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Abstract 
 

The air cargo industry is an enabler of global economy. There is a need that products such as 

pharmaceuticals, machinery parts, and perishables reach their destination fast and on time. Air 

cargo represents 1% of the global trade volumes but 35% of the global trade value. This highlights 

the meaning of the industry. The air cargo volumes are predicted to increase in the future and 

therefore logistic challenges appears.  

 

Stockholm Arlanda Airport is part of this industry and the biggest air freight airport in the Nordic 

regarding air freight value. Therefore, the air freight needs to be handled in an adequate manner in 

order to attract more customers to Arlanda and favour Swedish economic growth. 

  

The main problem today is the transportation of freight on airside, that is from the freight terminal 

to loading process at the aircraft. To approach this problem, a mapping of the physical flow (export 

flow and return flow) as well as information flow has been made to identify underlying reasons to 

this problem. This has been the purpose of the study. The mapping has also facilitated the 

possibilities to identify improvements in the air freight handling process. To give a 

recommendation of what these improvements could be was the objective of the study. 

 

To map the air freight handling and identify measures of improvements, there have been 

interviews, observations, and process mapping. These have been conducted in collaboration with 

representatives from freight handling companies and one ground handling company. Also, there 

has been a literature review to examine previous research that is relevant for the purpose and 

objective of the study.  

 

The main result of the study was the mapping of the physical flow as well as the information flow. 

After interviews and observations at the three freight handling companies, it can be stated that the 

activities are similar. What differs them from each other is mainly the freight terminal layout and 

customers (airlines) they are serving. 

 

The underlying reasons for the main problem (freight transportation on airside) were identified. 

These causes were space restrictions on the apron, traffic congestion (air traffic and road traffic), 

and lack of freight storage areas by the gates. This aggravates the possibility to prepare freight for 

each flight departure.   

 

The recommendations to Swedavia are long-term measures that should be further explored. These 

recommendations regard total cost analysis of using fridge containers, co-owned ground handling 

equipment, IT possibilities, and comparison to other airports. 
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Terminology  

 
Air Cargo Consists of air freight and air mail. 
Air Freight Medicines, spare parts, fruits etc. In principal, everything that is 

not send as air mail is sent as air freight. Often the freight is too 
large, or the volumes are too high for it to be sent as air mail.  

AWB Airway Bill 
Belly Cargo Cargo that are loaded into the aircrafts’ belly compartment. The 

cargo includes bulk freight and air mail. 
BD Belly Driver 
Bulk Freight “Loose” freight not built on pallets. Usually these are small 

objects.  
BUP Built Up Pallets 
CD Cargo Driver 
Consignor/Shipper An actor who sends the freight, usually a seller 
Consignee An actor who receives the freight, usually a buyer 
FHC Freight Handling Company 
SGH SAS Ground Handling 
Spirit Spirit Air Cargo Handling 
ULD Unit Load Device (can be either pallet or container) 
WFS World Flight Services 
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1 Introduction 

This chapter presents background to give the reader a context of the chosen study. Problem 

formulation will present the problems and symptoms that are occurring at Stockholm Arlanda 

Airport today. Objective, purpose, and the research questions will be presented and is the base of 

the study. Limitations will be presented to show what the study does not take into consideration. 

Finally, disposition of the report is presented. 

1.1 Background 

Transports are an essential part concerning the globalization and economic growth. Organisations 

are dependent on transports in order to conduct business. These are transports regarding internal 

within the organisation as well as external transports to partners and customers. The selection of 

transports that the decision-maker is faced against is road-, shipping-, railway-, and air 

transportation. (Lindgren & Vierth, 2017) 
 

The characteristics of air transportation are speed and reliability. In most cases, the freight is high 

valued as well as highly dependent on being delivered on time. In relation to increased air traffic, 

the airports and airlines are facing greater obstacles and challenges. The increasing e-commerce is 

a global phenomenon that puts pressure on logistics system within the air cargo industry. The 

airports are an important factor in local and global economic growth, hence explaining why the air 

freight should be handled in an adequate manner. (van V. Coetzee et al., 2017) 

 

The Swedish economy is dependent on fast and reliable air freight. Stockholm Arlanda Airport 

shows a growth in both air traffic capacity and air freight tonnage. The intercontinental 

development, that is set up international routes by airlines and cargo operators, plays a significant 

role for the airport. Both the number of passengers and air freight tonnage affect the profitability 

of the airport. Example of handled air freight could be important pharmaceuticals or spare parts; 

therefore it is highly important that the air freight is managed and handled in a correct way to 

ensure no damaged freight as well as punctuality. (Swedavia, 2016) 

1.2 Problem Formulation 

The air freight on Arlanda today includes freight with high value, where set requirements by the 
customers are carefulness, speed, and punctuality. A lot of actors (freight forwarders, freight 
handling companies, ground handling companies etc.) are included in this process, which give 
many transition points between the actors. The main problem is the air freight transportation on 
airside, from the freight terminal to the loading into the aircraft. This has unfortunately led to 
delays and inadequate handling of the freight. Furthermore, there are no common goals and 
methods to handle the freight correctly. The diversity of management and opinions, following the 
high number of actors, has aggravated such a cooperation. 
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Symptoms can be distinguished in the capacity regarding the air freight handling. The ground 
handling company handles passenger baggage as well as air freight. Due to the higher prioritization 
of passenger baggage, the air freight has not been considered as urgent as the passenger baggage, 
leading to air freight delays. To mention other symptoms, air freight has occasionally been left 
standing on the apron long enough to take damage due to being exposed to inappropriate 
temperatures.  

The two problems that are acknowledged in the paragraph above are delays and inadequate freight 
handling. As mentioned earlier, the main problem is the transportation of air freight on airside. 
Stockholm Arlanda Airport is dependant of the air freight and the revenue that it generates. 
Customers that transport their freight through Arlanda demand short lead times and freight without 
handling damages. This is a problem that demands a closer examination in order to favour 
including actors and Swedish economic growth. 

1.3 Objective  

The objective of the study is to give a recommendation to Swedavia about how the air freight 

handling can be improved. The improvements can result in reduced delays and increased quality 

of air freight handling, where the goal is that no freight shall be damaged or delayed due to 

inadequate freight handling. 

1.4 Purpose 

Today, there is no mapping of how the air freight is handled at Stockholm Arlanda Airport. This 

has led to difficulties in improving the process. The purpose of this study is therefore to map the 

physical freight flow (export flow and return flow) and the information flow at Stockholm Arlanda 

Airport.  

1.5 Research Questions 

In order to reach the purpose of the study, research questions must be formulated, upon which the 

study is based on. Three research questions were investigated: 
 

1. How is the air freight handled today at Stockholm Arlanda Airport? 
 

In order to identify measures regarding the improvement of air freight handling at 

Stockholm Arlanda Airport, a mapping of the current situation was made. In accordance 

with the purpose of the study, the mapping covers the physical freight flow as well as the 

information flow. Example of mapped activities: acceptance, freight sorting, freight 

labelling. It was also important to map responsibility and transition points regarding the 

freight. There shall be no misunderstandings of who is responsible of the freight depending 

on where in the process the freight is located. 
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2. Which problems arise regarding the air freight handling today? 
 

The study investigated the deficits in the cooperation between the included actors. This 

research question is about identifying transportation times between freight terminal and 

aircraft, idle times and exactly how the air freight is handled in order to connect to the two 

problems presented in chapter 1.2: delays and inadequate freight handling. Underlying 

causes to these problems were also examined. 

 

3. Which measures can be taken to improve the air freight handling? 
 
The third research question has a strong connection to the objective of the study, which is 

to give a recommendation to Swedavia about how the air freight handling can be improved. 

Measures has been analysed (based on input from Freight Handling Companies, Ground 

Handling Company, and Swedavia) and presented.  

1.6 Limitations 

The activities included in the process mapping was from the point that the freight arrived at the 

freight terminal to the point when it was loaded into the aircraft. To clarify this, Figure 1 illustrates 

the export flow of the air cargo chain as well as the studied area, which is framed in red. The 

activities outside this frame were not considered. This could be order patterns of the customers, 

transport planning from the freight forwarders’ perspectives etc. Furthermore, mapping of air mail 

was not conducted. Therefore, products that are included in the air freight term are machinery 

parts, perishables (eatables, flowers), tobacco, pharmaceuticals etc. Essentially, everything that is 

not airmail is considered air freight in this study.  

 
Figure 1 - Export Flow of the Air Freight Chain 

 

As presented in Figure 1, the study was limited to the freight terminal- and ground handling 

processes. Within this limitation, two actors operate: freight handling companies and ground 

handling companies. The four companies that were studied are Spirit Air Cargo Handling (Spirit), 

Cargo Center, Worldwide Flight Services (WFS), and SAS Ground Handling (SGH). The first 

three companies being the freight handlers and the fourth being the ground handler. There are other 

air freight- and ground handling companies operating on Arlanda that were not included in the 

study.  There is a belief that the study would benefit from focusing on these four actors regarding 
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freight handling and ground handling. To include more companies could give diffuse results and 

misunderstanding of the system and occurring problems, considering the time aspect of this study. 

1.7 Disposition of the Report 

The report will start with a brief background of the study area as well as problem formulation, 

objective, purpose, research questions, and limitations of the study. Chapter 2 will present the 

companies that are included in the study. Chapter 3 will be about the methodology of the study. 

Method theory and chosen methods will be presented and motivated. Chapter 4 regards a literature 

review to investigate previous research and theories that is of relevance for study area. Chapter 5 

will present the mapping of the air freight handling flow at Arlanda. Collected data from the 

interviews and observations is the foundation of this chapter. 

 

Chapter 6 is the analysis and will contain a comparison of the current situation to the theories 

presented in chapter 4. Chapter 7 opens for discussion regarding the collected data and analysis. 

Furthermore, there will also be discussion about potential further studies that could be used to 

improve the air freight handling at Arlanda. Finally, chapter 8 will present the conclusion and how 

the results can be useful for the studied area.  
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2 Company Presentation 

In this chapter the studied companies will be shortly presented. 

2.1 SAS Ground Handling 

SAS Ground Handling (SGH) is a ground handling company operating in Scandinavia and is 

owned by Scandinavian Airlines (SAS). They provide aviation services for regional airliners, 

charter airliners, and cargo airliners (Swedavia A, n.d). Services include check-in, boarding, 

loading and unloading of cargo and passenger baggage.   

2.2 Spirit Air Cargo Handling 

Spirit is the biggest air freight handling company in Scandinavia with terminals in Denmark 

(Copenhagen and Billund), Norway (Oslo), and Sweden (Stockholm, Gothenburg, and Malmö) 

(Spirit Air Cargo, 2018). 

2.3 Cargo Center 

The Cargo Center Group (CCS), established 1987, is a freight handling company owned by DHL 

Global Forwarding and Cargo Link AB. In the beginning CCS provided with only air cargo 

services but in 2002 CCS acquired the road service company SACT AB. This enable CCS to 

provide their customers (airlines and forwarders) with a broader spectrum of services. (Cargo 

Center, 2013) 

2.4 Worldwide Flight Services 

World Flight Services (WFS) is the world’s largest air cargo handler with their four million tonnes 

handled cargo a year. For example, they offer services such as cargo handling, ground handling as 

well as developing baggage systems for airports and many more. (WFS, n.d) At Stockholm 

Arlanda Airport they operate as a freight handling company.  
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3 Methodology 

First, methodology theory will be presented. This chapter will also present and motivate the 

chosen methods to reach the purpose of the study. 

3.1 Quantitative research 

Researchers in quantitative research use methods that provides quantifiable and generalized result 

of the collected data (Bell & Waters, 2016). A quantifiable result is defined as a result that has 

been calculated and is also presented in numbers or terms that is equal to numbers (Ejvegård, 

2009). When discussing quantitative research, the researcher is more aware of exactly what should 

be studied. Before the data collection commences, the data in question is well defined. You can 

compare this to qualitative research, where this aspect is less determined.  Quantitative research is 

often about being able to prove and explain relations and connections over what is investigated 

(Holme & Solvang, 1997). According to Holme & Solvang (1997) the quantitative methods has a 

strength by showing the holistic approach of the situation. 

3.2 Qualitative research 

Qualitative research is about study humans’ actions under actual circumstances independent from 

the experiment, research or the study that is undergoing. For example, a participant in a survey is 

not affected by the questionnaire and a group of people are not represented by a statistic average 

value. The study’s existence and presence should not affect the participants’ point of view. It is 

significant that the qualitative research represents the humans’ own perspectives and that it is not 

based on preconceived ideas or values of the researcher. The qualitative research should also be 

conducted in such way that the conditions and circumstances, under which people live in, are 

considered. The pursuit is an understanding of different events and human’s behavior. (Yin, 2011) 
 

Where quantitative research is about to determining quantities, the qualitative research is about 

clarifying the characteristics and understanding of a phenomenon. Widerberg (2002) uses the 

theme of fatigue as an example of the comparison between the two different methods: 

 

"If we start from our theme of fatigue, the qualitative researcher would try to clarify what fatigue 

means and what it is about, while the quantitative researcher would try to determine how often 

people are tired and what relations exist between fatigue and, for example, gender, age, and 

occupation." 

 

Instead of seeking for relation and occurrence, which a quantitative research does, the qualitative 

researcher is seeking for meaning and significance. Examples of qualitative methods are 

observation and interview, which have different types of approach to what is meant to be studied. 

The methods have their advantages and disadvantages but can complement each other and be 
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combined to achieve the objective of the study (Wiberg, 2002). More detailed descriptions of the 

interview and observation methods are given in chapters 3.4.2 and 3.4.3, respectively. 

3.3 Literature Study 

A literature study is preceded by a literature search (Ejvegård, 2009). In order to find relevant 

literature in databases for the area being studied, keywords are used in the search. According to 

Ejvegård (2009), writers should prepare relevant keywords before the actual search takes place. 

Previous research within the concerned area of study is investigated through a literature study to 

get an overview of what has previously been done. Ejvegård (2009) names this compilation as 

“overview work”. Furthermore, Ejvegård (2009) believes that a poorly done overview work 

increases the risk of pursuing a research that has already been done, which makes the study 

unnecessary. 

3.4 Case Studies 

Case studies is one of the scientific methods to approach the area of the study. This method is used 

to describe reality or a great process by examining a small part (the case) of the many cases that 

differ in category. The advantage is that the whole system does not have to be studied, which in 

many cases are difficult to accomplish. Instead, the researcher offers the reader a more 

comprehensible view of the system by presenting a case. This advantage is also the case study’s 

disadvantage. By limiting the study and selecting a part of the reality means that the representation 

can never be complete. The conclusions must therefore be made with caution; therefore, it will 

result in a plausibility instead of the actual truth. However, the conclusion can be strengthened by 

other research methods that show similar results. If possible, the researcher should aim to examine 

several cases from different categories within the same study. (Ejvegård, 2009) 

 

Wallén (1996) emphasizes the case study’s advantage in studying real conditions. The case study 

indicates if a phenomenon exists, however, the researcher does not know whether it is common or 

just something that occurred in the chosen case study.  

 

Briefly, case studies are used to describe and understand different phenomenon and why they 

occur. The case study has a holistic perspective, which means that the focus is on an overall view 

instead of single factors. The case is perceived as the reality and will therefore explain how the 

different aspects affect each other. (Denscombe, 2017) 

3.5 Data Collection 

In this chapter different methods for data collection is presented. 
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3.5.1 Primary Data and Secondary Data 

Primary data is collected by the researcher himself/herself using different data collection methods, 

for example interviews and observations. It often is time consuming to collect primary data and it 

can be difficult to cover the entire area that the researcher wants to investigate. By using already 

collected data, secondary data, the researcher can save time. Secondary data can also be used when 

there has already been research done in the intended area. Example of secondary data is journals, 

reports, and documents that present results of interviews and observations. When using secondary 

data, the researcher is forced to rely on another researcher’s presentation of their collected data. A 

negative aspect of using secondary data is that the researchers, who have made the data collection, 

may have made their personal interpretation when presenting the result. The researcher may also 

have chosen to highlight certain parts and conceal other parts. It is therefore of importance to 

thoroughly read assembled reports to get a clear picture of how the data collection has been done 

and whether the data presented is reasonable. (Eneroth, 1984) 

3.5.2 Interviews 

Gillham’s (2008) definition of an interview includes a clear structure and purpose. Furthermore, 

the interview is conducted in an interactive way where both the respondent and the interviewer 

participate. The interviewer is active by asking probe questions or asking the respondent for 

clarifications (Gillham, 2008). Interview is a flexible method for data collection because the 

respondent can provide more developed and thorough answers, which strict forms cannot. Another 

advantage with interviews is that the respondents’ tone and mannerisms can provide answers 

compared to a strict form, which would have neglected this aspect. A disadvantage with interviews 

as a data collection method is the aspect of time consuming. It takes a lot of time to prepare the 

interviews as well as analyzing the answers. (Bell & Waters, 2016). The interviewer’s 

preconceptions regarding the subject are also at risk of affecting the result. The researcher may be 

aware or not of these preconceptions, but they affect the result either way. (Gillham, 2008) 

 

Gillham (2008) mentions three different types of structures on interviews; structured, unstructured 

, and semi structured. In the structured interview a questionnaire is used for example in telephone 

surveys but also face to face. (Gillham, 2008). According to Bell & Waters (2016) structured 

interviews are easier to summarize and analyze due to the answers of the questions are close ended, 

which means that only one answer per questions is allowed. These aspects make the structured 

interview less time consuming. In an unstructured interview the responsibility goes over, from the 

interviewer, to the respondent by telling his/her story (Gillham, 2008). This structure is used when 

the researcher is unsure about what is needed or what should be investigated within the chosen 

topic. The structure can be connected to the fundamentals of qualitative research; gaining an 

understanding of the respondents’ emotions and experiences about the topic (Gillham, 2008). 

 

The semi structured interview is a balance between the structured and the unstructured interview, 

where the benefits of both methods work together in one. This makes a flexibility of the interview 
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structure, which gives good quality of data collection. The flexible parts of the interview 

correspond to the questions being open, which means that the respondent can respond openly. 

Furthermore, the interviewer can ask probe questions if there is more to tell which also contributes 

to higher flexibility. The structured parts are that the respondents receive the same questions on 

the same subject and that the interviews are equally long. (Gillham, 2008) 

3.5.3 Observations 

One big advantage with observation is that the research him/herself get to experience the 

phenomenon within the study. This results in an elimination of uncertainty, which occurs when a 

source reproduces the phenomenon through speech and writing. (Yin, 2013) 

 

Observations are not enclosed to a single specific place at a specific time but is changing in both 

time and space. Due to the difficulties of observing the whole system at the same time, a selection 

is made of when and where the observations will take place. The researcher should be aware of 

the consequences when selecting time and place to understand what the observation represents. 

One way to handle this is to note time, place, participants, and current event. (Yin, 2013)  

 

The system studied may appear different depending on when the observations are conducted. It is 

therefore of importance to observe the system at several occasions to attain an accurate 

representativeness of the system. This can be achieved by observing the system under different 

circumstances, such as different times or different participants. (Yin, 2013) 

 

The researcher should be aware of the reflexivity, which may occur when observing human 

activities. Reflexivity means that the researcher’s presence in a study creates influence over the 

participants. Conversely, the participants’ activities may influence how the researcher performs 

his/her study. This links back to the distinctive features of qualitative research which is presented 

in chapter 2.1.2. Discrete data can be used to discover situations where the researchers’ presence 

is not appearing. Example of these discrete data can be video recordings, material damages etc. 

These discrete data cannot be used as a foundation of the whole study but may be used as a 

complement to data within the same study. (Yin, 2013) 

 

Observations may be combined with other qualitative methods, interviews for example. How these 

are combined may affect the outcome of the methods. If the observations take place before the 

interview there is no framework for the researcher. In other words, there is little, or none, 

understanding of the respondents’ actions. On the other hand, if the observation is made after the 

interview there is a risk of observation being deliberately directed and controlled by the researcher. 

The researcher will attempt to confirm what has already been said by the respondent through active 

pursuit after mentioned events and actions. The researcher should be aware of this to conduct an 

objective study. A follow-up after an observation, in form of a short dialogue, may give the 

researcher extended understanding. (Wiberg, 2002) 
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3.6 Process and Process Map 

The word process originates from the Latins processus which means “move forward, continue, 

advance”. A process is often defined as “a chain of activities that creates value for the customer” 
(Ljungberg & Larsson, 2012). Bergman & Klefsjö (2012) describe a process as 

 

"A network of activities, that are repeated in time, and whose purpose is to create 

value for any external or internal customer" 

 

which coincides with Ljungberg & Larssons’ description. A process starts when a customer 
demand appears and ends when the demand is satisfied (Ljungberg & Larsson, 2012). Ljungberg 

& Larsson (2012) therefore believes that processes are strongly linked to customer demand and 

that “it is not possible to discuss processes without talking about customer demand”. 
 

Further, Ljungberg & Larsson (2012) explain that if the business is described in processes, it will 

be easier to understand the different sections within the business and how they cooperate with each 

other to create value for the customer. The processes realize the business idea by explaining why 

the business exists (customer demand/input), what need to be done (the processes output) and how 

it should be done (processes and their related activities). A process is recurrent, which makes it 

essential to analyze the processes in order to improve them (Jonsson & Mattsson, 2016). This will 

be of great benefit for the business and finally the customer (Ljungberg & Larsson, 2012). 

 

A process map, which is the result of the method process mapping, is used when processes and 

activities intend to involve several sections within the business (Jonsson & Mattsson, 2016). The 

process map aims to give a comprehensible view of the different sections’ contributions within the 

business and how they cooperate with each other (Ljungberg & Larsson, 2012). This differs 

process maps from organizations map where the focus is on working tasks of each section in the 

organization (Jonsson & Mattsson, 2016).  It is important to understand that activities within one 

section of the business in turn affects another section. By performing a process mapping, these 

relationships between activities may be detected and understood (Ljungberg & Larsson, 2012). 

Commonly used symbols in process mapping is showed in Figure 2. 

 
Figure 2 - Symbols used for mapping (Oskarsson et al, 2013) 
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Ljungberg & Larsson (2012) describe three different types of approaches of creating a process 

map. The first approach is “Process walk” where one or several employees literally walk through 

the process and interview people involved in the different parts of the process. This approach does 

not take a lot of time and it also results in an unambiguous process map. However, the employees 

who is not responsible for the process creation will be passive and not included, which can result 

in uncommitted employees.  Another approach is the “Virtual process walk”, where there will be 

one overlooking “mapping manager” as well as every section has one representative who describe 

their section´s part of the process. This approach has the same advantages and disadvantages as 

the “Process walk” but there will be more people included that have a greater understanding of 

the process. The third approach is to use a “process mapping team” consists of coworkers, from 

the whole process, whom have responsibility to map the process. Collaboration between the 

different sections results in a greater understanding on how the different sections’ activities affect 
each other. It takes a lot of time to produce, but the method results in a more objective picture of 

the actual process, unlike if every section made their own representation.  

 

To produce a process map in an efficient way it is suitable to use a structured methodology. By 

using a structured methodology, the most common mistakes can be avoided: long start-up time, 

difficulties to distinguish current state with the future process, stacked activities and in-depth 

details in the early stages. (Ljungberg & Larsson, 2012)  

 

It is also fundamental that everyone understand the purpose of the process mapping. The process 

mapping can be received with some skepticism if they only get to know that their work “is being 
studied and evaluated”. Therefore, it is important to explain that the process mapping is not aimed 
to identify who is doing right and wrong, but rather about the process design and functionality. 

(Ljungberg & Larsson, 2012) 

3.7 Reliability and Validity 

The methods and data used in a study must be reliable and valid for the study to be useful and 

appropriate. Ejvegård (2009) explains that reliability and validity are aspects that need to be 

considered to attain a scientific value of the result in a study. Systematic and random errors can 

arise in a study and according to Holme & Solvang (1997) these can be minimized by high 

thoroughness and continuous critical examination. 

 

Reliability is about the usability and credibility of the measuring instrument and the measuring 

units. The result should be the same or similar in repeated trials, where the trials are also 

independent of each other. An example of none or low reliability is if the same individual is tested 

in an identical survey twice and the results differs much. However, the researcher should be aware 

that humans are affected by new experiences and knowledge, which can change an individual’s 
opinions over time for the next survey. (Ejvegård, 2009) 

 



12 
 

Despite a thorough collection of data, it is unavoidable that error sources occur. This needs to be 

addressed by the researcher and there should be an aim to minimize these errors as far as possible. 

Examination of the reliability can be made when independent examinations of the same 

phenomena are conducted. For example, several researchers can conduct the same examination 

and reach the same result, but it is not a practicable approach. The researcher should therefore use 

different measuring instruments for significant variables when collecting data. Further actions to 

increase reliability in the study is to create instructions and routines of the different events in the 

study. (Holme & Solvang, 1997)  

 
Validity evaluates if the researcher measures what he/she intends to measure. The data/result may 

have high reliability but if it cannot be used to answer the research questions, there is no value to 

it. Ejvegård (2009) considers the importance of validity as to know the meaning of the methods 

used and that it is used consistently. If a country’s land area is to be measured, square kilometers 

can be used and if population is to be measured, permanent residents can be used. However, the 

researcher should be aware of errors in statistics regarding land area and population. The methods 

of measurement may differ depending on who performed it. Furthermore, Ejvegård (2009) 

describes the difficulties with testing validity since it can roughly only happen when there is 

another measurement standard to compare it with. 

 
Conflicts between validity and reliability can appear. The researcher can choose a scenario where 

the reliability is high but what is being measured cannot highlight or answer the research questions; 

therefore, the validity is low. And on the contrary, a measurement can be relevant for the study, 

but the reliability of the information is low. (Holme & Solvang, 1997) 

3.8 Procedure 

This chapter is meant to describe the choice of methods in this study. Motivation of the chosen 

methods will be done. Further explanation of how the methods are used, as well as how reliability 

and validity are achieved, is also a part of chapter 3.8.  
 

The procedure consists of several stages, visualized in Figure 3. Each step contributes and has had 

its own approach to the making of the process map. Since they differ in characteristics, they 

complement each other in effort to give a realistic process map. Observations and interviews have 

been processed iteratively on several occasions because what emerges from an observation has 

been helpful when designing the interview and vice versa.  
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Figure 3 - The Procedure of the Study 

3.8.1 Literature Review 

The literature study aimed to investigate previous research and theories that is considered relevant 

for the study and its purpose.  

 

The literature study will be related to, among others, logistics, transportation, and terminal 

management due to their significant connection to the study. Also, theories about process mapping 

and how it is used have been investigated due to the direct connection with the purpose of the 

study. Research and theories about information flow and how information can be managed 

efficiently has also been relevant for the study. 

 

The literature search has mainly been done in Linköping University’s search engine Unisearch. 
Example of search words: flygfrakt, air cargo, air freight, information, logistics, kartläggning, 

process mapping, terminalhantering, cross docking.  

3.8.2 Observations 

Observations are needed to make a process map of the air freight handling at Stockholm Arlanda 

Airport. Employers from the four chosen companies have been followed and observed since they 

are all involved in the process. For example, observations were made at the freight terminal where 

Spirit is responsible, but also on the apron, where SGH is responsible. This is of relevance for the 

purpose of the study and the first research question, which is how the air freight is handled today. 

 

The observations were conducted during different occasions because the same type of freight 

might be handled differently depending on when the observation was made. Conducting 

observations during different occasions resulted in a more representative process map of the air 

freight handling than if only one observation had been made. Different types of freight are handled 

in different ways and this was taken into consideration during the observations to distinguish these 

procedures and identify different flows for different types of goods. 

 

Process mapping

Literature Review Observation Interview
Analyze the Data 

Collection
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The observations were conducted in different stages. The first observation provided a foundation 

of how the air freight is being handled at Stockholm Arlanda Airport. Yin (2013) describes this as 

“go with the flow” and that the researcher after this initial stage will have a better idea where to 
position himself/herself in the field. The researchers “walked the process” together with the 

participant (see Table 1) who described the different stages and the researchers were able to ask 

questions along the way. This is similar to Ljungberg & Larssons “virtual process walk” where 

the researchers function as the process managers. This is explained further in chapter 3.7.4. After 

gaining a foundation of the air freight handling processes from the first observation, the second 

observation functioned as a complementing stage where more specific details were observed and 

questioned about. The completed observation is presented in Table 1. 

 

Different key performance indicators (KPIs) have been measured. One of these is transportation 
time of freight, from the freight terminal to the aircraft. This KPI is related to another quantitative 

indicator which is freight temperature. The reason why these two were chosen is due to its high 

relevance to one of the presented problems in chapter 1.2: inadequate freight handling.  

 

The third and final KPI that was investigated was frequency of inadequate freight handling. 

This corresponds to how often freight has gone back to the freight terminal, from the aircraft, due 

to incorrect pallet building, wrong documents, incorrect labelling etc.  
 

Table 1 - Completed Observations 

Date Location Participants Focus 
2019-04-23 Cargo Center, Stockholm 

Arlanda Airport 
Urban Gålnander Gain a holistic view of the 

flow of freight and 
information 

2019-04-24 Spirit Air Cargo, 
Stockholm Arlanda 
Airport 

Anders Brag Gain a holistic view of the 
flow of freight and 
information 

2019-04-24 SGH, Stockholm Arlanda 
Airport 

Erik Asp and 
Thomas Törnlund 

Gain a holistic view of the 
flow of freight and 
information 

2019-04-25 WFS, Stockholm 
Arlanda Airport 

Peter Sandberg Gain a holistic view of the 
flow of freight and 
information 

2019-05-06 Spirit Air Cargo Anders Brag Observation at a different time 
of day compared to the first 
observation. 

2019-05-08 WFS Peter Sandberg Observation at a different time 
of day compared to the first 
observation. 

2019-05-16 Cargo Center Urban Gålnander Observation at a different time 
of day compared to the first 
observation. 
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3.8.3 Interviews 

The observation provided with a foundation of the air freight handling processes whereas the 

interviews functioned as complement to the observations where the researcher could ask questions 

about the processes in detail. The different actors were given the possibility to further explain their 

actions and how they perceive different situations. The interviews were held with represents at 

Spirit, WFS, Cargo Center, and SGH, where the three first companies represent the freight 

handling (operation in freight handling terminals) and the last company represents the ground 

handling (pick up the freight and load it into the aircraft). Completed interview is presented in 

Table 2. 
 

Table 2 - Completed Interviews 

Name Organization Date Duration 
Anders Brag Spirit Air Cargo 2019-05-06 40 min 
Erik Asp SAS Ground Handling 2019-05-07 40 min 
Peter Sandberg, 
Jack 

WFS 2019-05-08 30 min 

Urban Gålnander Cargo Center 2019-05-16 30 min 
 

The interviews were conducted in a semi-structured nature, which is the structure that most meets 

Gillham’s (2008) definition of an interview described in chapter 3.5.1. The respondents received 

open questions, where they could freely speak about what they believed was essential of the 

question. Open questions can be interpreted differently by the respondent than the researcher 

intended, which can be a good thing since other areas than the intended one can be handled and 

may be of interest for the study. But, to ensure that the intended area was processed as well, probe 

questions were prepared to steer the respondent. Using this structure resulted in a balance of 

openness and structure of the interviews.   

 

The respondents were asked about the different processes included in the air freight handling 

process. They were also asked which problems they perceive within their own organization as well 

as in cooperation with the other actors in the air freight handling chain. The questions asked to the 

different actors are presented in Appendix 1 and 2, respectively. 

 

Before the interview began, the respondents were given distinct information regarding the purpose 

of the interview, which area the interview will process, and how the interview will be made. The 

purpose of the study was also explained.  Gillham (2008) calls this stage “orientation” and explains 

that the aim is to prepare the respondent and make him/her feel included and important to the 

study. This will hopefully lead to the notion that the respondents know that their answers can 

contribute to a favorable result and possible change in their work. If the respondents know the 

purpose of the interview, they can also contribute with fullness to topics the interview questions 

might not have covered.  
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The interviews were audio recorded, which were consented by the respondent at the beginning of 

the interview. The purpose of recording is to ease the burden of memorizing the interview.  The 

recordings in combination with notes taken during the interview resulted in transcribed material 

of the interview. Lastly, the respondents read the transcribed material from the interview and 

approved it. This is made to avoid errors and achieve reliability in the data collection. 

 

The process mapping will also be conducted during the interviews. This is described in chapter 

3.8.4. 

3.8.4 Process Mapping 

The process walk and virtual process walk, which is described in chapter 2.6, was combined in to 

construct the process map. The researchers acted as mapping managers. The virtual process walks 

included representatives from the four chosen companies, described in chapter 1.6, who are 

included in the air freight handling process. The process walk was made during the observation 

whereas the researcher and the representative were able to walk the process and the representative 

could explain the activities while they were happening. The virtual process walk was made during 

the interview, whereas the researcher was able to record the interview. During the observation as 

well as the interview the representatives were given opportunity to explain their individual views 

of the air freight handling process.  

 

As mentioned earlier, the goal of process mapping is not only to describe the air freight handling 

but also highlight the problems that may occur. It was therefore of importance that the actors 

described not only how they operate within the organisation but also how they cooperate with each 

other. We also asked the representative to highlight any problems they experience within their own 

business. This part of the procedure relates to research questions 1 and 2: How is the air freight 

handled today and which problems arise? 

3.8.5 Reliability and Validity in this study 

Reliability 
 
Several observations have been made at the FHCs as well as with SGH which increase the 

reliability of the study. To ensure that the researchers had understood the processes correctly from 

the observations, the representatives of the different actors were asked to talk freely about the 

freight handling processes during their interview. This has improved the reliability of the 

observations.  

Representatives from the different actors has been interviewed and asked about challenges and 

problems regarding the freight handling process. By using input from more than one actor, a 

confirmation is made that they perceive the same problems. Furthermore, to ensure reliability of 

the interviews, the respondents had to approve the transcriptions that were made.  
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In terms of literature study: Several sources from different databases has been used for each subject 

to ensure that the information is reliable and true. 
 
Validity 
 
No matter what kind of data is collected, a consideration must be made whether it is related to the 

research questions. Let us take interviews as an example, if the purpose of the interview is to 

investigate the air freight handling processes, it would be irrelevant to ask questions about the 

weather. Since the first research question is to examine how the air freight is handled, some of the 

questions in the interview were about the different activities that occur in the freight handling flow. 

The second research question is to arise problems that occur in the freight handling, which also 

were asked about during the interviews. The questions asked to the different actors are presented 

in Appendix 1 and 2, respectively. 
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4 Literature Review 

This chapter presents previous research and theories that are relevant for the purpose and objective 

of the study. 

4.1 Logistics 

The logistics concept originates from the military triad “strategic, tactics and logistics” 

(Nationalencyklopedin A, n.d.). Logistics is a broad concept but is often described with help from 

the seven Rs’: Deliver the right product or service, in right quantity and right condition, to the right 

place at the right time for the right customer at the right price (Storhagen, 2018).  

 

The organization in logistics that is internationally leading, Council of Supply Chain 

Management Professionals (CSCMP) (2013), defines logistics as: 

 
“The process of planning, implementing, and controlling procedures for the efficient and 

effective transportation and storage of goods including services, and related information 

from the point of origin to the point of consumption for the purpose of conforming to 

customer requirements. This definition includes inbound, outbound, internal, and external 

movements”.  
 

Most people associate logistics with physical flows of goods, which is not incorrect, but it should 

be elaborated to flow efficiency since logistics aim to achieve efficiency with the physical flow as 

well as the information flow (Storhagen 2018). So, there are several definitions of logistics; 

however, Storhagen (2018) also explains the complexity of defining a field that is constantly 

changing, and it is therefore more appropriate to acquire an understanding of what logistics is and 

how to work with it. 

4.1.1 Warehouse Management 

The shortest way between two points is a straight line, but it is not always the cheapest way to 

transport goods. By using a warehouse, the number of transactions can decrease which is often 

beneficial for the company (Storhagen, 2018). It also improves the customer service because the 

inventory of products can be closer to the customer (Apte & Viswanathan, 2000). A traditional 

warehouse can be used to stock and/or reload goods to cope with variation in production, 

distribution, and demand. It can be used to lower the total transport cost for a company by 

combining different flows (Storhagen, 2018) and network structures (Apte & Viswanathan (2000).  

Apte & Viswanathan (2000) mention three different types of network structures for warehousing: 

a warehouse as a consolidation point; a break-bulk centre; or a mixed warehouse. The function of 

a consolidation warehouse is to consolidate several small less than full truck load (LTL) shipments 

into one or a few full truck load (FTL) shipments. The consignor uses LTL shipments to transport 

the input materials to the warehouse. The input materials destination is usually located far away 
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and are therefore transported in FTL shipments to their respective destination. The reverse logic is 

therefore to separate FTL shipments to several LTL shipments. This is the function of a break-

bulk warehouse. A distant consignor sends FTL shipments which is broken into smaller LTL 

shipments at the warehouse and is sent to customer located nearby. A mixed warehouse is a 

combination of the previous mentioned networks. The material is sent to the warehouse as FTL 

shipments, broken up and then consolidated again to form new outbound FTL shipments. (Apte & 

Viswanathan, 2000) 

4.1.2 Cross Docking 

Sometimes, goods arrive collectively and are split up at the terminal and their functions are to 

combine different incoming flows to new outgoing flows. This concept is called cross-docking, 

which is represented in Figure 4. With cross-docking there is minimal storage, often none storage 

at all. (Storhagen, 2018) The main task is to unload incoming goods, identify the receiver, and 

reload it on suitable outgoing transport but, as mentioned, it can also be used to combine different 

ingoing flows into new outgoing flows (Boysen & Fliedner, 2010). This can be done by splitting 

up different shipments and later repacking them with other shipments (Storhagen, 2018). Boysen 

& Fliedner (2010) consider the main purpose is to enable economies in transportation by 

consolidating different sized incoming truckloads that has the same destination. 

 

 
Figure 4 - Schematic representation of a crossdocking terminal. (Boysen & Fliedner, 2010) 

 

Cross-docking is very similar to the network structure mixed warehouse explained in chapter 4.1.1. 

What mainly distinguishes cross docking from mixed warehousing is that cross docking flow 
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through the warehouse “quickly” and often without any storage (Apte & Viswanathan, 2000). 

Other differences are that within the cross-docking, items need not to enter any inventory records 

in the warehouse. Most warehouses operate as hybrid warehouses, using traditional warehousing 

as well as cross docking, but some warehouses use one or the other depending on what kind of 

items are handled. For example, for items with large inventories it is beneficial to use traditional 

warehousing to ensure good customer service. (Apte & Viswanathan, 2000) 

 

At a cross-docking terminal, most of the physical handling operations occur at the docks. Due to 

this fact, Apte & Viswanathan (2000) emphasize the importance of well-equipped and well-

designed docks. The layout and design for receiving as well as shipping dock are major factors for 

a successful cross-docking system. By efficient receiving and redistribution, dwell time can be 

minimized which is an important factor for cross-docking systems. 

 

Apte & Viswanathan (2000) also explain the importance of managing the flow of information as 

skillfully as the physical flow of goods. An accurate and proper flow of information is not only 

crucial for effective management, but it also enables improvement of logistics planning within the 

warehouse. Managing the flow of information can be achieved by using different tools and 

practices such as Electronic Data Interchange (EDI), shipping container marking, barcode, and 

scanning of bar-coded products. This enables the carton or pallets to be identified at delivery, 

assigned a purchase order and then routed to the proper outbound shipment (Apte & Viswanathan, 

2000).  

 

EDI is a technology which transmits information electronically between business partners and 

replaces postal mail, fax and emails (Edibasics, n.d). Example of information is purchase orders, 

invoices, shipment notices, custom clearances information, etc. and can be used for the whole 

supply chain, such as customer, vendor, freight forwarder etc. (Apte & Viswanathan, 2000). Apte 

& Viswanathan (2000) emphasize the importance of a proper EDI system to achieve an effective 

cross-docking process. By retrieving information in advance, the cross-docking warehouse can 

plan how to handle the incoming goods, such as dock assignments and truck fleet operation. 

Furthermore, bar coding and scanning is used to identify incoming goods as well as receive 

shipping information.  

4.2 Supply Chain Management  

Supply Chain Management (SCM) is closely related to logistics and it is not unusual that the two 

terms are considered synonymous. Nevertheless, there are significant differences that separate 

them. According to the definition of logistics by CSCMP, described in chapter 3.1, logistics is 

about managing in- and outbound flows of goods and services as well as related information to it. 

Mentzer (2005) means that this definition of logistics emphasises the “focal organisation”, which 
is the organisation in focus.  “Related information” in this case can be seen as shipping status, 

order quantity, estimated delivery time etc.  Although, there is information that might be important 
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that is not related to the flow of goods and services. This may be information regarding pricing 

strategy, marketing plans, product design etc. SCM uses the holistic perspective including the focal 

organization, its suppliers, and its customers. That being said, a main principle of SCM is 

considering the costs and strategies of all the organisations involved in a supply chain. 

4.2.1 Cooperation Within the Supply Chain 

 

O’Brien (2015) describes five different characteristics that an organisation needs from its 
suppliers: contribution, clarity, trust, closeness, and cooperation. Although, solely declaring this is 

not enough. There needs to be an awareness of why an organisation wants to improve its supplier 

relations. Otherwise, efforts are made without a clear direction. The occurring problems and goals 

need to be stated to improve supplier relations.  

 

Both Mentzer (2005) and O’Brien (2015) describe and motivate different approaches that can be 

made regarding cooperation with the supply chain partners.  

 

Risk management is mentioned by O’Brien (2015) as an important factor in how an organisation 

should cooperate with its suppliers. O’Brien considers risk management as the greatest value that 

can be extracted from the supplier base. Risks such as a stopped production line or a detected 

defect product by the end consumer may have severe consequences. Billions may be lost through 

a temporarily stopped production line or damage on a company’s brand. Organisations that do not 

understand the risks and consider them in their planning create a ticking bomb that can explode at 

any time. By evaluating the probability and potential consequences of the risks, countermeasures 

can be developed to stop or at least prepare the organisation for these risks. Moreover, risk 

management is not only about preventing crises, but also the ability to handle them when they are 

appearing. An effective supply chain demands planned goal-oriented efforts from all involved 

actors to prevent and manage risks.  

 

Another competitive advantage through SCM is described by Mentzer (2005). Coordination within 

the supply chain cannot be achieved before coordination has been made within the organisation. 

The author presents several consequences that occur following a lack of coordination. There can 

be problems regarding a redesign of a car, resulting in the freight forwarder being unable to haul 

the vehicles. Another situation could be a company not having enough production capacity to face 

unexpected demand, but the sales division is being rewarded for opening new retail accounts and 

therefore putting more pressure on production. The examples illustrate the impact of the supply 

chain performance by not coordinating traditional business functions within the company and the 

supply chain as a whole.  

 

In similarity with O’Brien (2015), Mentzer (2015) also present similar precursors that are needed 

for supply chain cooperation. Trust and commitment are clearly something that is needed from the 



22 
 

concerned actors. Mentzer (2015) states that an input of proportional and convincing resources as 

well as a willingness to invest is a vital part of commitment. Trust has a positive impact on 

cooperation by overcoming mutual adversities such as power and conflicts. Both trust and 

commitment are essential ingredients for a fruitful long-term relationship needed for cooperation. 

It is about embracing the long-term benefits of staying with a partner instead of exploiting 

attractive short-term alternatives that may only stimulate one actor.  

 

Combined efforts, in terms of cooperative norms, are needed to achieve individual and mutual 

goals. Furthermore, there needs to be an organizational compatibility in order to achieve an 

effective relationship. This compatibility is defined as having complementary goals and similar 

operating philosophies. The combination of activities, based on complementary goals and values, 

leads to the perception that the cooperation is worthwhile and productive. (Mentzer, 2005) 

4.2.2 Information Management in Supply Chains 

Fredholm (2006) describes the transition to more advanced logistics services as a common demand 

by the marketplace. It is a transition to where the logistic company becomes more integrated with 

its customers’ business processes. Both customers and authorities formulate increasing demand 

regarding traceability and security. In order to respond to these demands, information management 

is highly relevant.  

 

However, information management is not only about satisfying demand per se. The technological 

advances in IT has provided companies the opportunity to reduce costs and use it as a competitive 

factor. It has also led to a structural change, where new actors have entered the marketplace using 

different IT-tools. Different companies in varying industries have acknowledged this by embracing 

these new tools and educating their employees about the operations and purpose regarding IT. 

(Fredholm, 2006) 

 

Along material- and monetary flow, Jonsson & Mattsson (2016) presents information flow as one 

of the three flow types in the logistics system. In order to balance the supply and usage of resources, 

information is needed about factors such as customer demand, available capacity, resource 

utilization etc. Enterprise Resource Planning-system (ERP-system) and other IT-systems are used 

for planning of logistics flows. An efficient flow of information is prerequisite for an efficient flow 

of material and services.  

 

Information regarding demand is generated both externally and internally. From the customer, this 

information comes in the shape of orders, sale statistics, delivery plans etc. From within the 

company, this information could be forecasts and sales information. Managing information 

regarding the suppliers is also important in order to plan and execute the company’s own value-

adding activities as well as to maintain good customer service. (Jonsson & Mattsson, 2016) 
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Mentzer (2006) further explores the importance of IT and information sharing. It is not only 

beneficial for logistics and sales, but for all other business functions in a company such as R&D 

and production. An ineffective information system, which does not allow a free flow of 

information, may lead to distrust and resistance, resulting in supply chain processes being 

ineffective. The emerge of ERP-systems have its origin in the deficits of the older information 

systems. Most of them were developed for a single function of a company, meeting the demands 

of that specific function. ERP-systems has allowed companies to replace their old highly 

specialized information systems with an integrated system that incorporates all business functions. 

This facilitation of information sharing has led to lower costs and increased supply chain 

performance.  

 

Except internal information systems (called intracompany information systems), there are also 

intercompany information systems that facilitate information flow between the focal company and 

its suppliers or customers. This flow regards information about material, services, and finances. 

Mentzer (2006) describes successful SCM as partners in the supply chain having access to 

information on activities that they do not control. There must be instant communication with real-

time data between different departments but also outside the boundaries of the company.   

 

These systems normally handle a single supplier or customer, the supply chain focus is hardly 

distinguished here. However, intercompany information benefits have the advantages of reducing 

inventory, reducing requirements for paper work and rework as well as providing higher value for 

the customer. (Mentzer, 2006) 

4.3 Collaborative Decision Making (CDM) 

It is well known that airports are a bottleneck in the ATS. In order to increase punctuality and 

predictability, a project was started by the name Collaborative Decision Making by Eurocontrol, 

The European Organisation for the Safety of Air Navigation. (Norin, 2008) 

 

Furthermore, Norin (2008) describes the idea behind the project CDM. All included actors shall 

share information about flights and other flight related activities to facilitate and improve planning 

of air traffic. If this is done correctly, a better utilization of resources can be achieved. The 

increased stream of information, thanks to technological advances, has made this project possible, 

considering that information sharing is a vital part of CDM. Nevertheless, there are negative 

aspects of CDM that should be considered. A successful outcome of this method demands that the 

information is handled correctly, an overflow of information may lead to a more complex planning 

situation. (Norin, 2008) 

 

Zaraté (2013) explores cooperation in relation to CDM. The author means that cooperation is about 

overcoming individual constraints. It concerns the exploring of the cooperation’s possibilities and 
obstacles for each involved actor as well as the whole system itself.  
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Furthermore, Zaraté (2013) describes the difficulties with CDM. Even though the cooperation may 

share the same goals, each individual actor has their own objectives, knowledge, and perspectives 

in relation to the problem. In this case, the common objective becomes an aggregation of these 

different objectives. CDM is dependent on information, corresponding to out-data and results from 

different processes, which is in an ever-changing state. This state brings a degree of uncertainty 

into the decision-making process. (Zaraté, 2013) 

 

When comparing Zaraté with Norin and their view of CDM, there is a similarity regarding the 

significance of information and how it should be handled. A collaboration is dependent on 

adequate communication and information sharing. In order for this to succeed, the involved actors 

should be aware of its risks and flaws.  

4.4 Lean 

The renowned philosophy lean has its origin in Japan and Toyota Motor Corporation. In Japan 

during the following of World War II, the resources were considerably limited and therefore 

Toyota decided to create a production system, where flow efficiency was highlighted. Hence, a 

concept was created with including elements such as the need of the customer, Just-in-time, and 

eliminating waste. (Modig & Åhlström, 2014) 

 

Furthermore, Modig & Åhlström (2014) mentions the authors that coined the term lean, James P. 

Womack and Daniel T. Jones. In their book Lean Thinking from 1996, they specify how a company 

should follow the concepts and how it should be implemented in the business. Five principles are 

described.   
” 

1. Specify value from the perspective of the end consumer. 

2. Identify all steps in the flow and eliminate the steps that do not create value (waste). 

3. Create a sequence of value-creating steps so that the product flows smoothly towards the end 

consumer. 

4. When the flow is established, let the end consumers ‘pull the value’ upstream from the next activity. 

5. When the four steps above are completed, the process starts all over again and continues until a 

state of perfection has been achieved, where perfect value is created without waste.” 

 

(Modig & Ahlström, 2014) 

 

Petersson et al. (2009) mean that lean is about visualizing and correcting deviations in the business. 

These deviations are something that occur in the daily processes and can be assumed to be waste. 

The management of the organisation shall be based on principles and common values instead of 

managing each unit in detail. (Petersson et al., 2009) 
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Furthermore, the authors state the two main principles of the lean-model: Just-In-Time (JIT) and 

Jidoka. (Petersson et al., 2009) 

 

To make a brief summarization, JIT can be described as “the right detail, in right amount, at the 
right time”. If it can be produced and delivered at the right time, waiting time can be eliminated, 

which is considered waste. The flow becomes predictable and efficiencies such as lower stock 

levels and reduced over capacity may be possible. (Petersson et al., 2009) 

 

The second main principle Jidoka represents quality in production and an assurance that every 

activity is correctly made from the start. If an error occurs, the process should immediately stop 

for error analysis and evaluation of potential measures. (Petersson et al., 2009) 

 

In conclusion, lean is a strategy, where the objective is to attain a high flow efficiency. The 

common values are clear but each situation is unique, meaning that several organisations are 

favoured by developing their own tools and methods, adapted to the improvements of their 

business. To be inspired by others is not wrong and should be done, but to copy methods of others 

without observing the system in question can lead to maladjusted solutions and negative results. 

(Modig & Åhlström, 2014) 

4.4.1 3M 

 

The three terms Muda, Muri, and Mura is often mentioned when talking about Lean Production. 

This concept is called 3M and is categorized as the sources to waste and loss within a business.  

 

Muda is classifying the activities that does not add value to the product/service and are therefore 

seen as waste. (Velocity, n.d.) The seven Mudas are: 

 

• Transport – This can be transport between locations, as well as between operations within 
the production. The customers are not willing to pay for transport, since this adds no value 

to the product. The transport should therefore be reduced. Since several internal 

movements can be an effect of poorly planned layout, a change of layout could reduce 

these internal movements. 

• Inventory – this can consist of raw materials, work in progress (WIP) and finished goods. 

Instead of storage it is preferable to use JIT-principles.  

• Motion – any motion of a machine or employee that does not add value to the product is 
considered a waste. It can be, for example, that heavy objects are placed on low or high 

shelves which leads to unergonomic motions. It can also be searching for tools and 

equipment or walking unnecessary distances to retrieve components.  
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• Waiting – when an employee or machine stand still and wait, it adds no value to the 

product. The reason for waiting can be that two interdependent processes are not 

synchronized.  

• Overproduction – this is considered as the worst of the seven Mudas, and it simply means 
that products have been produced in excessive quantity. Overproduction affects other 

mudas in terms of unnecessary transportation and more inventory to hold the overproduce 

products.  

• Over-processing – this means adding work that is not required by the customer, which is 
the result of not having clear standards and specifications. Some operators try to do their 

jobs as good as possible without regarding the activities that truly bring value to the 

customer. An example of an over-processing activity is painting of car areas that will never 

be seen or damaged by corrosion.  Putting more time on non-value adding activities leads 

to higher labour-, material, and maintenance costs.   

• Defect – Regarded as the waste where the product or service does not match the customers’ 
specifications/requirements. It can be difficult to estimate this cost, often it is higher than 

what we perceive it to be. Except the obvious cost of scrapping an item, there are costs 

related to problem solving, transportation, document handling, loss of customers etc. The 

causes of defect are many. It could be due to non-standard operations, insufficient 

maintenance, or a working culture where the employers are not encouraged to highlight 

problems in the business. Example of wastes of defects: poorly maintained equipment, 

incorrect or missing instructions leading to defect components, damages during 

transportation. 

 

Muri is describing overload of the employees and/or machines, which will cause stress (Lean 

Manufacturing Tools, n.d.). Mura is the waste of unevenness and inconsistency (Lean 

Manufacturing Tools, n.d.).  

 

It is common to only talk about Muda since this is the easiest waste to comprehend, but the three 

wastes interact with each other and it is therefore important to not only investigate Muda, but Muri 

and Mura as well. For example, overload (Muri) increases the probability for defects and 

unnecessary movements and it can also create waiting which can result in unnecessary storage. 

Another example is that unevenness (Mura) can lead to overproducing which then results in 

unnecessary storage. (Velocity, n.d.) It can therefore be effective to focusing on reducing Muri 

and Mura, which will lead to a reduce of the seven Muda. 

4.5 The Airport 

A prerequisite for a functioning air freight handling is obviously an airport. To gain an 

understanding for how air freight is handled, it is important to apprehend the environment, in which 

it functions.   
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Bezilla (2009) presents two perspectives of an airport and how the airport planning should take 

these into consideration. The first perspective has its ground in transporting people in a safe, 

continuous, and effective way. The airport is a connection point, the traveller goes through an 

airport and not to an airport. 

 

People within the worlds of business and economy tend to see the airport as an economic engine. 

Airports enable access to the global market for both civilians and businesses. Consumption of 

goods and services occurs at the airport, thus creating employment opportunities. Where 

consumption is happening, there are also taxes. Therefore, the airports have a significant meaning 

for states and governments concerning tax incomes. (Bezilla, 2009) 

 

That being said, an airport can be viewed differently depending on the beholder. As mentioned, 

these perspectives should be considered when airport planning is made.  

4.5.1 The Components of the Airport 

The airport consists of three components: airside, landside, and terminal. (Bezilla, 2009) 

 

Airside consists mainly on runways, taxiways and the surfaces surrounding these. This part of the 

airport accommodates take-offs, landings as well as providing infrastructure for transports to the 

gates and parking ramps. (Bezilla, 2009) 

 

Landside includes public parking lots, check-in halls, office buildings etc. It can be assumed that 

landside includes everything before the security check and the areas that do not demand authority 

for access. (Bezilla, 2009) 

 

Terminal is defined as the area where the traveller is “processed”. It could be checking in, 

undergoing security check, shopping, eating, drinking, waiting for departure etc. The terminal 

building is designed in the sense that it contains both airside and landside. The line is drawn at the 

security check. When the traveller goes through the security check, a transition is made from 

landside to airside. With the completion of this transition, the traveller is not carrying any 

prohibited items or substances and is therefore fit for boarding.  (Bezilla, 2009) 

4.5.2 Actors at the Airports 

 

Airlines 
 
Perhaps the most known actor at the airport. The airline conducts commercial traffic regarding 

transportation of passengers and cargo as well as taking other flight related commitments against 

payment. (NE B, n.d.) 
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Air Traffic Control (ATC) 
 
Norin (2008) states that services of ATC are needed to prevent collisions and to attain a efficient 

traffic flow. ATC can be divided into different sections of responsibility. Luftfartsverket (Swedish 

civil aviation administration), which is one of the ATC operators in Sweden, conduct ATC for 

numerous airports. The responsibility is divided into three different areas: 

 

1. Area Control Centers (ACC), which handle en-route flights. 

2. Terminal Control Centers (TMC), being responsible for arriving and departing traffic at 

the airports.  

3. Towers (TWC) is managing traffic closest to the airports. This could be final approach, 

taxiing, sequencing of departing flights etc.   

 

(Norin, 2008) 

 
Ground Handling Companies 
 
Ek & Akselsson (2007) describe this actor as being responsible for the activities made when the 

aircraft is grounded at the airport. Safe and efficient ground handling is a pre requisite for 

functioning air traffic. 

 

The process when the aircraft is grounded is labelled as a turn-around. During this period of time, 

a number of activities are being done e.g. loading/unloading cargo, refuelling, and cleaning. 

(Norin, 2008) 

 

Third-Party Logistics (3PL) Companies 
 
Oskarsson et al. (2013) describes 3PL as when a third party is being responsible for a part of the 

logistic activities, these activities being included in the employer’s system. The need for 3PL arises 

when neither customer or supplier has enough resources or/and competence to execute the 

activities related to logistics. When this responsibility is moved to a third party, the company 

buying the 3PL-services will have greater possibilities to focus on their core competence as well 

as increase flexibility in their business by allowing the 3PL-company to access their logistic 

structure.  

 

These 3PL-companies are functioning at airports when handling air freight as well as conducting 

the air freight transportation. They can also be seen when handling commercial goods going into 

the airport. UPS and Fedex are two companies that provide 3PL services and collaborating with 

several airports around the globe, giving the airports the possibility to focus on their core 
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competence. However, the air freight in Sweden is limited to a few airports that can handle heavy 

air freight. (Swedavia B, n.d.) 

4.5.3 Airport Logistics 

An airport is a complex system with numerous actors, whose objectives and interests are 

conflicting. It is vital to analyse the resource utilization and find optimal solutions for the whole 

system instead of suboptimized approaches for each actor. Norin (2008) defines airport logistics 

as: 

 

”…the planning and control of all resources and information that create value for the customers 

utilizing the airport”. 

 

The customers in this case are the passengers, airlines, ground handling companies, and other 

actors operating at the airport. Furthermore, Norin (2008) describes the airport as a system, where 

most of the flows enter and exit the system through landside. Passengers travel to the airport with 

different means of transportation before entering the terminal, air freight is often transported by 

lorry and unloaded at the freight handling terminal, and so on.  

 

Norin (2008) also describes the air transportation system (ATS) as a network with different flows. 

The flow that creates value for the ATS, named value flows, consists of passengers and cargo. This 

value flow is dependent on support and facilitation. Therefore, main support flows are necessary, 

the most noticeable being flows of aircraft crew and aircraft. These flows function as connection 

points between airports. Minor support flows are also needed, it is often associated with the turn-

around process. Activities that are included in this flow are refuelling, de-icing, cleaning, baggage 

handling etc. 

 

It is the ground handling company that is responsible for most of the activities of the turn-around 

process. The three ground-handling companies at Stockholm Arlanda Airport provide their own 

ground handling equipment and pays Swedavia a fee for ramp service infrastructure, which 

include, for example, storage surfaces and electricity. Since the ground handling companies does 

not cooperate with each other, it leads to sub optimization within every ground handling company 

regarding the amount ground handling equipment instead of optimizing the total amount of ground 

handling equipment at the airport. Therefore, it circulates an unnecessary amount of equipment at 

Stockholm Arlanda Airport. Hedman and Persson (2018) made a research about the effects of 

having co-owned ground handling equipment at Stockholm Arlanda Airport. They stated that sub-

optimization leads to unnecessary transport for the ground handling companies since they need to 

retrieve their equipment from places far from the airport. It can also lead to misplaced equipment, 

due to the great stress-factor that occurs. If there were to be co-owned ground handling equipment 

this would lead to increased flexibility, less ground handling equipment, better work environment, 

and pollution reduction.  
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4.5.4  Air Freight 

The history of the air freight is significant that stretches over 100 years back in time. Long before 

ideas of passenger traffic, transportation of commercial freight was advocated by the pioneers of 

the air. Year 1910 was the starting point for air freight when the first air transportation of freight 

was made between Dayton and Columbus in the state of Ohio. The testing of air freight continued 

and nine years later, year 1919, the first air mail lines were established in America. At the other 

side of the Atlantic in Europe, the development of air freight was a bit slower. In Sweden, the first 

night air mail flight was made year 1928 by Svenska AB Aerotransport (ABA). As technology 

advanced, especially by the development of multiengine-aircraft and more developed airports, the 

air freight tonnage experienced a heavy increase. Year 1938, the air freight departing from Sweden 

was equivalent to 85,7 tonnes. (Vaabengaard, 2004) 

 

80 years later, in 2018, this air freight tonnage corresponded to 142 951 tonnes (Transportstyrelsen 

A, n.d.). As mentioned earlier, modernization of aircraft and airports is a significant cause but also 

the globalization, which has put a stamp on our modern time.  

 

Lindgren & Vierth (2017) explore the choice of transport mode and the aspects within it. The two 

main criteria for choosing transport mode is the characteristics of the freight and distance. The 

characteristics of the freight is broken down into value, fragility, time sensitive, weight, density, 

and volume. The distance refers to the transport distance between the consignor and receiver. 

These factors influence the choice of transport mode and if it is profitable.  

 

Several investigations show that road transport is the clear winner when it comes to flexibility, 

reliability, and safety. The clear advantage of this transport mode is the accessibility to all 

customers as well as an abundance of lorries. However, each lorry has their maximal allowed gross 

weight. In this area, shipping-, railway-, and air transportation performs better. Shipping has 

without a doubt the largest capacity of the three, but it is also the slowest. Air transportation is the 

fastest and a safe way to handle goods. Although it is fast, it might not be profitable if the distance 

is low due to its high cost. Therefore, air transportation is especially competitive when the 

distances are long. (Lindgren & Vierth, 2017)  

 

In relation to product characteristics, air transportation is often chosen for products with time 

sensitivity (e.g. perishable goods and mail) and high value density products (e.g. electronics, 

medicines). High value products lead to high stock holding costs as well as high costs if anything 

is damaged. Temperature sensitive products such as perishable goods demand short lead times. In 

this case, air transportation is a favourable choice to assure high speed and punctuality.  

 

Furthermore, Lindgren & Vierth (2017) evaluate the price- and time elasticity of the different 

transport modes. Air transportation has the lowest price elasticity of the transport modes. This 

implicates that a change in price in air transportation would not have a significant effect on the 
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demand of the transport mode. A reason may be that the advantages of air transportation are 

considered good enough that an incremental price increase would not lead to a choice of another 

transport mode.  

 

 However, the time elasticity of air transportation is significantly higher in comparison to price 

elasticity. The tolerance for longer lead times is strict. This is probably the case due to the high 

value- and time sensitive freight that air transportation often is handling. (Lindgren & Vierth, 

2017) 

 

Safety is also worth mentioning when discussing the different transport modes. Load carrier, which 

defined as the unit upon which the freight is placed on, differs between the transport modes. 

Container is used for railway- and shipping transportation, thus providing considerable protection 

of the freight as well as high loading capacity. Pallets on the other hand, which is more common 

in air transportation, increases risk for damages due to less protection. Although, other factors 

affect the protection of the freight such as handling (human factor) and how the freight is placed 

in the aircraft. (Lindgren & Vierth, 2017) 

4.5.5 The Air Cargo Industry 

The air cargo (including both air freight and air mail) is an enabler of the global economy. 

Perishables, pharmaceuticals, and machinery parts are some of the products, usually transported 

by air, that demand speed and efficiency in order to satisfy its demand. Air cargo might not 

represent a big part of the global trade volume, 1% to be specific, but it represents 35% of the 

global trade value. This illustrates the meaning of the industry and should therefore not be 

neglected. Regarding the passenger and cargo airlines, businesses related to cargo generates about 

9% of the airlines’ revenue. (IATA, 2018) 

 

The air cargo industry made a full recovery in 2017, following a period of global economic decline 

and weak demand. The annual growth was 10.1%, compared to a previous long-term annual 

growth of 4.2% (Boeing, 2018). IATA (2018) also anticipated increased air cargo revenue for the 

year 2018, reaching $59.2 billion (+8.6% from 2017 of $54.5 dollars).  

 

Both Boeing (2018) and IATA (2018) agree on e-commerce growth as an underlying cause 

regarding the air cargo growth. The evolution of internet and communication technology has 

changed the customers’ behaviours and their purchasing processes. Consumers turn to online 

retailers such as Amazon and Alibaba, offering a wide range of products to competitive prices. 

This e-commerce growth has made manufacturers and retailers eager to transport their products to 

the customers in a fast and cost-efficient way. 

IATA (2018) identifies changes in the industry that need to be made in order to capitalize on the 

e-commerce growth. Smooth cross-border operations and end-to-end track & trace are some of the 

aspects that need to be considered. 
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The e-commerce growth is a global wonder, although the size in market varies by region. With 

China in the lead, the Asia-Pacific region (including South Asia and East Asia) is valued as the 

largest e-commerce market in the world. The e-commerce growth in China for the last five years 

corresponds to 40% (Boeing, 2018). A famous example is the Chinese “Singles Day”, which is a 

shopping holiday (compare to Black Friday). During a single day in 2017, orders were made worth 

$17.8 billion dollars, representing 657 million packages (IATA, 2018). In online shopping 

holidays such as this, air transportation plays a significant role in the delivery process.  

 

Although the air cargo industry is fuelled by a forecasted growing economy and e-commerce, there 

are challenges that should be considered. Trade protectionism and ongoing trade conflicts 

occurring in the world right now inputs concern and uncertainty into the industry. Furthermore, 

there is a competition between air transportation and the other transport modes. There have been 

more shifts from air transportation to shipping and railway due to their inexpensiveness and 

environmental friendliness. Comparing maritime and air transportation, the maritime industry has 

benefited from the significant increase in container freight flow. This is a result of the imbalance 

in trade flows that occur in the world. The vessels are used at their full capacity in one direction 

(e.g. Asia – Europe) and maybe around half capacity on the return route. This has led to a low 

price for maritime transportation and increased container freight flow.  (Boeing, 2018) 

 

However, stricter regulations (fuel emissions more specific) within the maritime industry puts 

pressure on the shipping operators, which are difficult to follow. At the same time, new regulations 

and agreements within the air cargo industry, such as the WTO Trade Facilitation Agreement 

(TFA), are expected to reduce trade costs and boost global air cargo trade. (IATA, 2018) 

4.6 Known Shipper 

Known Shipper is a shipper concept, built on the foundation that the shipper takes certain security 

measures when handling air cargo (air freight and air mail). There are several security measures 

included in the known shipper-concept, some of these measures are: 

 

• Assigning a person on each facility, responsible for that the security measures are taken 

• Access control and physical protection of the facility where air cargo is stored and handled 

(Transportstyrelsen, 2014) 

 

 Being a known shipper is optional, although this means that the freight must not go through a 

security check before it is loaded into the aircraft. To obtain the status of known shipper, the 

company needs an approval, authorized by the Swedish Transport Agency (Transportstyrelsen). 

(Transportstyrelsen B, n.d.) 

 

A prerequisite for becoming a known shipper is that the company sends the air cargo directly to 

the airport without any intermediate actors in between. This means that if a freight forwarder is 
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handling the freight in between the shipper and the airport, the freight forwarder also needs to take 

the same security measures as the shipper for the known shipper-concept to be complete. 

Transportstyrelsen states that the freight forwarder can apply for the status of Known Freight 

Forwarder. Combining a Known Shipper with a Known Freight Forwarder results in a facilitated 

air cargo handling at the airport, since the freight ,in that case, must not go through a security 

check. (Transportstyrelsen, 2014)  
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5  Current Situation 

Chapter 5 will answer research question 1: how is the air freight handled today at Arlanda? 

 

First, a brief presentation of the air freight equipment and air freight document will be made to 

give the reader more insight of the context. 

 

Furthermore, this chapter presents the air freight handling process in terms of physical- and 

information flow, from the point that the freight is unloaded at the freight terminal to when it is 

loaded onto the aircraft. Chapter 5 will also present the problems in the air freight handling process; 

in the way the actors have described it.  

 

All the data presented in this chapter have been collected through observations and interviews with 

representatives from SGH, Spirit, Cargo Center, and WFS. Quantitative data in the form of 

statistics have been collected through internal material, given by the involved actors. Photography 

is also a part of the data collection to facilitate understanding for the reader. This part has been 

made by the researchers as well as by representatives from involved air freight actors.  

5.1 Air Freight Equipment 

 

Unit Load Devices 
 
There are mainly two types of Unit Load Devices (ULDs) that are used to carry freight from the 

freight terminal to the aircraft: pallets and containers.  

 

Pallets  
 
There are several types and sizes of pallets used for air cargo transportation. The choice of pallets 

depends on the size of the aircraft. Each pallet also has an IATA ULD ID Code to identify the 

pallet. The pallet in Figure 5 is a PMC pallet, most suitable for wide-body aircraft. 
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Figure 5 - PMC pallet (SATCO-inc.com A, n.d.) 

 

Containers 
 

As with the pallets, containers also vary in shapes and sizes depending on if it is a lower-deck or 

upper-deck container. Furthermore, there are also different IATA codes to separate the types. This 

ULD provides more robustness and protection but lacks in loading flexibility and capacity 

compared to the pallet. One of the containers that is used on the freight terminals at Stockholm 

Arlanda Airport is the AKE container, which is presented in Figure 6. 

 

 
Figure 6 - AKE container (SATCO-inc.com B, n.d.) 
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Dollies 
 

The ULDs need to be carried on dollies to the aircraft. Depending on the nature of the goods, three 

types of dollies are used at Arlanda: Pallet-dollies, Container-dollies, and Baggage dollies. The 

three different dollies is presented in Figure 7, 8, and 9, respectively. 

 

As the name suggests, Container- or Pallet-dollies are used to transport container and pallet ULDs. 

Although, if the freight is not loaded onto a container or pallet, the freight is transported on baggage 

dollies. This is also known as bulk freight. (Asp, 2019a) 

 

 
Figure 7 - Pallet Dollies at Arlanda (Asp, 2019a) 

 

 

Figure 8 - Container Dollies at Arlanda (Asp , 2019a) 
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Figure 9 - Baggage Dolly (Aviation Pros, n.d.) 

Vehicles 
 
At Stockholm Arlanda Airport, two types of vehicles are used to transport air freight from the 

freight terminal to the aircraft: pallet truck and pick-up. These are presented in Figure 10 and 11, 

respectively. The pallet trucks drive pallet dollies and the pick-ups drive container dollies. Each 

vehicle drives five dollies at a time.  

 

 
Figure 10 - Pallet Truck at Arlanda (Asp , 2019a) 
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Figure 11 - Pick-up Used by SGH (Asp , 2019a) 

 

Loaders 
Once the freight has arrived at the aircraft, it is loaded into the aircraft using a loader. As shown 

in the Figure 12, the high loader is used to elevate pallets and containers to the same level as the 

aircraft for loading.  If bulk freight is to be loaded, a baggage conveyor belt is usually used for this 

purpose.  

 

 
Figure 12: High Loader (Trepel, n.d.) 
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5.2 Air Freight Documents 

Booking List 
 
The booking list contains information on which freight should be loaded on corresponding flight. 

The shipper (Volvo, SKF, ABB etc.) has a need to transport freight through air transportation from 

point A to point B. Freight Forwarder (DHL, Schenker etc.) receives this information from the 

shipper as well as orders from other shippers. The freight forwarder contacts the airline (SAS, 

Lufthansa etc.) and makes a booking with them. The airline takes orders from several freight 

forwarders in order to accomplish as high resource utilization (fill the plane) as possible. The 

booking list is made and sent to the corresponding FHC. Except the description of freight (weight, 

volume, dimensions), prioritization is also stated in the booking list. This means which freight 

should be prioritized to handle, in case there is time pressure or if there is not enough space to fit 

all freight into the aircraft. A copy of an actual booking list is presented in Figure 14, which has 

been provided by WFS. These may look different depending on airline. 

 

Anders Brag at Spirit (2019) describes that there is a possibility, due to e.g. a delay, that freight 

with lower status may be left behind since the freight with higher prioritization must be loaded 

first. Although, in most cases the planning is sufficient enough to avoid this kind of occurrences.  

 

In most cases, the FHC receives the booking list one – two days before corresponding flight 

departure. Although, the list can be changed as close as hours before flight departure, if express 

freight is booked and inserted into the list. However, this is an uncommon case. 

 

There are differences between the airlines in how they want their air freight to be built. Some 

airlines specify in the booking list exactly which ULD should be used to build freight on. In other 

cases, the FHC has the freedom to make this choice, with the interest of highest resource 

utilization.  

 

In summary, the booking list tells the FHC which freight should go with which flight. A illustration 

regarding the booking list is presented below in Figure 13. 
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Figure 13 – Creation of the Booking List 
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Figure 14 – Copy of a Booking List. [Internal Material] 

 
Air Cargo Manifest 
 
The Air Cargo Manifest is made by the FHC and given to the Airline, Ground Handler, and 

Customs. It contains information on flight-number, operator (airline), AWBs, origin and 

destination etc. However, the manifest also shows what the FHC has built and how they have built 

it. The type of ULD that freight has been built upon as well as the weight of each ULD is declared 

in the manifest. To explain an Air Cargo Manifest in a simple way, it is used to identify the cargo 

on an aircraft. The load master (responsible for loading/unloading the aircraft) shall easily look at 

the manifest and see what kind of cargo should be on the aircraft. A copy of an manifest has been 

provided by WFS, and is presented in Figure 15. 
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Figure 15 – Copy of Air Cargo Manifest. [Internal Material] 

 
Airway Bill (AWB) 
 
As mentioned above, the manifest is used to identify cargo on an aircraft. However, more detailed 

information of each shipment can be found in the AWB. The manifest presents information of the 

ULDs that should be on the aircraft. Although, one ULD (pallet or container) can contain several 

shipments with different final destinations. Also, the manifest shows no information of the identity 

of shipper and consignee, terms and conditions, declared value of freight etc. This information can 

be found in the AWB. When the aircraft has arrived at its destination airport, the terminal workers 

check the AWBs to determine if the corresponding shipment should exit the airport and continue 

via truck,or remain within the airport to be flown to another destination. A copy of an AWB is 

presented in Figure 16. 

 

Air Cargo Manifest and AWB are the two types of documents that follow the physical goods. 

They do not always arrive with physical freight at the same time. Due to document processing 

times related to acceptance at the destination airport and customs, AWBs can be sent electronically 

(E-AWB) to the destination airport before the physical freight arrive to shorten this document 

processing time. However, this responsibility falls on the shipper or freight forwarder.  
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Figure 16 – Copy of AWB. [Internal Material] 

5.3  Physical- and Information Export Flow  

Figure 17 presents a simplified view of the export flow of air freight handling at Stockholm 

Arlanda Airport. There are several details that are not apparent for the reader, but the purpose is to 

give an overlook of the export flow. The blue box corresponds to the freight terminal and where 

the FHC is responsible for the freight. The green box shows where the ground handler is 

responsible. Each activity will be further explored in this chapter. 
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Figure 17: Air Freight Export Flow 
 

There are many similarities between the actors in how they operate but there are significant 

differences in terminal layout, freight volumes, customers(airlines), and deadlines. Spirit and SGH 

belong to the same concern (SAS) but there is competition between the freight handling companies 

(FHCs) in trying to persuade the airlines to choose them as their freight handler. Therefore, 

encouragement to cooperation may be affected by this aspect. 
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Due to the abundance of similarity between the FHCs, a presentation of the aggregated data has 

been made of the physical- and information flow. Each activity or step in the export flow will 

explained separately. While the activities are explained, the few differences between the freight 

handling companies that appears will also be presented. If a difference is not mentioned, it means 

that the corresponding activity is managed in the same way by all three FHCs.  
 

Arrival of Freight 
The first step of the air freight handling is the transfer of freight from the freight forwarder to the 

freight handling company, which is presented in Figure 18. 

 

 
Figure 18 – Arrival of Freight 

 

Most of the freight arrives the evening before the day of the flight. This distribution of arriving 

freight is similar for all three FHCs. Express freight, i.e. freight that must arrive at the destination 

as soon as possible, may arrive to the freight terminal earlier than this. In this case, there is a 

possibility that the express freight can go with an earlier flight than scheduled due to the high 

prioritization of the freight.   

 

The FHCs use the booking list to see what freight has arrived at the freight terminal and which 

freight they are still waiting on. Thus, the booking list works as a short-term forecast of how much 

incoming freight the FHC can expect. However, the FHC might know which day the freight is 

expected to arrive, but the exact time of the day is unknown.  

 

Most freight arrive to the freight terminal as bulk freight before it is built on ULDs. Although, 

there is a small volume (pharmaceuticals most of all) that arrive already built on pallets. The FHCs 

call these Built Up Pallets (BUP). BUP is always Ready for Carriage (R4C) and the FHCs only 

control that the BUP is built correctly and recheck the weight. R4C means that the freight has been 

secured and labelled, making it ready to be loaded onto the aircraft. 

 

Acceptance 

 

Acceptance is the first procedure that occurs at the freight terminal and gives the freight a R4C-

status. The acceptance procedure is presented in Figure 19, which include the activities Check 
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AWB and Physical Freight, Labelling, and Security Check. They are further explained later in 

the report.   

 

Cargo Center differs a bit from the other two FHCs in the Acceptance procedure. Cargo Center’s 

freight terminal is divided into two areas, forwarders and airlines. When the freight has been signed 

and retrieved from the freight forwarder it is sorted in the forwarders area. After the Acceptance 

procedure (which is explained further down), it is sorted in the airlines area. The other two FHCs 

do not have the forwarder area.  

 

Since Cargo Center is owned by freight forwarders, they offer “forwarder services” for their freight 
forwarders in a broader spectrum than WFS and Spirit. It is therefore common that the freight is 

made R4C at Cargo Center and later sent to one of the other two FHCs.  

 

 
Figure 19 – Acceptance Procedure 

 

Check AWB and Physical freight 
 

At first, there needs to be a control of the physical freight, such as number of pieces, damages, or 

if the freight has been manipulated (opened, sabotaged etc.) in any way. Another thing that is 

important to check that the goods has the right labelling.  

 

The FHC also check if the AWB has been issued correctly. Information that is controlled is number 

of pieces, weight, volume, destination, flight number etc. This kind of information must be filled 

by the freight forwarder and/or shipper for the freight to be accepted. The freight forwarder also 
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has the responsibility to provide the FHC with documents and certifications if the freight demands 

special care. This could be dangerous goods that needs labelling as well as attached certification 

for transportation. Furthermore, the AWB needs to be signed by the freight forwarder to make it 

legitimate. The freight forwarder represents both the airline and the shipper. Therefore, the freight 

forwarder signs the AWB on behalf of the airline and the shipper.  

 
Labelling 
 
The occurrence of this activity depends on if the freight forwarder has labelled the freight before 

transferring it to the FHC. If this is not the case, the freight needs to be labelled before it can be 

accepted. The label contains information on AWB-number, destination, pieces (number of ULDs) 

etc.  

 

Security Check 
 
The FHC also checks if the freight comes from a Known Freight Forwarder (see chapter 4.6). The 

validation of the Known Freight Forwarder is made by accessing Transportstyrelsen’s database of 

freight forwarders that has obtained this status. From that standpoint, the FHC determines whether 

the freight should go through a security check or not. At the FHCs, there are three main ways of 

conducting the security check:  

 

X-Ray – This is the first-hand choice and is primarily used for most of the freight. 

 

Detection Dogs – In case the freight is too big to fit into the X-ray machine or if the freight is too 

dense for the X-ray to penetrate it, detection dogs are used to trace explosive substances.  

 

Explosive Trace Detection (ETD) – This method may be used if the freight is very high and 

inaccessible for a detection dog.  

 

Observe that the FHCs are only searching for explosive substances. Detection of other illegal 

objects/substances is carried out by the customs. (Gålnander, 2019) 

 

Once the freight is secured, it is labelled with a SPX label, see Figure 20. This confirms the security 

check and showing which method that has been used. If the freight has already been secured before 

coming to the freight terminal (i.e. sent through a Known Freight Forwarder), a label should be 

found on the goods. 
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Figure 20 – SPX Label. The freight has gone through a security check. “SPX” showing that the freight is secured 

and “XRY” showing that X-ray was the chosen method. Picture taken during observation at WFS. 

 

The amount of freight that is not secured and must go through a security check is substantial. Since 

doing the security check is an extra service provided by the FHCs, the shipper is charged for the 

freight that goes through a security check. The reason is that obtaining the status of known shipper 

is not only a matter of security throughout the air freight supply chain but also a financial one. The 

security measures that must be taken include education of staff, new equipment, surveillance 

technology etc. Furthermore, the certification has an expiry date and must be renew on a regular 

basis. Some shippers choose to pay this extra fee at the freight terminal for the freight to pass 

through. Although, some shippers that send large volumes on a regular basis might benefit from 

applying for the status of known shipper. (Gålnander, 2019) 

 

As the freight is accepted, the FHC marks the freight as RCS (Received Shipment) in their 

information system. The status of the freight is updated and shared to the airline and freight 

forwarder.  

 

Sorting/Storage 
 
The freight is sorted according to which airline and flight it is intended for. The labelling from the 

earlier step facilitates the sorting process. How the physical sorting actually occurs differs between 

FHCs. For example, Spirit puts the freight in several queues in front of the pallet building areas 

and WFS puts the freight up against the walls (presented in Figure 21), where the pallet building 

occurs in the middle of the freight terminal. The reason to the differences is the freight terminal 

layouts. The freight terminals vary in shape and sizes, which gives different prerequisites for 

freight sorting and pallet building.   
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Freight that require low temperatures can be put in walk in fridges and freezers to maintain right 

temperature.  

 

  
Figure 21 – Sorting and Storage at WFS. Inside the freight terminal at WFS, the freight is sorted according to which 

airline/flight it belongs. At WFS, each number corresponds to an airline. Picture taken during observation. 

 

The freight terminals functions as a cross-docking point. Therefore, the freight is not intended to 

be stored at the freight terminals but to be consolidated or split up. It is not uncommon that the 

freight arrives at the freight terminal during the morning, scheduled to go with an afternoon flight. 

However, if the freight arrives a day or two before the flight, the FHC has the possibility to prepare 

the freight in advance for flight departure. This regards pallet building most of all. As mentioned, 

a large proportion of the freight arrives the evening before the day of the flight. 

 

Pallet Building 
 
Since most of the freight arrive as bulk freight (i.e. not built on pallets) and from several freight 

forwarders, building the freight on pallets is necessary for the consolidation function to work.  

 

For all three FHCs, almost all freight is built on pallets due to its higher capacity and the fact that 

it is easier for terminal workers to stow freight on pallets compared to containers. Containers are 

mainly used for airmail, that flow is excluded in this mapping.  

 

An important part of the pallet building is to spread the weight evenly on the pallet as well as to 

build it to fit the body of the aircraft. Since the body of the aircraft is more of a half circle than a 

rectangular shape, the freight must be built accordingly. It is important to place heavier goods at 
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the bottom to not damage any goods. Planks are placed between the freight and the pallet to spread 

the weight across the pallet. To accomplish balance of the pallets and therefore balance inside 

aircraft during the flight is vital. Higher aircraft balance leads to lower fuel consumption and noise. 

Also, correct pallet building reduces risk for pallet damages and loading/unloading difficulties.  

 

The building instructions is the same for all type of freight except dangerous goods. Certain rules 

apply for this, regarding how it can be built and where it should be located in the aircraft. 

Otherwise, the general building instructions apply, which is to optimize the pallet capacity and fill 

it as much as possible, within the weight and dimensions restrictions of course. There might be 

different restrictions for the same type of pallet depending on where the specific pallet will be 

loaded in the aircraft. For temperature sensitive products such as perishables and medicines, dry 

ice can be put around the freight to keep it within the correct temperature interval.  

 

As a final step, the freight is wrapped in plastic and covered in net to keep it tightly packed during 

flight, see Figure 22. 

 

According to Anders Brag at Spirit (2019), it is rare that freight is sent back to the freight terminal 

due to incorrect building. If the freight is sent back, it is more often due to weight & balance, which 

will be further discussed in the next step.  

 

 
Figure 22 – Pallet Building. Inside WFS’s freight terminal. Pallet has been built and is ready for pick up. Picture 

taken during observation. 
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Weighing of ULDs 
 
The weighing area at WFS is displayed in Figure 23. The airline needs this information to create 

the loading sequence and where each ULD should be placed in the aircraft. The goal is to create a 

perfectly balance aircraft, which include not only freight but also passengers, air mail, baggage 

and fuel. As mentioned, W&B is made to reduce fuel consumption and noise. Later, this 

information is sent from W&B to the Load Master, operating at the aircraft, with instructions of 

how and where to load the freight in the aircraft. 

 

 
Figure 23 – Weighing of Pallet. Inside WFS’s freight terminal at the weighing area. Picture taken during 

observation. 

 

Ground Handling Flow 
It is important to mention that the Ground Handling flow is explained based on how SGH performs 

it. The procedures may look different at the other ground handling companies. 

 

SGH is responsible for transporting the freight from the freight terminal to the aircraft, as well as 

loading the freight into the aircraft, although these two events are handled by two different groups 

within SGH. Cargo Drivers (CD) who are responsible for the transport of cargo, and loading staff 

who are responsible for loading freight into the aircraft. They are usually 6-7 drivers per shift in 

CD group, and there is always one driver who is responsible for the belly cargo (air mail and bulk 

freight). That driver is called Belly Driver (BD) (to be distinguished from Cargo Driver in this 

report). 

 

Most of the time, SGH knows from which freight terminal, how much, and when the freight should 

be picked up. Almost all departing aircraft are full regarding cargo and baggage capacity, which 
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means that the expected freight volumes can be estimated with sufficient accuracy. Furthermore, 

there are flight schedules with regular flights, which facilitates the estimation of freight volumes 

for pick up. Many of the drivers are experienced and have good knowledge of how much freight 

they need to drive. One type of information exchange that occurs at Cargo Center’s freight terminal 
is that there are screens which present information regarding the freight that is booked on the 

different flights, which is available for the ground handling companies to retrieve.  

 

Communication between ground handling company and the FHCs occurs more when there are 

diversions. This could be that freight had to be unloaded off the aircraft and driven back to the 

freight terminal due to various reasons. 

 

Pick up/ Delivery 
 

CD pick up the freight at the air freight terminals along with accompanying documents such as 

manifests and AWBs. Although, the documents are picked up by the BD. It is due to practical 

reasons that the BD pick up the documents for the CDs freight. “It is unpractical for the Cargo 

Driver to pick up the documents considering the large equipage the driver is responsible for” Asp 

(2019b) explains. The documents are either picked up at the office or docks at the freight terminal 

depending on the air freight handling company.  

 

The ULDs are often already loaded on the dollies and placed outside the freight terminal on airside 

ready to be picked up when CD arrive at the freight terminal. As mentioned, the freight is not 

always built on ULDs, some freight is sent as bulk freight. Bulk freight is loaded on baggage 

dollies and are placed outside freight terminals where BD can pick them up.  

 

Asp (2019b) explains that the principle of the pick-up is similar at the different freight terminals 

but there are some details that can be different, such as layout and infrastructure of the freight 

terminals. Spirit, for example, has a half-automated system for storage and retrieval of their BUPs, 

which they need to control inside of the freight terminal. Therefore, the CD, when they arrive to 

pick up the goods, may need help from the staff at Spirit to load the ULD onto the dolly. Asp 

(2019b) explains that the freight can be placed outside before they arrive as well. If it is 

temperature-sensitive freight, the freight is kept inside as long as possible so that it is not exposed 

to sun or great cold. (Gålnander, 2019) 

 

Routes 
 

When the freight has been collected the CD transports the freight to the assigned aircraft’s parking 
stand. There are three different routes for the CD to use: (1) The inner route where there is 

intersecting air traffic, (2) the route along the airport’s terminal wall, and (3) a route around the 

airport. The routes are displayed in Figure 24.  
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Figure 24 - Routes from FHC to Airport Terminal. Yellow (1)- inner route, green (2)- route along terminal, blue (3)- 

route around the airport. Internal material from SGH. 

 

The speed limit at the airport’s roads is 15 km/ hour. At the route around the terminal the speed 

limit is 50 km/hour but that does not affect much since the vehicles cannot drive in that speed 

anyway, especially not with freight. In the winter they drive even slower due to poor road 

conditions. Even if the drivers are in a hurry, the highest priority is the safety and the rules must 

be followed.  
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Chosen route to the aircraft depends on type of freight and peak hours as well as preference of the 

driver. There is always a larger risk to intersect with the air traffic, but the inner route is in many 

cases chosen anyway due to time pressure. The CDs chose it because it is the fastest, but as 

mentioned, they expose themselves to the risk of intersecting air traffic. Therefore, this route must 

be taken with great caution. There are areas (at the piers) along this route, where the driver needs 

to stop and give way for intersecting air traffic before crossing. If the driver is unlucky, he must 

stop at every area due to heavy air traffic and this route may therefore sometimes take longer time. 

Asp (2019) estimates that it takes about 8-10 minutes from Spirit to pier F (yellow line in Figure 

24) if there are no larger obstacles along the route. It can be assumed that a transportation duration 

of 8 – 10 minutes applies for the other routes as well. 

 

There are also some restrictions regarding the routes. Bulk freight is not allowed to be transported 

where there is intersecting air traffic due to the risk of freight falling of the baggage dolly.  

Therefore, the bulk freight needs to be transported on one of the other two routes. The route along 

the airport terminal has a limited area and therefore pallets cannot be transported there due to their 

size. The route around the airport has no restrictions; their distance is just longer than the other 

two. Though, this route may be preferable during peak hours due to there is no traffic on this route 

compared to the inner route.  

 

Chosen route is also depending on which FHC the CD have collected freight from as well as which 

airport terminal/pier they are leaving freight to. For example, when SGH collects freight from 

WFS that is going to Qatar Airways, who are exclusively operating at pier F, they choose the route 

around the airport terminals since that is the shortest one (see chosen route on Figure 25).  
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Figure 25 - Route from WFS to Pier F. Internal material from SGH. 

 

Leave Freight at Aircraft/ Load Aircraft 
 

Once arrived at the aircraft’s parking stand, there are red markings where freight and equipment 

are not allowed to be placed within. BD, who have collected the documents at the FHC, deliver 

the documents to the ramp personnel.  
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Every flight has a Load Master who is responsible for the loading of the aircraft. Load Master 

supervises that the freight is loaded into the aircraft according to the loading instruction. The 

loading instruction include where the cargo and baggage should be loaded. For example, one of 

the general guidelines in the loading instructions is that you cannot stow pharmaceutical products 

by the hatch.  The loading instruction has been sent by the Load Control, which is a department 

within the airline that is responsible for calculating weight and balance for every flight. The 

documents of the freight (Manifest and AWBs) are put in the aircraft close to hatch in order to 

make it easily accessible for unloading at the destination. In many cases, it is important that the 

documents arrive before the physical freight so the document handling can start, regarding customs 

and acceptance.  

 

When the loading of freight and documents is finished, the Load Master creates a Load Release, 

stating what, how much, and where in the aircraft the cargo has been loaded. This document is 

sent to the airline and captain.  

5.4 Return Flow 

Sometimes, freight is sent back from the aircraft to the freight terminal due to various reasons. 

This could be that passenger baggage volumes were higher than expected, and air freight must be 

unloaded in that case to obtain a sufficient weight & balance of the aircraft. Another reason could 

be that freight arrived late to the parking stand and there was not enough time to load it. Punctuality 

is highly prioritized in the airlines. This flow of freight and information is defined as return flow. 

An illustration is presented below in Figure 26. 

 

 
Figure 26 – Return Flow of Freight and Information 

 

The first part of the return flow is a decision from the Load Master (part of the ground handling 

company), where some freight is not loaded onto the aircraft due to reasons such as weight and 

volume restrictions. However, the captain of the aircraft has the final saying. If the captain deems 

certain freight too hazardous to fly, it must be unloaded. 

 

The ground handler messages the FHC about the return and drives the freight back to the freight 

terminal. Communication continues when the FHC requests a new booking from the responsible 

airline, regarding the returned freight. The FHC may request a specific departure date but it is the 

airline that makes the decision. It may be that the freight is delayed several days because the airline 
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has promised freight space on flights to other shippers. However, a new booking for the returned 

freight is communicated back to the FHC.  

5.5 Quantitative Data from FHC and SGH 

This chapter presents the quantitative data collected from the FHCs and SGH. 

5.5.1 Temperature-Sensitive Freight 

These are products such as perishables (fruits, fish etc.) and pharmaceuticals. A characteristic of 

the temperature-sensitive freight is that they require an environment with a temperature within a 

specific interval. The quality of the products can be affected if they are exposed to temperatures 

outside this interval during a longer time.  

 

The amount of temperature-sensitive freight that is handled and which temperature interval they 

should be within is presented in Table 3. This data is from Spirit, although through input from 

Cargo Center and WFS, it is assumed that the amount of temperature-sensitive freight that they 

handle is considerable and should not be neglected. 
 

Table 3 – Handled Temperature-Sensitive Freight per month at Spirit. [Internal Material] 

Temperature  Volume [kg] Distribution [%] 
< 10°C 3000 2 
2 – 8 °C 57 000 38 
2 – 25 °C 90 000 60 

Total 150 000 100 
 

Temperature Measurements 
One of the FHCs made a test to see how outdoor temperature affected the temperature of the 

freight. A plastic covered ULD was placed outside in the sun with a thermometer inside the plastic 

on top of the ULD. The outdoor temperature in the sun was 33 °C. Two hours later, the measured 

temperature was 63 °C inside the plastic. It is not certain how fast the temperature rose, but it can 

be stated that temperature-sensitive freight should not be placed in the sunlight for a longer time. 

5.5.2 Handling Performance 

 
Data regarding handling performance was collected from one of the FHCs. The handling 

performance demonstrates how well the freight handling has been made. The collected data 

corresponded to one week of freight handling for 465 flights (all flown by the same airline). These 

flights corresponded to flights, where Arlanda was origin, destination, and transfer point. Out of 

these 465 flights, 29 flights contained air freight handling diversions. This could be freight that did 

not show up at the aircraft’s parking stand, rebooking of freight by shipper or freight forwarder, 
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offload of freight due to incorrect weight and balance etc. Although, all of these 29 diversions 

were not within the control of Arlanda Airport. An example is rebooking of freight by shipper. 

Therefore, 16 diversions have been filtered that were in control of Arlanda Airport. These are 

presented in Table 4. 

 
Table 4 – Freight Handling Diversion at Arlanda for One Week 

Code Description of Code Number of Times In % 
CE Latest Acceptance Time Passed; Goods 

Not Accepted in Due Time 
1 6 

CF Rebooked by Airline After Declared 
Found by Ground Handler 

1 6 

GB Cargo Delayed by Ground Handler  12 75 
-  Reason Unknown/Not Specified 2 13 

 
Code GB Cargo Delayed by Ground Handler corresponds to 75% out of these 16 diversions for 

this specific week.  

5.5.3 Ground Handling Flow 

As mentioned in chapter 5.3, the route from Spirit – Pier F is estimated to take 8 – 10 minutes. 

Although, the duration of the freight transportation is dependent on which freight terminal you 

start from and to which gate you are driving to. Furthermore, intersecting air traffic and road traffic 

as well as poor road conditions affected by weather could extend the transportation time. 

Therefore, an assumption can be made that the time span of the freight transportation (single way) 

is 8 – 20 minutes. The drivers usually work under time pressure and therefore each saved minute 

is valuable. Once again, a map of the routes is presented in Figure 27. 
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Figure 27 - Routes from FHC to airport terminal. Yellow (1)- inner route, green (2)- route along terminal, blue (3)- 

route around the airport. Internal material from SGH. 

 

Data has also been collected about the aircrafts’ parking stands and the area surrounding them. It 

may not be clear in Figure 27, but space limitation and lack of shade areas are factors of influence 

regarding freight handling quality. This is especially relatable to the handling of temperature-

sensitive freight such as medicines and perishables. When temperature-sensitive freight arrives at 

the parking stand, there may be no other possibility than to put it in the sunlight. On the other hand, 

it could also be a problem during a cold winter, when the freight temperature drops too much. 

However, the change of freight temperature is not as fast and severe compared to a hot summer 
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day with direct sunlight on the temperature-sensitive freight. A map of pier A and pier F is 

presented in Figure 28 to illustrate the space limitation at the aircrafts’ parking stands. 

 

 
Figure 28 – An Overlook of Pier A (left) and Pier F (right) at Terminal 5. The area circled in black is where turn-

around equipment (baggage dollies, passengers stairs, push-back trucks etc.) is placed. Pallets and containers are 

usually not put here. [Internal Material] 

 

The red lines that creates boxes at Pier A (left pier) shows the dedicated area of use for each gate 

and aircraft. No air freight can be stored inside these boxes just before arrival and departure. The 

only space for freight storage is presented inside the black circles between the gates. This is where 

belly freight (driven on baggage dollies) are placed just before the corresponding flight arrives and 

departs. It is not only the baggage dollies that occupy this space, other equipment for the turn-

around process is also located here (push-back trucks, passenger stairs, baggage dollies etc.). This 

makes the space even more limited. Pallets and containers cannot be put here due to their size. 

Once the aircraft has parked, the ULDs are driven and put behind the aircraft for loading.   

 

The space for storage of freight (inside the black circles) is limited and cannot contain more than 

a few vehicles and an insufficient number of dollies. At the moment, dollies with freight are placed 

on the red lines or in some cases; inside the red box. As mentioned, this red box is dedicated for 

aircraft maneuvering and nothing else. Due to time pressure of delivering freight to the aircraft on 

time, the freight is placed on these spots anyway. The situation is manageable, and the pilots has 

enough space to maneuver the aircraft. Nevertheless, it is a safety risk and should not be neglected.  

 

Pier F is a bit different from pier A. Here, there are no red boxes and dedicated areas for each gate. 

This area is flexible and changes depending on the size of the parking aircraft. Therefore, the 

ground handling staff has more freedom of where to put the air freight. The limitations still exist, 

air freight cannot be placed too close to another aircraft, but the red lines are changing depending 

on flight.  
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6 Analysis 

The purpose of the analysis is to interpret and explain the results. Using the results as a fundamental 

ground, correlation between different variables will be explored. Problems in today’s air freight 
handling at Stockholm Arlanda Airport will be presented, investigated, and compared to the 

presented theories in chapter 4. The analysis will connect to the research questions.  

 

At the Freight Terminal 
 

When comparing the freight handling terminals with the theories, it can clearly be stated the freight 

handling terminals function as cross-docking terminal. This occurrence is motivated by the fact 

that the airport is a possibility for shippers to deliver their goods fast to the rest of world. This 

benefits the shippers; they have the chance to satisfy demand around the globe. The freight 

forwarders benefit from this because they can receive more transportation orders. Also, this is a 

possibility for the airlines to sell freight space on their flights to several destinations. They can 

consolidate several orders from several shippers to fill the aircraft with as much freight as possible. 

 

Due to these events, it becomes logical that the freight handling terminals function as cross-

docking points. Flow of incoming freight arrives at the terminal, they split it up and send it together 

with freight from other shippers with the same destination. The consolidation service is a 

significant share of the air freight volumes at Arlanda. As Boysen & Fliedner (2010) mention, the 

main task of a cross-docking system is to unload incoming goods, identify the receiver, and reload 

it on suitable outgoing transport. At the freight handling terminals, this is very much the same. 

Although, the FHCs check the flight nr and airport destination more than the final receiver.  

 

Another similarity can be found when comparing the freight terminals with the theories of 

Storhagen (2018). That is the fact that there is minimal storage at a cross-docking terminal. A 

substantial share of the freight at the freight terminals lies only for 1 – 2 days before going with 

the scheduled flight. This leads to a continuous flow of incoming and outgoing freight. The FHCs 

encourage this flow by charging the shipper if the freight is stored longer than that, usually this 

limit is 3 – 5 days.  

 

Furthermore, the flow of information is just as important to manage as the flow of goods. Apte & 

Viswanathan (2000) describe this as a possibility to facilitate logistics planning. Jonsson & 

Mattsson (2016) describe that information sharing of factors such as customer demand, available 

capacity, and planned shipments are needed to balance the supply and usage of resources. The 

FHCs use barcoding and EDI to notify airline and freight forwarder that the freight has been 

accepted at their freight terminal. Booking list is also sent from the airline to the FHC via EDI, 

they use this list as a short-term forecast of how much arriving freight they can expect. However, 

there is difficulties in making a long-term forecast of arriving freight. Due to the fact that the 

airlines want to fill the aircraft as much as possible, the booking list can be updated as close as the 



62 
 

same day of the flight. This leads to difficulties in predicting freight that arrives in the upcoming 

weeks. Because of this, one of the FHCs have expressed frustration when setting the staff schedule. 

Since the expected arriving freight in the upcoming weeks is vaguely known, it is challenging for 

the FHC to match capacity and demand. Especially when the staff schedule needs to be set weeks 

or months before it starts.  The FHC manage to deliver on time, but there are days where the 

terminal workers feel particularly stressed about meeting the deadline. On the other hand, there 

are days where there are more resources than necessary. The underlying reason for this is the 

varying flow of arriving freight.  

 

This variance of demand can be related to one of the 3M’s in Lean: mura. Unevenness in demand 

levels may cause stress amongst the terminal workers. The terminal workers at the FHCs manage 

to perform correctly, but stress during a long time period can lead to handling errors. 

 

Another aspect of information sharing is when the freight forwarder arrives at the freight terminal. 

At the moment, there is no dock assignment before the freight arrives. The driver has to go into 

the terminal, wait for a terminal employee, ask for an unloading dock, and then drive to that 

specific dock. If this information could be shared beforehand to the freight forwarder, this step 

could be eliminated. The driver would already know which dock he/she should unload at and the 

handling time of the air freight could be reduced. Once again, this can be related to two of the 

seven muda which is motion and waiting.  

 

Ground Handling Flow 
 
As presented in chapter 5.5.3 and Figure 24, the drivers choose between three different routes. 

These routes are taken depending on start, end, and what type of freight they are driving. Usually, 

a duration of a drive from Spirit to Pier F (and any other route as well) is 8 – 10 minutes. Although, 

it has been estimated that this can be extended up to 20 minutes if it is peak hour (intersecting air 

traffic and heavy road traffic) and poor road conditions due to weather. This few adding minutes 

may seem little but since punctuality is highly prioritized in the airlines, freight that arrive a few 

minutes late to the parking stand run the risk of not being loaded. There is a prioritization of 

passenger flow and baggage handling due to the significant revenue they generate for the airlines. 

If a flight is delayed due to late arrival of freight, there may be loss of customers. Also, the 

prioritization can be seen when the unloading takes place. Passenger baggage is unloaded first, 

then air freight. This is a question of service to the passengers of the airlines, but it is also relevant 

for the shippers that send their goods through the airlines. Due to this lower prioritization of the 

air freight, it is vital that it is delivered to the aircraft on time. 

 

Another reason why there is time pressure in delivering the freight to the aircraft on time is due to 

space restrictions. Arlanda is an airport where space on the apron is not of abundance. As presented 

in chapter 5.5.3 and Figure 28, there is little space for storage of freight before the flight arrives. 
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A preferable scenario would be storage space at each gate, this would eliminate the need of 

transporting the freight from the freight terminal to the aircraft just when it arrives. However, 

according to lean principles, inventory is one type of muda (waste). As the air freight is being 

managed today, a Just-In-Time (JIT)-principle is used instead. In logistics theories, this is good. 

Petersson et al. (2009) means that through delivering the product at the right time, waiting time 

can be eliminated and lower stock levels can be obtained. However, since punctuality has such an 

importance within the airline industry in combination with a low prioritization of air freight, 

waiting time is necessary for the air freight to be loaded into the aircraft. Also, each turn-around 

process has a limited time, in which many other activities shall be made, which aggravates the JIT-

principle even more. Compared to JIT in the automobile industry, where each process in the 

manufacturing is dependent on the previous process, it is not the same with air freight handling. 

The flight can depart even though a pallet is left behind. Storage at each gate would therefore be 

preferable at the gates; it would make it possible for the ground handler to prepare each departure 

before the flight has arrived at the gate.  

 

Co-owned ground handling equipment 
 

There are three ground handling companies operating at Arlanda today, which all have their own 

equipment. A study by Hedman and Persson (2018) states that there is an unnecessary amount of 

equipment that circulates at Arlanda today, which is the result of the sub optimization that occurs. 

If there would be co-owned equipment, space would be released that is usually used for storage of 

the equipment. Some of the space that was used for the equipment, could be used to store the 

freight instead. This would place the freight closer to the gates which would be beneficial for the 

ground handlers since they could prepare the departure before the flight has arrived.  

 

Hedman and Persson’s (2018) study also states that the flexibility would increase for the ground 

handlers since they then can use all the ground handling equipment. With co-owned equipment 

the amount of transports at the apron can be reduced, which would lower the congestion at the 

apron. This could lower the transportation times of air freight, especially during peak hours. 

 

SGH feel that they have enough personal, drivers, and dollies but sometimes they have less control 

over where the equipment is located. If there were to be shared ground handling equipment, time 

could be saved when locating the equipment and therefore reducing the total time of transporting 

the air freight. (Asp, 2019) 

 

Though, it is important to mention that shared ground handling equipment could lead to a less 

sense of responsibility of the equipment, due to that the airport would own the equipment instead. 

This is not preferable from a safety perspective.  

 

 



64 
 

Temperature-Sensitive Freight 
 

The handling of temperature-sensitive freight is an acknowledged problem by all including actors. 

The main problem is that it is difficult to keep the temperature-sensitive freight within the right 

temperature intervals. This can affect the quality of the product if it is exposed to higher/lower 

temperatures for a longer time. There are several variables included in this matter. 

 

As mentioned earlier, space restrictions on the apron aggravates the storage of air freight. Also, 

pallets and containers are put behind the aircraft due to their size. At this spot during a sunny day, 

pallets and containers are exposed to direct sunlight. Also, the sun heats up the asphalt underneath 

the freight, leading to heat that comes from two directions. Temperature-sensitive freight is mostly 

transported on pallets, when it is left in the sunlight, the quality of the products can be affected.  

 

Due to this factor, temperature-sensitive freight is held at the freight terminal as long as possible 

before it is transported to the aircraft. Although, this does not mean that temperature-sensitive 

freight arrives at the aircraft five minutes before departure. The loading of freight needs to adapt 

to the tight time window which is the turn-around process.  Also, there need to be time marginals 

for unforeseen events. Nevertheless, the temperature-sensitive freight is still exposed to heat for a 

relatively long time, although the FHCs and ground handler try to reduce this exposure time in the 

best way they can. As presented in chapter 5.5.1, the temperature of the freight changes fast when 

exposed to direct sunlight. Therefore, it is vital that the exposure time is minimized for the handling 

of temperature-sensitive freight to be adequate. 

 

Another issue is that the temperature-sensitive freight is not allowed to be stowed at the hatch-

position in the aircraft. Basically, this means that it cannot be loaded last. This results in a “hold-

up” of the loading process. The FHCs and ground handler experience frustration in that the 

temperature-sensitive freight should be held at the freight terminal as long as possible, but at the 

same time it cannot be loaded last.  

 

O’Brien (2015) describes risk management as understanding the risk and to consider them in the 

planning to increase value in the supply chain. The probability and consequences of the risks shall 

be evaluated in order to develop countermeasures. Regarding lack of shade areas and the fact that 

temperature-sensitive freight is not allowed to be stowed at hatch position, inadequate handling of 

these products is a risk that should be considered. Since these problems mostly occur when 

temperature-sensitive freight is exposed to high temperatures, a handling plan should be made for 

this upcoming summer. 

 

Shade areas and potential spots for storage of temperature-sensitive freight has been investigated 

by including actors in the air freight handling at Arlanda. The short-term measure that might be 
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implemented this upcoming summer is an area close to pier F where temperature-sensitive freight 

can be stored in the shade, see Figure 29. 

 

 
Figure 29 – Potential shade area at Pier F is circled in black. [Internal Material] 

 

However, this area is a part of the old airport operation area and might be demolished in the future. 

Also, if the freight is going to pier B, the distance from this shade area is almost equally long as 

from the freight terminals. 

 

The long-term alternative is the usage of fridge containers. These can keep the products within the 

right temperature intervals as well as being located closer to the aircraft. Although, the cost of 

purchasing these containers is substantial and it is also unclear how the cost should be divided 

among the included actors.    

  



66 
 

7 Discussion 

When looking at the air freight handling from a holistic perspective, through input from the FHCs 

and SGH, the handling of air freight functions in a sufficient way. There is potential for 

improvement regarding the problems mentioned in the analysis, although they manage to deliver 

the freight on time and without any errors such as freight damages or document errors. The main 

problem is transportation of air freight on airside, from the freight terminal to the aircraft.  

 

The long-term measure (fridge container) is now being investigated by the included actors, but as 

mentioned it is unclear how the costs should be divided among the actors at the airport. Since there 

are several actors (airport, freight handlers, ground handlers) with different economical 

prerequisites and freight volumes, questions could arise if it is really worth investing in these 

containers. It is also worth mentioning the customers’ (consignor, consignee) perspective on the 

cause. Their interest is that the freight arrives on time and without any damages. If they are satisfied 

with how the air transportation is being handled today, is there a need for investing in new 

solutions? It can also be discussed that there is a possibility that the transportation price can 

increase for the shippers, if the included actors at Arlanda decide to invest in fridge containers. 

This can affect the shippers’ incentives to fly through Arlanda if the prices go up. 
 

To further investigate whether efficiency- and development opportunities exist for air freight 

handling at Arlanda, here are some suggestions for further studies. 

 

Research and Comparison to Other Airports 
 
A part of finding solutions is to observe how others operate. Since no other airport has been studied 

in this report, we believe that ideas for improvement could be found when looking at other airports. 

Of course, every airport is different as the pre-conditions are varying depending on which airport 

you look at. The quality of the air freight handling may also vary, some airports might have 

challenges that Arlanda already have overcome, other airports might have found solutions that 

Arlanda could benefit from.  To connect to this report, it would be interesting to see a mapping of 

air freight handling at another airport. A comparison could be made, similarities and differences 

could be identified. Perhaps there are certain activities that require more or less time/labour 

compared to the same activities at Arlanda. By looking at another airport, there is a possibility that 

new findings could be made regarding improvement of the air freight handling. 

 
Possibilities in IT 
 
There are vast possibilities in the IT sector, not only at Arlanda but in the whole air cargo industry. 

Most of the documents (AWBs and manifests most of all) that are used today are in physical form. 

Paper documents are passed on through the whole air freight chain. More actors are starting to use 
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e.g. E-AWBs but that is only a small part of all the documents involved. By transitioning to a more 

electronic-based document handling system, document handling times could be reduced, which 

could reduce labour costs. However, what makes this transition difficult is the fact that the air 

cargo industry is a global industry. Standards of document handling varies between different 

countries. Original copies of documents are demanded at several airports. Since the air freight 

chain consists of so many actors, it is challenging to make the whole chain completely paper free. 

Although, a start must occur somewhere and maybe an air freight industry with solely electronical 

documents is within a close future. A closer examination of the document handling at Arlanda and 

could be a start of this transition.  The study could investigate the required investments and effects 

of only using electronical documents in the air freight handling at Arlanda. 

 

Another possibility through IT could be how information is shared when diversions in the air 

freight handling occur. This could be how the air freight is handled when a flight has been 

cancelled or when there is a gate change. In the latter case, air freight may have been left at gate 5 

but the new gate is gate 7. Load Master at gate 7 does not know where the freight is and the FHC 

says that the ground handler has already made the pick-up at the freight terminal. Preferably, this 

information of the gate change should be available for all included actors in real-time. Also, the 

information of the freight’s whereabouts should also be accessible and clear for all included actors 

to avoid confusion and delays. This kind of information sharing and cooperation is also worth 

examining. 

 
Quantitative study 
 

Furthermore, Swedavia can also make a deeper and more quantitative study containing calculation 

for how much time and/or money can be reduced by different efficiency options, such as fridge 

container. It would be interesting to conduct a total cost analysis, where the costs of producing and 

implementing the fridge containers can be compared to the effect that it will have on the freight 

handling at Arlanda. The effect can be, for example, reduced lead time, reduced defected freight, 

and no hold-up at the loading process. A total cost analysis can be used as support whether it is 

worth investing in it or not.  
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8 Conclusion 

There was no mapping of how the air freight was handled at Stockholm Arlanda Airport, which 

led to difficulties in improving the process. The purpose of this study was therefore to map the 

export flow of freight as well as the information flow that occurs. Return flow has also been 

identified and mapped.  The mapping has led to an increased understanding of the export flow of 

freight and information. Through this increased understanding, it can be easier to identify 

possibilities of improvements regarding the air freight handling.  

 

The map can also be used for other actors within the airport in educational purposes. This is 

important because the airport consists of many actors, whose decisions affect the air freight 

handling. If there can be an increased awareness of the air freight handling and its significance for 

the airport, possibilities can be found that benefit the whole airport. 

 

After conducting interviews and observations with the freight handling companies (Spirit, Cargo 

Center, and WFS) and SAS Ground Handling, there has been conveyed that the air freight 

handling, from a holistic perspective, is functioning well. There are minor problems within the 

separate actors, but they all agree on that the main problem is the freight transportation on airside, 

from the freight terminal to the aircraft. This problem occurs due to space restrictions on the apron 

and traffic congestion (intersecting air traffic and road traffic) on airside. This aggravates the 

possibility to store freight at the gates. When air freight cannot be stored at the gates, it is difficult 

to prepare departure and loading of air freight for each flight. There are also difficulties in handling 

temperature-sensitive freight due to lack of shade areas at the gates and the fact that it cannot be 

loaded first.  This paragraph answers research question 2: which problems arise regarding the air 

freight handling? 

 

 The objective of the study was to give a recommendation to Swedavia about how the air freight 

handling can be improved, this is also related to research question 3: which measures can be taken 

to improve the air freight handling? 

 

1. A total cost analysis should be made regarding investing in fridge containers. Effects can 

be compared to costs to determine whether it is a worthwhile investment. 

2. Due to the space restrictions at the airport that affects the freight transportation times, costs 

and potential guidelines of transitioning to co-owned ground handling equipment should 

be evaluated. 

3. Regarding information sharing on airside between included actors, an information system 

that presents real-time information, easily accessible for included actors, about diversions 

such as gate changes should be developed to avoid confusion and reduce air freight delay. 

4. A mapping and investigation of air freight handling at another airport should be done. A 

comparison could be made, similarities and differences could be identified. By looking at 
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another airport, there is a possibility that new findings could be made regarding 

improvement of the air freight handling. 

 

None of these recommendations are short-term solutions, they are not easily evaluated and 

implemented. Although, there is a belief that these measures should be taken to improve the air 

freight handling in which Stockholm Arlanda Airport will gain competitive advantage in the air 

cargo industry.  
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Appendix 1 – Interview Questions to Representatives at Freight 

Handling Company 

Får vi spela in intervjun för att ha möjlighet att lyssna på den igen? 

Är det okej att vi nämner er med namn I vår rapport? 

Roll och ansvar 

• Kan du berätta vilken roll du har, vad dina arbetsuppgifter är, hur länge du har jobbat på 
frakthanteringsbolaget?  

Företaget 

• Kan du berätta lite kort om frakthanteringsbolaget? Vad är det ni erbjuder?   
o Kunder? Leverantörer? 

• När går flygen som ni hanterar frakt åt? Peaks? 

• När ser fördelningen av inleveranserna ut? 

Acceptans: 

• Vad händer här? Vad sker i denna aktivitet?  
• Hur delas godset in efter acceptans? Flygbolag/flight?  
• Hur kommer AWB:n in? Fysiskt/elektronisk?  
• Är godset uppmärkt av speditör? Behöver ni märka godset? 

• Levereras färdigbyggda palletter?  
 

Bokningslistan från flygbolaget/Document handling office 

• Kan du berätta om bokningslistan? Vad innehåller den? 

• När får ni bokningslistan? 

• Finns information på bokningslistan hur mycket utrymme i planet ni har till ert 
förfogande? 

• Och det är document handling office (stora kontoret) som får den från flygbolaget? 

 

Security Check 

• Hur går säkerhetskontrollen till? 

Sorting/Storage 

• Hur sorteras godset inne i fraktterminalen? 

Pallet Building 

• Hur byggs godset? Vad är viktigt att tänka på? 

Vikt och balans 

• Efter vägning, vad händer med denna information? 

 
Pick up 

• Vilka dokument hämtar drivern hos er? 
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• Vilka fysiska aktiviteter sker? Står godset på dollies när t.ex SGH kommer?  

Övriga frågor 

• Hur fungerar transporterna från Cargo Center till Spirit? Hur mycket gods transporteras, 
vad för typ av gods, går det via landside/airside? 

Ansvar 

• Var övergår ansvar för frakten?  
o Vid avlastning på bryggan? 

Frakthantering 

• Hur tycker du att frakthanteringen fungerar idag? 

o Varför bra/dåligt? 

• Anser du att finns det något att förbättra gällande frakthanteringen? 

o Både internt i Spirit och externt 
o Ändringar i rutiner 
o Problem som stöts på i den dagliga verksamheten? 

o Kommunikation internt och med de andra inblandade aktörerna 

Avslutande 

• Något vi missat som du önskar att vi bör ta hänsyn till? Några funderingar om vår studie? 
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Appendix 2 – Interview Questions to Erik Asp at SGH 

 

Får vi spela in intervjun för att ha möjlighet att lyssna på den igen? 

Är det okej att vi nämner er med namn I vår rapport? 

 

Roll och ansvar 

• Kan du berätta vilken roll du har, vad dina arbetsuppgifter är, hur länge du har jobbat på 
SGH?  
 

Företaget 
• Kan du berätta lite kort om SGH? Vad är det ni erbjuder?   

o Kunder? Leverantörer?  

• Vilka frakthanteringsbolag hämtar ni frakt hos? 

o Spirit? WFS? Cargo Center? 

• Hur hanteras det beroende på fraktens egenskaper? 

o Tempererad? 

Planering 

• Hur långt innan flighterna får ni veta exakt vad och hur mycket som ska hämtas (prognos
)? • När går flightsen som ni levererar frakt till? Mer på morgon/kväll? mnn • Hur sker kommunikation mellan er och frakthanteringsbolaget?   

o Hur vet ni när frakten är redo att hämtas på fraktterminalen 
o Hur långt innan flighten brukar godset hämtas och ställas på uppställningsplats? 
o Hur fungerar detta om det är temperaturskänsligt gods? • Hur synkroniserar ni bagagehantering med frakthantering?  

 

Pick Up 
Be respondenten att prata fritt om aktiviteten. 

• När behöver ni (SGH) hjälp med att lasta på ULDs på dollies? 

• Vad hämtar drivern för dokument? 

• Kan godset vara färdiglastat på dollies någon gång eller sköter ni det alltid själva? 

• Vet drivern vilken typ av gods som hämtas (DGR, PER)? 

Route Choice 
Be respondenten att prata fritt om aktiviteten. 

• Vilka vägalternativ finns, från fraktterminal till flygplan? 

Unhook Dolly 
Be respondenten att prata fritt om aktiviteten. 

• När drivern har lämnat godset vid flygplanet, vad händer med dokumenten?  
• Sker det någon registrering av att godset har lämnats?  
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Load Aircraft 
Be respondenten att prata fritt om aktiviteten. 

• Vad händer med dollies när godset har lastat på flygplanet? Vem har ansvar för att dem? 

Övrigt 

• Ang kartan – Hur lång tid tar rutterna (uppskattningsvis) att åka?  
• Prioritering av gods, expressgods? 

Ansvar 

• Var övergår ansvar för frakten?  
o Vid avlastning på bryggan? När godset ställs utanför redo för att hämtas av er? 

Frakthantering 

• Hur tycker du att frakthanteringen fungerar idag? 

o Varför bra/dåligt? 

• Anser du att finns det något att förbättra gällande frakthanteringen? 

o Både internt inom SGH och externt 
o Ändringar i rutiner 
o Problem i den dagliga verksamheten? 

o Kommunikation internt och med de andra inblandade aktörerna 

Avslutande 

• Något vi missat som du önskar att vi bör ta hänsyn till? Några funderingar om vår studie? 

 


