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ABSTRACT 
Today’s competitive environment has forced companies to rethink and come up with 
strategies for cost minimization. Logistics accounts for a significant part of the total 
costs in a manufacturing company, thus leaving room for major reductions through 
re-engineering of logistics processes. In logistics, packaging has become an important 
focus area where there are opportunities to increase efficiency and reduce costs 
associated with logistics. Furthermore, pallet configurations have always been an area 
of concern for various industries. Packing boxes onto pallets, i.e. palletization, consists 
of arranging different products that are packed in boxes onto pallets in the most 
efficient way. An efficient palletization system has many advantages such as cost 
reduction of transportation and inventory, reduced loading and unloading operation 
times, and facilitation of freight handling. A minor increase in the number of products 
loaded on the pallet may lead to significant savings.  
 
The purpose of this study has been to assess and evaluate McNeil AB’s packaging 
system focusing mainly on the pallet configurations and the impact these have on 
various logistical activities. McNeil AB, a Johnson & Johnson company, is a world 
leading organization in smoking cessation products, with the Nicorette brand 
recognized globally. The Nicorette products come in different forms, such as gums, 
inhalers, lozenges and nasal sprays. In order to achieve the objectives of the study, the 
boxes and the pallet configurations of the company have been reviewed and analyzed 
from a packaging logistics point of view.  
 
The analysis has resulted in a set of modified boxes and pallet reconfigurations to 
improve efficiency. In fact, eight boxes have been modified and given new dimensions 
based on the optimal pallet configuration. Also, of the total 52 pallet configurations 
that exist within the company, 36 have been modified with either new layers, modified 
boxes or modified pallet configuration. These new modified pallet configurations do 
not only result in an improved external filling rate but also in pallet loads that are more 
secure and stable. The reconfigurations have led to the fact that the external filling rate 
of the pallet loads has improved by 24,5%, going from an average external filling rate 
of 66,5% to 82,8%.  
 
To evaluate the impact of the changes that have been made, a cost analysis has been 
carried out to determine the savings of the proposed modifications. The cost analysis 
has been based on transportation, warehousing and pallet costs. With the proposed 
modified boxes and pallet reconfigurations, annual savings of approximately 1 MSEK 
can be achieved. Other benefits with the proposed boxes and pallet configurations are 
increased product safety, less pallets to handle and lower environmental impact, all of 
which lead to a more efficient logistics flow.  
 
 
Keywords: Logistics, Packaging Logistics, Packaging System, Pallet Loading Problem, Primary 
Packaging, Secondary Packaging, Tertiary Packaging, Pallet Configuration, Transportation, 
Warehousing   



 
 

SAMMANFATTNING 
Dagens konkurrenskraftiga affärsmiljö har ansatt företag till att tänka om och utveckla 
strategier för att reducera kostnader. Logistik står för en betydande del av de totala 
kostnaderna i ett tillverkande företag, vilket utgör ett stort utrymme för 
kostnadsreduceringar genom förändrade logistikprocesser. Förpackningslogistik har 
på senare år blivit ett viktigt fokusområde där stora möjligheter till att öka 
effektiviteten och minska kostnaderna i samband med logistik återfinns. Dessutom har 
pallkonfigurationer alltid varit ett problemområde för olika branscher. Att lasta boxar 
på pallar, dvs. palettisering, består av att arrangera olika produkter som är förpackade 
i lådor på pallar på det mest effektiva sättet. Ett effektivt pallsystem har många 
fördelar såsom reducerade transport- och lagerkostnader, minskad tid för lastning och 
lossning samt underlättandet av godshantering. En minimal ökning av antalet 
produkter på en pall kan leda till betydande besparingar för företaget. 
 
Syftet med denna studie har varit att bedöma och utvärdera McNeil ABs 
förpackningssystem främst med fokus på pallkonfigurationer och påverkan dessa har 
på olika logistiska aktiviteter. McNeil AB, ett företag inom Johnson & Johnson 
koncernen, är en världsledande organisation i rökavvänjningsprodukter, med det 
globalt erkända varumärket Nicorette. Nicorette produkter finns i olika former, såsom 
tuggummi, inhalatorer, sugtabletter och nässprayer. För att uppnå målet med denna 
studie har företagets transportförpackningar och pallkonfigurationer granskats och 
analyserats utifrån ett förpackningslogistiskt perspektiv. 
 
Analysen har resulterat i en uppsättning av modifierade transportförpackningar och 
pallkonfigurationer för att förbättra effektiviteten. I själva verket har åtta 
transportförpackningar modifierats och fått nya dimensioner baserat på den optimala 
pallkonfigurationen. Utöver detta har 36 av de totala 52 pallkonfigurationer som finns 
inom företaget modifierats med antingen nya lager, modifierade 
transportförpackningar eller modifierade pallkonfigurationer. Dessa nya modifierade 
pallkonfigurationer resulterar inte bara i en förbättrad extern fyllnadsgrad av pallarna 
utan också i säkrare och stabilare pall laster. Dessa förändringar har lett till det faktum 
att den externa fyllnadsgraden för pallar har förbättrats med 24,5%, från en 
genomsnittlig extern fyllnadsgrad på 66,5 % till 82,8%. 
 
För att utvärdera effekterna av de förändringar som utförts har en kostnadsanalys 
genomförts för att fastställa vilka besparingar som kan åstadkommas. 
Kostnadsanalysen har baserats på transport-, lager- och pallkostnader. Med de 
föreslagna modifierade transportförpackningarna och pallkonfigurationerna så kan en 
potentiell årlig besparing på cirka 1 MSEK uppnås. Övriga förmåner med de 
föreslagna transportförpackningarna och pallkonfigurationerna är ökad 
produktsäkerhet, färre pallar att hantera samt minskad miljöpåverkan, vilka leder till 
ett effektivare logistikflöde. 
 

  



 
 

GLOSSARY 

Primary packaging  Packaging that the product is in direct contact with. Also called 
consumer packaging, i.e. the package that the consumer will obtain from 
the store shelves.   

Secondary Packaging    Secondary package contains and protects one or several primary 

packages that are arranged and grouped. Also called SKU (Stock 

Keeping Unit). 

Tertiary Packaging  Tertiary packaging is used to facilitate a series of secondary packages for 

a more effective way of goods handling. Also called transport packaging. 

Load Carrier  Carriers allow the packages to be loaded on e.g. pallets and containers 
for more efficient handling and stacking of packages. 

Pallets  Pallets are small, low, portable platforms on which goods are placed for 
storage and movement, as in a warehouse or truck.  

Pallet Loading Problem  The Pallet Loading Problem refers to the loading of uniformed 
(Manufacturer’s Pallet Loading Problem) or non-uniformed 
(Distributor’s Pallet Loading Problem) dimensioned boxes on a 
multilayer pallet. The main objective of the Pallet Loading Problem is to 
combine boxes in order to make use of the maximum possible space on 
the pallet.  
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1. INTRODUCTION 
 
his chapter will provide the reader the underlying logic for this thesis by pointing 
out the importance of packaging logistics and efficient packaging systems in 
manufacturing companies. Also, the chapter emphasizes on the purpose of the 
study followed by delimitations and disposition.  
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1.1 Background 

In manufacturing environments, logistics play a vital role in all the different stages of 
the supply chain, from raw material to customer delivery (Siali, Yao & Kie, 2013). 
Today’s prevailing competitive environment has forced companies to rethink and 
come up with strategies for cost minimization (García-Arca, Prado-Prado & Antonio-
García-Lorenzo, 2006). Logistics accounts for a significant part of the total costs in a 
manufacturing company, thus leaving room for major reductions through re-
engineering of logistics processes (Christopher, 2011). According to Morabito, Morales 
and Widmer (2000), many analysts suggest that logistics is one of the main sources for 
a firm where there are opportunities to increase efficiency and gain competitive 
advantage. Furthermore, packaging is an area that is considered to be crucial for 
logistical cost savings which affects the main logistical activities, i.e. transport, 
inventory, warehousing (Hellström & Saghir, 2007).   
 
Packaging is traditionally viewed as a term for the protection of products during 
different logistical activities such as transportation and handling (Chan, Chan & Choy, 
2005). This traditional view of packaging has nonetheless changed in the recent years. 
It has become a focus area and is progressively seen as an important activity where 
companies can reduce costs associated with logistics (Kye, Lee & Lee, 2013). There is a 
connection between packaging and the supply chain, but it has often been overlooked 
(Saghir & Jönsson, 2001). Although there is no exact definition of the term packaging 
logistics, Saghir and Jönsson (2001) have defined it as the interaction and relationship 
between a packaging system and a logistical system in pursuance of reducing 
packaging related costs and add value to the system. A packaging system involves 
numerous areas that are interrelated, meaning that most of these areas are depending 
on each other. Pallet configurations play a vital role in packaging logistics and can 
therefore have a major impact on the logistical flow (Saghir & Jönsson, 2001). 
 
Moreover, pallets and the configurations of pallets have been very important tools in 
packaging logistics for efficient goods handling. Hence, palletization and pallet 
loading systems are central areas in packaging logistics. Palletization consists of 
arranging different products that are packed in boxes onto pallets in the most efficient 
way. An efficient palletization system has many advantages. According to Morabito, 
Morales and Widmer (2000), advantages with efficient palletization are cost reduction 
of transportation and inventory, reduced loading and unloading operation times, and 
facilitation of freight handling. Other advantages with efficient palletization systems 
are reduced damaged, lost or stolen items in the logistics flow. However, there are 
some disadvantages that are coupled with palletization such as equipment 
requirements, lack of well-accepted standard pallets, lack of compatible trucks for the 
various pallet standards and the unwanted empty space of the cargo load (Morabito, 
Morales & Widmer, 2000). 
 
Ge (1996) argues that the packing of boxes onto pallets has always been an area of 
concern for various industries. Stacking products on pallets does, nonetheless, require 
many considerations such as the quantity of boxes, the density of various loads and 
the required method for securing the load (Chan, Chan & Choy, 2005). For a bigger 
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manufacturing company, a minor increase in the number of products loaded on the 
pallet may lead to significant savings (Morabito, Morales & Widmer, 2000). 

1.2 Problem Discussion 

McNeil AB, a Johnson & Johnson company, is a world leading organization in smoking 
cessation products, with the Nicorette brand recognized globally. The Nicorette 
products come in different forms, such as gums, inhalers, lozenges and nasal sprays. 
The pharmaceutical industry is a complex one where standards and regulations are a 
formality. These have a big impact on the primary and secondary packages that have 
to be adapted to these regulations and standards. This has led to the fact that less 
emphasis has been put on the tertiary packages and the load carriers. 
 
McNeil AB is using pallets as load carriers and the tertiary packages are made of 
corrugated cardboard. The focus being elsewhere, the pallet system has not been 
reviewed even though some problems have emerged, such as the inability to double-
stack pallets. In other words, the tertiary packages are placed on the pallets in an 
inefficient way, hindering the company from making efficient use of warehouse space 
and transports. This has led to the fact that product safety due to overhang and 
underhang on the pallets has been jeopardized. 
 
Therefore, McNeil AB is in need of having their packaging system studied and 
evaluated from a packaging logistics perspective, focusing mainly on their pallet 
configuration system and the impact it has on the logistics flow. Studying this will 
require considerations such as volume and weight-efficiency, adapted quantity on the 
pallets and product safety. 

1.3 Purpose 

The purpose of this study is to evaluate McNeil’s existing packaging system in 
pursuance of finding possible improvements. In addition, the study aims to evaluate 
and assess how possible improvements of their packaging system can affect 
warehouse and transport efficiency, and associated costs/benefits deriving from the 
improvements. 
 
In order to fulfill the purpose, the study will: 

 Evaluate the pallet configuration system with regard to volume- and weight 
efficiency, product safety, handleability, flow information and adapted size of 
the tertiary packages. 

 Evaluate and assess the impact pallet reconfigurations has on transport- and 
warehouse efficiency. 

 Propose the costs and benefits deriving from a possible pallet system 
reconfiguration. 
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1.4 Delimitations 

This study will only focus on the smoking cessation Nicorette products at the 
Helsingborg site. Moreover, from a packaging logistics point of view, the focus will be 
on the pallet configurations of each product. The primary and secondary packages of 
the products will not be studied for the reason that these are fixed due to internal and 
external requirements. Therefore, only tertiary packaging followed by load carriers 
will be covered in this thesis. Moreover, the study will only focus on in-house transport 
and warehousing operations.  

1.5 Disposition 
 

Chapter 2. Methodology This chapter will show and clarify the various methods that 
have been undertaken in order to fulfill the purpose of this 
study. 
 

Chapter 3. Theoretical 
Frame of Reference 

The intention of this chapter is to show and describe the 
theoretical framework that the thesis has been based upon. The 
different theories in this chapter are intended to give an 
understanding of the subject and be compared with the findings 
obtained in the empirical presentation chapter. 
 

Chapter 4. Empirical 
Findings 

This chapter will present the information and data that has been 
collected from the various data collection methods. 

Chapter 5. Analysis This chapter will analyze and compare the results of the study 
with the theories that have been mentioned in the third chapter.  
 

Chapter 6. Conclusions and 
Recommendations 

This chapter will include the conclusions derived from the 
analysis and the recommendations for the case company.   

Chapter 7. Discussion  This chapter will include a general discussion regarding the 
study, generalizability and further research.  
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2. METHODOLOGY 

 

he aim of this chapter is to communicate and explain to the reader the chosen 
research mindset and approach of the thesis. Moreover, this chapter will outline 
how data has been collected and assessed. The methodology of this study has been 
summarized in table 2.1. 

 

  

T 
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 Table 2.1 Summary of Methodology  

Research Purpose Explorative 

Research Strategy Case study 

Research Approach 
Abductive (Deductive-Inductive) 
Qualitative study 

Data Collection 

 Primary and Secondary 
 Observations 
 Interviews 
 Literature 
 Intranet data 

2.1 Research Purpose 

In order to conduct this study in a proper manner, it is required to define the context 
in which the information will be gathered and used. Thus, the intended goal of the 
study and the perspective from which information will be gathered and interpreted 
have to be explained. This process is called the research purpose and has been defined 
as being one of three different research types, namely exploratory, descriptive and 
explanatory. However, the study may also have more than just one of the listed 
purposes (Saunders, Lewis & Thornhill, 2012). 

2.1.1 Exploratory Study  

The objective of an exploratory study is, according to Saunders, Lewis and Thornhill 
(2012, p.139), to figure out “what is happening; to seek out new insights; to ask questions and 
to assess phenomena in a new light”. This means that this type of study seeks to 
understand and explore, as it has been compared to the actions of an explorer. Thus, 
this research purpose is useful when trying to figure out something and to understand 
the roots of it, it clarifies the understanding of a problem and is flexible and adaptable 
to change. The exploratory study seeks to answer the “why?” and “how?” questions 
(Saunders, Lewis & Thornhill, 2012).  

2.1.2 Descriptive Study  

A descriptive study seeks to describe or portray a phenomenon in a deep manner. In 
contrast to an exploratory study, the descriptive study seeks to go further and present 
a clear picture of the situation at hand. Thus, the main objective is to describe a research 
area and distinguish facts in a profound way in order to answer “what?” and “who?” 
questions (Saunders, Lewis & Thornhill, 2012).  

2.1.3 Explanatory Study  

The explanatory study’s objective is to establish relationships between different factors 
in the research. The emphasis is put on studying the specific problem or situation to 
be able to map and describe the relationships between variables. This approach has 
the deepest scope and seeks to answer “what if?” questions (Saunders, Lewis & 
Thornhill, 2012). 
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2.1.4 Research Purpose for this Study  

The purpose of this study has been explorative, as the objective was to firstly describe 
and evaluate McNeil’s packaging system in order to find room for possible 
improvements. Once the evaluation was done, the goal was to find proper 
recommendations in order to improve the packaging system resulting in cost savings 
and benefits, thus fitting as an explorative study seeking to give new insights. 

2.2 Research Strategy 

The choice of research strategy will provide guidelines as to where the study is 
heading. There are various research strategies, such as case study, experiment, archival 
study, surveys and study of history (Saunders, Lewis & Thornhill, 2012). The research 
strategy does not depend on the type of purpose of the study, meaning that any type 
of research strategy can be implied to the three different kinds of research purposes. 
According to Yin (2003), it is very important to choose the appropriate strategy that is 
best suited for the study. Moreover, the latter has developed a framework that shows 
when to use each strategy. This framework can be seen in table 2.2. 
 

Table 2.2. Research Strategies (Yin, 2003) 

Strategy Form of Research 
Question 

Requires Control 
of Behavioral 

Events? 

Focuses on 
Contemporary 

Events? 

Experiment How, Why? Yes Yes 

Survey 
Who, What, Where, How 

many, How much? 
No Yes 

Archival 
analysis 

Who, What, Where, How 
many, How much? 

No Yes/No 

History How, Why? No No 

Case study How, Why? No Yes 

2.2.1 Research Strategy for this Study  

Firstly, through analyze of this study’s focus, the archival and survey strategies could 
be eliminated since they did not fit with the objectives of the research at hand. This 
study did not require any control of behavioral events and has been based and 
focusing on contemporary events, since the goal was to evaluate the existing 
packaging system and suggest improvements. This lead to the fact that the case study 
strategy was best suited for this study; however, some minor archival studies have 
been conducted in order to collect important information to support the study. 

2.3 Research Approach 

The approach to a study will determine in what way the research will be conducted. 
According to Saunders, Lewis and Thornhill (2012), there are two different types of 
research approaches, namely deductive and inductive. Saunders, Lewis and Thornhill 
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(2012) have classified these approaches in relation to theory. However, there is a third 
possibility where the research approach is a combination of deductive and inductive, 
also called an abductive approach, which according to Saunders, Lewis & Thornhill 
(2012) is favorable. 
 
A deductive research approach implies formulating a theory in order to test this theory 
in real life, meaning that hypotheses are developed based on existing theories. These 
hypothesis are later test in relation to other variables in order to see whether the theory 
is true or not. On the other hand, an inductive approach implies building new theories 
based on collected data (Saunders, Lewis & Thornhill, 2012). 
 
Moreover, according to Saunders, Lewis and Thornhill (2012), a study can be either 
qualitative or quantitative. The difference between these two lies in the way that data 
and information is collected and processed. To simply explain these two techniques, it 
can be said that quantitative methods are the result of any data collection resulting in 
numerical data, and on the other hand, qualitative methods result in non-numerical 
data, such as words, pictures or books (Saunders, Lewis & Thornhill, 2012). 

2.3.1 Research Approach of the Study  

This study has been conducted through a case study in order to collect data and get an 
understanding of the situation. The collected data has later on been compared with 
existing theories and an analysis has been conducted in order to identify correlations 
and to draw relevant conclusions. Thus, the study has had deductive-inductive 
approach, which is also classified as an abductive approach. Moreover, this study has 
been classified as a qualitative one although some parts will tend to be quantitative in 
regard to the analysis. 

2.4 Data Collection  

Concerning data collection, we generally speak about two types of data: primary and 
secondary data. Saunders Lewis and Thornhill (2012) have defined primary data as 
data being gathered by the researcher himself. This data is most commonly acquired 
by means of observations, interviews and surveys. This information might be time 
sensitive and can only be used within a short amount of time, thus primary 
information gathering requires careful planning to achieve accurate data. Moreover, 
there are three types of interviews that can be conducted in order to collect the data 
that is needed, namely structured interviews, semi-structured interviews and 
unstructured or in-depth interviews. A structured interview is one that has been 
carefully prepared and the questions are predetermined. In a semi-structured 
interview, the topic is predetermined but the questions that emerge and the direction 
of the interview may differ depending on the conversation flows. As the name 
suggests, an unstructured interview is one that has not been prepared and are common 
conversations. (Saunders, Lewis & Thornhill, 2012) 
 
Another source of primary data in this study was observations. According to Yin 
(2003), observations involve the act of observing, describing, registering, interpreting 
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and analyzing human behavior. Observations can be divided into two categories, 
which are participatory observations and direct observations. In a participatory 
observation the observer intends to become part of the situation that is to be studied. 
On the other hand, direct observations means that the situation that is to be observed 
is created by the researcher himself who then observes the outcome. These two 
techniques aim to describe events in real time, and the goal is to link these events to a 
wider context. 
 
Moreover, secondary data is defined by Saunders Lewis and Thornhill (2012) as being 
data collected by another party, where the data has not been collected for the sole 
interest of the study at hand. This means that the data may be out of date and of less 
quality, however, this type of data is cheap and accessible. Secondary data can be seen 
as a support to the current study, and comes in form of articles, books, archival studies 
and the company’s intranet. 

2.4.1 Data Collection Methods for this Study 

In this study, both primary- and secondary data were needed in order to meet the 
requirements. The primary data that was collected comes in form of a set of semi-
structured interviews and observations. The secondary data that was collected has 
been the result of literature research and McNeil AB’s intranet system. 
 
During the course of this study, a set of semi- and unstructured interviews were 
conducted in order to gather the needed data, which falls under the category of 
primary data. The interviews were held in the company’s production and 
warehousing facilities where employees with management functions have been 
interviewed. The subjects for the interviews were not chosen randomly and they all 
had good expertise and knowledge of the problem at hand deriving from the 
management functions they occupied, which led to very valuable data for the study. 
The subjects had very interesting inputs and were willing and able to answer most of 
the upcoming questions. As mentioned above, the interviews were semi structured 
and unstructured. At first, unstructured interviews were conducted in order to get a 
wide grip and knowledge of the company and its operations. Later on, the semi-
structured interviews were conducted with predetermined subjects, all focusing on the 
packaging system and pallet system of the company. Depending on the information 
that was needed, the interviews were briefly prepared and had a main subject, but the 
road to get there could differ a lot which gave a good insight and valuable information. 
The data gathered from the semi-structured and unstructured interviews lay ground 
for the problem formulation and the empirical part of the study. Beside the 
abovementioned interviews that the researchers have conducted, a few meetings, 
conferences and field trips were done in order to collect the needed data for the study. 
 
Considering the fact that the authors have been based in the company’s main plant 
during almost all the time with access to the different production and warehousing 
facilities, many observations were done throughout the study. However, the study 
consisted of mostly direct observations that were conducted in the company’s 
warehouses in Stattena/Ättekulla as well as in the packaging lines in Stattena. During 
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these observations many factors were observed. In the packaging lines in Stattena, the 
product flow was studied and the packaging of the products was assessed. In the 
warehouse in Stattena, which is only used for inhouse transports, the warehouse space 
utilization, pallets and truck fill rates were observed. Moreover, the warehouse in 
Ättekulla for outbound transports was also observed in the same manner, where the 
pallets, warehouse space and truck fulfillments were observed. 
 
The main source of secondary data in this study has been the company’s intranet, 
where detailed plans and measurements of the current packaging components are 
described. However, a literature study was conducted in order to find scientific 
information that is relevant for the study’s purpose and research objectives. The 
literature that was gathered during this study falls under the category of secondary 
data. Articles and books related to the topic were also studied. This was done in order 
to find useful theories and models within the scope of the study. Articles have been 
gathered through various databases such as PRIMO (database of Luleå University of 
Technology), Lund university library and Google scholar. The main keywords used 
during the literature search were logistics, packaging, packaging logistics, 
förpackningslogistik (packaging logistics in Swedish), pallet systems, palletization, 
pallet configurations, transport modes, warehousing and supply chain. 

2.5 Validity & Reliability 

The validity and reliability of a study will define the credibility of the research and its 
findings. It is important in a scientific study to try to reduce the possibility of getting 
wrong and inaccurate answers, which puts emphasis on reliability and validity. The 
reliability of a study reflects to the extent to which the data collection techniques will 
generate accurate findings, whereas the validity of a study refers to the extent to which 
the data collection methods actually measure what they were intended to measure. 
The validity of a study can be divided into internal and external validity. (Saunders, 
Lewis & Thornhill, 2012)  
 
Although a study can be valid and not reliable and the other way around, a proper 
study has to be both valid and reliable to achieve credibility, as figure 2.1 suggests. In 
order to reach this, Yin (2003) argues that multiple sources of evidence have to be used, 
a case study database has to be constructed and a chain of evidence has to be 
maintained throughout the study. 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.1. Reliability and validity. Retrieved 2015-03-10 from http://www.aspiringminds.in/talent-   
evaluation/adaptive-assessment-technology.html 
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Saunders, Lewis and Thornhill (2012) suggest that there are four threats to the 
reliability of a study. These threats are subject or participant error, subject or 
participant bias, observer error and finally observer bias. Subject or participant error 
can occur and be related to e.g. a wrongfully chosen time for an observation or an 
interview, the authors therefore suggest that a neutral time should be chosen in order 
to increase reliability. The subjects that were interviewed in this study all had high 
responsibility roles and were all looking forward to the success of the study, subject 
error as well as subject bias can therefore in this case be minimized. With regards to 
observer error and bias, the errors were downplayed by the fact that the two 
researchers were both present in all the interviews and observations that were 
conducted. To further insure reliability, the authors prepared themselves before each 
interview and observation in order to be on common grounds and minimize observer 
bias. 
 
In order to assure internal validity, triangulation of sources was carried out in order to 
assure high validity. The interviews as well as the observations that were conducted 
were carefully chosen and the study was strengthened by using theories related to the 
topic to strengthen the statements and findings of the research. Moreover, an extensive 
literature overview has been done by the authors to ensure that different viewpoints 
were considered. Yin (2003) argues that the external validity of a study is the extent to 
which the findings of a study can be generalized. This paper being a case study, it is 
harder to generalize the findings. However, the authors have carefully described the 
situation at hand to ensure the reader fully understands the specific case to be able to 
recreate it. 

2.6 Analysis 

In order to analyze different box sizes and pallet configurations, a set of simulations 
have been conducted with the help of the software Cape Pack. Cape Pack is a pallet 
loading software that, based on the input data, helps to determine product 
arrangement, case size, case count, product size as well as the pallet load and 
configuration. 

Cape Pack has been a very useful tool in this study since it has the ability to simulate 
a different set of situations and at the same time provide accurate and detailed 
solutions and reports. 

There are three different modules in Cape Pack which will be listed below (Cape Pack 
software, 2014): 

 Pallet Group  
The pallet group in Cape Pack is a function that solves different pallet loading 
problems. The function calculates the external filling rate by showing the 
optimal packaging pattern of cases or boxes fitted onto the pallet, see appendix 
6 for a manual on how to produce pallet configurations..  

 Arrange Group 
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The arrange group function determines and designs cases or boxes based on a 
known primary package or product. Dimensions regarding the primary 
package can either be fixed or variable. The function determines the new case 
by arranging numerous primary packages.   

 Design Group 
The design group function of the Cape Pack includes all the functions in arrange 
and pallet group functions. The function calculates the optimal size of the 
primary package or product, determines optimal box arrangements and finally 
provides pallet patterns.  

2.7 Thesis Process 
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3. THEORETICAL FRAME OF REFERENCE 

 

his chapter will present the theoretical frame of reference that this study is going 
to be based upon. To start with, the terms logistics and packaging logistics will be 
presented briefly followed by packaging system and packaging system 
requirements. The chapter will end with a theoretical description of 
transportation, warehousing and costs in a logistical system.    

  

T 
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3.1 Definition and Explanation of the term Logistics 

The term “logistics” was first coined and used within the military in order to describe 
the necessary activities to maintain a fighting force in the field. In its precise sense, 
logistics describe the housing of troops. However, the definition and the meaning of 
the term has been adapted and generalized over the years to cover different activities 
in the manufacturing and service sector. The term was extended to manufacturing 
companies in order to determine activities to ensure appropriate purchasing, moving 
and managing of materials. Subsequently, logistics is becoming increasingly important 
within the service sector, for example in the postal services, waste collection, 
maintenance of road, and electricity networks (Ghiani, Laporte & Musmanno, 2013). 
 
Furthermore, logistics work as an integrated approach with the integration of 
information, transportation, inventory, warehousing, material handling, packaging 
and security (Islam, Fabian Meier, Aditjandra, Zunder & Pace, 2013). There are 
different definitions stated by various authors of the term logistics. Christopher (2011, 
p. 2) defines logistics as: 

 
“the process of strategically managing the procurement, movement and storage 
of materials, parts and finished inventory (and the related information flows) 
through the organization and its marketing channels in such a way that current 
and future profitability are maximized through the cost-effective fulfilment of 
orders.”   

 
Mangan, Lalwani and Butcher (2008, p. 9) explains that  

 
“logistics involves getting, in the right way, the right product, in the right 
quantity and right quality, in the right place at the right time, for the right 
customer at the right cost.”  

 
According to Islam et al. (2013), there are five key elements of logistics, namely 
transportation, warehousing, inventory, packaging, and information processes. The 
key element that this thesis will focus on is packaging. However, coupled with 
packaging comes the other four key elements that also have to be taken into 
consideration.  

3.1.1 Packaging Logistics 

Defining packaging logistics is a bit intricate due to the fact that the term is relatively 
new and extensive research has not yet been carried out within the area. However, 
Saghir and Jönsson (2001) have defined packaging logistics as the interaction and 
relationship between a packaging system and a logistical system in order to reduce 
packaging-related costs and to add value to the system. Sparks (2006) argues that 
packaging logistics is based upon a supply chain approach to develop packaging, 
aiming for efficiency across the supply chain by the development of packaging 
activities and solutions. According to Kye, Lee and Lee (2013), there is a growing trend 
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to see packaging as a part of an integrated system to improve the efficiency of all 
associated logistics processes.  

3.2 Different levels of packaging 

Packaging can be classified into different varying levels depending on the type of 
industry. Thus, there are different concepts for describing the different packaging 
levels across different industries, see figure 3.1. However, packaging can be divided 
into four main levels which are interdependent, namely primary-, secondary- and 
tertiary packaging followed by the load carrier representing the pallet. (Dominic, 
Johansson, Lorentzon, Olsmats, Tiliander & Weström, 2000; ECR, 2012) 
  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 Figure 3.1. An illustration of the different packaging levels (ECR, 2012) 
 

Different packaging levels (primary-, secondary-, tertiary packaging) are handled 
depending on where one is in the supply chain. While it is important that every level 
is functional, it is more important to see the whole picture, i.e. the interaction between 
the different levels that is essential for an effective distribution. Therefore, it is 
important to see the different packaging levels as parts of a system. (Dominic et al., 
2000) 

3.2.1 Primary Packaging  

Consumer Packaging, Consumer Unit, C-pack, Multiple Pack, Multi-Pack and inner 
packaging are other common names for primary packaging (ECR, 2012).  
 
Primary or consumer package is the package that the product is in direct contact with. 
The main objective of the primary package is to contain, preserve and to protect the 
product. It is also important that the packaging informs and communicates its contents 
to the end consumer, i.e. the consumer should be able to identify and to obtain 
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information about the product through its package. The primary package should be 
cost efficient and require minimum amount of material. There are also other 
requirements that the primary package has to perform such as fitting store shelves, 
being easy to pile or stack, easy to handle such as to open the package and easy to 
recycle. (Dominic et al., 2000) 

3.2.2 Secondary Packaging  

Outer Packaging, Retail Packaging and SKU (Stock Keeping Unit) are other common names 
for secondary packaging (ECR, 2012).  

The main task of the secondary package is to contain and protect one or several 
primary or consumer packages. The secondary package, in many cases, compose an 
orderable unit by itself (ECR, 2012). Secondary packaging has the purpose of making 
the retailers handling of packages more efficient and undemanding. This is due to the 
fact that the secondary package contains several primary packages that can directly be 
put on the stores shelves, rather than piling up the primary packages one by one on 
the shelves. (Dominic et al., 2000) 

3.2.3 Tertiary Packaging  

Multi-unit Packaging, Transport Packaging and Handling Unit is other common names for 
Tertiary Packaging (ECR, 2012).  
 
Tertiary packaging is used to facilitate a series of secondary packages for a more 
effective way goods handling and to prevent damages losses may occur during 
various logistical activities (Dominic et al., 2000). Tertiary packaging is also used to 
facilitate efficient pallet loading when it is difficult to load the pallet due to the shapes 
of the secondary packages (ECR, 2012). In addition, the tertiary packages make it 
possible for stacking of packages.  
 
The choice of the tertiary package depends both on the product and the other 
interdependent packaging levels. Consideration for wrapping method, the products 
sensitivity for different stresses, modes of transportation and the recipient country 
have to be taken when designing tertiary packages. It is also important to consider that 
the tertiary package should be adapted to the load carrier. (Dominic et al., 2000) 
 
Corrugated cardboard is well suited for transport packages and used in most cases 
(Dominic et al., 2000). Corrugated cardboard will be explained in further detail here 
below.   
 

3.2.3.1 Corrugated Cardboard 

Packaging materials are determining in different ways and the used material will 
define the safety, handleability and reusability of the package. Materials such as paper, 
cardboard, corrugated cardboard, plastic and wood are examples of the wide range of 
different packaging materials that can be of use. The packaging materials should be 
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carefully chosen in order to fulfill the purpose that they are intended to fulfill. 
(Dominic et al., 2000) 
 
Corrugated cardboard consists of multiple layers of paper, both flat and wavy layers 
that have been glued to each other. More exactly, it is made from a combination of two 
sheets of paper called liners that are glued to an inner medium called fluting. 
Corrugated cardboard is well-known for its capacity to support heavy loads. The 
construction of the corrugated cardboard gives it rigidity and resistance. The air that 
circulates in the flutes serves as an insulator that provides protection against 
temperature variations. Therefore, corrugated cardboard is an excellent and high 
performing packaging material that is mainly designed to pack, protect and promote 
products. (Fefco.org, 2015) 
 
There are different types of corrugated cardboard depending on the characteristics and 
performances of different packaging. The different varieties of corrugated are single 
face corrugated, single wall, double wall corrugated and triple wall corrugated, see 
figure 3.2.   

Figure 3.2. Figure showing four alternatives of corrugated cardboard (Fefco.org, 2015). Modified by the 
authors. 

 
ECT - Edge Crush Test 

Edge crush test is carried out to determine a box’s stacking strength. The test measures 
the amount of force required to crush a piece of cardboard standing on its edge with 
the flutes vertical. With the end and side walls of the cardboard arranged upright, 
greater pressure can be tolerated when it is stacked. Cardboard with horizontal flutes 
can easily be crushed due to the fact that it will have poor rigidity when it is placed 
horizontal, see figure below. (Tis-gdv.de, 2015) 
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Figure 3.3. Cardboard with horizontal flutes that would easily be crushed if exposed for pressure from above. 
Retrieved 2015-02-25 from http://www.tis-gdv.de/ 

3.2.4 Load Carrier - Unit Loads  

Load carriers such as the pallet are means for facilitating efficient handling and 
stacking of packages. Also, load carriers prevent damages, losses and other issues 
coupled with product safety along the supply chain. Inefficient volume and weight 
utilization of pallets leads to significant costs for handling, warehousing and 
transportation (Dominic et al., 2000). Therefore, the design of the package (primary, 
secondary and tertiary) and pallet configurations is crucial. With a well-designed 
packaging system, the material flow of finished products to the end-consumer is more 
efficient with high utilization of transport and storage places, efficient handling and 
handling damage (Jonsson, 2008).  
 
Pallets as a load carrier and the Pallet Loading Problem will be explained further 
below. 
3.2.4.1 Pallets  

Pallets are defined as small, low, portable platforms on which goods are placed for 
storage and movement, as in a warehouse or truck (LeBlanc, 2015). Pallets have 
contributed tremendously to the development of modern logistics over the last 
century. In fact, Mark White, an Emeritus Professor at Virginia Tech, states that pallets 
move the world (Vanderbilt, 2015). Hence, the importance of pallets for the global 
economy is significant, allowing for great efficiencies in the handling and 
transportation of unit loads. Unit loads allow for efficient handling of several larger 
packages loaded on the pallet as single units (Jonsson, 2008). In addition, unit loads 
reduce transportation and inventory costs, facilitates material handling, and increases 
the integration between different transportation modes (Morabito, Morales & Widmer, 
2000) 
 
Pallets are manufactured from a wide range of different materials. Pallets 
manufactured from wood do, however, dominate the market but other pallets 
manufactured from plastic, paper, metal and composite are also present in different 
industries and markets (LeBlanc, 2015). There is in general two main structural 
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manufacturing formats of pallets, namely block and stringer. Block pallets are 
normally manufactured from softwood and used primarily in Europe. Stringer pallets 
are manufactured from hardwood and are the main type of pallets used in North 
America.  

 

   Figure 3.4. Block pallet design. Retrieved 2015-02-13 from http://jandrpallet.com/quote/.  

 

The block pallet can be accessed from four different sides when using a forklift, (see 
figure 3.4), whereas the stringer pallets can only be accessed from two different sides 
(see figure 3.5). The block pallet design being accessible from four different sides, is 
therefore becoming more favorable than the stringer pallet design. (FPinnovations.ca, 
2015)  

              Figure 3.5. Stringer pallet design. Retrieved 2015-02-13 from http://jandrpallet.com/quote/.  

 

Pallet Standards  

There are many different types of pallets used around the world depending on the 
type of industry and geographic region (LeBlanc, 2015). The international trade lacking 
a global standardized pallet causes substantial expenses for companies around the 
world. The goal of establishing a global standardized pallet for international trade is 
challenging due to the many different requirements that exist for the pallets depending 
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on the industry and the geographic region, such as to fit standard containers and 
passing doorways (Epal-pallets.de, 2015).   

The pallet world is generally divided into three different parts, the main sizes of the 
pallets in the three different parts of the world is described below (Epal-pallets.de, 
2015).  

 North America  - 1219 x 1016 mm (48 x 40 inches) 
 Asia   - 1000x1200mm, 1100x1100mm and 1200x800 mm 
 Europe  - 1200x800mm and 1200x1000mm.  

Furthermore, the International Standard Organization (ISO) has recognized six 
different pallet types for intercontinental transportations, see table 3.1. The details for 
the pallets can be retrieved from the ISO standard 6780. Customized pallets are used 
in situations and environments where the standardized pallets are not compatible.   

Table 3.1. Pallets recognized for Intercontinental Transportation. Retrieved from ISO 6780.  

Dimensions (mm) - (L x W) Dimension (inches) Region  

1219 x 1016 48.00 x 40.00 North America  

1200 x 1000 47.24 x 39.37 Europe, Asia 

1140 x 1140  44.88 x 44.88 Australia 

1067 x 1067  42.00 x 42.00 North America, Europe, Asia 

1100 x 1100  43.30 x 43.30 Asia 

1200 x 800 47.24 x 31.50 Europe; fits many doorways 

 

Pallet Loading Problem 

The Pallet Loading Problem refers to the loading of uniformed or non-uniformed 
dimensioned boxes on a multilayer pallet. It belongs typically to packing, cutting and 
placement problems and exists mainly in manufacturing companies where the 
manufactured goods need to be packed in layers on pallets for further distribution 
(Kocjan & Holmström, 2010).  The main objective of the Pallet Loading Problem is to 
combine boxes in order to make use of the maximum possible space on the pallet 
(Penington & Tanchoco, 1988). Thus, using the pallet in an optimal way would result 
in reduction in the number of trips required to transport a given volume of a product 
between two different locations. Loading patterns in Pallet Loading Problem refer to 
the arrangement of boxes in a regular, stable and optimum number layout, see figure 
3.6 (Yi, Chen & Zhou, 2009). There are typically two types of Pallet Loading Problems, 
namely the Manufacturer’s Pallet Loading Problem (MPLP) and the Distributor’s 
Pallet Loading Problem (DPLP). MPLP is defined as a problem to find the optimal 
loading pattern for a set of identical boxes on a rectangular pallet. The DPLP arises at 
distribution centers and is utilized when boxes are not of the same size (Terno, 
Scheithauer, Sommerweiß & Riehme, 2000).  
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Figure 3.6. Examples of different pallet patterns. Retrieved 2015-02-26 from 
http://thediagram.com/14_5/examplesof.html 

 

In the Manufacturer’s Pallet Loading Problem, goods are produced and packaged in 
identical boxes of the size (l, w, h) which later are arranged in horizontal layers on 
different pallets of the size (L, W, H). It is assumed that the boxes come in large 
quantities and are placed orthogonally to the pallet edges, i.e. with their sides parallel 
to the pallet sides, see figure 3.7 (Morabito, Morales & Widmer, 2000). The pallet 
height, H, is normally fixed which reduces the three-dimensional pallet loading 
problem to being a two-dimensional problem. With the height restriction of the pallet, 
the Pallet Loading Problem turns into a problem of allocating maximum number of 
boxes or rectangles with the length l and the width w on a bigger rectangle 
(representing the pallet) with the length L and the width W, under the assumption of 
no overlapping and identical boxes with fixed vertical orientation (Kocjan & 
Holmström, 2010; Morabito, Morales & Widmer, 2000).  
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                    Figure 3.7. Boxes placed on pallet. Retrieved 2015-02-25 from http://www.carmichael-eng.co.uk/ 

 

There are three different methods for loading boxes onto pallets according to 
Penington and Tanchoco (1988). 
 

 Manual - The manual method of loading boxes onto pallets is used for light 
loads, slow-speed operations and flexible environments. 

 Mechanized Palletizers - Mechanized palletizers is a method of loading boxes 
onto pallets that is best suited for high-speed rigid environments. A rigid 
environment is characterized by a standard dimensioned box and a typical 
standard way of loading the pallet.  

 Robotic palletizers - Using robotic palletizers for loading boxes onto pallets is 
best suited for medium-speed and flexible environments. These types of 
environments are normally characterized by non-standard boxes, a non-
definable formation of boxes on the pallet, and a stochastic inter-arrival of 
boxes, see figure 3.8. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3.8 Robotic Palletizer. Retrieved 2015-02-25 from http://www.ptchronos.com/en-
ca/products/palletizing/robotic-palletizer/ 



23 
 

3.3 Packaging System Requirements 

There are many and complex functions that packaging must perform. Paine (1981) 
explains that the fundamental functions of packaging are to protect, contain, preserve 
and communicate the product. Also, the purpose of packaging is not only to protect 
the product from the external environment but to protect the external environment 
from the product (Hellström & Saghir, 2007). There are three types of packaging 
system requirements according to Dominic et al. (2000), namely market, 
environmental and flow requirements, see figure 3.9. 
 
 
 
 
 
 
 
 

 
 

 
 

 
 

 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

Figure 3.9. Packaging System Requirements 
 
 
The market requirements can be fulfilled by the product in the way that it 
communicates and brings value to the company, in any point of the distribution chain. 
The product should be attractive and compelling to the end consumer. The market 
requirement refers therefore to generating revenue. Hence, examples of market 
requirements according to Dominic et al., (2000) can be:  
 

 Product Information - description of the product and the package.  
 Compelling to the consumer, selling ability - the design, layout and communication 

of the package.  
 Safety - requirements of child safe and antitheft packaging. 

 

Flow Requirements

Environmental 
Requirements 

Market 
requirements
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The environmental requirement refers to reducing the impact on the environment and 
to facilitate the recycling of the packages. Examples of environmental requirements 
with regard to packaging are (Dominic et al., 2000): 
 

 Resource efficiency - reduction of the amount of material used for production of 
packages.  

 Minimal use of hazardous substances - both in packaging material and production 
of packages.  

 Waste reduction - the packages should be easy to recycle and reuse.     
 
Flow requirements are fulfilled by the packaging system in the sense that it facilitates 
the handling of the products (Dominic et al., 2000). The flow requirements in this 
context are related to the logistics flow, i.e. transportation, handling and warehousing. 
Hence, the flow requirements are relevant to the topic of this thesis and will therefore 
be explained further below.  

3.3.1 Flow Requirements of Packaging 

The flow requirements in a packaging system refer to the logistical flow. The flow 
requirements can be divided into five main categories (Dominic et al., 2000). These are 
product safety, flow information, volume and weight efficiency, adapted size - right 
quantity and handleability.  
 
3.3.1.1 Product Safety  

One of the basic functions of packaging, as earlier mentioned, is to protect the product. 
Product safety is vital for the economy of the organization as well as the environment. 
Also, it is important to consider that it is not the product that should be protected but 
also the environment from the product in the case of products with hazardous 
substances. (Dominic et al., 2000) 
 
For the safety of the product, it is important not to over pack but also not to under 
pack. Over packing leads to more packaging than required which automatically means 
higher distribution costs and higher impact on the environment. Moreover, using 
packaging that does not fulfill the requirements concerning product safety can lead to 
damaged or destroyed products, see figure 3.10. Finding the right balance and optimal 
solution considering product safety is therefore of high importance when dealing with 
packaging. With packages that provide a well-functioning product safety, waste in the 
form of destroyed and damaged products can be limited. (Dominic et al., 2000) 
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Figure 3.10. Unstable double stacking (ECR, 2012) 

 

3.3.1.2 Flow Information  

As mentioned earlier, Mangan, Lalwani and Butcher (2008) defined logistics as the 
function that involves getting the right product, in the right way, in the right quantity 
and right quality, in the right place at the right time, for the right customer at the right 
cost. Therefore, based on this definition of logistics, it is of high importance to ensure 
that the product is in the right place at the exact right time for the right intended 
customer. Hence, packaging has an important role in this as a flow information carrier. 
Packages have to carry necessary information about the product such as the weight, 
number of products, size and instructions for storage (Dominic et al., 2000). Hence, 
with the information that the packaging is carrying, it is easier to identify and to handle 
the goods.  
 
The bar code system, printed as a series of vertical lines with varying thicknesses and 
gaps, is one of the most common systems for automatic object identification. There are 
many different bar codes used for product identification. However, EAN (European 
Article Numbering) and UPC (Universal Product Code) are the most common codes 
for labelling and identifying consumer products, see figure 3.11 for the EAN-13 bar 
code. (Jonsson, 2008)  
  
  
 

 
 
 
 

Figure 3.11. EAN-13 Bar code (ECR, 2012). 
 

In addition to bar codes, RFID, acronym for Radio-frequency identification, is another 
system for automatic identification with the use of radio waves. The flow information 
can be stored in a microchip in an RFID tag which is to be put on the object that is 
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going to be identified. With RFID, it is possible to store more data compared to bar 
code with the use of microchips. Also, it takes less time for the information to be read 
when using RFID and all the packages in for example a truckload can be identified at 
the same time when using a RFID system. (Jonsson, 2008)    
 

3.3.1.3 Volume- and Weight Efficiency 

The most important flow requirement to consider in this thesis is the volume- and 
weight efficiency requirement. Volume efficiency is defined as a measurement for 
utilization of the available volume. It can be measured by calculating the filling rate, 
both internal and external. (Dominic et al., 2000)  
 
Internal filling rate refers to the relation between the outer volume of the tertiary 
package and the actual volume of the products or packages that is being packed into 
the tertiary package, see figure 3.12. See equation 1 for how internal filling rate can be 
calculated:  
  

𝑃𝑟𝑜𝑑𝑢𝑐𝑡 𝑉𝑜𝑙𝑢𝑚𝑒

𝐸𝑥𝑡𝑒𝑟𝑛𝑎𝑙 𝑉𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑡ℎ𝑒 𝑃𝑎𝑐𝑘𝑎𝑔𝑒
 𝑥 100 = 𝐼𝑛𝑡𝑒𝑟𝑛𝑎𝑙 𝐹𝑖𝑙𝑙𝑖𝑛𝑔 𝑅𝑎𝑡𝑒 (%) (1) 

  
  
 

 
 
 
 
 
 
 
 

          Figure 3.12. Internal Filling Rate. Retrieved from CAPE PACK software 
 
External filling rate refers to the relation between the actual volume of the packaging 
unit, i.e. the tertiary packages loaded on the pallet, and the available volume on the 
pallet, see figure 3.13. The equation for calculating the external filling rat is given by 
equation 2.  

𝑃𝑎𝑐𝑘𝑎𝑔𝑖𝑛𝑔 𝑉𝑜𝑙𝑢𝑚𝑒

𝐴𝑣𝑎𝑖𝑙𝑎𝑏𝑙𝑒 𝐿𝑜𝑎𝑑 𝑉𝑜𝑙𝑢𝑚𝑒 
 × 100 = 𝐸𝑥𝑡𝑒𝑟𝑛𝑎𝑙 𝐹𝑖𝑙𝑙𝑖𝑛𝑔 𝑅𝑎𝑡𝑒 (%)  (2) 

 

  
  
 

 
 
 
 

           Figure 3.13. External Filling Rate. Retrieved from CAPE PACK software 
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Weight efficiency is defined as a measurement for the utilization of the load carrier’s 
available load capacity. The main goal is to have packaging with as little weight as 
possible due to the fact that it is easier to handle, less impact on the environment and 
more goods can be loaded on the carrier. The weight is the constraint for products with 
high density, rather than the volume for how much a pallet or truck can be loaded. It 
is essential for the organization’s economy to have a satisfying volume and weight 
efficiency because the consequences of poor efficiency are increased transportation 
costs, handling costs and warehousing costs. Different factors that influence the 
volume- and weight efficiency according to Dominic et al. (2000) are listed below: 
 

 The product’s or the packaging’s geometry. 
 The need for other protection inside the primary package. 
 Standardized packaging assortment with fixed packaging sizes. 
 Market aspects. 
 The weight or volume ratio of the packaging material.  
 Number of packaging levels. 
 Number of primary packages for each secondary package.  
 Number of secondary packages for each tertiary package.  
 Load pattern on pallets or truck that affects the filling degree. 

 
3.3.1.4 Adapted size - right quantity 

A package is intended to contain a set of quantity of a given product. Varying 
consumer needs lead to different sizes of primary or consumer packages. The primary 
packages have to be arranged and bundled in appropriate numbers in secondary and 
tertiary packages to facilitate an effective distribution. The packaging system must 
therefore be seen as a whole system and be well-designed so that it can meet the 
necessary right-quantity demand in each stage of the distribution chain. Moreover, 
adapting packaging sizes to the required quantity demand provides a higher turnover 
of inventory which in turn leads to lower warehousing costs and less tied up capital. 
Also, with a better adaption of packaging sizes, it is possible to reduce the amount of 
leftover products which leads to reduced waste and obsolescence. (Dominic et al., 
2000) 
 
3.3.1.5 Handleability 

Handleability refers to how well the packaging is adapted to different handling 
activities that the packages may face along the flow. The packages must be easy to 
handle, both for the consumer of the product and for the plant that is manufacturing 
and handling the product. The handling requirements differ depending on the type of 
package and where the package is in the flow. An effective packaging system reduces 
handling costs and risks for damage on the product and on the people that is handling 
the product. Therefore, it is vital to have well-designed packages and a well-designed 
packaging system that takes the different factors that affects handleability into 
account. Example of factors that affects handleability are such as weight, volume, 
stackability, possibility for recycling, easiness to open and reclose, and hygiene. See 
figure 3.14 for an example of handling pallets in a warehouse. (Dominic et al., 2000) 
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         Figure 3.14. Illustration of pallet handling in a warehouse (ECR, 2012). 

 

3.4 Transportation 

Goods transportation refers to transportation between two different locations. 
Transportation can be carried out in many ways by using different transport modes, 
namely sea, rail, road, air and pipeline. Different transport modes can also be 
combined and then be called combined or intermodal transports, e.g. goods can be 
transported by sea in one part of the journey and by railway for the second part. The 
different transport modes have different characteristics such as being rapid, 
inexpensive, and environmentally friendly which affects how logistical goals are 
achieved. (Jonsson, 2008; Ghiani, Laporte & Musmanno, 2013)  
 
Furthermore, transportation costs make up for one-third of the logistics costs 
according to Tseng (2005), making it a very important factor to consider. Land logistics 
represent a very important element in the logistics channel, since it gives the possibility 
to extend maritime and air transports (Tseng, 2005).  
 
Maritime transportation is one of the most important parts of international freight, 
since it can provide cheap transportation and high carrying capacity (Tseng, 2005). 
Accordingly, maritime transportation has become the most effective transport mode 
with regards to moving large cargos over considerable distances. The maritime routes 
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consist of seas, oceans, rivers, lakes and channels. The high carrying capacity of the 
maritime mode of transportation has led to the fact that it is mainly linked to heavy 
industries (Rodrigue, Comtois & Slack, 2007). 
 
Air freight logistics provide fast delivery, high security, flexibility, a low risk of 
damage as well as high accessibility. However, air freight is coupled with high 
delivery fees, which is one of the big disadvantages of this transportation mode (Tseng, 
2005). Also, air transport is limited in terms of both weight and volume capacity 
compared to other transport modes such as trains and ships (Ghiani, Laporte & 
Musmanno, 2013).  

3.5 Warehousing 

According to Ghiani, Laporte and Musmanno (2013), storage is a key activity in a 
logistics system. The storage activity is generally linked to the term warehouse. A 
warehouse is a facility where the activities of receiving, storing and shipping of 
products is carried out. The warehouse can be owned, rented or public. A warehouse 
brings advantages to a company that are mainly linked with the storage and shipment 
of products. However, a warehouse also involves different types of costs such as 
investment costs, operating costs, costs of risk and running costs. (Ghiani, Laporte & 
Musmanno, 2004) 

         Figure 3.15. Warehouse. Retrieved 2015-02-24 from http://www.hal-inc.com/ 

3.5.1 Storage Systems 

There are various types of storage systems, all with the same intended goal, which is 
to properly store and handle goods. Storage systems can be divided into two main 
categories, static and dynamic (Ghiani, Laporte & Musmanno, 2004). These storage 
systems include depth and free stacking, pallet racking and automated/semi-
automated storage and retrieval systems (Jonsson, 2008). 
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Depth and free stacking is a storage system with the highest level of space utilization. 
It is based on the fact that goods are placed directly in depth and after that there is the 
possibility to freely stack them on top of each other, see figure 3.16. However, only the 
outlying units will be directly reachable requiring much handling work which is a big 
disadvantage. This storage system is therefore useful when dealing with large volumes 
of the same items where shelf life is not a defining factor (Jonsson, 2008). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

            Figure 3.16. Depth and Free stacking. Retrieved from (Jonsson, 2008). 

 

Pallet racking consists of a system where units are stored on a load carrier, in most 
cases pallets. The items are placed on the load carrier and then stored in a special 
structure, as can be seen in figure 3.17. This storage system’s aim is to make all the 
stored items directly accessible from different transport paths. This storage system 
gives high flexibility since the items are directly accessible, however, the need for 
transport paths leads to poor utilization of warehouse space (Jonsson, 2008).  

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

          Figure 3.17. Pallet racking. Retrieved from (Jonsson, 2008).  

 

There are various types of automated and semi-automated storage systems. The goal 
is to make the handling easier and faster. Figure 3.18 shows an example of an 
automated storage system where an automatic crane moves horizontally and vertically 
along the rows to pick the items. As mentioned earlier, there are many different types 
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of this kind of system but from technological and economical viewpoints it is difficult 
to have these systems completely automated (Jonsson, 2008).  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3.18. Automated/semi-automated storage and retrieval system. Retrieved from      
(Jonsson, 2008). 

3.6 Costs in a Logistical System  

Logistics costs amount to a major proportion of a company’s total business costs. The 
proportion does, however, vary depending on the company’s logistics system and the 
industry. Although logistics costs can rarely be calculated and measured accurately, 
they tend to make up for at least about 10 per cent of a company’s total turnover. 
Defining logistics costs is not that easy, however, these costs consist of six individual 
components, namely transport, warehousing, inventory carrying, administration, 
packaging, and indirect costs of logistics. (Engblom, Solakivi, Töyli & Ojala, 2012) 

3.6.1 Packaging costs   

Packaging is a part of the logistics flow, thus packaging impacts both costs and 
customer service (Lambert, Stock & Ellram, 1998). There are various costs associated 
with packaging, although not all of them are direct costs, packaging has a big impact 
on vital logistics functions, mostly warehousing, handling and transportation 
activities. The direct costs associated with packaging are the packaging material costs, 
machine and personnel costs for the physical packaging of the products, handling 
costs and lastly the reusability of the packages (Dominic et al., 2000). The latter have 
classified the costs in the following three categories. 
 

 Production & Distribution Costs 
The packaging material costs are direct packaging costs, such as the filling cost 
which is represented by the machines or personnel that do the job of physical 
packaging. However, transportation, warehousing and handling costs are 
indirectly affected by packaging and thus efficient packaging can lead to cost 
savings in these logistical activities. 

 User 
Packaging represents a direct cost for the user because it is a part of the price 
that the user/customer has paid. However, packaging may influence the user’s 
costs in several different ways, such as handling and damages. 
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 Reverse Logistics 
Once the package has been emptied, it becomes a product in itself and has to be 
taken care of. In this manner, the collecting and recycling of the packages are 
direct costs, and, as an example, the choice of packaging material will indirectly 
affect these costs.  
 

The classification that Dominic et al. (2000) have made suggests that packaging has a 
wide impact on other logistical activities. In order to properly visualize and 
understand the packaging costs, Lambert, Stock and Ellram (1998, p. 334) have 
classified these in the form of packaging trade-offs with logistical activities, as table 3.3 
suggests. 
 

Table 3.2. Logistics activities and trade-offs (Lambert, Stock & Ellram, 1998, p334) 

Logistics Activities Trade-Offs 

Transportation     
                  
   Increased package information 
   
 
   Increased package protection 
 
    
   Increased standardization 

 
 
Decreases shipment delays; increased package 
information decreases tracking of lost shipments. 
 
Decreases damage and theft in transit, but increases 
package weight and transport costs. 
 
Decreases handling costs, vehicle waiting time for 
loading and unloading; increased standardization; 
increases modal choices for shipper and decreases 
need for specialized transport equipment. 

Inventory 
 
  Increased product protection 

 

Decreases theft, damage, insurance; increases 
product availability (sales); increases product value 
and carrying costs. 

Warehousing 
 
   Increased package information 
 
   Increased product protection 
  
  
 
  Increased standardization 

 
 
Decreases order filling time, labor cost. 
 
Increases cube utilization (stacking), but decreases 
cube utilization by increasing the size of the product 
dimensions. 
 
Decreases material handling equipment costs. 

Communications 
 
   Increased package information 

 
 
Decreases other communications about the product 
such as telephone calls to track down lost 
shipments. 
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The packaging costs should be viewed as possibilities of cost savings through effective 
and adapted packaging rather than direct costs. The impact that packaging has on the 
logistics flow means that there is always room for improvements resulting in cost 
savings. Effective and efficient packaging can save lots of money to a company 
through several different ways, e.g. lighter packing leading to lower transportation 
costs and carefully designed boxes that lead to better warehouse space utilization. 
Besides just acting as a cost saver, a well thought packaging system also leads to more 
satisfied customers and an increased customer service level. (Dominic et al., 2000) 
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4. EMPIRICAL FINDINGS 
 

his chapter will present to the reader the company under investigation and 
information that has been collected from the various data collection methods.  

  

T 
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4.1 Company Description 

McNeil AB was originally founded under the name Leo in 1914, which can be seen as 
the starting point of the company. After a few mergers and buy-outs, as figure 4.1 
shows, the company has finally ended up in the Johnson & Johnson family of 
consumer healthcare companies as of December 2006. Other business segments within 
the Johnson & Johnson family of companies are pharmaceuticals and medical devices 
and diagnostics.  
 
The Johnson & Johnson family of companies had a turnover of $74,3 billion in 2014 
with approximately 127,500 employees present in more than 60 countries around the 
world.  
 

Figure 4.1. Company History. 

McNeil AB is Helsingborg’s biggest industry and the second largest private employer 
of the city with around 700 employees. Today, the company is the world leader in 
regard to smoking cessation products. This has led to the fact that the main focus of 
the company today lies on nicotine related products, specifically Nicorette, and the 
company has become the global center of the Johnson & Johnson family of companies 
concerning research, development and production of nicotine related products.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

     Figure 4.2. Products manufactured at McNeil AB. Retrieved from the intranet. 
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Nicorette was introduced to the market in 1978 and was the world’s first nicotine 
replacement product. Since that date, the product has grown and is today the world’s 
leading smoking cessation product being sold in 80 markets all around the globe. The 
Nicorette products come in various forms; gums, patches, inhalers, microtab, lozenge, 
oral spray and nasal spray, see figure 4.2. Thus, there is a variety of products with 
different requirements. Most of these products are sold without prescription, and all 
these Nicorette products except the patches are manufactured in the plant in 
Helsingborg.  
 
The company has two warehouse in Helsingborg, one in direct connection with the 
plant in Stattena and another one located 9 km from the plant in Ättekulla, see figure 
below.   
  
  
  

 

 

 

 

 

 

 
 

                                    Figure 4.3. Map showing the Stattena Plant and Ättekulla Warehouse. 

4.2 Packaging on different levels 

There are different packaging solutions for the products that are produced at McNeil 
AB. The various product groups, as mentioned in the company description are 
Nicorette Gum, Inhale, ONS (Oral Nicotine Spray), NNS (Nasal Nicotine Spray), 
Lozenge and Microtab.  
 
Nicorette Gum is the product with the highest production volume and has the highest 
demand in the different markets where the products are sold. The majority of the 
products are arranged in different primary packages and are directly packaged in 
transport packages. However, some products are arranged in different secondary 
packages (multipacks) after being packaged in primary packages.  The transport 
packages (tertiary packages) are then loaded on different pallets depending on the 
destination. Given that there are many different products with various packaging 
solutions makes the company’s packaging system a manifold and complex function.  
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4.2.1 Primary Packaging - Consumer Packaging  

The primary packages at McNeil AB come in various forms depending on the different 
requirements that the primary package has to fulfill such as the design. Since the 
different packaging levels for the company’s products are manifold, the primary 
package will be defined as the consumer package, meaning that it is the package that 
the customer will buy from the shelves. An explanation of the primary package for 
each Nicorette product that is manufactured at McNeil AB will be given below. 
 
Nicorette Gum  
The primary packages for Nicorette gum are available in various forms depending on 
the quantity of gum the package will contain and in which market it is going to be 
sold. The gum is either packed in blisters prior to being packaged into the primary 
package or directly packed in the consumer package without the blisters, see figure 4.4 
and 4.5. By definition, the blister can be seen as the primary packaging since it is in 
direct contact with the product. However, the blister will not be the packaging that the 
customers will obtain from the store shelves. Hence, the primary package is the so-
called consumer package which can be stored on shop shelves.   
 
Moreover, the blister has different requirements such as the distance between each gum 
placement, which has to be 2 mm, and the fact that the blister has to be child safe so that 
it is not easily accessible to children.  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

        Figure 4.4. Nicorette Gum              Figure 4.5. Blister  
 

Furthermore, for shipments to Japan, the Nicorette Gum is not packaged in blisters or 
in other consumer packages. This is because Japan has different requirements on their 
packaging and requires that its Nicorette gum products have to be packaged in Japan 
according to their specifications and requirements. Therefore, the Nicorette gums with 
the blisters are shipped to Japan in bulk. Hence, the primary level of packaging for 
shipments to Japan, by definition, is a plastic bag that the gum is wrapped in.   
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Inhaler  
The Inhaler consists of two parts, the inhaler itself and the plugs containing the 
nicotine. The consumer package containing both the inhaler and the plugs is the 
primary package in this case, as can be seen in figure 4.6. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

         Figure 4.6. Inhaler.   
 

 
ONS - Oral Nicotine Spray  
The oral nicotine spray comes in the form of a spray as can be seen in figure 4.7. The 
product itself is the capsule that contains a liquid form of nicotine, which in this case 
would make the capsule the primary package. However, since the capsule cannot be 
stored in shelves as a single unit, the package containing the capsule (spray) is the 
primary package. 
         
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

 
 

       Figure 4.7. ONS. Retrieved from the Intranet.  
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NNS - Nasal Nicotine Spray  
The primary package of the Nasal Nicotine Spray contains the capsule that is 
containing the liquid form of nicotine. It is the same case here as in ONS, see figure 4.8. 

  
 
 
 
 
 
 
 
 
 
 

                     
 

 
Figure 4.8. NNS. Retrieved from http://www.chemistdirect.co.uk/ 

  
Lozenge  
The lozenge Nicorette products are packaged into a plastic capsule. The capsule 
containing the product is then packaged in a primary package to allow it to be 
arranged on the store shelves, see figure 4.9. 

    
 
 
 
 
 
 
 

 
 
 
 
        

 
 

     Figure 4.9. Lozenge. Retrieved from the Intranet.  
Microtab  
As in the case of Nicorette gum products, the Microtab product is packaged in blisters 
prior to being packaged in to the primary package, i.e. the consumer package, see 
figure 4.10 
  

 
 
 
 
 
 
 
 
 
 

                Figure 4.10. Microtab  
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4.2.2 Secondary Packaging - Multipacks 

In McNeil AB, not all the products actually have secondary packages, most of the 
primary packages go straight into the boxes (tertiary package) for further handling and 
transport. However, the secondary packages in this case come in the form of 
multipacks, which are boxes containing several primary packages to facilitate 
handling and transportation of the products. The products in McNeil AB that are 
arranged in such a way are: 
 

 Nicorette Gum 200pc EUR and US, where 8 Primary Packages containing 25 
gums each are stacked into the multipack 

 Nicorette Gum 100pc EUR and US, where 4 Primary Packages containing 25 
gums each are stacked into the multipack 

 Nicorette Gum Display 150pc EUR and US, where 6 Primary Packages 
containing 25 gums each are stacked into the multipack 

 ONS single EU & US 
 ONS double EU & US 
 Lozenge 1pc 
 Lozenge 4pc 

4.2.3 Tertiary packaging - Boxes 

The boxes (representing the tertiary packages) are made of corrugated cardboard and 
come in different dimensions, depending on the secondary and the primary packaging 
of the product. McNeil AB is, in the present moment, using 22 different boxes for 
shipment of their Nicorette products. The outside dimensions of these boxes vary 
between 217mm and 545mm in length, 193mm and 345mm in width, and 128mm and 
305mm in height, see figure 4.11. 
 

 
 
 
 
 
 
 
 
 
 
 

 
 
 

 

      Figure 4.11. Varying dimensions of the boxes 
 
The boxes are mainly single and double wall constructed corrugated cardboard that 
currently fulfill the requirements for different stresses that may damage the products 
along the distribution chain. Also, the company’s supplier of corrugated cardboard, 
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Smurfit Kappa, manufactures them according to requirements and specifications from 
McNeil AB. 
 
Table 4.1 shows the various boxes’ outside and inside dimensions followed by the type 
of construction used for the boxes.  
 

Table 4.1. Corrugated Cardboard  

Nr.  Box ID 
Box Outside 
Dimensions (Length x 
Width X Height, mm) 

Box Inside Dimensions 
(Length x Width X 
Height, mm) 

Construction  

1 CH010084 410x228x223 402x220x207 Single Wall 

2 CH010005 360x327x227 352x319x211 Single Wall 

3 CH010013 291x226x208 285x220x196 Single Wall 

4 CH010016 344x234x281 336x226x265 Single Wall 

5 CH010020 400x228x223 394x222x211 Single Wall 

6 CH010036 545x345x305 535x335x285 Double Wall  

7 CH010040 301x246x178 295x240x176 Single Wall 

8 CH010052 283x245x132 277x239x120 Single Wall 

9 CH010067 333x287x128 327x281x116 Single Wall 

10 CH010071 422x252x236 416x246x224 Single Wall 

11 CH010072 451x246x250 445x240x238 Single Wall 

12 CH010073 217x193x246 211x187x234 Single Wall 

13 CH010085 302x252x128 296x246x116 Single Wall 

14 CH010088 467x221x203 461x215x191 Single Wall 

15 CH010089 398x223x203 392x217x191 Single Wall 

16 CH010106 248x234x198 242x228x186 Single Wall 

17 CH010108 344x279x281 338x273x269 Single Wall 

18 CH010109 228x193x196 222x187x184 Single Wall 

19 CH010114 441x277x233 435x271x221 Single Wall 

20 CH010115 441x221x233 435x215x221 Single Wall 

21 E180 328x231x266 320x225x250 Single Wall 

22 E350 398x298x326 390x290x310 Single Wall  
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4.2.4 Load Carrier - Pallets 

McNeil AB is currently using four types of pallets for their Nicorette products, see 
table 4.2.   
 

 Table 4.2. Pallets used at McNeil AB   

Pallet Type - Dimension (LxW) Region  

1000 x 1200 mm Non-reusable North America  

800 x 1200 mm Non-reusable Europe 

800 x 1200 mm Reusable Europe 

720 x 1100 mm Non-reusable Japan  

 
The pallets used for shipments at McNeil AB are manufactured from wood. However, 
McNeil AB also uses plastic pallets for in-house operations. The majority of the 
wooden pallets used at McNeil AB are non-reusable disposable pallets, nonetheless 
there is also a number of reusable wooden pallets, mainly used for shipments in 
Europe. The plastic pallets are reusable and are utilized in the company’s production 
facilities. Furthermore, the company uses the block pallet structural design, meaning 
that when using forklifts, the pallets are accessible from four different sides. 
 
The varying dimensions of the boxes (tertiary packages) lead to the fact that there is 
currently a total of 52 different pallet configuration patterns for shipment of the 
company’s products, see appendix 1 for the different pallet configurations currently 
used at McNeil AB and appendix 2 to see which box is used by which pallet 
configuration.  
 
In year 2014, the total number of pallets, including non-Nicorette products, shipped 
from McNeil AB amounted to 37 793, see table 4.3. As can be seen from the table, the 
majority of the pallets shipped were of type 800x1200mm, circa 68 per cent of total 
shipments.   
 

Table 4.3. Pallets shipped in 2014.  

Pallet Type - Dimension (LxW) Pallets shipped in 2014 Percentage   

1000 x 1200 mm 11 044 30 % 

800 x 1200 mm 25 861 68 % 

720 x 1100 mm 888 2 % 

Total 37 793 100 % 
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4.2.4.1 Movement of Goods from Plastic to Wooden Pallets 

Raw material and finished goods that are handled in different clean zones in the 
production are transported on plastic pallets. This is due to contamination risks from 
the wooden pallets. In order to make the transition from plastic to wooden pallets, a 
slip sheet is placed manually by an operator on the plastic pallet before the boxes are 
palletized, as can be seen in figure 4.12. The products, with the help of the slip-sheet, 
are later on in the process transferred to a wooden pallet by sliding the slip sheet with 
the load over to the wooden pallet. The pallets are then transported to the warehouse 
in Ättekulla for shipment to different customers. Prior to the shipment, the pallets are 
arranged, stretch wrapped and double-stacked if possible. 
 

Figure 4.12. A slip sheet placed on a plastic pallet to facilitate transition to wooden pallet.  
 

4.2.4.2 Pallet Height 

McNeil AB is currently investing in redefining their storage system so that all pallets 
shelves are standardized to be able to fit a pallet with the height 1200mm. The current 
situation in the company’s warehouse is that the shelves’ storage heights differ from 
1050mm and 1200mm. The goal of this redefinition is to optimize storage capacity and 
to facilitate double-stacking in transports. Different heights of pallets require different 
storage systems and do not allow double-stacking, thus leading to inefficient use of 
warehouse and truck/container space. Moreover, the pallet height of 1200mm has 
been identified as the ideal height, by an internal study conducted by Johnson & 
Johnson, for pallets in order to optimize storage capacity and to facilitate double 
stacking in trucks and containers. The analysis of the pallet patterns will therefore be 
conducted under the assumption that all customers can handle 1200mm pallets.  
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4.2.4.3 Pallet Loading  

There is a total of nine packaging lines where packaging is carried out at McNeil AB. 
Three of these nine packaging lines are currently using manual methods for pallet 
loading while the rest are using robotic palletizers, see figure 4.10 for the robotic 
palletizers. Moreover, one of the three manual packaging lines is currently undergoing 
an update to a robotic palletizer.  
 

 Figure 4.13. Robotic Palletizers at McNeil AB.  

4.3 Packaging Flow Requirements at McNeil AB  

The packaging flow requirements at McNeil AB will be discussed and explained in 
this section.  

4.3.1 Volume- and Weight Efficiency  

To determine how efficient the actual boxes of the company are, the internal filling rate 
of these has been calculated. In order to calculate the internal filling rate, equation 3 
has been used.  

 

𝐸𝑥𝑡𝑒𝑟𝑛𝑎𝑙 𝑣𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑡ℎ𝑒 𝑃𝑎𝑐𝑘𝑎𝑔𝑒𝑠

𝐼𝑛𝑡𝑒𝑟𝑛𝑎𝑙 𝑉𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑡ℎ𝑒 𝐵𝑜𝑥
 × 100 = 𝐼𝑛𝑡𝑒𝑟𝑛𝑎𝑙 𝐹𝑖𝑙𝑙𝑖𝑛𝑔 𝑅𝑎𝑡𝑒 (%) (3) 

 
The external volume of the package is the total volume of all the primary or secondary 
packages packed inside the box. Appendix 3 shows the current internal filling rate of 
the boxes used at McNeil AB.  
 
Moreover, the external filling rate of the pallets has been calculated in order to 
determine how efficient the actual pallet configurations are, and is basically the 
relationship between the volumes of the boxes loaded on the pallet divided by the 
actual available volume of the pallet. The total available load volume for each pallet 
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type is given in table 4.4. As can be seen, there are two types of EU pallets (800x1200), 
reusable and non-reusable pallets. These two types of pallets have different heights, 
which is important to bear in mind. Equation 4 describes the relationship for 
calculating the external filling rate. 
 

𝑃𝑎𝑐𝑘𝑎𝑔𝑖𝑛𝑔 𝑉𝑜𝑙𝑢𝑚𝑒

𝐴𝑣𝑎𝑖𝑙𝑎𝑏𝑙𝑒 𝐿𝑜𝑎𝑑 𝑉𝑜𝑙𝑢𝑚𝑒 
 × 100 = 𝐸𝑥𝑡𝑒𝑟𝑛𝑎𝑙 𝐹𝑖𝑙𝑙𝑖𝑛𝑔 𝑅𝑎𝑡𝑒 (%)  (4) 

Table 4.4. Total available load volume.  

Pallet Type  
Pallet 
height  

Available Height for 
Loading  

Total Available 
Load Volume (m³) 

800 x 1200mm Non-reusable 123 mm  1077 mm 1.03392 

800 x 1200mm Reusable 145 mm 1055 mm 1.01280 

1000 x 1200mm Non-reusable 123 mm  1077 mm 1.29240 

720 x 1100mm Non-reusable 123 mm  1077 mm  0.85298 

 
Appendix 4 shows the current external filling rate of the existing 52 pallet 
configurations patterns at McNeil AB. The calculation has been carried out based on 
the available volume of a given pallet with the maximum height of 1200 mm including 
the height of the pallet. Regarding the weight of the boxes, a maximum of 15 kg is set 
within the company for each. Moreover, when creating pallet configurations, the 
maximum weight capacity of the pallets has to be taken into consideration in order to 
not overload the pallets and make them double-stackable. These weight capacities 
vary between the different pallet standards as can be seen in table 4.5. Furthermore, all 
the products and pallet configurations are in line with the predetermined weight 
constraints and do not exceed the limits, making all products and pallets weight 
efficient. 
 

Table 4.5. Pallet weights and weight capacities. 

Pallet type Weight Capacity (kg) 

800x1200mm Non-reusable 700 

800x1200mm Reusable 1000 

1000x1200mm Non-reusable 900 

720x1100mm Non-reusable 600 

4.3.2 Product safety 

McNeil AB have received some remarks regarding the product safety. These remarks 
are mainly due to existing overhang and excessive underhang on some pallets. The 
Johnson & Johnson group pallet and boxes design process suggests that no overhang 
is allowed on the pallets since overhang is the main factor as to why products get 
damaged along the distribution chain. Pallets with overhang increase the risk of box 
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damages as the stresses may get irregular when double-stacking. Moreover, pallets 
with overhang lead to inefficient truck and container space utilization. Concerning 
underhang, a maximum of 45 mm on each side is allowed, which gives a total of 90mm 
on both sides of the pallet. However, it is preferable to avoid underhang and use all 
the pallet space in order to optimize the pallet. It is important to consider avoiding 
underhang since a low fill rate and space utilization on the pallet may lead to product 
damages and unstable double-stacked pallets.  
 
The double-stacking of pallets, as mentioned before, is an important part in regard to 
product safety. The stacking strength of the boxes have to be solid enough to cope with 
the pressure of double stacking. According to Martin Nord, account manager at the 
corrugated cardboard supplier Smurfit Kappa, the materials are adapted to the 
different stages in the distribution chain that the boxes will go through, meaning that 
they are constructed to cope with potential stresses that may somehow damage the 
products. Moreover, to ensure product safety, the company is currently using stretch 
wrap around the pallets to improve stability. 

4.3.3 Adapted size - right quantity 

The design of the packages at McNeil AB are mainly influenced by the different 
markets that the company is active in. Therefore, the company’s packaging solutions 
are adapted according to the requirements of the circa 80 markets that the company 
operates in.   

4.3.4 Flow information  

McNeil AB is currently using the GS1 global standards for identification and 
communication of information for their products. For identification of the company’s 
products, GTIN is used which is an acronym for Global Trade Item Number. For 
information carrying, the EAN bar code system is used at McNeil AB. Explanation 
about the identification and information carrying system at McNeil AB for the various 
packaging levels will be given below.   
 

 Primary packaging - Consumer packaging 
The consumer package is identified through a unique Global Trade Item 
Number which basically gives information about the market that is responsible 
of selling the product such as the address and contact number, see figure 4.14.   

  
  
  
  
  
  
 

 
 

Figure 4.14. Barcode on a consumer package. 
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 Secondary Packaging - Multipacks  
The multipacks or a bundle of consumer packages is given a GTIN where 
information such as product name, Nicorette strength, type of consumer 
package (the count of gum for example) and the number of consumer packages 
contained in the multipack or the bundle, see figure 4.15  

  
  
  
  
  
 

 

Figure 4.15. Barcode on a multi-pack. 
 

 Tertiary Packaging - boxes  
The boxes are labelled with GS1-128 which is used when information, in 
addition to GTIN, is required such dates and batch numbers. The label presents 
information regarding product name, the number of consumer packages, 
expiration date and batch number, see figure 4.16.  

  
  
  
  
  
  
 

 

 
          Figure 4.16. Barcode on a box. 

 Load Carrier - Pallets 
The pallets at McNeil AB are labelled with two identical labels, one on long side 
and one on the short side of the pallet. The labels give information about the 
GTIN of the boxes, expiration date, number of boxes on the pallet, SSCC (Serial 
Shipping Container Code) and batch number.  

 
The company has also a so-called Euro code number for their products that is a specific 
number for identification. The Euro code is mainly controlled by the GS1 system. 

4.3.5 Handleability 

Regarding handleability at McNeil AB, the boxes and pallets will be considered. The 
pallets in McNeil AB have weight constraints that cannot be exceeded in order to 
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facilitate the handling of these. Moreover, a few internal complaints have been noted 
regarding underhang and overhang within the company, since it does jeopardize the 
handling of pallets and have led to problems. Currently, the storage shelves in 
Ättekulla warehouse have varying heights that complicates operations. Moreover, the 
elevators in Stattena plant warehouse make it difficult for the operators to handle the 
pallets since the handling space is restricted.  
 
At McNeil AB, the boxes are adapted to the production by the supplier Smurfit Kappa 
with different requirements. These requirements involve the mechanical aspect of the 
production, such as the mechanical wrapping of the corrugated cardboard (boxes). There 
is weight limit of 15 kg for the boxes that is set within the company in order to facilitate 
the handling of these. 
 
The palletizers can handle and be adjusted to a given dimension of a given box. However, 
the six robotic palletizers at McNeil AB can currently handle boxes with varying outside 
dimensions between 217mm and 545mm in length, 193mm and 345mm in width, and 
128mm and 305mm in height.  

4.4 Transportation 

This section will give an overview of the company’s in-house transportations and 
shipments modes.  

4.4.1 In-house transportation   

The in-house transports at McNeil AB are for raw materials and finished goods. The 
raw materials are received in the warehouse in Ättekulla and then transported to the 
warehouse in Stattena. It is the other way around with regard to the finished goods, 
which are transported from the warehouse in Stattena to the warehouse in Ättekulla 
where they are stored and shipped to customers. These in-house transportations occur 
on a daily basis, with about 4 to 6 trucks doing the trips each day. In 2014, a total of 
889 transports were conducted between Stattena and Ättekulla. The in-house 
transportations are outsourced to a third party logistics provider.  

4.4.2 Shipment modes 

McNeil AB is currently using three types of shipment modes for their products, 
namely road, maritime and air, see table 4.6. 
 

Table 4.6. Shipments from McNeil AB. 

Shipment Mode Number of shipments 

Road 871 

Maritime 695 

Air 256 

Total 1822 
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A total of 1822 shipments were conducted in 2014. As can be seen, road transportation 
is the most used shipment mode. These shipment modes only concern shipments out 
to the customers.  

4.5 Warehousing 

The company has two warehouses, one in Stattena and the other in Ättekulla, for 
storage of finished goods and raw material. In Stattena plant warehouse, there is a 
storage area for WIP, raw- and production material with 2600 pallet locations and 800 
shelf compartments. In Ättekulla warehouse there is a total capacity of 5800 pallet 
locations, 3100 for finished goods and 2700 for WIP, raw material, and production 
material.  

4.5.1 Storage System  

McNeil’s storage system consists of different areas, depending on the destination of the 
goods. An overview of the Ättekulla warehouse can be seen in figure 4.17 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
        Figure 4.17. Layout and material flow in Ättekulla Warehouse. Retrieved from the intranet.  

 

When the goods arrive from Stattena, they are stored in a semi-automatic storage 
system, the so called “storage area finished goods”, as can be seen in figure 4.18. With 
the help of a storage robot, an operator places the goods along the shelves. When an 
order arrives, the goods are picked from the shelves and then placed in another area, 
the “working area finished goods”, in order to be fitted into trucks and be shipped to 
the customers. 
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Figure 4.18. McNeil AB storage system, the different areas. Left picture shows an operator with a “man-up” truck.   

4.6 Packaging-related costs at McNeil AB 

Costs related to packaging come in various forms at McNeil AB. The first one, which 
is a direct cost, is the material cost. The material cost englobes the costs of all the 
materials that are used to create the packages. However, the material costs for primary, 
secondary and tertiary packages will not be taken into consideration due to the scope 
of the study. On the other hand, the pallet cost will be important to the study, which 
is a direct material cost. The pallet costs for the various pallet types can be seen in table 
4.7. 
 

Table 4.7.Pallet costs. The different pallet costs are obtained from the Purchasing department.   

Pallet Type Cost 

800x1200 Non-reusable 62,80 SEK 

800x1200 Reusable 98,00 SEK 

1000x1200 Non-reusable 78,00 SEK 

720x1100 Non-reusable 49,30 SEK 

 
Moreover, there are various costs that are indirectly associated with packaging and 
pallets at McNeil AB. All the finished goods are transported between the company’s 
two warehouses, Stattena and Ättekulla. Therefore, transportation costs are associated 
with the load carriers since more or less efficient load carriers will affect how many 
products can be transported at a time. The transportation cost for each pallet has been 
estimated to 41,76 SEK each. In order to estimate this cost, the total transportation costs 
were calculated for the entire year of 2014, amounting to 1 578 072 SEK, and this cost 
was divided by the total number of pallets shipped in 2014, namely 37 793 pallets, 
including non-Nicorette products. 
 
In the same manner, warehousing will be affected by the packaging of the products 
since these will be stored in the warehouse in Stattena. In this way, the cost of 
warehousing the pallets for McNeil AB has to be considered as a packaging related 
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cost. In McNeil AB, the cost of warehousing a pallet is estimated to 60 SEK per pallet, 
including handling and storage. The pallet, transportation and warehousing cost for 
the different pallets have been summarized.  
 

Table 4.8. Cost summary for each pallet type. Transportation and Warehousing costs have been obtained from 
Johan Anlander, Warehouse Manager.  

Pallet Type Pallet Cost Transportation Cost Warehousing Cost 

800x1200 Non-reusable 62,80 SEK 41,76 SEK 60,00 SEK 

800x1200 Reusable 98,00 SEK 41,76 SEK 60,00 SEK 

1000x1200 Non-reusable 78,00 SEK 41,76 SEK 60,00 SEK 

720x1100 Non-reusable 49,30 SEK 41,76 SEK 60,00 SEK 
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5. ANALYSIS 
 
 
 his chapter analyzes the so far presented information in the chapter Empirical Findings.  

  T 
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5.1 Packaging System 

In the present moment, McNeil AB has many Nicorette products manufactured at the 
site in Helsingborg. This means that the company has varying packaging solutions for 
their different products which makes the company’s packaging system intricate to 
map. However, after analyzing the packaging system at McNeil AB, it has occurred 
that the different packaging levels depend heavily on each other. 

5.1.1 Primary Packaging 

According to Dominic et al. (2000), the main objective of the primary package is to 
contain, preserve, protect and communicate the product. The primary packages at 
McNeil AB fulfill their purposes such as communicating, preserving, protecting and 
containing the product. When McNeil AB create new packages for their different 
products, the factors that firstly define the outcome are the safety requirements of the 
pharmaceutical preparations in order to keep these from contamination and ensure 
product safety. These are factors that are very important and backed by legal entities 
in this industry. This has led to the fact that the primary packages are not optimally 
adapted to the later processes of packaging involving secondary packaging, tertiary 
packaging and the pallets. This sub optimization therefore leads to poorly adapted 
secondary and tertiary packages, in their turn affecting the pallet configurations. 
However, although the primary package design can be seen as the determining factor 
for an efficient packaging system, further analysis will not be conducted due to the 
scope of the study. 
 
Moreover, the information and description printed on the packages has to be in the 
same language as the market that the product is going to be sold in, leading to the fact 
that same Nicorette products will have different packaging designs. Although the 
company wishes to reduce the number of primary packages, due to the 
aforementioned, this is something that is difficult to achieve. Furthermore, some 
countries have specific legal requirements that the company has to adapt their 
packages to. 

5.1.2 Secondary Packaging - Multipack 

The majority of the primary packages at McNeil AB are not packed in secondary 
packages. Secondary packaging is used when there are products that require a more 
stable and secure arrangement or bundling because of their shape and size. For 
instance, products such as the inhaler and lozenge are currently being packed into 
secondary packages due to their size and shape. Furthermore, the majority of the 
products at McNeil AB that are packed into secondary packages (multipacks) are well-
adapted to their content and do not have to be reconfigured, however, for pallet 
configurations 0065-0 and 0094-0, it is possible to modify the multipack to obtain a 
better pallet configuration. The secondary packages are present in pallet 
configurations 0064-0, 0065-0, 0088-1, 0089-1, 0093-0, 0094-0, 0097-0, 0098-0, 0099-1, 
0100-0, 0101-0 and 0102-1. See the aforementioned pallet configurations in appendix 5. 
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5.1.3 Tertiary Packaging - Boxes 

The 22 varying boxes available at McNeil AB can be reduced in number. There are 
currently boxes used for only two or fewer product types. With some minor 
modification of either the multipacks or the primary packages, it would be possible to 
reduce the number of boxes used at McNeil AB. Also, when introducing new products, 
it is of high importance to examine if any of the existing boxes can be used instead of 
creating a new box for the new product. Furthermore, according to Dominic et al. 
(2000), the choice of boxes will depend on the product and the other interdependent 
packaging levels, such as the primary and secondary packages. In the present moment, 
the other interdependent packaging levels are not fully integrated into the design 
process of the product at the company.  
 
Furthermore, the boxes at McNeil AB are constructed of corrugated cardboard which 
is a convenient material for McNeil AB to use. This is due to the fact that it is a material 
that can tolerate high stresses with different construction types, i.e. flute combinations. 
The boxes at McNeil AB are well-constructed and withstand the strains from handling, 
transportation and distribution of the boxes which, according to Dominic et al. (2000) 
is of high importance. The strength of the boxes is an important factor that will 
determine double-stackability which is directly linked to product safety. The ECT 
value is, therefore, a determining factor in the stability of the boxes. A too low ECT-
value will lead to the fact that the boxes might collapse and damage the Nicorette 
products along the distribution chain. However, to this date, no remarks regarding the 
boxes stability have been noted, i.e. that no boxes have collapsed or such. This is 
mainly due to the fact that the supplier of corrugated cardboard takes in consideration 
the requirements and the different stages that the box will go through in the 
distribution chain.  
 
The analysis of the box dimensions has been conducted in line with the pallet 
configurations. With the help of the software Cape Pack, the dimensions of the various 
boxes at McNeil AB have been analyzed in line with the given pallet dimensions. With 
the fixed dimensions of a certain given primary package, the software offers a set of 
different solutions with varying pallet configurations and box dimensions. Based on 
different factors or criteria’s such as the pallet height, pallet stability, utilization of 
pallet space and volume as well as product safety, the optimum pallet and box have 
been obtained.  
 
When there was no possibility to improve the pallet configurations with the existing 
boxes or different pallet patterns, new boxes were designed with Cape Pack in order 
to better utilize the pallet. After the analysis of the total 52 pallet configurations, eight 
boxes have been redesigned with new dimensions, see table 5.1 for the current and 
proposed boxes.  
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Table 5.1. Modified boxes and the corresponding pallet configurations   

Box ID Current Box  Proposed Box  Pallet Configuration ID 

CH010084 
 
 

 
 
 
 
 
 

         (1) 0026-0                                    (2) 0050-0 

CH010072 

  

0023-1 
0024-0 

CH010040 

 

 

0006-1 

CH010067 

 

 

0029-0 

CH010085 

 

 

0033-0 

CH010108 

  

0059-2 
0063-0 
0077-0 
0078-1 

CH010115 

  
0064-0 
0088-1 
0093-0 
 

CH010088 

 

 

0045-3 
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As can be seen in table 5.1, box CH010084 has been redesigned into two new boxes, 
one for pallet configuration 0026-0 and one for pallet configuration 0050-0. This has 
led to the fact that there is now a total of 23 boxes instead of 22 with the proposed 
modifications, see appendix 2 for the current boxes and the corresponding pallet 
configurations. This is because the analysis, as mentioned before, has been based on 
the pallet configurations. The goal has been to obtain as efficient pallets as possible, 
and therefore, within the scope of the study, a new box has to be added. However, the 
savings of adding this new box outweigh the costs associated with designing this new 
box since the pallet is now more efficient and more boxes can be fitted on the pallet. 
Furthermore, all the redesigned boxes have given the possibility to better utilize the 
pallets, i.e. stacking more products and utilizing the pallet area and volume in a more 
efficient way. 

5.2 Pallets and Pallet Configurations 

The pallets used at McNeil AB are well-suited for operations in production, 
warehousing and transportation. Currently, the company operates with four different 
types of pallets, namely the 800x1200 non reusable EU pallet, 800x1200 reusable EU 
pallet, 1000x1200 non reusable US pallet, in line with ISO 6780, and lastly the 
customized 720x1100 Japan pallet. The company has to consider these types of pallets 
when developing pallet configurations. Having different types of pallets or lacking a 
standardized pallet complicates operations and causes substantial expenses for the 
company. However, to obtain a single standardized pallet for the company is difficult 
since there are many different requirements depending on the industry and different 
geographic regions. The Japan pallet for instance, a customized pallet due to the fact 
that the standardized pallets recognized by the ISO 6780 are not compatible with 
regard to requirements from Japan.  
 
Moreover, the ideal for McNeil AB, in this case, would be to evaluate the possibilities 
of reducing the number of pallets in accordance with the customers. For instance, the 
800x1200 reusable and non-reusable EU pallets have different heights, therefore the 
reusable type can be eliminated instantly to reduce the number to three different pallet 
types. Furthermore, the block design of the pallet is beneficial for the company due to 
the fact that it makes operations with forklifts considerably easier compared to a pallet 
with the stringer design. 
 
Furthermore, with the help of Cape Pack, of the 52 different pallet configurations that 
exist at McNeil AB, 36 have been modified with new load heights, pallet configurations 
and modified tertiary packages. In appendix 5, the various pallet reconfigurations can 
be seen. The new external filling rate and the improvement that comes with the new 
configuration can be seen in the right column of the table in appendix 5.  

5.2.1 Pallet Height 

According to average European benchmark, the storage cost for a pallet with the 
height 1400mm is 22% higher than for a pallet with the height 1200mm. An internal 
study within Johnson & Johnson recommends that the optimal pallet height is 
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1200mm. If the pallet height exceeds this limit, it is strongly recommended to remove 
layers, and if it is inferior, layers should be added. However, exceptions can be made 
for non-double stackable pallets. The pallets that have been reconfigured has been 
conducted with the goal of coming as close to a height of 1200mm as possible. The 
heights of the pallets have been calculated with the help of the boxes’ dimensions and 
the number of layers on each pallet. The pallet height was later on added to this value 
to calculate the total load height.  
 
The analysis has resulted in an increase of the pallet height for 25 of the 36 modified 
pallet configurations, as can be seen in table 5.2.  
 

Table 5.2. Pallet configurations with current and proposed height including the pallet height. 

Pallet Configuration ID Current Height (mm) Proposed Height (mm) 

0002-1 921 1064 

0003-3 921 1064 

0004-1 921 1064 

0006-1 1013 1191 

0020-0 861 1107 

0021-2 937 1201 

0022-1 915 1179 

0023-1 895 1145 

0024-0 873 1123 

0029-0 1019 1075 

0030-0 955 1163 

0032-1 831 1067 

0033-0 1019 1179 

0044-2 935 1138 

0045-3 957 1160 

0053-1 955 1163 

0080-0 1069 1201 

0083-0 1047 1179 

0090-0 955 1163 

0097-0 915 1113 

0098-0 915 1113 

0099-1 907 1103 

0100-0 915 1113 

0101-0 915 1113 

0102-1 907 1103 

 

5.2.2 Pallet Loading 

As mentioned earlier, McNeil AB has 9 packaging lines where 6 of them use robotic 
palletizers and the rest are using manual methods to load the pallets. The manual way 
of loading the pallet is manageable since there are many operators loading the same 
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pallet and the packages to be loaded are not that heavy and easy to handle. However, 
with regard to efficiency and less impact on the operators’ safety, to update the manual 
packaging lines to robotic palletizers is highly recommended. Furthermore, the type 
of pallet loading problem is in line with the definition that Morabito, Morales and 
Widmer (2000) suggest, namely the Manufacturers Pallet Loading Problem, meaning 
that the Nicorette products are produced and packaged in identical boxes which are 
later loaded on the pallet.  

5.3 Volume- and Weight Efficiency 

The improvement of a new proposed pallet configuration has been calculated through 
the comparison of the current external filling rate of the pallet configuration and the 
proposed one. The external filling rate describes how well the volume of available 
pallet load is utilized. Table 5.3 shows the new external filling rates of the modified 
pallet configurations in comparison to the existing ones, where 34 of the 36 modified 
pallet configurations have a new improved filling rate. An increase of 24,5% of the 
external filling rates has been achieved, going from an average of 66,5% filling rate to 
82,8%. The increase in external filling rate is the result of modified pallet configurations 
with already existing boxes, added layer because of the new pallet height or modified 
boxes with new pallet configurations, see appendix 5 for the various modifications that 
have been made.  
 

Table 5.3. Current and proposed external filling rate followed by the improvement 

Pallet Configuration 
ID 

Current External 
Filling Rate 

New External Filling 
Rate 

Improvement 

0002-1 60,8% 93,6% 32,8% 

0003-3 64,3% 85,8% 21,5% 

0004-1 64,3% 85,8% 21,5% 

0006-1 81,6% 91,9% 10,3% 

0020-0 59,8% 82,9% 23,1% 

0021-2 65,1% 86,8% 21,7% 

0022-1 68,0% 90,6% 22,6% 

0023-1 57,5% 92,0% 34,5% 

0024-0 64,4% 86,7% 22,3% 

0026-0 64,5% 75,5% 11,0% 

0029-0 79,5% 82,9% 3,4% 

0030-0 75,6% 87,8% 12,2% 

0032-1 58,3% 77,7% 19,4% 

0033-0 63,3% 87,0% 23,7% 

0044-2 69,7% 87,1% 17,4% 

0045-3 57,9% 81,8% 23,9% 

0050-0 57,6% 75,4% 17,8% 

0053-1 67,7% 90,0% 22,3% 

0059-2 63,9% 72,0% 8,1% 

0063-0 62,6% 70,0% 7,4% 

0064-0 62,8% 78,0% 15,2% 

0077-0 68,9% 73,0% 4,1% 

0078-1 68,9% 73,0% 4,1% 
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Pallet Configuration 
ID 

Current External 
Filling Rate 

New External Filling 
Rate 

Improvement 

0079-0 68,3% 68,3% 0,0% 

0080-0 75,9% 87,0% 11,1% 

0083-0 79,3% 91,0% 11,7% 

0085-0 68,3% 68,3% 0,0% 

0088-1 70,3% 81,0% 10,7% 

0090-0 52,9% 86,0% 33,1% 

0093-0 62,8% 78,0% 15,2% 

0097-0 66,7% 83,0% 16,3% 

0098-0 66,7% 83,0% 16,3% 

0099-1 66,7% 83,0% 16,3% 

0100-0 71,1% 89,0% 17,9% 

0101-0 71,1% 89,0% 17,9% 

0102-1 66,7% 87,0% 20,3% 

 

The maximum weight restrictions for the pallets are not violated due to the fact that 
the company’s products are relatively light, just as the packaging materials that are 
used. Moreover, a limit is set for the weight of the boxes (15 kg) to ensure that no 
weight violations occur. As it has been mentioned before, no weight-related issues 
regarding the pallets and the boxes have been noted. This leads to the fact that the 
boxes and pallets fulfill their purposes from a weight efficiency viewpoint. 

5.4 Product safety 

Pallet overhang is a major cause for product damage and can cause problems with 
regard to handling and vehicle loading. This is also mentioned by Dominic et al. (2000) 
i.e. over packing leads to more packaging that in turn will affect product safety and 
damage or destroy the products along the distribution chain.  It is therefore vital for 
the loads to consider not to over-utilize the pallets. Overutilization of pallets may 
eventually lead to overhang problems which makes it difficult to place the pallets on 
top of each other and side to side, in trucks and shipping containers. This would of 
course risk the safety of the products. 
 
Moreover, the pallet heights can have a big impact on product safety. If the pallet 
height is not adapted to the storage shelves as well as the transport modes, product 
safety can be compromised. With this in consideration, the company can avoid 
problems and product damage along the distribution chain. Another main factor that 
has to be considered is the pallet configuration patterns. These will have a great impact 
on the shape and formation of the pallets. The way the products are arranged will play 
a vital role, therefore the pallets have to be palletized in a way that they withstand 
pallets stacked on each other and offer a stable arrangement of products. 
 
Furthermore, pallet underhang should also be avoided since it is a major cause for 
poor stable pallets. Too much underhang on the pallets do not allow the pallets to be 
double-stacked on each other because the pallet is too wobbly. As it has been 
mentioned in the section before, the company has internal recommendations with clear 
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restrictions regarding underhang and overhang. By allowing a little overhang, more 
products could be fit into a pallet, however, zero pallet overhang is recommended for 
the best and stable pallet configuration as it is a key cause for product damage. 
Regarding underhang, a maximum of 45mm on each side of the pallet (90 mm in total) 
is acceptable. Thus, the analysis of the 52 pallet configurations has been based on these 
internal restrictions. Table 5.4 shows the changes that have been made in order to 
resolve the issues with underhang and overhang existing on the pallets at McNeil AB. 
 

Table 5.4. Overhang and Underhang  

Pallet 
Configuration 
ID 

Overhang  Underhang  Actions taken Outcome 

0002-1 Satisfactory 113mm width Modified Pallet Configuration  Resolved to less than 90mm 

0006-1 4 mm 
length 

Satisfactory Modified Box & Pallet 
Configuration  

Overhang removed 

0020-0 Satisfactory 115mm length Modified Pallet Configuration  Resolved to less than 90mm 
0023-1 Satisfactory 103mm width Modified Box & Pallet 

Configuration  
Resolved to less than 90mm 

0026-0 Satisfactory 180mm width Modified Box & Pallet 
Configuration  

Resolved to less than 90mm 

0028-0 Satisfactory 113mm width No actions taken Unchanged  
0029-0 11mm 

width 
Satisfactory Modified Box & Pallet 

Configuration  
Overhang removed 

0030-0 18mm 
width 

Satisfactory Modified Pallet Configuration  Overhang removed 

0031-2 Satisfactory 98mm width No actions taken Unchanged 
0033-0 Satisfactory 94mm width 

192mm length 
Modified Box & Pallet 
Configuration  

Resolved to less than 90mm 

0037-0 Satisfactory 110mm width  
110mm length 

No actions taken Unchanged 

0038-1 Satisfactory 98mm width No actions taken Unchanged 
0039-1 Satisfactory 98mm width No actions taken Unchanged 
0045-3 Satisfactory 112mm width Modified Box & Pallet 

Configuration  
Resolved to less than 90mm 

0050-0 Satisfactory 111mm width 
140mm length 

Modified Box & Pallet 
Configuration  

Resolved to less than 90mm 

0059-2 Satisfactory 112mm width Modified Box Resolved to less than 90mm 
0063-0 Satisfactory 112mm width Modified Box  Resolved to less than 90mm 
0064-0 Satisfactory 137mm width 

107mm length 
Modified Box & Pallet 
Configuration  

Resolved to less than 90mm 

0065-0 Satisfactory 92mm length No actions taken Unchanged 
0084-0 Satisfactory 92mm width No actions taken Unchanged 
0088-1 Satisfactory 116mm width 

101mm length 
Modified Box & Pallet 
Configuration  

Resolved to less than 90mm 

0090-0 Satisfactory 92mm width 
146mm length 

Modified Pallet Configuration  Resolved to less than 90mm 

0093-0 Satisfactory 137mm width 
107mm length 

Modified Box & Pallet 
Configuration  

Resolved to less than 90mm 

0094-0 Satisfactory 92mm length No actions taken Unchanged 
0103-2 Satisfactory 92mm length No actions taken Unchanged 
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All pallet configurations with overhang have been redefined and the overhang has 
been eliminated. Regarding the pallet configurations that represented underhang, 
most of them were changed in order to be less than 45mm (90mm in total) on each side, 
which is the limit that has been set for the analysis. However, there was no possibility 
to change a few of these, namely pallet configuration 0028-0, 0031-2, 0037-0, 0038-1, 
0039-1, 0065-0, 0084-0, 0094-0 and 0103-2, all marked in blue in the table above. The 
reason for this was that there was no possibility to change the box dimensions in an 
efficient way with the current primary packages in order to get an optimal pallet 
configuration. The only way to optimize these pallet configurations is to revise the 
primary packages, which is out of the scope of this study. 
 
Based on figures from 2014, it was noted that 12 of the existing 52 pallet configurations 
within the company were not used for shipment. These are the following: 

 0002-1 
 0004-1 
 0024-0 
 0077-0 
 0078-1 
 0083-0 
 0084-0 
 0089-1 
 0091-0 
 0098-0 
 0099-1 
 0103-2 

5.5 Adapted size - right quantity 

McNeil AB’s packaging is influenced by the circa 80 markets that the company is 
present in. This means that every specific market have their specific requirements that 
the company has to adapt to. Furthermore, other legal institutions influence the 
packaging in the way that the packaging has to be designed based on a set of different 
requirements. Also, there are several procedures that the packaging has to go through 
before being accepted, such as the market in Japan that has a specific packaging line. 
The company’s major customers have influence on the packaging, however, it is 
mostly the markets and their legal and other requirements that determine the outcome 
of the primary packages. Thus, it is complicated to change the primary packages in 
line with the other stages of packaging, i.e. secondary packaging, tertiary packaging 
and finally the load carriers. 

5.6 Flow information 

The flow information at McNeil AB works well for its purpose since the company is 
using the GS1 global standards for identification and labelling their products. The GS1 
global standards allow McNeil AB to constantly improve their supply chain because 
of the systematic way of identifying and labelling their products. In fact, with the 
information carried by the barcodes, it is easy for the company to identify reported 



62 
 

damaged products, misdeliveries and quality-related problems. This has led to the fact 
that the company have obtained a more structured way of carrying out their logistical 
operations with the result of decreased paperwork costs, manage delivery lead times 
and increased delivery accuracy. However, there exists a minor issue with the 
identification of the boxes in some of the markets that McNeil AB is active in. This is 
due to the fact that they require an identification number on the multi-packs or the 
bundle inside the boxes.  
 
McNeil AB is currently not using the RFID system but introducing it would mean a 
more efficient way of handling and inventory planning of the company’s packages and 
pallets. Moreover, the RFID system seems to be the future of identification systems, 
making it considerable for the company since future customers might request it. 

5.7 Handleability  

Handling of boxes and pallets at McNeil AB is, in the present moment, relatively 
sufficient. However, the overhang and underhang that exist on the current pallet 
configurations complicates handling. The overhang complicates handling in the way 
that the operators have to operate in restricted space in the elevators and trucks. The 
few millimeters that are outside of the pallet bring extra unnecessary work. However, 
the pallets that previously had overhang problems have now been corrected and the 
overhang on these has been eliminated which simplifies handling significantly. Other 
than affecting the handling of pallets, overhang is also directly linked to product 
safety. Concerning underhang, those pallets exceeding the limit of 90mm on both sides 
have been corrected to become less than the limit. Underhang complicates handling as 
well due to the fact that pallets with too much underhang are too wobbly and great 
caution has to be taken when handling these. Also, underhang is related to the issue 
of double-stacking the pallets. The double-stacking of wobbly or unstable pallets 
complicates handling tremendously and requires more caution by the operators 
leading to unnecessary work. 
 
Since McNeil AB is investing in redefining and standardizing their storage shelves to 
1200mm, the handling will be more efficient since the pallets can be placed in any 
storage shelf. This is much more efficient compared to today's two different heights on 
their storage shelves (1200mm and 1050mm). These two heights brings more work in 
the way that the operators have to plan where which pallet should be stored.    

5.8 Transportation  

The amount of transports between Stattena and Ättekulla can be decreased if the pallet 
configurations are optimized. This is due to the fact that with less pallets, the same 
amount of finished goods will be transported with less transports between the two 
warehouses. In fact, with the proposed solutions, the number of pallets has been 
reduced by 5833, from 37793 to 31960 pallets per year. Moreover, this leads to the fact 
that the number of required in-house transports will decrease by 137, from 889 to 752. 
Transportation is an important factor when it comes to logistical activities as it makes 
up for one-third of the logistics costs according to Tseng (2005), therefore, this decrease 
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in the number of transportation will have a big impact on the total logistical costs. 
These cost savings will be addressed in Section 5.6.   
 
The decrease in transportation will not only result in cost savings but it will also 
decrease the impact on the environment in the form of carbon dioxide and other 
environmentally hazardous substances from the trucks. Furthermore, with better 
planning and coordination, the frequency of transports between Stattena and 
Ättekulla can be decreased.  
 
Furthermore, the breaking point between the company and its customers is when the 
finished products and pallets are loaded on the trucks for further distribution. 
Therefore, the authors have chosen to not analyze the shipment modes, however, a 
discussion about the shipment modes will be proposed in chapter 7. 

5.9 Warehousing 

As mentioned earlier, the pallet racks or the storage shelves at the Ättekulla warehouse 
have two different heights which, in the present moment, complicates handling. 
However, the ongoing investment in redefining the height of the pallet racks will in 
the near coming future simplify handling of pallets. To deal with the circa 38 000 
annually pallets stored in the warehouse, there is a need for efficient way of handling 
and storing these. The more pallets used for shipment of the Nicorette products 
automatically means more handling, documentation and other logistical activities 
associated with pallets. Therefore, optimizing the load on the pallets is vital for 
operations. In fact, with a decreased number of pallets the company can save 
tremendous amount of work and costs related to transportation, warehousing and 
handling, and material costs. The proposed solutions achieve this decrease in number 
of pallets. Moreover, these proposed pallet configurations are adapted to the new 
storage height of 1200mm, facilitating the storage of the pallets and improving 
warehouse efficiency. 
 
Furthermore, since McNeil AB is dealing with pharmaceutical products, the 
temperature of the storage system in which these will be stored is crucial for the 
durability of the products. However, the temperature in the warehouses where the 
Nicorette products are stored is according to the temperature requirements of the 
products. Moreover, the different areas in the Ättekulla warehouse allow for efficient 
and smooth operations such as double-stacking and stretch-wrapping of pallets before 
being shipped to the intended customer.  

5.10 Cost Analysis 

The cost analysis has been conducted with the assumption that all the pallets that were 
shipped in 2014 were full. This therefore leaves a small margin of error in the cost 
analysis since all the pallets were not shipped full in 2014. 
 
As can be seen from table 5.5 below, the current situation at McNeil AB regarding the 
configuration of the pallets has been compared with the proposed solutions. In table 
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5.5, the grey marked area shows the current situation with the number of layers per 
pallet, primary packages per pallet, number of boxes per pallet and finally the pallet 
load height. In order to make the comparison possible, the same parameters have been 
assessed for the proposed pallet configurations.  By comparing the number of primary 
packages that can be fit into a single pallet for each pallet configuration, with the 
current and the new proposed solutions, it has been possible to single out the cost 
savings deriving from the proposed solutions.  
 
The difference in the number of pallets in a year with the current and proposed 
solutions has been compared. The costs associated with the pallets, namely 
transportation, warehousing and pallet costs were thereafter multiplied by the 
difference in number of pallets to determine the cost savings. The full cost analysis can 
be seen in table 5.5 below. In monetary terms, the cost analysis has resulted in potential 
savings of 1 MSEK per year. These savings, as mentioned earlier, derive from 
transportation costs, warehousing costs and wooden pallet costs. In fact, 
transportation costs savings make up for 24% of the total savings, warehousing costs 
savings for 34% and finally wooden pallet costs savings make up for 42% of the total 
savings. Also, it is worth to mention that only 26 of the total 52 pallet configurations 
contribute to the savings. From the 26 contributing pallet configurations, in year 2014, 
a total of 25 023 pallets were shipped. With the proposed pallet reconfigurations, this 
number can be reduced to 19 190 pallets a year, namely a reduction of 5 833 pallets to 
handle a year. This, in turn, would mean that instead of 37 793 pallets in total, 
including the non-Nicorette products, 31 960 pallets could be used.  
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  Table 5.5. Cost Analysis performed with the software Excel.  
 

 

  Current     Proposed     Potential Savings      

Product 

Pallet 
Config
uration 

ID 

Layer/P
allet 

Primary 
Package/

pallet 

Boxes/
Pallet 

Pallet 
Height 
(mm) 

Layer/P
allet 

Primary 
Package/

Pallet 

Boxes/
Pallet 

Pallet 
Height 
(mm) 

Primary 
Packages 
Shipped 

2014 

Number 
of Pallets 

2014  

Propose
d 

Number 
of Pallets 

Number 
of Pallets 

saved  

Saved Pallet 
Costs (SEK) 

Saved 
Warehousing 
Cost (SEK) 

Saved In-
house 

Transportation 
Cost (SEK) 

NNS 1pc – US 0002-1                               

NNS 1pc - EUR 0003-3 3 1 584 33 921 4 2 112 44 1 187 203 372 192 97 95 7 410,00 5 700,00 3 967,20 

NNS 4pcs – EUR 0004-1                               

NNS 4pcs – US 0006-1 5 1 280 80 1 013 6 1 440 90 1 191 36 955 33 26 7 546,00 420,00 292,32 

Gum Coated 30pcs – CA 0020-0 3 3 600 75 861 4 4 992 104 1 107 231 840 72 47 25 1 950,00 1 500,00 1 044,00 

Gum Coated 75/105pcs 0021-2 6 1 152 72 937 8 1 536 96 1 201 609 484 579 397 182 11 429,60 10 920,00 7 600,32 

Gum Coated 105pcs 0022-1 6 1 536 96 915 8 2 048 128 1 179 861 444 653 421 232 18 096,00 13 920,00 9 688,32 

Gum Coated 210pcs 0023-1 3 504 21 895 4 800 40 1 145 1 359 570 2 838 1 700 1 138 85 171,80 68 280,00 47 522,88 

Gum Coated 210pcs - CA 0024-0                               

Gum Uncoated 105pcs – CA 0026-0 4 1 920 40 1 015 4 2 304 48 1 015 335 422 217 146 71 5 538,00 4 260,00 2 964,96 

Gum Coated/Uncoated 100/110pcs  – US 0029-0 7 1 008 84 1 019 4 1 088 68 1 075 4 530 132 4 528 4 164 364 28 392,00 21 840,00 15 200,64 

Gum Coated/Uncoated 100/110pcs  – US 0030-0 4 4 032 56 955 5 4 680 65 1 163 1 215 276 348 260 88 6 398,71 5 280,00 3 674,88 

Gum 160/170/190/200 Uncoated – US 0032-1 3 540 30 831 4 720 40 1 067 779 550 1 563 1 083 480 37 440,00 28 800,00 20 044,80 

Gum 160/170/190/200 Coated – US 0033-0 7 504 84 1 019 6 720 90 1 179 1 357 752 2 707 1 886 821 61 641,78 49 260,00 34 284,96 

Microtab 20/30pcs Blister 80x59mm 0044-2 4 3 600 40 935 5 4 500 50 1 138 244 179 71 55 16 1 004,80 960,00 668,16 

Microtab 90/100pcs Blister 80x59mm 0045-3 4 1 512 28 957 5 2 160 30 1 160 807 261 584 374 210 14 909,42 12 600,00 8 769,60 

Gum 90/105 Uncoated L1 – EUR 0050-0 4 1 344 28 1 015 4 1 728 48 1 015 291 444 233 169 64 4 019,20 3 840,00 2 672,64 

Gum 30pcs Uncoated – Canada 0053-1 4 4 608 64 955 5 6 120 85 1 163 60 156 15 10 5 390,00 300,00 208,80 

Inhaler 15mg 20pcs – EUR 0059-2 3 1 296 24 988 3 1 440 30 988 728 211 587 506 81 5 237,37 4 860,00 3 382,56 

Inhaler 15mg 4pcs 0063-0 3 2 592 24 966 3 2 880 30 966 503 184 200 175 25 1 570,00 1 500,00 1 044,00 

ONS Single EUR 0064-0 4 1 008 28 1 077 4 1 296 24 1 077 1 896 388 1 795 1 464 331 24 577,50 19 860,00 13 822,56 

Inhaler 15mg 4pcs US 0077-0                               

Inhaler 15mg 20pcs US 0078-0                               

Inhaler 36/42pcs Refill – US 0079-0                               

Gum 105pcs coated 0080-0 7 1 344 84 1 069 8 1 536 96 1 201 5 730 734 4 599 3 731 868 62 356,41 52 080,00 36 247,68 

Gum Coated 105pcs 0083-0                               

Inhaler 6pcs/18pcs Refill – US 0085-0                               

ONS Single US 0088-1 4 1 440 40 1 055 4 1 728 32 1 055 385 908 274 224 50 3 900,00 3 000,00 2 088,00 

Gum Uncoated 30pcs – Russia 0090-0 4 2 880 40 955 5 4 680 65 1 163 19 284 6 5 1 62,80 60,00 41,76 

Lozenge 1pc 0093-0 4 1 008 28 1 077 4 1 296 24 1 077 1 653 350 1 612 1 276 336 23 411,95 20 160,00 14 031,36 

Gum 200pcs (8x25) ACMA - EUR 0097-0 4 3 840 60 915 5 4 800 75 1 113 832 584 227 174 53 3 328,40 3 180,00 2 213,28 

Gum 100pcs (4x25) ACMA - EUR 0098-0                               

Gum 6x25 Display ACMA – EUR 0099-1                               

Gum 200pcs (8x25) ACMA – US 0100-0 4 5 120 80 915 5 6 400 100 1 113 3 884 782 833 607 226 17 628,00 13 560,00 9 437,76 

Gum 100pcs (4x25) ACMA – US 0101-0 4 1 280 80 915 5 1 600 100 1 113 144 024 130 91 39 3 042,00 2 340,00 1 628,64 

Gum 6x25 Display ACMA – US 0102-1 4 4 800 100 907 5 6 240 130 1 103 634 516 127 102 25 1 950,00 1 500,00 1 044,00 

          Total 25 023 19 190 5 833 431 401,75 kr 349 980,00 kr 243 586,08 kr 
                 

   No data found for 2014           
Total Potential Cost Savings 

 
1 024 967,83 kr 

   Unchanged Pallet Configuration           
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6. CONCLUSIONS & RECOMMENDATIONS 
 

his chapter will include the conclusions and recommendations derived from the 

analysis.  

  

T 
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The purpose of this study has been to assess and evaluate McNeil AB’s packaging 
system focusing mainly on the load carriers, namely the pallets of the company. In 
order to achieve this objective, the boxes and the pallet configurations of the company 
have been reviewed and analyzed from a packaging logistics perspective. Moreover, 
the associated cost savings deriving from the modifications have been assessed. 

6.1 Pallet Configurations  

The main focus in this paper has been the company’s pallets. The efficiency of the pallet 
loads has been evaluated through the external filling rate of these. The current external 
filling rates of the company’s pallets can be optimized, and with a redefinition of the 
pallet heights to 1200mm, a few changes are needed. There is currently a total of 52 
pallet configurations within the company, of which 36 have been modified through 
the analysis of the study. However, it has been noted that 12 of these are not currently 
used for shipment and need to be reviewed since they are outdated. The proposed 
solutions have resulted in an increase in height for 25 of the 36 modified pallet patterns. 
The new heights correspond to the future storage shelf heights in the warehouse in 
Ättekulla, which will facilitate handling and storing of pallets. The current average 
external filling rate is at 66,5%, however, with the proposed solutions, an external 
filling rate of 82,8% has been achieved, which is an increase of 24,5% in external filling 
rate. This is a considerable improvement and is the result of modified pallet 
configurations, redesigned boxes and new pallet heights. 
 
Regarding product safety in the company, overhang and underhang on the pallets 
have been resolved with the new pallet configurations, which is important to consider. 
There were many pallets that represented underhang and overhang, and, with the help 
of new boxes or modified pallet configurations, these issues have been resolved, 
further ensuring product safety and handleability.  
 
Furthermore, when reviewing and assessing the products and pallet configurations of 
the company, it has been difficult to track these down. There is no standardized way 
of working and there are many differences between the departments in their way of 
documenting, making it hard to see the connections.  
 
Regarding the shipments of pallets, these are conducted from the warehouse in 
Ättekulla. After brief analyses of the filling rates of containers and trucks for shipment 
to customers, it has been noted that these are inefficient. This is due to the fact that the 
breakpoint between the company and its customers is when the pallets are placed into 
the trucks and containers or other load carriers. This, in turn, means that the company 
has no responsibility of these since the customers are billed the moment the pallets are 
shipped. However, with better planning and coordination of shipments, there are 
many benefits to gain for McNeil AB other than just monetary ones. This would in fact 
save the company valuable time since less handling, documentation and packaging 
would be required. 
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6.2 Reconfigured Boxes 

Regarding the tertiary packages of the company, namely the boxes, the optimal 
solution would be to decrease the number in order to achieve standardized boxes. In 
the present moment, 22 different boxes are used within the company. The analysis of 
this study has resulted in the redesign of 8 boxes leading to an additional box, 
amounting to a total of 23 boxes. This is due to the fact that the analysis has been 
primarily based on the pallet configurations. However, decreasing the number of 
boxes is recommended and further studies of the company’s packaging system is 
required. Moreover, when developing new products and primary packages, it is 
important for the company to consider the existing boxes to see if the new products 
could be fit into these instead of developing new ones. The internal filling rate of the 
different boxes at McNeil depend mainly on how the primary and the secondary 
packages are designed and arranged. The current internal filling rate of the majority 
of the boxes at the company is satisfactory. However, there are some boxes that can be 
improved in filling rate with reconfigured primary packages. Hence, if packaging 
logistics is integrated in early phase of product development, it is easier to achieve a 
higher internal filling rate. 

6.3 Potential Savings 

To evaluate the impact of the changes that have been made, a cost analysis has been 
carried out to determine the savings of the proposed modifications. The cost analysis 
has been based on transportation, warehousing and pallet costs. The analysis relies on 
figures from the year 2014 regarding the number of products and pallets shipped. 
However, the assumption that all the shipped pallets in year 2014 were full leads to a 
small margin of error in the calculations. Nonetheless, with the proposed 
modifications, annual savings of approximately 1 MSEK can be achieved and the total 
number of pallets can be reduced by 5 833 pallets per year. These numbers shows how 
much room for improvement there is in the company regarding the pallet system. 
Moreover, the modifications not only imply cost savings but also less pallets to handle, 
leading to a lower impact on the environment, improved stability of the pallets, which 
increases product and operational safety, and finally pallets that are easier to handle 
compared to the existing ones. 
 
Furthermore, the number of in-house transports between the company’s two 
warehouses, Stattena and Ättekulla, can be decreased due to the decrease in the 
number of pallets to handle each year. In 2014, a total of 889 in-house transports were 
conducted between the two warehouses, however, this number can be decreased to 
752, assuming that each trailer is full. 
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6.4 Recommendations 
Based on the analysis, McNeil AB is recommended to: 

 Redefine the dimension of 8 of the total 22 existing boxes in order to improve 
pallet configurations. This will lead to the fact that 15 pallet configurations will 
have a new modified box. The following 8 boxes have to be redefined in 
dimension.  

o CH010084 
o CH010072 
o CH010040 
o CH010067 
o CH010085 
o CH010108 
o CH010115 
o CH010088 

 Reconfigure the 36 of the total 52 pallet configurations that exist within the 
company, see appendix 5 for the pallet configurations. 

 Outdate or eliminate the pallet configurations that are not in use since these 
cause confusion. 

 Go through the different packaging documents, such as the document 
“Produktdatalista” in the intranet system and organize them in a way that 
everyone involved in the packaging process can easily understand and make 
use of it. 
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7. DISCUSSION 

 

his chapter will include the discussion concerning the study and suggestions for 
further research that is required to fully exploit the opportunities to further 
improve McNeil AB’s packaging system.    

  

T 
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7.1 General Discussion  

The packaging problem is a complex and manifold one, especially in McNeil AB’s case 
due to the set of regulations and legislations that have to be followed in the 
pharmaceutical industry. The packages used in the company fulfill their purposes and 
their functions to the customer. However, the main issue that has been discovered is 
the fact that the different levels of packaging are not considered as a system, meaning 
that while it is important that every single packaging level is functional, it is more 
important to see the whole picture. Therefore, of that specific reason, the interaction 
between the different packaging levels is crucial for an effective packaging system. 
During product development phase at McNeil AB, no consideration is given to the 
later stages of packaging such as secondary and tertiary packaging as well as the 
pallets. This sub optimization leads to the fact that the different packaging levels are 
poorly adapted to each other. Hence, by viewing the whole packaging process as a 
system, a more efficient packaging system can be developed and achieved.  
 

Furthermore, the implementation of the solutions would not imply high direct costs to 
the company compared to the situation today. The redefined boxes have dimensions 
that are close to current boxes within the company, making them not intricate to 
change, however, new specifications will be required. Also, the company’s supplier 
for the boxes is cooperative and could provide support in bringing up the new boxes.  

Moreover, regarding implementation, it is vital to have in mind that the changes in the 
boxes and the pallet configurations will affect the company’s customers. It is therefore 
important for McNeil AB to really make sure that their customers are capable of 
handling the proposed modifications to avoid possible problems or dissatisfactions. 
Also, regarding the new modified boxes, the palletizers in the packaging lines have to 
be reprogrammed to the new dimensions and specifications of the box.  

Moreover, concerning the calculations and measurements in the study, it cannot be 
said that they are hundred per cent accurate since every measurement is an 
experimental procedure carried out by humans, i.e. the authors. However, to really 
make sure that the acquired data is correct and trustworthy, the authors have used 
triangulation of sources and continuously reviewed the data at hand. Moreover, all the 
observations of the study have been carried by both the authors to ensure that these 
are reliable. 

 7.2 Generalizability 

According to Saunders et al. (2012), generalizability is being referred to as external 
validity, which is if the outcome or the results from a certain given study can be 
applied on other organizations and problems. This study has been carried out as a case 
study in an organization and the authors have, therefore, not made any comparisons 
against other companies or other similar problems existing in other organizations. 
Also, the outcome of the thesis has specifically been aimed for the case study company 
McNeil AB. Hence, not comparing to other companies or similar problems can of 
course question the generalizability of the study. However, the packaging system and 
pallet configurations are assumed to be similar in other organizations. The problems 
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that have emerged from the empirical findings, such as poor volume efficiency of 
pallets, overhang and underhang, can without hesitation be found in other 
organizations. Therefore, this study may, for those companies wishing to examine 
their packaging system and pallet configurations, provide them with suggestions as 
well as ideas and hopefully lead to a solution or solutions that can be implemented 
within their organizations.  

7.3 Further Research   

In order to fully explore the opportunities that exist for McNeil AB concerning their 
packaging system, there is a need of studying the design process of the primary 
packages, i.e. secondary packages, tertiary packages including the load carriers have 
to be taken into consideration in the very beginning of the product development. There 
is also a need for studying the different requirements that affect the outcome of the 
primary packages. If the primary packages can be modified with the other levels of the 
packaging system in consideration, it is possible for the company to obtain a more 
efficient packaging system. Furthermore, there is a need of examining shipments of 
products to customers with emphasize on planning and coordination. It is believed 
that with better planning and coordination of shipments, unnecessary operations can 
be avoided and a more efficient logistics flow can be obtained.   
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Appendix 1 – Current pallet configurations at McNeil AB 
 
 
 
 
 
The pallet height is not included in the load height.  

Pallet Configuration ID: 0002-1 
Product: NNS 1pc – US   

 

Pallet Configuration ID: 0003-3 
Product: NNS 1pc - EUR 

Pallet Configuration ID: 0004-1 
Product: NNS 4pcs – EUR 

 

Pallet Configuration ID: 0006-1 
Product: NNS 4pcs – US 

Pallet Configuration ID: 0019-1 
Product: Gum Coated 15/30pcs 

Pallet Configuration ID: 0020-0 
Product: Gum Coated 30pcs – Canada 

Pallet Configuration ID: 0021-2 
Product: Gum Coated 75/105pcs 

Pallet Configuration ID: 0022-1 
Product: Gum Coated 105pcs 



 
 

Pallet Configuration ID: 0023-1 
Product: Gum Coated 210pcs 

 

Pallet Configuration ID: 0024-0 
Product: Gum Coated 210pcs - Canada 

Pallet Configuration ID: 0026-0 
Product: Gum Uncoated 105pcs – 
Canada 

Pallet Configuration ID: 0027-0 
Product: Gum Uncoated 195/210pcs 

 

Pallet Configuration ID: 0028-0 
Product: Gum Coated/Uncoated/ New 
Shape Bulk – Japan  

 
 
 
 
 
 

Pallet Configuration ID: 0029-0 
Product: Gum Coated/Uncoated 
100/110pcs  – US 

Pallet Configuration ID: 0030-0 
Product: Gum 15/30pcs Uncoated 
  

Pallet Configuration ID: 0031-2 
Product: Inhaler 6pcs Refill 
 

Pallet Configuration ID: 0032-1 
Product: Gum 160/170/190/200 
Uncoated – US 

Pallet Configuration ID: 0033-0 
Product: Gum 160/170/190/200 
Coated – US 

Pallet Configuration ID: 0035-0 
Product: Gum Taste Samples 

Pallet Configuration ID: 0037-0 
Product: Inhaler Bulk – US 

 



 
 

Pallet Configuration ID: 0038-1 
Product: Inhaler 6pcs – UK / 18pcs Refill 

 

Pallet Configuration ID: 0039-1 
Product: Inhaler 42pcs Refill  

 

Pallet Configuration ID: 0044-2 
Product: Microtab 20/30pcs Blister 
80x59mm 

Pallet Configuration ID: 0045-3 
Product: Microtab 90/100pcs Blister 
80x59mm  

Pallet Configuration ID: 0050-0 
Product:Gum 90/105 Uncoated L1 – EUR 
 

 

Pallet Configuration ID: 0053-1 
Product: Gum 30pcs Uncoated –Canada 
 

Pallet Configuration ID: 0059-2 
Product: Inhaler 15mg 20pcs – EUR 
 

 

Pallet Configuration ID: 0063-0 
Product: Inhaler 15mg 4pcs 
 

Pallet Configuration ID: 0064-0 
Product: ONS Single EUR 

 

Pallet Configuration ID: 0065-0 
Product: ONS Double EUR 

 

Pallet Configuration ID: 0077-0 
Product: Inhaler 15mg 4pcs US 
 

 

Pallet Configuration ID: 0078-1 
Product: Inhaler 15mg 20pcs US  



 
 

Pallet Configuration ID: 0079-0 
Product: Inhaler 36/42pcs Refill – US  

 
 
 

Pallet Configuration ID: 0080-0 
Product: Gum 105pcs coated 

 
  

Pallet Configuration ID: 0081-0 
Product: Gum 90/105pcs Uncoated 
EUR 

Pallet Configuration ID: 0082-0 
Product: Gum 105pcs Uncoated – US 

Pallet Configuration ID: 0083-0 
Product: Gum Coated 105pcs  
 

 

Pallet Configuration ID: 0084-0 
Product: Gum 195/210pcs Uncoated – 
US  

Pallet Configuration ID: 0085-0 
Product: Inhaler 6pcs/18pcs Refill – 
US  

Pallet Configuration ID: 0088-1 
Product: ONS Single US 

Pallet Configuration ID: 0089-1 
Product: ONS Double US  
 

 

Pallet Configuration ID: 0090-0 
Product: Gum Uncoated 30pcs – Russia  

Pallet Configuration ID: 0091-0 
Product: Gum Coated 15/30pcs  
 

Pallet Configuration ID: 0093-0 
Product: Lozenge 1pc  



 
 

Pallet Configuration ID: 0094-0 
Product: Lozenge 4pc  

 

Pallet Configuration ID: 0097-0 
Product: Gum 200pcs (8x25) ACMA 
- EUR 

Pallet Configuration ID: 0098-0 
Product: Gum 100pcs (4x25) ACMA - 
EUR 

Pallet Configuration ID: 0099-1 
Product: Gum 6x25 Display ACMA – 
EUR 

Pallet Configuration ID: 0100-0 
Product: Gum 200pcs (8x25) ACMA – US 
 

Pallet Configuration ID: 0101-0 
Product: Gum 100pcs (4x25) ACMA – 
US 

Pallet Configuration ID: 0102-1 
Product: Gum 6x25 Display ACMA – 
US  

Pallet Configuration ID: 0103-2 
Product: Gum 150pcs Uncoated  
 

 

  



 
 

Appendix 2 – Current boxes and the corresponding pallet configurations   

Box ID   Pallet Configuration ID Box ID  Pallet Configuration ID  
CH010084 0026-0 

0050-0 
 

CH010073 0019-1 
0020-0 
0091-0 

 

CH010005 0028-0 CH010085 0033-0 

CH010013 0030-0 
0053-1 
0090-0 

CH010088 0045-3 

CH010016 0031-2 
0038-1 
0039-1 
0079-0 
0085-0 

CH010089 0044-2 

CH010020 0081-0 
0082-0 
0027-0 
0084-0 
0103-2 

CH010106 0097-0 
0098-0 
0100-0 
0101-0 

CH010108 0059-2 
0063-0 
0077-0 
0078-1 

CH010036 0037-0 CH010109 0099-1 
0102-1 

CH010040 0006-1 CH010114 0065-0  
0089-1  
0094-0  

CH010052 0021-2 
0022-1 
0080-0 
0083-0 

CH010067 0029-0 CH010115 0064-0 
0088-1 
0093-0 

CH010071 0032-1 E180 0002-1 
0003-3 
0004-1 

CH010072 0023-1 
0024-0 

E350 0035-0 



 
 

Appendix 3 – Internal filling rate of the boxes 

Pallet 
Configuration 
ID  

Box ID Product 
volume 
(mm³) 

Internal Volume of 
the boxes (mm³) 

Internal Filling Rate 
(%) 

0002-1 E180 14 152 320 18 000 000 78,6% 

0003-3 E180 14 152 320 18 000 000 78,6% 

0004-1 E180 14 152 320 18 000 000 78,6% 

0006-1 CH010040 9 434 880 12 460 800 75,7% 

0019-1 CH010073 7 805 952 9 232 938 84,5% 

0020-0 CH010073 7 805 952 9 232 938 84,5% 

0021-2 CH010052 6 801 696 7 944 360 85,6% 

0022-1 CH010052 6 801 696 7 944 360 85,6% 

0023-1 CH010072 22 161 600 25 418 400 87,2% 

0024-0 CH010072 22 161 600 25 418 400 87,2% 

0026-0 CH010084 16 872 960 18 307 080 92,2% 

0027-0 CH010020 15 233 400 18 455 748 82,5% 

0028-0 CH010005 20 680 110 23 692 768 87,3% 

0029-0 CH010067 9 444 600 10 658 892 88,6% 

0030-0 CH010013 10 441 728 12 289 200 85,0% 

0031-2 CH010016 17 721 504 20 123 040 88,1% 

0032-1 CH010071 21 116 700 22 923 264 92,1% 

0033-0 CH010085 7 038 900 8 446 656 83,3% 

0035-0 E350 Bulk shipment Bulk shipment N/A 

0037-0 CH010036 Bulk shipment Bulk Shipment N/A 

0038-1 CH010016 17 554 320 20 123 040 87,2% 

0039-1 CH010016 17 554 320 20 123 040 87,2% 

0044-2 CH010089 14 076 000 16 247 224 86,6% 

0045-3 CH010088 16 553 376 18 930 965 87,4% 

0050-0 CH010084 16 872 960 18 307 080 92,2% 

0053-1 CH010013 10 441 728 12 289 200 85,0% 

0059-2 CH010108 21 167 352 24 821 706 85,3% 

0063-0 CH010108 21 659 616 24 821 706 87,3% 

0064-0 CH010115 18 289 620 20 669 025 88,5% 

0065-0 CH010114 23 310 300 26 052 585 89,5% 

0077-0 CH010108 21 659 616 24 821 706 87,3% 

0078-1 CH010108 21 167 352 24 821 706 85,3% 

0079-0 CH010016 17 554 320 20 123 040 87,2% 

0080-0 CH010052 6 801 696 7 944 360 85,6% 

0081-0 CH010020 16 872 960 18 455 748 91,4% 

0082-0 CH010020 16 872 960 18 455 748 91,4% 

0083-0 CH010052 6 801 696 7 944 360 85,6% 

0084-0 CH010020 15 233 400 18 455 748 82,5% 

0085-0 CH010016 17 554 320 20 123 040 87,2% 

0088-1 CH010115 18 289 620 20 669 025 88,5% 

0089-1 CH010114 23 310 300 26 052 585 89,5% 

0090-0 CH010013 10 441 728 12 289 200 85,0% 

0091-0 CH010073 7 805 952 9 232 938 84,5% 

0093-0 CH010115 18 289 620 20 669 025 88,5% 

0094-0 CH010114 23 310 300 26 052 585 89,5% 

0097-0 CH010106 7 635 600 10 262 736 74,4% 

0098-0 CH010106 7 999 200 10 262 736 77,9% 



 
 

 

 
  

0099-1 CH010109 6 472 080 7 638 576 84,7% 

0100-0 CH010106 7 635 600 10 262 736 74,4% 

0101-0 CH010106 7 999 200 10 262 736 77,9% 

0102-1 CH010109 6 472 080 7 638 576 84,7% 

0103-2 CH010020 15 233 400 18 455 748 82,5% 



 
 

Appendix 4 – External filling rate of the pallet configurations  

Pallet 
Configuration 
ID  

Pallet 
Type 

Box ID Total 
Packaging 
Volume (mm³) 

Available 
Load Volume 
(mm³) 

External Filling 
Rate (%) 

0002-1 1000x1200 E180 786 017 232 1 292 400 000 60,8% 

0003-3 800x1200 E180 665 091 504 1 033 920 000 64,3% 

0004-1 800x1200 E180 665 091 504 1 033 920 000 64,3% 

0006-1 1000x1200 CH010040 1 054 415 040 1 292 400 000 81,6% 

0019-1 800x1200 CH010073 649 071 738 1 012 800 000 64,1% 

0020-0 1000x1200 CH010073 772 704 450 1 292 400 000 59,8% 

0021-2 800x1200 CH010052 658 959 840 1 012 800 000 65,1% 

0022-1 1000x1200 CH010052 878 613 120 1 292 400 000 68,0% 

0023-1 800x1200 CH010072 582 466 500 1 012 800 000 57,5% 

0024-0 1000x1200 CH010072 832 095 000 1 292 400 000 64,4% 

0026-0 1000x1200 CH010084 833 841 600 1 292 400 000 64,5% 

0027-0 800x1200 CH010020 813 504 000 1 012 800 000 80,3% 

0028-0 720x1100 CH010005 641 338 560 852 984 000 75,2% 

0029-0 1000x1200 CH010067 1 027 579 392 1 292 400 000 79,5% 

0030-0 800x1200 CH010013 766 042 368 1 012 800 000 75,6% 

0031-2 800x1200 CH010016 678 581 280 1 033 920 000 65,6% 

0032-1 1000x1200 CH010071 752 915 520 1 292 400 000 58,3% 

0033-0 1000x1200 CH010085 818 270 208 1 292 400 000 63,3% 

0035-0 800x1200 E350 618 638 464 1 033 920 000 59,8% 

0037-0 1000x1200 CH010036 860 214 375 1 292 400 000 66,6% 

0038-1 800x1200 CH010016 678 581 280 1 012 800 000 67,0% 

0039-1 800x1200 CH010016 678 581 280 1 012 800 000 67,0% 

0044-2 800x1200 CH010089 720 682 480 1 033 920 000 69,7% 

0045-3 800x1200 CH010088 586 628 588 1 012 800 000 57,9% 

0050-0 800x1200 CH010084 583 689 120 1 033 920 000 56,5% 

0053-1 1000x1200 CH010013 875 476 992 1 292 400 000 67,7% 

0059-2 800x1200 CH010108 647 262 144 1 012 800 000 63,9% 

0063-0 800x1200 CH010108 647 262 144 1 033 920 000 62,6% 

0064-0 800x1200 CH010115 635 835 564 1 012 800 000 62,8% 

0065-0 800x1200 CH010114 683 101 944 1 012 800 000 67,4% 

0077-0 1000x1200 CH010108 889 985 448 1 292 400 000 68,9% 

0078-1 1000x1200 CH010108 889 985 448 1 292 400 000 68,9% 

0079-0 1000x1200 CH010016 882 155 664 1 292 400 000 68,3% 

0080-0 800x1200 CH010052 768 786 480 1 012 800 000 75,9% 

0081-0 800x1200 CH010020 813 504 000 1 012 800 000 80,3% 

0082-0 1000x1200 CH010020 976 204 800 1 292 400 000 75,5% 

0083-0 1000x1200 CH010052 1 025 048 640 1 292 400 000 79,3% 

0084-0 1000x1200 CH010020 976 204 800 1 292 400 000 75,5% 

0085-0 1000x1200 CH010016 882 155 664 1 292 400 000 68,3% 

0088-1 1000x1200 CH010115 908 336 520 1 292 400 000 70,3% 

0089-1 1000x1200 CH010114 1 024 652 916 1 292 400 000 79,3% 

0090-0 800x1200 CH010013 547 173 120 1 033 920 000 52,9% 

0091-0 800x1200 CH010073 865 428 984 1 012 800 000 85,4% 

0093-0 800x1200 CH010115 635 835 564 1 012 800 000 62,8% 

0094-0 800x1200 CH010114 683 101 944 1 012 800 000 67,4% 

0097-0 800x1200 CH010106 689 420 160 1 033 920 000 66,7% 

0098-0 800x1200 CH010106 689 420 160 1 033 920 000 66,7% 



 
 

0099-1 800x1200 CH010109 689 982 720 1 033 920 000 66,7% 

0100-0 1000x1200 CH010106 919 226 880 1 292 400 000 71,1% 

0101-0 1000x1200 CH010106 919 226 880 1 292 400 000 71,1% 

0102-1 1000x1200 CH010109 862 478 400 1 292 400 000 66,7% 

0103-2 1000x1200 CH010020 971 923 200 1 292 400 000 75,2% 



 
 

Appendix 5 – Pallet reconfigurations 

Pallet Configuration ID  Current Pallet Configuration  Proposed Pallet Configuration 
 

Comments on the Proposed Pallet 
Configuration  

0002-1 
 
Product: NNS 1pc – US 

   
Load Height: 1187mm 
Overhang/Underhang: Satisfactory 
Increase/Decrease in Primary packages: 1008  
Increase/Decrease in boxes: 21 
External Filling Rate (%): 93,6 
Improvement (%): 32.8 
 
 
Modified Pallet Configuration 

0003-3 
 
Product: NNS 1pc - EUR 

 

  
Load Height: 1187mm 
Overhang/Underhang: Satisfactory  
Increase/Decrease in Primary packages: 528 
Increase/Decrease in boxes: 11 
External Filling Rate (%): 85,8 
Improvement (%): 21,5 
 
 
Modified Pallet Configuration 

0004-1 
 
Product: NNS 4pcs – EUR 

 

  
Load Height: 1187mm 
Overhang/Underhang: Satisfactory  
Increase/Decrease in Primary Packages: 264 
Increase/Decrease in Boxes: 11  
External Filling Rate (%): 85,8 
Improvement (%): 21,5  
 
 
Unchanged Pallet Configuration – one more 
layer added.  



 
 

0006-1 
 
Product: NNS 4pcs – US 

  
 
 
 
 
 
(1) 
 
 
 
 
 

 
Two alternatives, one with added layer with 
existing overhang and one with modified box 
and pallet configuration to eliminate 
overhang. (304x244x178) 
 
(1) Load Height: 1191mm 
Overhang/Underhang: 2mm on the long side  
Increase/Decrease in Primary Packages: 256 
Increase/Decrease in Boxes: 16 
External Filling Rate (%): 97,1 
Improvement (%): 15,5 
 
(2) Load Height: 1191mm 
Overhang/Underhang: Satisfactory 
Increase/Decrease in Primary Packages: 160 
Increase/Decrease in Boxes: 10 
External Filling Rate (%): 91,9 
Improvement (%): 10,3 
 

 
 
 
(2) 

0020-0 
 
Product: Gum Coated 30pcs – 
Canada 

   
Load Height: 1107mm 
Overhang/Underhang: Satisfactory 
Increase/Decrease in primary packages: 1392 
Increase/Decrease in Boxes: 29 
External Filling Rate (%): 82,9 
Improvement (%): 23.1 
 
 
Modified Pallet Configuration 



 
 

0021-2 
 
Product: Gum Coated 
75/105pcs 

 

  
Load Height: 1201mm 
Overhang/Underhang: Satisfactory  
Increase/Decrease in primary packages: 384 
Increase/Decrease in Boxes: 24 
External Filling Rate (%): 86,8  
Improvement (%): 21,7 
 
Unchanged Pallet Configuration 

0022-1 
 
Product: Gum Coated 105pcs 

   
Load Height: 1179mm  
Overhang/Underhang: 
Increase/Decrease in primary packages: 512 
Increase/Decrease in Boxes: 32 
External Filling Rate (%): 90,6 
Improvement (%): 22,6 
 
Unchanged Pallet Configuration 

0023-1 
 
Product: Gum Coated 210pcs 

   
Load Height: 1145mm 
Overhang/Underhang: Satisfactory 
Increase/Decrease in primary packages: 296 
Increase/Decrease in Boxes: 19 
External Filling Rate (%): 92,0 
Improvement (%): 34,5 
 
Modified box (394x237x250) 
Modified Pallet Configuration 
 
 
 
 



 
 

0024-0 
 
Product: Gum Coated 210pcs - 
Canada 

   
Load Height: 1123mm 
Overhang/Underhang: Satisfactory 
Increase/Decrease in primary packages: 240 
Increase/Decrease in Boxes: 18 
External Filling Rate (%): 86,7 
Improvement (%): 22,3 
 
Modified box (394x237x250) 
Modified Pallet Configuration 

0026-0 
 
Product: Gum Uncoated 
105pcs – Canada 

 

  
Load Height: 1015mm 
Overhang/Underhang: Satisfactory 
Increase/Decrease in primary packages: 384  
Increase/Decrease in Boxes: 8 
External Filling Rate (%): 75,5 
Improvement (%): 11,0 
 
Modified box (400x228x223) 
Modified Pallet Configuration 

0029-0 
 
Product: Gum 
Coated/Uncoated 100/110pcs  
– US 

 

  
Load Height: 1075mm 
Overhang/Underhang: Satisfactory 
Increase/Decrease in primary packages: 80 
Increase/Decrease in Boxes: -16 
External Filling Rate (%): 82,9  
Improvement (%): 3,4 
 
 
Modified box (289x229x238) 
Modified Pallet Configuration 



 
 

0030-0 
 
Product: Gum 
Coated/Uncoated 100/110pcs  
– US 

   
Load Height: 1163mm 
Overhang/Underhang: Satisfactory 
Increase/Decrease in primary packages: 648 
Increase/Decrease in Boxes: 9 
External Filling Rate (%): 87,8 
Improvement (%): 12,2 
 
Overhang Eliminated with modified Pallet 
Configuration. 

0032-1 
 
Product: Gum 160/170/190/200 
Uncoated – US 

   
Load Height: 1067mm 
Overhang/Underhang: Satisfactory 
Increase/Decrease in primary packages: 180 
Increase/Decrease in Boxes: 10 
External Filling Rate (%): 77,7 
Improvement (%): 19,4 
 
 
 
 

0033-0 
 
Product: Gum 160/170/190/200 
Coated – US 

   
Load Height: 1179mm 
Overhang/Underhang: Satisfactory  
Increase/Decrease in primary packages: 216 
Increase/Decrease in Boxes: 6 
External Filling Rate (%): 87,0 
Improvement (%): 23,7 
 
Modified box (302x235x176). However, it is 
possible to use the same box and Pallet 
Configuration as 0006-1.  
Modified Pallet Configuration 



 
 

0044-2 
 
Product: Microtab 20/30pcs 
Blister 80x59mm 

 

  
Load Height: 1138mm 
Overhang/Underhang: Satisfactory 
Increase/Decrease in primary packages: 900 
Increase/Decrease in Boxes: 10 
External Filling Rate (%): 87,1 
Improvement (%): 17,4 
 
Unchanged Pallet Configuration – one more 
layer added.  

0045-3 
 
Product: Microtab 90/100pcs 
Blister 80x59mm 
 

  
 

 
Load Height: 1160 mm 
Overhang/Underhang: Satisfactory 
Increase/Decrease in primary packages: 648 
Increase/Decrease in Boxes: 2 
External Filling Rate (%): 81,8 
Improvement (%): 23,9 
 
 
Modified box (425x320x203)  
Modified Pallet Configuration 

0050-0 
 
Product: Gum 90/105 
Uncoated L1 – EUR 

 

  
Load Height: 1015 mm 
Overhang/Underhang: Satisfactory 
Increase/Decrease in primary packages: 384 
Increase/Decrease in Boxes: 20 
External Filling Rate (%): 75,4 
Improvement (%): 18,9 
 
Modified box (332x215x223) 
Modified Pallet Configuration  



 
 

0053-1 
 
Product:  Gum 30pcs 
Uncoated –Canada 

   
 
Load Height: 1163 mm 
Overhang/Underhang: Satisfactory 
Increase/Decrease in primary packages: 1512 
Increase/Decrease in Boxes: 21 
External Filling Rate (%): 90,0 
Improvement (%): 22,3  
 
 
Modified Pallet Configuration 

0059-2 
 
Product: Inhaler 15mg 20pcs – 
EUR 

    
Load Height: 988mm 
Overhang/Underhang:  
Increase/Decrease in primary packages: 144 
Increase/Decrease in Boxes: 6 
External Filling Rate (%): 72,0 
Improvement (%): 8,1  
 
 
Modified box (370x233x281) 
 

0063-0 
 
Product: Inhaler 15mg 4pcs 

   
Load Height: 966 mm 
Overhang/Underhang: Satisfactory 
Increase/Decrease in primary packages: 288 
Increase/Decrease in Boxes: 6 
External Filling Rate (%): 70,0 
Improvement (%): 7,4 
 
 
Modified box (370x233x281) 
 



 
 

0064-0 
 
Product: ONS Single EUR 

   
Load Height: 1077 mm 
Overhang/Underhang: Satisfactory 
Increase/Decrease in primary packages: 288  
Increase/Decrease in Boxes: -4  
External Filling Rate (%): 78,0 
Improvement (%): 15,2 
 
 
Modified box (436x323x233) 
Modified Pallet Configuration  
 

0077-0 
 
Product: Inhaler 15mg 4pcs 
US 

 

  
Load Height: 966 mm 
Overhang/Underhang: Satisfactory 
Increase/Decrease in primary packages: 180 
Increase/Decrease in Boxes: 6 
External Filling Rate (%): 73,0 
Improvement (%): 4,1 
 
Modified box (370x233x281) 
 

0078-1 
 
Product: Inhaler 15mg 20pcs 
US 

 

  
Load Height: 966 mm 
Overhang/Underhang: Satisfactory 
Increase/Decrease in primary packages: 90 
Increase/Decrease in Boxes: 39 
External Filling Rate (%): 73,0 
Improvement (%): 4.1  
 
 
 
Modified box (370x233x281) 
 



 
 

0079-0 
 
Product: Inhaler 36/42pcs 
Refill – US 
 

   
 
Load Height: 966mm 
Overhang/Underhang: Satisfactory 
 
External Filling Rate is the same.  
 
Modified Pallet Configuration   
 
 

0080-0 
 
Product: Gum 105pcs coated 

  

 
Load Height: 1201mm 
Overhang/Underhang: Satisfactory  
Increase/Decrease in primary packages: 288 
Increase/Decrease in Boxes: 12 
External Filling Rate (%): 87,0 
Improvement (%): 11,1  
 
Unchanged Pallet Configuration – one more 
layer added.   

0083-0 
 
Product: Gum Coated 105pcs 

   
 
Load Height: 1179mm 
Overhang/Underhang: Satisfactory  
Increase/Decrease in Primary packages: 256 
Increase/Decrease in Boxes: 16 
External Filling Rate (%): 91,0  
Improvement (%): 11,7 
 
Unchanged Pallet Configuration – one more 
layer added.  



 
 

0085-0 
 
Product: Inhaler 6pcs/18pcs 
Refill – US 

 

 

 
 
Load Height: 966mm 
Overhang/Underhang: Satisfactory 
External Filling Rate is the same.  
 
Modified Pallet Configuration – more solid 
than the previous configuration.  
 

0088-1 
 
Product: ONS Single US 

 

 

 
Load Height: 1055 mm 
Overhang/Underhang: Satisfactory 
Increase/Decrease in primary packages: 288   
Increase/Decrease in Boxes: -8 
External Filling Rate (%): 81,0 
Improvement (%): 10,7 
 
 
Modified box (436x323x233) 
Modified Pallet Configuration  
 

0090-0 
 
Product: Gum Uncoated 30pcs 
– Russia 

   
 
Load Height: 1163mm 
Overhang/Underhang: Satisfactory 
Increase/Decrease in Primary packages: 1800 
Increase/Decrease in Boxes: 25 
External Filling Rate (%): 86,0 
Improvement (%): 33.1  
 
Modified Pallet Configuration 
 
 



 
 

0093-0 
 
Product: Lozenge 1pc 

   
 
 
Load Height: 1077mm 
Overhang/Underhang: Satisfactory 
Increase/Decrease in Primary packages: 288 
(48 more multipack) 
Increase/Decrease in Boxes: -4 
External Filling Rate (%): 78,0 
Improvement (%): 15,2 
 
Modified box (436x323x233) 
Modified Pallet Configuration  
 

0097-0 
 
Product: Gum 200pcs (8x25) 
ACMA 
- EUR 

   
 
Load Height: 1113mm 
Overhang/Underhang: Satisfactory 
Increase/Decrease in Primary packages: 960 
(120 Multi-pack more) 
Increase/Decrease in Boxes: 15 
External Filling Rate (%): 83,0 
Improvement (%): 16,3 
 
Unchanged Pallet Configuration – one more 
layer added. 

0098-0 
 
Product: Gum 100pcs (4x25) 
ACMA - EUR 

 

 

 
 
 
Load Height: 1113mm 
Overhang/Underhang: Satisfactory 
Increase/Decrease in Primary packages: 960 
(240 more multi-pack) 
Increase/Decrease in Boxes: 15 
External Filling Rate (%): 83,0 
Improvement (%): 16,3 
 
Unchanged Pallet Configuration – one more 
layer added. 



 
 

0099-1 
 
Product: :Gum 6x25 Display 
ACMA – EUR 

   
 
Load Height: 1103mm 
Overhang/Underhang: Satisfactory 
Increase/Decrease in Primary packages: 960 
(160 more multi-pack) 
Increase/Decrease in Boxes: 20 
External Filling Rate (%): 83,0 
Improvement (%): 16,3 
 
Unchanged Pallet Configuration – one more 
layer added.  

0100-0 
 
Product: Gum 200pcs (8x25) 
ACMA – US 
 

   
Load Height: 1113 mm 
Overhang/Underhang: Satisfactory 
Increase/Decrease in Primary packages: 1280 
(160 more multipack) 
Increase/Decrease in Boxes: 20 
External Filling Rate (%): 89,0 
Improvement (%): 17,9 
 
Unchanged Pallet Configuration - one more 
layer added.  

0101-0 
 
Product: Gum 100pcs (4x25) 
ACMA – US 

   
 
Load Height: 1113 mm 
Overhang/Underhang: Satisfactory 
Increase/Decrease in Primary packages: 1280 
(320 more multi-pack) 
Increase/Decrease in Boxes: 20 
External Filling Rate (%): 89,0 
Improvement (%): 17,9 
 
Unchanged Pallet Configuration - one more 
layer added. 



 
 

0102-1 
 
Product: Gum 6x25 Display 
ACMA – US 
 

   
Load Height: 1103 mm 
Overhang/Underhang: Satisfactory 
Increase/Decrease in Primary packages: 1440 
 (240 more multi-pack) 
Increase/Decrease in Boxes: 30 
External Filling Rate (%): 87,0 
Improvement (%): 20,3 
 
Unchanged Pallet Configuration - one more 
layer added. 
 
 



 
 

Appendix 6 - Cape Pack manual 

The first step consists of inputting the primary packages’ dimensions and the pack 
type, as can be seen in Figure 1. 

 

 

 

 

 

 

 

 

 

 

 

                Figure 1. Primary package settings. 

 

The second step is to choose the different settings for the box, also called “Case” in 
Cape Pack. As can be seen in Figure 2, there are various settings in this step. You 
choose a minimum and a maximum amount of primary packages based on the box.  

 

 

 

 

 

 

 

 

 

 

 

   Figure 2. Box settings. 

 



 
 

In “Låda Settings”, the boundaries for the box dimensions have to be set, see Figure 3. 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Box settings. 

 

The next step is to choose which type of pallet to use; the software offers a wide range 
of different pallets, as can be seen in Figure 4. It is also in this step that maximum load 
height and weight is to be set. 

 

 

 

 

 

 

 

 

 

 

 

                 

            Figure 4. Pallet settings. 



 
 

Once all the above stages have been completed and given good consideration, the next 
step is to make the program calculate the different solutions by clicking on “Save Input 
Data & Calculate”, see Figure 5. 

 

 

 

 

 

 

 

 

 

 

 

            

Figure 5. Calculation. 

The software then offers a set of different solutions, with the most optimal solution 
coming up first, see Figure 6.  

 

 

 

 

 

 

 

 

 

 

 

               Figure 6. Solutions display. 

 



 
 

Moreover, the software offers a set of different solutions that can all be viewed as in 
the previous figure. There is also the possibility to change pallet patterns and browse 
efficiently between the different solutions, see Figure 7 and 8. 

 

                                                                                      
Figure 7. Pattern styles.   Figure 8. Different solutions. 

 

 

 

 

 

 


