents are elim-

inated and/or reduced in that, the organisation does not need to spend on the costs of 

accidents and the same time attain optimum output. In the same tone, Okpara (2008) 

stated that proper material handling reduces stress and effort. This is to say that, when a 

proper functioning material handling system is in place, negative factors that affect ma-

terial handling would be eliminated. 

Lyson (2006) states that material handling should always be taken serious. This state-

ment is more evident when large amounts of material is being moved, this is because 

accidents can happen when large material is being moved. This results into organisa-

tions paying compensation lawsuits. 

2.2 Challenges in material handling 

Mattsson (2012), stressed the need to understand what is required of a material handling 

system even before various solutions of improving it can be suggested. To find out chal-

lenges in the internal material handling or factors that may cause problems, it is important 

to lay out what contributes to a well-functioning performing internal material handling 

system. This is done by looking at the various factors, internal and external to the system 

that might have an influence on it.   

Mattsson (2012) argued that an internal material handling system more than just handling 

of material, it involves a lot more i.e. the moving, storing, controlling and protecting 

material with a sole purpose of providing the utilities of time and place. Nonetheless, 

internal material handling system features and activities cannot be covered by one unique 

definition. This is the reason why different authors have different definition of the inter-

nal material handling system as this is done from one’s point of view. Stock and Lambert 

(2001) summarised some of the definitions to state that an internal material handling 

system is that physical process in an organisation that occurs between two departments 

involving the movement of materials or non-material.  
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To understand more on the internal material handling systems, Mulcahy (1998) in his 

handbook on material handling suggested what purposes an internal material handling 

systems should achieve at the end of the day.  

1. Smooth flow of information and material 

2. Reduction of operational costs 

3. Delivery of material to the right place and at the right time 

4. Reduction of safety hazards and damage to material 

Tompkins (1996) as a pioneer of on material handling systems suggested nine factors 

that an organisation needs to do in order to get rid of the problems faced in internal ma-

terial handling systems. The following are the nine factors. 

 

1. Right material amount: the use of Just in time concept (JIT) which is focused on 

the significance of holding the needed materials/parts in the logistics function 

2. Correct material: there should be a system which accurately picks identifies the 

right material, picks it up and the deliver it to the correct destination. 

3. Right material quality: the material quality in the system should be that which is 

desired by the various users. 

4. Following right sequence: it is very import that the correct sequence in the man-

ufacturing process is followed, i.e. the movement, storage, protection and the con-

trolling of material should be done in the correct way.  

5. Correct orientation: Correct orientation of the materials being worked on in an 

organisation on the production lines saves time. 

6. Correct place: materials or parts must be delivered to the correct destination as 

this will save time from unwanted movements. 

7. Correct time: due to time based competition organisations are facing, it is imper-

ative that materials are delivered to a working station at the correct time i.e. when 

they are needed. 

8. Correct cost: in this regard, correct cost does not mean an organisation need to 

cut on the cost of the material handling system but rather, it means that the system 

should be more inclined to contributing more to the collection of revenue than 

acting as a cost contributor. 

9. Correct method: in order for the all eight factors above to work properly, the cor-

rect methods have to be used. 

 

It was established by Hassan (2006) that organisations that don’t have proper designed 

material handling systems experiences a lot of problems. The problems can range from 

production delays, production lead time and costs may increase and also that defective 

products may be produced. In the same vein, having a well laid out material handling 

system results in many advantages such as operations in manufacturing and the entire 

logistics being improved, improved quality of products and the delivery performance 

and also reduction in the buffer stocks. 

2.2.1 Summarised challenges/problems faced in internal material handling sys-

tems. 

Hassan (2006), summarised the challenges/problems that are faced in internal material 

handling into six. The six are briefly discussed below.   
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1. Delivery precision:  

An inefficient internal material handling system leads to delays in production and 

an increased production lead time. This is handled by making sure that all material 

movements which are not necessary are eliminated in an organisation and also 

following the right sequence of the manufacturing process. This brings about de-

livery of material to the right place and at the right time. 

 

2. Inventory levels:  

Having an inefficient internal handling system leads to having high levels of in-

ventory stocks which is kind of a waste. Just in time (JIT) inventory management 

has proved to be an effective tool in this situation. With Just in time (JIT), an 

organisation holds the right levels of inventory in entire logistics system. And this 

usually results into decreased or low levels of inventory in an organisation. 

 

3. Operation costs:  

An inefficient internal material handling system will always result into increased 

cost of operations. In this regard, the entire internal material handling system 

should be designed in a certain way to ensure that it is enhanced to adding more 

revenue collection than the operational costs that comes with it.  

 

4. Delivery quality:  

Quality is always compromised when dealing with inefficient internal material 

handling system. It is therefore important to use the right methods and sequence 

of manufacturing. It also helps when the stations on the floor shops receive the 

right materials and with the agreed quality. 

   

5. Information flow:  

Information flow is usually interrupted when an inefficient internal material han-

dling system is in use. To provide accurate and meaningful material and infor-

mation flow, it important to have an accurate system that is able to identify ma-

terials and also in real time. 

 

6. Safety:  

An efficient internal material handling system minimises injuries to the workers 

and at the same time making sure that materials and products in the system are 

not damaged or get contaminated. 

 

2.3  Improvement of material handling  

Tompkins et al., (1996), is one of the authors who have studied material handling systems 

(MHS) in depth in the 1990’s. He looked at material handling from three different points, 

that is, the theory aspect of MHS, the ultimate MHS and the technological aspect. This 

was also echoed by Hassan (2006). The theory part is where the MHS is perfect, there 

are no inefficiencies in management, no hazards in terms of safety, no wasted space, 
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operational costs are zero and there are no quality defects. The ultimate ideal MHS is can 

be achieved by a company but lack of new technology is the reason why companies do 

achieve this level. Technological ideal MHS is where the new technology is available to 

be used, however, cost issues arises when it comes to install the technology. Hassan 

(2006) suggested that, companies can adopt a cost effective MHS that would work at that 

particular time without any implementation issues.  

Many methodologies of material handling system developed over the years, but most of 

them can be categorised into three approaches. 

a) Determining or improving a material handling system when the layout of the plant 

is already known. 

b) Determining or improving a layout of a plant when the material handling system 

is already known. 

c) Determining and improving both the material handling system and the layout of 

a plant. 

Designing of a material handling system is dependent on the layout of a facility. This is 

because material handling system deals with the movement of materials between points 

in a facility. And the positioning of these points in the facility is determined by the facility 

layout (Coyle et al., 2008).  

Coyle et al. (2008), stated that many of the problems in manufacturing and logistics such 

as high levels of inventory, low delivery performance, difficulty in planning and sched-

uling can be addressed by material handling. As such, when an organisation is trying to 

improve on the operational costs and the general production process, material handling 

system should be a place to investigate. Coyle et al. (2008) went on to state that the 

factors organisations should consider when designing a material handling system are ma-

terial flow, cost and distance. 

Another classification of material handling system was done by Chittratanawat and No-

ble (1999), who classified it into two, that is, Flow and Distance. Flow can be described 

as the amount of material moving between points. The factors to consider with Flow are 

size of material, weight and type. Distance is described as the length between two 

points, as such, it directly affects the cost of handling materials. The interactions of the 

flow and distance are shown on the diagram below. 
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Figure 2 Flow and Distance interaction (Chittratanawat and Noble, 1999) 

 

Hassan (2010) developed a methodology that looks at several steps an organisation has 

to take when designing a material handling system. He stated that the process of design-

ing a material handling system is complicated and needs to be broken down into smaller 

subsystems which are easier to understand. According to him, material handling system 

is made up of subsystems that work in harmony to operate as the material handling sys-

tem. The subsystems include, hardware, software and human & management. When it 

comes to hardware, it is considered to be the biggest subsystem. Hardware includes 

equipment used for transferring, storing and identifying. The software is there to make 

sure that there is communication among the hardware elements, and also connecting the 

material handling system to its environment. Lastly but not the least, human and man-

agement focusses on the operations of the material handling system. The aim of this sub-

system is to make sure that the material handling system works efficiently in accordance 

with what an organisation has set to be its manufacturing strategies. 

Additionally, Hassan (2010) went on to further explain what follows after identifying the 

subsystems of the material handling system. The objectives of the material handling sys-

tem should be in line with organisational requirements and the overall system where it 

will operate i.e. the overall environment. Therefore, it is important in the design stage of 

a material handling system to consider the overall environment where the system will be 

operating from with all its elements and requirements. The environment can be divided 

into two, (i) the external and (ii) internal environments. External environment elements 

would include regulations in the industry (e.g. safety and physical environmental), cus-

tomers, suppliers etc., while internal environment will include layouts, production type, 

facility etc.  
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In this project, the researcher formulated the framework (Theoretical) based on Hassan 

(2010) methodology of designing/improvement of a material handling system. The table 

below shows the details of conceptual design and outlines the various elements that in-

fluence material handling system and its relations to the overall system. 

 

 Table 1 Material handling system design/improvement (Hassan, 2010) 

Material handling system  (Design or Improvement) 

Principles used for designing a 

MHS and its physical elements 

Software and Information Human and Management 

 

2.3.1 Principles physical elements use for designing a material handling system  

 

Twenty principles used for designing a material handling system have been put up. These 

principles are also used for controlling and improving material handling systems. The 

principles were developed in Pittsburgh in 1990 and several authors have thereafter used 

and modified them. Below are the twenty principles as defined by Hassan (2010).   
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Table 2 MHS design/improvement principles (Hassan, 2010) 

 

 

Mulcahy (1998) is another author who did research on the design parameters of material 

handling system that should be considered when designing an internal transportation sys-

tem in an organisation. The following are the parameters he listed.  

 Material size form and dimension 

No. Principle Meaning

1 Planning
Plan all material handling and storage activities in order to achieve 

maximum overall operating efficiency

2 System

Integrate these activities into a coordinated system of operations, 

including receiving, inspection, storage, production, assembly, 

packaging, warehousing, shipping and transportation.

3 Materials Flow
Provide an operation sequence and equipment layout that optimizes 

materials flow.

4 Simplification
Simplify handling by reducing, eliminating, or combining unnecessary 

movements and equipment.

5 Gravity Utilize gravity to move material wherever it is possible.

6 Space Utilization Make effective utilization of all cubic space.

7 Unit Size Increase the quantity, size, or weight of unit loads or their flow rates.

8 Mechanization Mechanize handling operations.

9 Automation
Provide automation that includes production, handling, and storage 

functions

10 Equipment Selection
While selecting handling equipment, all aspects like material handling, 

movement and the used methods should be considered.

11 Standardization
Standardize the handling methods as well as types and size of handling 

equipment.

12 Adaptability

Use the methods and equipment that can adapt to the widest variety of 

tasks and applications, except where the special methods and 

equipment are necessary.

13 Deadweight Avoid unnecessary run of equipment and machines.

14 Utilization Plan for maximum utilization of handling equipment and labour.

15 Maintenance
Plan for preventive maintenance and schedule repairs of all handling 

equipment.

16 Obsolescence
Replace the obsolete handling methods and equipment when more 

efficient ones in order to improve the operations.

17 Control
Use material handling activities to control the production, inventory and 

order handling.

18 Capacity Use handling equipment to improve production capacity

19 Performance
Determine the handling performance effectiveness in terms of 

expense per unit handled.

20 Safety Provide suitable methods and equipment for safe handling.
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 Material characteristics such as fragility and special conditions 

  Movement and travel path of materials 

 Physical constraints such as safety issues and layout obstacles 

 Transportation equipment 

 Methods of loading and unloading materials 

 Material flow: whether continuous or non-continuous 

 Number of work stations, that is pick-ups and drop-offs 

 Frequency of material delivery  

 Constraints in production such as labour, operators, production time 

 Ease of integration of the MHS with other systems 

 The required control of MHS 

 

When it comes to transportation, literature has provided a lot of them relating to material 

handling. Looking at the organisational context of the case company of this project, only 

the unit load and the movement transportation (Horizontal) will be looked into.  

Horizontal Non powered/manual power transportation 

In this case, materials are moved between two points using manual power or force of 

gravity. Non-powered transportation has some known disadvantages when it comes to 

safety. However, non-powered transportation is applicable under certain circumstances 

(Arora and Shinde, 2007). The following are the circumstance were non powered trans-

portation can be used:  

 When two points between which material has to move has a short distance and 

the frequency of delivery is very low. 

  When the organisational context does not allow for powered transportation. 

 When skilled labour to operate the no-powered transportation machines is in short 

supply.  

 When skilled maintenance personnel are in short supply. 

 When handling is not possible by powered-transportation machines due to irreg-

ular sharps of materials. 

Examples of non-powered transportation equipment include: Hand pallets, skid trucks, 

platform trucks, etc.  

 

Horizontal Powered transportation  

Forklifts are the most used powered transportation machines in organisations. These ma-

chines are used to transport material using pallets and unit loads between two points 

(Arora and Shinde, 2007). In spite of the many advantages, forklifts come with same 

disadvantages. 

 Its human operated. 

 Limited in the volume of material moved. 

 Safety concerns on the shop floor. 

 Usually comes empty handed on a return trip. 
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AGV (automated guided vehicles) are the alternatives to the forklifts on the shop floor 

of an organisation. With a view of transporting huge volume on the shop floor and the 

frequency of transporting is high, AGVs are the best. Kumar (2008) defined AGVs as 

machines which are computer controlled, battery powered, self-operating and follow a 

defined pathway. Currently, AGVs are regarded as an essential machine in manufactur-

ing as they facilitate internal material handling system and at the same time reducing the 

overall production cost. The following are the advantages of AGVs. 

 No need of training personnel to operate the machine 

 Very safe on the shop floor 

 Very flexible when change is necessary in terms of layout 

  High delivery performance 

 Facilitates the use of just in term (JIT) 

Baudin (2004) advocated for the use of milkruns when the distance between two points 

on the shop floor is more than 100 metres, the volume of material to be transported is 

medium and also when there are a number of pick-up and drop-off points. He defined 

milkrun as an organised pickup and delivery of material at predetermined times along 

predetermined roots for moving low quantities of materials between points. In short it is 

a tractor that is powered and has a series of carts. The benefits of a milkrun are as follows:  

 Reduces levels of inventory 

 Short and stable restoration of a stock 

 Delivery of performance is increased 

 Supply of material becomes efficient 

 Value adding time is increased 

2.3.2 Software and Information 

Information flow can be defined as the process of transacting that is related to the flow 

of material, past activity analysis, planning, scheduling and forecasting future activities 

(Baudin, 2004). In this regard information can be thought of as every systems lifeline at 

the same time as one of the foundation of making correct decisions and actions in an 

organisation (Coyle et al., 2008). There a number of element that needed to be taken into 

consideration if information ought to be useful and valuable. Therefore, information must 

be (1) timely (2) accessible (3) transferable (4) accurate (5) relevant. Leng and Zailani 

(2012) have stated that in order to reduce the cycle time of requests between departments, 

accurate information sharing needs to be in place. Some of the benefits of having an 

information system that is effective are; increased productivity and low levels of inven-

tory. Most of the information systems used in organisations are paper based manual sys-

tems. These systems prone to errors, lost /damaged and are time consuming (Huang et 

al., 2007). This results in the information not showing the correct situation in the system 

and makes it difficult for decision makers to make the needed decisions. Arora and 

Shinde, (2007) looked into the identification and control techniques in material handling 

that can be used to collect and transmit information so that material can flow smoothly. 

The mostly two used they looked into are (1) RFID technology and the Wireless barcode 

scanner (2) Kanban 
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RFID technology and the Wireless barcode scanner 

Smaros (2000) states that its now more important for organisations to respond quickly to 

requests of its customers and to customise the delivery service as quickly as possible. It 

has been noticed that similar challenges are being faced by many organisations around 

the world. Therefore, organisations are now looking for workable solutions in terms of 

having an efficient information sharing system (Holmstrom and Karkkainen, 2002). This 

is where RFID and wireless barcode scanner come into play. Wireless scanners can be 

defined as gadgets that identify material automatically without physical handling. RFID-

tags are tools that helps offers a link within material handling system. Drum (2009) out-

lined he following benefits of RFID technology and the wireless barcode scanner. 

 Increased control and visibility in the logistic chain 

 It is easier to restructure an information system infrastructure 

 Productivity is increased 

 Accuracy and speed are increased 

 There is better customer service 

 

Kanban 

Taichi Ohno coined the concept of Kanban a scheduling tool used in lean production 

together with Just in time (JIT) inventory management system. Ohno (1988) defined 

Kanban as an information card (which is physical) that helps in determining what should 

be produced, when should production start and the number of units to produce. A two 

bin system is a form of Kanban were material is supplied in bins to the production line. 

When a bin is empty, it indicates that replenishment has to take place (Hobbs, 2004). 

Baudin (2004) advocated for electronic Kanban (E-Kanban) as companies now are look-

ing to computer and communication technologies. There are several advantages that 

comes with E-Kanban, such as, it is very easy to integrate it into an organisation ERP 

system, able to provide real time information on the shop floor and errors of losing the 

physical cards are eliminated (Drickhamer, 2005). Wang et al., (2011) stated that the 

Kanban system is used together with the just in time concept in production to pull mate-

rial from storages. 

2.3.3 Human and Management 

One of the pioneers of in this field states that one of the important factors to consider in 

material handling system is the Human and management (Hassan,2010). In this regard, 

human means the worker who operates the MHS and management refers to the handling 

of the system with respect to how the time scheduling is done, principles and manufac-

turing constraints etc. In addition, Hassan (2010) stated that when coming up with a de-

sign or improvement of a material handling system, the focus should not just be on the 

seen physical elements of the system but look at other factors such as involvement of the 

employees in the process, how the new material handling system is compatible with the 

manufacturing process that is in use or designed to be used. Such factors should be con-

sidered because they affected the ultimate functioning of the material handling system. 

As such, the following are some of the factors in human and management. 
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Involvement of employees 

Baudin, (2004), stated that, without the involvement of essential workers who will be 

using a system, the success of implementing such a system is not possible. He went on 

to allude that, workers the essential component to have a successful implement material 

handling system, starting from the start up to the daily operations. In the same vein, Mul-

cahy (1998) went further to state that to successfully implement a material handling sys-

tem in an organisation, there should be involvement by the workers and training for the 

same. Additionally, it is important to expand on the training and motivational activities 

with regards to the newly implemented material handling system. In the same line, Moti-

walla and Thompson (2009) argued that the best way to get the desirable outcome from 

material handling system implementation is to consider worker involvement and worker 

needs early in the design stage of the material handling system. One thing that should not 

be thrown out of the window is the involvement of management at both the functional 

stage and physical stage of implementing a material handling system.  

Just in time (JIT) concept and the Push and Pull system 

Just in Time (JIT) can be defined as a manufacturing excellence that is focused on the 

elimination of wastes (all kinds), which is based on the continuous improvement on qual-

ity and productivity (American production and inventory control society). Further. Just 

in time puts its efforts on standardisation, visibility, organisation, simplicity and flexibil-

ity. It is imperative that waste is defined first before it is eliminated. Any activity that 

does not add value to a product but adds costs to it can be defined as waste (Tompkins, 

1996). He further stated that the source of wastes in an organisation can be traced from 

paperwork, handling transportation, equipment, space, inventory, labour etc. when it 

comes to inventory, a lot of it is wasted and the reasons can be several. One of the reason 

is attributed to having inefficient material handling system. One of the solution to this 

problem is Just in time concept as it looks at material handling systems, building designs 

and plant layouts.  

 

Just like JIT, the pull system is one of the concepts in lean manufacturing that is used in 

logistics in relation to raw material transportation or can relate to movement of parts 

between production lines in a plant or movement of material/parts between plants (Bau-

din, 2004). The pull system is based on system communication (Two-way), which im-

plies that, inventory storage facilities will only send materials/parts if and when the pro-

duction lines request and the production lines will only request for what is needed. To 

the contrary, the push system is where materials or parts are sent to the production lines 

without any communication on the need of the materials/parts. In accordance to the the-

ory by Pyke and Cohen (1990), pull system is more reactive, service oriented and largely 

decentralised. Whereas push system is forecasts oriented and largely centralised. It can 

be noticed that the push system is able to permit global decisions and the pull system is 

focused on local decisions (Baudin, 2004). In spite the many talked about advantages of 

the pull system, such as the increased delivery performance, the increased productivity 

etc., there are some notable disadvantages to the pull system when it comes to the design 

process of a material handling system. One of the disadvantage was discussed in the ear-

lier years of studying material handling systems by Blinder (1981) and Caplin (1985). 

They stated that one of these disadvantage is that this system has an increased variability 

at higher levels in production lines. And also that it is possible to outstrip the capacity of 
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a plant at the point of replenishment. The idea behind the pull system is that materi-

als/parts should be delivered to the production lines when they are needed without any 

waiting time.  

 

Below are some of the factors that have influence on material handling system and the 

surrounding in which it operates.  

 

a) Effective communication: One of the most important elements of just in time is 

effective communication 

b) Inventory reduction: one way of reducing inventory is by producing in small lots. 

By doing so, a lot of positive outcomes come into play, for example, quality is 

improved, there is adequate maintenance of the machinery in the plant, there is 

appropriate levelling of the production schedule and the most significant of them 

all is that there is a pull system where material/parts are delivered in the right 

quantity and at the right time. 

c) Deliver to the right place: Material or production parts that are either produced 

or purchased i.e. in small lots should be delivered to the right place at the right 

time to avoid accumulation of inventory, which will become waste. 

d) Empowering and involving workers: The tradition way of decision making and 

problem solving can be changed by empowering and involving workers in the 

decision making process. As such, it is imperative that workers are involved in 

all the stages of design, implementation and operation of any material handling 

system. 

e)  Quality at all points: it is imperative that at all points in the manufacturing pro-

cess, quality is maintained. These points will include, material handling points, 

transportation points, storage points etc. which must pass on materials/parts with 

the same quality to the next point. For this to be achieved, the following must be 

followed.  

1. Parking materials properly. 

2. There should be an efficient material handling system and storage facili-

ties. 

3. Stress free work environment, ample time to complete activities and team 

work.  

 

 

When faced with a problem, it is important to start from the end result (effect). Look at 

what could have caused the end result and question that five times. This is an approach 

to problem solving that mostly promotes effective thinking which is brought about by 

questioning. This method can be quickly adapted and applied to many faced problems. 

There are three elements to follow when effectively applying the five why method: these 

are  
 

1) The problem description should be complete and accurate. 
2) Honesty in answering the questions. 
3) Determination of resolving the problem by getting to the bottom of it.                 
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2.4 5 Why method of data analysis 
 

Sakichi Toyoda developed the 5 Why method, he was one of the founders of the Toyota 

company in the 1940s (Warner 2015). In 1970s most companies around the world started 

to adopt the 5 Why method as this method was able to go down to the root causes of the 

problems that companies specified.   
 

How it works 

The starting point is stating the obvious observable problem and ask why that problem 

occurred. This is followed by turning the answer that you get from the first question into 

the next (second) why question (Hamrol, 2012). The answer that is gotten from the sec-

ond question should be turned into the third question (why), this should go on until the 

firth why question is asked. This can be seen below in figure…... Every Why question 

that is asked, increases the odds of finding out the underlying root cause of the problem 

(Hamrol, 2012). Even though this method is known as the “5 Why”, the 5 is a rule of 

thumb. One might get to the root cause of a problem with less than 5 whys or more than 

5 whys (Warner 2015).   

 

 

Figure 3  5 Why work Sheet 
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3 Method and implementation 

This chapter will present the methodology for the study.  The research design will be 
presented first. Further data analysis, reliability and validity related to the study will 
be presented. 

3.1 Research Process 

This project was carried out at a Swedish dairy production company as part of the mas-

ter program at Jönköping university (Production development and Management). Con-

tact with the company was made in early march and an initial plan was agreed upon on 

how the project with the company would proceed. 

 

Following the plan with the company, the research had to undertake an intensive liter-

ature review in the area of material handling systems and thereafter formulation of the 

research question. In the process of literature review, it was important for the researcher 

to really understand the contents surrounding the study area, as such, the research had 

to continuously compare and evaluate the different ideas that were coming out. The 

researcher and to employ different techniques and methods of data collection in order 

to answer the formulated research questions. Following this, the researcher has to divide 

the areas in material handling system into the following according to Hassan (2010). 

 

 Principles and physical elements used for designing a material handling system 
 Software and information 
 Human and management 

 

The researcher decided to take this root so as to deeply understand the studied area and 

also that the area of interest in the company is focused on. In this case it was easier to 

identify the challenges faced in material handling systems and also to identify the com-

ponents and features of a material handling system.  Lastly, the findings from the em-

pirical study together with the literature review were used to suggest improvement to 

be made to the internal material handling system in the packaging section. 

3.2 Research Approach 

A case study design approach was adopted in this study. This is in line with what Ei-

senhardt and Graebner (2007). A case study approach is appropriate when littles is 

known on a phenomenon and current outlook on it is insufficient. This study is explor-

ative in nature as evidenced by the research purpose. This is so as the study is contrib-

uting to the understanding on the challenges in material handling and how companies 

can deal with these challenges in order to improve the delivery performance of a mate-

rial handling system. Furthermore, the “how” and “why” questions can be answered in 

studies which are explorative in nature. In addition, when a deeper understanding is 

needed on a phenomenon and that the researcher has no or limited control over the 
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phenomenon, then a case study is appropriate. In a case study it is also possible to mul-

tiple data collection tools such as observations, interviews, time study etc.   

Case studies are criticised for their lack of generalisation of the results, that’s why to 

increase generalisation, multiple case study design is preferred to single case study. 

Initially, the design for this project was multiple case study consisting of five case com-

panies. However, due to Covid-19, it was very difficult to secure all the five companies 

as most of them were on lock down, no visitors were allowed. Therefore, this project 

turned to a single case study (company which was willing). As a result, generalisation 

(external validity) of the of the results from the single case study was decreased.     

3.3 Research Method  

3.3.1 Case study 

The empirical study focused on the improvement of the material handling system in the 

packaging section of the company to improve the delivery performance. The first step 

was to study the current system, thereafter propose the suggestions of how improve-

ments can be done. But before that, it was imperative for the researcher to understand 

the rule and limitations of improvement to be made in the section. The layout and the 

was an important factor to consider as it represents the constraint in term of the size of 

the section. In as much as the researcher was very conversant with the research area at 

this point, the workers of the case study company contributed a lot with their sugges-

tions and ideas of how an internal material handling system can be improved.  

3.3.2 Case company description 

The case company is one of the biggest leading companies in Sweden in food and bev-

erage industry, it has specialized in dairy products for over 100 years. The company has 

combined traditional craftsmanship and world-class technologies to ensure its products 

remain closer to nature. In one of its plants, the company has employed about 400 peo-

ple who are distributed in various departments such as the administration, processing, 

logistic, production, packaging and maintenance. Below is the layout of the company 

showing its departments and the flow of material between them. 

 

 

 

 

Figure 4 Case company departments 

 

The company has planted itself as being competitive locally and globally, it has done 

this by increasing the sales and maintain high quality of products. Additionally, it has 

developed a strong supply chain network used to fulfil customer need and requirement 

by deliver products on time. 

Raw material 

storage tanks 
Processing Packaging Cold storage 

area 

Delivered to 

customers 



Method and implementation 

28 

 

The focus of the study is the packaging department were 100 people are employed to 

work. Each machine on the shop flow consists of two lines of production where two 

different milk products are packaged. The following is the sequence of process in the 

packaging department. 

The production process for the milk starts by receiving raw materials from suppliers in 

storage tanks, then it will go through process department to ensure the product is ready 

for packaging. In packaging department, the product will be filled in small packages 

such as 0.5, 1 and 1.5 litres, then it will be packed in larger boxes (from 6 to 120 units 

per pack) and transported to the cold store in readiness for customer delivery. Check 

the diagram below for more details on the packaging department. 

 

 

Figure 5 Packaging department layout 

 

Problems in the packaging section of the case company 

The delivery output of the group-A machines have been low for some time now. This 

has been brought out by the low OEE the machines have been recording. After some 

investigation it was found that the material reaching the Group-A machines is low 

which is causing the delivery performance of the machines to be low also. The poor 

supply of material has been largely cause the way material is handled in the section. 

Some minimal disturbances have been recorded that come from outside the section. 

Therefore, this project focused on the material handling system of the section (called 

the internal MHS), so as to look for ways of improving it. Milk was the product chosen 

in the section used to follow through the material handling system. 
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In this section the challenges faced in the packing department were led out in relation 

to the material movement and the performance delivery efficiency of the material han-

dling system. These are thought to be among the causes of the low OEE leading to 

inefficient delivery performance of the department. 

3.4 Data collection  

In relation to Williamson (2002), a number of data collection tools were used to collect 

data so as to have reliable information. In the same vein, having different sources of 

data improves the reliability of the information. Primary and secondary data were col-

lected during the period of data collection.  

3.4.1 Primary data 

Primary data collection was done in order to form the groundwork for research analysis. 

Therefore, in this project, interviews and observation were used as the methodological 

instruments for the case study.  

 

Methodological instruments in the study 

In accordance with the case study design, the methodological instruments were picked 

accordingly. For the researcher to have an overall understanding of the research area, 

different data sources were used. The methodological instruments used in this study are 

the interviews and observation as already stated. The table below shows how each re-

search question was answered using the different methodological instrument. The re-

search questions have been presented again for recap. 

 
RQ1: What are the challenges affecting the delivery performance of the MHS? 
 
RQ2: How can the delivery performance of the material handling system in the current 

situation be improved? 
 

Table 3 methodological instruments in relation to the research questions 

  Research Questions 

Methods RQ1 RQ2 

Interviews √ √ 

Observations √ √ 

Literature review   √ 

 

Interviews 

Face to face – one on one interviews were carried out in this project which increased 

the response rate. The researcher used semi structured questions so as to have exploring 

degree. This enabled the researcher to gather more information on the studied area. The 

workers interviewed were given chance to explain and add on the answers they had 

provided. The researcher wanted to have different views on the study area, as such, the 
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interviews were conducted with different workers in the packaging section of the com-

pany. The average time for interviewing an operator was about fifteen minutes. All the 

interviews (except the interviews with operators) were recorded on the phone and later 

transcribed in the later stages of the research process. Permission was gotten from the 

interviewee to record the interview.   

Below is an overview of the interviews performed at the company. 

 

                 Table 4 Overview of the interviews performed 

Department/Section Position of personnel 

Packaging 

Production Leader (2) 

Material planner 

Supervisor 

Operator (5) 

 

Table 5 Interviews details 

Designation Number of 

interviewees  

Years in case 

company (total) 

Duration (Minutes) 

Production Leader-1 1 10 40 

Production Leader-2 1 2 32 

Material planner 1 8 57 

Supervisor 1 18 36 

Operators 5 1-15 75 

Total number of interviewees 9 Total time 240 min. (4 Hrs) 

 

The interviews began with the production leaders with some considerable number of 

years working for the company, the production leaders were very helpful and showed 

reediness to participate in this interview to support this study. The questions mostly 

were opened where they explained generally about the company and their role in the 

packaging department, their role of giving support to the operators and control the pro-

duction results, and ensuring that all safety regulation are carried out during working 

hours. All in all, giving the required support.  

The interview started with some general questions about the company and products, 

then moved to asking about the packaging department and the problems they have at 

shop floor, later the questions become more specific about material handling and how 
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it effects on production process and the delivery performance of the material handling 

system in the department.  

The interviews included five operators in order to figure out their point of view regard-

ing material handling and what problems they face at shop floor. 

 

Observations 

To cement the validity of the data from the interviews, the researcher conducted obser-

vations also. Having different methodological tools adds richness to the collected data. 

This instrument was particularly chosen as it is one of the distinctive features of a case 

study design. The research used participant observation. This is where the research is 

actively involved in the setting where the observation was done. 

This tool was very useful as it allowed the researcher to fully understand the current 

happenings in terms of material handling in the packaging section of the case company. 

Additionally, this tool revelled the current happenings with the material handling sys-

tem such as worker behaviour, events and the material handling physical characteristics. 
 

In this project, the units that were observed are the material flow, equipment and other 

material handling related factors. Important observations were recorded to be used later 

in the analysis chapter. The observation was based on the operators who were working 

at group machine-A and store keeper at the main store as indicated in figure 4. In order 

to observe how the material was handled in the department, it was necessary to observe 

the operators and store keepers, how the communication done between them and how 

quick the response is to the communicated information. The focus was also on how 

long the machines had stopped and how this affected production.  
 

Each time the researcher was going for an observation at the company, workers at the 

particular point of observation were informed on what the research was going to ob-

serve. Additionally, they were told of the intentions of the observations. In many cases 

the workers were not told the exact time the researcher would be in the section so that 

the workers would behave and act the normal way they usually do. 

3.4.2 Secondary data collection 

Just as Jacobsen (2010) stated, the quality of a research is improved when more than 

one data collection tool is used, the researcher found it wise to employ different data 

collection tools so as to improve the quality of the research. Using literature review, the 

research was able to form the foundation of the project. It was also important to look 

into company documents to see the rules and limits surround material handling system 

at the company when it comes to redesign or improving the internal material handling 

system. The company documents brought out how material is supplied, the mapping of 

the process, production scheduling and job descriptions of the personnel involved in the 

section. The researcher selected the data sources carefully so as to have data that is 

relevant, authentic and accurate.  
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Literature review 

Reviewing literature as an ongoing process in this project, gave the researcher an op-

portunity to analyse and synthesize the challenges, concepts and features of an internal 

material handling system. An in-depth study of literature on material handling system 

– design and improvement was done, and this area was divided into 

 Principles and physical elements used for designing a material handling system 
 Software and information 
 Human and management 

 

Literature review helped in understanding the research area. Most of the literature was 

gotten from the Jonkoping database ABI/INFORM global, Google Scholar and Scopus. 

Some of the key word used in this study for literature search are material handling sys-

tems, material handling challenges, materials management, information flow etc. The 

process of literature review was an ongoing process in this project.     

To narrow down the number of literature papers and books, the researcher read the 

abstracts and anything that was out of context with the research purpose and the re-

search questions was discarded. To come up with more relevant material in the context 

of the study, the researcher used the reverse reference tracking. The key words for 

searching articles and books were constantly being modified to get more relevant data 

and this process was done over a number of times until a process of saturation was 

reached.      

3.5 Data analysis 

As Patton (2002) suggested, the data that was collected was informally analysed as 

when the data collection process was taking place. Patton (2002) argued that data anal-

ysis begins during the process of data collection; that is, when the researcher starts to 

make sense of the data being collected. In this research, interviews were recorded and 

transcribed by the researcher. Case files were open for all the data that was collected 

from the empirical study. 

The analysis approach used by the researcher follows the 8 steps outlined by William-

son (2002): 

1. Data transcription: In this step, the researcher was typing and writing down 

the data from the recordings and observations for easier access and analysis.   

2. Getting familiar with the collected data: The researcher was required to un-

derstand the information collected in its totality before any categorisation of it 

is done.   

3. Categorization of the gathered data: For easy analysis the researcher catego-

rised the collected data into three as already been stated: (i) Principles and phys-

ical elements used for designing a material handling system (ii) Software and 

information and (iii) Human and management. 
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4. Creation of new ideas from the collected data: From the categorised data, the 

researcher was able to dig deeper into the data and have a deeper understanding 

of the data and able to formulate or/and deduce new ideas. The 5 why concept 

was of help in this stage. 

5. Conceptually organising the categories: In this step, the researcher was able 

to connect the relationships among the categories. It was now easy for the re-

searcher to notice the differences and similarities. 

6. Forming tentative theories: After noting down the differences and similarities, 

the researcher was able to come up with ideas on what was obtaining with the 

data.  

7. Check through data for evidence that supports the tentative theories: To 

ensure accuracy, the researcher cross checked the data and the tentative theories. 

8. Generate the results of the study: In this step, the researcher now connected 

the analysed data to the research questions and checked whether answers were 

provided or further data analysis was needed.  

 

3.6 Reliability and Validity 

Reliability can be defined as getting the same results when a study is repeated and Va-

lidity is the extent of a research process giving the correct answer (Kirk and Miller, 

1987).  Validity and reliability tests needed to be done on this study so that trustworthi-

ness and quality are ascertained. This is in accordance with what Kirk and Miller (1987) 

stated.  

3.6.1 Reliability 

Reliability in this project was assured by fully describing the research methodology 

procedure in chapter three (3). By doing this, the researcher is confident that if the fully 

described procedure in chapter three is followed, same results would be obtained in a 

different study. This is supported by Flick (2006) when he stated that reliability of a 

research is assured when the methodology is fully documented. Kirk and miller (1987) 

supported the same thinking by stating that better reliability is achieved when the pro-

cedure of doing a study is accurately presented. The research further assured reliability 

by fully describing the methodological tools used in this study. For example, interviews 

and observations were deemed to be fit for this study as it was explorative in nature.  

 3.6.2 Internal validity 

Saunders et al., (2012) defined internal validity as the measure of what is intended to 

be measured. The internal validity of this study was assured by following some proce-

dures and steps. Method and data triangulation were used to assured internal validity.  
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 With method triangulation, different methodological instruments were used; 

that is, interviews and observations. This is in accordance with Johnson (1997) 

who stated that using multiple sources of evidence increase internal reliability.  

 With regards to data triangulation, different people in different function and dif-

ferent levels were interviewed. Mathison (1988) stated that having both method 

and data triangulation results in a convincing conclusion of a research.  

3.6.3 External validity 

Yin (2009) described external validity as the extent to which the research findings can 

be generalised or generalisation of a research. At the same time, Yin (2006) criticised 

case studies for their lack of generalisation of the results. However, Johnson (1997) 

stated that case study designs that are fully described give opportunity to readers to 

conclude on the external generalisation of the findings. As such, the researcher made 

extra effort to fully descried the case company in the method chapter. This is in terms 

of fully describing the method used for data collection, data analysis and the entire pro-

cess of research. 
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4 Findings and analysis  

In this chapter, the data collected is illustrated without any personal bias. It starts 

with a presentation of the current state of the factory followed by a summary from 

data collection techniques. Then the data is deduced to form some sort of acknowl-

edgment of the findings. In the later parts the findings will be analysed and a proposal 

of a framework to counteract the problem is done. 

 

As Mentioned earlier in the method chapter this research uses case study as the key 

method in which the primary data collection is done by conducting interviews with 

Top/Middle and bottom level staff in the facility.  Observations are made on how the 

material flows from workstation to workstation. Time studies were conducted to see 

how much down time each workstation has, for how long and what the cause of the 

down time is.  

4.1 RQ1 -  What are the challenges affecting the delivery performance 

of the material handling system? 

4.1.1 Current state 

To understand the problem in the factory we need to dig deep into the current situation. 

To begin with the dairy products are supplied to the machines as per the production 

plan, Ideally in the right time and quantity. Variations in the products are not so much, 

it is mainly dependent on the type of products (milk, cream or yoghurt), then how much 

fat percentage present in the product. Usually it could be from 0,5% to 3% milk and 

Yoghurt in different flavours.  

Each product needs to be packed in different packaging specially for different suppliers. 

The packaging material for this operation comes from the main store. Usually this trans-

portation is done by forklifts and electric stackers to the storage area (near the machines) 

or direct to the machines then the operators need to load them manually into the ma-

chines.  

The material apart from the dairy products were supplied by using forklifts/electric 

stackers and manual stackers. These machines are sophisticated and well maintained 

from time to time. It is the storekeeper’s duty to replenish the packaging materials to 

facilitate the production flow. Here the information is just a visual basis. The general 

notion from higher management is that the OEE of the process is not reaching the tar-

gets. They have investment plans for developing the process if they could find the prob-

lem.  
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4.1.2 Data from the interviews 

 

Table 6 Interviewees responses 

 

It was revealed that the information flow between the shop floor workers and the store-

keeper is verbal. They have allocated telephone at shop floor where they can make the 

calls to store-keeper and request to fill the empty bins.  

At times when the storekeeper is engaged in other work or not available the machine 

operator needs to stop the machine and take a trip to the store to bring the necessary 

material to his workstation. Finding the right packaging material in less time is a bit 

difficult because of the existing large number of customers and their different packag-

ing formats. If the worker is an experienced person and knows what you are looking for 

and where it is, his return time is reduced to a greater extent. Apart from direct and 

telephone conversations there is no other way of communication currently.  

The packaging machines are completely dependent on the worker’s agility and problem 

fixing skills. Technical problems in the machines are quite common. Change over time 

or setup time is large and it is one of the largest time consuming factors of all the ob-

stacles.  

The operators seem to be self-content regarding their work and have less motivation 

towards learning to fix small repairs in the process. Usually they report the problems to 

the production supervisor who call the maintenance people. Preventive maintenance is 

executed timely but unforeseen obstacles are at the doorstep all the time. These delays 

in production are causing mismatch in timely deliveries and in some worst cases losing 

customers.  

 

 

 

 

 

 

 

Interviewees 

Problems mentioned Production 
Leader 

Material 
planner 

Supervisor 
Op, 
(1) 

Op. 
(2) 

Op. 
(3) 

Op. 
(4) 

Op. 
(5) 

Delivery precision   X X  X   X 

Operation Costs  X   X  X   

Delivery Quality   X   X X  X 

Information Flow  X  X X  X X X 

Safety  X X      

Communication X X  X X X X  

Material planning   X  X  X X 

Resistance to change X X X      
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4.1.3 Problems associated with material handling system 

 

Delivery precision problems 

From the data collected from the case company, an analysis of the causes of the machine 

stoppages was done. The causes of the machine stoppages are indicated on Figure-5. it 

is represented in below chart as an operator stop, in most cases this happened due to 

material handling issues. It was revealed that even when the material for production is 

in the packaging department, delivery to the machines may be interrupted or delayed 

due to poor communication between sections in the department,  

 

 

 

Figure 6 Reasons of stoppage time of C/D machine for period of 6 months 

 

Inventory Levels problems 

The investigations in the department revelled that the push system of material delivery 

has an effect of increasing the inventory levels of the material in the stock room.    

 

Operation Costs problems 

Forklifts/ electric stackers contribute to operation costs in terms of maintenance and 

fuel, as material has to be moved by them. Travel distance of the forklifts was another 

issues that was also brought up, this is because the distance travelled by the forklifts is 

directly proportional to the consumption of fuel.  
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Delivery Quality problems 

During the empirical study, the problem that was observed is that there was no stand-

ardisation process in the material handled. This can be seen by varying through put 

times for the material movement from the store to the machines in the department.  

 

Information Flow problems 

From the observations and interviews made, it was revealed that there was no link be-

tween the sections in terms of real time information. Information communication be-

tween the sections of the department is carried out on phone or paper.  

 

Safety problems 

Under this category, not much was revealed, except that some of the accidents in the 

department are attributed to the intensive forklift traffic. Some of the accidents outlined 

are fixtures that were damaged, the equipment, the products and some related worker 

injuries.     

Apart from the problems that are also cited in literature, three issues came out strongly 

from all the interviews and observation. Firstly, Communication between the machine 

operator worker. It is clearly evident that the information flow between the operator and 

store keeper is not efficient, the reasons for this and remedies will be discussed in the 

later parts of this chapter. Secondly, Packaging material planning. The miss match be-

tween the Production planning and the packaging inflow planning are mismatching 

which is causing the workers to move from their work stations. Last but not Least, 

Resistance to change, Lack of ambition and worker involvement.  From the interviews 

of the workers any change in the organisation is treated as an extra work and they are 

quite reluctant in this issue.  

 

4.1.4 Observations  

The observation was done on twelve operators, based on four operators for each work-

ing shift. The observation was done in order to estimate the time consumed for bringing 

the materials from the main store to the machine by the operator when these materials 

are not available on the storage area near the machines. The observation process made 

on group A machines. Group A machines used to produce four main products, but each 

product has different private labels. It uses 40 types of papers and each type of papers 

loaded on pallets. But the area near the machine is sufficient for 18 pallets only, that 

means there are 22 products (55% of total) available inside the main store. This time 

estimated from the moment that operator moving from the machine to the main store 

using pedestrian (manual) stacker towards the main store and find the materials required 

for production, then return back to the machine and fix the material in the machine, the 

table-7 below shows the time consumed for each line then each machine (each machine 

have two lines): 
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Table 7 Time consumed for bring materials from main store to machine  

Shift Persons Time required to bring ma-
terials from main store to 
one Line (min.) 

Time required to bring materials 
from main store to one machine 
(min.) 

Night shift Operator-1 
6.5 

13 

Operator-2 
6.25 

12.5 

Operator-3 
5.75 

11.5 

Operator-4 
7.5 

15 

Morning shift Operator-5 
10 

20 

Operator-6 
19.5 

39 

Operator-7 
9.5 

19 

Operator-8 
12 

24 

Evening shift Operator-9 
6.75 

13.5 

Operator-10 
8.5 

17 

Operator-11 
7 

14 

Operator-12 
8.25 

16.5 

 

From the above table we can notice the time differs from shift to another, and from 

operator to another. There are different factors affecting the situation, such as: 

● The operator’s age and physical movement, since there are operators who can 

move slower than others. 

● The operator’s knowledge of the location of materials, if the operator knows the 

location of the materials that he/she needs, it could save the time of searching 

for it or searching for a store-keeper to ask him/her about the location of that 

materials. 

● The time of the shift, it has been noticed the time consumed in morning shift is 

higher than evening and night shift. Normally, many suppliers delivering goods 

and materials to the main store in the morning time, this make the store in charge 

is busy to unload these goods and organize it according to its locations, some-

times the goods will be unloaded temporary on areas could block the way of 

another good before put it in its exact location. This means the store keeper 

cannot serve the shop floor and unload at the same time, which makes the oper-

ator bring the materials by himself/herself and search for the location or forced 

to wait longer time if the required material unreachable due to the store-keeper 

business by unloaded goods. While at night shift is having shorter time com-

pared to other shifts because the load of work is less and the production does 

not have many changes in product type and the evening shift prepared the ma-

terials planned to be used in the night shift. 
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Apart from these points, it can be noticed from table-7, the time consumed by operator 

6 is long, it was observed that the production schedule had many different orders with 

small quantities, which require to change the packaging materials many times during 

the shift. This could happen every day or on alternative days. 

From the table-7 above we calculate the average time consumed to bring the material 

from main store to the machine at shop floor, this process could be repeated at least two 

times per day and it could reach four times, depending on how much busy is the store 

in charge so that he/she cannot deliver the materials on time and how many variant 

products need to be produced by the same machine.  

Table-8 below is shows the average time consumed to deliver material for each machine 

per day, for example the average time consumed to deliver material to the machine by 

operator in night shift is 13 min, but if we consider there are two kinds of products need 

to be produced and not available at shop floor, that means, the operator may go to the 

main store two times per day. This leads to stop the machine in morning shift at least 

for 51 min. while it took around 30.5 min. at evening shift. These times could be varied 

according to the mentioned factors above.  

During this process machine should be stopped, because if it would be run, there is a 

risk of another problem to be happen to the product before it reaches the final station 

for packing, such as packet will have stuck on conveyors or unexpected problem to the 

machine or product could lead to damage for the machine and product as well. Due to 

the time consumed for this process, the operator need to re-operate the machine again 

for warming up which it will take from 5 to 10 min.  

 

Table 8 The average time of delivering the material from main store to shop floor 

Description 

Shift 

Night  Morning Evening 

Average time spent to deliver materials for one machine (min.) 13 25.5 15.25 

Average Time of delivering material to one machine for two times 
/day at least (min.) 26 51 30.5 

 

Figure 6 below shows the reasons of machine stoppage and how long time it takes. The 

time shown in the figures based on fourteen days’ period, the upper chart is for machine 

G-H and the lower one is for machine C-D.  

It is clear that the longest time that stop is 84.1 hours for machine G-H because of 

problem in packing machines, while the shortest time is 4.6 hours and it is for machine 

G-H as well.  
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Figure 7 Stoppage time of C/D machine per hours for 14 days  

 

Based on figure 6, if the reader looks at the time of machine stoppage due to operator 

stop for the first machine G-H, it was stopped for 102 times with 19:58 hrs stoppage 

time in two weeks’ period, which means 17,5 % of the working day. While at the same 

period, the second machine C-D stopped for 171 times with 21:42 hrs stoppage time, 

which means 19,4 % of the working day, as it is described on table -9 below. 

 

Table 9 Percentage of the stoppage time due to machine operator stop 

Machine Time (hrs) Average stoppage 
time per day 

% of time of 
working day 8hrs  

Number Average stop-
page Qty per day 

Machine G-H 19:58 1.40 17.5 % 102 7.3 

Machine C-D 21:42 1.55 19.4 % 171 12.2 
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4.1.5 Summary of the identified challenges as compared to literature 

 

The following table shows the summary of the identified challenges as compared with 

what the literature says and the remedy to those challenges. 

 

Table 10 The comparison between the challenges between literature and case company 

Literature. Hassan (2006)  Challenges Identified at the case company 

Delivery precision:                                                                 
• By eliminating unnecessary movements of 
products within the facility, products can be de-
livered at the right time and place in the right 
sequence                                                                                       
• Insufficient MH would cause production de-
lays and increase production times 

• Push material Delivery                                                              
• Unnecessary movements of materials                                  
• Production line stops due to material supply 
delays                                                                                           
• unstable throughput time of material supply 

Inventory levels:                                                                      
• Holding the right amount of material both in 
manufacturing and distribution                                              
• Just-in-time inventory management                             
• Decreased work-in-progress material 

• High storage levels on the shop floor 

Operation costs:                                                                       
• To ensure possibly lowest operation costs the 
system should be designed in a way that it can 
enhance revenue rather than be a cost contrib-
utor 

• High operation costs due to forklift running 
costs, forklift maintenance, forklift driver, and 
manual transportation 

Delivery quality:                                                                      
• Quality on the shop floor can be achieved by 
receiving right material, in right condition, and 
with right methods 

• No method standardization in material han-
dling steps                                                             
• Non-value adding activities 

Information flow:                                                                    
• Providing proper material and information 
flow                                     • Accurate material 
identification systems                                                       
• Real time information 

• No information link between sections in the 
department                                                                                    
• Non-computerized communication with pa-
pers                                                                             
• No real-time information and updates 

Safety:                                                                                    
• Minimize employee injury                                               
• Protect products from getting damaged or be-
ing contaminated 

• No standardization of material handling 
equipment                                                                                         
• Accidents on the shop floor mainly regarding 
to intensive forklift traffic 

  

4.2 Root cause of the problem “The 5 Why”  
 

In order to get to the root problem of the challenges the department was facing, the 

researcher used the 5 Why method. As already stated in the literature review section of 

this report, 5 Why method is very important and helps in finding out the root cause of 

problems. 
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Low OEE of the machines opened up many questions, therefore, the question that 

needed to be asked is “why the machines had low OEE?”. One of the main reasons is 

that the machines were stooped for a long time, which led to lower the productivity and 

effectiveness thereby lowering OEE. 

Mostly the machines are stopped because the operators have to wait for the material to 

be delivered on the shop floor from the store by the store keeper. Sometimes it happens 

that the machines are stopped by the operators as he has to go and pick up material from 

the main store.  

The shortage of materials at shop floor happens as a result of using up all the material 

available in a temporal storage area near the machines. This will require that material 

from the main store should brought and replace that which has finished. Other reason 

is that, for the operator to access materials which is in the main store, the operator has 

to inform the store keeper verbally on what material is required for production. Some-

times, supervisor inform the store keeper about the required material in accordance with 

the production plan. 

Material is mostly not delivered on the shop floor due to the store keeper not being 

aware of the requirement. The store keeper is overload with other work; this leads to 

forgetting or delaying of delivery of material. At times the operator has to remind the 

store keeper of the requirement.     

Sometimes the store keeper would not be aware of the change in production plan (which 

leads to the change in the material that is required on the shop floor). Verbal request of 

material is done during busy working days. Sometimes, the operator has to go to the 

main store to inform the store keeper about the updated information on the production 

plan, in the process stopping the machine. When the store keeper is busy, the operator 

has to wait until the store keeper finishes other work. Phone calls are sometimes used 

to call the store, however, if the store keeper is busy then the operator has to wait. 
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4.3 RQ2 – How can the delivery performance of the material handling 

system in the current situation be improved? 
 

Ways of improving the delivery performance of the internal material handling 

system.  

From the observation and the interviews held, challenges in the department were iden-

tified and laid out. Thereafter, the ways that would sort out the challenges identified 

were also laid out against each identified challenge. This assisted with coming up with 

a real life solution to the challenges faced in the department so as to come up with a 

better delivery performance of the material handling system. Table 11 below shows 

suggested solution alongside the challenges.  

 

Table 11 The challenges alongside suggested solution 

Challenges identified at the case company Concepts to address the challenges 

Delivery precision: 

 Push material delivery 

 Unnecessary movement of material 

 Production line stops due to material 
supply delay 

 Unstable throughput time of material 
supply 

 Pull system (Pyke and Cohen, 1990; 
Ghrayeb et al., 2009) 

 JIT concepts (Ghrayeb et al., 2009; Soni 
1992) 

 Standardized work methods (whitemore, 
2008; Bloss and pillai,2001) 

 AVG (Hall et all., 2001)  

Inventory levels: 

 High inventory levels in the department 

 Pull system (Pyke and Cohen, 1990; 
Ghrayeb et al., 2009) 

 JIT concepts (Ghrayeb et al., 2009; Soni 
1992) 

 Real tine information sharing (Bloss and 
Pillai, 2001; pyke and cohen 1990) 

Operation costs: 

 High operation cost due to forklift running 
costs, forklifts maintenance, forklift 
driver, and manual transportation  

 Cost effective MHS (Tompkins et al., 
1996; murther and Webster 1995: 
Beason 1999) 

 

Delivery quality: 

 No method standardization in material 
handling steps 

 Non value adding activities 

 Standardized work methods (whitemore, 
2008; Bloss and pillai,2001) 

 Elimination of non-value adding activities 
(Munstermann et al., 2010; Hassan 
2010) 

Information flow: 

 No information link between sections in 
the department 

 Non computerized communication 

 No real time information update  

 Computerized Communication System 
(Attaran, 2003; Leng and Zailani, 2012) 

 E-Kanban, Wireless Scanner (Kärkkäinen 
and Holmström, 2002; Michel, 2006) 

 RFID (Knill, 1996) 

 Real-time Information Sharing (Lindau, 
1994; Ward and Zhou, 2006) 

Safety 

 No standardization of material handling 
equipment 

 Accidents in the department mainly re-
garding intensive forklift traffic 

 Standardized MH equipment (Vallet, 
1999; Hassan, 2010) 

 Total employee Involvement (Labar, 
1995; Figura, 1996) 

 AGV (Napolitano, 2012) 
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The current material system at the case company is not optimal as presented in the 

earlier sections. As presented above there are three clear areas that stand out and creates 

in the material handling between the storage, where the materials required for produc-

tion is located, and the four packaging machines. 

 

 

 

Figure 8 Packaging plant drawing 

4.3.1 Communication 

The major reason behind the low through put was due the communication between the 

machine operator working on group-A machines (the machine stations I-J, G-H, C-D 

and E-F). Currently random phone calls are being used whenever there is a demand of 

raw packaging material. As Mulcahy (1998) wrote in his handbook, smooth flow of 

information and material along with correct delivery to the right place at the right time 

is crucial for a successful material handling. Tompkins (1996) highlights the above 

mentioned and discusses the benefits of Just-in-time. 

In table, Hassan (2010) introduces the three pillars for an improved material handling 

which also resonates pretty well with the communication issue. The three pillars being 

“principles used for designing a MHS and its physical elements”, “Software and infor-

mation” and “Human and Management”. The main focus to solve the communication 

hurdle in this case study will be through 1) the operator need better tools than they 

currently have in order to communicate in a more direct way. A phone call is far from 

being direct and in some can cause confusion, which in return can lead to even longer 

delays. 2) There needs to be an investment made on a tool which requires minimum 

effort for the operator to indicate that his stock is being lowered, for example through a 

digital Kanban system, which triggers an action from the forklift driver. The case com-

pany needs to strive towards a communication system creates a pull mechanism into 

the internal supply chain. 

Figure  SEQ Figure \* ARABIC 1: Layout illustrating the forklift drivers’ path between the stations 
and the storage area. 
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Secondly, the “Human and Management” role here is key for success. The roles and 

responsibilities need to be very clear in order to achieve the above-mentioned results. 

It is equally important that key performing indicators (KPI) are established that helps 

the management to track the progress and continuously steer the internal material han-

dling development into the right track.  

The initial cost for purchasing a technical solution can be very expensive and it will 

only pay dividends if the strategy is implemented correctly, which falls under the re-

sponsibility of the management.  

4.3.2 Planning 

The loading station for the packaging material has a limited capacity, therefore the com-

munication today is being done through phone calls, which evidently is not efficient 

and cause delays into the feeding process of the machines.  

The lack of a material handling system (MPS) or any kind of triggering system for the 

forklift driver is causing the machines to have low OEE. 

This a very common issue as Hassan (2006) explains in his paper of issues with material 

handling. Tompkins (1996) indicates just-in-time (JIT) as one of the solutions for inter-

nal material handling, which is very appropriate for this issue. Combining a Kanban 

system where the forklift driver has a clear and updated indication can be help the ma-

terial throughput immensely. But in order to incorporate this solution, some investment 

would be required. A technical solution that helps the operator at the machine com-

municate, that there is a demand at his station, in real time.  

Expensive solution would be to have a sensor that reacts and sends a signal when the 

raw material levels have depleted into a certain level at storage area. That signal could 

be then communicated through a telematics communication channel such as 4G, Wifi, 

Bluetooth and give the store keeper live feedback on the materials required at shop 

floor. This will keep the store keeper updated on the stock levels in real time for all the 

related machines.  

This information can be received on his existing mobile phone or on digital screen 

(monitor) at main store or on the forklift if it has a signal receiving device. A cheaper 

solution would be to simply use white boards or post-it notes where the operator has a 

clear color-coding system, indicating his demand status. This will however cause the 

forklift driver to be attentive at all time and driving back-and-forth between the stations. 

 

 

4.3.3 Resistance towards change 

It was very evident after compiling the data from the interviews, that the employees 

(regardless of their role in the organization) felt that there is no necessity for a change 

towards a more efficient material handling. Status-quo was preferred and there was no 

desire to put in investment, both in terms of money and time to solve this issue. Even 

though the issue was costing the company a lot of money indirectly through low effi-

ciency. 
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To solve this issue, the organization needs have a kaizen approach together where the 

goal is to achieve continuous improvement. Having a kaizen mind-set can take many 

years to achieve but the time and money invested into this will be repaid in terms of 

achieving high quality goods with low inefficiency. Involving employees in kaizen in-

fluenced workshop will not only generate enthusiasm, but also will increase the moti-

vation level of the operators since they will feel a sense of ownerships towards a greater 

cause. 

At the Management level, there needs to be a dedicated budget for continuous im-

provements. It could be hiring in services or consultant to funds for purchasing equip-

ment, or as above mentioned, technical solutions. At the operator level, weekly les-

sons-learned-meeting should be held and summarized into clear and simple suggestion 

document.  

There should be a mind-set on calculating alternative cost, which defers to the normal 

spreadsheets. Here the bottom line should indicate how much money is being lost due 

to lack of investment and how much money can be gained through innovative ideas, i.e. 

a business case. Lean accounting is such an approach where improvement investments 

that lead to less waste and more efficient throughput are clearly visible when presenting 

the bottom line. 
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5 Discussion  

This chapter presents the discussion of the analysed findings. The discussion of the 

method is also presented. Further, the limitation and implication of the project are 

presented. 

 

To recap, this project aims at exploring how an internal material handling system can 

be improved to guarantee a better delivery performance. To achieve this aim, the fol-

lowing two questions were answered.  

RQ1 -  What are the challenges affecting the delivery performance of the material han-

dling system? 

RQ2 – How can the delivery performance of the material handling system in the current 

situation be improved? 

This chapter is divided into four sections. The first one is the discussion of the findings 

followed by the discussion of the method used. This is proceeded by limitation and 

implications of the project.  

5.1 Discussion of the findings 
 

In this sub-section, findings from the interviews, observations and literature review are 

discussed. The discussion of findings is in two separate sections that answers the two 

research questions. Firstly, the first research question is discussed and then followed by 

discussion of the second research question. 

 

5.1.1 Discussing Research Question One   

What are the challenges affecting the delivery performance of the material han-

dling system? 

The challenges identified in the department regarding the low delivery performance of 

the material handling systems include: Delivery precision, inventory levels, operating 

costs, delivery quality, information flow and safety. 

For any meaningful improvement of a process to take place, it is necessary to find out 

the existing conditions, challenges and problems of the process in question. Each ele-

ment of the process needs to be studied carefully in order to have the full understanding 

of the process (Hassan, 2010). As a result, the researcher formulated the first research 

question in a way that it aimed at investigating the real challenges that the department 

was facing and this was facilitated by having from literature the problems faced in ma-

terial handling systems. In answering the first research question, challenges in delivery 

precision, inventory levels, operational costs, delivery quality, information flow and 

safety were looked into as the literature suggests. The information that was gathered 

from the department of the case company was in line with the literature. 
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Delivery precision: 

Literature has shown that one of the most the inefficiencies in companies are related to 

material handling systems; this shows when work stations are starved of the needed 

material at right times (Hassan 2006; Tompkins et al.,1996; Mulhacy 1998). This is true 

when it comes to the case company. Delivery precision is greatly affected by the push 

system of material in place. This is further hampered by the unnecessary movement of 

material in the section. The greatest culprit of them is the unstable throughput in of 

material in the section of the department which leads to uneven supply of material to 

machines resulting in poor delivery performance of the material handling system. This 

is in line with the findings of Hassan (2006) when he stated that an inefficient internal 

material handling system leads to delays in production and an increased production lead 

time. He therefore suggested that This is handled by making sure that all material move-

ments which are not necessary are eliminated in an organisation and also following the 

right sequence of the manufacturing process. This brings about delivery of material to 

the right place and at the right time.    

 

Inventory Levels 

Domingo et al., (2007) and Hassan (2006) have alluded that Having an inefficient in-

ternal handling system leads to having high levels of inventory stocks which is kind of 

a waste. It was found that there are high inventory levels of materials in the department 

owing to the fact that the material handling system is lacking is some aspects. And this 

is the one of the most challenging issues the department is facing.                                                                                                                                                                                                                                                                                                                    

This is in line with what Baudin (2004) stated in his findings that companies are faced 

with the challenge of choosing between having a quick material handling system and 

low levels of inventory in sections. As such the issue is to balance the two. In giving a 

solution to this issue Domingo et al., (2007) stated that Just in time (JIT) inventory 

management has proved to be an effective tool in this situation. With Just in time (JIT), 

an organisation holds the right levels of inventory in entire logistics system. And this 

usually results into decreased or low levels of inventory in an organisation.  

 

Operation costs: 

One way of increasing efficiency and reducing production costs is by having an effi-

cient material handling system (Chittratanawat and Noble, 1999). Most of the material 

handling at the case company is done by forklifts/electric stackers and comes with op-

erational costs. In the same vain, Baudin (2004) stated that costs such as training an 

operator and having a skilled worker are associated with acquiring a forklift. Further 

investigation in material handling operation costs revealed that maintenance and run-

ning costs are also high for the forklifts. In this research, the research was compelled to 

neglect the costs that comes with the acquisition and running of the moving machinery 

as the proposed AGVs also comes with costs. To offer a solution to this problem Hassan 

(2006) stated that an inefficient internal material handling system will always result into 

increased cost of operations. In this regard, the entire internal material handling system 
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should be designed in a certain way to ensure that it is enhanced to adding more revenue 

collection than the operational costs that comes with it. 

 

Delivery quality: 

Quality can be achieved in a work place by having material at the right place and at the 

right time in the correct condition (Tompkins et al., 1996). If time and place utilities are 

not achieved, then quality is compromised. This evident in the case company as there 

is no method standardisation in material handling steps and on top of that quality is 

affected by too many steeps which are not value adding activities in the department. 

Commenting on the solution to this challenge, Hassan (2006) stated that quality is al-

ways compromised when dealing with inefficient internal material handling system. It 

is therefore important to use the right methods and sequence of manufacturing. It also 

helps when the stations on the floor shops receive the right materials and with the agreed 

quality. 

 

Information flow: 

Information system can be compared to an octopus having tentacles that goes every-

where within a company, and as such has high impact on the levels of inventory in an 

organisation (Fitzpatrick and Ali, 2010). It was found that this is no information link 

between section in the department which is computerised. Communication is done man-

ually, that is paper based. This in itself produces a lot of problems. This is in line with 

what Stevenson and spring (2007) alluded to. They stated that inefficiencies from ma-

terial handling systems can be eliminated by putting up an accurate information system  

in real time. This helps in the smooth flow of information in an organisation. The chal-

lenge with information systems came out to be the most challenging challenge faced in 

the department. Information flow is usually interrupted when an inefficient internal ma-

terial handling system is in use. To provide accurate and meaningful material and in-

formation flow, it important to have an accurate system that is able to identify materials 

and also in real time (Lins 1998; Spring 2007; Hassan 2006)   

Safety: 

Increased productivity on a shop floor can be recorded when a company focusses on 

improving worker safety through material handling equipment (Vallet 1999). It was 

revealed in the case company that the intense traffic use of the forklift posse a safety 

risk on the workers and has led to some personal injuries. Hassan (2006) has further 

advocated for inclusion of the overall safety in the material handling system as the suc-

cess of the system depends on it. Without a focus on ergonomics in a company, worker 

injuries and accidents would occur (Vallet, 1999). In an attempt to provide a solution 

to this problem, Hassan (2006) stated that an efficient internal material handling system 

minimizes injuries to the workers and at the same time making sure that materials and 

products in the system are not damaged or get contaminated. 

Apart from the challenges outlined in the literature review, the research found out that 

there are other challenges that needs to be considered also. The extra challenges identi-

fied were Planning and resistance to change. 
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Planning: 

The issue under planning is that the case company lack a material planning system that 

can trigger immediate information for the forklift driver to start operations.    

 

Resistance to change: 

Data from the interviews evidently shows that workers in the department feel that it is 

not necessary to change the current material handling system that is in place. There was 

no desire to invest in a new an efficient material handling system, both in terms of 

money and time as the status-quo was preferred. Workers don’t want to change the 

status-quo even when the current system is costing the company money through the low 

efficiency of the current system. Involvement of the workers in decisions related to 

acquisition and running of material handling equipment and also continuous training of 

the worker on the material handling system.  

5.1.2 Discussing Research Question Two   
 

How can the delivery performance of the material handling system in the current 

situation be improved? 

Upon exposing and classifying the challenges and problems that the packaging depart-

ment is facing in terms of material handling system, the research had to answer the 

second research question which had the aim of finding ways that can be used to improve 

the delivery performance of the material handling system. An intensive literature review 

was of great help in this regard. The findings of this research question authenticate Do-

mingo et al. (2007); although the physical elements of a material handling system are 

important, there are other factors to consider when improving the system. As can be 

seen from the project, better delivery performance of the material handling system 

largely depends on having an efficient and effective information system and the man-

agement of human capital.   

It has already been stated that material flow in the department moves in the push kind 

of a system. This results in different challenges on the workshop floor such as the high 

levels of inventory, stoppages of production line, unnecessary movement of material 

and less usage of the shop floor space. It was suggested that just in time, pull system 

and standard way of working be adopted.  

On top of that, elements such as efficient and effective real time information sharing is 

cardinal to the improvement of a material handling system in order to have a better 

delivery performance of the system. This is supported by Baudin (2004) as he stated 

that companies should be aware of the importance of information (both internal and 

external to the company) as it has a huge impact on the production processes of com-

panies. Furthermore, Arora and Shinde (2007) argued that quick real time information 

sharing has got a significant impact on the delivery performance of a material handling 

system. In a pull system which has been suggested, only necessary material and parts 

are pulled thereby reducing activities which are not necessary. just like Ghrayeb et al., 
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(2009) alluded to, it is very difficult to have a pure pull system in an organisation, there-

fore a hybrid pull/push system is highly recommended. In this case, the advantages of 

one will counter the disadvantages of the other. It’s imperative to note that for this to 

be achieved, just in time concept should be put in place. as the combination of the two 

will result in a better delivery performance of the material handling system. 

Whitemore (2008) stated, there can never be an improvement made without setting 

standards. variations and abnormality in the production system are reduced significantly 

when standards are applied. When it comes to work with standards, there are standard 

“observation time sheets, capacity sheets documents, worksheets etc) which are made 

available. 

In a system where forklifts are used, there is bound to be accidents and increased oper-

ational costs (Hall et al., 2001). One of the challenges that managers have is putting up 

a material handling system that is safe for the worker at the same time efficient and 

effective in delivery performance. In this regard, automated guided vehicles are sug-

gested to overcome the mentioned challenge.  

In conclusion, the results from this project strongly addressed the challenges that the 

packaging department is facing and outlined suggestions of how to improve the delivery 

performance of the material handling system. The suggested improvements of the ma-

terial handling system do not only focus on the physical elements of the system but also 

human management (involvement of workers in decisions concerning MHS and train-

ing) and software and information.
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5.2 Discussion of method  
 

A structured way of carrying out this research was believed to be paramount and nec-

essary in answering the research questions of the project and ultimately fulfilling the 

projects aim. To guard against any future changes during the time of undertaking the 

project, the researcher had established a primary project plan. This plan was used as the 

guideline of executing the project. As the study area was explorative, a wide literature 

review was conducted focusing on material handling system in the categories of prin-

ciples and physical elements used for designing a material handling system, software 

and information, and human and management. Further, validity and reliability was in-

creased by having multiple data collection and analysis techniques. 

To have a broader and better understanding on the subject area of the project, the re-

searcher chose a case study as a suitable research approach to study the challenges that 

are faced in an internal material handling system in a real life situation. As a standard 

practice, the researcher had to do literature review before undertaking the empirical 

study. This is so as the research was interested to see the relationship between literature 

and the real-life happenings. As already stated, the researcher was exploring the re-

search area and the researcher was not in full control of the happenings (Yin, 2009), as 

such, investigating an internal material handling system when it was in operational 

brought more information and knowledge to the subject area. Case study design allowed 

the researcher to use different data collection tools such as the observation and inter-

views. 

Semi- structured interviews were used in the collection of data and were divided up into 

different subject areas. The research had prepared an interview guide with question to 

ask the interviewee, however, the interview was conducted as a discussion. The semi-

structure interview was adopted by the researcher as this type of interview makes the 

interviewee more comfortable and possibility to put out their ideas and thoughts, at the 

same time giving flexibility to the researcher in forming follow up questions in response 

to the interviewees answer. 

To have a full picture of the happenings in the department of the case study company 

on the internal material handling system, the researcher thought it wise to use another 

data collection tool (Yin, 2009). To cement the information that came from the inter-

views, the researcher had to undertake observation as the second data collection tool. 

Observation helped the researcher to collect the needed information that was not col-

lected during the interview, such as the layout of the department, the travel times and 

distances and the location of the buffers. Observation was focused much on the way the 

material handling system is being carried out in the department and identifying potential 

areas where problems may occur. 

 A detailed description of the methodology in this project ensured reliability of research, 

this is because the same results would be obtained if the methodology outlined is fol-

lowed. One disadvantage that comes with a case study design is limited generalisation 
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of the results (Yin, 2009). Therefore, the conclusion that were made in this project are 

valid to the case company where the research was done. Internal validity was increased 

by getting data using different methods, interviews, observation and the intensive liter-

ature review. Further, the same interview question on the interview guide were asked 

to the interviewees at the same level of responsibility in the department. In addition, as 

already stated literature review was an ongoing process during the research, this brought 

about an opportunity of comparing the findings from the empirical study and what is 

found in the existing literature.    

5.3 Limitation of the project 

This project looked at the factors affecting the delivery performance of an internal ma-

terial handling system and what kind of challenges faced due to these factors. The first 

limitation of the project had to do with the fact that it only focused on the internal factors 

in the material handling system excluding the external factors that might affect the de-

livery performance of a material handling system. There are external factors such as 

supplier delivery of material to a company that might have a big impact on the delivery 

performance of a material handling system. In addition, the internal factors that had 

been looked at are those that have direct effect on the delivery performance of a material 

handling system. 

Second limitation was brought in due to the type of the project (single case study). This 

means that the proposed way of improving the delivery performance of a material han-

dling system can only be applicable to the case company. This so because the conditions 

where the improvements are to be applied were stipulated, this is one factor that really 

influences the way a material handling system can be improved. Further, the company 

policy and rule have to be followed when making suggestions for the improvement. 

5.4 Implications of the project 

The project identified and discussed challenges that are faced in the internal material 

handling system that causes low delivery performance of the system. As such, a way of 

improving the delivery performance of the material handling system was proposed. The 

main outcome of the findings is that of the importance of an efficient and effective 

communication system between sections in the department and also the shared infor-

mation should be in real-time. Additionally, this project brought out other internal fac-

tors that affect the delivery performance of a material handling system which were in 

accordance with was is found in literature: factors such as (1) Safety issues (2) opera-

tional costs and (3) delivery quality. 

Coming to some practical implication of dairy producing companies is that cost reduc-

tion and customer satisfaction strategies should start from the departments and an effi-

cient and effective material handling systems is one area where all these strategies can 

be accomplished. In addition to the improvements of the physical elements of a material 

handling system, and effective and efficient communication system between various 

section in departments is very important in having a cost effective material handling 

system. In addition, another practical implication is focusing on the improvement of 

safety in relation to both material and workers in the material handling system. 
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As already stated, in literature there is need to focus on models which looks into mate-

rial handling systems problems from a broader view with an aim of improving the de-

livery performance of the system. As such, the theoretical implication of this project is 

to bridge that gap. In this project, the researcher has looked at ways in which an internal 

material handling system can be improved. At this point, it is important to mention that 

the suggested improvements should be investigated further and tested in other organi-

sation settings.  
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6 Conclusion and future research 

Conclusions for this project will be presented first in this chapter, and thereafter, the 

future research areas will be proposed with a view of adding improvements to this 

project. 

6.1 Conclusion  

In order to make improvements in the internal material handling system, it was found 

that the elements that influence the system should all be considered, these include; (1) 

Principles and physical elements used for designing a MHS (2) Software and infor-

mation (3) Human and Management. These are all important when it comes to having 

a well improved material handling system. The issues that come out during the empiri-

cal study at the case company include, safety, software and information, delivery qual-

ity, inventory levels, operating costs, and delivery precision. In order to come up with 

an improved delivery performance of the material handling system, suggestions such 

as Just in time concept, standard working procedure were given. Nevertheless, the most 

important element that is needed to have an efficient and effective material handling 

system is the sharing of real time information in the department. Having an efficient 

and effective real time information system facilitates quick response to any changes on 

the shop floor of the department, thereby increasing the delivery performance of the 

material handling system. it was also noticed that when an efficient and effective real 

time information sharing system is in place, and embedded in the production processes, 

most of the unwanted activities in material handling would be gotten rid of. Further, 

this would increase production efficiency and reduce inventory levels.  

The project also revealed that apart from having an efficient and effective real time 

information sharing system, harmony interaction of the material handling system with 

its environment is very important. More importantly the interaction of the material han-

dling system with the workers on the shop floor operating the system. As such, training 

and involvement of workers in decision making concerning material handling system 

was suggested as one way of improving delivery performance of the system. The case 

company is aware that without any involvement of the workers in implementing any 

changes in the material handling system, success of the efforts by management will not 

be guaranteed. It was also emphasised that management should be involved in all the 

activities that involve improvement of the material handling system.          

In a broader sense, improved material handling system would have benefits ranging 

from a better delivery performance, decreased inventory buffers, lower operational 

costs, improved information sharing, enhanced safety and delivery quality. It is evident 

from the project that the stated benefits would be more visible if the variations in the 

internal material handling system would be decreased. To lower the variations and in-

crease the flow of material in the system, Just In Time concept and standard way of 

working were suggested. 
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This project recommends that when a company wants to utilise the proposed method 

suggested in this study on how to improve an internal material handling system, it is 

important to scrutinise the company’s current internal material handling system. In this 

case it is suggested that the applicable methods to use in this regard in order to obtain 

more data that is accurate is the process mapping technique. Of Couse there are other 

techniques that can be used such observations and interviews. 

Information sharing in real time can be considered as one of the most important factors 

that is required to have a high delivery performance of a material handling system. In 

the absence of an information system that is structured and functioning well, it is im-

possible to have a material handling system that is efficient and effective. Further, the 

project encourages the thinking of continuous improvement that needs to be done so as 

to identify and work on the challenges faced in material handling with the aim of im-

proving the delivery performance of the system. 

In this project, apart from the practical contribution of how to improve the delivery 

performance of a material handling system, theoretical academic contribution has also 

been done. In the sense that apart from the six well laid out challenges/problems by 

Hassan (2006) that are faced in material handling systems, companies need to consider 

resistance to change, material planning and communication (not just information flow)      

6.2 Future research 

This project looked at the factors that lead to low delivery performance of a material 

handling system and how these factors can be handled in a manufacturing setup. As 

such, the project aim was fulfilled by answering the two research questions presented 

in the first chapter. Seeing that this project was a single case study, the outcomes can 

be enhanced by doing the same study with multiple case companies in different manu-

facturing sectors. 

An interesting future research in this area would be to weigh out with a score the internal 

factors (challenges faced in material handling system). This would enlighten companies 

in dairy production on the factors that are most critical to focus on for possible elimi-

nation to avoid the challenges that come with it.   

This project focused on the internal factors of a company that could affect the material 

handling system. External factors were left out due to time constraint and to narrow the 

focus of the project. However, there are external influences that are clearly connected 

to the delivery performance of a material handling system of any organisation. This 

could be an area of interest in future studies in this subject area.
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8 Appendices 

8.1 Appendix 1 The interview questions for production leader/planner 

 

1. What is your general understanding of material handling system? 

2. What would you say are the most challenges you face in terms of material 

handling? 

3. Which of the machines used for material handling presents a challenge in the 

department? And why? 

4. In what ways would you say the amount of material (more or less) affects ma-

terial handling in the department?  

5. How does quality of material pass through the department affect material han-

dling?  

6. In what ways does material handling affect the operation costs of the depart-

ment? 

7. What would you say is the effect of the safety measures put in place on mate-

rial handling? 

8. What challenges do you face in terms of communication in material handling 

system? 

9. Does management involve shop floor workers in any improvement activities 

regarding material handling? 

10. Does management provide sufficient training for the workers on improvement 

regarding material handling? 

11. How do employees receive any kind of changes to the material handling sys-

tem in the department? 

12. Have you thought about material handling system if it could be indirect reason 

for having low OEE in packaging machine?  

13. How many persons working at main store, are they fixed? 

14. How could you reduce the machine stoppage because of operator stop? 

15. Do you use any software program to assist in MHS at shop floor? 

16. Has the production process been affected by late transport for the material or 

due to a lack of material at shop floor? 
17. How the operators communicate with store keeper and supervisor? 
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8.2 Appendix 2 The interview questions for supervisor and operators 

 

1. What is the procedure of delivering the material from main store to the shop 
floor (next to machines)? 

2. How is materials are delivered to the shop floor? 
3. If the material shelf is empty, who decide to fill it and when? 
4. How long it takes to fill the empty places of materials? 
5. How storekeeper will know if the materials are finished or it is used in machine 

for production? 
6. If the operator using X material and 3 machines must use X material as well, 

how the store will know how many pallets required from X material and how it 
will be delivered? 

7. How quick is the store keeper in response? 
8. What action you will do when there are no materials at storage area inside shop 

floor? 
9. When you have problem in MHS in vehicles, do you get quick response by 

maintenance team? 
10. If you do not find the material, will you wait the store keeper to bring the 

material? 
11. Do you always find the material you have required next to machines? 
12. If you request materials from store keeper, do you get the materials immedi-

ately? 
13. If you do not find the material, will you bring the material from the main store 

by yourself? 
14. If you bring the material by yourself, do you stop the machine or keep it work-

ing? 
15. What is the problems related to material handling you are facing today? 
16. Do operators usually request the material from store keeper verbally, by phone 

or by papers? 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


