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“The scientific theory I like best is that the rings of 
Saturn are composed entirely of lost airline luggage.” 

Mark Russell (1932-) 
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ABSTRACT 
The purpose of this master thesis has been to develop a baggage handling process at 
Stockholm Skavsta Airport that is cost-efficient, in order to prepare for the expected 
expansion of the airport. When developing the new process it was a directive to examine 
the possibilities of using radio frequency identification, RFID, technology and also that 
the required investment for the new process should have a payback time of no more than 
two to three years.  
The current process contains a completely manual sorting activity, which is both costly in 
terms of personnel and creates some mishandling of baggage due to the human factor. 
Our conclusion is a baggage handling process that use automatic sorting through RFID 
technology that eliminates the mishandling of baggage and reduce the personnel costs and 
at the same time have a payback period of less than three years. The main cost driver is 
the RFID tag costs and therefore our process is a so called closed-loop system, where the 
tags are reused several times and require very little work in between uses. The proposed 
physical layout consists of a drawing of the physical layout of the baggage sorting hall 
(Appendix 5), a description of the RFID system (chapter 10), and the required 
information system software (section 7.6.1). 
A few of the current problems that are addressed in the developed process are the 
handling of special baggage, the flow problems in the screening activity, and the risk of 
mishandling in the sorting activity. 
One of our conclusions is that a RFID open-loop system i.e. when the tags are used only 
one-time and then sent away, is currently far too expensive, mostly due to the high price 
per tag. This price will have to be lowered significantly for an open-loop system to be a 
cost-efficient alternative. 
To be able to reach the closed-loop process conclusion we have developed an analysis 
model, which involves studying a reference airport, in our case the Frankfurt Hahn 
Airport in Germany, that currently is similar to what the studied airport is expected to be 
when the developed process is to be implemented,. The first thing to do is to identify the 
important cost items in the process through interviews and calculations to develop a 
modified total cost model for the baggage handling process. The next thing is to identify 
the current problems at both airports. This way, both current problems and problems that 
arise by the growth in baggage volumes are discovered. Simultaneously the possibilities 
and issues with RFID technology in baggage handling have to be examined. 
Thereafter a new baggage handling process that address the current problems, the 
personnel cost and mishandling of baggage can be developed using several process 
improvement principles and ingenuity, since there are not many case studies. 
When a process with sufficient performance has been found it also has to be evaluated 
financially. The payback or net present value methods can accomplish this. If the 
proposed process passes the financial evaluation the purpose is fulfilled. If not, one has to 
start over by improving or adjusting the process until it meets both the performance and 
financial goals. 



 

 



 

SAMMANFATTNING 
Syftet med detta examensarbete har varit att utveckla en bagagehanteringsprocess vid 
Stockholm Skavsta Airport som är kostnadseffektiv för att förbereda inför den förväntade 
expansionen av flygplatsen. Under processutvecklingen har det varit ett direktiv att 
undersöka möjligheterna att använda radiofrekvensidentifiering, RFID samt att den 
sammanlagda investeringen får ha en maximal återbetalningstid på två till tre år. 
Den nuvarande processen innehåller en helt manuell sorteringsaktivitet, som är både dyr i 
avseende på stor personalåtgång och att den är en källa till felhantering av bagage på 
grund av den mänskliga faktorn. 
Vår slutsats är en bagageprocess som använder automatisk sortering genom RFID 
teknologi, som eliminerar felhantering av bagage och reducerar personalkostnader och 
samtidigt har en återbetalningstid på mindre än tre år. Den största kostnadsdrivaren är 
kostnaden för de elektroniska taggarna och därför är den föreslagna processen ett så kallat 
retursystem, där taggarna återanvänds flera gånger och kräver väldigt lite arbete mellan 
användningarna. Processen består av en fysisk layout i bagagesorteringshallen presenterad 
i Appendix 5, en beskrivning av RFID-systemet (kapitel 10) och det nödvändiga 
informationssystemet (avsnitt 7.6.1). 
Några av de nuvarande problemen som den utvecklade processen riktar in sig på att lösa 
är hanteringen av specialbagage, flödesproblemen i röntgenaktiviteten och felhanterings-
risken i sorteringsaktiviteten. 
En annan slutsats är att ett engångssystem som använder RFID, dvs. när taggarna bara 
används en gång, för närvarande är alldeles för dyrt, mestadels på grund av det höga priset 
per tagg. Detta pris behövs sänkas kraftigt för att ett engångssystem ska bli ett 
kostnadseffektivt alternativ. 
För att kunna komma till slutsatsen om ett retursystem med RFID har vi utvecklat en 
analysmodell. Denna involverar att studera en referensflygplats som för tillfället har en 
situation likadan som den studerade flygplatsen kommer att ha när den utvecklade 
processen ska implementeras om cirka två till tre år. Referensflygplatsen har i vårt fall 
varit Frankfurt Hahn Airport. Den första aktiviteten är att identifiera de viktigaste 
kostnadsdrivarna i processen genom intervjuer och beräkningar för att kunna utveckla en 
totalkostnadsmodell för bagagehanteringsprocessen. Nästa aktivitet är att identifiera de 
aktuella problemen på båda flygplatserna. På detta sätt kommer både aktuella problem för 
den studerade flygplatsen samt de problem som kan uppkomma vid tillväxt att upptäckas. 
Samtidigt ska möjligheterna och problemen med RFID-teknologi undersökas. 
Därefter kan den nya bagagehanteringsprocessen, som löser de nuvarande problemen, de 
höga personalkostnaderna och felhanteringen av bagaget, utvecklas genom att använda 
flera principer för processförbättring och påhittighet pga. avsaknaden av fallstudier inom 
området. 

När en process med tillräckligt bra prestanda har hittats måste den även utvärderas 
finansiellt genom att använda payback- och nuvärdesmetoden. Om processen klarar den 
finansiella utvärderingen är syftet uppfyllt. Om inte måste man börja om genom att 
ytterligare förbättra processen tills den uppfyller både prestandamålen och de finansiella 
målen. 
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GLOSSARY 

3PL Third party logistics. 

µF Microwave frequency. In RFID terms used for frequencies about 2-4 GHz. 

A2 NYO internal information system. 

AIDC Automatic Identification and Data Capture. 

ANSI American National Standard Institute. 

Apron The area where the aircrafts are loaded, refuelled, and boarded. 

CUSS Common Use Self-Service. A type of check-in equipment that allows the PAX 
to check-in both in person and possible check-in baggage. 

CUTE Common User Terminal Equipment, equipment making it possible for 
different airlines to use the same check-in desk. 

FRA IATA code for Frankfurt Main Airport. 

GOT IATA code for Göteborg-Landvetter Airport. 

HF High frequency. In RFID terms used for frequencies about 13.56 MHz. 

HHN IATA code for Frankfurt Hahn Airport. 

IATA International Air Transport Association. International aviation 
organisation with 195 member airlines comprising more than 
95 percent of all scheduled international air traffic.  

ICAO International Civil Aviation Organization. United Nation’s civil 
aviation organisation with 188 contracting states. ICAO aim is 
international standardization in the technical, economic, and legal 
fields of aviation.1  

ISO International Organization for Standardization, derived from the Greek word 
“isos” meaning “equal”. 

LF Low frequency. In RFID terms used for frequencies about 125 kHz. 

Load 
factor 

Percentage of occupied aircraft seats on a flight. 

NYO IATA code for Stockholm Skavsta Airport; inherited from the time when the 
airport was called Nyköping Oxelösund Airport. 

PAX Travel industry standard abbreviation for passenger(s). 

                                              
1 ICAO (2004) 



 

 

PPBM Positive Passenger Baggage Match, the act of reconciling boarded passengers 
with their checked-in baggage on a given aircraft.2 

RFID Radio Frequency Identification. An automatic identification and data 
capturing technology that uses radio waves for communication. 

RP Recommended practice, (given by IATA). 

Slot Time window for aircraft take-off or landing. 

Taxi The moving of an aircraft between the apron and the runway for take-off or 
vice versa. 

TBI TBI is the name of the airport holding company that owns 90 percent of 
NYO. According to TBI, the name is not an abbreviation; it is simply a name. 

TCM Total Cost Model. 

UHF  Ultra high frequency. In RFID terms used for frequencies about 868- 915 
MHz. 

WORM  Write-once-read-many, a type of RFID tag. 

                                              
2 Wells, A. (2004) p. 534 





 

  

1 SETTING THE SCENE 
The first chapter provides the background and purpose of 
the thesis as well as the given directives and chosen 
limitations. This is followed by a purpose clarification and a 
roadmap to the thesis, which is intended as a guide to the 
structure of the thesis. 
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1.1 BACKGROUND 

Stockholm Skavsta Airport (NYO) in Nyköping, Sweden, is one of Europe’s fastest growing 
airports and one of the top five cargo airports in Sweden. It is the pioneer of low-fare flights 
within Scandinavia with, for example, the airline Ryanair as a large customer. The airport was 
initially founded as a military airport in 1948 and was transformed for civil aviation use in 
1984. It was owned by the municipalities of Nyköping and Oxelösund, hence the airport 
abbreviation NYO - Nyköping Oxelösund. The airport was bought in 1998 by TBI, a British 
airport management corporation, which has financed the large expansion of the terminal 
building during the last year. The municipality of Nyköping still owns ten percent of NYO and 
supports their expansion strategy.3 

The new terminal building at NYO is capable of handling more than one million passengers a 
year, and is designed for further expansion. The two to three year goal for passenger volume is 
three million passengers annually and a large part of the expected expansion and increased 
passenger volume in the years to come is due to the largest airline operator at NYO, Ryanair 
that has had a crew base there since 2003. As an example of their expansion strategy, they 
recently decided to open four new routes from NYO in the winter and spring of 2005. These 
routes are expected to increase passenger volume with at least 300 000 passengers annually 
and have resulted in Ryanair basing another jet aircraft at NYO.4 

With increased passenger and baggage volumes comes increasing demand for security 
measures in the baggage handling process at NYO. The passengers’ and airlines’ demand for 
an efficient baggage handling process have made the International Air Transport Association 
(IATA) focus on new technologies in the areas of baggage and passenger handling. These 
technologies include e-tickets in passenger services and use of radio frequency identification 
(RFID) in baggage handling systems. These new technologies have the potential of generating 
significant savings together with an increase in handling accuracy.5 

Since NYO acts as the ground handling company at the airport, they are the one responsible 
for baggage handling and passenger (PAX) service and the associated costs. With more 
passengers comes more baggage to handle and an increased risk of baggage mishandling, i.e. 
sending the baggage to the wrong destination or sending it to the right destination on the 
wrong flight. The total cost of mishandled baggage is something that NYO wants to reduce in 
order to achieve better results, while at the same time have more satisfied customers. Finally, 
considering the expected growth at NYO and the technology shift towards a more electronic 
and digital environment in the aviation industry, NYO has decided to investigate how their 
baggage handling process could be improved, perhaps by using some of the new technologies 
available.6 

                                              
3 Stockholm Skavsta Airport (2004a) and Stockholm Skavsta Airport (2003) 
4 Lindholm, J. (2004), Stockholm Skavsta Airport (2004b) 
5 IATA (2004a) 
6 Lindholm, J. (2005) 
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1.2 PURPOSE 

The purpose of this master thesis is to develop a baggage handling 
process at Stockholm Skavsta Airport that is cost-efficient, in order to 
prepare for the expected expansion of the airport. 

1.3 GIVEN DIRECTIVES AND CHOSEN LIMITATIONS 

The following directives have been received from our supervisor at NYO, Operational 
Director Mr Joakim Lindholm: 

• Examine the possibilities of using RFID technology in the airport operations regarding 
baggage handling.  

• The required investment in the developed baggage handling process should be 
equivalent to the amount of savings generated by the improved process after 
approximately two years. 

• Identify costs and problems in the current baggage handling process of another airport 
of the expected size of NYO in about two to three years, Frankfurt Hahn Airport 
(HHN). 

• The new process cannot perform worse than the existing one in terms of delivery 
reliability and speed. 

• Consider a Common User Terminal Equipment (CUTE) system to be installed when 
developing the baggage handling process. 

We have decided on the following limitations due to time and cost reasons: 

• The scope of the developed baggage process is limited to NYO. This means that we 
are only considering the baggage flow from check-in at NYO through to the aircraft 
begins to taxi (Taxi) before take-off. 

• The airfreight operations at Stockholm Skavsta will not be considered. 

1.4 PURPOSE CLARIFICATION 

The fact that the developed process has to be cost-efficient combined with the directive 
regarding the investment costs means that we have to consider both the initial and operating 
costs in the developed baggage process. Moreover the developed process delivery 
performance cannot be worse than the existing process. The directive concerning the use of 
RFID technology implies that we have to examine the possibilities that this technology offers 
when we develop the baggage handling process. The purpose also states that the expected 
expansion of NYO has to be taken into consideration, and therefore we received the directive 
from our supervisor to identify drivers for costs and problems in the baggage handling process 
at HHN. This implies that the new process should be designed to cope with the expected 
passenger and associated baggage volume during the next two to three years. 
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To summarize, the purpose together with the directives means that we have to develop a 
baggage handling process. This process should be able to cope with a significantly increased 
passenger and associated baggage volume at low initial and operating costs and should use 
some form of RFID technology if it is advantageous, by looking at the current situation at 
NYO and HHN. 

1.5 ROADMAP TO THE THESIS 

The intention of this section is to provide a guide to the structure of this master thesis. The 
logical structure of the thesis can be seen in Figure 1-1 below. 

 
Figure 1-1 Roadmap to the thesis. Source: Own (2004) 

Chapter 1 and 2 provide the background of the thesis and a description of what the current 
process at NYO looks like. After that, a theoretical framework is built in chapter 3 upon 
existing published material in the subject area. The theoretical framework is then applied to 
the current situation with the purpose in mind to form the task specification in chapter 4, 
which ends with several “task specific questions” that have to be answered in order to be able 
to fulfil the purpose of the thesis. Exactly how these answers are to be found and the overall 
methodology can then be read in chapter 5, “Methodology”. The next logical step is to 
perform the necessary data gathering that is required for the analysis. The findings are 
described in chapter 6, the “Empirical study”. This is followed by the “Initial process design” 
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chapter, in which the empirical data together with the “task specific questions” are used to 
analyse the empirical data findings in order to draw conclusions and present an initial 
developed baggage handling process. In chapter 8 the initial process is evaluated in the total 
cost model. Chapter 9 then improves the initial process and once again evaluates it in the total 
cost model. The conclusions of the thesis are then are summarized in chapter 10. Questions 
that have been raised in the analysis, but are not relevant to analyse within the scope of this 
report, and reflections upon the found conclusions are mentioned in chapter 11, which 
concludes the main part of the report. 



 

  



 

  

2 CURRENT SITUATION 
The second chapter places Stockholm Skavsta Airport 
within its business context. It also contains a brief 
description of the overall current situation at NYO, followed 
by a more detailed description of the relevant areas for this 
report, i.e. the checked-in baggage flow together with its 
underlying information flow. 
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2.1 OWNERS 

The municipalities of Nyköping and Oxelösund have been the owners since 1984, when the 
airport became private after being a military airport. However, in the late 1990s they needed 
other owners to provide growth capital and in 1998, 90 percent of Stockholm Skavsta Airport 
was sold to a British holding company, TBI. 

TBI owns, except from NYO, eight other regional airports around the world. It is a regional 
airport management company quoted at the London Stock Exchange since 1994. According to 
their annual report they strive to be the world’s leading regional airport holding company7. 
Their European airport portfolio consists of Cardiff International Airport, Belfast 
International Airport, the London Luton Airport, and NYO, as can be seen in Figure 2-1 
below. NYO is the smallest airport in TBI with approximately 1.4 million passengers 
annually.8  

 
Figure 2-1 TBI European Airport Portfolio. Source: Own (2004) 

Late 2004 there was a press release; 

“abertis and Aena make a public takeover offer for the British 
airport company TBI 

Airport Concessions and Development Limited – owned between the 
Spanish companies abertis and Aena has reached an agreement to make 
a cash offer, through the bank HSBC, for all the ordinary shares of the 
British airport company TBI.”9 

The offer was accepted by TBI and the takeover has no significant instant impact on NYO, 
but Stockholm Skavsta will in the long run benefit since abertis is a strong owner, or as NYO 
CEO Mrs Dot Gade Kulovuori puts it: 

                                              
7 TBI (2004a)  
8 TBI (2004b)  
9 abertis (2004) 
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“It is tremendously good news. I think the new owners are willing to 
invest even more in our airport in the long run.”10 

abertis is a private Spanish infrastructure corporation that owns more than 60 companies that 
manage motorways, car parks, the promotion of logistics space, telecommunications 
infrastructure, and airports.11 

2.2 STOCKHOLM SKAVSTA AIRPORT  

Stockholm Skavsta Airport is a small organisation with short distances between the CEO and 
the employees as can be seen in Figure 2-2. This makes it easy to make quick moves and fast 
decisions12 in order to cope with the ever-changing environment of air transport industry. 
According to CEO Mrs Dot Gade Kulovouri “We cannot survive if we move slowly.13” 

 
Figure 2-2 NYO organisational chart. Source: Lindholm, J. (2004) 

The Ryanair flights constitute the majority of the aircraft movements at NYO with the 
healthiest load factor (Load factor) within the TBI group. With the long runway, and the new 
terminal, this airport offers significant potential to be exploited. Although the airport has 
suffered a recent downturn in cargo, it has not prevented a development on the passenger 
side.  

2.2.1 Strategy and goals 

The strategy for the airport is to attract airlines with the incentive of being a low-cost profile 
airport close to one of the most urbanized areas in Sweden. This means that there is a big 

                                              
10 Södermanlands Nyheter (2004) 
11 abertis (2004) 
12 Mintzberg. H. (1983) 
13 Gade Kulovuori, D. (2004) 
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growth potential in passenger as well as freight traffic. The biggest customer is Ryanair with its 
current eleven destinations. This number is however steadily increasing. Ryanair has in the past 
asked for simple and manual systems for check-in and other handling, because of their belief 
that computer and information systems break down every now and then. This is the reason 
behind the current process at NYO that will be described later in the thesis.14 

The goal of NYO is to secure its position as the second largest airport in the Stockholm 
region, and it has the political support needed, through for example the Swedish Prime 
Minister.15 The key to this would undoubtedly be an improved rail access (Ostlänken) that TBI 
and NYO are hoping for. However, Banverket has in its proposal to the Swedish Government 
said that Ostlänken will not be prioritised in the “Future plan of railway infrastructure 2004-
2015”16, and only parts of it are considered in the time frame of 2012-2015. The Government 
has decided accordingly17. 

The growth potential of Stockholm Skavsta Airport is not only a business vision but also 
established in research by the Air Transport Group at Cranfield University, England18. The 
research was established for Stockholm Transport Commission (Stockholmsberedningen), 
which published its conclusions in 2003. They say, “Skavsta and Västerås are both assessed as 
having great development potential for conventional regular air traffic and charter but they will 
likely primarily be low-cost airports…”.19 

Another long-term effect on is the one concerning Bromma Airport, another small airport in 
the Stockholm area. Its future is highly uncertain, due to its proximity to residential areas. This 
factor has led to considerable restrictions on the number of movements, noise levels and 
security issues at Bromma Airport. There are also a majority in the Stockholm City Council 
that wants to use the ground to build residential areas. These reasons all point toward that 
Bromma Airport will be closed when its contract runs out in 2016. Its passengers and freight 
volumes then have to be taken care of by other airports in the Stockholm area, among others 
NYO. This would affect the long-term expansion of NYO in a positive way.20 

Finally, an upcoming technology development and security measure related to terrorism and 
the 11th of September 2001, is the forthcoming passports with embedded electronic 
microchips. The Swedish National Police Board (Rikspolisstyrelsen) has been given the task to 
prepare the introduction of biometric information in passports and other travel documents, 
under the guidelines given by the United Nation’s International Civil Aviation Organisation 
(ICAO). ICAO states that a digital image of the person’s face shall be stored in a RFID chip in 
the passport that can be read automatically and wirelessly. The time schedule shows that these 

                                              
14 Lindholm, J. (2005) 
15 Nyköpings kommun (2003) 
16 Banverket (2003) p. 31 
17 Näringsdepartementet (2004) pp. 1-7 
18 Cranfield University (2002) 
19 Stockholmsberedningen (2003) pp. 117-126 
20 ibid. 
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new passports will be available to Swedish citizens in October 2005.21 This might also affect 
the way NYO looks at passenger and baggage authentication in a broader perspective.22 

2.3 ACTIVITIES AT STOCKHOLM SKAVSTA AIRPORT 

Since the customers at NYO are the airlines that have flights to and from the airport, they 
more or less look upon Stockholm Skavsta as a third party logistics (3PL) partner. This implies 
that it is the personnel at NYO that do all the ground handling operations. No other 
corporation is involved in this part of the airport operations. This means that re-fuelling, de-
icing, rescue, and other apron-associated tasks are run by NYO personnel and bought as 
services by the airlines. The apron (Apron) is that area where the aircrafts are parked outside 
the terminal building. This is however transparent for the passenger who usually experience it 
as being handled by the airline alone. The “delivery” to Skavsta is the booked passenger 
coming with the baggage and the “delivery” from Skavsta is the passenger itself to the correct 
aircraft and also the baggage itself to the correct aircraft.23  

Before aircrafts and passengers can come to and, for that sake, from the airport there has to be 
some planning done which we will look into in the next section. 

2.3.1 Operations 
The Operations unit is responsible for the tactical planning of the overall logistics operations 
at NYO. They have an information system called A2 (A2) to aid this process. A2 is the 
proprietary software at NYO developed by SAAB Aerotech Telub. A2 gets flight plans 
electronically through a customized interface. The software converts the flight plans into 
“movements” with specified times – slots (Slot). A “movement” is for example a landing or a 
take-off. The Operations personnel then connect two or more movements to make a cycle. A 
cycle can for example consist of aircraft (with the denomination) DCL arriving as flight FR054 
from London Stansted at 16:55 and leaving as flight FR055 bound for London Stansted at 
17:20. The time between an aircraft’s landing and following take-off is called the turn-around 
time. The Operations personnel then connect several other services to this cycle using A2, for 
example re-fuelling, de-icing, water filling etc. to form a complete service package for handling 
the aircraft. A common turn-around time for Ryanair flights is 25 minutes.24 

The Operations unit also has a dispatching function; i.e. they are responsible for all paperwork 
regarding the flights. They are the first to board a landing aircraft and the last to leave a 
departing aircraft. The paperwork consists of a load sheet, where the number of passengers 
and baggage and their respective total weight are recorded. The amount of fuel that was 
provided together with technical details about take-off weight are also recorded. All this data is 
then entered into A2 by the Operations personnel for internal administration and reporting 
purposes as well as for billing of the airlines for the provided services. 25 

                                              
21 Rikspolisstyrelsen (2004) pp. 1-6 
22 Lindholm, J. (2005) 
23 ibid. 
24 Holmdahl, P (2004) 
25 ibid. 
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2.3.2 Check-in and boarding  

The terminal building design is of the typical simple design26, and the physical flows at NYO 
can be described as in Figure 2-3 below. 

 
Figure 2-3 Logistics flow at NYO. Source: NYO (2004) 

 The physical flows at NYO are two, the passenger flow and the baggage flow. These two 
flows will now be described below. 

                                              
26 Wells, A. (2004) p. 176  



 
 
WITH BAGGAGE  CURRENT SITUATION 

- 13 - 

The passenger comes to the airport with his/her baggage and goes to 
the check-in desk; this has to be done at least 40 minutes before take-
off. The passenger shows his/her booking number at the check-in desk 
and receives a reusable boarding pass after an identification check. The 
information gathered at check-in is showed in Table 2-1. The sequence 
number is the boarding pass number, M = male, F = female, C = child, 
I = infant, Pspt = passport expire date. “Special info” contains the last 
four digits of the baggage tag (8756 in this example, see Figure 2-4), and 
how much (in kilos) the bag weighs (9 kg in this example).  

The checked-in baggage is weighed and tagged with a baggage tag 
printed beforehand in the Service Centre, because of the lack of printers 
in the check-in desks. The information given on the tag, that can be 
found in Figure 2-4, is from top to bottom: unique baggage tag number, 
starting destination IATA code (i.e. NYO), flight date, flight number, 
complete unique specific tag code (XH stands for NYO as well), final 
destination IATA code and maybe a check in the “Limited release” box. 
Limited Release can be used if the bag is for example somewhat broken 
and one does not want the passenger to claim that it got broken during 
the flight. If the baggage weighs too much the passenger gets a bill to 
pay at a special desk, while their passport is kept at the check-in counter 
in order to make sure that the passenger will pay for their excess 
baggage.  

 

 
Figure 2-4 Example of 

NYO baggage tag. 
Source: Own (2004) 

After the check-in procedure is completed the passenger is taken through the security 
screening, where they are checked for sharp and dangerous objects. 

At non-Schengen flights all passengers are checked for identity by inspecting their passports 
before reaching the flight’s gate and entering the aircraft. 

The check-in at NYO was by December 1st 2004 handled manually but will very soon be 
changed into a common user terminal equipment, CUTE, system. This means that the check-
in will be computerised and information about booked and checked-in PAX will be available 
in digital format. 
Table 2-1 Information gathered at check-in. Source: NYO (2004) 

Passenger Name Sequence no. No. bags M F C I Pspt Special info 

Kalle Sunesson 023 1 X    10 Oct 05 8756/9 

2.3.3 Baggage and apron services 

Baggage and passenger are physically separated at the check-in counter. At this point the 
baggage is tagged with a baggage tag, see Figure 2-4, and the tag number is recorded by the 
personnel. The passenger then receives a tag receipt. The baggage is then placed on a conveyor 
belt. After this the baggage goes through the x-ray scanning and the passenger goes through 
security screening. The x-raying of baggage is first done in a primary x-ray machine, but if this 
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x-ray machine reacts to anything in the bag, then the baggage is automatically directed to a 
secondary x-ray machine further down the conveyor belt. Here a second x-ray scan is 
conducted and if the security personnel still think something is wrong, a manual examination 
is done before the bag is placed on a baggage wagon by the security personnel. When the 
baggage has been screened it is conveyed to the sorting carousel. The baggage sorting 
personnel then make an ocular check of the tag for the destination to determine on which 
baggage wagon the bag should go. The baggage wagons carry the baggage to the aircraft where 
they are loaded and once again ocularly checked for which destination it is bound. This is the 
last physical point in this logistical flow.  

The flows are not complicated although there is one issue; passenger reconciliation, i.e. 
checking that the boarded passenger list is up-to-date and synchronized with the checked-in 
baggage list. This is time consuming and the bottleneck for the aircraft’s take-off, since it has 
to be done after the aircraft has both finished the boarding of passengers and the loading of 
their baggage27. This part of the check-in/boarding process is called Positive Passenger 
Baggage Match (PPBM)28. 

As stated above, one important security aspect of the baggage handling is the PPBM activity 
that was introduced after the Lockerbie terror disaster in 198829. PPBM means, according to 
ICAO, that “each contracting State shall establish security measures to ensure that operators, 
when providing service from that State, do not transport the baggage of passengers who are 
not on board the aircraft unless the baggage separated from passengers is subject to other 
security control measures”30. The exact procedure for accomplishing this is not specified, but 
Ashford et al. claims that modern technology, which enables a computerised match between 
data about checked-in and boarded passengers compared with data about the checked-in 
baggage, is preferable from a security point of view31. 

There are however some special cases when the usual PPBM activity shows an inconsistency 
between the checked-in baggage and boarded passengers. This can for example happen if a 
checked-in baggage gets loaded on the aircraft, and then the passenger gets stuck in the 
passport control or is too drunk to fly. This person is then called a “No-show” and their 
baggage has to be unloaded from the aircraft due to the ICAO policy. This is extremely time-
consuming and if the baggage cannot be found the captain can order a “Baggage check”. This 
is even more time-consuming since every baggage is lined up on the apron and each passenger 
has to identify its baggage, which is then reloaded on the aircraft. In the end, there will be 
some baggage that were not identified by a boarded passenger that can be removed, and hence 
then the aircraft can take-off since the PPBM activity is complete.  

Due to these special cases, baggage that are associated with passengers, who are known having 
a fear of flying, is tagged with special baggage tags and placed close to the cargo door to 
provide easy unloading in case that person becomes a “No-show”. 

                                              
27 Högseth, K. (2005) 
28 Wells, A. (2004) pp. 283-284 
29 ibid. 
30 ICAO (2002) 
31 Ashford et al. (1997) pp. 185-210 and pp. 255-280 
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2.3.4 Other areas of operation 

Due to the nature of this study we have focused mainly on the baggage logistics flow, but 
there are of course many other activities on NYO. There is an airport security unit that is 
responsible for securing passengers, baggage and crew before they are allowed on the aircrafts. 
Passenger passport checks and customs control is however performed by the Swedish police 
force. The responsibility for the passenger screening was transferred to the airport security 
unit as of January 1st 200532. During the screening passengers are checked for unauthorised 
objects, for example knifes, weapons, and explosives and their carry-on baggage is x-rayed. 
The arriving passengers have to go through customs in order to declare taxable items. 

There is also a traffic control tower that provides ground-to-air communications with the 
aircrafts. 

Several passenger services are in place to ease the passengers’ time at the airport and also to 
make money for the airport. These facilities include among others: parking, restaurant, café, 
EU-shop, shuttle bus tickets, and money exchange. 

Airfreight is another operation at NYO, performed separately from the passenger traffic flows. 
They have a terminal of their own, where the cargo is consolidated and loaded on airfreight 
modules for transportation. NYO have Sweden’s fifth largest volume of airfreight goods. 

Since Ryanair has a crew base at Stockholm Skavsta, there are some accommodation facilities 
for them, as well as an own aircraft maintenance crew based at NYO to carry out maintenance 
on the Ryanair aircrafts based overnight at Stockholm Skavsta.  

                                              
32 Regeringen (2004) 



 

 



 

  

3 THEORETICAL FRAMEWORK 
This chapter defines the theoretical framework for our 
thesis; relevant theory and frameworks, which we are going 
to use, specifying the task in chapter 4 and moreover doing 
the analysis are described briefly. The structure of the 
chapter can be found in the first section. 
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3.1 RATIONALE OF THE THEORETICAL FRAMEWORK 

The theoretical framework chapter structure is described in Figure 3-1 below. This structure 
has been made to provide the reader with a guide to where the different theories fit in our 
system model and how they are interrelated. The top box has more of a general approach that 
includes the overall general theories in logistics such as process management and total cost 
theories. This is followed by a short section about third party logistics. Then airport logistics is 
described and broken down into two sub-areas, baggage logistics and passenger logistics. This 
first part is primarily concerned with the physical moving of things while the following 
sections describe the virtual moving of things in information systems. Automatic data 
identification and data gathering are described in the sub-sections of information systems. 
Each section in the theoretical framework has a small orientation figure similar to Figure 3-1 
below but marked with the current examined area, as can be seen on the following page.  

 
Figure 3-1 Theoretical framework structure. Source: Own (2005) 
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3.2 PROCESS ORIENTATION AND DEFINITION 

Process orientation is customer focused according to Rentzhog since the 
customers makes the process justified33. The process orientation strives to 
be holistic and has a horizontal viewpoint instead of the traditional task 
specific organisation. The process is clearly defined by a starting point and 
an ending point; this makes the process orientation very flow-oriented34.  

To make the process as effective and efficient as possible one has to understand the needs of 
the customers. But to do so one cannot only rely on asking the customer what they want, you 
also have to have a good cooperation with customers, from which need evolve. The need of 
the customer has to be the driver for the results and content of the process. Input is what the 
process is transforming; it can be tangibles as well as intangibles.35 

Harrington says that a series of activities together add up to a process. He defines a process as: 

“An activity or group of activities that takes an input object, adds value 
to it and provides an internal or external customer with a result. 
Processes make use of the resources of an organisation to produce 
defined results.”36 

Rentzhog argue that the focal point in this way of seeing a process lies on how the input object 
is transformed to a result and therefore it becomes very interesting to map the flow of 
products within the process. Rentzhog define the process as: 

“A chain of activities that in a repetitive flow creates value for a 
customer.”37 

Both definitions are very similar since both mention a series of activities that creates 
value for the customer.  

3.3 COMMON PROCESS CHANGE METHODOLOGY 

When a process change is about to take place in an organisation as in the 
case at NYO, it is important that it is well founded. There exist a number 
of different process change methodologies that strives to accomplish this, 
but two methodologies can be regarded as a sort of extreme views along 
the dimension of improvement impact. These are Change Analysis – 
Cooperation through Questioning and Idea Improvement supported by Methodology 
(FörändringsAnalys – Samarbete genom Ifrågasättande och Idéutveckling med stöd av 
Metodik, FA-SIM)38 and Business Process Reengineering, BPR39. Those two theories together 

                                              
33 Rentzhog, O. (1998) pp. 24-30 
34 Goldkuhl, G. (1995) pp. 2-4 
35 Rentzhog, O. (1998) pp. 24-30 
36 Harrington, H. J. (1991)  
37 Rentzhog, O. (1998) pp. 24-30 
38 Goldkuhl, G. & Röstlinger, A. (1988) pp. 11-15 
39 Willoch, B. (1994) p. 26 
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with a third process theory that is positioned in between the other two; the Steneskog model is 
described below. 

3.4 FA-SIM 

A change analysis can be regarded as a first step of the improvement work 
in organisations, usually initiated by someone experiencing problems. 
Someone who has improvement ideas to make the organisation work better 
can also initiate it. Process change decisions are hard to make, especially if 
solid decision-making material does not exist.40 

A change analysis in the FA-SIM model involves the following steps:41 

• Problem analysis – Define the problem area and formulate and analyse the problem. 

• Goal analysis – Identify goals and how sub-goals can contribute to the main goal. 

• Operations analysis – Connections between activities are described and responsibilities 
are defined. 

• A need-for-improvement analysis – What problems are most important to approach? 

• Selection of improvement activities – What improvement measures should be 
undertaken?  

This framework has been developed as a guide in process change and improvement work. The 
focus is on critically examining the existing organisation and its problems.42 

3.5 BPR 

Willoch defines BPR as: 

“Business Process Reengineering is a concept that can be used 
to transform organisations from vertical thinking, functional 
structured hierarchies to a horizontal working, process focused 
organisations.”43 

BPR has three different main focus areas:44 

• Dramatic: The BPR process requires humans to “think out of the box” and focus on 
big levels of improvement. 

• Radical: This means that the root of the problems is examined and the foundation of 
the problems must be explored thoroughly to gain a deep understanding.  

                                              
40 Goldkuhl, G. & Röstlinger, A. (1988) pp. 7-40 
41 ibid. 
42 ibid. 
43 Willoch, B. (1994) p. 26-27 
44 ibid. 
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• Process: Focus on processes rather than focus on functions and their productivity. 

Willoch suggests a four-phase model for BPR:45 

1. Mobilisation phase – Create understanding for process change. 

2. Diagnose phase – Describe current process. 

3. Redesign phase – Radical redesign of processes to achieve set goals. 

4. Implementation phase – The “desert walk”, translating the new process into the 
organisational charts, job descriptions and so forth. 

In BPR lies an implicit prerequisite that the reengineering team have total freedom in 
designing the new process and no consideration has to be taken to existing ones. 

3.6 STENESKOG’S THREE PHASE MODEL 

Steneskog argue that the introduction of process orientation in an 
organisation is made up of the phases: identification, establishment and 
development. He has a collecting name for this; process management. The 
identification phase involves finding areas of problem and establishing who 
the process owner is whilst the phase of establishment means that the 
process is defined and understood. In this phase a team is formed to find points in the process 
that measure and control it. When control is established one goes in to the development 
phase, which is the phase of actual improvement.46 

3.6.1 Identification 

As described in the section above this phase means finding areas of problem. Here Goldkuhl 
and Röstlinger have two useful tools; problem analysis and goal analysis. The problem analysis 
is divided into four different areas: 47 

• Delimitation of the problem area – what problems need further improvement? 

• Identification and formulation of the problem – what does the involved participants 
see as problems? 

• Grouping of problems – structure the problems into different sub problem areas. 

• Analysis of problem relations – what are the reasons for the problems and what 
consequences do they have?  

Through the goal analysis the answer to the following question are given; what are the most 
important problems, their reasons and consequences? By going through a goal analysis the 

                                              
45 Willoch, B. (1994) pp. 41-46 
46 Steneskog, G. (1991) pp. 29-90 
47 Goldkuhl, G. & Röstlinger, A. (1988) pp. 64-72 
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subsequent questions are answered. Which goal should the process achieve? What are the 
main goals and sub goals? The areas of the goal analysis are:48 

• Goal identification – what goals exist that have impact on solutions to problems of 
current interest? 

• Analysis of goal relations – gives an understanding to how the sub goals contribute to 
the main goal. 

• Goal appraisal – what goals “work well” and what goals should be changed? 

• Goal definition – define goals appropriate for the future. 

When the problem is identified and its goals analysed one has to understand the process and 
hence go through the next phase. 

3.6.2 Establishment 

The goal of the establishment phase is to define and understand the process. This is done 
through different tools for process mapping. 

There are two main reasons to map processes. Firstly processes can span over many areas of 
an organisation and therefore sub-optimisation is avoided by considering the whole process. 
Secondly it is hard to get a clear overview of a complex chain of activities without having 
identified and mapped the processes.49 

In process mapping it is essential to describe the interfaces between activities and 
responsibility areas and define who is responsible for the different parts in the process. The 
reason behind this is that it is common with problems due to lost information and time delays 
in these interfaces.50 

A simple, yet powerful method for process mapping is flowcharting. Harrington suggests four 
different techniques for flowcharting.51 

• Block diagrams 

• American National Standard Institute (ANSI) standard flowchart 

• Functional flowchart 

• Geographical flowchart  

The simplest ones are block diagrams, where each block represents an activity. The activity is 
explained with a short sentence and the blocks are placed in the sequence they occur. 

                                              
48 Goldkuhl, G. & Röstlinger, A. (1988) pp. 78-88 
49 Harrington, H. J. (1991) pp. 13-16 
50 Rentzhog, O. (1998) pp. 116-117 
51 Harrington, H. J. (1991) pp. 86-113 
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An ANSI standard flowchart uses the ANSI flowchart symbols to represent different kind of 
events, information and activities in the flow chart. 

A functional flowchart focuses on showing in which department each activity occurs. This can 
be an important advantage when studying the division of process time between departments. 

The geographical flowchart shows the physical flow of an object and can be used to map most 
kinds of processes. 

No matter which flowcharting technique that is used Melan’s three-step model can be used as 
a general framework.52 

1. Find the process start and end points. 

2. Decide on flowchart level of detail. This is basically a trade-off between clearness and 
information content. 

3. Assemble the flowchart. The activities from step 2 are assembled to a sequence in a 
flowchart depending on which objects are input and output in each activity. 

The activities are all examined until there is a continuous flow through the whole process and 
it is time to improve the process in the development phase. 

3.6.3 Development 

The goal of the development phase is to improve the identified and established process. Below 
are some process improvement principles and methods that can be used to accomplish this. 

General Process Improvement Principles 
According to Aronsson et al. there are seven guidelines to improve and reduce lead-time in a 
logistics process. They are:53 

• Elimination of activities that are not creating value for the customer or the company. 

• Simplify the activities that have to occur. 

• Integrate activities that occur by themselves without creating extra value. 

• Parallelize independent activities.  

• Synchronize activities so that the waiting time between them is reduced. 

• Prepare by seeing to that all necessary material is present when the activity is about to 
occur. 

• Communicate information in the process effectively, e.g. successive barcode reading 
after finishing different activities makes the product flow traceable in the information 
system. 

                                              
52 Melan, E. H. (1993) pp. 15-17 
53 Aronsson, H. et al. (2003) pp. 210-211 
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The first five guidelines are written in consideration order e.g. it is not meaningful to 
synchronize activities if you are going to eliminate one of them later. 

Harrington mentions even more principles:54 

• Elimination of bureaucracy refers to removing unnecessary paperwork and 
administrative work. 

• Elimination of duplication of work means the removal of identical work tasks in 
different parts of the process. 

• Error-proofing aim at eliminating or at least minimising the risk of doing mistakes. 
Often the way of handling mistakes are targeted, more than the possibility of 
eliminating them. Mistakes often involve the human factor. 

• Standardization means that similar tasks are done in identical ways in different parts of 
the process. 

Benchmarking 
Another common process development methodology is benchmarking. Camp defines 
benchmarking as: 

“The search for best practices that will lead to superior performance.”55 

In this methodology the search for best practice companies that have the best performance in 
the studied processes is in focus. These best practices are then implemented within the 
existing process or a new process is developed to match this performance at another 
company.56 

3.7  DEFINITION OF LOGISTICS MANAGEMENT 

The Council of Logistics Management, CLM, the world’s largest industry 
organisation, has the following definition of logistics management: 

“Logistics Management is that part of Supply Chain 
Management that plans, implements, and controls the efficient, 
effective forward and reverse flow and storage of goods, 
services and related information between the point of origin and the 
point of consumption in order to meet customers' requirements.“57 

The concept of logistics management thus encompasses both planning and implementation, 
but also to control that the result became as expected. CLM’s definition could be summarized 
as: the goal of logistics is to achieve a cost-efficient delivery service. Logistics is not only about 
doing things right, but doing the right things.58 

                                              
54 Harrington, H. J. (1991) 
55 Camp, R. C. (1989) 
56 Rentzhog, O. (1998) pp. 121-125 
57 CLM (2004) 
58 Aronsson, H. et al. (2003) pp. 19-35 
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3.8 TOTAL COST MODEL  

To make sure that all costs associated with a logistics business decision are 
considered, Aronsson et al. have developed a total cost model (TCM). Most 
logistics decisions affect some cost areas in a positive way and others in a 
negative. Thus it is essential to understand the trade-off between different 
cost areas. A common breakdown of the different cost areas that add up to 
the total logistics cost is shown in Figure 3-2.59 

 
Figure 3-2 Total cost model. Source: Aronsson, H. et al. (2003) 

The categories in the model are very broad and include many other small cost areas. For 
example storage holding costs include risk costs for products becoming obsolete, product 
wastage, insurance costs etc.60 

Below follows some of the most common cost areas included in the different main areas.61 

• Storage holding costs: This area includes costs for capital tie-up and risk costs. A risk 
cost is for example wastage, and that stored products become obsolete. 

                                              
59 Aronsson, H. et al. (2003) pp. 19-36 
60 ibid. 
61 ibid. 
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• Storage handling costs: Storage building construction and running costs, personnel 
costs and the cost for the storage and handling equipment. Finally the costs for internal 
transports are also included. 

• Transportation costs: Transport costs consist of costs associated with the 
administration and execution of transporting products. 

• Administration costs: This area consists of many different costs. There can be costs 
associated with order reception, billing, and economical performance evaluations. 

• Other costs: This is a large cost area with really diverse content, where the rest of the 
generated costs that is not appropriate for any of the previous cost areas are placed. 
These can be costs associated with the information system, packaging costs, and the 
costs for the purchased products. 

3.8.1 Modification of the total cost model 

The idea with a general total cost model is its modification to a specific situation. 
Aronsson et al. suggests a four-step action-list to accomplish this.62 

1. Describe how the logistics system is going to be affected by the different decision 
alternatives.  

2. Create a primary total cost model where all costs that are affected are included. 

3. Ascertain which costs that are affected more and which costs that are affected less. 

4. Revise the primary total cost model. It is usually timesaving to eliminate the costs that 
are affected the least, without altering the quality of the total cost model much. The 
result is a secondary, revised, and situation-specific cost model. 

A problem in doing a good evaluation of a total cost model is finding the different cost 
amounts. Usually they cannot be found in the information system but has to be measured in 
different ways. The authors claim however, that even if all costs cannot be found, the concept 
of a total cost model should be present and guide the evaluation.63  

3.8.2 Delivery reliability and delivery speed 

The reason for this section is to provide reasoning for the fact that poor performance in these 
two indicators can lead to incurred costs. Hill defines delivery reliability as supplying the right 
amounts of products ordered on the agreed due date or in the agreed time window. He also 
claims that the delivery reliability is an order-losing criterion, meaning that continuous failure 
of on-time delivery will result in loss of customer orders and can also incur penalty costs.64 

                                              
62 Aronsson, H. et al. (2003) pp. 19-36 
63 ibid. 
64 Hill, T. (2000) pp. 54-69 
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Delivery speed on the other hand refers to the time required from order to delivery. The 
minimum lead-time is often based on industry best practice or determined by the customers. 
Failure to deliver within the agreed time period from order to delivery often incurs costs for 
the producer, for example penalty costs.65 

3.9 THIRD PARTY LOGISTICS 

Third party logistics, 3PL is according to Simchi-Levi et al. 

“Third-party logistics is simply the use of an outside company to 
perform all or part of the firm’s materials management and 
product distribution functions.”66 

A 3PL approach is a strategic decision for a long time period; it often involves many functions 
or even process management. Before making a decision to use 3PL partners there are some 
advantages and disadvantages to consider.67 

• Focus on core strengths – The firm can focus on what they are good at, for example 
producing cars. 

• Provides technological flexibility – The logistics partner can more easily adapt to new 
technologies and in that way have an updated supply chain.  

• Provides other flexibilities – Flexibility in, for example, service offerings since the third 
party are better equipped to offer a larger variety of services. 

• Loss of control – The 3PL company might interact directly with the firm’s customers. 

Tarkowski et al. add another point of advantage, namely the possibility for the provider to 
gain higher efficiency than the individual company can do, and this is due to economies of 
scale. They also argue that a problem situation can occur when the logistics provider 
handles more than one company’s functions and these companies wants to use the 
3PL provider’s services at the same time.68 

Bowersox considers in an article another important issue when stating that the sharing of 
information is the glue that holds companies in a third party partnership together.69 

                                              
65 Hill, T. (2000) pp. 54-69 
66 Simchi-Levi, D. et al. (2003) pp. 149-153 
67 ibid. 
68 Tarkowski, J. et al. (1995) p.138 
69 Harvard Business Review (1990) 
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3.9.1 At an airport 

Ashford et al. say that: 

“It is important to remember that the basic contract to travel is between 
the airline and the passenger.”70 

This implies that the airport is a third party in this contract and hence should not be involved 
more than necessary71. This has been the case traditionally. However the new low-fare airlines 
have a different cost focus that has resulted in the low-fare airline having less fixed and more 
variable costs than the traditional airlines. This has in its turn led to even more cost-reducing 
efforts as outsourcing more and more activities to primarily the airport management 
companies. Traditional outsourcing areas have been ground handling, refuelling, and security. 
More recent areas of operation that have been outsourced are check-in and service desks.72  

3.10 AIRPORT LOGISTICS 

An airport terminal is run through a philosophy determined by the owners. 
Examples of two extremes are: 

• Airport dominant or  

• Airline dominant 

If an airport is run by the latter philosophy, sometimes called the U.S. model, all, or almost all, 
airline personnel carry out the operations. The airport only provides the most basic facilities 
and the airlines even supply internal furnishing and operational equipment while 
concessionaries provide their facilities. An airport dominated terminal on the other hand has 
its own personnel to carry out all terminal services such as passenger and baggage handling as 
well as other ground handling activities. This model is sometimes referred to as the European 
model although the model is used throughout the world.73 

An airport is the physical place where passengers change from one mode of transportation by 
land to another by air and vice versa; hence it is an essential part of the air transport system 
according to Ashford et al. It is the point of interaction of three major components of the air 
transport system:74 

• The airport 

• The airline 

• The user 

                                              
70 Ashford, N. et al. (1997) p. 227 
71 ibid. 
72 Accenture (2004) 
73 Ashford, N. et al. (1997) p. 219 
74 Ashford, N. et al. (1997) p. 1 
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These system actors must be taken into account when planning and operating an airport if it is 
to be successful; they need to find equilibrium. The diagram in Figure 3-3 shows how these 
system parts interact. These three actors produce the three primary parameters of airport 
operations. The “Users” produce “Air travel demand”, the “Airlines” provide “Flight 
capacity”, and finally the “Airports” have the capacity to handle both passengers and flights, 
“Airport capacity”. 

When reading the relationships in the figure, one could start from one actor and go in a certain 
direction along the outmost perimeter to find out how the chosen actor affects the behaviour 
of the next actor in the chosen direction. One example is to start at the “User” actor and go 
counter clockwise towards the “Airport” actor. The “User’s” demand of certain “In-terminal 
characteristics”, e.g. restaurants and security, is input in “Matching the airport and the user” 
actors. The other input is the “Airport’s” existing “Terminal components”. The result is the 
“Matching user and airport”, which determines the “Terminal type” that can be found in the 
white inner perimeter. The actors affect each other along the outmost perimeter in different 
ways to form “Terminal type”, “Flight demand supply”, and “Airside usage” in the white 
perimeter. These three characteristics of the system then affect each other within the white 
perimeter to finally match the three primary parameters in the middle. An example of this is 
how the requested “Number of flights” and the airlines’ “Aircraft mix” together with the 
primary parameter “Flight capacity” result in “Scheduling and pricing” activities and so forth. 

 
Figure 3-3 Hierarchical system of airport relationships. Source: Ashford, N. & Boothby, J. (1979) 
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When planning and running an airport terminal there are numerous things to have in mind, a 
number of interconnected activities, Ashford and Wright say that: 

“The terminal is a convenient point to carry out certain processes 
associated with the air trip. These may include ticketing and checking in 
the passengers, separating them from and reuniting them with their 
baggage, and carrying out security-checks and governmental controls.”75 

According to Wells’ passenger-processing link there are a number of facilities that are needed 
at an airport in order to prepare passenger for using air transportation.76 See Figure 3-4. 

 
Figure 3-4 General overview of an airport’s facilities. Source: Own (2004) 

The primary activities are ticketing, baggage check-in, security, and passport check 
(immigrations) for the outbound, the so called enplaning, passenger, and baggage claim, 
immigrations and customs for the inbound, deplaning, passenger.77  

By using the common user terminal equipment, CUTE, system it is possible to reduce the 
number of check-in counters significantly, especially at airports where airlines have very light 
service schedules and thus do not need the counter at all times. The airline’s presence is 
displayed for the passengers at an overhead panel, which shows airline name and flight 
number.78 

                                              
75 Ashford, N. & Wright, P. (1984) p. 221 
76 Wells, A. (2004) pp. 185-188. 
77 ibid. 
78 Ashford, N. et al. (1997) pp. 160-162 
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Activities called landside activities (or interface) are those regarding airport accessibility within 
the terminal itself: transport to, from, and through the airport terminal. Access to and from 
the airport include transport infrastructure (parking lots, shuttle bus landings, taxi stands, etc.) 
but also un-/loading areas, among other things. The time passengers spend at the airport is 
mainly waiting time at any of the so-called “holding areas” in the landside interface. Holding 
areas are in-between the areas designated for formalities and processing of passengers e.g. 
check-in, security, and passport check.79 

In order to have a secure and easy boarding and disembarking process there has to be an 
airside interface that is designed to move passengers from/to the passenger lounges and 
on/off the aircraft. This includes walkways, people movers, aprons and tramways.80 

3.10.1 Delay and capacity 

A delay at an airport translates into increased costs for airports and its users (i.e. airlines) and 
wasted time for passengers. This is one thing that has to be avoided when managing an 
airport. A common solution to cope with delays due to lack of capacity is to build additional 
facilities or to try to make more efficient use of the existing facilities. The latter alternative is 
often one that is considered the most attractive since it requires less capital and time invested. 
Although the airport is not congested (high demand in relation to capacity) there will be 
delays, the average time delay will increase exponentially until the limit of capacity is reached, 
see Figure 3-5. One way of coping with delays is to apply improved technology that will 
compensate for capacity limiting design.81 

 
Figure 3-5 Theoretical relationship between delay and demand. Source: Wells A. (2004) 

Low-fare airlines tend to be top ranked at surveys of on-time performance, baggage handling 
and customer satisfaction. They combine high frequency of flights with very good 
punctuality.82  

                                              
79 Ashford, N. & Wright, P. (1984) p. 223 
80 ibid. 
81 Wells, A. (2004) pp. 240-317 
82 Aviation Strategy (1998) 
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3.10.2 Baggage logistics 

Outbound baggage is normally conveyed directly from the check-in desks 
by belt to the sorting area where it somehow is sorted to the baggage 
wagon taking the bags to the aircraft. The sorting principle can either be: 

• Manual 

• Semiautomatic  

• Automatic 

In the mid-1990 the outmost common way of sorting baggage was the manual, it accounted 
for some 98 percent of all operating systems. The baggage tags are read by the operator and 
the baggage are manually loaded onto a baggage wagon. One serious concern with manual 
systems is when the systems are served by only a single sorting belt. If a break down occur at 
this one and only sorting belt there might follow serious delays. In the semiautomatic system 
an operator reads the tags but in addition to that he/she punches the tag code into an 
information system. The information system then causes a pulley arm to direct the bag to the 
right conveyor where an operator loads it to a wagon. An automated system “recognizes” the 
destination for the specific bag and directs it to the appropriate sorting or loading point since 
the bag tag holds a recognition code (typically a barcode). Automated baggage systems offer 
two distinct advantages: reduction of labour costs and speed of conveyance. It also provides 
the possibility to have automatic passenger/baggage reconciliation at the final make-up state 
of baggage loading.83 

Transferred baggage is today the most critical type of baggage at an airport terminal, as IATA 
notes in its Airport Handling Manual: “Transfer baggage accounts for most of the airlines 
baggage mishandling.” Therefore it is extra important how to deal with transfer baggage.84  

Baggage handling has today a quality level of 3σ (three sigma) according to Keller. This equals 
27 defects on 10 000 produced units, i.e. checked-in bags85. Åhlström implies however that 
new technology, RFID, within the baggage handling process can make it possible to have only 
2 defects on 10 000 scanned bags86. This technology is more stable than the existing barcode 
systems, especially in difficult weather conditions as mist. It also enables the airport to have a 
totally automated process for control and surveillance of baggage and passengers; when the 
baggage is checked-in the passenger receives a receipt that is connected to the electronic 
baggage tag. The tag information is updated when the baggage is loaded on the wagon, suspect 
baggage can be automatically sorted out for manual control. The baggage is scanned when 
loaded and reconciled with the passenger list, the so-called Positive Passenger Baggage Match, 
PPBM87. The reconciliation process is a major security concern for the airport to handle. It is a 

                                              
83 Ashford, N. et al. (1997) pp. 197-203 
84 Wells, A. (2004) p. 201 
85 Keller, P. (2001) 
86 Åhlström, L. (2004) 
87 Wells, A. (2004) pp. 283-284 
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security measure originating from the Lockerbie bombing88 in 1988 that became alarmingly 
important after the September 11 terrorist attacks in 2001. The cargo information system 
keeps track of each bag or container of bags during the flight while the RFID tags are inactive 
in order not to interrupt the aircraft instruments. Baggage is unloaded and sorted upon arrival 
and belated or mishandled baggage is automatically reported and a reconciliation process is 
initiated.89  

There are of course issues with the RFID technology, but these are more of a technological 
nature and therefore presented in section 3.12. 

3.10.3 Passenger logistics 

Traditionally the commercial passenger handling is almost universally 
entirely an airline function with which they compete, sometimes to the 
extreme of building own terminal facilities. A more common arrangement 
is to lease designated areas and having the airport authority, or a special 
handling company, taking care of the ground handling on the apron. 
Health, customs, and immigration are obvious exceptions since these are governmentally 
controlled facilities.90 

Due to problems with illegal immigrations there has to be special arrangements done at an 
airport in the European Union. These arrangements are a consequence of parts of the 
Schengen Convention. The Convention reads; 

“Given the need to prevent the intermingling of passenger flows from 
domestic and international flights, at entry points, before border police 
checks, and at exit points, after such checks, and whereas before the 
Schengen Convention is brought into force the infrastructure necessary 
to ensure the physical separation of such passenger flows should be in 
place at all airports […].”91 

 
To make sure that passengers do not carry on weapons or 
sharp objects they have to go through a security screening 
either at the gate or in a more centralized manner in the 
terminal. Both the person and her/his carry-on baggage are 
screened for weapons, sharp objects, and other dangerous 
goods, in suspect cases the carry-on baggage is screened for 
explosives.92  

Another security measure is to use biometrics when 
identifying personnel accessing security identification display 
areas, or passengers passing through security-checks and  

 
Figure 3-6 Face recognition. Source: 
Advanced Biometric Control (2004) 

                                              
88 Wells, A. (2004) pp. 283-284 
89 Åhlström, L. (2004) 
90 Ashford, N. et al. (1997) pp. 160-162 
91 The council of the European Union, (1999) p. 169 
92 Wells, A. (2004) pp. 288-296 
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gates. This is an advanced identification verification technology that measure and analyse 
human body characteristics as facial patterns, fingerprints, eye retinas and irises, voice patterns, 
and hand measurements93. This kind of technology has become an issue of current importance 
for airports since ICAO has decided (March 31st 2004) on recommendations for new 
passports including biometric information, in this case face recognition as the primary source 
of identification94. The EU has also decided on having fingerprints as a source of identification 
included in the biometric information about the passport holder95. 

3.11 INFORMATION SYSTEMS 

There is an important difference between data and information. Data is an 
individual fact or multiple facts, or a value, or a set of values, but is not 
significant to a business in and of itself. Data is the raw material stored in a 
structured manner that, given context, turns into information. Information 
is thus the meaning given to data or the interpretation of data based on its 
context.96  

This difference is important when dealing with information systems. O’Brien defines an 
information system as follows: 

“An information system uses the resources of people, hardware, and 
software to perform input, processing, output, storage, and control 
activities that convert data resources into information products.”97 

This definition of an information system is illustrated in Figure 3-7 below.  

 
Figure 3-7 The components of an information system. Source: O’Brien, J. (1993) 

                                              
93 Wells, A. (2004) pp. 288-296 
94 Rikspolisstyrelsen (2004) pp. 1-6 
95 Justitiedepartementet (2004) 
96 Government of British Columbia, Chief Information Office (2001) 
97 O’Brien, J. (1993) p. 17 
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The activities include input that can be made either manually or automatically through the use 
of one or several automatic identification and data capturing systems (AIDC). These AIDC 
systems are described more in detail in section 3.11.1 below. O’Brien points out that there is a 
movement in the direction of input devices that are easy to use, for example mouse and 
barcodes. The activity output can be generated on several output devices and the trend is 
towards using output devices that communicate quickly and clearly, for example graphic 
displays and printed paper reports.98  

O’Brien claims that the use of information technology enables a company to build strategic 
information resources that allow it to take advantage of strategic opportunities. A common 
scenario is that the company have invested in an advanced information system to improve the 
efficiency of its internal operations.99 An example of this is computerised information systems 
in the transport sector that contribute towards more predictable transports with high delivery 
accuracy. It is becoming more and more common with a high integration between companies 
in the transport sector using computerised information systems.100 

Tarkowski et al. and O’Brien identifies some important aspects of information systems in the 
future.101 

• The data gathering process will be close to the associated event that is to be registered. 

• The data will be gathered as early as possible after the associated event occurs. 

• Fixed and hand-held equipment result in data registration directly from the goods itself, 
without the need for manual entry of the information into the system. 

• Codes that are easy to read will provide higher efficiency and accuracy in the data gathering 
process. This will enable tracking of the goods at various points along the predetermined 
transport path. 

This implies that the information systems will have to process the gathered information in 
real-time and that the information in the system hence always is up to date. In order to make 
the information system fulfil these three important aspects, the concept of automatic 
identification and data capturing input systems, is useful.102 

3.11.1 Automatic Identification and Data Capture Systems 

Sunesson defines an automatic identification and data capture process as: 

 “An identification process without human interaction.”103 

Consequently, an AIDC system has the capability of automatic 
identification of an object by means of some AIDC technology e.g. 
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barcoding. Through computerised identification and labelling, significant savings can be made, 
because the increased control over the object’s location.104 

Independent of the particular AIDC technology used, they all share two common goals:105 

• To eliminate errors associated with identification and/or data collection: Data 
identification and collection through the use of human entry on keyboards are much 
more prone to introduce errors than AIDC systems.106 An example of this is a large 
study, which showed that the error rate of manual entering of three million characters 
was 10 000 and with special barcode identification (Code 39), only one error was 
produced.107 

• To accelerate the process to increase the throughput volume: An automated system is 
of course able to identify more objects per time period than a human being. Automatic 
identification can identify and capture in excess of 100 characters per second, while a 
trained human only can identify and capture 10-15 characters per second.108 

The most widespread AIDC technology is by far barcodes, but other technologies like RFID 
and Card Technologies (for example magnetic stripe and smart cards) are quite widely used, 
and Biometric Identification (for example personal identification by retinal or fingerprint 
scanning) is beginning to be popular in some areas. 

Identification price relation 
The identification price relation is the relation between the cost of the identification tag and 
the cost of the object that is being tagged. A guideline is that the lower the identification price 
relation is the better it is, since the identification cost constitutes a smaller part of the object’s 
total cost. This relation can provide important information about which AIDC technology to 
use in a particular application.109 

Barcodes 
The barcode AIDC technology uses optical reflection of emitted light from 
a reader on a barcode symbol to identify the associated object. Most 
barcode technologies use sequences of lines with spaces in between. Both 
the thickness of the line and the spaces in between are used to encode the 
identification number. This enables the barcode to be machine-read and 
automatically captured. The most widespread barcode standard is the 
EAN-UCC standard barcode.110 

RFID 
Since it is a study directive to study RFID, we have chosen to dedicate the next section to a 
more detailed description of this AIDC technology. 
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3.12 RFID TECHNOLOGY 

RFID is an abbreviation for Radio Frequency Identification and 
encompasses the process of wireless identification of objects using radio 
frequency waves.111 A typical RFID system consists of tags and readers. 
The tags consist of a microchip, where the information is stored, and an 
antenna that is used for communication with the reader antenna. The 
reader interrogates the tags that are present in its reading range and read the 
information stored in them. The readers then usually send this information on to a host 
computer or information system for further processing. A system overview can be found in 
Figure 3-8 below.112 

 
Figure 3-8 RFID system interacting with information system. Source: Own (2004) 

The RFID tags (also called transponders) – still equipped with a printed barcode as a backup 
system – interact wirelessly with the RFID readers. The readers themselves can even be 
wirelessly connected to the information system using e.g. W-LAN technologies. An example 
of this would be if a reader is applied to a baggage loading vehicle for loading an aircraft on 
the apron, as for reader A. The reader then sends the information about which tags that have 
been read to the information system. The information system then, depending on where the 
reader is situated, updates the stored information about the tag, its associated object, and their 
locations, for example Tag 1234 status: Loaded on aircraft, flight FR1943, bound for Paris.113 

This identification technique can and has been used in a vast range of applications; for 
example flight control systems, warehousing and distribution (baggage- and cargo handling), 

                                              
111 Accenture (2001) 
112 AIM Inc. (1999) 
113 Accenture (2001) 



  
 

PLAYING TAG  
 

 - 38 -

asset tracking (computers, books), access control, store anti-theft and automatic road toll 
collecting systems.114 

3.12.1 RFID system design dimensions 

Active/Passive 
There are two basic types of tags, passive and active. The passive tags do not have a power 
source of their own, but relies on the transmitted energy of the reader to send its information. 
An active tag on the other hand has a small power source that it uses to transmit its own 
identification signal. The active tags therefore have longer reading distances, but they are also 
more expensive than the passive tags. Since the active tags require a functioning power source, 
the lifespan of the active tags is limited to that of its battery, typically between two and seven 
years, while the passive tags theoretically have unlimited life.115 

Chip Memory Type and Data Overflow 
The microchip used to store information on the RFID tags can be of several types. The 
cheapest ones are read-only i.e. the readers cannot update the tag information, only read it. 
The information in the tag is a prefabricated identification number for example an electronic 
product code number. Another type of tag is the write-once-read-many (WORM) type. These 
tags can be written to once in the process, but then only read. The most expensive tags are the 
read/write tags that can be updated and read as many times as needed.116 

When implementing RFID a great amount of data from the reading of tags can be generated. 
The amount of course depends on how many tags and readers that the system comprises, but 
the data from the readings should ideally be stored in a database to provide useful information 
about the tagged objects properties and location. The information technology infrastructure, 
e.g. network bandwidth and database server capacity, therefore must be dimensioned to cope 
with this issue if the RFID system advantages are to be gained. The load on the computer 
network can be reduced by having read/write tags.117 

Operating Frequencies 
A RFID system, readers and tags, can communicate on several frequency bands depending on 
the application and legislation needs. Unfortunately there are no frequency standards for most 
RFID application types. Table 3-1 below summarizes the most common frequency 
bandwidths that are used. 
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Table 3-1 RFID frequency bandwidths. Source: IBC Euroforum (2004) and AIM Inc. (2000) 

Frequency Bandwidth Applications 
125 kHz Low Frequency (LF) Access control systems, Animal tracking, 

Car Immobiliser 
13.56 MHz High Frequency (HF) Electronic Article Surveillance (EAS),  

Airline baggage handling (ISO14443) 
868 MHz Ultra High Frequency (UHF) Airline baggage handling (de-facto standard), 

Pallet/Container Tracking 
2.45 - 4 GHz Microwave Frequency (µF) Container Location, Road toll systems, Railroad 

car tracking 

A general observation about the RFID operating frequency is that the reading distance, data 
transfer speed, and sensitivity to electro-magnetic interference typically increases with higher 
operating frequency.118 

Privacy Issues 
There are some privacy issues to be recognised and dealt with when designing and using RFID 
systems, especially in the case of identifying and capturing information about persons. 
Microsoft has identified the following capabilities of RFID as especially important concerning 
consumer privacy and integrity.119 

• Unobtrusiveness – The fact that the communication between a RFID tag and a reader 
can be totally invisible to the consumer. This problem can be solved by clearly stating 
where the readers are situated. 

• Uniqueness of id – With RFID tags it will be possible to uniquely identify every single 
tagged object as opposed to object product type in the case of barcodes. This poses a 
threat of companies being able to map peoples’ habits and consumer behaviour using 
data mining programs. 

• Interoperability – There are some indications towards standardization of 
communication protocols for RFID tags and readers and this have made the chance of 
another reader’s ability to read a particular tag has increased, but much work is still left. 

• Proliferation – the recent RFID system cost-reducing technology advances are fuelling 
a massive support to rationalise product supply chains as readers, and more 
importantly, tags are getting cheaper the possibility of item-tagging have increased. 

Microsoft does not identify any big privacy risks with the use of RFID in the supply chain 
until the point of consumer acquisition, due to high IT security measures in most companies 
and the short practical reading distances of the tag information. 

On the other hand Microsoft identifies a possible privacy risk if the RFID tag still is working 
after the point of purchase and at the same time the tag’s number is associated with personal 
buyer information in the seller’s database. It is this association that can be used to track 
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persons in future situations, when for example they are wearing a clothing product in the city. 
Due to the short reading distances Microsoft states that the risk of unauthorised reading of 
tags are much more of a risk when the buyer brings them into a public area and not when the 
tag is in the buyer’s home.120 

Several measures can be taken to prevent this development and instead support a positive 
RFID development where its advantages can be realised without the risk for personal integrity 
breaches. The measures for unauthorised reading are: Authorisation, Authentication and 
Encryption of traffic between RFID tags and readers. For example, a reader would be required 
to provide a password to the tag and the tag authenticates itself with an electronic signature. 
The actual traffic is then encrypted using existing standards.121 

Considering authorised RFID tag reading, it is important to have complete transparency in the 
data gathering process and also the consumer’s consent to read and record the information. 
This could be realised through a code of conduct being developed for the use of RFID 
technology.122 

On April 30 2004 the Californian senate passed a RFID privacy measure that states that: 

“The information collected via RFID can only be in regard to items 
customers actually are buying, renting or borrowing. Information can't 
be collected on what customers may have picked up but put back prior 
to a transaction, on what they're wearing or on items they are carrying in 
a wallet or purse.”123 

3.12.2 RFID and barcoding system comparison 

Considering the fact that barcodes are the current standard AIDC technology it is relevant to 
do a comparison between the two technologies.124 

The data transfer in barcodes is optical since it is the reflected light that transmits the 
information. The information is also coded with lines and spaces and the physical barcode 
print thus becomes linearly larger with larger amount of information. This makes barcodes 
unsuitable for large amounts of information. RFID stores information in a microchip that 
does not grow linearly with larger amounts of stored information. 

A barcode cannot be updated without being reprinted, but a read/write RFID tag can be 
updated as many times as needed. The nature of barcodes makes the encoded information 
hard to protect from reading, but a RFID micro-chip can incorporate standard digital 
encryption of the type used for example online banking. 

There are several advantages of using RFID instead of barcodes. The barcodes require line of 
sight while being read and are sensitive to sunlight, moist and other weather conditions. RFID 
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is much more likely to function even under very harsh conditions. On the other hand RFID is 
fairly sensitive to metals, liquids, and electromagnetic interference e.g. from wireless computer 
networks or mobile phones. It all depends on the operating frequency of the RFID system 
and the interfering system. 

It is not possible to read more than one barcode simultaneously, but it exists reader software 
that can read many RFID tags per second. The speed at which a RFID tag can be read also 
permits the tags to be read when moving at quite high speeds. A barcode reader can also read 
a barcode while the barcode is moving but at far lower speeds. 

The lifetime of a barcode depends very much on how much it is affected by the environment, 
but a guide is approximately one year for a paper label and several years if a special material 
like ceramics is used. But then the otherwise cheap barcodes become fairly expensive. 

The two technologies have been used simultaneously in several applications, often with 
barcodes as a backup system. Shepard claims that airlines have conducted trials with baggage 
and parcels over the last few years and experienced read rates over 99 percent with RFID, 
while barcodes only have read rates below 90 percent.125 A RFID trial at Jacksonville Florida 
Airport experienced a reading rate increase from 85% to over 98%, when implementing RFID 
system instead of a barcode system.126 More AIDC case studies can be found in section 3.13. 

Table 3-2 below summarizes the major differences between the two technologies. 
Table 3-2 AIDC System comparisons between barcodes and RFID. Source: IBC Euroforum (2004) 

Characteristic Barcode RFID 
Data transfer Optical Electromagnetic 
Typical data amount 1-100 bytes 128-32 000 bytes 
Read/Write No Yes/ No 
Require line of sight Yes No 
Data security No Possible (encryption) 
Sensitive to Dirt, sunlight, moist,  

wear and tear, and frost 
Electromagnetic interference, 

metal, and liquid 
Multiple object reading No Possible (with reader software) 
Object speed Low Can be high 
Reading distance Several meters (Line of sight) Cm – Several meters 

(depending on frequency and tags) 
Duration/Data retention Paper label – 1 year 

Special material – Some years 
Passive – more than 10 years 

Active – approx 8 years 
Cost Paper label – Low 

Special Material – High 
Simple housing – Low 
Advanced tag – High 

 

                                              
125 Shepard, S. (2005) 
126 Deloitte (2004) 



  
 

PLAYING TAG  
 

 - 42 -

3.12.3 Questionnaire for implementing RFID 

Below follows a questionnaire that is a conclusion from a master thesis written at 
Mitthögskolan in Sundsvall, Sweden. At Mitthögskolan RFID research is conducted about the 
technical aspects of RFID. This thesis is however written with a logistical focus. The purpose 
of the thesis “Important questions when implementing RFID” was to develop a questionnaire 
to evaluate the feasibility of RFID as an information carrier. The questionnaire was meant to 
be general and to be used in various industries to simplify decision-making, and was validated 
by three companies, where at least two have extensive experience of RFID. These are 
BaumerIdent and Identcode Solutions.127 The entire questionnaire including sub-questions can 
be found in Appendix 1. 

The questionnaire’s main questions are as follows:128 

1. What type of information will be transferred to or from the tag and how much of the 
information should be stored in the tag? 

2. In what environment is the work done and what can the tag and reader be objected to? 

3. On which objects will the tag be placed? 

4. From what range should the tag be read and how fast does the reading have to be? 

5. Can the reading be done automatically or is it necessary to perform the reading manually in 
a way that can lead to job-related injuries? 

6. How flexible does the tag have to be? 

7. What cost aspects exist? 

8. Is the physical flow a return or a one-time flow? 

9. What demands are there on system security? 

10. Is there a need for system compatibility? 

3.13 AIDC CASE STUDIES 

In this section one barcode case study and three RFID case studies are 
presented to give insight about experienced practical issues and live 
performance results that can be achieved using different AIDC 
technologies. 

3.13.1 Barcode case study 

The barcode case study is Göteborg-Landvetter Airport (GOT), which have a fully automatic 
baggage screening and sorting process. Their departing baggage volume is 1.4 million annually 
and approximately 80 percent of the PAX check-in baggage. According to their Process 
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Manager Passenger & Baggage, Mr Tomas Eriksen they experience a read rate of about 
95 percent with their 360 degrees barcode readers. The remaining 5 percent have to be 
manually inspected. This is called the no-reading rate. The most common causes for not being 
able to read a barcode is that the baggage tag somehow has become worn out (especially 
transfer baggage) or just simply folded in an unfortunate way. The tag is either correctly placed 
or replaced and then the baggage is sent to the sorting facility once again. We do not have any 
numbers of the amount of mishandled baggage at GOT, since the three baggage handling 
agents that are responsible for the loading of the aircrafts would not give us this proprietary 
information, but the automatic sorting system has as stated above a read rate of 95 percent. 
The mishandling rate of the automatic baggage sorting system i.e. the number of times a 
baggage tag is read but directed to the wrong sorting chute is estimated to be approximately 1 
per thousand, which equals to about 1 400 baggage per year and about 25 per week. Special 
baggage is handled in two separate check-in desks.129 

3.13.2 RFID case studies 

The three case studies of RFID were presented on the IATA conference “Simplifying the 
business” that addressed e-ticketing, barcodes on boarding cards, common use self-service 
(CUSS), and last but not least RFID technology in baggage handling.130 

It is two airlines and one airport that have piloted RFID; British Airways, Japan Airlines at 
Tokyo Narita Airport, and Amsterdam Schiphol Airport. Their pilot performance data is 
summarized in Table 3-3 below.131 
Table 3-3 RFID Pilot performance data. Source:  IATA (2004b) 

Their more qualitative conclusions are summarized below:132 

All came to the conclusion that RFID technology works in baggage handling and that cost is 
the issue, and the baggage tag cost is the main cost driver. Also the required infrastructure 
investments are regarded as an issue.  

                                              
129 Eriksen, T. (2005) 
130 IATA (2004b) 
131 ibid. 
132 ibid. 

Design Dimension British Airways Amsterdam 
Schiphol Airport Japan Airlines 

No of tags N/A 30 000 (Philips) 200 000 + 

Read/write Read and write Read and write Read and write 

Passive/Active Passive Passive Passive 

Read rate (%) 100 99.7 (belt adjusted) 
94.1 (belt partly adjusted) > 99.99 
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British Airways concluded that it is hard to find a viable business case for RFID because of 
the fact that many baggage handling issues can be solved without RFID and that the savings 
are across many areas and thus hard to quantify. 

Japan Airlines concluded that the possible revenues to gain from RFID are two-fold. Firstly 
the reduction of lost baggage cost and secondly the reduction or elimination of no-read 
baggage handling cost. 

Amsterdam Schiphol Airport concluded that RFID provided easy baggage tracking and the 
ability to measure throughput times and that having the sorting information stored in the 
RFID tag meant less dependence of baggage database availability. 



 

  

 

4 SPECIFYING THE TASK  
In the specification of the task the theoretical framework is 
delimited and then NYO is placed in the context of 
Churchman’s system perspective theory. We thereafter 
present a study model for development of baggage handling 
processes at a low-cost airport. Finally the theoretical 
framework together with the purpose distils to a number of 
task specific questions that will have to be answered in order 
to fulfil the purpose of the thesis. 
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4.1 CHOSEN PROCESS CHANGE THEORY 

FA-SIM and BPR process change theories have some similarities and differences. One 
similarity is that both focus on process improvement, however in different contexts. When it 
comes to our study at NYO we feel that BPR’s prerequisite of total freedom in the process 
design is not fulfilled due to the directives and the highly regulated airline and airport industry. 
FA-SIM on the other hand starts with the existing process and tries to improve it in rather 
small steps. The directive to investigate the use of RFID however implies a rather big change 
in the process technology, but not in its design as a whole. Hence we have chosen a model 
that is positioned in between the two, namely the Steneskog model, as our general framework, 
although we have selected several tools to use in each of its phases, primarily from the FA-
SIM methodology. 

4.2 DELIMITATION OF AIRPORT SYSTEM 

The general airport model described in section 3.10 is based on the traditional American 
airport management, where the airlines are responsible for a relatively large part of the airport 
operations. For example the airline personnel perform the check-in function and even some of 
the baggage handling activity. The Swedish low-cost airport management reality at NYO is 
however a different one. At NYO, it is more of a 3PL situation, where the airlines only 
provide aircraft crews and NYO performs all other required services. This implies that NYO 
is an airport dominant terminal as described in section 3.10. 

This means that we have chosen to limit our study to relevant parts of the general airport 
system, described in Figure 4-1 below, where it is marked with a darker half circle that 
encloses the relevant parts.  

Our delimitation implies for example that we are not going to look at the “Scheduling and 
pricing” activity at the airline in relation to our purpose. We are not going to study the 
“Aircraft mix” or any of the “In-flight characteristics” that in the model is named “Matching 
aircraft and user”. Principally, the delimitation means that we are going to look as little as 
possible from the airline perspective and as much as possible from the airport perspective, in 
order to make the study more applicable in the business environment at NYO. 
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Figure 4-1 Delimited airport system. Source: Ashford, N. and Boothby, J. (1979), modified 

4.3 DELIMITATION OF INFORMATION SYSTEM 

In our study we will be forced to look at some aspects of the information system since it is a 
directive to examine RFID technology, which is closely coupled with the information system. 
RFID primarily collects data and the information system transforms it into information that is 
presented to the end users. This is the reason behind our chosen delimitation of the studied 
parts of the information system. Since this thesis has focus on logistics, we are not going to 
look at “IT-specialists”, “Media hardware”, “Data models” and “Knowledge bases”, or 
“Software Procedures” in detail for obvious reasons. We find it unnecessary to look at for 
example the design of “Media hardware”, but necessary to look at the type of “Data” stored 
on it. 

Nevertheless the new process will require some new hardware and software, which are more 
related to RFID than to the general information system. Another important aspect is IT-
security which we will regard as part of the environment and is thus not studied in this thesis. 
The actual storage of data and control of information system performance is of course 
important activities to provide a high availability of the underlying information system that is 
required for the RFID system to work properly. We will however also regard this aspect of an 
information system as fixed and part of the system environment. 
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In summary, regarding the information system we will look at what data is required, the input, 
processing and output activities together with some RFID hardware and software and finally 
the end-users interaction with the system. For a graphical representation of this delimitation 
that is quite dispersed, see the darker fields in Figure 4-2 below. 

 
Figure 4-2 Delimited information system. Source: O’Brien, J. (1993), modified 

4.4 SYSTEM PERSPECTIVE 

Using a system perspective means that the reality is described as a system. According to 
Churchman, a system is defined as various parts, which have been coordinated to achieve a 
certain set of goals. The purpose of system analysis is to be able to describe the entire system 
and simultaneously have an understanding of how the different parts influence each other and 
the whole. It is also important to describe in which environment the system operates and to 
identify the overall system goals. The activities of the different system parts are to be 
synchronized in the direction of fulfilling the system goals. To be able to describe and analyse 
the whole system, its parts and environment, the following issues need to be considered:133 

• System goals and its key performance indicators 

• System environment; the fixed limitations 

• System resources 

• System components, their activities, and goals 
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• System management 

4.4.1 System goals and its key performance indicators 

It is important that the system goals are clarified early in the process to avoid 
misunderstandings in the future. According to the system perspective, it should be clear if the 
system sacrifices other minor goals to achieve its main goals and one should also consider the 
important difference between the stated and the real system goals. To measure how well the 
system goals are fulfilled, several key performance indicators need to be developed. It is 
important to clarify what the system really does and not what it is supposed to do or says it 
does.134 

4.4.2 System environment; the fixed limitations 

The system environment is everything outside of the system, i.e. the system cannot affect its 
properties or its behaviour. In spite of the system’s inability to affect the environment, the 
environment affects how the system operates. There are two useful questions that can be used 
to determine if an activity belongs to the system environment: “Can I do anything about it?” 
and “Is it important in relation to my goals?” If the answer is no to the first question and yes 
to the second, it belongs to the system environment.135 

4.4.3 System resources 

The system resources exist within the system and are used by it to fulfil its tasks and goals. The 
system can affect the resources by changing them or use them to its advantage. It can be 
difficult to determine what the real system resources are.136 

4.4.4 System components, their activities, and goals 

The system resources enable the system to perform certain activities, but it is the different 
system parts that actually perform the activities. In system analysis the traditional company 
organisation in departments is disregarded and instead the organisation of the company’s 
activity is considered. The reason for this is that it is easier to find out the value of an activity 
rather than the value of a department’s performance. The purpose with the division of the 
system in parts is to find activities, which performance can be measured with performance 
indicators that later can be related to the overall system performance indicators.137 

4.4.5 System management 

The system management sets the goals for the different system parts, divides the system 
resources, and controls the system performance.138 
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4.5 THE STUDIED SYSTEM 

NYO can be divided into several different parts regarding passenger and baggage flow, see 
Figure 4-3. When a passenger and her/his baggage come to NYO, i.e. system input, he/she 
goes to the check-in counter where the checked-in baggage and passenger are physically 
separated. They are then run through different security systems after which they are both 
loaded and embarked onto the aircraft respectively and made ready for aircraft taxi and take-
off, i.e. system output, through the reconciliation process. This process is different case-by-
case meaning that there might be different issues at different flights. The so-called “No-show” 
occurrence is when a passenger does not show up at boarding, the reason being fear of flying 
or too drunk for example. “Baggage check” happens when the number of bags and passengers 
do not match and the pilot decides that everybody should point out their bag out on the 
apron. “PPBM” is when everything goes according to plan; bags and PAX numbers match, 
everyone boards the flight correctly and no one of the passengers is too drunk to fly. 

The process is almost the opposite for arriving PAX and baggage. Arriving aircraft carries 
passengers and their baggage, i.e. system input, which are disembarked and off-loaded. The 
PAX and their baggage are sent to the arrival hall and baggage claim area, with a possible prior 
passport check for non-Schengen PAX. At this point the passengers and baggage are 
physically united to eventually leave the airport passing through customs, i.e. system output. 

The deplaning process is an extremely short and simple process that according to our 
supervisor currently works well and hence does not need any improvements. Thus we did not 
study the deplaning process and focused entirely on the enplaning process. 

 
Figure 4-3 Studied system. Source: Own (2005) 
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4.5.1 System goals and its key performance indicators 

To have passengers and baggage reconciled at a specified time in a secure manner is the goal 
of the enplaning process. This is a prerequisite for the aircraft to taxi and eventually take-off. 
100 percent accuracy in the reconciliation process and a high degree of on-time delivery is the 
way we measure the performance of the system. 

4.5.2 System environment; the fixed limitations 

In section 4.2 we delimited parts of the landside design, which primarily deals with the 
facilities for transports to and from the airport. These are things not interesting for our study 
since we cannot change them. Also the way passengers and baggage come to NYO can be 
referred to as a stochastic process in the system environment since the studied system itself 
cannot affect bus schedules, bookings etc. Baggage and passengers are physically separated at 
check-in and here we say that the passengers no longer belong to our studied system until they 
are reconciled with their baggage right before taxi. We say this although we know that the 
PAX affect the baggage flow to a high degree; a PAX might get stuck in the security-check 
and hence should her/his baggage not be loaded onto the aircraft. All these kinds of occasions 
are taken care of in the reconciliation activity by means of an information system. Due to the 
limitations in section 4.2, 4.3 and Figure 4-3 we will not be able to give the baggage process 
information about no-shows earlier than in the reconciliation. Figure 4-3 says that passengers 
are a part of the environment and hence cannot be affected; this is described in further detail 
in a block diagram in Appendix 2. For example, if the passengers were a part of our studied 
system it would have been possible to directly give information to the baggage handling 
process that a passenger had become a no-show in for example the security-check. This would 
give the possibility to sort out the bag associated with that very PAX immediately. 

Further downstream in the enplaning flow there is another environmental feature; aircraft taxi 
and take-off. The airlines, delimited in section 4.2, decide how many daily departures and 
arrivals they want to certain destinations. They are then appointed slots by Air Coordination 
Sweden139 and EUROCONTROL140 for take-off, meaning that our studied system is not 
influencing this part of the air transport logistic chain. In contrast, the number of departures 
and arrivals and their associated timeframes do however affect our system in a very high 
degree, since the airlines do not want flight delays (because of the associated waiting costs and 
bad reputation that are generated)141.  

4.5.3 System resources 

For the system to be able to fulfil its task it has a group of resources that mainly consists of 
personnel, equipment, and an information system. The equipment needed is for example 
baggage conveyors, x-ray machines, baggage wagons, and personnel employed by the system 
to handle baggage sorting and check-in. Regarding the treatment of information it should be 
noted that passenger and baggage reconciliation is done manually by comparing printed paper 

                                              
139 Luftfartsverket (2004) 
140 EUROCONTROL (2004) 
141 Wells, A. (2004) p. 219 and p. 240. 
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lists, although the airlines’ information systems hold information about who is booked on a 
particular flight. The parts we see in the information system as resources in our studied system 
are, as presented in section 4.3; hard- and software, end users (i.e. check-in personnel), and 
data. The input of data is done when a passenger checks-in and the output of the information 
system is used for reconciliation (which in its turn creates more input).  

4.5.4 System components, their activities, and goals 

The components and their activities of our studied system are in the enplaning process: 

• Check-in – The passenger provides a booking reference number and identification. The 
baggage gets a barcode tag and the passenger gets a boarding pass. Baggage and 
passenger thus become virtually connected within the information system. 

• Primary x-ray – Baggage is scanned for dangerous contents in order to obtain regulated 
security. If the baggage failed the primary scan it is sent to the secondary x-ray. 

• Secondary x-ray – Baggage that failed the primary scanning process is scanned again 
more thoroughly. If the baggage failed again there will be a manual security-check of 
the baggage. 

• Baggage sorting – The baggage is manually sorted to a baggage wagon designated to a 
specific flight number. 

• Baggage loading – The baggage is manually loaded onto the aircraft and the tags are 
manually checked. 

• Reconciliation – The list of the checked-in baggage and the list of the boarded 
passengers are compared in order to make sure that the baggage and passengers are on 
the correct aircraft. 

These parts of the system have different sub-goals that have to converge to the main goal of 
the system; to have passenger and baggage reconciled at a specified time in a secure manner. 
This means that check-in has to be done swiftly, but also thoroughly, to make sure that the 
right bag is virtually connected to the right PAX. This goes for all different parts of the 
system; they have to be done fast, in order for the reconciliation process to be done in time 
for taxi, and they have to be made with thoroughness in order to obtain a 100 percent 
accuracy in the reconciliation. 

Our performance indicators are: 

• Resources used – How many hours are used to obtain the goal of the system? Which 
personnel do we use and why? What equipment is needed? What materials of usage are 
directly connected to the fulfilment of the system’s goal? 

• Delivery accuracy – How many baggage are mishandled, i.e. either misses the correct 
flight or is sent to the wrong destination? How many flights are delayed because of 
time delays in the studied system? 
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Lost baggage is one of the key performance indicators of this system because this is a 
measurement easily measured and it has low rates of unrecorded cases, since checked-in 
baggage is always claimed at arrival.  

4.5.5 System management 

The system trigger, the booking made by a potential passenger, is in our system part of the 
system environment. The booking generates passengers with their associated baggage to the 
airport that has to be taken through the system by check-in and baggage loading personnel, all 
in time for aircraft taxi. The airport management controls the daily operations of the different 
parts in the studied system. All activities have a person that is responsible for its performance 
in the baggage flow. 

Churchman’s system theory is very general and each of the system components described 
above could be regarded as systems and consequently be broken down again. This process 
could theoretically go on for a very long time. However we have decided that the system 
description above is sufficient within the scope of this thesis and to fulfil our purpose. 

4.6 DELIMITATION OF TCM 

The TCM described in section 3.8 in the theoretical framework is targeting producing 
companies and not service companies like NYO. This means that some of the cost areas in 
Aronsson’s TCM are not applicable and thus not relevant to this study. For example the 
transportation costs for the baggage, i.e. the flight-related costs will not be considered. Only 
internal transportation of baggage, i.e. from baggage handling to aircraft will be considered as 
transport albeit not a specific transportation cost but more of a handling cost. NYO does not 
provide storage of baggage in the meaning that it ties up capital and the risk for the baggage 
becoming obsolete is null. The only things that in a sense are stored associated to the baggage 
handling processes is material being used in the process, i.e. tags and alike. When considering 
the administration cost there are of course costs associated with baggage handling although 
one cannot argue that there are costs associated with specific “orders” as for the producing 
company. The costs here would be more of a managerial character; payrolls and other 
overhead costs. 

The cost area “Other costs” will probably be significant since the information system and its 
hardware components, due to the possible introduction of RFID, probably will form a 
sufficiently large part to introduce information system as a main cost area in the TCM, 
together with “Other costs”.  

It is difficult to see all the RFID associated costs in the future; however, Engberg et al. gave us 
some ideas in their questionnaire for implementing RFID about what cost issues that has to be 
considered when implementing RFID. For a producing corporation it is interesting to see the 
identification price relation as described in section 3.11.1. But when reviewing the section 
regarding cost in the questionnaire we find that it is not interesting to establish how large the 
value of the tag is in proportion to the bag since we do not produce the bags ourselves and 
hence do not consider the tag as a part of a “product”. Some points that will become 
interesting is the possibility of using reusable tags as well as how many times a marking should 
be done in the system because that directly affects the cost for the tags, i.e. how many tags that 
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are needed per year. The gains or savings from better capacity and quality of the RFID system 
might be of interest in this study depending on what is the bottleneck in the baggage handling 
process. As argued above it will be of interest to see what and how large the costs for 
hardware investments would be. The alternative cost for manual registration is of course very 
interesting for us since registration is done manually today at Stockholm Skavsta Airport, 
hence we will consider this aspect too. To summarize the interesting questions from Engberg’s 
questionnaire regarding costs we will so far keep most of the questions under main question 7: 

• Is it possible to reuse the tag or does it has to be disposable? 

• How many times should a marking be done within the system? That is, is it a need for 
tagging each and every product or only load carriers containing more than one 
product? 

• What gains and/or savings can be accomplished by different capacities and qualities 
within the system? 

• What hardware investments need to be done? 

• Does the present information system need a lot of manpower and what are the 
alternative costs for manual registration and measures taken for taking care of faults? 

Due to lack of theoretical support for a total cost model customized for the airport 
management industry and especially for low-cost profile airports, this problem is discussed in 
section 4.7, Developing a TCM, and hence we keep all but one part of Aronsson et al.’s total 
cost model, the transportation cost. 

The delivery reliability and delivery speed are two important aspects of a baggage handling 
process as mentioned in the activities at Stockholm Skavsta Airport in section 2.3 and the 
airport logistics theory in section 3.10. It is important to deliver the baggage on the agreed 
time for the aircraft to be able to take-off on its assigned slot. It is also important to have a 
good performance in delivery reliability to fulfil the demands of the reconciliation process. 
Because of this it will be important to identify how the delivery reliability and delivery speed 
performance affect the baggage handling total cost. 

• How much baggage is mishandled i.e. either misses the correct flight or is sent to the 
wrong destination?  

• How many flights are delayed because of time delays in the studied system? 

4.7 DEVELOPING A TCM 

Since we already in the purpose state that the new processes has to be cost-efficient and our 
supervisor at NYO has given the directive for costs to be covered within approximately two 
years it seems natural that one important aspect of this thesis is to see what costs that are 
interesting, how they change with an expansion, and how big they are at an airport. Hence we 
need a total cost model that gives us transparency to these costs. However it seems very 
difficult to find a model good enough to describe the situation at an airport with a low-cost 
profile (which also serves as a 3PL provider that uses RFID) such as NYO and therefore we 
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use the TCM developed by Aronsson et al. as our base although we have modified it to fit our 
purpose. We present our first draft of the model here in order to give a general idea of what it 
contains. This draft has been examined empirically at NYO and HHN in order to make sure 
that all cost aspects of the baggage handling process at a low-cost airport are covered and then 
changed over time; the final model is presented and discussed further in chapter 6, Empirical 
study. 

When modifying the Aronsson et al.’s TCM we use the suggested four-step action-list to make 
a good evaluation of the situation. The first thing in this action-list is to establish what will 
happen to our studied system in the future due to different decision alternatives. We can see a 
few decision alternatives for the situation at NYO.  

Firstly, it is possible to regard the process of today as a good enough process to cope with 
expansion and thus will a decision be to not change it. The effect of this might be that most 
costs will be kept stable in relation to baggage volumes, i.e. a linear change of costs. 

Second, one can make a decision towards a more automated system using barcodes making 
costs for information system rise, since hardware, software, and support will be needed. Other 
effects could be; fewer personnel in relation to baggage volume used for sorting baggage and 
less mishandled baggage, although there will still be tags not being read resulting in cost for 
manual handling. Automation can also have a positive effect on the number of delayed flights 
and hence lower the cost for delayed flights.  

Third, a decision to use RFID, in accordance with given directives, is a step toward an even 
more technological solution of sorting and tracking baggage. This implies a rise in cost for 
information systems as for a barcode suggestion. The main functional difference is the read 
rate, meaning that there will be very few tags not being read or read wrong in a RFID system. 
As Engberg et al. discuss there are of course possibilities for different ways to use a RFID-
system, for example using re-usable tags to keep cost down. 

As we have presented in the section above there are some interesting costs that need to be 
understood at a low-cost airport. We have found a number of different areas in which we have 
grouped the costs, namely; holding costs, handling costs, administration, information systems 
and other costs. They are presented below more exhaustively. 
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Holding costs 
1. Cost of capital tie-up 

a. Material of usage 
2. Risk costs 

a. Waste 
b. Obsolete material of usage 

Handling costs 
1. Buildings 
2. Personnel 

a. Check-in  
b. Apron 

3. Handling equipment 
a. Baggage wagons 
b. Conveyor belts 
c. Apron loading equipment 
d. Other 

4. Internal transports 
Administration costs 

1. Pay roll administration 
2. Other overhead costs 

Information systems costs 
1. Hardware 
2. Software 
3. Support 

Other costs 
1. Delay penalty costs 
2. Cost for mishandled baggage 
3. Material of usage 

Figure 4-4 Modified TCM. Source: Own (2005)

4.8 PROBLEM DISCUSSION 

It has been essential to develop a study model for us to follow in order to compile and analyse 
the data in a structured manner and eventually fulfil our purpose. This model is created in this 
section and it will be kept as a general model for solving a problem situation as the one we are 
facing. This section deals with what data is needed, but the way it is going to be gathered, 
compiled, and analysed is more thoroughly discussed in chapter 5, Methodology. We find it 
necessary to once again state our purpose to have as a foundation for the discussion of the 
problem: 

“The purpose of this master thesis is to develop a baggage handling 
process at Stockholm Skavsta Airport that is cost-efficient, in order to 
prepare for the expected expansion of the airport.” 
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4.8.1 Model for empirical data gathering 

The substance of this is that we primarily should develop a new baggage handling process for 
a small airport. It is of interest, in order to make a good new process designed for expansion, 
to know more about the future situation and therefore a comparison will be made with one or 
more airports of relevant size, i.e. with passenger numbers comparable to the situation after 
the expansion. This was also given as a directive from our studied airport. Since the new 
process should be designed for the future it is natural to look at technologies that are coming, 
hence RFID technology should be considered. RFID is part of a group of technologies, 
together with barcodes among others, called Automated Identification and Data Collection 
technologies, AIDC, briefly described in section 3.11.1. The comparison and AIDC 
technologies are part of the input for the initial process that we develop, see Figure 4-5. A 
common way of comparing similar processes is benchmarking, which is described in section 
3.6.3. This methodology however requires that the reference object is industry best practice 
and this has not been established. The approach is thus not to do a comparison and then 
implement best practice from the reference airport’s operations at the studied airport, in our 
case NYO. Instead we want to examine the reference airport as an example of what the 
situation could be like at the studied airport if no investments in baggage handling processes 
are done during the expected expansion. This way it becomes possible to put a price on the 
alternative of no investment at all and also compare the experienced problem types at both 
airports.  

 
Figure 4-5 Part of the model for empirical data gathering. Source: Own (2005) 

When comparing the airports there is a need for information input and when developing a 
new process in the analysis described later, one has to know how the existing one is run, using 
Steneskog’s term; to identify the process. 

Another part of the thesis’ purpose is the word “cost-efficient”, which means that we have a 
cost focus by the means of that the new process should not cost indefensibly much. This goes 
hand in hand with the given directive for our study. To make sure that the eventual process do 
not cost too much one has to identify if there are other drivers for costs at the higher 
throughput level at the reference airport compared to the studied object. In order to find the 
drivers for costs at the airports it is needed to go through the “Identification” and 



  
 

PLAYING TAG  
 

 - 58 -

“Establishment” phases in Steneskog’s model for process change. By doing that we find 
problem areas and better understand the process. This helps when trying to find how big the 
costs are. Input to our comparison and the initial process is shown in Figure 4-6 as sharp 
edged rectangles, the studied system is in our case the baggage handling process at 
Stockholm Skavsta Airport. 

 
Figure 4-6 Model for empirical data gathering. Source: Own (2005) 

4.8.2 Analysis model – process design 

The data is gathered and an initial baggage handling process should be developed, see Figure 
4-7. In this phase we are going to use several of the process development principles described 
in section 3.6.3 “Development”. The initial process, and the possible subsequent others, need 
to fulfil certain limits and regulations in order to be sufficient to go through the next step, 
evaluation of baggage handling process in modified TCM, described later. These limits are: 

• The studied system – here; baggage handling at NYO 

• Physical borders – of our studied system 

• Laws and regulations – special for aviation industry 

• Costs – maintain balance between performance and cost 

First of all, naturally the process cannot explicitly deal with anything in the system 
environment but only the studied system described in section 4.5. That goes without saying 
since it is a prerequisite for the system environment that it affects the studied system but not 
vice versa. 



 
 
WITH BAGGAGE  SPECIFYING THE TASK 

- 59 - 

The physical border of our studied system is another limit to which the new process has to 
adapt to. However, the future situation with larger passenger numbers imply that changes in 
the physical border may occur, maybe even because of the suggested new baggage handling 
process, hence the physical border of today is not considered as being fixed although hard to 
change. 

When dealing with aviation industry there are certain laws and regulations that may have 
impact on a new baggage handling process, one cannot oversee things like x-raying of baggage. 
Although not a law, or even a regulation, there could be certain physical limits that are a result 
of laws about what to bring onto an aircraft. For example, if a bomb is found in the x-ray 
machine it has to be removed somehow, this is made using a bomb wagon. The bomb wagon 
is a quite big device and needs to get through to where the bomb is located.  

Cost is something not explicitly considered in this part of the analysis model, however it is 
important to keep some sort of balance between performance and cost. One can argue that a 
new process can be extremely good in performance but cost inexcusably much. This should 
not be the case because it is known already that the next step of the analysis model will not be 
fulfilled hence the cost aspect is kept in the back of the head when creating the new process. 

A process that is considered sufficient will be taken to the next step where it is evaluated more 
quantitative in our modified total cost model. Processes that are reckoned not good enough 
will go through an iteration of improvement as shown in Figure 4-7. The suggested process is 
not only a description of how things should be done but also a physical layout. The placing of 
readers, conveyors and other parts of interest is presented in a drawing of the physical layout. 

 
Figure 4-7 First part of our analysis model. Source: Own (2005) 
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4.8.3 Analysis model – total cost evaluation 

Aronsson et al. and Engberg et al. is the foundation for the modified total cost model 
presented in section 4.7. This model constitutes the base for evaluating the suggested baggage 
handling process. When using a total cost model it is possible to create goals that have the 
characteristic of being more of a “hard (quantitative) limit” for the process to achieve. This 
can be compared to the discussion above where the process has to pass a point of a qualitative 
sufficiency decision. A process that do not fulfil given cost directives will not pass and thus 
need to be improved, see Figure 4-8. If the process passes the limit/directive, it is a process 
that is both sufficient and cost-efficient, i.e. fulfils the purpose of the study. 

 
Figure 4-8 Analysis model. Source: Own (2005) 
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4.8.4 The complete study model 

The way all data is gathered, compiled and analysed is structured in a model as shown below 
in Figure 4-9. The sharp edged rectangles indicate input to the model, where the main input is 
the studied system. All underlying input will come from within the borders of the studied 
system. Rectangles with rounded corners are points of which the user of the model somehow 
process the data input, it could be either a direct comparison or a development of a new 
process. The model user has to make decisions if the process is sufficient and fulfils the 
demands in the cost aspect. These decisions are taken in the rhombuses of the model. 
Eventually a new process for baggage handling at a small low-cost airport is developed and the 
purpose of the study is fulfilled. The new process, as described earlier, consists of both a 
physical layout and a description of how the work should be done. The physical layout, 
presented in a drawing, shows where AIDC readers, conveyors and other interesting 
components are placed whereas the description contain information about what data the 
process should gather and how it should be processed to support the baggage handling 
process.  

The final study model on how to develop baggage handling processes at small low-cost 
airports is shown in Figure 4-9 below. It implies some sort of theoretical approach towards 
how the different parts of the study should be accomplished. Steneskog’s three phase model 
for process change serves as the foundation for the naming of the different parts of the model. 
The numbers that occur in the model are the order in which they occur in the model, because 
it is important to know about the studied airport before trying to understand a reference 
airport. When the studied airport is known, one has a better knowledge about what to expect 
to find in the reference airport. One also knows what has to be found at the reference airport 
in order to be able to make a comparison. It is not possible to compare data that are 
inconsistent. 

The first part, earlier referred to as the “model for empirical data gathering”, is here called 
“Identification and establishment”. This name is set to define what is really done here; the 
process is identified by finding the problem and its sub-problem areas. Moreover the problem 
relations are analysed together with doing a goal analysis to finally understand the process, 
meaning that data is mainly gathered in this part of the study model.  

The second part, “Development”, means that the new baggage handling process is developed 
with theoretical support from Aronsson et al.’s guidelines for improving logistic processes. It 
also means that the costs of the suggested process are evaluated using the modified TCM.  
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Figure 4-9 Study model. Source: Own (2005) 
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4.9 DEFINITION OF TASK SPECIFIC QUESTIONS 

From our empirical data gathering model above in the identification and establishment phase, 
several main questions have to be answered in order to be able to proceed with the analysis. 
These are directly associated with an activity in the study model and the numbering of the 
questions corresponds to the number of the activity in Figure 4-9. The main focus of all of the 
main questions is of course the baggage handling process in our studied system; hence this will 
not be explicitly stated.  

The main questions are: 

1. What does the current process look like and what problems exist at NYO? 

2. What drivers for costs exist at NYO? 

3. How big are the different cost items currently at NYO? 

4. What does the current process look like and what problems exist at HHN? 

5. How big are the different cost items currently at HHN? 

6. What differences exist in the cost and problem structure at HHN and NYO? 

7. What possibilities and issues exist regarding the implementation of AIDC? 

The main questions will now be examined one by one to identify several sub-questions that 
have to be answered to get the necessary data input. 

4.9.1 What does the current process look like and what problems exist at NYO? 

To decide what the current process look like we use the reasoning from section 3.6.2 in the 
theoretical framework, Establishment of the process. Important questions to ask are: 

• What activities exist in the system and how are they performed? 

• Who is responsible? 

• What resources are consumed to perform the activities? 

• What does the information flow in the system look like? 

• What are the system limits? 

From Goldkuhl and Röstlinger we got a lot of help for developing relevant questions to 
examine problem areas in baggage handling at NYO: 

• What are the most important problems? 

• What do the involved participants see as problems? 

• What are the reasons for the problems and what consequences do they have?  
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The goal analysis will give answers to the following question: 

• What goals exist, how are they related, and are they fulfilled? 

4.9.2 What drivers for costs exist at NYO? 

In defining the relevant costs in each cost area, we saw a wide scope of issues that have to be 
understood and addressed in order to make the suggested processes cost-efficient. Since the 
suggested version of the total cost model, described in 3.8, was developed primarily for 
producing companies, it needs to be validated against the service and 3PL reality at NYO. This 
led to an examination of the different cost areas in the modified TCM in section 4.7 and an 
examination of how relevant they are in this case study of NYO. This implies that we might 
have to alter the modified TCM to suit the NYO situation after this main question has been 
examined. In the search for cost drivers we also have to consider the fact that RFID 
technology possibly will be used and its impact on the information system and logistics flows. 
A reason for this is that the goal of AIDC and in our case RFID technology is to automate 
data gathering, registration, and processing of information. To be able to do that, there is a 
need for investing in RFID hardware, software, and maybe other RFID associated costs as we 
described in section 4.6. There might be a change in delivery reliability and speed that in the 
long run also might affect the costs. So, together with section 4.6 we see the following 
questions: 

• Does the modified TCM cover the cost items in the baggage handling process? 

• Are there any cost items that are missing in the modified TCM? 

• Does the present information system need a lot of manpower and what are the 
alternative costs for manual registration and measures taken for taking care of faults? 

• How many bags are mishandled i.e. either misses the correct flight or is sent to the 
wrong destination? 

• What cost items are important to consider when investing in RFID technology? 

There also exist some initial investment cost for possible equipment and associated software 
that need to be implemented into the existing baggage handling physical and information 
system. In section 4.3, Delimitation of information system, the relevant resources are pointed 
out and they include end users, hardware, software and data. A process change might result in 
an initial cost for NYO but the incentive for a more high-tech handling system is to make the 
flow more efficient and secure. In this context we argue that being efficient means fewer 
personnel involved in the reconciliation process and minimising and finding mishandled 
baggage. In that case the result will be less cost for personnel, however higher cost for 
equipment and materials of consumption can become a problem. One can also suspect that an 
expansion signifies that the number, although not necessary the percentage, of mishandled 
baggage might increase, resulting in higher cost for compensation and finding of misplaced 
baggage. This distils to the following questions: 

• What costs are associated with RFID and information system hardware? 
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• Which cost items will be affected by a new process alternative?  

Since the delivery accuracy is very important for the process we need to keep track of changes 
in accuracy, it cannot change to the worse! An effective information system might be one way 
to make the reconciliation process more accurate and faster. Today this part of the process is 
being done manually thus the cost for information might rise whilst the total cost for the 
system as a whole is lowered and accuracy maintained or, more desirably, improved. This 
implies that the following question has to be answered: 

• Will the demand for an accurate process mean that the cost for the information system 
will change? 

The system environment defines the time dimension of the logistics and information process. 
This means that there are penalties involved if NYO does not meet the agreed delivery time, 
i.e. does not provide a high customer service level towards the airlines. This means that time is 
a driver for costs at airports. An example of this is that NYO requires passengers to check-in 
their baggage at least 40 minutes before the flight is scheduled to take-off. Therefore the 
following question needs to be answered. 

• How are the total process cost items related to the time dimension of the process e.g. 
do flight delays incur costs? 

4.9.3 How big are the different cost items currently at NYO? 

The underlying questions for this main question are mainly defined by our modification of 
Aronsson’s total cost model. This main question means that the main question above should 
be quantified as far as possible. 

4.9.4 What does the current process look like and what problems exist at HHN? 

4.9.5 How big are the different cost items currently at HHN? 

In order to have as similar data as possible for the two airports we will need to have the same 
focus at HHN as we have at NYO. The underlying questions for these two main questions are 
hence the same as for the preceding main questions concerning NYO. 

4.9.6 What differences exist in the cost and problem structure at HHN and NYO? 

A comparison with HHN is asked for by NYO, the reason being that HHN has grown in the 
same way that NYO has and is about the size NYO will experience in a two to three year 
period. The situation at HHN today will be a measure for what NYO might look like in 
regards to passenger numbers and more importantly baggage handling process if no changes 
are done. Like stated earlier, HHN has expanded its operations while keeping a low-cost 
profile in a similar way that the expansion of NYO is expected to occur. HHN largest 
customer is Ryanair and they have basically the same routines for handling check-in 
everywhere so HHN has only higher PAX and baggage volumes than NYO. 

From our expected expansion perspective it is extremely valuable to identify main problem 
areas that are related to growth. This leads to the following sub questions: 



  
 

PLAYING TAG  
 

 - 66 -

• Are there any clear breakpoints in certain experienced problem areas and can they be 
related to the growth in PAX and baggage volumes? 

• Is the baggage-per-PAX relation similar at NYO and HHN and if not what are the 
reasons? 

• What differences exist in the absolute and relative amount of mishandled baggage at 
HHN and NYO? 

It will also be valuable to identify differences in the cost structure at HHN and NYO to be 
able to predict the future NYO situation if no investments are done. 

• Are there any significant differences in the cost structure at HHN and NYO? 

4.9.7 What possibilities and issues exist regarding the implementation of AIDC? 

To answer this question we used the RFID sections from the theoretical framework and 
especially the questionnaire regarding general implementation of RFID. This led to several 
sub-questions. 

• What type of information will be transferred to or from the tag and how much of the 
information should be stored in the tag? 

• In what environment is the work done and what can the tag and reader be objected to? 

• On which objects will the tag be placed? 

• From what range should the tag be read and how fast does the reading have to be? 

• Can the reading be done automatically or is it necessary to perform the reading 
manually in a way that can lead to work-related injuries? 

• How flexible does the tag have to be? 

• What cost aspects exist? 

• Is the physical flow a return or a one-time flow i.e. is it possible to reuse the tag or does 
it has to be disposable? 

• What demands are there on system security? 

• Is there a need for system compatibility? 

Then we have to examine if RFID can accelerate the process throughput volume of the 
baggage handling process. 

• Can RFID accelerate the process to increase the throughput volume? 



 

  

5 METHODOLOGY 
This chapter describes the authors’ scientific philosophy and 
chosen study direction. This is followed by a more general 
design for the data gathering methodology. The 
methodology is then broken down to a number of specific 
data gathering methods together with a description of the 
practical procedure in order to answer the task specific 
questions from chapter 4, Specifying the task. 
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5.1 SCIENTIFIC PHILOSOPHY AND STUDY DIRECTIONS 

According to Björklund and Paulsson, scientific philosophy mainly depends on existing 
knowledge in the studied area and the view on knowledge of the persons that conduct the 
study.142 

To describe how the existing set of knowledge affects what type of study that will be 
conducted, five main study types and directions are used.143 

• Explorative studies are used when there is little knowledge in the area and when the 
study shall create fundamental understanding. Hence these studies are often used as a 
foundation in later studies. 

• Descriptive studies are used when there is fundamental knowledge and understanding 
and when the study has a descriptive characteristic. The study’s purpose is thus to map 
the facts and their relationships within for example a system. 

• Explanatory studies are used when a description and explanation of deeper 
understandings is the objective.  

• Normative studies are used when there is some knowledge and understanding in the 
area and when the goal is to provide guidance and propose measures. 

• Predictive studies strive to predict the future development of some studied object.  

It is relatively common that several study types are used at the same time within the context of 
a study. 

Regarding the authors’ scientific philosophy Björklund and Paulsson presents three different 
philosophies144. The analytical philosophy’s objective is to explain the truth in an objective and 
complete way, primarily through cause-effect relations. The reality is seen as a whole that can 
be broken down in parts where the sum of the parts equals the whole. The system philosophy 
is also objective but claims of synergy effects exist i.e. the sum of the parts can be more than 
the whole. The social philosophy puts focus on the description of actors within their social 
environment that affects the human. The reality description is thus depending of the actors’ 
experiences. 

5.1.1 Chosen scientific philosophy and thesis direction 

The knowledge in the area of logistics that is taught at Linköping University has put its stamp 
on the authors, which made the system philosophy the most natural to use in the study. Early 
in the education the point is made that the relations between the system parts is as important 
as the parts themselves. In the classes, the logistics total cost model has often been in focus, a 
model that in the highest degree describes how different parts have an effect on each other. 

                                              
142 Björklund, M.. & Paulsson, U. (2003) p. 64 
143 Björklund, M.. & Paulsson, U. (2003) pp. 58-59 and Lekvall, P. & Wahlbin C. (2001) pp. 193-215  
144 Björklund, M.. & Paulsson, U. (2003) pp. 58-59 
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Against this background, the system philosophy seems very appropriate, since ultimately it is 
the impact on the total costs for the new baggage process that are most important to NYO, 
according to the given directives in section 1.3. 

This study have been conducted in a normative way, since the result is a suggested baggage 
handling process and it exists some published material, knowledge and understanding in the 
studied area. 

5.2 APPROACH 

There are a number of dimensions in a study like the one we have conducted. Firstly Lekvall 
and Wahlbin help us to define what kind of study this is, in terms of width and time. 
Thereafter they discuss what type of data that is gathered. This accounts for two different 
dimensions in the data gathering process. 

A number of different dimensions can be used to briefly outline a data gathering process. The 
first group of dimensions are width and depth. A wide data gathering process collects data 
about all objects that are affected by the system and is called a cross section analysis. If on the 
other hand, the number of studied objects is limited and a deeper analysis is made, it is called a 
case study analysis. A third dimension in this group is time. If a study is conducted over a 
certain time period, it is called a time series analysis.145 

Another group of dimensions consists of quantitative and qualitative data gathering processes. 
Depending on the possibility to convert the gathered data into relevant numbers; the data is 
classified as either quantitative or qualitative.146 

The third and last group consists of primary and secondary data respectively. Primary data is 
gathered through fieldwork, close to the event that generates the data. Secondary data consists 
of previously gathered data and is gathered through deskwork.147 

5.2.1 Chosen approach 

Considering the fact that there is not an overall description of the current baggage flow, we 
had to gather this information ourselves. Preferably as much primary data as possible has been 
collected but some secondary data gathering have also been done, due to the given time 
constraints of the thesis. To be able to build a structured system model we started with 
secondary, qualitative data to get a brief overall perspective. This was then complemented with 
primary quantitative data to identify drivers in the system processes. We consider our study to 
be a case study analysis, since we only do a deeper study of a part of the overall operations at 
NYO and only at one airport in the Swedish airport management industry. There is however 
one aspect of the study that differs from a true case study and that is the comparison with 
HHN, but we feel that the study basically is of the case study type in spite of this. 

                                              
145 Lekvall, P. & Wahlbin C. (2001) pp. 193-215 
146 ibid. 
147 ibid. 
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5.3 DATA GATHERING METHODS 

During our first visits at NYO we received a holistic view of the overall operations at the 
airport. This view together with our thesis purpose and theoretical framework meant that we 
were able to formulate some appropriate task specific questions in chapter 4. This task 
specification placed in the context of methodology and data gathering theory led to several 
chosen data gathering methods. 

5.3.1 Chosen data gathering methods 

The chosen data gathering methods are depending on the type of data that have been 
gathered. We identified several different types of data needed to fulfil the thesis purpose and 
the following information sources have been used: 

• Literature study 

• Unstructured and semi-structured interviews 

• Time series data 

• Own observations 

• Expert opinions 

Through a literature study we have obtained knowledge about general logistics, process 
change, and information system theory. We have also examined published material in the area 
of airport management and automatic data capture technology. The theoretical framework in 
chapter 3 is built upon this literature study. The literature study is classified as secondary, 
quantitative and qualitative data gathering. 

Several unstructured interviews has been made i.e. no specific form of questions was followed. 
We decided to use unstructured interviews initially because we were not familiar enough with 
the airport industry to be able to plan and write appropriate questions beforehand. Before the 
empirical study began we were however more informed, due to the literature study. Then we 
used semi-structured interviews to make sure we did not forget any questions and covered all 
relevant areas. To provide a system view as full and true as possible, several people was asked 
the same questions and even small variations of the same question to observe any 
discrepancies in the answers. The registration of the answers was either recorded on tape or 
made in writing, either by the interviewer himself or an observer, at the time of the interview. 
The interviews have in some cases been followed up by emails either to clarify an answer or to 
provide more details. 

The primary data concerning the baggage and passenger process have been gathered by means 
of a spreadsheet provided by us, which the NYO personnel have completed simultaneously as 
they have recorded the data in the information system at NYO. We chose this solution in 
consultation with our supervisor at NYO, due to the complexity of the information system at 
NYO and the large amount of industry abbreviations used therein. This data gathering 
extended to a time period of 15 weeks, between week 41 2004 and week 02 2005.  
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The types of data (both departing and arriving) we asked for was: 

• Number of flights 

• Number of PAX 

• Number of normal baggage and mishandled baggage 

• The size of the cost items in the baggage handling process 

We also requested similar data before our visit to Hahn, HHN, to be able to do a comparison 
that is as true and fair as possible. 

To minimise the source of error in terms of our own interpretation and understanding of the 
studied system, we have made own observations in different parts of the system along with the 
regular NYO personnel. This is also important to be able to critically review the interview 
answers given by NYO personnel about how the current process works. It is important to 
observe the studied processes during full work and not only walking around when there is little 
work done. Because of this we have spent one day working in the enplaning process in every 
process activity to get a good holistic view of the relations between the process steps and to 
get a feel for current problems and bottlenecks. 

Due to our previous inexperience of the airport industry we have used expert opinions to 
validate the more technical aspects of airport operations and RFID technology. We have met 
with technical consultants Mr Jonas Hjort and Mr Robert Hansson several times at various 
stages of the writing process to get valuable feedback and to increase the validity, primarily in 
the analysis and conclusion chapters. 

5.4 ORGANISATION OF THE WORK 

Figure 5-1 shows how we have organised our work. We started by finding the problem area in 
order to know what purpose that was accurate for the thesis. Put together with the initial 
examination of Stockholm Skavsta Airport we presented an introductory report after a couple 
of weeks. To proceed with the next part of the thesis we had to study literature about the 
thesis’ topic, the following report, the planning report, outlined the further work with data 
gathering and analysis. Our model for empirical data gathering and analysis presented in 
section 4.8 corresponds to a more detailed description of the whole empirical phase and the 
analytical phase up to the Conclusions step in Figure 5-1 below. During the empirical phase 
several visits to NYO was made and one visit to HHN to gather data by interviews and 
observations. HHN was chosen because it is of relevant size and has about the same 
customers as Stockholm Skavsta has today, i.e. low-fare airlines. We then analysed the data 
with the literature as our base of knowledge. Conclusions that converged with the purpose of 
the thesis were drawn from the analysis and after that we were able to give recommendations. 
Some areas have not been examined due to time and given directives and limitations in 
chapter 1, and therefore it has been interesting to give recommendations about further 
academic investigations. All this was put together in the final report, “Playing tag with 
baggage”.  



  
 

PLAYING TAG  
 

 - 72 -

 
Figure 5-1 Organisation of the work. Source: Own (2004) 

5.5 EXAMINATION OF THE TASK SPECIFIC QUESTIONS 

In section 4.9 the task specific main questions were introduced and some more general sub-
questions were stated. Below we are going to explain how these main and sub-questions are to 
be answered in a more detailed way with the support of our study approach and study model 
presented in section 4.8. In several questions data have been gathered through semi-structured 
interviews. The questionnaires can be found in Appendix 3, Interview questions. 

5.5.1 What does the current process look like and what problems exist at NYO? 

We use theory from section 3.6.1, Identification, and 3.6.2, Establishment, to examine what 
the process looks like and to find the different problem areas at NYO. The given theory say 
that the system participants has to give their view of what they see as problems and in order to 
see that we had to perform semi-structured interviews with responsible personnel at NYO, 
primarily the Operations Director, Mr Joakim Lindholm. We have also found problem areas 
by own observations while being at the airport. Some quantitative input about the current 



 
 
WITH BAGGAGE  METHODOLOGY 

- 73 - 

baggage handling process was given from the spreadsheet. All data showed both inbound and 
outbound statistics. The result from this examination was a summary of current problems in 
the baggage handling together with a more detailed view of the current process than the one 
given in chapter 2. 

5.5.2 What drivers for cost exist at NYO? 

To find out what drivers for cost that exist at NYO we have conducted semi-structured 
interviews with both NYO management and personnel. This gave us not only firsthand 
information about what cost drivers that exist today but also what cost areas that will be 
interesting in the future. When looking into how big the different cost items are, see next main 
question, we found one or more cost items that act as driver/-s for the total cost. We also had 
to find the drivers for the different cost items and in order to do that we had to develop our 
own modified total cost model, see section 4.7, for baggage handling at small low-cost 
airports. This model is based on theory presented in chapter 3 and has been revised after our 
interviews at NYO. 

5.5.3 How big are the different cost items currently at NYO? 

To answer this question we have studied the collected primary data in the spreadsheet and 
conducted semi-structured interviews. From the spreadsheet we could identify and quantify 
some of the different cost items in our modified TCM. This was then complemented with 
secondary data from the semi-structured interviews with responsible NYO personnel when 
quantified data were unavailable. The NYO personnel were also asked to comment the 
reasonableness of our findings in the primary data in the spreadsheet to find any significant 
interpretation faults on our behalf. The costs asked for in the spreadsheet are mishandled 
baggage, wages for personnel, and consumption material costs e.g. boarding cards and baggage 
tags. 

5.5.4 What does the current process look like and what problems exist at HHN? 

5.5.5 How big are the different cost items currently at HHN? 

The way we examined these questions is very similar to how we carried out the study of main 
questions 1 and 3, but here we had a more validated TCM for baggage handling at a low-cost 
airport as support. We made a visit to HHN, where we were able to find similar information 
as we did at NYO concerning process design and tried to find information about costs as well. 
The Operations Director at HHN, Mr Patrick Muller were interviewed and showed us around 
the airport. The most important data that we found was about the amount of mishandled 
baggage together with the baggage handling process performance in terms of turnaround 
times, amount of baggage sorting personnel etc. 

5.5.6 What differences exist in the cost and problem structure at HHN and NYO? 

The way of answering this question is sort of a pre-analysis step in our study model. The 
comparison was made with the gathered data from the preceding main questions to be able to 
draw important conclusions, which would be used when developing the initial baggage 
handling process in the analysis. An example was to judge the degree of similarity of the 
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experienced problems at the airports. Finally once again, responsible persons, in this case our 
supervisor at NYO and his counterpart at HHN, have been asked to comment our findings. 

5.5.7 What possibilities and issues exist regarding the implementation of AIDC? 

This information has been gathered from two different perspectives and compiled at the end. 
One perspective is the ideas at NYO, and their knowledge about RFID and the more 
qualitative possibilities it could bring into play at the airport. The other perspective was that of 
the technical consultants, who are much more able to put a quantitative view on RFID due to 
the experience in the area. These two perspectives brought together comprised a very good 
picture of RFID possibilities and issues. Operations Director, Mr Joakim Lindholm was 
interviewed at NYO and Mr Robert Hansson and Mr Jonas Hjort were interviewed in 
Norrköping. 

This completes the examination of the empirical phase and the pre-analysis comparison. Now 
we are going to describe how the analysis was conducted. 

5.6 EXAMINATION OF ANALYSIS 

Section 4.8 suggests a model for analysing the gathered data. The development phase of the 
model is divided into the activities numbered 8-10; these will be discussed in the subsequent 
sections. 

5.6.1 Development of initial baggage handling process 

When developing a new baggage handling process, we had to consider all the process input 
given, both quantitative and qualitative. Much of the data was of a qualitative nature meaning 
that there was usually no way for us to quantify process performance. The Harrington “error-
proofing” and the Aronsson et al. principles were used to develop a modified baggage 
handling process. Some of the principles overlap when applied, for example while Aronsson’s 
activity “elimination” targets non-value adding activities, Harrington’s “error-proofing” 
principle strives to eliminate mistakes from happening in the process. In the examination of 
the possible gains and savings by using RFID, the questionnaire developed by Engberg et al. 
in Appendix 1 was helpful. The impact of the two main goals of any AIDC technology, 
namely to eliminate errors associated with identification and/or data collection and to 
accelerate the process throughput volume also had to be addressed.  

The resulting process was described with routines for doing the job as well as with a drawing 
of the physical layout. How the job should be done includes descriptions how the physical 
handling of baggage should be carried out, why certain data should be collected, and how to 
process it in the information system. 

When deciding whether the proposed process is sufficient there was a need for expert 
opinions, here the technical consultants were helpful with their knowledge about RFID 
technology, its performance and complications. In order for us to know when a process is 
good enough to take to the next step there are no quantitative limits to reach more than 
estimates and knowledge about technology performance and hence we had no “firm limit” 
which the process had to pass. This is due to the nature of this thesis; we have not been able 
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to perform test runs or simulations to gather quantitative performance data. This implies that 
the process was evaluated qualitatively using common sense, “error-proofing” and Aronsson 
et al.’s principles as described earlier. 

5.6.2 Improvement of baggage handling process 

If a process was decided not to be sufficient for some reason it had to go through an 
improvement phase very much like the development phase above. The only thing differing 
from the development phase is that this time there was already a process to modify, rather 
than developing a new one. Still it had to pass through the decision of sufficiency and on to 
the financial evaluation. 

5.6.3 Evaluation in of baggage handling process in modified TCM 

In this analysis step we evaluated the cost aspect of the new baggage handling process, 
through assessment of the different cost items in our modified TCM that was presented in 
section 4.7 and possible even slightly more customized after examining specific task question 
number 2, What drivers for cost exist at NYO? This decision was more of a quantitative one 
and hence more objective than the decision about process performance described above in 
section 5.6.1. But of course we also validated our evaluation qualitatively both through NYO 
and the technical consultants. 

If the process was found to fulfil the cost directive that states that the required investment in 
the developed baggage handling process should be equivalent to the amount of savings 
generated by the improved process after approximately two years. If this was not fulfilled the 
process had to go through an improvement analysis described in section 5.6.2. 

To estimate the amount of savings a reference cost was first established, i.e. the current total 
process cost. The new process total cost or individual improvements were then compared with 
this reference to find the amount of savings derived. For example, to examine the cost impact 
of an AIDC sorting compared to a manual inspection, we first analysed which cost items in 
the TCM that are affected. One aspect is the difference in reading accuracy which was 
estimated by comparing traditional error rates of manual inspection with achieved reading 
accuracy of e.g. a RFID system. This difference in accuracy was then quantified using industry 
standard cost for mishandled baggage. Please note that this is only one aspect of the 
introduction of an AIDC system and many more were further examined in the analysis 
chapter. 

5.7 SOURCES OF ERROR 

The sources of errors in the report can be of various types and appear in different parts of the 
study. There are both sources of error that we can affect and those that we cannot affect. 
Below is a description of the identified sources of error in different parts of the study. 

5.7.1 Sources of error in the preparatory work 

Of course the possibility that we have missed relevant theory in the literature study exists, but 
we have minimised it by conducting a thorough research of published books, articles and 
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Internet. We have also updated it if we felt that more relevant information has been found 
during a later stage of the study. Due to the limited space in the theoretical framework chapter, 
we have been forced to prioritise among the references and we have included those that we 
feel contribute most to our study. 

5.7.2 Sources of error in the fieldwork 

The fieldwork was the potentially biggest source of errors. One source of error could have 
been resistance from NYO personnel to being interviewed. We tried to minimise this by 
explaining the purpose of the study to everybody involved and by being well prepared before 
interviews. Our experience has been that the personnel at NYO have met our expectations in 
the highest degree when it comes to openness and willingness to provide input to our study. 

Another source of error could have been that we have asked questions to a person without 
proper knowledge and in this way received a somewhat inaccurate answer. We have tried to 
minimise this factor by asking our supervisor at Stockholm Skavsta about whom to ask in a 
particular subject and by asking similar questions to several people to check consistency in the 
interview answers. 

The third source of error has been the field study at HHN. Two risks were that we were 
unable to get comparable statistics between performance indicators at NYO and HHN, and 
that we due to language difficulties have been given an inaccurate picture of HHN. The first 
risk was avoided by getting an understanding from HHN personnel about why our study was 
conducted and that they also would benefit from us getting an as true as possible view of 
HHN including their problems, which always exist to some extent in all organisations.  The 
existing relation between Mr Muller and Mr Lindholm facilitated this mutual trust. The focus 
was to get as much data as possible from HHN that was followed by getting complementing 
data from NYO if needed. The second risk cannot be completely disregarded since we do not 
know anything about the employees at HHN and their knowledge in English. However, as we 
expected, the personnel of an international airport of today are quite good in speaking English 
and communicating their current situation. However, from our point of view the language 
risks have been minimised due to our own experience of the English language when studying 
abroad, together with the writing process of this report. 

We have done many visits to NYO and during these we have made own observations. A risk 
is that we have made inaccurate observations. We have tried to minimise this by discussing the 
observations between ourselves, but also by asking a continuous stream of clarifying questions 
during the visits. This is extremely important since it is difficult for us to judge the reliability of 
an observation due to little previous experience in the aviation industry. 

5.7.3 Sources of error in the analysis 

Since Stockholm Skavsta Airport is in a period of massive expansion there have been 
problems with having up-to-date data about passenger numbers at the time for analysis. 
However, we have tried to overcome this problem by letting our data-gathering spreadsheet 
stay at NYO for as long time as possible, i.e. until January 16th 2005. Although we know that 
this data is not representative for the future situation, due to newly opened destinations from 
NYO (Ryanair opened three new destinations on February 21st 2005), at the time for 
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presenting this thesis, 18th of March 2005, we had to set a date for ending the data gathering in 
order to be able to make an analysis. The biggest risk for errors during the analysis was that 
we, the authors, have interpreted the given data in a wrong manner and that our analysis part 
of the study model is wrong. Due to the nature of this study, the study model and the 
developed baggage handling process were both validated at the same time and our thoughts 
about how the study model worked can be found in section 11.1. The unfortunate 
consequence of a misguiding analysis model would be that we made incorrect conclusions 
about the relations between different problems. These then give an incorrect background for 
the given recommendations. All this is due to the fact that we are not fully familiar with the 
system at NYO.  



 

  

 

 



 

  

6 EMPIRICAL STUDY 
Finally it has come to the execution of the empirical study. 
In this chapter we present what was found during the 
interviews with personnel at the airports and while 
researching different resources about RFID technology and 
airport management. Here we draw no conclusions; that is 
done in the following chapters, the analysis. 
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6.1 STUDY MODEL RATIONALE 

In section 4.8.4, we presented a study model that serves as a guide for us during the empirical 
data gathering and analysis. The complete study model can be seen in Figure 4-9. Hereafter 
miniature pictures of the study model appear when a new part of the model is entered. The 
part in question is marked in black. This means that by looking at these pictures, the reader 
can easily understand which part in the study model the current section belongs to. 

6.2 EVOLVING CONDITIONS 

During a study like this there are of course many things that change over time, especially in an 
environment as the low-cost aviation industry. This is a very dynamic industry and since we 
started our study in late October 2004 there has already been several announcements about 
new destinations to and from our study object Stockholm Skavsta Airport. However, this 
change was also a prerequisite for doing the study in the first place: to prepare the baggage 
handling process for the expansion of the airport. 

6.3 THE SYSTEM AND ITS PERFORMANCE 

The baggage handling at Stockholm Skavsta Airport is subject to a number of 
issues that interfere with its performance. We present them and other interesting 
findings in the subsequent sections. If nothing else is stated the information is 
given by interviews with Operational Director, Mr Lindholm. The framework for the job 
descriptions in the baggage handling process is distilled from IATA Recommended Practice 
(RP), airlines’ manuals, and best practice.  

6.3.1 The process 

The process is mainly run in the baggage sorting hall, which is 20 by 31 meters today. 
Management say that this is a too small hall for the future and will lengthen it about 50 percent 
up to approximately 20 by 47 meters. 

The current baggage flow introduced in chapter 2, “Current Situation”, can be seen below in 
Figure 6-1. First of all the bags are checked-in at the check-in desks, usually two desks per 
flight that are opened two hours prior to take-off. They are then conveyed to a primary x-ray 
machine (A) that automatically screens the baggage. If this machine judges a baggage to be 
examined further it is redirected to the secondary x-ray machine using the horizontal diversion 
conveyor (B) just after entering the main baggage sorting hall. If the manual secondary x-ray 
machine approves it, it rejoins the normal baggage flow (C). The non-suspicious baggage goes 
straight past the secondary x-ray machine up a slight ascent, through a couple of turns and 
then finally it reaches the baggage carousel, which dominates the baggage sorting hall (D). It is 
then manually sorted onto baggage wagons (BW) and driven out to the aircraft on the apron 
for loading, after which the PPBM is done. The current PPBM activity is a problem since it is 
only performed against checked-in baggage instead of the actual loaded baggage. 
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Figure 6-1 Current baggage handling equipment layout. Source: NYO (2004) 

6.3.2 Equipment 

There is a lot of different equipment used in the baggage handling process; conveyor belts, 
x-ray machines, baggage wagons, loading conveyors etc. NYO say that the existing conveyor 
belt equals to an investment of 7 MSEK and they expect to have invested another 3-4 MSEK 
in conveyor systems by the time the baggage sorting hall is extended. We have found that the 
conveyor belt runs at a speed of 0.5 meters per second and hence has a redundant capacity of 
1.5 meters per second of speed according to Moving AB148, the company that has constructed 
the conveyor system. The reason for not having the conveyor belt running faster is that the 
primary x-ray machine cannot handle more than 1 000 bags per hour, at least not in practice. It 
is possible to have a throughput of 1 400 bags per hour but that is only in theory according to 
the Operational Director; the primary x-ray machine is hence a bottleneck. This item is very 
expensive, but another one is purchased to meet capacity demand (delivered in mid-February 
2005). This will also create the great advantage of redundancy with two primary x-ray 

                                              
148 Moving AB (2005) 
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machines instead of one. If the primary x-ray machine fails today, all baggage would have to be 
screened in the manual secondary x-ray machine causing lengthy delays. Another issue with 
the x-ray machines is that bags do not stand properly when about to enter the machine, this 
makes the conveyor stop after a photocell has indicated that a bag is too high to get through 
the x-ray machine. The personnel also consider the total conveyor belt to be too short and 
hence incapable of “storing” baggage before it comes to the sorting carousel. 

According to the loading personnel it is also a problem that the carousel from which the bags 
are unloaded to baggage wagons is too wide making it hard to lift bags off the belt. They have 
however made a temporary solution to this problem with a sheet-metal bracket in order to 
reduce back strain. Management has decided to run a pilot test with hoisting machinery that 
use vacuum to help lift the baggage, in the baggage hall; the pilot will commence in March 
2005.  

When the baggage is taken out at the apron to the aircraft they are carried on baggage wagons 
made of steel with wooden floor. It seems as it makes a difference which kind of floor it is on 
these wagons, at least when asking the loading personnel. If the floor is made of board it has a 
rough surface that makes it hard to push and pull bags on and off the wagon. A backpack 
strap can get stuck, even break, in between the boards.  

Baggage is loaded onto the aircraft with the help of loading conveyors; NYO has four of 
those. According to the airside personnel there are only two of these that work properly, 
leaving the others too high, low, or slow. When un-/loading an aircraft three to four persons 
are needed to put bags on the conveyor, take the bags off the conveyor once in the 
baggage compartment and then stack them. The working environment for the airside 
personnel is also here an issue since they sit in the aircraft’s baggage compartment when 
stacking the bags; it is very little room making it a bad environment. An analysis made by 
management point out that an equipment called Rampsnake would give the possibility to use 
less people when un-/loading while doing it faster and making it more convenient for the 
personnel, (due delivery April 1st 2005). Rampsnake is a loading conveyor that can be extended 
into the baggage compartment; see Figure 6-2 and Figure 6-3. 

 
Figure 6-2 Rampsnake in use inside an aircraft. Source: Savannah Morning News (2003) 
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Figure 6-3 Rampsnake with extended conveyor. Source: DS-Bladet (2003) 

6.3.3 Information system 

The information gathered today in the baggage handling process is as yet only the information 
given in the check-in desk. This information is gathered manually as described earlier in 
section 2.3.2. Hence we cannot say that there is an “information system” as such (in the 
meaning; one made up of computers) used in baggage handling although information is 
gathered. There are plans to implement some sort of information system in the near future 
(spring or summer of 2005) that will have an interface towards airlines’ booking systems in 
order to connect information collected at the airport with information about the booking. 
What kind of system that will be installed is not yet decided. It is not necessarily a 
CUTE system that will be installed; there is also a discussion whether to install a so-called 
Common Use Self-Service (CUSS) system. Basically a CUSS system differs from a 
CUTE system in the way that the first is a desk at which the passenger check-in all by 
himself/herself while the latter is a system handled by an employed operator. A CUSS terminal 
can handle both carry-on baggage and checked-in baggage. Since NYO has total control over 
the check-in process in their 3PL role, they are said to have service flexibility, see section 3.9. 
This basically means that it is entirely up to them which technology to use in the check-in 
activity since they do not have a handling agent or customer doing this. 

6.3.4 Personnel 

In baggage handling there are two different groups of people involved; airside (i.e. sorting and 
loading personnel) and landside personnel (i.e. check-in and Service Centre personnel). Airside 
personnel are the people that do the most hands-on work with the baggage since they are the 
ones that sort and load baggage. The landside personnel also have lots of hands-on work when 
weighing and tagging the baggage at check-in. In the Service Centre they take care of 
mishandled baggage and the pre-printed baggage tags described in section 2.3.2. The fact that 
a mishandled baggage is taken care of by the Service Centre implies that there is a certain 
amount of time spent in this activity, further described in section 6.3.6.  

One team of airside personnel is made up of six persons plus one team leader, out of these six 
people one is designated for fuelling the aircrafts. There are four airside teams at NYO. 
During peak hours extra personnel can be called in, this usually occur between 1100 and 1800. 
The number of extra airside personnel needed is defined by how many PAX that are booked 
on the flights during the day. On a year’s basis there are different peaks in air travel demand, 
the main peak is during June-August with a smaller peak before Christmas. On average NYO 
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uses three personnel to sort four simultaneous flights, i.e. 0.75 personnel per simultaneous 
flight.149 

The airside personnel say that it is a heavy job to lift baggage for an entire day and they suggest 
a job rotation with the airport security personnel (also employed by NYO) in order to cope 
with work-related injuries in the future. They think that injuries will become a problem both as 
a cost and for recruiting new personnel. 

6.3.5 Capacity 

The whole system is made up of a number of different components each and every one having 
its own capacity limit. Also the system’s environment has certain limits that cannot be 
exceeded. This section tries to make all these capacities make sense and eventually state the 
highest possible output of the system. The output will be mentioned as number of 
simultaneous flights, defined in section 7.1. 

A normal day at NYO is represented by a Tuesday, during which it is a common amount of 
flights arriving and departing, see Figure 6-4 below. 

Departing flights on Tuesdays

0

1

2

3

4

5

06
:0

1 
- 0

6:
30

06
:3

1 
- 0

7:
00

07
:0

1 
- 0

7:
30

07
:3

1 
- 0

8:
00

08
:0

1 
- 0

8:
30

08
:3

1 
- 0

9:
00

09
:0

1 
- 0

9:
30

09
:3

1 
- 1

0:
00

10
:0

1 
- 1

0:
30

10
:3

1 
- 1

1:
00

11
:0

1 
- 1

1:
30

11
:3

1 
- 1

2:
00

12
:0

1 
- 1

2:
30

12
:3

1 
- 1

3:
00

13
:0

1 
- 1

3:
30

13
:3

1 
- 1

4:
00

14
:0

1 
- 1

4:
30

14
:3

1 
- 1

5:
00

15
:0

1 
- 1

5:
30

15
:3

1 
- 1

6:
00

16
:0

1 
- 1

6:
30

16
:3

1 
- 1

7:
00

17
:0

1 
- 1

7:
30

17
:3

1 
- 1

8:
00

18
:0

1 
- 1

8:
30

18
:3

1 
- 1

9:
00

19
:0

1 
- 1

9:
30

19
:3

1 
- 2

0:
00

20
:0

1 
- 2

0:
30

20
:3

1 
- 2

1:
00

21
:0

1 
- 2

1:
30

21
:3

1 
- 2

2:
00

Time Interval

Number of Flights NYO

 
Figure 6-4 Departing flights. Source: Stockholm Skavsta (2004a) 

There are two peaks that stand out. One occurs in the morning and one during the late 
afternoon. During the afternoon peak there are currently four simultaneous flights. 

Ryanair is the largest airline at Stockholm Skavsta Airport accounting for about 95 percent of 
all movements. An aircraft that is boarded with the maximum number of passengers leaves 
with 189 PAX; this usually means 150 bags that are checked-in according to the Operational 
Director since about 80 percent of the passengers have bags to check in. As described earlier 
we know that the x-ray machine has a theoretical upper limit of 1 400 bags per hour; this adds 
up to nine simultaneous flights, in theory.150 
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NYO has sixteen check-in counters and use two for each flight making it possible to have 
eight simultaneous flights.151 

The runway capacity is part of the environment but has of course effect on the baggage 
handling process. One flight requires three to five minutes for take-off, more than 30 minutes 
of waiting for one flight is not acceptable hence giving the capacity limit of the runway; six 
flights with the same time for take-off.152 

There is room around the sorting carousel for sorting baggage to six simultaneous flights, at 
the most, but then it will not be made efficient and one will need a lot of extra personnel. The 
airside personnel confirm this although they see difficulties in handling the baggage wagons, 
where to put them when full, how to change to empty ones and simply running out of them. 
One baggage wagon carries about 30 bags and today there are 18 baggage wagons within the 
system.153 

All this adds up to the system capacity of totally six simultaneous flights, although 
Mr Lindholm regard the best performance would be given when using the system to about 
80 percent of its capacity. This is because a high workload needs to be controlled in every little 
detail in order to work well. Mr Lindholm also argues that the future demand for the airport 
will be six simultaneous flights.154 

Special baggage is something that is considered a bit of a problem for NYO. It needs a special 
check-in desk and is run through the secondary x-ray machine. Since this machine is 
completely manual it is time consuming to have the baggage run through it. Another problem 
is the short queue in front of the secondary x-ray machine that has room for a maximum of 
three baggage, assuming that no special baggage currently is screened or is in the queue. When 
the queue is full and one more baggage require secondary screening the whole baggage flow is 
stopped backwards all the way to check-in, which of course not is desirable. Both management 
and airside personnel claim that special baggage should preferably be handled in a separate 
process and management say it will be within two years time.155 

A blackout is handled by the airport’s electricity backup system.156 

6.3.6 Performance and goals 

The collected data show the performance in numbers of baggage, PAX and mishandled 
baggage. In Figure 6-5 we see data about the departing baggage; the grey line representing total 
number of departing baggage while the black line represent number of mishandled baggage, all 
on a weekly basis. Observe the different value axes. NYO say that most mishandlings occur 
during peak hours. The average departing baggage volume per week during our study was 
10 756, 112.6 per flight. The average number of mishandled baggage per week was 4.9. Two 

                                              
151 Lindholm, J. (2005) 
152 ibid. 
153 ibid. 
154 ibid. 
155 ibid. 
156 ibid. 
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other interesting performance indicators are the number of baggage per PAX and the load 
factor. These numbers were 80 percent and 74 percent respectively. 157 

Departing baggage
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Figure 6-5 Departing baggage data from NYO. Source: Lindholm, J. (2005) 

The faults committed in the system are almost solely human according to the Operational 
Director:  

“Eliminate human errors and you will eliminate 99.9% of the faults 
committed.” 

He claims that even though it might look as a fault by the equipment it is usually a human 
error. It could for example be if a bag is improperly placed on the conveyor belt and the belt 
then stops because of that. Airside personnel claim that this can happen up to 20 times per 
check-in and that it causes a re-start of the conveyor belt, i.e. the x-ray machine, which takes 
up to ten minutes.158 

A bag sent from check-in to sorting and from sorting to loading is “under transport” as the 
Operational Director puts it. He thinks that these internal transports are a risk for mishandling 
baggage, bags can get stuck on the conveyor or even fall off the conveyor or baggage wagon. 
However, mishandled baggage is often due to the personnel not reading the tag properly or 
not making sure that all bags are on the aircraft. The airside personnel suggested using tags in 
different colours but that did not seem to make the number of mishandled baggage decrease 
when NYO tested this approach159. NYO also experienced that the receiving airports’ had 
difficulties reading the barcodes when there is a different colour than white on the 
background. It was also costly due to smaller purchase volumes.160 
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Another reason for mishandling baggage can be that a manual security-check has been 
conducted after which the bag is not put back into the system.161 

All departing baggage that is mishandled has to be treated in a special manner by the Service 
Centre. They have to organise that it is sent with the next flight to the right destination. 
Inbound baggage can be mishandled at the sending airport and hence has to be taken care of 
at NYO; the personnel fill in a report when the passenger claims a missing baggage. A bag that 
was not sent on the proper flight and therefore arrives late at Skavsta is sent off with an extra 
tag, which is red, this is done in order for the airside personnel at NYO to identify the 
mishandled bag. These bags are called “rush baggage” and are handled by the Service Centre 
who sends them to its owner by post. All extra handling, whether it is departing or arriving 
baggage or not, take extra time and penalty fees according to the Terminal Manager. Arriving 
mishandled bags takes about 15 minutes and a departing mishandled bag cost 250 SEK in 
penalty. NYO can unfairly be charged for mishandled baggage since the worldwide software 
that tracks mishandled baggage, World Tracer, by default says that the sending airport is to 
blame. This is a minor problem that NYO anyways wants to get rid of. The total annual cost 
for mishandling is currently 75 kSEK.162 

The goal of the system is to keep security levels and to be cost-efficient. Lead-time is also 
interesting but the least important of the three. The two latter conflicts with each other so cost 
is the prioritised if it is needed. To have no mishandled baggage at all is another goal for the 
system.163 

As a part of keeping the security levels high, we discussed the procedures with suspect baggage 
with Security Manager Mr Sven Mårtensson. In order to make it possible for a bomb robot to 
reach a suspected bag there are restrictions for width of passageways. He claims that 
Stockholm Arlanda Airport recognizes the risk of a suspicious “bomb bag” to occur once 
every five years. With a linear reasoning this would mean that NYO would have one maybe 
every 10 years. However this has already been the case once at NYO, when the need for 
sending a bag “into the distance” came into play. This was a bag that was very suspicious but 
appeared not to contain anything dangerous. The Security Manager also claim that the 
possibility to send “live” x-ray machine images to the Police’s bomb squad would be very 
good because then the bomb squad can decide by remote inspection if they should go to 
NYO to handle the suspected bag. He claims further that this would save time.164 

6.4 THE OVERALL SYSTEM AT FRANKFURT HAHN AIRPORT 

Frankfurt Hahn Airport, HHN, was a US military base from the 1950’s to 1993, 
when it became one of Germany’s fastest growing low-cost airports. This is very 
prominent when visiting the airport, there are extremely many buildings left from 
this time and a separate real estate company has been setup to manage this. HHN 
has grown rapidly in spite of the proximity of the much larger Frankfurt Main Airport (FRA). 

                                              
161 Lindholm, J. (2005) 
162 Högseth, K. (2005) 
163 Lindholm, J. (2005) 
164 Mårtensson, S. (2005) 
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This is because the focus of HHN has been not to compete directly with FRA, but 
complementing it with no-frills low-cost operations. This has made HHN Germany’s current 
10th largest passenger airport with its 2.8 million PAX and the 4th largest freight airport with 54 
daily flights with approximately 8 000 passengers.165 

Three major shareholders own the airport: the airport operator Fraport AG (65%), State of 
Rheinland-Palate (17.5%), and State of Hessia (17.5%). Fraport AG has been the major owner 
since 1998. They also own FRA (slightly more than 51.1 million PAX during 2004).166 

HHN top management is made up of two men – Managing Director Mr Jörg Schumacher and 
Commercial Direction and Personnel Manager Mr Andreas Helfer. Responsible for the 
operational aspects of the airports are the two Directors of Operations Mr Stefan Maxeiner 
and Mr Patrick Muller, the latter was our guide during our visit at HHN.167 

The largest airlines operating at HHN (weekly departing flights) are: Ryanair (174), LTU (2, 
seasonal), and Pegasus Airlines (1, seasonal). There are also a number of freight companies 
operating, e.g. BA Cargo, Aeroflot, and Iran Air, together with some air tour operators and 
private business aviation, but in 2004 approximately 98 percent of all PAX flew scheduled 
flights with low-cost airlines.168 

HHN strives to be a regional job motor employing a significant number of people at full-time 
positions and is willing for continuous growth with low-cost airlines in focus. HHN also wants 
to increase the partnership with Frankfurt Main Airport to form a strong airport system, much 
like Heathrow and Stansted in the UK, where HHN and Frankfurt Main complements each 
other rather than competes.169 

An airport as large as HHN of course perform many other activities than the ones described 
in the previous sections e.g. they have a nearby golf course, a separate real estate company, a 
separate IT company etc. 

6.4.1 The process 

The terminal building is under heavy reconstruction in order to connect the two existing 
terminals into one larger and also to connect the baggage handling into one system instead of 
the two separate that they currently have. Terminal 1 is primarily for Non-Schengen flights 
and Terminal 2 for Schengen flights only. There are eight check-in counters in each terminal, 
two are used per flight. Since the main customer is Ryanair, the same details as at NYO are 
gathered at check-in. The baggage tags used at HHN are quite small and do not have a printed 
barcode. They are also in different colours, one for each destination and they do not have a 
unique 8-digit baggage tracking number on them. Instead, the boarding pass sequence number 
of the PAX is written on the tag, thus providing HHN the possibility to find out which bag 
that belong to a certain PAX by looking at the check-in paperwork. Before the non-Schengen 
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flight gates all PAX have their passports checked. An overview of the HHN terminal buildings 
together with the planned construction can be seen in Appendix 4.170 

Currently HHN have two separate systems, one for terminal 1 and one for terminal 2. They 
are almost identical, thus a description of one is sufficient. The manual baggage sorting was 
outsourced a couple of years ago to a handling agent. 

The baggage is conveyed behind the check-in counters to a primary x-ray machine where it is 
screened for dangerous materials and an operator is responsible for rejecting or accepting the 
screening result from the primary x-ray machine. Right before the baggage reaches the primary 
x-ray machine there are several heavy steel chains hanging down to overturn the baggage if it is 
too high to fit in the x-ray machine. The x-ray machine operator has approximately 20 seconds 
to make his/her decision about an uncertain baggage before it is diverted to the sorting 
carousel, where it is manually loaded on baggage wagons. If the baggage is rejected it is 
diverted into the operator area, where another operator examines it and determines if it needs 
to be taken through secondary x-ray machine or undergo a manual inspection together with 
the PAX. There are five spaces in the queue before this point and it has never been full since 
implementation two years ago. The secondary x-ray machine is standing completely separated 
from the normal flow so the operator needs to carry the baggage over there. When a baggage 
wagon has been fully loaded it is driven out on the apron to the point where the aircraft is or 
is going to be parked, the so called stand. When the aircraft has arrived the baggage is loaded 
on the aircraft and counted simultaneously. The reason for this is to provide the dispatch 
officer with data for a PPBM. The baggage is counted at the check-in desks and at loading, the 
numbers should of course be identical. However a small discrepancy when the number of 
checked-in bags is larger than the number of loaded bags can be allowed. If that is the case the 
personnel almost always have another five to ten minutes to locate the missing bag/-s before 
take-off. If it is the other way around it is a larger problem. The captain of the aircraft decides 
if it is necessary to perform a PAX baggage identification check, as described in section 4.5, 
out on the apron or if the aircraft is going to take-off anyway. This situation rarely happens.171 

A special check-in counter between terminal 1 and 2, separated from the normal baggage flow, 
handles the special baggage.172 

6.4.2 Equipment 

The baggage conveyors run at a speed of 0.5 meters per second. Currently they have two 
separate baggage handling systems, although a reconstruction is under way to unite them. The 
x-ray machines constitute the bottlenecks in the baggage handling system and they have a 
capacity of 1 400 baggage per hour. The experience at HHN is that they work well and seldom 
interrupt the baggage handling process. Other types of equipment that used are baggage 
wagons and loading conveyors.  

                                              
170 Muller, P. (2005) 
171 ibid. 
172 ibid. 
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6.4.3 Personnel and information system 

When it comes to Operations, HHN have a shared responsibility between the two Operational 
Directors. Under them there are shift leaders that manage the daily operational details with 
their respective teams. If everything runs smoothly the Operational Directors are not 
disturbed and can concentrate on developing the airport operations on a more strategic and 
tactical level. The dispatch office is responsible for producing the load sheets and aircraft 
balance calculations required for take-off and are the first and last persons on a landing or a 
departing flight. They get input about PAX and baggage numbers from the responsible shift 
leaders. Currently they have no information system to support their paperwork and it is hard 
work e.g. summarizing airport statistics and doing billing routines by hand.173 

At HHN there is a handling agent responsible for sorting the baggage. They have four teams 
made up of six persons that sort the baggage and typically one employee per flight is 
needed.174 

6.4.4 Capacity 

An interesting thing to observe is the number of simultaneous flights. We have chosen to 
represent this by showing a normal day at HHN a Tuesday, during which it is a common 
amount of flights arriving and departing, see Figure 6-6 below. 

Departing flights on Tuesdays

0

1

2

3

4

5

06
:0

1 
- 0

6:
30

06
:3

1 
- 0

7:
00

07
:0

1 
- 0

7:
30

07
:3

1 
- 0

8:
00

08
:0

1 
- 0

8:
30

08
:3

1 
- 0

9:
00

09
:0

1 
- 0

9:
30

09
:3

1 
- 1

0:
00

10
:0

1 
- 1

0:
30

10
:3

1 
- 1

1:
00

11
:0

1 
- 1

1:
30

11
:3

1 
- 1

2:
00

12
:0

1 
- 1

2:
30

12
:3

1 
- 1

3:
00

13
:0

1 
- 1

3:
30

13
:3

1 
- 1

4:
00

14
:0

1 
- 1

4:
30

14
:3

1 
- 1

5:
00

15
:0

1 
- 1

5:
30

15
:3

1 
- 1

6:
00

16
:0

1 
- 1

6:
30

16
:3

1 
- 1

7:
00

17
:0

1 
- 1

7:
30

17
:3

1 
- 1

8:
00

18
:0

1 
- 1

8:
30

18
:3

1 
- 1

9:
00

19
:0

1 
- 1

9:
30

19
:3

1 
- 2

0:
00

20
:0

1 
- 2

0:
30

20
:3

1 
- 2

1:
00

21
:0

1 
- 2

1:
30

21
:3

1 
- 2

2:
00

Time Interval

Number of Flights HHN

 
Figure 6-6 Departing flights. Source: Frankfurt Hahn Airport (2005) 

The flights are quite spread out during the day with three peaks that stand out. One occurs in 
the morning, one during the afternoon, and one during the evening. During the morning peak 
there are currently four simultaneous flights. Sometimes they experience five simultaneous 
flights, but that is an exception rather than the usual case.  
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The process at HHN is made up of different components each having an own capacity level. 
With 16 check-in counters they are able to have 8 simultaneous flights, which correspond to 
the runway capacity.175 

The baggage handling system bottleneck is the primary x-ray machines that have a theoretical 
capacity of 1 400 baggage per hour each. This is sufficient according to calculations made 
before the implementation decision.176 

In summary, HHN have enough system capacity for 8 simultaneous flights, which is the 
expected maximum with only one runway. 

6.4.5 Performance and goals 

The largest cause of mishandling is parking the fully loaded baggage wagons at the wrong 
stand or too far from the correct one. The risk is that this is not discovered in time for the 
aircraft’s take-off. Another large cause is of course the manual identification when loading the 
baggage wagons at the carousel.177 

When the rebuilding of the terminals is complete, baggage from both terminals will end up on 
the same carousel. The Operations Director Mr Muller says that he does not consider 
installing any automatic sorting facility in the near future and that he thinks that the baggage 
handling system and personnel performance is very good. In the meantime however, in 
terminal 1 there is no carousel at the end, just a long conveyor belt, which means that they 
have to use more than one employee per flight.178 

In Figure 6-7 below we see data about the departing baggage; the grey line representing total 
number of departing baggage while the black line represent number of mishandled baggage, all 
on a weekly basis. The right value axis has a completely other scale in order to fit the 
mishandled baggage in the same diagram as the number of total baggage. The average 
departing baggage volume per week during our study was 18 662, 110.7 per flight. The average 
number of mishandled baggage per week was 4.1. Two other interesting performance 
indicators are the number of baggage per PAX and the load factor. These numbers were 
77 percent and 69.5 percent respectively. 
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Figure 6-7 Departing baggage data from HHN. Source: Muller, P. (2005) 

6.5 COSTS AT A SMALL AIRPORT 

We presented a modified total cost model in section 4.7, which was discussed 
with NYO. Some points were made regarding what to include and not; this 
section deals with that. 

The discussions lead to the exploration that the most important driver for cost is the one for 
personnel. The personnel involved with baggage handling are the personnel stated in 
section 6.3.4 and the security personnel as well, although they are a part of the cost for 
running the x-ray facilities. Personnel cost is important to keep track on according to the 
Operational Director at NYO. An airside personnel cost 350 kSEK per year. 

Another cost is the cost for infrastructure in the baggage handling, meaning the cost for 
conveyor belts and x-ray machines as a part of the buildings. These machines are costly to buy 
and hence have a depreciation time period during which they cost money for the company, 10 
years. Other interesting costs are the ones associated with handling equipment, i.e. 
baggage wagons (3 years) and loading conveyors (5 years). Not only their depreciation but also 
cost of support could be of interest. However since the cost directive states the total 
investment should have a payback period of approximately two years, we regard the all 
investments as one-time.179 

Risk costs will not be traceable for a future situation because specific waste and insurance cost 
cannot be defined. This is because NYO is not a producing company that have a stock of 
material associated with baggage handling.180 

The cost associated with mishandled baggage is considered an administration cost by the 
airport. It consists of the time spent by personnel to handle the baggage and the potential 
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penalty from the airline. The penalty imposed by the airline is because they are the rightful 
owner of the baggage when it is transported at, and (by air) to and from the airport and hence 
can demand a penalty from the handling agent, in the case of NYO, the airport itself.181 

However, if a flight is delayed because of a missing bag or something else that is a fault by the 
airport there will be no penalties for the airport. The incurred cost for the airport because of a 
delay is the possible overtime cost for personnel. The airlines are the one who has to handle 
the cost for delayed flights. They might have costs for personnel that have to sleep over (due 
to regulations about the amount of rest needed), costs for airport alternatives can also occur as 
well as the cost for a new landing slot at the destination.182 

When discussing the future of the baggage handling and the change in cost that it will bring 
the Operational Director at NYO thought that the cost for information systems (a CUTE-
based system which is compatible with the airlines’ booking systems) will be higher than today. 
The higher cost is not entirely due to higher cost in information system within the baggage 
handling process but rather a cost that is due to a more computerized passenger handling 
process at check-in. That is, the information system will be implemented regardless of what 
the baggage handling process will look like in the future. This is to take care of PAX so the 
demand for software support in the baggage handling will be a small part in the coming 
information system. Information systems also need a technical support function and hence the 
cost for that might also rise (NYO has a support function already for their business 
information system).183 

The discussion implies a slight revision of the modified TCM and hence our final 
total cost model is as below in Table 6-1. 
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Table 6-1 Finalised TCM. Source: Own (2005) 

 Holding costs   

 1.      Cost of capital tie-up 
  a.       Material of usage 

 Handling costs 
 1.      Buildings and infrastructure 
 a.  X-ray machines incl. security personnel 

 b.  Conveyor belts 
 2.      Personnel 
  a.       Check-in and Service Centre 
  b.      Airside 
 c.       Security 
  3.      Handling equipment 
  a.       Baggage wagons 
  b.      Apron loading equipment 
  c.       Other 
 4.      Handling equipment support 
 5.      Internal transports 

 Administration costs 
 1.      Pay roll administration 
 2.      Other overhead costs  
 3.      Cost for mishandled baggage 

 Information systems costs 
 1.      Hardware 

 2.      Software 
 3.      Support 

 Other costs   

 1.   Material of usage    

6.5.1 Costs at Stockholm Skavsta Airport 

The list of actual costs is presented here, there are some cost items that were not traceable and 
hence need an explanation. The overhead administration and internal transports are such costs 
according to the Operations Director at NYO. He also argues that they will not change due to 
a new baggage handling process; i.e. bags are still being transported from sorting to loading on 
baggage wagons and management still run the overhead administration. NYO has neither 
material of usage that ties capital nor an information system used in baggage handling today 
and hence no costs for them exist. The cost for security personnel within the baggage handling 
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is included in the cost for running the x-ray machines. The handling equipment was payed for 
a long time ago and hence do not incur costs today. 

Table 6-2 Quantified costs at NYO. Source: Lindholm, J. (2005) 

 Cost Item  kSEK
 Holding costs   

 1.      Cost of capital tie-up 
  a.       Material of usage              -   

 Handling costs 
 1.      Buildings and infrastructure             40   
 a.  X-ray machines incl. security personnel        2 500   
 b.  Conveyor belts        700   
 2.      Personnel 
  a.       Check-in and Service Centre 8 426   
  b.      Airside 10 500 
 c.       Security              -
  3.      Handling equipment   
  a.       Baggage wagons -
  b.      Apron loading equipment -
  c.       Other -
 4.      Handling equipment support          500 
 5.      Internal transports              -   

 Administration costs  
 1.      Pay roll administration 64   
 2.      Other overhead costs               -   
 3.      Cost for mishandled baggage             75   

 Information systems costs 
 1.      Hardware              -   
 2.      Software              -   
 3.      Support              -   

 Other costs    
 1.      Material of usage              220   

 Total        22 121   
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6.5.2 Costs at Frankfurt Hahn Airport 

It was our intention to also get financial information from Frankfurt Hahn Airport about 
baggage handling. However this information could only be found in the annual report of the 
owner Fraport. It is very hard to distinguish between costs associated with the two airports, 
FRA and HHN, and also which cost that are traceable to the baggage handling process, due to 
the fact that they have hired a baggage handling agent to do the manual part of the work and 
many of their costs are not available to us due to business reasons.184 

In Germany it is a different wage situation and therefore we consider the actual costs in Euros 
not as interesting as the actual amount of resource that is being used. 

The spreadsheet completed by HHN shows that they mishandle some 210 baggage per year185, 
which means a yearly cost of 63.4 kSEK.  

The four teams at HHN are made up of six personnel that sort baggage186 accounting for 
8.4 MSEK yearly. To make it clear, this personnel only sort baggage, nothing else. 

6.6 AIDC POSSIBILITIES IN BAGGAGE HANDLING 

In the interview with our supervisor at NYO, we discussed what he sees as 
possibilities with an automated baggage handling process, so the following is 
something stated by him and not suggested by us unless other is given expression 
to.  

The possibility to gather information regarding the whereabouts of a bag is something 
considered very interesting since then one know where to look if there is a bag missing when 
the flight is loaded. Interesting information to store in the tag is preferably as little as possible 
in order to keep up the speed of the reading of the tags (if it is RFID tags). The Operational 
Director is of the opinion that RFID tags are preferred to barcodes, since the latter has a 
limitation in how they can be read because they require line of sight. The environment in 
which the tags are used is also something to consider. They will be used in an environment 
that can be subject to rain, snow, sand, and a temperature span of about -30 to +50 degrees 
Celsius. The risk of chemicals is considered being small. There are, however, engines mounted 
on the conveyor belts that can induce magnetic interference. The conveyor belt structure is, 
and even baggage and its contents can be, made of metal that can interfere with the 
antennas.187  

Gathered data at check-in will be, in his opinion, flight number, passenger name and passport 
number, baggage tag number and weight. Since the collected data is not confidential and as 
long as it is on the airport’s premises it will always be in a secure environment, there will be no 
need for an encryption of the tags he thinks. Although it might be of interest in a distant 
future if for example biometric data would to be stored in the tag. The collected information 
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should not be stored in the RFID tag, only associated with a tag ID number, but the most of 
the information should also be printed in the regular baggage tag with a barcode that has to 
accompany a potential RFID tag, due to industry standards. The tag ID number would then 
be the key to a database with the information about the specific bag. This data has to be 
updated continuously with information about where the bag is in the system. The data is 
updated when the bag passes certain reading points in the system, for example the sorting 
area. Mr Lindholm has the idea that there are another two points at which the bag tags should 
be automatically read if it is a RFID tag. Those points are; when the loaded baggage wagon 
leaves the baggage sorting area and when it is loaded on the aircraft. The data that should be 
collected at these points are: 

• Location 

• Date and Time 

This is information that is interesting because it then enables the possibility to check if the bag 
was actually loaded or not. It would also be useful for the PPBM process he thinks; it could be 
made automatically and instantly. Of course the reading distance at these locations will vary 
due to many different reasons, for example the fact that each bag is not equally large and 
oriented the same way as the others, but it will not exceed one meter. Since the conveyor belt 
has a steady flow it will not be possible to re-read a tag that was not read and therefore it will 
be a need for some sort of backup to take care of those potential bags. If RFID technology is 
used Mr Lindholm think that a closed-loop system, where the tags are reused, is preferable due 
to the cost for each tag that otherwise will be sent off with the aircraft. He does not think that 
system hardware and software will drive the cost in the long run compared to the cost for used 
tags.188 

At the direct question if a reading point at the manual security-check would be useful he 
thought that it would be very interesting. Reason being that if a bag is manually taken out of 
the system at that point, it should be registered to the system to avoid mishandling of the bag 
and to provide an easy notification to baggage handling personnel that it has been taken to 
examination. That reasoning goes for the opposite also, when a bag is put back into the system 
after examination.189 

We also conducted an interview with the technical consultants Mr Jonas Hjort and 
Mr Robert Hansson at ÅF System about their thoughts of AIDC possibilities and issues in 
general and NYO in particular. 

They confirmed that there are great possibilities for some form of AIDC system, preferably 
RFID since it is a rather new and interesting technology, at NYO. The information that needs 
to be stored in the tag would be minimal and the related information is stored in a database. 
Only a unique ID would be sufficient, maybe together with the passenger name that checked 
in the bag. The name would be useful if the security personnel needs to contact the PAX for a 
manual inspection, but the name could of course also be acquired from the baggage handling 
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database. The existing database and IT network infrastructure in the form of bandwidth etc. is 
sufficient to handle the generated baggage tracking data from an AIDC system.190 

When asked about the type of tag, they came up with a suggestion about disposable-reusable 
tags, meaning that one could treat a thin disposable RFID tag as if it were a reusable tag. For 
example one could in some way integrate a disposable tag into the existing baggage tag, then 
somehow remove it, send it back to the supplier that reintroduce and resell it to NYO. The 
reason for this is that the current disposable tags from their supplier is functionally identical to 
the more robust encapsulated reusable tags, e.g. with a plastic coating around them, but less 
expensive.191 

Considering system backup options they regarded two options for keeping the gathered flight 
and baggage information. One option is to have the information simultaneously printed on a 
printer with uninterruptible power supply, UPS. The other option is to mirror the database on 
a second server, i.e. have a separate identical copy at all times, also with UPS from which the 
needed information could be printed and then the processes could continue on paper exactly 
the way it is done currently.192 

They also agreed to estimate the development and implementation costs for a software 
program with the required functionality to manage an AIDC baggage handling process if given 
a program specification document. 
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7 INITIAL PROCESS DESIGN 
To make use of the findings at Stockholm Skavsta Airport 
and Frankfurt Hahn Airport, we will start our analysis with a 
comparison between them. In this chapter we are also going 
to develop a new baggage handling process based on the 
empirical findings and the study model presented in 
chapter 4.  
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7.1 COMPARISON BETWEEN NYO AND HHN 

NYO and HHN are quite similar when looking at the baggage handling process 
from check-in to loading. Both use a manual process using pen and paper for 
check-in and boarding. The same details are gathered at check-in, but the 
baggage tags at HHN are smaller and in different colours for each destination, while at NYO 
they are quite large in comparison and in one colour. The baggage tags used at HHN does not 
have a standard 8-digit unique identification number. This fact makes it a little bit harder to 
track down the PAX belonging to a particular baggage than at NYO. The tests at NYO with 
different colours on baggage tags have not made a great impact on the number of mishandled 
baggage and we are therefore not going to use baggage tags in different colours. 

An interesting aspect to examine is the pattern of departing flights during a typical day at both 
airports and in particular how many simultaneous flights there are. When discussing the 
number of flights, we are going to use the term “simultaneous” flights. By this we mean the 
number of flights that have to be sorted simultaneously in the baggage hall at the given time. 
Each flight’s check-in opens 2 hours before take-off and closes 40 minutes prior, a total of 80 
minutes. This means that a flight’s baggage is sorted in during 80 minutes, between 120 and 40 
minutes prior to take-off. All flights departing within the same 80-minute span are thus 
considered to be “simultaneous”. 

Currently NYO only has 4 simultaneous flights during afternoon peak hours, but they know 
that they will have 5 shortly and reckon they will have at least 6 in two years time. The pattern 
of departing flights at both airports, described in sections 6.3.5 and 6.4.4, can be found below 
in Figure 7-1. Before 0600 and after 2200 there are no flights neither at NYO nor HHN on 
Tuesdays. 
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Figure 7-1 Departing flights. Source: Stockholm Skavsta Airport (2004a) and Frankfurt Hahn Airport (2005) 

The main difference is that the flights are not so much simultaneous at HHN as they are more 
spread out during the day. Hahn has today a maximum of 5 simultaneous flights, but this does 
not happen every day. According to Operations Director at HHN Mr Muller, it has been their 
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purpose of getting more flights evenly throughout the day instead of growing by increasing the 
number of peak flights. Mr Lindholm at NYO on the other hand thinks that this would 
preferably be the choice for them also, but the location of NYO in the outskirts of Europe, 
means that most airlines would start at NYO in the morning and return in the afternoon 
rather than arriving in the late morning and departing early afternoon. He already knows that 
they will have four Ryanair aircrafts based at NYO in the beginning of March 2005 and 
probably two more by the end of 2006. The conclusion we draw from this is that NYO will 
more probably grow by increasing number of simultaneous flights than growing by getting 
more flights in between peaks. 

From our quantitative empirical study during 15 weeks, we deem the most interesting things to 
compare between the airports as far as baggage handling is concerned, Table 7-1. 

Table 7-1 Comparison data between NYO and HHN. Source: Lindholm, J. and Muller, P. (2005) 

Comparison data NYO HHN 
Number of simultaneous flights 4 4-5 

Load factor departing flights (%) 74 69,5 

Number of departing PAX per week 13 439 24 347 

Number of baggage per PAX departing flights (%) 80 77 

Baggage volume per week 10 756 18 662 

Number of checked-in baggage per departing flight 112,6 100,7 
Mishandled baggage per week 4.9 4.1 
Sorting personnel per flight 0.75 1 

The amount of baggage per PAX is very stable around 80 percent, which corresponds to the 
industry rule of thumb. Our first observation is the similarity in number of mishandled 
baggage, even though HHN have almost twice the baggage volume in total compared to 
NYO. Hahn have baggage tags in different colours that could make the manual sorting easier, 
more personnel per flight, and most days approximately the same number of simultaneous 
flights as Stockholm Skavsta. Our conclusion is thus that the amount of mishandled bags is 
not linearly dependent on baggage volume only. Both the Operations Director and the 
Terminal Manager at NYO have pointed out that the majority of mishandling occurs during 
peak time when there are many simultaneous flights. Our summarized conclusion is that the 
amount of mishandled baggage is linearly dependent with the number of simultaneous flights 
given the current amount of manual sorting personnel per flight. The choice of linear 
dependency is of course a simplification of the reality, but we have found no indication of 
another dependency and in order to be able to estimate the future amount of mishandled 
baggage at NYO if they do not change the current process we have made this choice. An 
increase in simultaneous flights from 4 to 6 would hence increase the amount of mishandled 
baggage at NYO with 50 percent to approximately 110 kSEK per year. 

Now a comparison of the discovered problem areas at both airports will follow. 
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The baggage handling problem areas were about the same as we expected. HHN has a queue 
length of 5 spaces in front of each secondary x-ray machine and that was enough. This would 
probably be sufficient for NYO too. 

The problem at NYO with baggage stopping in front of the primary x-ray machine because 
they are too high have been solved at HHN by putting heavy chains that tilts the baggage if it 
is in the wrong direction on the conveyor belt. This solution could easily be implemented also 
at Stockholm Skavsta. 

At HHN they have a better PPBM process since they count the number of baggage when it is 
being loaded onto the aircraft. At NYO they only count it at check-in and never again. HHN 
has however some discrepancies in these counts, since it is performed by humans and this 
always introduce an uncertainty. A more certain solution would be to count the baggage in an 
automatic way. 

7.2 BAGGAGE HANDLING PROCESS CAPACITY DEMAND 

Wells propose two ways of improving a baggage handling process in section 
3.10.1. One could either build new facilities or improve the existing one. We plan 
to use a little bit of both to improve the current baggage handling process at 
NYO, although the extension is already planned. An important thing to consider is the 
demand put on the process, since the closer to the process capacity limit the process operates, 
the more delays will occur according to Wells in section 3.10.1.  

The baggage handling process goals are to reconcile the passengers and the baggage on the 
aircraft in time for the scheduled take-off with minimum effort and associated costs. Hill 
claims in section 3.8.2 that a continuous failure in delivery reliability implies that NYO will 
begin to lose orders i.e. the airlines will start to look at other airports that have better 
performance. 

Among the problems in designing this process are the different limitations posed by the 
process environment, as discussed in section 4.8. For example the whole baggage sorting 
facility must be accommodated in the future baggage hall measuring 20 by 47 meters.  

NYO will have three million PAX yearly, i.e. 1.5 million departing PAX, and with 80 percent 
checking in baggage there will be 1.2 million baggage checked-in per year. The number of 
simultaneous flights puts a certain demand on the baggage handling process in terms of the 
amount of baggage that the process needs to handle at any given time. Since Ryanair is the 
main airline customer and they only have one type of aircraft with a capacity of 189 PAX, we 
are going to use this number in our calculations. 

In our worst-case scenario every PAX also have a bag to check-in, a total of 189 bags per 
flight. When calculating the capacity demand put on the baggage handing process by the PAX 
it would be convenient to assume that the PAX arrive equally at the check-in counters. This is 
however rarely the case at NYO. We have found that 3/4 of the PAX per flight (142 for a 
fully booked flight), and their baggage (142 baggage) arrive at the same time using the flight 
coaches and thus producing queues. Every check-in counter can handle 1 PAX every 45 
seconds and there are 2 check-in counters open for every flight. This translates to a total 
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constant stream of PAX and baggage for (142*(45/60)*0.5) = 53 minutes. In baggage this 
means that a rate of (142*(60/53) = 160 baggage per hour is produced by one flight alone 
during this peak time. Considering the future NYO situation with 6 simultaneous flights this 
means that (160*6) = 960 baggage per hour are produced. 

This information can be used to calculate an upper limit to how many simultaneous flights 
that the baggage handling system ever needs to handle within this thesis’ scope. This is due to 
the fact that NYO only has one runway and this will not change in the near future. 

The time between consecutive take-offs and/or landings on one runway (movements) is about 
5 minutes. As stated above flights counts as simultaneous if they depart within the same 
80-minute span. Consequently (80/5) = 16 movements can be made in this time span, which 
equals to 8 cycles (= landing and take-off). This is the maximum number of simultaneous 
flights that needs to be handled. 8 flights per 80 minutes translate to a baggage handling 
demand of (160*8) = 1280 baggage per hour. 

The above figures are for the worst-case scenario that NYO probably almost never will 
experience. Our empirical studies at NYO and HHN together with the GOT case study in 
section 3.13.1 have shown that approximately 80 percent of the PAX carry one checked-in 
baggage and that the average load factor at NYO is only 75 percent. If we put in these 
numbers into the formulas, the average scenario with 6 simultaneous flights will put a demand 
on the baggage handling process of 768 baggage per hour. 

7.3 ARONSSON’S PROCESS IMPROVEMENT PRINCIPLES 

Now that we know the demand on the baggage handling process, we are going to 
apply Aronsson’s process improvement principles described in section 3.6.3 to 
improve it. This section is a summary of the activity improvements that apply 
within the Aronsson et al. framework. In the section 7.4 there is a more thorough 
analysis of the activities in the order they occur in the baggage flow, which is more intuitive for 
the reader to follow. 

7.3.1 Eliminate 

We do not see any non-value creating activities in the studied system, which we think should 
be eliminated from the baggage handling process. 

7.3.2 Simplify 

The activity that would benefit the most from being simplified is the sorting activity. If the 
sorting was made automatic by the use of an AIDC technology, the personnel could mainly 
concentrate on loading it on the baggage wagons instead of manually inspecting every tag. The 
other activities are as simple as they can be. This is one of the main arguments from Ryanair 
and NYO to keep the existing process; it is plain simple.193 
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7.3.3 Integrate 

Due to the sequential flow of a baggage handling process it is hard to integrate the physical 
activities e.g. screening, sorting, and loading. On the other hand we would very much like to 
integrate the more informational activities with the physical activities e.g. currently the PPBM 
activity is done after the loading and boarding is completed. With an AIDC system registering 
the baggage as it is being loaded, these two activities would be integrated into one, as the 
baggage is being loaded the information system is reconciling it with the digital data of 
checked-in baggage. 

7.3.4 Parallelize 

We noticed in the empirical study that the integration of special baggage screening and the 
secondary screening of normal baggage create a lot of interruption in the flow. We would 
therefore like to separate or parallelize the normal baggage flow vis-à-vis the special baggage 
flow.  

7.3.5 Synchronize 

We find it hard to reduce the time between the activities in the process. The only buffers that 
exist are the queue in front of the secondary x-ray machine and when the baggage is waiting 
on baggage wagons. The queue is necessary, due to the extra time the manual secondary 
screening takes compared to the automatic primary screening. To decrease the time the 
baggage are waiting on the baggage wagons, implies that the check-in has to open later and 
close nearer to the departing time, to change this is not feasible due to Ryanair’s policy and 
also not a part of the studied system. 

7.3.6 Prepare 

The only material used in the process is the baggage tags provided at check-in. It is therefore 
important that there are baggage tags available when check-in opens, this is always the case. 

7.3.7 Communicate 

Using this principle we see a lot of improvement potential, due to the possible introduction of 
an AIDC system. This system will provide management with accurate process improvement 
performance indicators not available today i.e. average baggage throughput time etc. It can 
also help reducing the amount of mishandled baggage by registration of loaded baggage tag 
numbers and real-time comparison with checked-in baggage. This way any baggage that are 
being loaded on the wrong aircraft would be discovered, hopefully in time before its original 
flight has taken off. 

We will also stress the need to communicate between the different activities and personnel 
groups. Currently we have observed that there are both physical and virtual walls between e.g. 
check-in and sorting. An example of this is that no feedback is given to check-in when the 
conveyor belt stops. We think that everybody could gain from getting a good understanding of 
why the interruptions occur so that they can be prevented from happening again. This 
understanding would be given in recurrent meetings in cross-department workgroups. We 
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therefore suggest that every time the conveyor belt stops it should be recorded on a 
document: why, how long, and how it can be prevented. When a substantial amount of data is 
collected it should be discussed in the workgroups and a viable solution developed. 

7.4 BAGGAGE HANDLING PROCESS PROBLEM ANALYSIS 

In this section we are going to analyse the different problems with the current 
processes at both NYO and HHN. We have decided to divide the section into 
three sub-sections according to the activity order in the process, check-in and 
screening, sorting, and loading. 

7.4.1 Check-in and screening 

If the two primary x-ray machines could be used in two parallel baggage flows to scan 
checked-in baggage in and then be merged into one conveyor twice as fast, before sorting, the 
baggage handling process would double its current capacity. This increase in capacity is 
necessary since the amount of delays is dependent on how close to the capacity limit the 
system operates according to Wells in section 3.10.1. Another primary x-ray machine would 
also create a well needed redundancy in the sorting system, just as Ashford points out in 
section 3.10.2 when discussing sorting systems with only one flow. 

A solution to the height problems would be to standardise the check-in routine of placing 
baggage on the belt and place some kind of device in front of the x-ray machines that 
overturns the baggage (i.e. the heavy chains used at HHN). 

Another problem is the short queue in front of the secondary x-ray machine. The handling of 
special baggage poses a great problem due to the fact that it cannot be any sharp turns on the 
conveyor belt. This fact and the fact that NYO currently only have one secondary x-ray 
machine, have determined a large part of the current layout in the baggage sorting hall. The 
secondary x-ray machine is used for both special baggage and normal baggage, thus potentially 
creating a more severe interruption of the normal baggage flow if there is much special 
baggage on a particular flight e.g. a late spring flight to Glasgow, Scotland with many golf-
enthusiasts onboard. Both HHN and GOT, like most other larger airports, have solved this by 
a complete separation of the special baggage flow from the normal baggage flow i.e. a 
parallelization in the Aronsson improvement framework. This separation implies that a second 
secondary x-ray machine is purchased to handle the screening of normal baggage and the 
existing one is used for special baggage in a separate flow. NYO management has also come to 
this conclusion and they reckon it will be done in time for the new baggage handling process 
to be implemented. This will reduce the pressure on the queue in front of the secondary x-ray 
machine, but since we do not have any data neither on how much normal baggage that require 
secondary screening nor the amount of special baggage, we are not able to specify a reasonable 
queue length based on a quantitative evaluation. We can only observe that three spaces today 
is too short, and probably will be in the future as well, thus we will try to increase it to 
approximately five to seven spaces if possible. 

When asked about the live x-ray images proposal from NYO Security Manager, The 
Stockholm Police Department of Forensics did not think that the time benefits would be 
realised. Quite simple, if NYO operators judge that a baggage contain a bomb, this is not 
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questioned by the Forensics department, since they have significantly less experience of 
looking at x-ray images than the NYO operators. It would however perhaps be helpful to be 
able to determine a suitable approach for disarming the bomb. Consequently we have decided 
not to suggest that this proposal is implemented.194 

7.4.2 Sorting 

The fact that humans are involved in the sorting makes it prone to the infamous “human 
factor”. This is the point where most of the mishandling of baggage occurs and one trial has 
been made to minimise this; differently coloured baggage tags. We think this is more to 
minimise the problem symptoms rather than eliminating it. The root of the problem is that 
humans make mistakes. Implementing automatic sorting could probably eliminate much of 
this, which corresponds to a simplification in the Aronsson improvement framework and 
error-proofing in the Harrington framework. 

When the two primary x-ray machines are in place, the personnel around the sorting carousel 
will be the primary system bottleneck. Employing more personnel to lift the baggage off the 
carousel onto the baggage wagons can easily solve this. NYO claim that it is theoretically 
possible to handle as many simultaneous flights as there is room for baggage wagons around 
the carousel. Currently maybe six will fit, though they also recognize that it is an inefficient 
solution. 

Automatic or manual sorting 
A big decision in designing the new process is to decide if the sorting should continue to be 
manual or if some sort of automatic sorting should be implemented. Since NYO is a 3PL 
partner that handles all activities in the baggage handling process for the airlines as described 
in section 3.9, it gives them technological flexibility in their choice of sorting technology. It 
would be harder to have to negotiate with for example a baggage handling agent about process 
changes etc. Three alternatives exist in the baggage sorting activity according to Ashford in 
section 3.10.2, manual, semi-automatic or automatic baggage sorting. 

A general established fact is that a more automated process enables a higher volume of 
baggage to be handled by the same of amount of personnel. In section 6.3.4 we saw that NYO 
need 0.75 sorting personnel per flight, implying that five people are needed when there are six 
simultaneous flights. Ground handling agents in Sweden claim that when an automatic sorting 
system is in use, one person can sort two simultaneous flights195. This means that six 
simultaneous flights can be sorted by three persons when an automatic system is installed, 
leaving us with two less personnel used. This conclusion is in line with the advantages of 
automatic sorting systems claimed by Ashford in section 3.10.2. 

Another fact is the target value for the number of mishandled bags in the new process, which 
should be zero, and the fact that humans are responsible for most of the mishandling. This is a 
big implication towards some form of automatic sorting or data capturing. AIDC technologies 
together with a software application have proven to be able to eliminate and discover most of 

                                              
194 Ireblad, A. (2005) 
195 SAS Ground Services (2005) and Eriksen, T. (2005) 
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the mishandling in time for the flights’ departure, thus decreasing the number of mishandled 
baggage196, with readers capable of 100 percent read rates. 

This will however not affect the process performance much in terms of mishandled baggage, 
because both NYO and HHN already have about 99.9 percent accuracy. A RFID sorting 
system functioning at 100 percent could only improve the performance slightly in terms of 
mishandled baggage. 

The conclusion so far is that an automatic baggage sorting alternative will improve process 
performance compared to a manual one in terms of increased throughput volume and a minor 
improvement in mishandled baggage rate. This corresponds well with the two goals for AIDC 
technologies mentioned in section 3.11.1 in the theoretical framework. 

What about the semi-automatic alternative? Well, the semi-automatic alternative, where an 
employee manually inspects the tag and directs it to the right sorting or loading point, is not a 
better alternative in terms of mishandling. This only shifts the human error to the person 
directing the baggage instead of the person loading the baggage. However we consider this 
alternative a good one as a backup if the automatic sorting would break down, if nothing else 
is achievable by using AIDC technology. 

AIDC technology choice 
We have now made clear that we are going to use an AIDC technology in the sorting process, 
but which one is most feasible? In order to evaluate this without conducting pilot tests 
ourselves, we will have to examine previous case studies where the two AIDC technologies in 
question, namely barcodes and RFID, have been used. We have also a section in the 
theoretical framework where the features of the two AIDC technologies are put against each 
other. 

In terms of reading accuracy in the baggage sorting process, we have three case studies where 
RFID have been used and one where barcodes are used. They have shown that reading rates 
of 100 percent are possible with RFID and that no line of sight is required, this is far better 
than the average barcode sorting system, which only have a reading rate of 95 percent at the 
first airport. They can easily be worn out during transfer. In section 3.12.2, a comparison 
between RFID and barcodes is made and from that discussion it is quite clear that from a 
performance point of view RFID technology is preferable to barcodes in baggage handling. 

Our conclusion from a process performance point of view is that the use of RFID technology 
is desirable. The technical consultants, NYO, and Electrona-Sievert AB RFID consultant 
Mr Alf Mikkelä, who all regard RFID as capable of superior performance in the baggage 
handling process both compared to the current manual and a possible barcode sorting process, 
support this conclusion. The cost perspective might however be different, but this will be 
addressed further on in our analysis model. If the RFID technology fails the cost evaluation it 
will be necessary to investigate the barcode technology as well. 

                                              
196 IATA (2004b) 
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Our summarized conclusion is that automatic sorting technology in the form of RFID is going 
to be used. In section 7.5 we are going to develop a new process layout with this in mind and 
at the same time try to minimise or eliminate the discovered current problems. 

7.4.3 Loading 

When there are six simultaneous flights, at least three apron loading equipment has to be 
available. This is because the turnaround time is 25 minutes. An example: equipment #1 is 
used from 00.00 when aircraft #1 arrive, equipment #2 is used from 00.10 when aircraft #2 
arrive, equipment #3 is used from 00.20 when aircraft #3 arrive, then equipment #1 is used 
again (available from 00.25) from 00.30 when aircraft #4 arrive. Every ten minutes is a take-
off, i.e. 00.05, 00.15 etc. For redundancy reasons, we will consider four loading equipment to 
exist in our calculations. 

The baggage wagons can be easier to use if the floor is made of something smoother. It 
become a lot easier to lift off and on bags and hence making it a better working environment 
and also making the procedure going a little bit faster. We therefore recommend that NYO 
think of this issue when replacing the baggage wagons. 

The current PPBM activity was described in the preceding chapter as a problem. To be able to 
do this activity correctly, information about loaded baggage and boarded PAX must be 
registered. The boarded PAX is of course already registered today by collecting their boarding 
cards at the gate. In the future this will also be available in digital form when a CUTE or CUSS 
system is in place. The departing baggage has to be registered as it is being loaded. An 
employee could make the registration manually and write down every baggage tag that goes 
into the aircraft and then compare that list with the checked-in baggage list and the boarded 
PAX list. However this manual registration would require a lot of time and manpower and is 
therefore not a viable option, but if the PPBM could be done automatically through an 
information system the situation would be different.  

While loading the baggage the personnel double-check the baggage tags to discover any 
misplaced baggage. Sometimes a discovered misplaced bag can make its original flight and 
sometimes it misses it. A registration of the loaded baggage would discover those misplaced 
baggage before they are being loaded. These improvements correspond to communication in 
the Aronsson improvement framework and error-proofing in the Harrington framework. 

7.5 PROCESS LAYOUT PROPOSAL 

It would be a lot easier to start from scratch when designing the baggage hall, but 
it would be rather naive since a complete rebuild of the baggage handling hall in 
the quite new terminal would be very expensive. Thus our first guideline is to 
reuse as much of the existing equipment and its placement as possible. However, we consider 
the planned expansion of the terminal building done. The exterior wall before the expansion is 
marked with a dotted line in Figure 7-2. We suggest that similar heavy chains that overturn 
baggage in front of the primary x-ray machines at HHN are introduced at NYO as well. They 
are marked as diagonal lines over the conveyor belt right before the x-ray machines. 
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7.5.1 Check-in, Special baggage, and screening 

We propose that NYO continue to use their existing check-in desks and expand to the left 
with identical ones. There will be room for a total of 26 check-in desks and 1 for special 
baggage. This is more than enough considering the maximum number of simultaneous flights. 
Eight simultaneous flights means that 16 check-in desks are needed and the rest is considered 
redundant. In our calculations we have however calculated with equipment investments for all 
26 desks to be on the safe side. 

Since the special baggage is to be handled in a separate flow we have a relative large amount of 
freedom in placing it where it fits the best. It consists of a wider check-in counter and a 
straight conveyor with a x-ray machine in the middle of the conveyor. The length of the 
conveyor after the x-ray machine is currently about 4 metres. We will keep the same conveyor 
length in the new process. 

Some of the check-in desks will use one primary x-ray machine and the rest the other primary 
x-ray machine. The two flows will then merge and use the same secondary x-ray machine if 
needed and the same flow to the sorting area for limited space reasons. We remove the wall 
that today enclose “the x-ray machine area” and put in a parallel conveyor belt that is used for 
“Primary x-ray machine #2”. It should be possible to reach this machine for maintenance 
purpose and hence we have elevated the conveyor belt outside of the x-ray machine (A in 
Figure 7-2). We considered placing the second x-ray machine after the bend on the left of the 
conveyor belt, basically in the opening gate into the main baggage sorting hall, but this means 
that more space in the baggage sorting hall is used, something that we consider precious. An 
overview of the proposed layout can be seen in Figure 7-2 below. 

 
Figure 7-2 Proposed baggage sorting hall layout. Source: Own (2005) 
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Now it is time for the flows to merge and to establish the position of the secondary x-ray 
machine. The merge is placed as close as possible to the entry in the main baggage sorting hall 
(B). After that the diversion conveyor to the secondary x-ray machine is placed next to the 
merger to create a queue of appropriate length. Currently the secondary x-ray machine is 
placed on the right hand side making it hard to access for the Police Bomb Squad in an 
emergency situation. We have therefore chosen to place it in the left flow instead (C). The 
current placement of the ascent in the vertical, shortest dimension of the baggage hall also 
impairs the queue length in front of the secondary x-ray machine, hence we have chosen to 
position it in the horizontal dimension instead (D). A consequence of this is that the security 
personnel do not have direct access to do manual inspections; they will have to pass over the 
two flows using a staircase. We cannot determine if this will be a hassle because the amount of 
baggage that require secondary screening and manual inspection are not known to us. 

7.5.2 Sorting 

The point where the baggage have been screened and are ready for sorting has been 
reached (D). An automatic sorting will not need the large carousel anymore, which we 
recommend either is sold or used in the baggage claim area. Instead the industry best practice 
at little larger airports is to use sorting chutes with vertical parallel pushers. Those pushers are 
very quick and firmly push the bag off the conveyor. They can handle about 1 800 bags per 
hour, well over the maximum demand calculated in section 7.2. Due to the high speed the 
baggage might have coming down the chutes, it is industry best practice to also install plastic 
breaking curtains that slows down the baggage before it reaches the bottom. The hosting 
machinery will be moved to help the personnel lift the baggage onto the baggage wagons, 
which should have a smooth surface to ease the work.  

The chutes are placed alongside the longer wall due to several reasons (E). It provides easy 
expansion of more chutes to the left if it is necessary in the future and if they were placed 
vertically a large empty area would be created behind them since a certain length of conveyor 
belt is needed for the ascent up to the drop height. Each sorting chute has room for 
approximately 20 baggage and two chutes could be used per flight. One chute is used as a 
reject chute, where baggage that is not yet assigned a sorting chute goes together with the 
possible no-read baggage, which on the other hand never should happen. We have chosen to 
propose that 13 sorting chutes are installed. This means that the system is able to sort 6-7 
flights without problem and have redundancy for more if needed. 

7.5.3 The complete layout proposal 

In Appendix 5, a larger figure of the complete layout proposal can be seen. When compared to 
the current layout in Figure 6-1, it is obvious that a lot of the existing equipment and 
infrastructure have been reused to minimise building and implementation costs. Moving AB 
has looked into the cost for buying and implementing such a system. 

From physical layout we now move on to designing the RFID automatic identification and 
data capturing system. 
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7.6 RFID SYSTEM PROPOSAL 

There are a few places where reading of the tags should be done: right before 
sorting, at security-check and on the apron at the aircraft stands. The reason for 
the sorting reader is obvious because we have decided on having an automatic 
sorting of the baggage. A fixed reader at the special baggage sorting point will 
read the special baggage although there is no automatic sorting, but a registration 
of the baggage passing this point. When a baggage is manually examined in the security-check 
one wants to know where the baggage is and hence should the RFID tag be read also here. At 
this point it could be useful to have a reading when the baggage arrives to the manual security 
examination and one when it leaves. Since the reading should be done twice at the security-
check, a handheld RFID reader will be most sufficient for the purpose. The third and last 
point of reading is fixed and should be done as near take-off as possible and hence readings at 
the loading point are the most appropriate. This will ensure that nothing will happen with the 
baggage after the reading (it will for certain leave with the aircraft because the last reading is 
practically on the aircraft) and the reconciliation can be made automatically, making it possible 
to instantly know if a baggage is missing. It will also be a way of error-proofing the baggage 
handling process since the system should give some sort of alarm if a bag is about to be loaded 
on the wrong aircraft e.g. a red light or stopping the conveyor belt. These readers will have to 
communicate with the database server through a W-LAN application. 

There is another location at which NYO would like the tags to be read: when the baggage 
wagons leave the baggage sorting hall. This is however not easily done with today’s technology 
due to;  

• Too long reading distance (if using HF tags). 

• Interference from the metal baggage wagons. 

• Too many tags at one single reading, risk for them to clamp together and hence not be 
readable. 

One solution could be to put tags on the baggage wagons and register the individual baggage 
onto the baggage wagons, which then could be read on the way out. This solution is however 
time consuming due to the registrations and also an increased cost for tags. We feel this 
registration is more of a “nice to have” than “need to have” feature and regarding the short 
transport distance between the sorting reading point and the loading reading points, our 
conclusion is to not implement this reading point, but rather wait until the technology is good 
enough to register the individual RFID tags when they are loaded on the baggage wagons. 

When the decision about where to read the tags is taken one has to make a decision on which 
sort of tag to use, HF or UHF. There are some different advantages with each of the 
frequencies; the HF tags have better immunity to environmental noise and electrical 
interference while the read distance of UHF tags is a lot longer. The damping effect of water 
and dense material on HF technology is quite small, while UHF has a high tag per second read 
rate.  
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Since NYO conforms to IATA recommendations the IATA Recommended Practice, 
RP 1740C will apply here. In RP 1740C IATA recommend using HF technology for baggage 
handling so the decision for which frequency to use seems easy. However there is of course an 
issue concerning the choice of frequency; the future tag price. Which frequency will be the 
most widespread and hence the cheapest because of sales volumes?  

In December 2004 EPCglobal Inc. decided to ratify their new UHF Generation 2 Standard 
which will be the one used by American organisations and companies like Wal-Mart and US 
Department of Defence. This will drive up the production volumes and hence reduce the 
price of the tags. This Generation 2 Standard is submitted to the International Organization 
for Standardization (ISO).197 We also have indications that IATA is about to change its 
RP 1740C during the second half of 2005 to regard UHF the standard frequency for baggage 
handling198. Though the UHF Generation 2 probably will become the most common used 
standard for RFID and IATA might change their RP we cannot today evaluate UHF as a 
feasible frequency for NYO, at least not as a primary technology. Reasons being, that 
Generation 2 equipment and tags are not yet available on the market, and because of that, 
prices are not known. IATA changing standards is an indication, not a fact, and therefore we 
should not consider it. Another reason is that there are other RFID-projects at NYO that use 
HF technology. We will therefore evaluate a HF technology solution in this initial process 
development. 

The third RFID layout matter is whether to use an open- or closed-loop system for the tags.  

An open-loop system is easy to use since the tags are sent off together with the baggage. The 
baggage is tagged at check-in, as today with the barcode tag, and then sorted and loaded, 
nothing else is to it. 

A closed-loop system implies that the tags should stay within NYO somehow. There are two 
ways this could be done; either the tags are put on the baggage itself and later torn off or the 
baggage is placed on RFID marked totes running on conveyors. The latter is useful for large 
airports where the baggage travel long distances between check-in and loading and when the 
conveyor system is complex due to the sheer size of it. Systems like these can store bags that 
are checked-in very early or arrive with a connection flight early, so called baggage storage 
systems. NYO do not have this kind of complex system and will not become large enough to 
need such a system within a foreseeable time period and therefore we will not consider a 
RFID marked tote system for the baggage. To tear off the tags as they are being loaded (we 
have already decided to read the tags as late as possible) is the option we are left with when 
considering a closed-loop system. So exactly where should this be done? It can be done on the 
apron outside the aircraft before the bag is put on the loading conveyor or when it is taken off 
the loading conveyor inside the aircraft. Either of these options needs an extra effort by NYO 
and a closed-loop system need more durable tags to withstand the increased wear and tear of 
being handled several times. These tags also have to be taken back into the system again 
meaning that information stored on them should be erased before they are used again. All this 
implies that when we only consider the layout of the system we prefer an open-loop system 

                                              
197 EPCglobal Inc. (2004) 
198 IATA Baggage Working Group (2005) 
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where the RFID tag inlays are written to in a combined baggage tag (barcode) and RFID 
printer at the check-in counter. Passengers may however claim there is a privacy issue with an 
open-loop system; they might argue that someone can track them when they leave the 
destination airport. This is nothing we regard as a big problem because technology to solve 
such issues exists and are underway, see section 3.12.1. 

The tags should be passive because there is no need for reading distances that require a power 
source, we will only have distances up to approximately one metre. Passive tags are naturally 
also cheaper and do not transmit signals during the flight.  

In section 3.12.1 we presented the different types of tags that exist in regards of written 
information on the tag: read-only, read/write, and write-once-read-many, WORM. The risk 
for data overflow (section 3.12.1) can be regarded as quite small since there will be a relatively 
small amount of readings made within the system. We have found that the only tag that exists 
in practice is the read/write due to price. The reason for this is the fact that all tags need a chip 
and this is the costly bit of the tag. Price does not really shift with the amount of data possible 
to store but simply with the chip being there. A tag without a chip is only an antenna that is 
useless as a RFID tag.199 We will therefore use read/write tags. The possibility to write to the 
tags make them interesting, one can for example write information about the baggage; PAX 
name, flight number, and baggage number. This will create a redundancy, discussed in section 
7.4.1, and if the connection to the information system is lost, sorting will still be possible. 

To sum up the RFID system proposal: 

The initial RFID system we suggest, is an HF open-loop system with two fixed indoor reading 
points, sorting and special baggage, one fixed reading point on each apron loading equipment 
(with W-LAN), and one handheld reading device for security personnel, plus two extra 
handheld devices, the tags will be passive read/write tags. For a complete list of hardware for 
the open-loop process, see Appendix 6. 

7.6.1 RFID Information system requirements 

An essential part of a RFID system is the software that takes care of the gathered input and 
transforms it into useful information as described in the theoretical framework, section 3.11. 
The information system stores the associated data in a database. The relevant data that needs 
to be stored in a database will be: 

• RFID tag number 
• Baggage tag number 
• Passenger name 
• Flight number 
• Flight destination (IATA code) 
• System Date and Times 
• (Baggage weight – to provide tools to optimise aircraft loading) 

                                              
199 Mikkelä, A. (2005) 
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The data gathering will also be done close to the tagged object and in real-time as the event 
occurs, just like Tarkowski and O’Brien predicted, in section 3.11. The primary data gathering 
method is RFID, but as a backup system all system functionality should be able to take the 
existing printed barcode and a manual entering of baggage tag number as input. 

Bowersox points out in section 3.9 that the information sharing is the glue between the 3PL 
provider and its partner. NYO can with their upcoming CUTE system share data with its 
customers, the airlines. This means that information such as passenger lists and the like are 
available to NYO in digital format. 

The system functionality is described in a bullet point list below. The technical consultants 
have agreed to give an estimate of the cost associated with development and installation of a 
software program with this functionality. 

System functionality specification 
• Ability to test and associate a RFID tag number with PAX details at check-in. 

• Direct baggage to the correct sorting chute given RFID tag number and store time and 
date for the event. Change status of baggage to “sorted”. If a no-read occurs also 
record this and send the baggage to the reject chute. 

• Record the event that the baggage is being loaded onto the aircraft. Store time and date, 
and compare baggage tag number with checked-in baggage tag numbers for the specific 
flight that is being loaded. If correct, change baggage status to “loaded”, otherwise alert 
the user of the mishandling error and show baggage details. 

• When all baggage have been loaded according to the airside personnel, perform a 
match between checked-in baggage and loaded baggage and alert user if there are any 
baggage missing. 

• Perform a PPBM between boarded PAX and loaded baggage to validate the aircraft for 
take-off. 

• Provide the ability for security personnel to mark a baggage as “security” with a hand-
held RFID reader, when removing baggage from the normal flow for manual 
inspection. 

• Provide the ability to change a baggage status to “sorted” when it returns from manual 
inspection and also the possibility to change its status to “not-going-on-flight”, so that 
the PPBM is ok without this baggage being loaded. 

• The ability to search for a specific baggage tag number using a hand-held RFID reader. 

• The ability to request full baggage details providing a RFID tag number using a hand-
held RFID reader. 

• The ability to change a baggage’s status using a hand-held reader, e.g. mark a baggage as 
“no-show”. 
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7.7 SUFFICIENT PROCESS? 

According to our analysis model we now have to make a qualitative decision 
whether the proposed baggage handling process will have a sufficient 
performance or not. The reliability will be better with a RFID system because of 
the high read rates. Our proposed sorting system has a capacity of 1 800 baggage 
an hour which is a lot higher than today’s 1 000. The technical consultants and their RFID 
supplier consultants together with our supervisor at NYO have come to the conclusion that 
the proposed process will work sufficiently well. Of course they have different opinions about 
our way of solving the layout issues, but nothing that will make our proposed process fail this 
step of the analysis. 

The next step will be the cost evaluation of the proposed baggage handling process and this 
can be found in the next chapter. 





 

  

8  COST EVALUATION – INTIAL PROCESS 
The cost of the proposed process is important to find out in 
order to determine if we are to finally propose this process. 
We have a two to three year perspective from investment til 
when it should be payed back. Only the cost items that differ 
between an automatic and a manual sorting system will be 
calculated and because of that there are many costs that are 
not calculated. A simple three-year payback analysis is made 
together with a net present value calculation. 
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8.1 HOLDING COSTS 

With expensive RFID tags there will be a cost for capital tie-up that NYO do not 
have today. Eight weeks of tag demand is bought in bulk and the average volume 
of tags in stock is thus four weeks of consumption. To calculate the cost for 
capital tie-up we use the NYO internal interest rate, 5 percent. 

8.2 HANDLING COSTS 

The expansion of the baggage sorting hall, the extra x-ray machines, and the Rampsnakes are 
something we do not consider in the cost evaluation, since that equipment is something NYO 
already know they will or already have invest/-ed in. Only the infrastructure investment that is 
due to the automatic sorting will be investigated, i.e. the sorting chutes and extra conveyor belt 
needed is compared with the existing conveyor belts and carousel. The investment cost for our 
proposed conveyor layout is approximately 11.5 MSEK200. If this is compared to the existing 
conveyor belts (7+3 MSEK) we conclude that the conveyor belt investment needed for our 
proposal is 1.5 MSEK. 

There will be no change in how many persons who work in the check-in, Service Centre or 
Security. In this cost item we will however save the cost for two airside personnel (see 
section 7.4.2) with a yearly cost of 350 kSEK each, equalling 700 kSEK yearly. 

The handling equipment and internal transports will be the same as with a manual sorting 
system and therefore no costs associated with this are considered.  

8.3 ADMINISTRATION COSTS 

Although the pay roll administration will change since a little less time is used (due to two less 
employees) for the administrator we will not consider this change because it is infinitesimal 
and hard to track down, this reasoning goes for the overhead cost as well. The cost for 
mishandled baggage will be zero with our proposed RFID baggage handling system. In section 
7.1 we estimated the cost for mishandled baggage to be approximately 110 kSEK if nothing 
was done in the sorting process, we therefore say that the RFID baggage handling system save 
110 kSEK yearly. The sorting carousel used today can be sold for approximately 800 kSEK201. 

8.4 INFORMATION SYSTEMS COSTS 

The future information system associated with baggage handling is the RFID system, which 
cost items are hardware, software, tags, support, and implementation. Hardware, except the 
tags, in this system contains of; antennas, readers, W-LAN, and printers. We have calculated 
this investment to be 1 010 kSEK, a list with specified costs could be seen in Appendix 6. All 
information system costs but support are one-time investments for year 0. The cost to develop 
a software system for RFID has been calculated with the help of the technical consultants at 
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ÅF System. The estimation is 500 kSEK including implementation. The information system 
support cost would be 35 kSEK annually. 

8.5 OTHER COSTS 

The most important cost driver in an open-loop system is the tag cost because the tags are 
literally thrown away when the baggage leaves the airport; each tag costs 3.50 SEK. With three 
million PAX yearly there are 1.2 million departing baggage. We therefore calculate the 
difference in cost for material of usage (RFID tags) to be 4.2 MSEK on a yearly basis. 

8.6 COST DIRECTIVE FULFILLED? 

The directive that was given about cost was to have the investment payed back 
within a time scope of approximately two years. This means either two or three 
years, since public limited company only use yearly financial budgets.202 For the 
calculations of the open-loop system see Appendix 7. 

8.6.1 Payback analysis 

When summarizing all cost items above we have the initial investment cost (year 0) that has to 
be payed back with a recurrent positive cash flow during the time period asked for by NYO. 
Our calculations however show that this is not the case here. The yearly cost is very high due 
to the cost of RFID tags making the yearly cash flow negative. A negative annual cash flow 
can never pay back an investment, see Figure 8-1. 
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Figure 8-1 Payback analysis diagram for an open-loop RFID system. Source: Own (2005) 

8.6.2 Net present value analysis 

A net present value analysis of course also show that an open-loop system is too expensive in 
a 3-year scope, -11.6 MSEK. The cost directive is hence not fulfilled and we have to improve 
the proposed process. 

                                              
202 Lindholm, J. (2005) 





 

  

9 PROCESS IMPROVEMENT AND COST EVALUATION 
We showed in the last chapter that the open-loop system 
proved too costly and thus we have to do an improvement 
of the initial baggage handling process. The improved 
process and the associated costs are evaluated and we make 
a new decision whether it is good enough. This chapter deals 
with those issues. 
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9.1 PROPOSED PROCESS IMPROVEMENT 

Since the initial process failed the cost evaluation mainly due to the large tag cost 
in the open-loop system we need to modify it somehow to reduce cost. An 
intuitive solution is to not send away the expensive RFID tags, but instead reuse 
them somehow in a closed-loop system. This suggestion is also made in the Engberg et al. 
thesis, section 3.12.3. This would minimise the required tag cost, but introduce some logistical 
problems such as the work needed to prepare the tag for reuse after being taken off the 
baggage. 

The rest of the process e.g. physical layout and placement of RFID system readers in the 
baggage sorting hall does not have to be changed when moving from an open-loop system to 
a closed-loop system. The associated costs for those parts are not anyway near the disposable 
tag costs. The things that need to be determined are; what type of closed-loop RFID tag to 
use, when and how to fasten and remove the tags at/from the baggage, what work needs to be 
done before it can be used again, and what changes of the RFID hardware installation that are 
necessary. 

There are three main types of RFID tags that can be used as reusable tags: the ordinary thin 
inlays that were used in the open-loop process, a key-ring tag, and a plastic card tag similar to 
an ordinary credit card. An example of each type of tag can be seen below in Figure 9-1. 

 
                   Inlay                                Key-ring                                        Card 

 Figure 9-1 Types of RFID tags. Source: Texas Instruments (2005) and Own (2005) 

The key-ring’s reading distance is less than that of the inlay and card, due to the smaller 
antenna, but it could still be a viable option203. However since the durability of the key-ring 
and the card is similar we chose the card above the key-ring. The reading distance of the inlay 
and the card are the same, since it is an inlay that is laminated into the RFID card.  

The choice between the ordinary inlay and the card is more difficult and has to do with the 
fastening technique of the tag on the baggage and which type that requires less work in 
between uses. 

                                              
203 Mikkelä, A. (2005) 
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The ordinary inlay is too fragile to be used as it is and thus somehow needs to be embedded 
into e.g. the paper baggage tag. One could for example imagine that the end portion of the 
baggage tag could be perforated and contain a RFID inlay. The loading personnel could then 
tear it off when loading the baggage on the aircraft. It would require some work to remove the 
tag and prepare it by laminating it on another baggage tag. The associated cost for this could 
be large since this work has to be done for every used tag, in our scenario 1.2 million pieces. 
This might make the cost evaluation fail again due to expensive tags.  

The card on the other hand can be fastened on the baggage almost as it is. Compared to the 
inlay it is much more rugged due to its plastic cover. To be fastened with some device it needs 
to have a hole. This is not a problem as long as you do not make a hole through the antenna. 
The solution we have come up with is to punch a hole in each RFID card and fasten it to the 
baggage by means of a thin plastic string, similar to the ones used to fasten price tags in most 
clothing stores. By using a special fastening gun one fastens the RFID card. The card is then 
easily torn off when pulling it, especially if the hole has sharp corners, e.g. in a triangular hole. 
There can of course not be any plastic scrap left on the apron after the loading has been 
completed. Hence the loading personnel have to tear it off in a manner such that the plastic 
scrap is placed in the tag container below the RFID reader. The only work needed to be able 
to use the card again would be to sort out the used plastic strings from the stack of cards. A 
simple means of distinguishing between the cards would be to print their unique id-number on 
them. This way management could easily sort out a particular batch of cards for replacement.  
We have therefore chosen to go with the RFID cards in our closed-loop system. A RFID card 
attached to a baggage with a plastic string can be seen in Figure 9-2 below. 

 
Figure 9-2 RFID tag attached to a baggage using a plastic string. Source: Own (2005) 

Next we are going to describe the necessary process and equipment changes in the baggage 
handling process.  
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The card is programmed at check-in by placing it on short-range readers instead of using 
integrated RFID and baggage tag printers. The process inside the baggage handling hall will 
not change due to the change of tags, but out on the apron the personnel would have to 
remove the tags somewhere before the flight’s take-off. Our solution to this is that the person 
lifting the baggage off the baggage wagon onto the Rampsnake would be responsible for 
removing the tag and placing it in a mid-range reader mounted on the Rampsnake. The choice 
of putting a human being in charge of removing the tags is not optimal. However, in our 
discussions with our supervisor at NYO and the technical consultants we found it almost 
impossible to tear off the tags in an efficient manner inside the aircraft without increasing the 
number of loading personnel.  

The card would then be read and the personnel would get an indication of a baggage that is 
being loaded onto the wrong flight. The only situation in which a baggage is going to be 
mishandled would be if it was sorted onto the wrong baggage wagon and then at the same 
time the personnel responsible for loading forgot to remove its tag. In our opinion this will 
happen extremely rare.  

The RFID cards are erased at the same time they are read on the apron to prepare them for 
reuse. This is not a problem because every baggage also has an ordinary barcode baggage tag 
on it and if the baggage was supposed to go on another flight it will have to be manually 
registered using a hand-held reader. After the reading and erasing of the tags they are taken 
into the baggage handling hall and the plastic scrap is sorted out and the cards are taken to 
check-in to be used again. Considering the little amount of work needed to reintroduce the 
RFID cards into the process, we have estimated that a total stock of three days supply will be 
sufficient. Calculating with 365 days per year, the amount of tags equals approximately 
(1 200 000/365) = 3 300 per day and hence 9 900 during three days. 

The improved RFID layout is an HF closed-loop system with two fixed indoor reading points, 
sorting and special baggage, one fixed reading point on each apron loading equipment (with 
W-LAN), and one handheld reading device for security personnel, plus two extra handheld 
devices, the tags will be passive read/write tags. A complete list of hardware needed for the 
closed-loop system can be found in Appendix 8. The tags are of card type with a punched 
hole. They are fastened to the baggage at check-in and removed just before loading on the 
aircraft. The cards are then cleaned from plastic scrap and reintroduced in the process. 

9.2 SUFFICIENT PROCESS? 

We have once again reached the point where we decide if the process’s 
performance is sufficient or not. When asked about the closed-loop proposal, the 
technical consultants at ÅF System, our supervisor at NYO and the RFID 
consultants’ opinions are that the closed-loop system will work, but of course with a little 
more hassle than the open-loop system. With that said the performance would still be good 
enough. 

The next step will once again be the cost evaluation of the proposed baggage handling 
process, it is found in the following section. 
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9.3 COST EVALUATION OF CLOSED-LOOP SYSTEM 

Since we already made a cost evaluation of the open-loop system in the previous 
chapter, we will not repeat the underlying reasons for the different cost items, 
but instead concentrate on the differences in the cost between the open-loop and 
closed-loop systems. 

With reusable RFID cards NYO will have a much smaller stock of tags, only three days of 
supply compared to a month in the open-loop system. The RFID cards are of course more 
expensive than the disposable inlays, but the smaller stock volume will make the capital tie-up 
cost less. 

The handling costs and administration costs are the same for the closed-loop and open-loop 
systems. 

The information system costs will however change considering the different RFID hardware 
that is going to be used. The software cost is the same as before (500 kSEK), but the RFID 
hardware costs, this time including the reusable tags (12.50 SEK each), will now be 
392.2 kSEK. A list with specified cost calculations could be seen in Appendix 9. 

Material of usage includes; annual replacement of tags and the plastic strings. Replacing tags as 
they are worn out or lost will cost 15.8 kSEK when calculating with 10 percent of the tags 
being replaced each year to a somewhat higher price per tag, 16 SEK, due to the lower 
volumes. The plastic strings used to fasten the cards costs 0.05 SEK per piece, thus the total 
cost for these equals to 60 kSEK calculating with 1.2 million baggage annually. This means 
that it costs 0.15 SEK in total to identify a baggage in the closed-loop system. 

9.4 COST DIRECTIVE FULFILLED? 

Now we have to evaluate if using a closed-loop RFID system fulfils the cost 
directive. The calculations can be found in Appendix 9. 

9.4.1 Payback analysis 

According to our payback analysis we can say that a closed-loop RFID system has recurrent 
positive cash flow from year 1 onwards. This implies that at some point the investment will go 
break-even. This will happen after 2.30 years or 3 financial years, illustrated in Figure 9-3.  
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Closed-loop payback
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Figure 9-3 Payback analysis diagram for a closed-loop RFID system. Source: Own (2005) 

9.4.2 Net present value analysis 

The payback analysis concludes that the proposed baggage handling system will go break-even 
shortly, but what is the net present value after 3 financial years? With the interest rate that 
NYO uses (5 percent) for calculations like these, we find that the net present value is a 
positive 295 kSEK. We can therefore say that the directive given regarding cost is fulfilled. 

 



 

  

10 CONCLUSIONS AND RECOMMENDATIONS 
This is the chapter where a summary of the conclusions 
from the analysis chapters are presented along with the 
recommendations on when to implement the new baggage 
handling process at Stockholm Skavsta Airport, NYO. 
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10.1 CONCLUSIONS AND RECOMMENDATIONS 

We have identified the main cost driver in the baggage handling process as the 
personnel cost at both NYO and HHN and the process’s goal is to successfully 
reconcile baggage and PAX onboard the aircraft. The main thing in conflict with 
this goal is the amount of mishandled baggage, i.e. baggage that either remains on NYO when 
the flight has departed or is sent to the wrong destination. A large part of the mishandling 
occurs during peak hours and in the manual baggage sorting activity. 

Both the problem with high personnel cost and amount of mishandled baggage can be 
addressed by implementing automatic sorting and reconciliation using RFID technology. 
However our calculations have shown that currently it is not cost-efficient to implement an 
open-loop RFID system, mainly due to the high RFID tag prices. 

On the other hand we have shown that RFID technology can be cost-efficient at NYO if 
implemented as our proposed closed-loop system. The need to remove the tags of course 
introduces some practical problems, but not to an extent that the whole baggage handling 
process’s performance is less than the manual sorting process. 

Thus, our main conclusion is that the closed-loop RFID baggage handling process described 
in chapter 9, fulfils the purpose of the thesis of developing a new baggage handling process 
that is cost-efficient in order to cope with the expected expansion of the airport. It fulfils all 
the directives given by our supervisor, Operations Director Joakim Lindholm at NYO. It 
includes RFID technology, have a payback time of 2.30 years (3 whole fiscal years), a positive 
net present value, and have better delivery reliability and capacity performance than the 
current baggage handling process. 

The physical layout of the proposed baggage handling process can be found in Appendix 5. 
This layout address several of the current issues in the baggage handling process such as the 
baggage height failure in front of primary x-ray machines and the handling of special baggage 
to mention a few. In the layout proposal, RFID readers will be placed at each check-in 
counter, before sorting of normal baggage, at the special baggage sorting, and at each apron 
loading equipment to register the baggage when it is being loaded. In addition the security 
personnel will have RFID-enabled hand-held units to make sure that no baggage is lost is the 
process. 

The RFID tags will be of the plastic card type and will be fastened with thin plastic strings to 
the baggage at check-in as in Figure 9-2. The software information system, described in 
section 7.6.1, will provide the means of automatic sorting of baggage into the correct chutes 
and tracking of the baggage through the reading points e.g. doing automatic reconciliation. 
This means that the mishandled baggage will always be detected due to the achievable 100 
percent read rate in the RFID system. This will save NYO approximately 110 kSEK annually. 

The automatic sorting will also mean that fewer personnel can sort the same amount of 
baggage compared to manual sorting and this will save NYO approximately 700 kSEK every 
year. 
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An interesting finding is the different cost of identifying a baggage using different AIDC 
technologies, i.e. the identification price relation theory from section 3.11.1. Using barcodes 
NYO specifies that the cost is about 0.20 SEK. In the open-loop the cost per baggage is 
3.50 SEK and in the closed-loop system 0.15 SEK. This means that the use of a RFID tag 
costs less than the existing barcode! Unfortunately the barcode baggage tag is mandatory due 
to airline industry standards, but this fact surely points in the direction of using RFID 
technology in baggage handling. 

We therefore recommend NYO to implement a process similar to our proposal, when they 
see the prerequisite conditions starting to become a reality i.e. when the expected expansion in 
departing PAX numbers reaches 1.5 million. We also recommend NYO to implement the 
personnel workgroups that are described in section 7.3.7 as soon as possible to be able to 
continuously enhance the capacity performance of the current process. 





 

  

11 REFLECTIONS AND FURTHER STUDIES 
In this chapter we reflect on our study model and other 
topics we have come across during our work with this thesis. 
We also make suggestions for further research in the area of 
airports and RFID, especially at NYO. 
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11.1 REFLECTIONS 

When revising our way of doing this research study we think that our study model has worked 
very well with some exceptions and has helped us get to a result in a structured manner. The 
decision points are vital for the work to proceed. For us they have also been very important in 
the way that we have allowed for experts to give their opinion on suggested layouts and 
processes. However there are two points that should be interchanged in the model in order to 
make it more intuitive. The identification of the drivers for cost should come after the 
quantifying of the costs. This can be done as long as one has the modified TCM as a solid 
foundation for the research. When costs are defined one will see what costs are the largest and 
identify them as the drivers, but one shall not forget to go back and look for other less 
obvious cost items. It is also necessary to understand that new drivers for cost emerge from a 
new process. We have found that the study at the reference airport is more important in terms 
of processes and amount of resources used, not so much the size of different cost items. The 
latter means that it is more important to understand why and how much of a certain resource 
is used, not what it costs, because the cost cannot easily be transferred to our studied airport, 
NYO. 

A reflection about the RFID technology and industry regarding baggage handling is the lack of 
a widely accepted world standard. Everybody we have talked to seem to wait for either IATA 
or ICAO or both of them to put down a foot and set a world standard for baggage handling. 
The reason for this is two-fold. Firstly many of the advantages of a RFID system can only be 
realized when the whole “baggage supply chain” use the technology e.g. efficient handing of 
transfer baggage. Secondly the cooperation of using a world standard means massive 
production volumes of RFID tags, which is the main cost driver in the open-loop investment 
calculations. This could probably mean that the sought after 5-cent (US) tag could be available 
and many would take the technology leap to RFID. 

A low-cost airport of today with manual sorting can most probably find a cost-efficient, 
RFID, closed-loop automatic baggage sorting solution, which makes it unnecessary to 
implement a barcode system as an intermediate solution when the PAX volumes allow for an 
expansion. One should however be careful to say that RFID solve all problems, the British 
Airways case study shows that many problems can be addressed differently. We, on the other 
hand, argue that airport/airlines that do not have any sort of AIDC today do not have the 
means that British Airways have. At larger airports, like for example in the GOT case study in 
section 3.13.1, it almost always already exists expensive barcode readers used for sorting, one 
must rely much more on RFID facilitating the handling of transfer baggage and eliminating 
mishandled baggage, rather than the reduction in personnel costs since the big impact of 
automation already has occurred. 

One possibility in a RFID system is to give the airside personnel RFID enabled access cards 
that can be used to “open” and “close” a flight out on the apron when loading the aircraft. 
That way it would not be necessary to manually type in flight number and other needed data, 
simply putting the access card in front of the reader does it.  
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11.2 SUGGESTIONS FOR FURTHER STUDIES 

The natural next step to research at NYO considering baggage handling is of course to 
conduct a RFID hardware performance study to determine for sure that the suggested 
performance of 100 percent read rates can be realised in the NYO environment. Another step 
would be to do computer simulations of the physical baggage handling system to optimise 
capacity levels and performance. We also think a larger investigation of the possibility to 
integrate the PAX flow of the airport into the RFID system as well would be of interest. This 
can be made by e.g. using identical RFID card tags as boarding cards. One could perhaps 
imagine selling the space on the cards for advertisement to companies to minimise the tag 
costs both in the PAX and baggage flows and of course have a fully automatic PPBM process. 
Another thing to consider is the upcoming e-passports that contain a RFID chip with 
biometric data. All this could be integrated into an automatic check-in, passport check, and 
boarding system, certainly an interesting thing to investigate! 

If NYO were about to use RFID technology in the PAX flow, several privacy and integrity 
issues would be raised. An interesting thing to find out by conducting a survey is what PAX 
think about RFID technology at airports. This would determine the current RFID acceptance 
level and also find out what type of information that would be needed to be developed if such 
an implementation was about to happen to avoid misunderstandings and other unfortunate 
events. 

Our final thought on further studies is that there unfortunately exist very few practical 
implementations and case studies, even though the technology has been around since the 
Second World War, when it was used to distinguish friend from foe. It is only in the past few 
years that the technology has developed far enough on the financial side to become interesting 
for baggage handling. Therefore we urge anybody who gets the chance of doing a live pilot to 
do it right away. This would make things a lot easier for the people conducting RFID studies 
like this one in the future and verify the RFID technology limitations and capabilities once and 
for all. 

 

 

 

 

…and perhaps sometime in a not too distant future, when RFID 
technology in baggage handling has taken off, we certainly hope that the 
rings of Saturn will begin to fade away… 
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Appendix 1 QUESTIONNAIRE FOR IMPLEMENTING RFID 
(Freely translated from Swedish) 
1. What type of information will be transferred to or from the tag and how much of the 

information should be stored in the tag? 
• Is it only relevant to read the uniquely identification code stored in the tag or is it 

relevant to store and read a larger amount of information from the tag? 
• Is it necessary for the tag to contain all information or can the stored identification 

code be used as a key to a database, where the rest of the information is stored? 
• Would it be necessary to change and/or add information on the tag? 

2. In what environment is the work done and what can the tag and reader be objected to? 
• Objected to high and low temperature respectively during a longer time period? 
• Objected to metals on or in the packaging, or in its environment? 
• Objected to chemicals or other fluids? 
• Objected to electrical interference that can affect the tag’s reading range? 
• Objected to sun, rain, snow, ice, and UV-radiation? 
• Objected to magnetically interference that can affect the tag’s reading range? 
• Objected to dirt and dust? 
• Objected to oil and paint? 
• Objected to physical wear and tear? 

3. On which objects will the tag be placed? 
• Can every object be tagged in an identical way, for example in the lower left corner, or 

does the placement of the tag vary? 
• What properties does the object have that affect the tag placement, for example, is the 

object smaller than the tag or thin as a document? 
• What material do the object, its packaging, and load carrier consist of? 

4. From what range should the tag be read and how fast does the reading have to be? 
• Is it possible to come close to the object in the same way every time when a so-called 

contact reading should occur or does the reading have to be non-contact (wireless)? 
• Does the reading distance vary from time to time? 
• Is it necessary to read multiple tags simultaneously? 
• Does the tag pass the reader with a high velocity during a short time or can the object 

be fixed in a reading position until the reading has been completed? 
• Is there a possibility to repeat a reading if it failed? 

5. Can the reading be done automatically or is it necessary to perform the reading manually 
in a way that can lead to job-related injuries? 

6. How flexible does the tag have to be? 



 

 

• Does the reading situation always look the same or for example do the objects, the 
placement, velocity, reading distance vary? 

7. What cost aspects exist? 
• Is it possible to reuse the tag or does it has to be disposable? 
• How large part of the products total value is the tag? 
• How many times should a marking be done within the system? That is, is it a need for 

tagging each and every product or only load carriers containing more than one 
product? 

• What gains and/or savings can be accomplished by different capacities and qualities 
within the system? 

• What hardware investments need to be done? 
• Does the present information system need a lot of manpower and what are the 

alternative costs for manual registration and measures taken for taking care of faults? 
8. Is the physical flow a return or a one-time flow? 

• Can the information carrier (i.e. the tag) be mounted on and off the product or load 
carrier in order to reuse it or is it for various reasons fixed on the item, for example 
because it is moulded into the product? 

• Will the tag be disposed after one day or so or is there a need for it to be able to 
withstand years of a tough environment? 

• How long should the life of usage be? 
9. What demands are there on system security? 

• Is there a need for having the information encrypted? 
• How sensitive for system breakdown are the operations? 
• How important is it to have the tags read correctly and what is the cost for taking care 

of faults due to improper data entry? 
10. Is there a need for system compatibility? 

• Do more parties use the information system and how willing are they to tie up 
technically? 

• Is there a need for real time data identification and capturing in the information 
system? 



  
 
  
 

 

Appendix 2 CURRENT ENPLANING PROCESS BLOCK DIAGRAM FLOWCHART 

 
Figure 13-1 Current enplaning process block diagram flowchart. Source: Own (2004) 



 

 

Appendix 3 INTERVIEW QUESTIONS 
What does the current process look like and what problems exist at NYO? 

• What activities exist in the system and how are they performed? 
o What activities exist in the baggage handling process? 
o In which order are they performed? 
o Who does what in the activities? 
o How much time does each activity take? 
o How long does the baggage wait in between the activities?  

• Who is responsible? 
o Who is responsible for each activity? 
o Who is responsible for the whole baggage handling process performance? 

• What resources are consumed to perform the activities? 
o How much permanent personnel work in the process? 
o Do you often take in extra temporary personnel in the process? 
o What equipment is used in the activities?  

 Conveyors, X-rays, Baggage wagons, Loading conveyors (e.g. 
Rampsnakes) 

• What does the information flow in the system look like? 
o What information is gathered and how? 
o How is it stored? 
o How is it used later in the process? 

• What are the system limits? 
o What is the total capacity of the process in terms of simultaneous flights, 

baggage volume, and passenger volume? 
o What time limits exist in the different steps or for the baggage handling process 

in total? 
o What are the legal requirements on the baggage handling process? 
o How long in advance are the demands on the process known? 
o Is the demand even over time or does peaks exist? Average volumes? 
o Is the amount of space in the baggage handling area (room) sufficient? 

Dimensioned for further expansion? 
o What is the limit for the conveyor belt’s velocity? 

 Would there be useful to have it go faster? 
• What are the most important problems? 

o What are the major problems or issues in the current baggage handling process? 
o What do the involved participants see as problems? 
o What do the involved personnel regard as problems? 



  
 
  
 

 

o What does management regard as problems? 
o How much baggage is mishandled currently? 

 What are the major reasons? 
• Where? (landside/airside, on wagon/on conveyor) 
• Who? (casual/permanent, landside/airside) 
• Why? (lack of resources, co-loading of several flights on one 

wagon, lack of handling time) 
• How? (human misreading, wrong tag, fall off wagon, stuck in 

security) 
 How is arriving mishandled baggage taken care of and how long time 

does it take? Does it have special tags? 
o How large is the amount of special baggage and how is it handled? 
o How are the check-in baggage “slotted” onto the main baggage conveyor? 
o Are there any reliability problems with the equipment in the process, e.g. the 

baggage conveyors? 
o Is the PPBM (Positive Passenger Baggage Matching) activity a problem 

currently? 
• What are the reasons for the problems and what consequences do they have?  

o What are the reasons for these problems and what consequences do they have? 
• What goals exist, how are they related, and are they fulfilled? 

o What are the goals of the baggage handling process? 
o Is the performance of the process measured? If yes, how is it done, and if no, 

what are the reasons? 
o How are goals related? Are they conflicting? 
o Do they work well or do they need to be changed? 

 
What drivers for costs exist at NYO? 

• What cost items exist in the baggage handling process? Regarding the following 
aspects: 

o Holding costs 
o Handling costs 
o Administration costs 
o Information systems costs 
o Other costs 

• Are there any cost aspects missing in the above question? 
• Does the present information system need a lot of manpower and what are the 

alternative costs for manual registration and measures taken for taking care of faults? 
o How big is the support function? 



 

 

o How many persons would be needed to do the same work as the information 
system does today? 

• How many bags are mishandled i.e. either misses the correct flight or is sent to the 
wrong destination? 

• What cost items are important to consider when investing in RFID technology? 
o What hardware investments need to be done? 

• What costs are associated with RFID and information system hardware? 
o How will costs change with the amount of data collected? 

• Which cost items will be affected by a new process alternative? 
o Which cost items are the most important, i.e. will change the most? 
o Are there other cost items that will change that are not considered in the above 

questions?  
o Will there be changes in the physical layout that lead to new costs? 

• Will the demand for an accurate process mean that the cost for the information system 
will change? 

o Is there a need for further investments in the information system due to the 
demand for an accurate process? 

• How are the total process cost items related to the time dimension of the process e.g. 
do flight delays incur costs? 

o Are there any penalties for NYO associated with time delays of flights? 
o Are there any extra costs for NYO associated with time delays of flights? 
o Are there any extra costs (or penalties) for airlines associated with time delays of 

flights? 
 
How big are the different cost items currently at NYO? 
Put quantities to the preceding questions. 
 
What does the current process look like and what problems exist at HHN? 
These questions are the same as for our first main question. 
 
How big are the different cost items currently at HHN? 
These questions are the same as for our second and third main questions. 
 
What differences exist in the cost and problem structure at HHN and NYO? 

• Are there any clear breakpoints in certain experienced problem areas and can they be 
related to the growth in PAX and baggage volumes? 

o Is there any point at which the problems in baggage handling change 
significantly? 



  
 
  
 

 

o If yes, how do they change? 
• How does the employment situation within the baggage handling process look like at 

both airports? 
o How many are fulltime employed? 
o How many have casual employment? 
o Do you rather employ casuals than fulltime employees when there is an 

escalation in passenger numbers? 
• Is the baggage-per-PAX relation similar at NYO and HHN and if not what are the 

reasons? 
• What differences exist in the absolute and relative amount of mishandled baggage at 

HHN and NYO? 
• Are there any significant differences in the cost structure at HHN and NYO? 

o Do you think that you have cost items at your airport that do not exist at the 
other? 

o If yes, which and why? 
 
What possibilities and issues exist regarding the implementation of AIDC? 

• What type of information will be transferred to or from the tag and how much of the 
information should be stored in the tag? 

o Where is it a need for collecting data from the tags? 
o What data needs to be collected by the system? 

 Flight number, passenger name, passenger passport number, time of 
check-in, x-ray, and loading. 

 Overweight, fear of flying, biometric passenger information. 
 Anything else? 

o Is it only relevant to read the uniquely identification code stored in the tag or is 
it relevant to store and read a larger amount of information from the tag? 

o Is it necessary for the tag to contain all information or can the stored 
identification code be used as a key to a database, where the rest of the 
information is stored? 

• What environment is the work done in and what can the tag and reader be objected to? 
o Which kind of environment are the tags supposed to withstand?  

 Objected to high and low temperature respectively during a longer time 
period? 

 Objected to metals on or in the packaging, or in its environment? 
 Objected to chemicals or other fluids? 
 Objected to electrical interference that can affect the tag’s reading range? 
 Objected to sun, rain, snow, ice, and UV-radiation? 



 

 

 Objected to magnetically interference that can affect the tag’s reading 
range? 

 Objected to dirt and dust? 
 Objected to oil and paint? 
 Objected to physical wear and tear? 

• On which objects will the tag be placed? 
o That is, is there a need to tag each individual bag or is it possible to have a load 

carrier system? 
• From what range should the tag be able to be read and how fast does the reading have 

to be? 
o Is it possible to come close to the object in the same way every time when a so-

called contact reading should occur or does the reading have to be non-contact 
(wireless)? 

o Does the reading distance vary from time to time? 
o Is it necessary to read multiple tags simultaneously? 
o Does the tag pass the reader with a high velocity during a short time or can the 

object be fixed in a reading position until the reading has been completed? 
o Is there a possibility to repeat a reading if it failed? 

• Can the reading be done automatically or is it necessary to perform the reading 
manually in a way that can lead to work-related injuries? 

• How flexible does the tag have to be? 
o Does the reading situation always look the same or for example do the objects, 

the placement, velocity, reading distance vary? 
o Would it be necessary to change and/or add information on the tag? 

(Read/write, Read-only, WORM?) 
• What cost aspects exist? 

o Is it possible to reuse the tag or does it has to be disposable? 
o How many times should a marking be done within the system? That is, is it a 

need for tagging each and every product or only load carriers containing more 
than one product? 

o What hardware investments need to be done? 
• Is the data storage capacity sufficient for a RFID system? 
• How long time period should the data be stored? 

o What software investments need to be done? 
• Is the physical flow a return or a one-time flow i.e. is it possible to reuse the tag or does 

it has to be disposable? 
o Can the information carrier (i.e. the tag) be mounted on and off the product or 

load carrier in order to reuse it or is it for various reasons fixed on the item, for 
example because it is moulded into the product? 



  
 
  
 

 

o Will the tag be disposed after one day or so or is there a need for it to be able to 
stand years of a tough environment? 

o How long should the life of usage be? 
• What demands are there on system security? 

o Is there a need for having the information encrypted? 
o How sensitive for system breakdown are the operations? 
o How important is it to have the tags read correctly and what is the cost for 

taking care of faults due to improper data entry? 
• Is there a need for system compatibility? 

o How will a new system fit with the existing one? 
o Will there be a need for changing the existing information system? 
o Do more parties use the information system and how willing are they to tie up 

technically? 
• Can RFID accelerate the process to increase the throughput volume? 

o Do you think that the PPBM could be done more swift with a RFID-system? 
o Can the sorting of baggage be made more automatic and faster? 
o Can the sorting of baggage be integrated with the passenger flows regarding no-

shows and alike? 
 Can a bag be sorted out at an early stage when it is found out that a 

passenger has become a no-show? 
o Can the boarding of passengers be made with less effort than today, for the 

crew? 
 
Improvements 

 Can the bags be sorted using barcode systems? 
 How should manually security-checked bags be registered within the system? 

o Handheld reader, directly on a PC? 



 

 

Appendix 4 HHN LAYOUT 

 

 
Figure 13-2 HHN Terminal 1 (upper) and 2 (lower) overview drawing. Source: Own (2005) 



  
 
  
 

 

Appendix 5 PROPOSED LAYOUT – NYO BAGGAGE SORTING HALL 

 
Figure 13-3 Proposed Baggage sorting layout. Source: Own (2004) 



 

 

Appendix 6 RFID HARDWARE INVESTMENT – OPEN-LOOP SYSTEM 

 
Table 13-1 RFID hardware investment - open-loop system. Source: Own (2005) 

 Location  Cost (SEK) Qty Total
 Check-in (26 counters)   
     RFID-enabled baggage tag printer 30 000 26 780 000 

 Baggage sorting hall fixed reading points (2 points)    

     Long-range reader 17 000 2 34 000 

     Long-range antenna 5 000 2 10 000 

     Power supply unit 500 2 1 000 

 Apron loading equipment reading points (4 points)    

     Long-range reader 17 000 4 68 000 

     Long-range antenna 5 000 4 20 000 

     Power supply unit 500 4 2 000 
     Housing for RFID hardware 4 000 4 16 000 
     W-LAN Interface to RFID reader 5 000 4 20 000 
     Extra rugged all weather housing to Interface 3 000 4 12 000 

 Security and spare RFID hardware    

     Hand-held RFID readers 7 000 3 21 000 

 W-LAN Infrastructure    

     Access points (incl. antennas) 7 000 2 14 000 

 RFID installation    

     Installation cost (per reader) 2 000 6 12 000 

 Total     1 010 000 
 



  
 
  
 

 

Appendix 7 PAYBACK AND NET PRESENT VALUE – OPEN-LOOP SYSTEM 

 
Table 13-2 Payback and net present value - open-loop system. Source: Own (2005) 

 Cost of investment Cost (kSEK) 
     RFID hardware (incl. installation) 1 010.0 
     RFID software (incl. installation) 500.0 
     Second-hand value of carousel -800.0 
     Conveyors and chutes 1 500.0 
 Total 2 210.0 
  
 Running cost [Yearly]  
     Capital tie-up 20.3 

     Conveyor and chutes support 0.0 

     Information system support 35.0 
     RFID system support 0.0 
     Cost for open-loop inlay tags 4 200.0 
 Total 4 255.3 
  
 Running revenue [Yearly]  
     Savings in sorting personnel 700.0 

     Savings in amount of mishandled baggage 110.0 
 Total 810.0 
  

 Running difference [Yearly] - 3 445.3 
  

 Payback period [Years] Negative 
  

 Net Present Value [Over 3 Years] -11 592.1 
 



 

 

Appendix 8 RFID HARDWARE INVESTMENT – CLOSED-LOOP SYSTEM 

 
Table 13-3 RFID hardware investment - closed-loop system. Source: Own (2005) 

 Location  Cost (SEK) Qty Total
 Check-in (26 counters)   
     Short-range reader (incl. antenna) 1 400 26 36 400 
     Power supply unit 500 26 13 000 
     Fastening gun 500 26 13 000 

 Baggage sorting hall fixed reading points (2 points)    

     Long-range reader 17 000 2 34 000 

     Long-range antenna 5 000 2 10 000 

     Power supply unit 500 2 1 000 

 Apron loading equipment reading points (4 points)    

     Mid-range reader (incl. antenna) 3 000 4 12 000 

     Power supply unit 500 4 2 000 
     Housing for RFID hardware 4 000 4 16 000 
     W-LAN Interface to RFID reader 3 000 4 12 000 
     Extra rugged all weather housing to Interface 5 000 4 20 000 

 Security and spare RFID hardware    

     Hand-held RFID readers 7 000 3 21 000 

 W-LAN Infrastructure    

     Access points (incl. antennas) 7 000 2 14 000 

 RFID installation    

     Installation cost (per reader) 2 000 32 64 000 

 RFID tags    

     RFID card tags (three days of supply) 12.5 9 900 123 750 

 Total     392 150



  
 
  
 

 

Appendix 9 PAYBACK AND NET PRESENT VALUE – CLOSED-LOOP SYSTEM 

 
Table 13-4 Payback and net present value - closed-loop system. Source: Own (2005) 

 Cost of investment Cost (kSEK) 
     RFID hardware (incl. installation) 392.2 
     RFID software (incl. installation) 500.0 
     Second-hand value of carousel -800.0 
     Conveyors and chutes 1 500.0 
 Total 1 592.2 
  
 Running cost [Yearly]  
     Capital tie-up 6.2 

     Conveyor and chutes support 0.0 

     Information system support 35.0 
     RFID system support 0.0 
     Cost for replacing closed-loop tags 75.8 
 Total 117.0  
  
 Running revenue [Yearly]  
     Savings in sorting personnel 700.0 

     Savings in amount of mishandled baggage 110.0 
 Total 810.0 
  

 Running difference [Yearly] 693.0 
  

 Payback period [Years] 2.30 
  

 Net Present Value [Over 3 Years] 295.0 
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