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Abstract 

Background: Packaging has a major impact on the activities performed in a logistical value 
chain. Packaging can improve or decrease the efficiency of the outbound logistics process. 
It is therefore important to consider the activities and the value that they add to the overall 
process. ROL International is a Swedish store interior manufacturer that design, produce 
and distribute their products on a global basis. One of their basic products is the shelf con-
cept. ROL wants to improve their efficiency and consider a change in the packaging 
method for the shelf concept. Two alternative packaging methods have been suggested and 
ROL want to know if either of the two alternatives would result in increased efficiency.  

Purpose: The purpose of this report is to evaluate the two packaging alternatives and their 
impact on the activities connected to the outbound logistics at ROL International.  

Method: Since the study was conducted at request from ROL International, it is consid-
ered as a qualitative single case study. Observations, mainly at ROL’s warehouse but also 
through an observation at one customer’s premises, were used for determination of the ac-
tivities included throughout the studied process. In addition to the observations, interviews 
were conducted with key persons concerned with the effects of a change in packaging 
method. Secondary data in form of order and shelf statistics were important for the study 
due to its impact on the frequency in which the studied activities are performed.  

Conclusion: The study found that neither of the two suggested packaging alternatives are 
suitable for implementation in the present situation. This is mainly because of the increase 
in activities needed to perform the packaging of shelves, which would result in increased 
cost that cannot be justified through enhanced customer service and higher quality. More-
over, the study also found that the current process for picking customer orders are ineffi-
cient and might require a restructuring of the warehouse operation in order to become 
more efficient. 
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Sammanfattning 

Bakgrund: Packningssättet av en produkt har stor inverkan på de aktiviteter som ingår i 
ett företags externa och interna logistik. Effektiviteten kan antingen öka eller försämras be-
roende på vilket sätt en produkt packas. Detta gör att det är av största vikt att ta hänsyn till 
de olika aktiviteterna och deras värdeskapande egenskaper. ROL International är ett 
svenskt företag som designar, producerar och distribuerar butiksinredningar, och en av de-
ras basprodukter är ett hyllkoncept. ROL vill effektivisera sitt arbete och överväger därför 
att förändra den packmetod av hyllkonceptet som används i dagsläget. Man har tagit fram 
två alternativa packmetoder och ROL vill undersöka huruvida något av dessa kan leda till 
ökad effektivitet.  

Syfte: Syftet med rapporten är att utvärdera två förslag på alternativa packmetoder och vil-
ken inverkan de har på ROLs interna och externa logistik.  

Metod: Eftersom undersökningen har genomförts på begäran av ROL International har 
den behandlats som en kvalitativ fallstudie. För att fastställa alla ingående aktiviteter i den 
undersökta processen genomfördes observationer av produktflödet. Dessa observationer 
genomfördes huvudsakligen på ROLs lager, medan en observation av installationsproces-
sen gjordes hos en av ROLs kunder. Ett antal intervjuer med nyckelpersoner inom företa-
get genomfördes även utöver observationerna. En annan viktig del i undersökningen var 
statistik i form av order- och hylldata. 

Slutsats: Den genomförda undersökningen fastställde att inget av de två föreslagna packal-
ternativen är lämpade att implementera i dagsläget. Detta beror huvudsakligen på den ök-
ning av antalet aktiviteter som krävs i de alternativa metoderna. Den ökade kostnaden som 
aktiviteterna medför kan varken rättfärdigas genom ökad kundservice eller högre kvalitet. 
Studien fann även att den nuvarande processen för att plocka en kundorder är väldigt inef-
fektiv och kan förändras genom en omstrukturering av lagret. 
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Introduction  

1 Introduction 

1.1 Background 
The logistics concept started to emerge as a business term in the 1960’s and was by the 
time concerned with physical distribution. In the 1970’s and 1980’s the concept developed 
to include both inbound and outbound logistics (Bowersox & Closs, 1996). According to 
Porter (1985), inbound and outbound logistics is two of the primary categories in the ge-
neric value chain that illustrates a firm’s value-adding activities. Inbound logistics is con-
cerned with acquisition of materials required for the production while outbound logistics is 
concerned with the physical distribution of finished goods to the customer (Coyle, Bardi & 
Langley, 2003; Porter, 1985). In the 1990’s, the concept of logistics developed to include 
the entire material flow from supplier’s supplier to customer’s customer (Coyle et al., 2003).  

Today, the concept of logistics is an integrated and important part of a firm’s business sys-
tem. The work of logistics can be divided into five interrelated functions; 1) network de-
sign, 2) information, 3) transportation, 4) inventory and 5) warehousing, material handling 
and packaging (Bowersox & Closs, 1996). The last function contributes to a large part of 
the overall logistics costs and could be viewed as a mini-system within the entire logistical 
system (Bowersox & Closs, 1996). Because of its major impact on the entire logistical proc-
ess, warehousing, materials handling and packaging requires extra attention. 

A warehouse operation could be viewed as performing three main activities, loading and 
unloading products as they arrive to and depart from the warehouse, moving products to 
and from storage and order filling (Ballou, 1999). The warehouse operations described 
above all include some type of movement of products. These movement activities are often 
referred to as materials handling and is vital for the warehouse efficiency (Ballou, 1999). 
Materials handling is according to Bowersox and Closs (1996) the most important activity 
for warehouse productivity. In a logistical environment, materials handling also concerns 
aspects other than movement, such as time, quantity, space and coordination. 

Since materials handling is concerned with handling products, it is of great importance to 
consider the physical dimensions of the handled product. When considering this aspect, 
packaging has a direct impact on materials handling because it affects the physical dimen-
sions of a product (Öjmertz 1998). For example, the size of a package affects the number 
of products that can be handled in a single movement.  

Two types of packaging can be identified, consumer and industrial packaging (Bowersox & 
Closs, 1996; Coyle et al., 2003). Consumer packaging is mostly concerned with attracting 
customer at the retail store for fast moving consumer goods. Industrial packaging is con-
nected to logistics where emphasis is on protection, ease of handling and information dis-
play.     

In a value perspective, logistics is defined as, “providing time and place value of materials and 
products in support of organization objectives” (Coyle et al., 2003 p.39). According to the defini-
tion, logistic can add value to a product by delivering it at the right place and in the right 
time. However, this should be done in support of a firm’s objectives. A firm’s objectives 
could for example be its aspiration for a certain level of customer service by decreasing 
costs and provide a high level of quality. Lean thinking is a Japanese perspective for manag-
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ing processes where the focus is on reducing non-value adding activities, such unnecessary 
transportation, without lowering customer service and quality (Shingo, 1989). 

Previously, the view on customer service has been that higher level of customer service re-
sults in higher logistics costs. Bowersox and Closs (1996, p.67) defines the critical question 
concerning the level of customer service to be; “does the cost associated with achieving the specified 
service goals represents a sound investment, and, if so, for what customer?” Thus, different customers 
require different services and it is important for a firm to consider if the aspired service 
level is feasible in terms of costs.  

Today, increasing customer service does not exclusively result in higher costs. However, 
the desired level of service will determine the cost for logistics such as warehouse handling, 
transportation, packaging and order processing (Lambert, 1992). Saghir (2003) emphasizes 
the importance of understanding the complexity of packaging and its influence on logistics 
and marketing. The important issue is to find the balance between the customer service 
level, the cost of logistics and the benefits for the firm (Coyle et al., 2003). 

1.2 Problem Discussion 
The company in focus for this thesis is ROL International, a Swedish manufacturer of 
store interiors and ergonomic office furniture. The firm design, manufacture and distribute 
their products to customers on a global basis. The head office of ROL International is situ-
ated in Jönköping in connection with one of the production units. We have been assigned 
by ROL to further investigate the impact of a change in the packaging configuration for 
their shelves. 

The product group in focus will be the store interiors and at the center of attention a basic 
shelf concept which includes one shelf and two brackets. However, the activities around 
shelves are according to ROL most relevant since they are much larger in size than brack-
ets. Shelves are a basic product that is included in almost all customer orders. The com-
monality of the product makes it interesting when it comes to improvement work within 
the firm because it has great impact on the overall performance. ROL is currently discuss-
ing if a change in the packaging configuration for shelves will help improving the firm’s 
performance.   

ROL has proposed two alternatives for packaging their shelves. The first alternative is to 
pack shelves and brackets together into a kit (kit-packaging), preferable with two shelves 
packed together with four brackets. The second alternative is to bundle shelves together 
into a batch (batch-packaging). This could for example be if four shelves were bundled into 
a single package. The number of shelves in each batch could be discussed. 

In today’s situation, the packaging activity takes place after the powder coating process 
(painting) for shelves and this is where ROL suggest that the study starts. The study should 
include factors that are affected by the selected packaging alternative until the shelf is in-
stalled at the customer premises. For ROL, the study should generate basic data for a deci-
sion-making process, concerning the feasibility for changing the packaging method. 

The chosen packaging solution, either if it is to keep the current solution or change to one 
of the two alternatives, creates consequences for the firm. In the different departments of 
the firm there exist different approaches to packaging and its consequences. One sugges-
tion is that it might enhance the efficiency of materials handling within the warehouse. 
Others suggest that it would facilitate the installation of shelves and decrease quality defects 
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through better protection. A more pessimistic view is that it would create higher costs that 
could not be justified through small improvements. These different aspects include both 
advantages and disadvantages that need to be considered in a decision-making process.   

1.3 Purpose 
The general purpose of this thesis is to provide ROL International with basic data for a de-
cision-making process concerning the development of a new packaging solution for the 
shelf concept. More specific, the purpose is to establish a thorough view of the current 
situation and evaluate what effects the two packaging alternatives will have on the out-
bound logistic activities at ROL International.  

1.4 Definitions 
Outbound Logistics The terms is used to describe the activities in the value chain, ac-

cording to Porter (1985, p.40) outbound logistics are; “activities associ-
ated with collecting, storing and physically distributing the product to the cus-
tomer”. Here, it will be used to describe the logistical process from 
the powder coating operation until installation at customer premises. 

Efficiency Efficiency can be viewed as an internal measurement of perform-
ance. Efficiency is commonly measured by comparing input versus 
output (Pfeffer & Salanzik, 1987). However, the difficulty lies in the 
interpretation because the measures involve assumptions of causality 
and theoretical understanding (Pfeffer & Salanzik, 1987), it is the di-
rection of the benefits that is open to question. Efficiency concerns 
how much is produced at what cost. If a change in the procedures 
results in a larger ratio of output to input it is perceived as positive. 
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2 Frame of Reference 
The following chapter will provide basic tools for and understanding of the studied logisti-
cal context. It is important to understand all perspectives of a packaging in order to make 
the correct trade-offs between interrelated activities. When taking activities into considera-
tion, understanding of each activity and its contribution to the supply chain performance is 
vital for evaluating the impact of change. A very popular method to adapt when evaluating 
activities is the Japanese Lean thinking, which is based on elimination of the seven wastes. 
The seven wastes are easiest discovered once the processes involved are visualized and 
mapped in a process chart. Once a firm has visualized all activities in a chart, the firm has 
to evaluate whether they are necessary or not. The firm could also take it one step further, 
by putting a value and price on the activities. A very suitable method for this is to use the 
activity based costing model, referred to as the ABC-model. Activity based costing is today 
the best tool for attaching cost to activities. Knowing what the cost is for a certain cus-
tomer order allows an easier decision for what service level that is justified (Goldsby & 
Martichencko, 2005). 

While Lean thinking and the connected tools are focusing on reducing non-value adding 
activities in order to cut costs and time, it is of great importance to understand what value 
is added through the different activities. The main activities influenced by packaging are 
materials handling, transportation and customer service. In order to analyze the added 
value these activities have for the value stream, it is important to understand their interrela-
tion with packaging and the difficulty with satisfying all perspectives at once.    

2.1 Lean Thinking 
Lean thinking has its origin from the Toyota Production System that was developed by 
Toyota’s chief engineer, Taiichi Ohno and sensei Shigeo Shingo (Shingo, 1989). Lean 
thinking is a cyclical route to seeking perfection by eliminating waste and in that way en-
riching value from a customer perspective (Harrison & van Hoek, 2005). This means that 
all intermediate activities that demand resources, time and money, and do not add value for 
the customer should be eliminated. Eliminating unnecessary activities will result in a more 
efficient process.  

Monden (1993) describes that there are three general types of operations in a manufactur-
ing context; 1) non-value adding, 2) necessary but non-value adding and 3) value adding. 
Non-value adding operations could be referred to as pure waste and will be described fur-
ther under the seven wastes. Necessary but non-value adding is more difficult to eliminate 
because they are needed under current working procedures. They could however be elimi-
nated, although elimination is only possible by implementing a major change in the current 
working procedure. Value adding operations are those activities that transform raw materi-
als or semi-finished products into finished products (Hines & Rich, 1997).  
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2.1.1 The Seven Wastes 
One of the fundamental principles of lean thinking is to reduce all forms of waste through-
out the value chain. Hines and Rich (1997) explain the seven wastes developed in the Toy-
ota production system. The seven wastes are: 

1. The waste of overproduction 

2. The waste of waiting 

3. The waste of transporting 

4. The waste of inappropriate processing 

5. The waste of unnecessary inventory 

6. The waste of unnecessary motions 

7. The waste of defects 

The waste of overproduction is according to Hines and Rich (1997) the most serious waste 
since it creates a fiction of workload and pressure in the value stream. Overproduction de-
velops when a firm produces or delivers too much or ‘just in case’ instead of mak-
ing/delivering ‘just in time’ (Harrison & van Hoek, 2005). In the second waste, time is not 
used effectively, as in the case of queuing, and becomes a waste. The third waste is trans-
portation and is concerned with unnecessary movement of products, for example transpor-
tation back and forth with a forklift in a warehouse (Harrison & van Hoek, 2005). Trans-
portation in this sense is internal and does not include transportation to customer. All 
transportations could, in an extreme view, be seen as non-value adding and be objects for 
removal, however, minimization of transports if often sought instead of removal (Hines & 
Rich, 1997).  

Continuing, inappropriate processing becomes a waste in activities that are performed in a 
more complex way than necessary (Hines & Rich, 1997). This fourth waste is often difficult 
to find and requires a good understanding of customers needs and wants as well as tech-
nology developments. The waste of unnecessary inventory is often a sign of a disruption in 
the flow. Inventory consumes space that is often limited, especially in a warehouse. The 
sixth waste of unnecessary motions is often connected to ergonomic discussions (Hines & 
Rich, 1997) as it focuses on operators unnecessary walking, bending over and stretching 
(Harrison & van Hoek, 2005). Finally, the waste of defects concerns the waste of time and 
money when processing defect goods. As described by Harrison and van Hoek (2005), the 
longer it takes to identify defects, the more cost is added.       

A good way of starting the lean path is by conducting a value stream mapping analysis 
(Goldsby & Martichenko, 2005). In addition to the seven wastes, Hines and Rich (1997) 
presents seven value stream mapping tools that are useful for researchers and practitioners 
in their search for and removal of waste in selected value streams. A value stream is, in 
comparison to a value chain, the activities that are connected to a specific product or ser-
vice (Hines & Rich, 1997). The seven value stream mapping tools are presented in Figure 
2-1, which visualize the correlation between the seven wastes and the seven tools.  
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Figure 2-1. The seven value stream mapping tools (Hines & Rich, 1997). 

In a warehouse environment, activities such as handling, transportation and storing are 
most common. Considering the logistical perspective and the warehouse environment of 
this report, these activities are connected to the wastes of transport, inappropriate process-
ing, unnecessary inventory and unnecessary motion. However, the other wastes still exist in 
a warehouse environment but are of less importance. Taking this into account, the process 
activity mapping tool is in accordance to this situation most appropriate and will be further 
introduced in the following section. 

2.1.2 Process Activity Mapping 
The process activity mapping has its origin in industrial engineering. It is used to remove 
waste, inconsistencies and provide high-quality products fast, easy and at low cost. The use 
of the process activity mapping tool as presented by Hines and Rich (1997) follows a 
common five step implementation sequence. 

1. Study the flow of processes 

2. Identify wastes 

3. Consider whether the process can be rearranged in a more efficient sequence 

4. Consider a more appropriate flow pattern, including different flow layout or trans-
port routing  

5. Consider if all steps in the process are necessary and what are the consequences of 
removing superfluous activities 
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In summary, these five steps can be concluded into two simplified steps (Hines & Rich 
1997). First, one makes a preliminary examination of the process and included activities 
and presents them into a simple process map. The second step is to gather detailed data for 
each activity, in terms of time, distances, employees involved, material consumed and type 
of activity (operation, transport, retention or inspection). The finished process activity map 
can be used for further analysis and improvement. It could also be used as a base for ABC-
analysis since the activities mapped provides the necessary information, in terms of re-
sources consumed, required for performing a specific activity or process. 

2.2 Activity Based Costing 
Activity based costing (ABC) is a cost management system that focuses on cost drivers 
compared with traditional cost systems that uses volume driven allocation bases such as di-
rect labor, machine hours, and sales, to assign organizational expenses to individual prod-
ucts and customers (Cooper & Kaplan, 1992). Traditional cost systems often understate 
profit on high volume products and overstate profits on low volume, high variety products 
(Harrison & van Hoek, 2005). ABC on the other hand is a costing system based on the 
formulations of activities, resources and cost objects, and these three elements are linked 
together in cause and effect relations called cost drivers (Emblemsvåg, 2004). Focusing on 
activities behind the costs generates a more equitable share of costs for each individual 
product or process.  

Emblemsvåg (2004) stress that cost in the ABC system is a measure of resource consump-
tion that relates to the demand for jobs to be done. Furthermore, products consume re-
sources indirectly via their consumption of activities and this implies that costs cannot be 
controlled, but activities underlying them can.  

The basic idea behind ABC is to break the business into major processes such as produc-
tion, warehousing and distribution, and then break each process even further into small ac-
tivities in order to discover every cost driver connected to it. There are several versions and 
integrations of the ABC system, this report will apply the Time Driven Activity Based 
Costing developed by Kaplan and Anderson (2004). In their revised approach, managers 
directly estimate the resource demands imposed by each transaction, product or customer. 
Each group of resource requires two parameters, the cost per time unit and the unit times. 
Kaplan and Anderson (2004) explain the procedure as following: 

1. Estimating the cost per time unit of capacity.  

As a rule of thumb, one could assume that practical full capacity is 80-85 percent of theo-
retical capacity. The capacity is mainly measured in terms of time availability but it could 
also be measured by space provided. Instead of cost per time unit that would imply cost 
per cubic meter. 

2. Estimating the unit times of activities. 

Determine the time it takes to complete one unit of each activity. One should not measure 
the time spent on doing the activity, the measurement should be on completing the activity.  

3. Deriving cost driver rates. 

By calculating the cost per time unit and unit time, one gets the cost driver rate. These rates 
could then be applied in real time to assign costs to individual customers as transactions 
occur.  
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4. Analyzing and reporting costs. 

The time driven ABC reveals both the cost of a business’s activity and the time spent carry-
ing them out. The analysis will reveal if there is any unused capacity somewhere and which 
activities are most costly.  

5. Updating the model. 

The ABC model could easily be updated because of its simplicity, all that needs is to add 
activities or estimate new times for them. There are two factors that cause changes in the 
rates. First, price variations of resources supplied and the second is shifts in efficiency of 
the activity. 

It is important that the cost estimates are based on actual order characteristics and not on 
how and where employees spend their time.  The time driven ABC system is not only use-
ful when tracking down costs it could also be a useful tool when dealing with future cus-
tomers. Activity based costing is today the best tool for attaching cost to activities. Know-
ing what the cost is for a certain customer order allows an easier decision for what service 
level that is justified (Goldsby & Martichencko, 2005). A drawback that often occurs is 
when managers consider the volume of sales to be equal with profitability. This is however 
seldom the case since larger customers often requires special services (Goldsby & 
Martichenko, 2005). 

2.3 Packaging 
Packaging is an important factor in logistics and its role and purpose is widely discussed in 
the literature (e.g. Coyle et al., 2003; Bowersox & Closs, 1996; Lambert, Stock & Ellram, 
1998). The purpose of packaging can be summarized into four main areas; information 
displays, improve materials handling, provide customer service and secure quality (Coyle et 
al., 2003). In Table 2-1, different packaging consequences are presented that create re-
quirements for trade-offs between the logistic activities; materials handling, customer ser-
vice, communication and transportation (Lambert et al., 1998). From this, one can see that 
packaging is closely related to the logistic activities.   

Table 2-1 Packaging trade-offs with other logistical activities 

Packaging consequences  Trade-offs 

Increased package information Decreases order filling times, decreases 
tracking of lost shipments 

Increased package protection Decreases damage in transport, increases 
weight, decreased cube utilization from lar-
ger dimensions, increases product value 

Increased standardization Decreases materials handling, decreases cus-
tomer customization 

Source: Lambert et al., (1998) 

As presented by Lambert et al. (1998), the issue is to improve the advantages of the chosen 
packaging solution while minimizing the disadvantages. This emphasizes the importance of 
understanding the effects that packaging has on the logistical activities (materials handling, 
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customer service and transportation) and their internal interrelation in order to find the 
right balance between them. An example of a trade-off that requires attention could be if a 
certain packaging solution could improve product protection while the increased size and 
weight of the product decreases transportation ability.  

2.4 Materials Handling 
As described above, packaging has a major effect on materials handling. Coyle et al. (2003) 
stress the importance of the physical dimensions on logistics in terms of transportation, 
materials handling and warehousing. In order to understand the impact that packaging has 
on materials handling it is essential to understand the basic function of materials handling.  

The main objective for materials handling is to minimize the number of times that the 
product is being handled or moved (Coyle et al., 2003). As described by Ballou (1999), the 
ideal situation for a warehouse would be if the receiving and shipment of goods were con-
ducted on a single day without any unnecessary handling. Unfortunately, this is seldom 
realistic. In most cases, products must be stored more than one day and moved several 
times because of overcrowding and multiple order-picking. Another important objective 
for materials handling is to develop good working conditions (Coyle et al., 2003). The 
products should be safe to handle and risk of physical injury should be minimized. 
Although materials handling today use different mechanical equipment, manual labour is 
still playing an important role, especially in order-picking operations. Therefore, it is 
important to consider the ergonomic factors in materials handling such as size and weight 
of the goods. 
Materials handling has several definitions that covers different areas of a business (Öjmertz, 
1998). In this paper, the following definition from Coyle et al. (2003, p.308) for materials 
handling will be used, “efficient short-distance movement that usually takes place within the confines of a 
building such as a plant or a warehouse”. This definition describes both manual and mechanical 
handling. Materials handling can be viewed in four dimensions (Coyle et al., 2003). The first 
element is movement and concerns the conveyance of goods within the facility. In the sec-
ond element, time is the important factor and in a warehouse environment it includes the 
time it takes to finish a customer order for shipping. The third element is quantity and con-
cerns the problem with varying number of products in a customer order. The fourth di-
mension of materials handling is space and addresses the issue of limited storage space in a 
warehouse that must be considered in materials handling activities.  

2.4.1 Packaging effects on Materials Handling 
Packaging has an important impact on the materials handling function (Öjmertz, 1998). 
Good packaging can have positive impact on materials handling but it could also be the 
other way around. The result of poor packaging could be exemplified when oversized 
packages would degenerate the materials handling operations (Coyle et al., 2003). If the 
package is not designed properly, the efficiency of the logistical system will decline (Bower-
sox & Closs, 1996). The ability to display and provide information is an important advan-
tage of packaging. Information can relieve the materials handling operations because the 
information on the package allows warehouse personnel to locate and quantify the prod-
ucts easily. The size and protection of products have direct impact on materials handling as 
well as quality. The size aspect influences the utilization of a warehouse. Size also affects 
the quantity of products that can be moved at the same time. The level of protection that 
the package provides enables different transportation alternatives. It is not only necessary 
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for a package to protect the product from physical damage, the package might also be re-
quired to support weight of products stacked above it (Coyle et al., 2003). 

Efficient materials handling can improve warehouse ability to provide customer service in 
terms of quick and accurate response to customer demands. Efficient materials handling 
could also reduce cost by consuming less resources such as forklift-time, manual labour 
and warehouse space (Coyle et al., 2003). 

2.5 Transportation 
Another logistical activity that is greatly affected by packaging is transportations since 
packaging impacts the volume of the product. Transportation provides place utility to a 
product and in some aspects also time utility (Lambert et al., 1998). Transportation in this 
sense concerns the movement of products from the focal firm to the customer. By deliver-
ing products on time and without damage, transportation also contributes to customer ser-
vice. Economical factors are important in transportation. There are several factors that in-
fluence cost for transportation; density, stowability, ease in handling and liability (Lambert 
et al., 1998). Bowersox and Closs (1996) add three factors and present them in their relative 
importance for transportation economics. 

• Distance  Influence the variable cost for labour and fuel.    
• Volume   Here, scale of economies is important. It is important to 

transport as much goods as possible to spread cost over a 
larger volume to lower transportation expenses. 

• Density  The weight of the product could be a limitation for high 
density products. However, volume is often the limitation 
rather than density. 

• Stowability  In this case, the physical dimensions is importance for space  
utilization. Odd sizes and shapes are difficult to load and of-
ten waste space in the transportation vehicle.  

• Handling  The ability to use standard equipment to load and unload the  
transportation vehicle is affected by how products are 
packed together.   

• Liability   The requirement for extra care in transportation that is  
needed for security and quality. 

• Market factors  The importance to balance the transportation back after the  
goods have been delivered so that transportation is not 
wasted by an empty transportation vehicle.  

 
As said, these factors influence the cost for transportation from a shipper’s perspective and 
are important to consider. From a packaging perspective, the most important factors are 
volume, stowability and handling because these factors are highly influenced by a product’s 
physical characteristics.  

2.6 Customer Service 
Customer service is a logistical activity that is also affected by packaging. Customer service 
has various meaning throughout an organization and it is important to consider these as-
pects. Customer service can be viewed as something that is provided by the firm to the 
buyer purchasing the product. From a marketing perspective, it exists three levels of prod-
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uct; the core product, the tangible product and the augmented product (Kotler, Wong, 
Saunders & Armstrong, 2005). The augmented product provides secondary benefits to the 
purchased product and logistical services are one of these features that add value (Coyle et 
al., 2003). Services that are offered in addition to the basic service level, often to key cus-
tomers, are known as value-added services (Bowersox and Closs 1996). This value adding 
services are often results of unique demand from customers that is developed in collabora-
tion between the two parties in order to increase efficiency and effectiveness in for example 
quality and customer convenience (Saghir, 2004; Bowersox & Closs, 1996). Value-adding 
services could be found in a broad span of activities such as customized packaging, unique 
product mix to support manufacturing and customized bulk transport.  

Packaging is an important factor in providing customer service (Coyle et al., 2003; Saghir, 
2004; Bowersox and Closs, 1996). For example, a packaging solution might be good for the 
firm but the customer might not be able to handle the packages at its premises and then 
the customer service is lost (Lockamy III, 1995). This adds to the interrelations between 
packaging and logistical activities. 

2.6.1 Customer Service in Logistics 
Due to the logistical view of this report, customer service will be handled within a logistical 
perspective. The role of logistics in serving customers could be defined as: Having the right 
product, at the right time, in the right quantity, without damage or loss, to the right customer” (Coyle et 
al., 2003 p.93). Continuing, Coyle et al. (2003) describe four elements of customer service 
in a logistical perspective; time, dependability, communications and convenience.  

2.6.1.1 Time 
A customer service is to deliver products within a predefined lead-time (the time from plac-
ing order to receiving the order). The importance is to reduce the lead-time without in-
creasing the costs. Warehousing can be viewed as a cost that a firm pays to reach its chosen 
level of customer service. A warehouse is used to realize the time aspect of customer ser-
vice when production is not able to produce directly to customer order within the required 
lead-time. This situation is often referred to as make-to-stock, which is in contradiction to 
make-to-order that is used by firms that are able to produce within a customers demand 
time. 

2.6.1.2 Dependability 
Dependability is another important aspect of customer service that includes the ability to 
deliver at the right time and in the right configuration. Quality plays an important role in 
dependability, because it secures the correctness of the delivery. If quality of products in a 
delivery is bad, it will affect customers in a negative way. 

2.6.1.3 Communication 
Communication is also important in customer service because it provides information that 
could reduce the time consumed by the order picking process. Communication also eases 
the ability for customers to identify the received products.  

2.6.1.4 Convenience 
Convenience is about being flexible towards customers. It would be easy to serve custom-
ers if all customers required the same level of customer service. However, that is not the 
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reality. By segmenting customers with different requirements, a firm could easier control 
their activities and provide higher customer service to their customers. In reality, providing 
unique customers service to all customers could be difficult and not to mention, expensive. 
It is important to balance the relative importance of customers and try to balance the trade-
off between benefits and the cost associated by the chosen level of customer service. 

2.7 Summary 
This frame of reference has its focus on activities and different aspects concerning packag-
ing and logistics. The Lean thinking approach presents a view that suggests removal of un-
necessary activities that does not add value to the process. In an analysis of the studied 
process it is of great importance to know the activities involved. The alternative for clarify-
ing the process chosen in this report was the process activity mapping tool, useful for visu-
alizing the flow. In addition to the activity map, activity-based-costing (ABC), which is a 
useful tool in a decision making process, was presented in order to display costs associated 
with the studied process more clearly. As the Lean approach requires a cut between value 
adding and non-value adding activities, the logistical activities was presented in detail con-
cerning their function for the outbound logistical process and their value adding capability.       

 12



Method  

3 Method 
The intention for this study is to present basic data for a decision-making process concern-
ing a specific problem presented by ROL International. In research, solving a specific 
problem is known as applied research and is, in contradiction to basic research, designed to 
apply the findings to an existing problem (Hussey & Hussey, 1997). Furthermore, an ap-
plied research problem is often identified by a client and is concerned with evaluation of a 
process and present result of a specific change (Easterby-Smith, Thorpe & Lowe, 1991). 
Hence, when considering these aspects, the study could be classified, according to the pur-
pose, as applied research.  

3.1 A Case Study Approach 
Qualitative case studies are often used to for an understanding of an organisational process 
(Remenyi, Williams, Money & Swartz, 1998). In case study research, multiple sources of 
data collection can be used where interviews, observations, questionnaires and document 
analysis are most common (Williamson, 2002; Saunders, Lewis & Thornhill, 2003). As a re-
sult, case studies uses both qualitative and quantitative data, however, it is primarily a quali-
tative method and is appropriate in situations where examination and understanding of a 
specific context is vital (Williamson, 2002). As described by Hussey and Hussey (1997), a 
case study approach could include single or multiple cases. However, in both situations, 
case studies use a single unit of analysis. A unit of analysis is the kind of case that the vari-
ables under study are referred to. This could for example be an individual, an event, a 
product or a process (Hussey & Hussey, 1997). This study is applied on a single qualitative 
case study where the unit of analysis is a given process, namely the process of outbound lo-
gistics at ROL International. One major disadvantage of the case study research is the in-
fluence of the researcher on the interpretation and analysis of data (Williamson, 2002). 
However, we hope that this disadvantage will be sufficiently decreased because we are two 
students conducting this study and both are independent of the current working procedure 
that could otherwise result in resistance to change.   

3.1.1 Triangulation 
Because this study is undertaken, at request from ROL International, it is important to 
consider different aspects of the problem. The basic idea of triangulation is to use multiple 
methods in order to counterbalance strengths and weaknesses of different methods. 
Easterby-Smith et al. (1991) describes four types of triangulation; theory, data, investigators 
and methodological. When using theory triangulation, the researcher uses models from one 
discipline and applies it on another discipline in order to get a new insight into the collected 
data. The use of data triangulation is appropriate when data is collected from different 
timeframes or through different sources. Triangulation of investigators addresses the prob-
lem that researchers might have impact on the collected data. Investigator triangulation can 
be used to minimize this drawback by comparing results from different researchers. In 
methodological triangulation, a mix of quantitative and qualitative methods is used. 

The triangulation can, due to its mix of methods, be difficult to replicate (Hussey & 
Hussey, 1997). The major concern that this creates is that reliability of a study is built on 
the ability to replicate the study. We have considered this issue and acknowledge that this is 
a weakness to the approach. However, we think that without the mix of data collection 
methods and data sources, the study would not have been able to combine the different 
aspects of the problem. 
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3.2 Primary Data 
The primary data will be gathered in two forms, observations and interviews. Both meth-
ods are qualitative in their nature (Easterby-Smith et al., 1991). The observations are made 
with the intention of making each activity visible between the powder coating operation 
and the order-picking process. Once all activities are visible, they will become the base for 
the activity map. The activity map will act as a starting point when implementing the activ-
ity based costing model and when searching for unnecessary non-value adding activities. 
The interviews will be used to extend the knowledge of activities found in the observation 
and describe the aspects surrounding a change in packaging method. 

3.2.1 Observations 
Before taking any actions towards changes it is vital with a thorough understanding of to-
day’s situation. Lindroth (2001) used process mapping as a basis for further analysis or 
evaluation in his research. In this thesis, process mapping will be used to present the flow 
of activities that is conducted during the outbound logistics process. In order to map a 
process, the activities within the process should be identified. The most appropriate way of 
collecting the data is to ‘walk the process’, which is to follow a product flow through the 
selected section to map (Harrison & van Hoek 2005). As the focus here lies in identifying 
what people do, the obvious way to collect the information is to observe them (Saunders et 
al., 2003). When it comes to observations, two main types can be distinguished, participant 
and structured observations (Saunders et al., 2003). Participant observations are commonly 
used in social settings where it is important to understand the role of the researcher. Struc-
tured observation is concerned with quantifying behaviour and is a straightforward descrip-
tive research (Saunders et al., 2003). An example of structured research is the time-and-
motion expert that walk the factory floor with a stopwatch and observed what was being 
done and at what pace. Structured observations describe what is happening rather than 
why, which suits the purpose of this report because ‘why’ refer to cognitive reasons behind 
certain actions and is not a suitable approach.       
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Gill and Johnson (1997) presents a taxonomy of the different roles of an observer (Figure 
3-1). 

Observer takes part in the activity 

Identity 
Concealed  

Observer is passive in the activity 

Identity is 
revealed 

Participant 
as 
observer 

Observer 
as 
participant 

Complete 
participant 

Complete 
observer 

 

Figure 3-1. Taxonomy of field roles. (Gill & Johnson, 1997). 

In the observations for this study, the authors took the role of ‘observer as participant’ 
where the role and purpose of the observation was revealed to the observed person. The 
advantage of this approach is that the observer can concentrate on what is of importance 
and can discuss and ask questions to the observed individual. A major drawback is that the 
observed individual is aware that he/she is observed and might conduct activities in a dif-
ferent way than normal (Saunders et al., 2003). However, Easterby-Smith et al. (1991), 
claims that the drawback is most relevant if the question is to answer why things are hap-
pening, while what is happening and how long it takes is less affected. The goal of the ob-
servation in this thesis is to find out what is being done (activities) and how long it takes 
(time consumed) rather than why it takes place. Furthermore, if the observed operator 
know the role of the observer, it is possible for the observer to ask the operator clarifying 
questions concerning the observed process Considering these aspects, it was suitable for 
the authors of this report to take the role as observer as participant.  

The observations were made at ROL International when shelves for two different custom-
ers were processed. We used a notebook to record activities and other important factors 
taking place. A stopwatch was used to estimate the time consumed for each activity. In ad-
dition to the observations, clarifying questions were asked to operators. Furthermore, con-
tinuously discussions were held with the Warehouse manager in order to verify the correct-
ness of certain aspects of the studied process. An observation was also conducted outside 
ROL at a new establishment for one of ROL’s customers. This observation concerned the 
installation process for shelves and included a shorter discussion with the project leader 
from Customer A. 

3.2.2 Interviews 
Interviews are a common source of data in both qualitative and quantitative studies and 
could be conducted in several different ways such as face-to-face, voice-to-voice and 
screen-to-screen (Hussey & Hussey, 1997). In a quantitative study, interviews are often 
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made with closed questions in a survey, often answered with a number, while qualitative in-
terviews are more unstructured where the respondent answers in his/her own words 
(Hussey & Hussey, 1997). In a semi-structured interview, the discussion is directed by a list 
of themes or questions that needs to be covered in the interview. The pre-determined ques-
tions should work only as a guide where questions can be added or removed during the 
course of the interview (Saunders et al., 2003). In an unstructured interview, no questions 
are prepared. Instead, the interviewer should have a clear understanding of the subject to 
conduct a fruitful discussion with the interviewee (Saunders et al., 2003). The purpose of 
the unstructured interview is to allow the interviewee to speak freely about events, behav-
iour and beliefs (Saunders et al., 2003).  

In interviews with managers, semi-structured interviews were used in order to gather the 
wanted information without restricting the interviewee too much. Managers often have less 
time available and could only be interviewed on a single occasion. Therefore it is important 
to get the required information during the interview.  

The interviewees were chosen because of their specific knowledge in the studied area and 
the current aspect under investigation. Three semi-structured interviews were planned with 
the following individuals, the Quality manager at ROL, Marketing manager at ROL and an 
Installation engineer working for ROL. When preparing the interviews, we used checklists 
for semi-structured interviews (Saunders et al. 2003; Hussey & Hussey, 1997) to develop 
our interview guides (Appendices A, B and C).  

A problem occurred during the process when the planned interview with the Installation 
engineer was cancelled. Due to time limitations he was unable to conduct a face-to-face in-
terview. As a result, the semi-structured interview was changed to a shorter telephone in-
terview, which gave answers to most questions but with less detail. However, it was not as 
good as a face-to-face interview but it was better than no information at all. Together with 
information gathered during the observation of an installation process, we acquired suffi-
cient information about the installation process. 

3.2.3 Primary Data Analysis 
Miles and Huberman (1994) suggest that data displays are a good way of analysing qualita-
tive data. Data displays can be networks, matrices, charts and graphs. According to Hussey 
and Hussey (1997), networks are a collection of nodes and arrows that display relation-
ships. The use of events flow network, as presented by Miles and Huberman (1994), is a 
good alternative to display complex processes in a chronological order.  

In this study, the goal with data display is to show relationships between different activities. 
We have chosen to use the basic ideas of process activity mapping (section 2.1.2) to create 
a network of activities building on findings from the observations and interviews. By using 
process mapping to analyse a process, one can present a clear and easy overview of the 
studied process. The process map is also used to present the interrelations between differ-
ent activities.  Furthermore, the estimated time and material consumption collected during 
observations and verified through the previously mentioned discussions, with the Ware-
house manager, were used as cost drivers in the activity based costing (ABC) model (see 
section 2.2). 
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3.3 Secondary Data 
Using secondary data could provide benefits for the researcher because it is often timesav-
ing. The use of secondary data hinders researchers from ‘reinventing the wheel’. The objec-
tive with collecting secondary data can, according to Zikmund (2000), be divided into two 
categories. The first, fact finding, often concerns statistics that have previously been col-
lected and compiled. Furthermore, it is useful when detecting trends in markets etc. The 
second category of collecting secondary data is model building. Model building requires the 
researcher to specify relationships between two or more variables in the collected data. A 
useful source to secondary data is internal data from a firm. Today, most firms keep re-
cords of their business for use in future decision-making processes (Zikmund, 2000). This 
type of databases provides a valuable source, however, the difficulty is to get access to such 
data. Secondary data could also be external and collected by other entities outside the focal 
firm (Zikmund, 2000). Such data is valuable in environmental and market studies. Since 
this study is mostly internal and the required secondary data can be found within ROL, we 
do not use external secondary data.  

In this study we will use documentary secondary data. This type of data has previously been 
collected and written into documents or databases (Saunders et al., 2005). In specific, the 
secondary data used mainly concerns order quantity and order frequency for the studied 
shelf concept. The time frame for the order-data is between January 1st and April 30th 2006. 
This data is important for the study because it clarifies how often the studied activities are 
conducted. The shelves under study have been selected in consideration with ROL and are 
high in both quantity and frequency. This selection has also been made because the shelves 
are suitable for packaging.  

In order to complete the ABC analysis it is important to have accurate estimate the cost for 
different activities. The basic cost for activities, such as cost for one worker, and materials, 
such as corrugated cardboard, are provided as secondary data by ROL. Unfortunately, 
these costs are confidential and cannot be presented in full. 

3.3.1 Secondary Data Analysis 
In most cases, the form in which secondary data is collected is not suitable for the study 
and needs to be processed. This is often referred to as data conversion (Zikmund, 2000). 
The secondary data collected from the databases at ROL International included data that 
was not relevant for the studied process. This secondary data needs to be converted in or-
der to highlight the important aspects related to the studied process. The processed order 
data is presented into tables for an easy comparison between different shelves. Moreover, 
cost data connected to cost-drivers were included in the activity based costing. However, at 
request from ROL, the costs for materials are left out due to confidentiality but times are 
presented. The cost of time consumed will be slightly modified so it can be used in the re-
port without creating confidential issues.   

3.4 Reliability and Validity 
Adding credibility to the results by reducing the possibility of wrong answers is important 
when designing the research. It is in a sense like applying lean thinking to research by re-
ducing wastes such as unnecessary data and inappropriate data collection methods. In other 
terms, the ‘lean research’ must be reliable and valid.  
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Reliability is concerned with creating similar results, if other researchers would conduct the 
research on different occasions (Easterby-Smith et al., 1991). The validity is concerned with 
issues like; has the researchers gained full access to the knowledge and meanings of informants? 
(Easterby-Smith et al., 1991, p.41)   

The reliability of this report can be questioned, as previously described, due to the triangu-
lation of data collection methods. However, we think that the way in which this study is 
conducted is required in order to achieve the correct result for ROL. 

Hussey and Hussey (1997) consider validity as the accuracy that the research findings rep-
resent in terms of what is actually happening. The factors behind low validity of research 
are often faulty research procedures and inaccurate measurements. A way to ensure validity 
is to ensure that the tools used actually measure what they are supposed to measure 
(Hussey & Hussey, 1997). We are aware that threats to the validity of the report exists and 
that the resistance to change within the studied company might have affected the result. 
Furthermore, data interpretation opposes a danger to validity due to logical leaps and false 
assumptions (Saunders et al., 2003). Providing validity to the report is one of the aspects 
why we chosen to do observations instead of interviews or other forms of data collection 
methods in this study. This is because observations frame what is actually happening and 
not what should happen that could be the result of conducting interviews. 

Generalisability concerns the possibility that the results could be applied to other settings. 
In this study however, the results are company specific and cannot be applied to other 
cases. On the other hand, the way in which the study is conducted could probably be ap-
plied to similar contexts where activities are studied. 

 

  

 18



Empirical Findings  

4 Empirical Findings 

4.1 ROL International 
ROL International is one of the leading store interior manufacturers and suppliers in 
Europe with customers around the globe. The export market is the dominating market 
with almost 80 percent of the annual turnover. ROL’s main focus is on the retail industry 
with clients such as Esso, ICA, PC City, Chanel and Tchibo (www.rolgroup.com, 2006). 
ROL offers their customers complete and unique store interior solutions as well as single 
point of sales material.  

ROL International was founded in 1972 and was bought by its current owner and CEO 
Kaj Hjelm in 1985 (www.rolgroup.com, 2006). The company was in connection to the 
change of ownership transformed from a strict sales company into a company that design, 
manufacture and distribute their products in order to provide their customers with a coher-
ent solution.  

Today, the company is spread worldwide with approximately 500 employees all over the 
world. The headquarters is located outside Jönköping near Axamo airport. In connection 
with the headquarters is a production unit, which is specialized in metal cutting and other 
forms of metalworking. In addition, ROL has a total of eight production units and a total 
of thirteen sales companies across the globe. 

The core value within the organization is to be creative and innovative toward customers. 
ROL offers its customers to combine existing products with uniquely developed products 
or to develop a customer unique concept, which is developed in cooperation with ROL’s 
design team. Products manufactured within ROL’s eight production units are store interi-
ors produced in metal, wood and plastic. Other store interiors that is required to meet the 
customers demand is bought in from suppliers. Examples of such products could be heat-
ing and refrigeration systems, cash registers and lightning systems.  

ROL uses transportation companies across the globe to forward their products to custom-
ers. As an additional service, ROL offers their customer the possibility to hire ROL’s spe-
cial trained installation engineers that could make the installation process for the customer 
more efficient. This makes ROL a ‘one stop shop’ supplier that delivers everything required 
by the customer to establish a new store. 

4.1.1 The shelf concept 
ROL has a large number of different types of shelves, the basic idea is however mainly the 
same for most shelves. The basic concept consists of shelves, brackets and a beam con-
struction. Basically, two beams are place vertically on the floor with an interval consistent 
with the length of the shelf. A bracket is placed on each one of the beams and the shelf is 
then places on the two brackets.   

4.1.1.1 Packaging Materials 
The two different packing alternatives, kit- and batch-packaging, could be performed with 
several different techniques. Throughout this report, the following suggestions have been 
proposed as to how the two packing alternatives could be realized. First, suggestions have 
been to pack shelves in a corrugated cardboard box. Second, ideas concerning the possibil-
ity to pack shelves in plastic wrapping have also been discussed. Third, there have also been 
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suggestions that the use for plastic strapping would be good. In Table 4-1, the different 
suggestions to packaging materials are presented together with advantages and disadvan-
tages. 

Table 4-1 Pros and Cons for packaging materials 

Alternative Pros Cons 

Corrugated card-
board box 

Excellent protection against scratches, 
both between each other and during han-
dling 

Shock absorbing 

Possible to label with bar code and part 
number 

Possible to place the shelves horizontal on 
the pallet 

 

Not water repellent 

Require one type of box 
for each shelf size 

Demand a lot of space 

Expensive 

Plastic wrapping Prevent the shelves from scratching each 
other  

Easy to store 

Water repelling 

Cheap material costs 

Usable for other products 

Possible to place horizontal on pallet 

 

Require a machine in-
vestment 

Packages get stuck in 
each other 

Difficult to unpack 

Plastic strapping Reduces the risk for friction between 
shelves 

Cheap material costs 

Usable for other products 

Possible to place horizontal on pallet 

 

Requires a machine in-
vestment 

 

 

4.1.2 Customers at ROL International 
As described above, most of ROL’s customers are involved in the retail industry. Further-
more, ROL often develops unique concepts for customers, which results in a great variety 
of products. Although, shelves are a common product within the retail industry, major dif-
ferences in both quantity and size exist. In this study, the focus has been on shelves for two 
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different customers. Unfortunately, names of customers cannot be shown and the two cus-
tomers will throughout the report be referred to as Customer A and Customer B. Cus-
tomer A is one of the leading retail companies in the Nordic countries. For Customer A, 
ROL has developed a unique shelf concept, however, Customer A uses other suppliers for 
other kinds of store interiors. Customer B on the other hand, has convenience stores that 
are situated in connection with petrol stations and is often smaller stores where shelves are 
a minor part of the total order. In the case of Customer B, ROL functions as a ‘one stop 
shop’ by delivering the entire interior solution, this includes refrigerator systems as well as 
shelves. A major difference between the two customers is that shelves for Customer A are 
customer specific concept while Customer B uses a standard shelf concept.     

4.1.3 Outbound Logistics Activities 
A simplified view of the business process at ROL can be viewed in Figure 4-1. The out-
bound logistics at ROL consists of the three main activities; materials handling, transporta-
tion and installation. 

 

Production Warehousing Customer place
order 

Transportation to
customer 

Installation

Figure 4-1. The ordering process at ROL International 

4.2 Materials Handling  
Within a warehouse, materials handling is concerned with the movement and handling of 
products within the warehouse premises. The activities that were found during the observa-
tions are divided into three sections that describe the materials handling process at ROL 
International. 

4.2.1 Activities from Powder Coating to Warehouse 
The production stage for shelves ends with the powder coating process. It is after this 
process that the studied outbound logistics process starts. The powder coating process is 
determined by the speed through the conveyor. The conveyor can be seen as a ski lift that 
travels the same route at a constant speed. Continuing, the conveyor is over 200 meter long 
and travels with an average speed of 2.43 meter per minute which results in a throughput 
time (i.e. start to finish) of approximately 1 hour and 45 minutes. Under normal conditions, 
the coating process is employed with six operators, two loading parts onto the conveyer, 
two unloading the finished products and two changing powder and helping the others if 
needed. 

The first activity for this section is preparation of pallet. However in most cases, useable 
pallets already exist from other departments (e.g. the loading of the conveyor creates empty 
pallets) and the activity is then concerned with fetching a pallet instead of building one. 
Shelves for different customers require alternative pallet configurations. For Customer A 
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shelves, a corrugated cardboard box is placed on the pallet while shelves for Customer B 
are placed in pallets with pallet collars. 

   

1: Prepare pal-
let 

2: Place shelves 
in pallet 

Sensitive coat-
ing? 

Yes 

3: Use corrugated 
cardboard between 
shelves  

No 

4: Secure pal-
let for trans-
portation 

5: Transport 
to warehouse 

Figure 4-2. Activities from Powder Coating to Warehouse. 

In the second activity, shelves are unloaded from the conveyor and placed into the pallet. 
The current packaging method is to place shelves in pairs vertically in the pallet. There are 
however some differences in packaging due to how sensitive the coating is. A sensitive 
coating requires an extra activity where the operator protects the shelves from scratches by 
placing corrugated cardboard between each pair of shelves.  

Once a pallet is full, it must be secured for transportation, this is done by strapping around 
the pallet with a metal strap. It is seldom the case that the produced number of shelves ex-
actly fills a pallet. In such occasion, the operator secures the shelves from turning over in 
the pallet by nailing a strip of wood across the pallet collars and protects shelves with pack-
age materials such as corrugated cardboard. 

The last activity of this section is to transport the pallet to a predetermined area near the 
warehouse where the goods receiver starts the next section.  
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4.2.2 Activities for Storing Products 
The warehouse is directly connected with production and the transport distance is very 
short. A goods receiver collects the pallets that arrive from production to the warehouse.  

 

6: Verify product 7: Transport to 
storage location 

Pick-location 
full? 

Yes

No

9: Transport to 
buffer 

8: Fill up pick-
location 

10: Report in 
computer 

Figure 4-3. Activities for storing products. 

The goods receiver’s first responsibility is to quickly inspect the identity and quantity of the 
product in order to plan and store the right goods.  

The operator has to be sure of storing the correct quantity and products at the right place 
in the warehouse. The next activity is to transport the goods to the storage location. Here, 
the pick-location might be full which requires the operator to transport the pallet to a 
buffer-location. A buffer-location is an additional storage location for products that does 
not fit on the pick-location and are often situated higher up in the warehouse while pick-
locations are the ones closest to the floor. When choosing buffer locations one should try 
to do it as close to the pick-location as possible with the intention of reducing unnecessary 
transportations when refilling the pick-location. If the pick-location is empty or almost 
empty, the operator takes out the old pallet and empties the products from the old pallet 
into the new. Then he/she places the new pallet in the pick-location. One should always 
store on the pick-location if possible in order to facilitate the order-picking process and 
save valuable buffer locations. Once all pallets and products are stored the operator reports 
the stored products into the computer system. 

4.2.3 Activities for Order-Picking 
Before the process of order-picking could start, an order must be received and the content 
considered in order to structure the order-picking process as quickly as possible. A decisive 
factor at ROL when handling these processes is the size of the order, if it is either a large 
order such as a complete store or a complementary installation with just a few order lines. 
Larger orders are often handled with two operators and smaller ones are managed with just 
one operator, however, the activities conducted during the process are similar.  
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E: Recieve order 
Customer 
A 

Customer 
B 

F: Prepare pallet with 
corrugated cardboard 

F: Prepare pallet with pallet 
collars 

G: Fetch pallet 
from pick-
location 

H: Pick and place 
shelves in customer 
pallet 

I: Return pallet to 
pick-location 

J: Secure pallet for 
transportation 

K: Measure size and 
weight of pallet 

L: Address pallet with 
destination 

M: Transport to 
dispatch area 

 

Figure 4-4. Activities for order-picking. 

The first activity is to structure the sequence of the order to facilitate the picking process. 
Furthermore, there are some differences between Customer A orders and orders from 
other customers (Customer B). Customer A-orders should be picked into pallets with cor-
rugated cardboard boxes. Orders to other customers should be picked into pallets with pal-
let collars. Despite the differences in pallet configurations, the other activities are similar 
for both customers. 

When the customer pallet has been prepared, the operator has to fetch products from its 
pick-location with a forklift and transport that pallet to the order-picking area. The order-
picking area is situated in the centre of the warehouse and it is where all picking and pack-
ing activities take place. Once the product-pallet is in the order-picking area, the operator 
takes out the right number of shelves and places them in the customer pallet. If needed, the 
operator place corrugated cardboard between each pair or every second pair.  

When the right number of shelves is picked, the product-pallet is returned to the pick-
location. This procedure of fetching a pallet, picking product and returning pallet is re-
peated until the customer pallet is full.  

When the customer-pallet is full, it is secured for transport. This means that the selves are 
fixed in its position to minimize friction that could scratch the shelves during transport. 
This is done by filling out the empty space with corrugated cardboard. Furthermore, the 
operator provides the pallet with a corrugated cardboard lid or strap two strips of wood on 
top, which allows another pallet to be stacked above it. 
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Before labelling the pallet, it has to be measured in terms of weight and volume. When the 
pallet is labelled with the right destination, it is transported to the dispatch area. 

4.2.4 Cost Drivers 
In the above sections, the activities for materials handling at ROL have been presented. 
These activities are the base for the Activity Based Costing model. In order to establish the 
cost for the activities, cost drivers must be identified. In discussions with ROL, two major 
cost drivers have been identified. First, time is the main cost driver at ROL and is included 
in all internal activities. Second, materials are consumed in some of the activities and are 
therefore also a cost driver. The time consumed is translated into cost through the price of 
operators and forklifts while the price for materials is given for the quantity consumed. 
These prices are given by ROL and are confidential. Due to the sensitivity of both costs 
and times, the actual costs will be left out and the time will be presented in a slightly modi-
fied way. The activity based costing model for the current situation can be viewed in Ap-
pendix D.      

4.3 Transportation 
The above section described the internal materials handling activities. Transportation and 
installation is in this case seen as external activities and will therefore use roman numbers 
to sequence the activities. The transportation process includes three simple activities; load, 
transport and unload (Figure 4-5). ROL International is a company that distributes its 
products all over the world. However, the studied warehouse is located in Jönköping with 
its main market within Europe. As a consequence, trucks are the main transportation sys-
tem for the studied shelf concept.  

 

I: Load truck II: Transport III: Unload truck 

Figure 4-5. Transportation activities 

At ROL, transportation costs are often measured in terms of the space (meters on the 
truck bed) it covers. In transportation, measurements of goods in terms of weight and vol-
ume are also of importance, however, consignments are mostly charged in terms of aerial 
coverage (Warehouse manager). Although the pricing for consignments is similar, there are 
some differences between the deliveries to different customers. According to the Ware-
house manager, pallets for Customer A consignments are always double stacked on the 
truck bed compared to Customer B consignments where pallets are single stacked on the 
truck bed. Due to that, Customer A deliveries are much more cost efficient compared to 
Customer B deliveries in terms of space utilization. Pallets for Customer B cannot be dou-
ble stacked on the truck bed because the customer does not have access to forklifts, which 
makes it impossible to separate double-stacked pallets when unloading the truck.   

4.4 Customer Service 
In the interview with the Marketing manager, it became clear that the main objective with 
investigating a change in the packaging method was to facilitate the materials handling 
within the warehouse. Furthermore, it was also anticipated that a different packaging solu-
tion could enhance the information display on the products, for example barcode. In the 
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current situation, information like part number and information display cannot be used di-
rectly on the shelf since it results in stains on the surface.  

Moreover, there had been no suggestions from customers for a change in the current pack-
aging solution. However, the Marketing manger stressed that the above mentioned im-
provements could have benefits for the customer in terms of shorter lead times, easier 
handling and enhanced quality.    

4.4.1 Installation 
The handling process at the customer premises is currently following a common procedure 
according to the observation at Customer A’s premises. The common order and steps for 
this process is goods receiving, goods structuring and installation (Figure 4-6). The installa-
tion process is structured according to the following order; put up the basic beam construc-
tion for each section, hang all brackets for that section on the beams and finally put the 
shelves on the brackets. This is according to the Installation engineer the most efficient 
procedure for installing shelves. The project leader from Customer A stressed that they are 
satisfied with the current packaging method due to their large quantities. However, the pro-
ject leader believed that for smaller quantities of shelves in supplementary orders, like in 
situations where stores change a small part of their interior, it could be more suitable. Fur-
thermore, Customer A demands that a pallet only includes one product type per pallet to 
facilitate the handling and structuring of the incoming goods. 

 

Figure 4-6. The installation process 

As previously mentioned, ROL offers their customers the ability to hire trained Installation 
engineers for the installation process. The customers concerned in this study do not fre-
quently use this since installers from ROL make only 10 percent of all Customer A installa-
tions while Customer B does not use ROL’s installers at all.  

4.4.2 Quality 
As for many firms, quality is of great importance as a factor of customer service. Quality is 
also an important aspect of Lean thinking due to its aspiration for zero defects. According 
to the Quality manager, quality is something that ROL look very serious upon, insufficient 
quality would have a direct effect on customer relations and could even result in lost sales. 
Quality is also an important factor in ROL’s aspiration to build long-term relations with 
their customers. As stressed by the Quality manager, the quality on products delivered has 
to satisfy customer’s expectation, or even better, exceed them. The quality goal is to deliver 
products with zero defects. 

IV: Receive 
goods 

V: Sort goods VI: Put up 
beam construc-
tion 

VII: Put 
shelves on 
brackets 

VIII: Hang 
brackets on 
beams 
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Furthermore, the Quality manager states that the work to guarantee the high quality levels 
is integrated in every process. As a result, the operator is responsible for securing the qual-
ity for his/her process. In addition, ROL uses quality inspections. These inspections are 
sampled randomly throughout the different operations. The internal quality work is per-
formed as a part of their aspiration for zero defects.  

According to the Quality manager, ROL does not have any serious problems with quality 
defects on shelves. However, defects still occur and are mostly due to scratches in the coat-
ing. Scratches often occur during transportation or handling when shelves are not properly 
protected. Poor packaging will generate friction between the shelves with scratches in the 
coating as a consequence when shelves get rubbed against each other in the pallet. 

4.5 Customer Order Information  
This section will focus on secondary data gathered from ROL’s databases. The gathered 
secondary data includes frequency and quantity data for 10 different shelves (5 Customer A 
and 5 Customer B). Furthermore, secondary data also includes order content data for the 
observed orders during the observation stage. Order frequency in this report implies how 
often the different shelves have been ordered from a customer. It is important that fre-
quency and quantity are separated and do not get mixed up because the interesting part in 
this section is how often a specific shelf is ordered and the quantity of that specific order. 
Moreover, it is interesting to compare the total amount of products and order lines. Order 
content is of importance since it reveals the amount of shelves in combination with the to-
tal order. 

4.5.1 Shelf Frequency and Quantity 
The frequency and quantity are connected to the number of times that activities are per-
formed. Table 4-2 reveals the supply and demand for ten of ROL’s most sold shelves dur-
ing the period between January 1st and April 30th. The shelves included are, five for Cus-
tomer A and five for Customer B. The shelf concept ordered by Customer A is customized 
in the meaning that the concept is exclusively bought by Customer A. Customer B pur-
chases standardized concepts, which in this case means that several customers have the 
possibility to order them.  
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The data below (Table 4-2) illustrates the frequency in combination with the quantity of 
each studied shelf. Manufacturing occasions and quantity describes the number of time that 
each shelf has been processed in the powder coating process and delivered into the ware-
house. Number of orders refers to the frequency of customer orders. The last three col-
umns give an overview of the size of the delivery. For example, shelf 1 for Customer A has 
been ordered on 61 occasions and 43 of them were delivered in quantities larger than one 
pallet. Furthermore, the shelf statistics also revealed that the quantity ordered varies be-
tween 1 and 2081 shelves for Customer A and between 1 and 300 shelves for Customer B. 

Table 4-2 Shelf frequency and quantity 

Shelf 
Manufacturing 

occasions 
Manufactured 

quantity 

Number 
of or-
ders 

Delivered 
quantity 

Pallet 
size 

<0,5pall 

Pallet 
size 0,5-

1pall 

Pallet 
size 

>1pall 

Cust A:1 16 21182 61 19416 9 9 43 

Cust A:2 6 6107 40 4612 21 4 15 

Cust A:3 8 5010 37 4256 16 8 13 

Cust A:4 1 150 1 150 - - 1 

Cust A:5 4 1050 21 822 19 1 1 

Cust B:1 1 598 25 720 15 9 1 

Cust B:2 3 700 36 623 36 - - 

Cust B:3 5 707 21 337 20 1 - 

Cust B:4 5 2233 31 908 30 - 1 

Cust B:5 1 100 32 137 32 - - 
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Since the shelves are of different physical dimensions while a pallet is standardized in its 
measurements, the amount of shelves that can be placed in each pallet differs. In Table 4-3, 
the amount of shelves roomed in each full pallet is shown. Furthermore, the average inven-
tory level for each of the ten studied shelves can be viewed in the average warehouse bal-
ance column.  

Table 4-3 Shelves per pallet and warehouse balance 

Shelf Shelves per pallet 
Average warehouse 

balance 

Cust A:1 72 1062 

Cust A:2 58 884 

Cust A:3 76 480 

Cust A:4 72 0 

Cust A:5 108 224 

Mean for Cust A 77 530 

Cust B:1 70 349 

Cust B:2 155 257 

Cust B:3 80 232 

Cust B:4 120 451 

Cust B:5 70 51 

Mean for Cust B 99 268 

Combined mean 88 399 

 

The amount of shelves roomed in a pallet differs between 58 and 155 pieces. The mean 
value of shelves roomed in a pallet has been calculated to 88 shelves per pallet for both 
Customer A and Customer B.  
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4.5.2 Customer Order Content 
In addition to order frequency and quantity it is of interest to understand the structure of a 
customer order. In Table 4-4 is a summary of six orders that have been observed during 
the research, divided evenly between Customer A and Customer B. The aim of the table is 
to illustrate the proportion of shelves in the orders, both in relation with order lines (the 
amount of rows on an order) and amount of products delivered.  

Table 4-4 Customer order content 

Customer and order Cust 
B:A 

Cust 
B:B 

Cust 
B:C 

Cust 
A:A 

Cust 
A:B 

Cust 
A:C Total 

Number of order lines 363 363 83 84 107 181 1 181 

Number of order lines 
shelves 13 15 8 7 9 23 75 

Number of shelves 
included 190 246 30 3 327 2 626 1 240 7 659 

Total number of 
products 9 136 6 423 394 22 445 32 337 5 683 76 418 

Percentage shelves 
of order lines 3,6 4,1 9,6 8,3 8,4 12,7 6,4 

Percentage shelves 
of products 2,1 3,8 7,6 14,8 8,1 21,8 10,0 

 

The orders above differ a lot in both size and content. The first four rows presents the or-
der characteristics in terms of order lines and products included. The last two rows repre-
sent the percentage of order lines that are shelves and the percentage of shelves compared 
to the total number of products in the order. The last column is a summery of all the six 
orders and reveals that the proportion of order lines for shelves is 6,4 percent of the total 
order lines and these 6,4 percent stands for 10 percent of the total amount of delivered 
products.  

 30



Empirical Findings  

In Table 4-5 below, each order has been categorized through the quantity of shelves repre-
sented in each order line. The categories are based on the mean value of shelves roomed in 
a pallet (Table 4-3). The first column represents pallets that are less than half full. In the 
second column, pallets are between half full and full and the last column shows orders that 
includes shelves that has been delivered in quantities larger than one pallet. 

Table 4-5 Spreading of shelf quantity for studied orders 

 Order 1 to 44 45 to 88 over 89 

Cust B:A 12 1 0 

Cust B:B 14 1 0 

Cust B:C 8 0 0 

Cust A:A 3 1 3 

Cust A:B 2 2 5 

Cust A:C 18 2 3 

 

As an example, Customer B’s order A includes 13 order lines of shelves where 12 of these 
shelves has been delivered in quantities less than half a pallet and just one shelf has been 
delivered in quantities larger than that.  
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5 Analysis 
The previous chapter clarified the current outbound logistic process at ROL and the activi-
ties included in the different steps of the process. The next objective is to analyse how the 
different packaging alternatives would affect the current outbound logistics process from 
the different perspectives.  

The analysis chapter will start with an evaluation of the current situation at ROL from a 
lean perspective. This will include the identification of existing wastes throughout the out-
bound logistics process. Following, an important part of the analysis is to establish what 
packaging material that would be most appropriate since the chosen packaging material 
greatly affects the activities performed in the packaging process. Continuing, a change in 
the packaging configuration would result in changes in the activities and this alteration in 
activities is discussed and visualized. After studying the internal impact of a change in pack-
aging, it is important to also consider the external aspects, especially through customer ser-
vice. Thereafter, the customer order information will be analysed in terms of its impact on 
the feasibility of the proposed packaging alternatives. An important aspect to consider in a 
decision making process is the cost. This is done through the use and discussion around 
the result of the ABC-analysis. Finally, a summary of all the different perspectives will be 
presented.   

5.1 The Current Situation 
The existing procedure for the outbound logistics process at ROL could not be seen as 
lean. This is because the existence of several wastes throughout the processes. In the fol-
lowing section, these wastes will be further discussed in order to present suitable areas of 
improvement. 

From the gathered primary data, especially the observations, one could determine that 
there are several of the seven wastes described by Hines and Rich (1997) represented at 
ROL’s premises. However it is important to recognize that the process from powder coat-
ing to storing is Lean since no unnecessary activities were identified during that process. It 
is important that after discovering a waste to investigate it even further and explore the un-
derlying causes of its existence. Another way of expressing it would be to use Monden’s 
(1993) three descriptions of operations, non-value adding, necessary but non-value adding 
and value adding. The two most obvious wastes are unnecessary motions and transports. 
The waste of unnecessary transports and unnecessary motion occurs during the order-
picking process where pallets are transported from the pick-location to the order-picking 
area, where pallets are collected and thereafter transported back to the pick-location (activ-
ity 13-15 in Figure 4-4). When considering Monden’s (1993) three descriptions of opera-
tions, it is possible to classify the transportation activity as necessary but non-value adding. 
The activity is non-value adding since it does not add any value to the product. However, it 
is necessary in the current procedure of working because shelves cannot be picked directly 
at the pick-location and needs to be transported to the order-picking area. The waste of 
unnecessary motion arises when the pallet is lifted out of the pick-location. The reason for 
this procedure is that shelves are standing up in the pallet and it is impossible to remove 
shelves from the pallet unless the pallet is lifted out of the pick-location. These two activi-
ties/wastes could be eliminated if shelves could be picked directly from the pick-location 
without lifting out the pallet. Therefore, the two wastes provide potential for improvement 
in the aspiration for a leaner process. 
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5.2 Packaging Material 
During the study, different materials and procedures for the two packaging alternatives 
have been discussed and suggested from different persons within the firm. As previously 
described (Table 4-1), three alternative materials are feasible for packaging of shelves; cor-
rugated cardboard box, plastic wrapping and plastic strapping. In order to discuss what will 
happen to the activities in the outbound logistics process, it is important to first establish 
the most appropriate packaging material for each packaging alternative. Furthermore, it is 
important to acknowledge that this is only concerning the difference between the packag-
ing materials and its impact on the existing activities and does not consider changes in the 
packaging process, which will be considered later on in this chapter.  

5.2.1 Kit-packaging 
When considering the different packaging materials for the kit-packaging alternative, it is 
important to understand what aspects are important. According to Coyle et al. (2003) pack-
aging should provide information display, facilitate materials handling, provide customer 
service and secure quality. Since information display such as part number and barcode can-
not be placed directly on the shelves, it is good if such information can be placed on the 
packaging material. This is especially true for the kit-packaging alternative because it in-
cludes two products and the product information becomes increasingly important. Plastic 
wrapping and cardboard box makes information display possible while plastic strapping 
does not. Moreover, since kit-packaging becomes a separate unit it could become subject 
for more separate handling at customer premises and is therefore in greater demand for 
protection in order to secure the quality standards. A cardboard box provides the best pro-
tection during transport and handling due to its shock absorbing abilities. Plastic wrapping 
provides little or, in most cases, no protection against careless handling. This is also the 
case for plastic strapping. 

In terms of materials handling, cardboard box is useful because it allows the kit to lie down 
on the pallet, which would facilitate the picking operation. If the kit were lying down it 
would allow the order-picking operators to take out the amount of required shelves directly 
from the picking location and the need for moving the pallet back and forth to the order-
picking area would not be necessary. This would result in a reduction of the previously de-
scribed wastes in the current process, unnecessary transports and unnecessary motion 
(Hines and Rich, 1997). Plastic wrapping and plastic strapping could also allow the shelves 
to lie down on the pallet, however, it would require cardboard between each layer of 
shelves. This is because shelves with plastic strapping and plastic wrapping are difficult to 
pull out of the picking location and requires something between the layers to facilitate the 
handling.     

The basic idea behind the kit-packaging alternative, as described in the problem discussion, 
was that it would combine shelves and brackets into a single kit. Plastic strapping would re-
sult in difficulties because the brackets and shelves are difficult to combine with just plastic 
straps. Both with plastic wrapping and cardboard box, it is easy to combine shelves and 
brackets since they cover the entire body of the shelf. This facilitates the securing of brack-
ets to shelves in order to minimize scratches that could otherwise be generated. 

Considering the four elements of customer service in logistics (Coyle et al., 2003) facilitates 
understanding of the impact of the chosen packaging solution. If the three different pack-
aging materials allow the kit to lie down on the pallet, time will not be greatly affected. 
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However, there might be some difference in the packaging activity. High quality is an im-
portant contribution to high dependability. As described above, a cardboard box provides 
the best cover of the three solutions and is therefore more suitable for high quality stan-
dards. The element of communication has also been discussed above. In terms of customer 
service, increased information displayed on the package would facilitate the identification 
of each item. The last customer service element is convenience and is the element that is 
mostly affected by the packaging solution. Customer convenience can differ depending on 
the customer and the situation. The cardboard box allows the customer to handle the kit 
without fear of damaging the surface. With the other two materials options, the customer 
needs to be more careful, causing more inconvenient handling. Plastic wrapping can be dif-
ficult to unpack without damaging or scratching the surface of the shelves.  

When analysing the three materials solutions for the kit-packaging alternative, one can rule 
out the plastic strapping since it provides no cover to the products and is difficult to com-
bine with brackets. Moreover, by just strapping the shelves, little or no room is available for 
information display. The two remaining options, cardboard box and plastic wrapping are 
similar in ability to provide information display. A cardboard box is more customer con-
venience and adds dependability from a quality perspective. Both alternatives facilitate ma-
terials handling. However, a cardboard box is easier to handle than shelves wrapped in 
plastic due to its shock absorbing ability. Since one of the basic ideas of kit-packaging is 
that each package could be handled separately, the protection in the handling is of great 
importance. Therefore, a cardboard box is selected as the packaging material for the kit-
packaging alternative due to its ability to protect the product.  

5.2.2 Batch-packaging 
The materials options for the batch-packaging alternative are the same as for the kit-
packaging alternative. Therefore, most of the advantages and disadvantages of the different 
materials are the same for batch-packaging. The basic idea with batch-packaging is that it 
would facilitate the handling of the products, which is also stressed by the Marketing man-
ager. A cardboard box is still superior in terms of quality. However, a major drawback of 
using cardboard box is that it is expensive and each size of shelf requires a separate dimen-
sion for the cardboard box. In accordance to Lambert et al. (1998), it is obvious that stan-
dardization is important due to ROL’s great variety in size of shelves. Since storing a spe-
cialized cardboard box for each shelf type is difficult due to storage limitations at ROL, the 
number of different cardboard boxes must be minimized. However, a standardized card-
board box does not fit all types of shelves and could result in difficulties in materials han-
dling as described by Coyle et al. (2003), which is also in line with Bowersox and Closs 
(1996). Therefore, by using a cardboard box, ROL faces a great dilemma that requires 
trade-offs between standardization and easier materials handling which would result in the 
waste of unnecessary inventory.  

Plastic wrapping and plastic strapping both requires a machine investment but the material 
is cheaper and easier to store. Plastic wrapping could, depending on the size of the ma-
chine, be applied to other products. This is also true for plastic strapping. A batch-
packaging alternative facilitates the order picking process if the products could lie down on 
the pallet. In terms of customer convenience, plastic strapping is, in consideration of the 
installation process, easier to unpack than plastic wrapping and cardboard box. 
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For a batch-packaging alternative, plastic strapping is the most suitable packaging material 
option since it is cheap, easy to handle and convenient for installation. Cardboard box is 
better in quality aspects, however, quality is not the main aspects in this alternative. More-
over, the additional storage space that is required for the large number of cardboard boxes 
is not feasible in the already limited storage space in the warehouse. In terms of plastic 
wrapping, it is slightly more expensive in materials costs and machine cost. Furthermore, 
plastic strapping can be used for all products (e.g. the beam construction) while plastic 
wrapping is limited to smaller products. Therefore, plastic strapping is selected as the pack-
aging material for the batch-packaging alternative.      

5.3 Materials Handling 
The overall outbound logistics process at ROL, presented in Figure 4-1, is not affected by 
changes in packaging configuration since these types of changes are small. However, the 
activities included in the outbound logistics process will be altered if a change in the pack-
aging configuration is implemented.  In the following section, process activity maps from 
the previous chapter is changed to describe what activities would be added and removed if 
implementing one of the two packaging alternatives.  

The two different packaging solutions have both similarities and differences in activities. 
Moreover the material used also affects the activities, as described above, the kit-packaging 
alternative uses a corrugated cardboard box as packaging material while batch-packaging 
uses plastic strapping. One cannot be completely certain on how the proposed process map 
would look like after an implementation but the following sections will describe an esti-
mated process map for the two alternatives. The process chart will therefore be based on 
ideas generated during the observations and through discussions with our supervisor at 
ROL. The activities will be further discussed below. 

5.3.1 Activities from Powder Coating to Warehouse 
An implementation of either one of the investigated alternatives would imply several added 
and changed activities between powder coating and warehouse. The activities connected to 
the two alternatives for packing shelves should be in connection to the powder coating 
process since it would make it more efficient and prevent the waste of unnecessary trans-
ports. The process map previously described in Figure 4-2 is changed due to new and re-
moved activities. The first activity (Figure 5-1) will be to prepare a pallet. However, since 
the shelves are to be packed at a different location, the requirement for placing shelves ver-
tically in the pallet is not required. Instead, shelves can be stacked horizontal on the pallet 
without the need for pallet collars or a corrugated cardboard box. Pallet preparations at this 
stage are therefore easier than before.  

 

B: Place shelves 
onto pallet 

C: Transport to 
packaging area 

A: Prepare pal-
let 

Figure 5-1. New process for unloading powder coating conveyor   

The second activity is to place shelves on pallet, which requires, as acknowledge in Figure 
4-2, attention to the protection of the coating. Shelves with sensitive coating are therefore 
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stacked with corrugated cardboard between each layer of shelves. Thirdly the shelves need 
to be transported to the pre-pack department. 

5.3.1.1 Kit-packaging 
The major difference form the current packaging method is that shelves needs to be 
packed into a cardboard box. The packaging alternative will probably be conducted nearby 
the powder coating operation to minimize unnecessary transports. ROL already has a pre-
packing department that works with subassemblies and pre-packaging of fragile products. 
This department is in close connection with the powder coating and possesses all of the re-
quired accessories needed to accomplish the kit-packaging solution. Hence, kit-packaging 
will preferably be performed at this department. 

D1: Fetch brackets 
and cardboard boxes 

D2: Place two shelves and four 
brackets in the cardboard box 

D3: Seal 
package 

D4: Add product 
info onto package 

D5: Place kit 
onto pallet 

D6: Secure 
pallet 

D7: Transport to 
warehouse 

 
Figure 5-2. Activities for kit-packaging 
 

Before the operator can start assembling the kit, he or she need to fetch the brackets and 
the corrugated cardboard boxes required (Figure 5-2). Thereafter the operator places each 
pair of shelves into the box together with four brackets and seals it. The fourth activity is to 
mark each package with part number information and possibly also with barcode. The 
completed package will be placed horizontal on the pallet compared to vertically as in the 
past. Once a pallet is full it needs to be secured for transport. This can be done by wrap-
ping the pallet with plastic film or strapping with plastic/metal strap. Finally, the pallet is 
transported to the warehouse. 

5.3.1.2 Batch-packaging 
This alternative should also be in connection with the powder coating operation in order to 
make it as efficient as possible and minimize waste due to unnecessary motion and unnec-
essary transport. The process flow will be described for the strapping method of batch-
packaging. Because the shelves from the investigation are relatively ungainly and quite 
heavy, shelves will be packaged in batches of four in order to prevent injuries. Larger 
batches had been preferable, but the ergonomic aspects of handling the batches make it 
impossible. This is in line with the ergonomic discussions by Coyle et al. (2003). The batch-
packaging alternative would require a machine investment and additional space in connec-
tion with the powder coating operation.  
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The preferable process for batch-packaging would be if it is performed in direct connection 
with the powder coating process and as a result reduce unnecessary transportation and 
handling. However, that would most certainly create chaos once unloading shelves and 
running back and forth between conveyor and machine. The process chosen will instead 
demand the added activities with first unloading shelves on pallets and then from there, 
move them into the strapping machine. It is assumed that the strapping machine could be 
placed in close connection with the powder coating process.  

 

D12: Place four shelves 
into the machine 

D11: Prepare 
strapping machine 

D14: Secure palletD14: Transport to 
warehouse 

D13: Place the strapped 
batch onto a pallet 

Figure 5-3. Activities for batch-packaging 

The first activities will be same as for the kit-packaging alternative, which means prepara-
tion of pallet and unloading shelves and transport to packaging area (Figure 5-1). The last 
activity, transportation, will however be shorter since it is assumed that the strapping ma-
chine is in close connection and therefore demand less transportation time. The first activ-
ity in the packaging process (Figure 5-3) will be to prepare the strapping machine. Next, 
shelves are placed four and four into the machine that bundles them together with a plastic 
strap. Then the bundled shelves (the batch) are placed onto the pallet. Furthermore, one 
has to place a corrugated cardboard between the batches in order to prevent the shelves 
from scratching each other during transport and handling. When a pallet is full, it is secured 
for transport by wrapping plastic film around it or using plastic/metal strapping around it. 
Finally, the pallet is transported to the warehouse.  

5.3.2 Activities for Storing Products  
The activities in this process does not change much compared to the current situation 
shown in Figure 4-3, neither for the kit-packaging alternative nor the batch-packaging al-
ternative. One change however, is that the activity of filling up the picking location will be 
easier and more efficient since products lie down on the pallet and could therefore be 
loaded without removing the pallet at the pick location. One could argue if either of the al-
ternatives would imply any effects concerning the volume and therefore decrease or in-
crease the amount of shelves in each pallet. Packaging shelves in corrugated cardboard 
boxes will obviously result in larger packages, but the effects on the volume is hard to pre-
dict and will therefore be disregarded in this case. Strapping shelves in packages of four will 
according to the researchers have no negative impact on the volume. 

5.3.3 Activities for Order-Picking 
As previously described, this process is currently inefficient and includes wastes such as 
unnecessary transports and unnecessary motion. Both of the alternatives will imply oppor-
tunities for improvements when picking. In terms of making the process more efficient 
than before, shelves will have to be placed horizontal on pallets. The process chart will 
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have the similar appearance as shown in Figure 4-4, the exception however will be that the 
operator will not need to travel back and forth to the order-picking area with pallets in or-
der to complete the picking process. In Figure 5-4 below, activities for order picking with 
alternative packaging solutions are illustrated. The activities changed in the process chart 
are written in italics. 

E: Recieve order 
Customer 
A 

Customer 
B 

F: Prepare pallet with 
corrugated cardboard 

F: Prepare pallet with 
pallet collars 

G: Travel to 
pick-location 

H: Pick and place 
shelves in customer 
pallet 

I: Travel to next 
pick-location or back 
to order-picking area 

J: Secure pallet for 
transportation 

K: Measure size and 
weight of pallet 

L: Address pallet with 
destination 

M: Transport to 
dispatch area 

  

Figure 5-4. New order-picking process 

Either one of the investigated alternatives have great opportunities in turning the order-
picking process more efficient in terms of reducing the unnecessary transportations and 
motions. The order-picking process for brackets will be eliminated for the kit-package solu-
tion since they are in the same package as the shelves. The batch-package solutions will not 
have any impact on the orders delivered in multiples of pallets due to that no additional 
handling of the shelves are performed. The major advantage of the alternative packaging 
solutions will be for the orders consisting of less than one pallet. Orders with fewer 
amounts of shelves and several different versions of shelves will be the real winners in time 
saving terms, especially when the amount of shelves are between 1 and 20. When the quan-
tity becomes larger than 20, the picking of shelves will probably be performed at the order-
picking area, anyway.  

5.4 Transportation 
As described by Lambert et al. (1998), economical factors are important to transportation. 
This is also the case at ROL, which mainly uses trucks for transport within Europe. Con-
sidering the cost factors for transportation presented by Bowersox and Closs (1996), the 
most important factors for ROL are distance and volume. The kit-packaging alternative 
could result in a small increase of the product volume leading to slightly higher transporta-

 38



Analysis 

  

tion costs. The same goes for the batch-alternative. The activities in transportation will, 
however, not change and are therefore not studied in further detail.  

5.5 Customer Service 
The two packaging alternatives would of course have impact on the level of customer ser-
vice that ROL provide to their customers. The customer service level will be discussed ac-
cording to the four customer service elements, time, dependability, communication and 
convenience, presented by Coyle et al. (2003). Each alternative would have different impact 
on the service level. 

5.5.1.1 Time  
Time is an important element and is in this study considered in terms of lead-time. The 
lead-time could be improved with both kit-packaging and batch-packaging through reduc-
tion of the wastes of unnecessary transport and unnecessary motion in the order-picking 
process. The reduction of these wastes is viable, as previously discussed, since the two al-
ternatives would allow shelves to lie down on the pallet 

Specific for kit-packaging, if shelves and brackets are combined into a kit, time can be 
saved in the order-picking process since the activity of picking shelves and brackets are 
combined into a single activity. However, kit-packaging requires the shelves to be packed 
and that is a time consuming operation. In the batch alternative, time is added through the 
bundling process described above.    

5.5.1.2 Dependability 
By packaging shelves with brackets in a cardboard box, the quality standards are secured. 
However, according to the Quality Manager at ROL, quality defects are not an issue in the 
current situation and the obvious thought arises: Is the extra protection that kit-packaging 
would provide really necessary? According to the seven wastes, doing something too com-
plex or exaggerate certain activities is seen as inappropriate processing. As a result, kit-
packaging does not add extra value to the customer and its necessity could therefore be 
questioned.  

Unlike kit-packaging, packing shelves into a batch with plastic strapping does not result in 
enhanced protection. However, since there is no need for extra protection, the lower level 
of protection is not an issue.  

5.5.1.3 Communication 
The cardboard box provides an excellent opportunity for ROL to add product information 
and barcodes onto the package without damaging the product. For customers that receive 
pallets including a mix of products, such as Customer B, product information on each 
product would facilitate the identification of specific products. On the other hand, Cus-
tomer A receives its products in separate pallets and the need for information on each 
product is therefore not as great. Information display could be a value added service, de-
scribed by Bowersox and Closs (1996), provided for a specific customer. The specific cus-
tomer in this case would be Customer B where the customer service level would be en-
hanced through increased communication.  
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The plastic strapping that bundles the batch together does not provide enough space that 
could be used for information display. Therefore, batch-packaging does not add to the cus-
tomer service level in terms of communication.   

5.5.1.4 Convenience   
Convenience is greatly affected by the characteristics of the customer order. A customer 
order from a new construction of a large supermarket like the one observed, proved un-
suitable for kit-packaging. The main reason behind this is the large quantity of shelves in-
cluded in such order. According to the Installation Engineer and the observation con-
ducted at the customer premises, it is too time consuming to unpack several thousand 
shelves (Table 4-4). In similar situations, it would actually be to decrease customer service 
and make it more inconvenient for the customer to handle the product. On the other hand, 
if a customer order includes a small number of shelves as in the case of most Customer B 
orders (Table 4-4) or in a supplementary order for an already existing Customer A store, 
kit-packaging could enhance customer convenience. For example, if a smaller number of 
shelves are substituted in an existing Customer A store, the space is often limited and the 
products should be easy to handle. A kit including both shelves and brackets could make it 
easier to handle in terms of finding the right product and products are protected even if 
handled careless. As a result, with kit-packaging, customer convenience is increased for 
smaller orders while it is decreased for larger orders. It could therefore be argued if kit-
packaging is a value-adding service that could be provided to important customers which is 
in line with Bowersox and Closs (1996) on customer services. 

By batch-packaging shelves, the handling at the customer premises is not as much affected 
as with the previously discussed packaging alternative. However, the plastic straps needs to 
be cut off and this could be time consuming for customers that handles several thousand 
shelves. In the context of both small and large orders, batch-packaging could cause prob-
lems since many of the orders include uneven number of shelves (Table 5-2). Although, in 
comparison with kit-packaging, batch-packaging affects customer service in a smaller scale.                         

5.6 Customer Order Information  
The shelves and order statistics presented in the empirical data represent the context in 
which the alternative packaging methods would be applied. It is therefore important to 
consider the aspect of frequency and quantity together with order content to reveal if the 
two alternatives are suitable for implementation in the present context of customer order 
structure. 

5.6.1 Shelf Frequency and Quantity 
The empirical data showed that shelves for Customer A were much higher in quantity 
compared to shelves for Customer B. The main reason for that is related to the difference 
between the customers in terms of store size. When comparing manufacturing occasions 
and delivered orders, one could draw the conclusion that ROL manufactures against fore-
cast (make-to-stock) and not on customer orders because the amount of customer orders 
are much higher than the number of manufacturing occasions. There is however one ex-
ception, shelf 4 from Customer A (Table 4-2) has probably been manufactured towards a 
customer order (make-to-stock) since it is only manufactured and delivered once. 
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As presented in Table 4-2, shelves for Customer B are mostly delivered in less than half 
pallet. This creates an interest in the mean value for each shelf. In Table 5-1, the ten stud-
ied shelves have been summarized for the two studied customers Customer A and Cus-
tomer B. Added to Table 5-1 is the mean value for quantity of shelves per delivery for the 
two customers. The mean of the delivered quantity is 183 for Customer A and 19 for Cus-
tomer B. This shows that shelves for Customer A are often delivered in greater quantities 
than shelves for Customer B. Furthermore, the delivered amount is much greater for Cus-
tomer A.     

Table 5-1 Order frequency and quantity 

 Customer 
Manufacturing 

occasions 
Quan-

tity 
Fre-

quency
Deliv-
ered 

Mean 
quantity <0,5pall 0,5-1pall >1pall 

Customer 
A  35 33499 160 29256 183 65 22 73 

Customer 
B 15 4338 145 2725 19 133 10 2 

 

It has previously been recognized that a change in packaging alternative could facilitate the 
order-picking process. Since the wastes in the order-picking process only occurs when 
picking less than a pallet, it is suitable to focus on shelves delivered in less than half a pallet.   
The observed Customer B shelves were delivered 145 times in total during the studied pe-
riod and among those are 133 delivered in a quantity less than half a pallet (Table 5-1). 
Considering this aspect, Customer B shelves would be more suitable for alternative packag-
ing than Customer A shelves. If ROL would adapt one of the alternative packaging meth-
ods, for shelves with high frequency and low quantity, the firm could eliminate many of the 
unnecessary transportation back and forth to the pick-location in the warehouse.  
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The investigated alternative packaging methods require shelves to be picked in quantities 
that consist of multiples of either two shelves for kit-packaging or four for batch-
packaging. Otherwise, the operator is required to break the package, which would result in 
additional activities during the picking process and lost product protection. It is therefore 
of interest to present how many of the deliveries for the ten shelves that is dividable by ei-
ther two our four. Table 5-2 shows how many of the occasions where shelves were deliv-
ered (Table 4-2) that fulfils this requirement.  

Table 5-2 Proportion of orders appropriate for alternative packaging 

Customer 
Shelf  

Ordering occa-
sions 

Kit-packaging  

(dividable with 2) 

Batch-packaging 

(dividable with 4) 

Cust A:1 61 35 19 

Cust A:2 40 24 12 

Cust A:3 37 31 20 

Cust A:4 1 1 0 

Cust A:5 21 13 7 

Cust A sum-
mery 160 104 58 

Percentage   65 36 

Cust B:1 25 13 6 

Cust B:2 36 31 16 

Cust B:3 21 20 11 

Cust B:4 31 23 14 

Cust B:5 32 25 10 

Cust B sum-
mery 145 112 57 

Percentage   77 39 

Total 305 216 115 

Percentage   71 38 

 

The results from Table 5-2 suggest that the kit-packaging alternative is more appropriate 
than batch-packaging since more of the delivered orders can be picked without breaking 
the package. A solution for the problem could be to force the customers to only order mul-
tiples of two or four shelves. However, that would probably not be appreciated by the cus-
tomer and result in a decrease of customer service. 
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5.6.2 Customer Order Content 
When consider adapting alternative packaging methods for a product family such as ROL’s 
shelf concept, one has to investigate and establish how many of the products in the prod-
uct range that are affected and also how large proportion of the deliveries that actually are 
consisting of shelves. Table 4-4 reveals that the proportion of shelves in the observed or-
ders are in general 6,4 percent of the total amount of order lines and that those stand for 
approximately 10 percent of all delivered products, for Customer B the numbers are 
slightly lower and for Customer A they are slightly higher. Table 5-3 illustrates a summery 
of the spreading from Table 4-5, added is the percentage for the presented categories.  

Table 5-3 Summary for spreading of shelf quantity   

  Total orders 1 to 44 45 to 88 over 89 

Customer B 36 34 2 0 

In percent   94 6 0 

Customer A  39 23 5 11 

Percentage   59 13 28 

Total 75 57 7 11 

Percentage   76 9,3 14,7 

 

These statistics expose the similar findings as the frequency shown in Table 5-1, namely 
that Customer B shelves are more appropriate for alternative packaging than the shelves 
for Customer A. The most interesting findings is that Customer B orders delivered in less 
than half a pallet stands for 94 percent of all observed Customer B orders. There are only 6 
percent delivered in more than half a pallet for Customer B orders. Customer A orders are 
more spread in terms of delivered quantities, 59 percent less than half a pallet and 28 per-
cent more than a full pallet. When comparing these findings with the mean value from 
Table 5-1, one could draw the conclusion that Customer B shelves are more suitable for al-
ternative packaging solutions than shelves for Customer A. This is because smaller and 
more frequent orders can save more time in the order-picking process. 
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5.7 Activity Based Costing 
As described in the frame of reference, activity based costing (ABC) provides a solid foun-
dation for comparing different customer and processes. The previously established materi-
als handling activities are connected to the cost drivers, time and material as described in 
the empirical findings. The process maps presented throughout the report is the founda-
tion of the ABC-model. In Table 5-4, the time for activities included in the three processes 
is compared separately for each alternative.  

Table 5-4 Comparison of basic ABC-models for the three alternatives  

Current 
Situation 

Alternative 
1 (kit) 

Alternative 2 
(batch) 

Process 

Time Time  Time  

From Powder coating to 
warehouse 

5 11,1 7,7 

Storing 5,9 3,8 3,9 

Order picking 12,7 10,6 10,7 

Total 23,6 25,5 22,3 

 

Table 5-4 above represents the processes between powder coating and dispatch in a sum-
marised version. Complete versions of ABC-models for each alternative including all un-
derlying activities and times can be found in Appendix D-F. As presented in Table 5-4, the 
current handling is more efficient for the process between powder coating and warehouse 
and less efficient for the processes, storing and order-picking. This corresponds with the 
intention of implementing either one of the two alternatives, kit-packaging or batch-
packaging. The findings shows the expected result for the alternatives, namely an increase 
in the first process due to the added activities and a decrease in the following processes as a 
consequence of the more efficient handling. The batch-packaging alternative received the 
lowest total time and is therefore the most suitable alternative according to the results in 
Table 5-4. However, the table illustrates a summary of all activities for the three alternatives 
and does not consider that different activities are performed more than once during the 
process. Another important aspect that should be considered is that the kit includes brack-
ets, which in a complete order adds time to the other two alternatives. With the intention 
of analysing the different alternatives in its real context, next section will provide an ABC-
model that builds on the order statistics gathered during the studied period. 

5.7.1 Activity based costing in an order context 
The ABC-model above was based on a summary of activities included for the different al-
ternatives. The following section will look into two ABC-models, one for Customer A 
shelves and one for Customer B shelves. The model will be built on order statistics for the 
observed shelves and calculations are shown in Appendix G. The previously presented 
shelf statistics are important for the ABC-model since it determines what activities are re-

 44



Analysis 

  

quired and how many times they are performed. Table 5-5 presents the statistics central for 
the activities performed from the powder coating to storing. 

Table 5-5 Manufacturing order statistics for the ABC-model 

Shelf Customer A Customer B 
Manufacturing occasions 35 15 
Manufactured quantity 33499 4338 
Mean value per manufacturing occasion 956 288 
Shelves roomed in pallet 77 99 
Number of full pallets 12 2 
Additional loose shelves 32 90 
Kit-packages 478 144 
Batch-packages 239 72 
 

The mean value of the manufactured quantity has been rounded off to closest number di-
vidable with four, in order to suit all three alternatives because it is highly unlikely that a 
firm would produce something that cannot be packet evenly. The manufactured quantity 
has been divided by the number of shelves that fits in each pallet (Table 4-3). This resulted 
in the number of full pallets. However, the amount of shelves does not fill an exact number 
of pallet but the remaining shelves still require an additional pallet. The last two rows in 
Table 5-5 describe the amount of kits and batches needed. 

Table 5-6 provides statistics for customer orders required for the order-picking process in 
the ABC-model. The table builds on order statistics presented earlier in Table 5-1 and 
Table 5-3. 

Table 5-6 Customer order statistics for the ABC-model 

Shelf Customer A Customer B 
Orders 160 145
Ordered quantity   183 19
Shelves roomed in pallet 77 99
Number of full pallets 2 0
Loose shelves 29 19
 

The last two rows have been calculated (Appendix G) on the average shelves in a pallet for 
the two studied customers. A full pallet allows the operator to pick the pallet directly from 
a buffer location and additional handling is not required. Loose shelves imply the amount 
of shelves that needs to be picked from the pick-location. The ABC-model only focuses on 
the handling of shelves. However, it should be acknowledge that customer orders contains 
other products as well and that shelves only contributes to a small amount of the total or-
der (Table 4-4). 

The times required for each activity builds on the observations and are based on the gen-
eral ABC-models presented in Appendix D-F. Times for each activity are categorized ac-
cording to the frequency in which they are performed. Activities can be order dependent 
and only occurs one time per order. Pallet dependent activities are performed for each new 
pallet required in the process. Shelf/kit/batch dependent activities are performed in accor-
dance to the number of shelves handled. This classification allows an easier comparison be-
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tween small and large orders. In the following tables (Table 5-7, Table 5-8 and Table 5-9) 
the results from the ABC-models are presented. 

Table 5-7 ABC-model for current packaging method 

Process Pallet 
depend-
ent 

Shelf 
depend-
ent 

Order 
depend-
ent Cust A Cust B 

Powder coating to warehouse 4,5 0,2  8747,3 1070,1 
Storing 0,7   318,5 31,5 
Pick location 3 0,1  217 75 
Buffer 2   840 60 
Order picking 3  1 1600 580 
Pick location 8,5 0,1  1824 1508 
Buffer 2   640 0 
Total time (min)  14187 3324,6 
Total cost (SEK)  94579 22164 
Working days for one operator  30 7 
 

Due to that costs are confidential in the report, time will be the only cost driver since cost 
of materials cannot be shown. Time driven costs can be displayed since it is based on the 
estimation that an operator cost 400 SEK per hour and that does not reflect the actual cost 
for ROL. 

As can be seen in Table 5-7, one activity is added for the two suggested alternative meth-
ods. The activity is breaking a kit or batch and is performed when the ordered number 
cannot be evenly picked without breaking a kit or a batch. The need for breaking the pack-
age consumes time for the operator and results in a quality decrease.  The last row in Table 
5-7 has been added with the intention of facilitating the interpretation and comparison be-
tween the current situation and the two alternatives. Through transformation of the total 
time into the number of working days required to complete the order, the figures will be 
easier related to.  

Table 5-8 ABC-model for kit-packaging method 

Process 
Pallet de-
pendent 

Kit depend-
ent 

Order de-
pendent Cust A Cust B 

Powder coating to warehouse 5,5 1,6 4 29410,5 3763,5 
Storing 0,7   318,5 31,5 
Pick location 1 0,1  91 45 
Buffer 2   840 60 
Order picking 3  1 1600 580 
Pick location 6,5 0,1  1272 1080,25 
Buffer 2   640 0 
Breaking kit   1 160 145 
Total time (min)  34332 5705 
Total cost (SEK)  228880 38035 
Working days for one operator  72 12 
 

When comparing the results from Table 5-7 with the results in Table 5-8, it is clear that kit-
packaging is very unsuitable for large orders like Customer A-orders due to the large in-
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crease in cost and labour time. Also for smaller orders (Customer B) there is an increase in 
both cost and consumed time. However, the increase is proportionally smaller.  

When analysing the processes separately, one can conclude that two activities have in-
creased in time compared with the current situation. The first increase is in the process 
from powder coating to the warehouse and the second is when breaking a kit. On the other 
hand, the two processes connected to the pick-location, storing at pick-location and order-
picking have decreased in time. 

Table 5-9 ABC-model for batch-packaging method 

Process 
Pallet de-
pendent 

Batch de-
pendent 

Order de-
pendent Cust A Cust B 

Powder coating to warehouse 5 3 0,2 27377 3468 
Storing 0,7   318,5 31,5 
Pick location 1 0,2  91 45 
Buffer 2   840 60 
Order picking 3  1 1600 580 
Pick location 6,5 0,2  1272 1080,25
Buffer 2   640 0 
Breaking batch   1 160 145 
Total time (min)  32299 5410 
Total cost (SEK)  215323 36065 
Working days for one operator  67 11 
 

As presented in Table 5-9, the increase in both time and cost is almost as large as for the 
kit-packaging alternative when compared with the current packaging method. It is again 
important to stress that the materials cost would result in even higher costs for the kit-
packaging alternative as well as the batch-packaging alternative. 

When studying the processes separately, the same increases and decreases in time can be 
found for the batch alternative as for the kit alternative. 

Table 5-10 Summary of findings from ABC-models 

Alternative Current method Kit packaging Batch-packaging
Customer Cust A Cust B Cust A Cust B Cust A Cust B
Total time (min) 14187 3324,6 34332 5705 32299 5410 
Total cost (SEK) 94579 22164 228880 38035 215323 36065 
Working days for one operator 30 7 72 12 67 11 
 

The summary in Table 5-10 reveals an astonishing increase in both time and costs for the 
two investigated alternatives. The time is doubled compared to the current alternative. 
When just considering the two alternatives, the batch-packaging alternative provides the 
lowest time and cost even if the differences are minor. However, it is important to remem-
ber that the kit-alternative also consists of brackets, which would eliminate all order-picking 
activities connected to picking brackets. Nevertheless, the kit alternative with its corrugated 
cardboard boxes is to a larger extent more expensive in packaging material than the batch-
packaging alternative.  
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5.8 Comparing the Alternatives 
The two alternative packaging methods have, until now, been considered from different 
perspectives in the outbound logistics process at ROL and it is therefore suitable to tie the 
different arguments together and compare them in terms of the advantages and disadvan-
tages that they add to the process (Table 5-11).  

Table 5-11 Summary of the analysis 

Perspective Current Situation Kit-packaging Batch-packaging 

 Pros  Cons Pros Cons Pros Cons 

Lean 
Thinking 

Efficient in 
packaging op-
eration 

The waste of 
transportation 
and motion 

Reduce 
waste of 
transport 
and mo-
tion 

Unnecessary 
processing, 
unnecessary 
inventory 

Reduce 
waste of 
transport 
and motion

Unnecessary 
processing 

Packaging Easy to pack, 
applicable to 
all products 

Little protec-
tion 

Increase 
informa-
tion, good 
protection

Expensive,  Applicable 
to all 
products 

Low protec-
tion 

Materials 
Handling 

Combining 
packaging and 
unloading 
conveyor 

Inefficient 
order-picking

Facilitates 
order-
picking 

Additional 
activities 

Facilitates 
order-
picking 

Additional 
activities 

Transporta-
tion 

Can be double 
stacked  

Friction can 
cause 
scratches 

Protection 
against 
friction 

Increased 
volume-
higher cost 

Protection 
against 
friction 

Increased 
volume-
higher cost 

Customer 
Service 

Convenient 
for installation  

Could be dif-
ficult when 
space is lim-
ited 

Better 
quality 
and in-
formation 
display 

Difficult for 
installation 

Convenient 
for installa-
tion 

Heavy 
batches 

Shelf statis-
tics and   
order    
content 

Fits different 
order types 

Inefficient for 
small orders 

Suitable 
for even 
quantities

Unsuitable 
for large or-
ders 

 Inappropriate 
due to many 
uneven deliv-
eries 

ABC        
results 

Good for the 
overall cost 

Higher cost 
for order-
picking 

Reduced 
cost for 
order-
picking 

Increased 
overall costs 

Reduced 
cost for 
order-
picking 

Increased 
overall costs 

 

The perspectives presented in relation to the three alternatives (Table 5-11) uses pros and 
cons for each alternative. It is difficult to distinguish the leanest alternative since all three 
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include non-value adding activities. However, the current situation can, in comparison the 
other two alternatives be viewed as preferable. The batch-packaging alternative is most lean 
of the two proposed packaging alternatives since it does not require the same amount of 
unnecessary packaging activities as the kit-packaging alternative. From a packaging perspec-
tive, the kit alternative is preferable since it provides most of the benefits required for a 
package as presented by Coyle et al. (2003). The materials handling perspective is difficult 
since both kit and batch facilitates the order-picking process while the current situation is 
more efficient from powder coating to warehouse. The batch-alternative is however more 
suitable from this perspective. 

In the transportation perspective, the current situation is preferable since it is possible to 
double stack the pallets on the truck. For the two suggested alternatives it is unclear if they 
provide the ability for double stacking and if not, the disadvantage would be substantial. 
Furthermore, a possible volume increase would also result in a disadvantage for the two 
suggested alternatives.  

Given that customers have not put forward any requirements for different packaging solu-
tions it is questionable if a change in packaging would result in inappropriate processing. 
The current packaging method is therefore still suitable for customer service due to its abil-
ity to facilitate the installation. The current packaging method is most suitable in the pre-
sent order environment since it is suitable for picking in both large and small orders. Fi-
nally, the results from the ABC-models imply that the current situation is less costly than 
the two suggested alternative would be if implemented and is from a cost perspective most 
preferable. 
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6 Conclusion 
The results from the analysis showed that the packaging method clearly affects logistical ac-
tivities at ROL International in several different ways. Materials handling at ROL are af-
fected through the different activities that are required to complete each one of the three 
packaging alternatives and the handling at the warehouse. Transportation is affected in 
terms of the double stacking ability of pallets and a possible volume increase. The customer 
service is mainly affected by packaging through the installation process and the quality of 
the delivered products.   

It is concluded when considering the different perspectives that a change in packaging 
method would be unsuitable for ROL in the present situation. The two suggested alterna-
tives provide benefits in form of waste reduction and a more efficient order-picking proc-
ess. However, the disadvantages presented in the analysis demonstrate that both alterna-
tives are unsuitable for implementation. The results from the ABC-models clearly states 
that both alternatives will double the cost and time consumed during the internal materials 
handling process.  

Given that quality levels are currently at a satisfactory level, one could question if an alter-
native packaging method that focuses on enhancing quality is a strong aspect for justifying 
higher cost for packaging. Another aspect that could have justified an increase in cost and 
time is enhanced customer service. However, since customer service appears to be at a sat-
isfactory level, a change from the current packaging method would not enhance the per-
ceived value for ROL’s customers. 

The results from the order statistics revealed that shelves delivered in high volumes are un-
suitable for alternative packaging since packaging and handling will just result in unneces-
sary activities. Moreover, the installation process will also be affected negatively due to dif-
ficulties when unpacking shelves, especially for large orders. However, it can be concluded 
that smaller volumes of shelves that are delivered in high frequency are more suitable for 
an alternative packaging method due to their impact on the frequency in which the activi-
ties are performed.  

The study also concludes that neither the current situation nor the two suggested alterna-
tives are lean throughout the whole outbound logistics process. It is therefore important 
that the work towards the reduction of wastes continue within ROL in order to make the 
studied process leaner. This is especially true in the warehouse, where the analysis revealed 
that the order-picking process is currently inefficient. However, neither of the two alterna-
tives is the right solution towards a more efficient outbound logistics process.   

6.1 Discussion 
When we conducted this study it became apparent that it is of importance to thoroughly 
understand customers needs and wants in order to establish what is value adding and what 
is not. It would therefore be of interest to further strengthen the result of this study, by 
conducting a survey that revealed the requirements placed on ROL from their customers. 
Questions concerning the packaging of shelves and the requirements for other logistical 
factors such as quality, transportation and installation would have been of interest. 

Another aspect that emerged during the study was that ROL could, in addition to changing 
the packaging method, reorganize their warehouse structure in a way that would allow the 
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shelves to be picked without the need for lifting out the pallet. This would be feasible if 
each pallet location had more space that allowed the operator to lift shelves out of the pal-
let. In such situation, the current packaging alternative could become as efficient in the or-
der-picking process as the two studied packaging alternatives.  

Furthermore, when considering the statistics for orders and shelves, it is obvious that the 
two studied alternatives are unsuitable for the current ordering system. However, the au-
thors suggest that a restructuring of the way in which shelves are produced and packed 
could facilitate the materials handling. This would be possible if orders were separated into 
two categories, large orders and small orders. The large orders often includes several multi-
ples of pallets and should therefore not be packed differently than in the current situation 
in order to facilitate the materials handling as well as the installation process. The latter 
category includes smaller amounts of shelves and is suitable for alternative packaging be-
cause it would clearly facilitate the order-picking process. It is suggested that larger orders 
are manufactured to order (make-to-order) so that the operator can distinguish between 
pallets that are for order-picking and pallets that are connected to a specific order. By sepa-
rating the two categories, much of the unnecessary handling could be saved and the ware-
housing operation could become much more efficient.    

6.1.1 Criticism to the Study 
This study is built on comparison between existing activities and estimated activities. Due 
to the assumptions connected with estimations, the results could be questionable in terms 
of its preciseness. However, it is the authors’ viewpoint that the estimations are based on a 
solid investigation and is therefore sufficiently accurate.  

Furthermore, a drawback to the study is the fact that an in-depth interview with an installa-
tion engineer was changed into a brief telephone interview that gave the most critical in-
formation but lacked in deeper discussions concerning suggestions for other solutions to 
packaging of shelves. However, it would not have changed the outcome of the study but 
rather limited the discussion on other possible packaging alternatives. 

The study could be perceived as complex and unstructured since it includes a variety of dif-
ferent aspects that might be perceived as irrelevant. However, it has been of great impor-
tance to include all aspects because a simplified study would have been of no use for ROL 
in their decision-making process.   

The method in which the study was conducted is perceived by the authors to be very useful 
in similar contexts. The activity focus combined with the weighting between cost in the 
ABC-model and value-adding discussion from the Lean perspective gives a solid founda-
tion for a decision-making process. 
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Appendix A: Interview Guideline for the Manager of the 
Marketing Department 
 

Questions for the marketing department concerning alternative packaging methods 
for shelves and brackets 

We are two students from Jönköping International Business School and we are writing our 
bachelor thesis at ROL International. We have been asked to investigate alternative packag-
ing methods for shelves and brackets. Today, shelves and brackets are delivered separated 
from each other without being pre-packed.  

The following two alternatives are under investigation: 

• The first alternative is to pack shelves and brackets together into a kit (kit-
packaging). An example of this could be if two shelves were packed together with 
four brackets (in corrugated cardboard or plastic).  

 

• The second alternative is to bundle shelves together into a batch (batch-packaging). 
This could for example be if five shelves were bundled into a single package (in 
corrugated cardboard or plastic). 

 

We have been informed that the origin of the idea came from the marketing department 
and due to that, we are interested in more details around the development of the idea. The 
information could be of great importance and give new angle to our investigation and 
therefore, we would be very grateful if you could answer the following questions. 

• What are the underlying factors for the idea in the beginning? 
 

• Have there been any indications from the customer’s point of view for alternative 
packaging methods? 

 

• What possibilities do you see with the two alternatives? 
 

- From ROL’s point of view 
- From the customer point of view 

 

 



Appendix B  

Appendix B: Interview Guidelines for the Manager of 
the Quality Department 
 

Questions for the quality department concerning alternative packaging methods for 
shelves and brackets 

We are two students from Jönköping International Business School and we are writing our 
bachelor thesis at ROL International. We have been asked to investigate alternative packag-
ing methods for shelves and brackets. Today, shelves and brackets are delivered separated 
from each other without being pre-packed.  

The following two alternatives are under investigation: 

• The first alternative is to pack shelves and brackets together into a kit (kit-
packaging). An example of this could be if two shelves were packed together with 
four brackets (in corrugated cardboard or plastic).  

 

• The second alternative is to bundle shelves together into a batch (batch-packaging). 
This could for example be if five shelves were bundled into a single package (in 
corrugated cardboard or plastic). 

 

Questions:  

Present situation: 

• How does the present way of working with the shelf concept work? 
• What quality norms does ROL have on its products? 
• Are the quality work integrated in all steps/processes in the value chain? 
• Does it exist scarcities according to the quality on the shelf concept?  
• Which are the most frequent defects and the underlying causes on the shelf con-

cept? 
• Do customers get in touch with you due to lack of quality on the shelf concept? 
• Do you keep statistics on divergence in quality for the shelf concept? 

 

The two alternatives: 

• Do you see any potential with the alternative packaging methods in quality aspects 
 - For kit-packaging 

- For batch-packaging 

Discussion: 

• How much can high quality cost (quality vs. costs)? 
• How does ROL value “goodwill” generated of high quality? 
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Appendix C: Interview Guidelines for Installation 
Engineers 
 

Questions to the installation engineers concerning alternative packaging methods 

We are two students from Jönköping International Business School and we are writing our 
bachelor thesis at ROL International. We have been asked to investigate alternative packag-
ing methods for shelves and brackets. Today, shelves and brackets are delivered separated 
from each other without being pre-packed.  

The following two alternatives are under investigation: 

• The first alternative is to pack shelves and brackets together into a kit (kit-
packaging). An example of this could be if two shelves were packed together with 
four brackets (in corrugated cardboard or plastic).  

 

• The second alternative is to bundle shelves together into a batch (batch-packaging). 
This could for example be if five shelves were bundled into a single package (in 
corrugated cardboard or plastic). 

 

Because of differences in prerequisites between supplementary orders and new installa-
tions, we want you to answer both situations separately with pros and cons for the follow-
ing questions. 

• What pros and cons are there with present approach of handling shelves and 
brackets at: 

 

- Supplementary installation 
- New installation 

 

• What pros and cons do you see with alternative 1 at: 
 

- Supplementary installation 
- New installation 

 

• What pros and cons do you see with alternative 2 at: 
 

- Supplementary installation 
- New installation 
 

• Other comments concerning deliveries of shelves from ROL? 
 

 

 



From Powder Coating to Warehouse
Activity Cost Driver Time Consumed Materials Consumed
1: Prepare pallet Time (min/pallet), Materials (quant.) 1 Pallet+ Pallet Collars/Cardboard Box
2: Place shelves in pallet Time (min/pair) 0,4
3: Place corrugated cardboard between the shelves* Time (min/pair), Materials (quant.) 0,1 Cardboard
4: Secure pallet for transportation Time (min/pallet), Materials (quant.) 2,5 Metal Strap+ Wood strip + Pack material
5: Transport to  warehouse Time (min/pallet) 1
Total 5

Storing Process
Activity Cost Driver Time Consumed Materials Consumed
6: Verify products Time (min/pallet) 0,2
7: Transport to storage location Time (min/pallet) 1
8: Transport to buffer Time (min/pallet) 2
9: Fill up pick-location Time (min/pallet) + (min/pair) (2+0,2)
10: Report in computer Time (min/pallet) 0,5
Total 5,9

Order-Picking Process
Activity Cost Driver Time Consumed Materials Consumed
11: Receive order Time (min/order) 1
12: Prepare customer pallet Time (min/pallet), Materials (quant.) 2 Pallet+ Cardboard Box/Pallet Collars
13: Fetch pallet from pick-location Time (min/pallet) 2
14: Pick and place shelves in customer pallet Time (min/pair) 0,2
15: Return pallet to pick-location Time (min/pallet) 2
16: Secure pallet for transportation Time (min/pallet), Materials (quant.) 2,5 Metal Strap + Wood Strip + Pack Material
17: Measure size and weight of pallet Time (min/pallet) 1
18: Address pallet with destination card Time (min/pallet) 1
19: Transport to dispatch area Time (min/pallet) 1
Total 12,7

23,6
Note: Cost for the cost drivers have been left out due to confidentiality issues 
* Activity only performed for shelves with sensitive coating

Pick location dependent
Buffer dependent Note: picking a buffer means 2 minutes in time
Independent
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From Powder Coating to Warehouse
Activity Cost Driver Time Consumed Materials Consumed
A: Prepare pallet Time (min/pallet), Materials (quant.) 1 Pallet
B: Place shelves onto pallet Time (min/pair) 0,3
C: Transport to pre-packaging area Time (min/pallet) 1 Cardboard
D1: Fetch brackets and cardboard boxes Time (min/order) + (min/order) (2+2)
D2: Place shelves and brackets into cardboard box Time (min/kit), Materials (quant.) 1 Cardboard box
D3: Seal package Time (min/kit) 0,1
D4: Add product info onto the package Time (min/kit) 0,1
D5: Place kit onto pallet Time (min/kit) 0,1
D6: Secure pallet Time (min/pallet), Materials (quant.) 2,5 Metal Strap/Plastic Film
D7: Transport to warehouse Time (min/pallet) 1
Total 11,1

Storing Process
Activity Cost Driver Time Consumed Materials Consumed
6: Verify product Time (min/pallet) 0,2
7: Transport to storage location Time (min/pallet) 1
8: Transport to buffer Time (min/pallet) 2
9: Fill up pick-location Time (min/kit) 0,1
10: Report in computer Time (min/pallet) 0,5
Total 3,8

Order-Picking Process
Activity Cost Driver Time Consumed Materials Consumed
E: Receive order Time (min/order) 1
F: Prepare customer pallet Time (min/pallet), Materials (quant.) 2 Pallet+ Cardboard Box/Pallet Collars
G: Travel to pick-location Time (min/pallet) 1
H: Pick and place kit in customer pallet Time (min/kit) 0,1
I: Travel to next pick-location or return to order-picking area Time (min/pallet) 1
J: Secure pallet for transportation Time (min/pallet), Materials (quant.) 2,5 Metal Strap
K: Measure size and weight of pallet Time (min/pallet) 1
L: Address pallet with destination card Time (min/pallet) 1
M: Transport to dispatch area Time (min/pallet) 1
Total 10,6

25,5
Note: Cost for the cost drivers have been left out due to confidentiality issues 

Pick location dependent
Buffer dependent Note: picking a buffer means 2 minutes in time
Independent
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From Powder Coating to Warehouse
Activity Cost Driver Time Consumed Materials Consumed
A: Prepare pallet Time (min/pallet), Materials (quant.) 1 Pallet
B: Place shelves onto pallet Time (min/pair) 0,3
C: Transport to pre-packaging area Time (min/pallet), Materials (quant.) 0,5
D11: Prepare strapping machine Time (min/order) 0,2
D12: Place four shelves into the machine Time (min/batch), Materials (quant.) 2 Plastic Strap
D13: Place the strapped batch onto pallet Time (min/batch), Materials (quant.) 0,2
D14: Secure pallet Time (min/pallet) 2,5 Metal Strap/Plastic Film
D15: Transport to warehouse Time (min/pallet) 1
Total 7,7

Storing Process
Activity Cost Driver Time Consumed Materials Consumed
6: Verify product Time (min/pallet) 0,2
7: Transport to storage location Time (min/pallet) 1
8: Transport to buffer Time (min/pallet) 2
9: Fill up pick-location Time (min/batch) 0,2
10: Report in computer Time (min/pallet) 0,5
Total 3,9
Order-Picking Process

Activity Cost Driver Time Consumed Materials Consumed
E: Receive order Time (min/order) 1
F: Prepare customer pallet Time (min/pallet), Materials (quant.) 2 Pallet+ Cardboard Box/Pallet Collars
G: Travel to pick-location Time (min/pallet) 1
H: Pick and place batch in customer pallet Time (min/batch) 0,2
I: Travel to next pick-location or return to order-picking area Time (min/pallet) 1
J: Secure pallet for transportation Time (min/pallet), Materials (quant.) 2,5 Metal Strap
K: Measure size and weight of pallet Time (min/pallet) 1
L: Address pallet with destination card Time (min/pallet) 1
M: Transport to dispatch area Time (min/pallet) 1
Total 10,7

22,3
Note: Cost for the cost drivers have been left out due to confidentiality issues

Pick location dependent
Buffer dependent Note: picking a buffer means 2 minutes in time
Independent
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Appendix G  

Appendix G: Calculations for the ABC-models 
 

Figures and coding for manufacturing orders 

  Cust A Letter in formula Cust B Letter in formula 

Manufacturing occasions 35 A 15 I 

Manufactured amount 33499 B 4338 J 

Intersection per manufacturing occasion* 956 C 288 K 

Shelves roomed in pallet 77 D 99 L 

Full pallets 12 E 2 M 

Last pallet 32 F 90 N 

Kit-packages 478 G 144 O 

Batch-packages 239 H 72 P 

 

Figures and coding for customer orders 

 Cust A Letter in formula Cust B Letter in formula 

Orders 160 Q 145 V 

Order size 183 R 19 W 

Shelves roomed in pallet 77 S 99 X 

Full pallets 2 T 0 Y 

Loose shelves 29 U 19 Z 

 

Financial figures and coding 

Time cost (SEK/hour) 400 Θ 

Time cost (SEK/min) 6,667 Ω 

1 working day for 1 operator (min) 480 Φ 
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Current method 

 
Pallet de- 
pendent 

Shelf de-
pendent 

Order de-
pendent 

Number 
in formula 

Formula 

 

Letter a b c  Cust A Cust B 

Powder coating to warehouse 4,5 0,2  1 a1*A*(E+1)+b1*B a1*I*(M+1)+b1*J 

Storing 0,7   2 a2*A*(E+1) a2*I*(M+1) 

Pick location 3 0,1  3 a3*A+b3*F*A a3*I+I*2 

Buffer 2   4 A*E*a4 a4*I*M 

Order picking 3  1 5 a5*Q*(T+1)+c5*Q a5*V*(Y+1)+c5*V 

Pick location 8,5 0,1  6 a6*Q+b6*Q*U a6*V+b6*V*Z 

Buffer 2   7 a7*Q*T a7*V*Y 

Total time (min)    8 SUMMA SUMMA 

Total cost (SEK)    9 SUMMA*Ω SUMMA*Ω 

Working days for one opera-
tor    10 SUMMA/Φ SUMMA/Φ 

 

Kit-packaging 

 
Pallet de-
pendent 

Kit de-
pendent 

Order 
de-
pen-
dent 

Number 

mula  
in for-

Formula 

Letter a b c  Cust A Cust B 

Powder coating to 
warehouse 5,5 1,6 4 11 a11*A*(E+1)+b11*A*G+c11*A a11*I*(M+1)+b11*O*I+c11*I

Storing 0,7   12 a12*A*(E+1) a12*I*(M+1) 

Pick location 1 0,1  13 a13*A+A*b13*((C-(D*E))/2) a13*I+I*2 

Buffer 2   14 A*a14*E a14*I*M 

Order picking 3  1 15 a15*Q*(T+1)+c15*Q a15*V*(Y+1)+c15*V 

Pick location 6,5 0,1  16 a16*Q+b16*Q*(U/2) a16*V+b16*V*(W/2) 

Buffer 2   17 a17*Q*T a17*V*Y 

Breaking kit   1 18 c18*Q c18*V 

Total time (min)         SUMMA SUMMA 

Total cost (SEK)         SUMMA*Ω SUMMA*Ω 

Working days for one 
operator         SUMMA/Φ SUMMA/Φ 
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Batch-packaging 

 
Pallet de-
pendent 

Batch 
depend-
ent 

Order 
depend-
ent 

Num-
ber in 
for-

mula  

Formula 

  

Letter a b c   Cust A Cust B 

Powder coating to ware-
house 5 3 0,2 19 a19*A*(E+1)+b19*H*A+V*A a19*I*(M+1)+b19*I*P+V*I 

Storing 0,7     20 a20*A*(E+1) a20*I*(M+1) 

Pick location 1 0,2   21 a21*A+b21*A*((C-(D*E))/4) a21*I+I*2 

Buffer 2     22 a22*A*E A7*I*M 

Order picking 3   1 23 a23*Q*(T+1)+Z*Q a23*V+c23*Z*V 

Pick location 6,5 0,2   24 a24*Q+b24*Q*(U/4) a24*V+b24*V*(W/4) 

Buffer 2     25 a25*Q*T b25*V*Y 

Breaking batch     1 26 c26*Q c26*V 

Total time (min)         SUMMA SUMMA 

Total cost (SEK)         SUMMA*Ω SUMMA*Ω 

Working days for one 
operator         SUMMA/Φ SUMMA/Φ 
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