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Abstract 

In this thesis we have made an analysis of the Swedish domestic market, and concluded 
different limiting and enabling factors that are important to examine when creating an aircraft 
specification for an aircraft suitable for use on this market. The authors focus on three 
different parts that are considered important to be included in the specification; aircraft size, 
aircraft dimensions and aircraft performance. Aircraft size has been established through the 
use of a model and by a literature study, while aircraft performance and dimensions have been 
established primarily through market studies. 

The Swedish domestic market is today primarily built up by regional airlines and the large 
actor Scandinavian airlines; this has also been the situation historically. The regional airlines 
operates on a point-to-point basis while Scandinavian airlines operates on a hub-and-spoke-
network.  

The aircraft size has been found to depend on a number of different factors. Passenger 
demand and competition are the most important while type of operations and environmental 
impact also plays a large role. To create stronger competition towards other airlines and other 
forms of transportation, the flight frequency has been deemed a key factor. Studies show that 
airlines rather face rising demands by increasing the frequency than by increasing the aircraft 
size. 

Aircraft dimensions and aircraft performance are mainly restricted by airport constraints such 
as runway length, airport fire-fighting category and pavement strength. 

An aircraft specification has been developed, and the importance of flight frequency and 
airport constraints found on the Swedish market has been taken into consideration. The large 
variations in demand, and also the variations in type of operations in the Swedish domestic 
market has made it impossible to create a single aircraft type, however, by creating three 
different size versions of the aircraft it will be adapted to the different demands that has been 
found on the market.  
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Chapter 1: Introduction 

 
Airlines have to customize their equipment depending on the market, the demand, 
competition and on what kind of operations the airline is performing. Airlines also have to 
consider the infrastructure found on the market, airports and navigation aids. All of these 
constitute limiting factors regarding what kind of equipment an airline could operate 
successfully. In this report we are, by analysing the Swedish domestic market in different 
ways, producing a specification for an optimal aircraft type to be operated on the regional 
domestic routes in Sweden. As we began to analyse the market, it soon became clear that it is 
a very complex system. The market contains a large number of different actors, e.g. airlines, 
airport operators and passengers. Different interests are also present, e.g. profits and 
environmental impact. All of these aspects have to be taken into consideration during our 
work.  
We have analysed different parts of the Swedish domestic network in order to give the readers 
an understanding, and to illustrate a picture of how it is structured. In the initial part of the 
report, different research on the topic is covered. This is then followed by the main chapters, 
which cover the different factors that affect the final aircraft specification.  

1.1  Problem description 

 
When creating an aircraft specification, aircraft manufacturers and airlines must consider the 
environment where the aircraft is going to be operated. The problem is to find what factors 
generate restrictions that the aircraft must be able to handle. These factors can affect different 
parts of the aircraft specification, e.g. number of seats in the aircraft in order to enable it to 
manage the expected passenger demand. 

Our works focused on finding the limiting factors in the Swedish domestic network. These 
were examined in order to create a specification for an optimal aircraft type to be operated on 
the Swedish domestic network. Limiting factors means factors that make certain 
characteristics of an aircraft impossible or inefficient. By optimal, we are referring to the 
aircraft suitability to handle passenger demand, physical limitations on the airports and flight 
frequency.  
 

1.2  Purpose 

 

The purpose of this project is to develop an aircraft specification for an aircraft type, adapted 
for use in the Swedish domestic network, which is optimal in regards of size, dimensions and 
performance. 

 

1.3  Delimitations 

 

As an aircraft specification includes many detailed parts, we have chosen to focus on aircraft 
size, dimensions and performance. These parts have been chosen due to the fact that their 
characteristics depend on the environment where the aircraft is operated, that is the market. 
The definition of aircraft size in this thesis is number of seats. Aircraft size does not refer to 
the dimensions of the aircraft; these are stated in a separate chapter.  
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In the performance chapter, different ATS- and navigational related systems are described, 
which are also part of the final aircraft specification. The specification will only include 
systems that can be used in order for the airline to gain additional advantage, both in the 
current market and in the future. Standard ATS- and navigational systems will not be covered 
in the specification. 

The market analysis has only been based on the Swedish airports that see scheduled domestic 
traffic as of today, and for which traffic statistics are published by and can be access through 
Transportstyrelsen. 

The final aircraft should be optimal from a regional airlines point of view. Optimal in regard 
to being able to handle the demand, competition and being able to operate on the routes and 
airports on the Swedish market. 

Values in the analysis like PCN (Pavement Classification Number) are based on MTOW 
(Maximum take-off weight); this is the highest operable weight of the aircraft. However, on 
short domestic routes, like those in Sweden, aircraft very rarely operates at or even close to 
MTOW. This means that ACN (Aircraft Classification Number) rarely approximate to 
maximum values with regard to the restricting PCN found in the aircraft specifications. 

As Stockholm is the main gateway in the Swedish domestic market, the studies performed in 
the thesis will always consider Stockholm as the departure point, furthermore Stockholm’s 
two airports Bromma and Arlanda has been analysed on exclusively as the resulting aircraft is 
assumed to be forced to be able to operate at these airports. 
 

1.4  Materials and methods 

 

In this report we have analysed the Swedish market by examining passenger numbers, airport 
constraints, ATS systems, and performance restrictions as well as studied operators and 
airlines currently operating on the market. Our aim was to establish the different restrictions 
that have to be considered when producing a specification for an optimal aircraft type, to be 
operated on the regional domestic market in Sweden. The specification has to be adapted to 
the findings to allow the aircraft to be operated successfully on the market. 

To accomplish this we have collected passenger numbers from the website of 
Transportstyrelsen, numbers that cover all airports in Sweden. We have excluded the airports 
that do not receive any scheduled domestic traffic. The airports have been divided into two 
groups, representing the different airport sizes found on the market. 

Information regarding airport constraints has primarily been collected from the AIPs 
(Aeronautical Information Publication) at the different airports, gathered at the website of 
LFV, the main ANSP (Air Navigation Service Provider) in Sweden. Further research has been 
done through contact with different local airports like Bromma and Ängelholm.  

For the different groups of airports we have calculated the average values for different 
physical limitations, e.g. runway length, taxiway width and PCN (Pavement Classification 
Number). During the analysis of the different physical limitations prevailing at the different 
airports we have narrowed our focus down to the following constraints:  

• Runway and taxiway dimensions 
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• Pavement classification numbers at runway, taxiway and apron 

• Navigational aids 

• Fire-fighting category 

These have been chosen, as they constitute the greatest impact on the aircraft dimensions and 
performance. 
 

Airport constraints such as runway dimensions have, together with the market study 
mentioned below, had a great influence on the performance chapter. Furthermore, the 
information in the aircraft performance chapter has been based on a literature study, covering 
emissions from different types of engines. 

ATS systems, e.g. information about advantageous systems, have generally been gathered 
from the ICAO (International Civil Aviation Organization) website. In addition to this, some 
of the information adheres from knowledge obtained during the air traffic control education. 
Furthermore, information regarding future systems has been collected from one of the main 
producers of such systems, Honeywell. 

The market study includes the research made on ATS systems and airport constraints, as well 
as information regarding the current domestic network and its different acting airlines. A table 
containing the different operators and airlines has been established in order to illustrate how 
the different airlines operate with regards to competition, cooperation and type of operations. 
The market study has been based on information found on the websites of airlines and airport 
operators. 

The resulting aircraft size has been established through the use of a simple model, which is 
based on demand. Demand has been collected from Transportstyrelsen and is based on the 
same data as the airport constraints described above. The model has been used as a tool to 
find the most feasible aircraft size for different kinds of demand and frequency. The model 
and the final aircraft size have been based on a literature study covering the topic aircraft size. 

By assembling the final results from each of the research groups’ aircraft size, dimensions and 
performance, the final aircraft specification has been determined. 
 

1.5  Analysis of sources 

 

The information that has been used throughout the working process is mainly gathered from 
organizations, airport operators, aircraft manufacturers and agencies within the aviation 
industry, and is therefore considered reliable. These sources are for example ICAO, 
Eurocontrol, Swedavia and the Swedish Trafikanalys, Transportstyrelsen and LFV.  

ICAO was created in 1944 in order to endorse the safe and orderly development of 
international civil aviation worldwide. It is a specialized agency of the United Nations that 
sets standards and regulations necessary for aviation safety, security, efficiency and regularity, 
and aviation environmental protection. ICAO is the main provider of data, for example the 
emission database as well as the noise pollution database. 

Trafikanalys has been selected by the government to be responsible for Sweden’s official 
statistics regarding areas of transportation and communication. Trafikanalys is responsible for 
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the provision, development and publication of the statistics. The tasks of an agency 
responsible for statistics includes making sure that the statistic is objective, that it is 
documented and quality declared, and that it is published without a fee and is kept accessible 
in electronic form.  

Transportstyrelsen develop rules, provides authorizations and monitor compliance with these. 
They aim to achieve high availability, high quality and safe and environmentally adapted 
transports within railway, aviation, maritime and road traffic.  

LFV is one of the Swedish ANSPs (Air Navigation Service Provider) for civil and military 
customers at airport towers and Air Traffic Control Centres (ATCC) in Sweden. 

Swedavia is the main airport operator in Sweden, operating 10 airports throughout the country. 

Eurocontrol is an international organisation composed of member states from the European 
region. 

The above sources have been deemed to provide objective information as they are well known 
organisations and, except Swedavia, are aviation authorities. Their websites are well updated. 

Furthermore, information regarding aircraft types has mainly been collected from 
Airliners.net, a website containing a database with aircraft related information. However, this 
data has been submitted by unknown sources, and therefore its validity can be questioned. 
Additional aircraft data has been gathered from the websites of different aircraft and flight 
management systems manufacturers. These data must be seen as questionable, as the 
manufacturers publish figures that their product can gain from. This has been taken into 
consideration when we have used these figures. 

 

1.6  Structure of report 

 
The report contains several technical terms that might be hard to comprehend if you do not 
know a great deal about the aviation industry. Therefore, a section containing the 
abbreviations has been included in the beginning of the report, in order to help the reader 
understand the subsequent chapters.  

The report initially describes the Swedish domestic market, its history, development and more 
importantly, its current structure. To provide the reader with a clearer picture of what parts of 
the research that will result in the final aircraft specification, the succeeding chapters focus on 
the three main parts of the thesis; aircraft size, dimensions and performance. These chapters 
include the different factors that have been found to affect the aircraft specification. Finally 
we will present an aircraft specification based on the analysis and conclusions drawn from the 
results.  
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Chapter 2: The Swedish domestic market 
 

In the following chapter we state how the Swedish domestic network used to look, how it has 
developed during the 21st century and provide a picture of today’s network, with its current 
operators, aircraft types, routes and airports.  

 

2.1 Historic look back 

 

In the beginning, the airlines that operated on the Swedish market used old DC-3 aircraft that 
had been converted from military to civilian use. As the operations expanded other types were 
introduced, and for a long time, the backbone in the Swedish fleet consisted of the Convair 
Metropolitan as well as the jet aircraft Caravelle.   

Until 1992, the Swedish market was regulated, which meant that only SAS and its subsidiary 
Linjeflyg were operating on the key routes on the market. An example of a previously 
regulated route is Stockholm – Göteborg. While SAS operated on the largest routes with its 
fleet of DC-9’s (the first version of the MD80), Linjeflyg covered the routes that had fewer 
passengers. The backbone in the fleet of Linjeflyg was the Fokker 28, a twin jet aircraft that 
could seat 70 to 85 passengers depending on version (Linjeflyg, 2013). While SAS and 
Linjeflyg had monopoly on the routes they chose to operate, regional companies could still 
operate on the routes that neither SAS nor Linjeflyg wanted to operate. Just as today, the 
routes that were left over from the big operators were thin on passengers. This meant that the 
regional operators had to use smaller aircraft than the ones operated by Linjeflyg and SAS. 

An example of an aircraft type used by the regional airlines during 1980 is the Twin otter, a 
twin-engine turboprop aircraft seating 19 passengers, which (amongst others) flew the route 
between Trollhättan and Bromma (Trollhättans flygplats, 2013). The airline flying enterprise 
used the Fairchild Metro, also a small twin turboprop airliner taking 19 passengers. Another 
type that was used by regional airlines was the Shorts 360, also a turboprop aircraft, although 
larger than the previously mentioned with its 36-seat arrangement. The maximum airspeed of 
these aircraft varies between 160 knots for the Twin otter up to 250 knots for the Metro.  

In 1983 Saab began test flying their new turboprop airliner, which they produced together 
with the American company Fairchild (Airliners.net 1, 2013). The airliner typically offered 
seats for 37 passengers, and made a great impact on the Swedish market from there on. Saab 
produced a total number of 430 aircraft, with many international customers. The Saab 340 
was quickly adopted by Swedish regional airlines like Skyways and Swedair (subsidiary of 
Linjeflyg). Skyways was the largest regional operator until it ceased operations in 2012, their 
fleet included the Saab 340 as well as the Fokker 50 and Embraer 145 (Mach-flyg, 2013). 

In 1992, the Swedish market became deregulated which had a great impact on the operations. 
This meant that airlines now were able to compete on all Swedish domestic routes. The result 
of the deregulation was an increase in number of flights on the routes with the most 
competition. In his report from 1996, the author Mats Bergman writes that the reason for the 
increased number of flights was hat airlines competed with timetables instead of ticket prices 
(Bergman, 1996). Most of the passengers valued the time of departure or arrival higher than 
the price. This is a worldwide phenomenon we will analyse later on in the report. Some of the 
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regional routes that formerly were subsidized by SAS/Linjeflyg either ceased or had an 
increase in ticket prices. 

From peaking in the 1990, the market started to decline. An example is the route Trollhättan 
to Bromma, which on weekdays had an hourly departure in each direction in 1990, and as of 
today flights operates there three times daily. 

 

2.2 Aviation in the Swedish domestic network during the 21st century 

 

The airline industry is a diverse industry with many ups and downs. This is reflected 
throughout the 21st century. Starting in the autumn of 2001 and 2008, we see significant 
declines in air traffic. In September 2001 the terrorist attacks in the U.S. took place, which 
played a detonating role for the subsequent decrease in air traffic. Correspondingly, the 
financial crisis in 2008 was a substantial cause for the decline in air traffic that year. The 
amount of passengers in national air traffic was during January to August 2009, 677 000 
people less than during the same period in 2008. All in all the amount of passengers was 
reduced by 1.2 million from 2001 to 2008, which represents a percentage decline of 15 per 
cent. One thing that decreased even more during this time than the number of passengers was 
the number of landings, which were reduced by 24 per cent compared to the 15 per cent 
decline in passenger volume. The number of passengers per flight did thus increase from 
slightly more than 44 people in 2000 to about 50 people in 2008 (Transportstyrelsen 2009). 

As of September 2001 the air traffic decreased continuously during the following 30 months 
up until February 2004 (with a minor deviation during some months in the winter of 2002). 
2004 and 2005 were positive years for the aviation, with increases in the domestic air traffic. 
Despite of this increase, the quantity of passengers failed to add up to the same amount as 
before the fall, i.e. 7.9 million. The passenger volume of 2005 represented 89 per cent of the 
volume in year 2000, and during 2006 – 2008 the number began to decline yet again, this time 
with an average of 1.5 per cent decrease per year. In the spring of 2008 the amount of 
passengers increased by 3 per cent, but when in the early summer compared to the 
corresponding figures of 2007 one could distinguish a declining growth rate, which in August 
turned into a decrease in number of passengers (Transportstyrelsen 2009). After the drop in 
2009, air traffic increased substantially during both 2010 and 2011, after which one could 
note a saturation of the growth rate during 2012. The amount of domestic passengers in 2012 
was more than 7 million people (Trafikanalys 2013). 

In the year 2000 the Stockholm airports had 44 domestic routes, 38 from Arlanda and six 
from Bromma. During this period Sweden had 21 additional routes with direct service 
between other airports, so-called transversal lines. In 2008, the number of domestic routes 
from Stockholm was relatively unchanged, while the number of transverse lines decreased 
substantially from 21 to 14 routes. In 2008 the domestic routes from Stockholm were 42, 31 
originating from Arlanda and 11 from Bromma. Thus, redistribution had been concluded in 
Bromma’s advantage (Transportstyrelsen 2009). 

In autumn of 2006 it became forbidden to bring liquid onto airplanes. This led to a drastic 
increase in airport charges for security checks, which was revealed in the expenses for 2007. 
As a result of this, the fee for the screening of passengers and their luggage had to be 
increased. This was only a few months after a previous increase had been made, after which 
the fee was 32.5 SEK per passenger. After yet another change the fee was now 37 SEK per 
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departing passenger, which led to an increase in charges against the aviation industry by 92 
million SEK. 

Statistiska centralbyrån conducted a national travel survey (on behalf of Trafikverket) in 
autumn 2005 to autumn 2006 in order to learn more about domestic travel habits of the 
Swedish people. The survey covers all traffic movements. When it comes to aviation it is 
interesting to look at the longer distances, 30 miles or more. The survey showed that of all 
domestic travel with a length greater than 30 miles, aviation accounts for 15 per cent. In all 
longer distances, such as traffic between Stockholm and northern Sweden, aviation dominates. 
During the period of the survey, 28.8 million journeys with a span of 30 miles were executed. 
Aircraft carried out 15 per cent of these journeys, i.e. 4.2 million flights. Buses and trains 
accounted for a relatively even portion of the journeys within the different transportation 
length categories. As for aircraft and cars, the relative amount of flights increased as the 
distance increased, while the relative amount of cars decreased as distance increased. 
According to the survey air travel accounts for 49 per cent of all journeys that stretches 80 
miles or more (Transportstyrelsen 2009). 

In recent years the amount of business travels in the domestic market has declined. Given that 
the business segment constitutes the basis for the airlines revenue and yield, this development 
is alarming for the airlines. Previously business travellers commonly represented 8 per cent of 
the total amount of passengers, and accounted for about 15-20 per cent of the airlines' revenue. 
Compared to the same period preceding year, the amount of business travellers had in late 
2008 declined by 13.3 per cent, and in January 2009 decreased by 16 per cent 
(Transportstyrelsen, Flygtendenser, 2009). 

According to Christian Griwell, in charge of passenger service at Nordic Aero, the passengers 
travel pattern has changed and the share of private travels has increased significantly during 
recent years. The relative amount of private travellers is today greater than the amount of 
business travellers. This change is mainly due to the increased supply. Today there are several 
so-called low cost airlines established on the Swedish market (Transportstyrelsen 2010).  

The aviation market looks very different today compared to 10-15 years ago. Today, there are 
a variety of different types of airlines. The development of so-called “air travel organizations” 
is a new trend within domestic flights, as well as companies which do not operate own traffic 
but acts as a supplier of air travel (Transportstyrelsen 2009). 

The average price per ticket in 2000 for a domestic flight was 927 SEK and the equivalent in 
2008 was 990 SEK. This is synonymous with an increase of 6.8 per cent, however, consumer 
prices during the same period increased by 15.3 per cent. This signifies that ticket prices in 
real terms fell by 7.3 per cent, which means that it was less expensive to fly domestically in 
2008 than it was in 2000. During this period low-cost airline started to establish more and 
more on the Swedish domestic market. The entry of low-cost airlines led to a decrease in the 
amount of passengers for major network airlines, such as SAS. This is particularly evident 
when the airlines operate on the same airports, which on another note allows for substitution 
for customers and also enable price competition. There are many profitable low-cost airlines, 
however, it is common that the airports where these airlines dominates have major problems 
of profitability. 

In the Swedish domestic market, SAS is the largest airline in terms of number of passengers; 
however, in 2009 Skyways was the airline with the most destinations (Transportstyrelsen 
2009). Skyways went bankrupt in 2012 (Trafikverket 2012). During the period 2000 - 2008, 
in addition to SAS, at least 13 airlines conducted domestic scheduled traffic. In June 2009, 
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there were only 8 left. During the period 2000-2007 the 13 airline companies had revenue of 
38 billion and approximately 1.5 billion in losses. Only one of these companies made profits 
for almost the entire period. In recent years, more airlines have started to turn loss into profit 
(Transportstyrelsen 2009). 

After a long and stable period, the airlines' operating costs increased with 6 per cent in 2008. 
Increased fuel costs are the main reason for these rising operating costs. Fuel costs are in turn 
very dependent on the price of crude oil, which reached soaring levels in 2008. 

Today, more and more emphasis is placed on the environment and how humans affect it. The 
environmental impact of aviation has not changed significantly in recent years. The public's 
attitude however has suddenly become more negative towards aviation, from an 
environmental point of view. To reduce the environmental impact of aviation such as noise 
and emissions of greenhouse gases one are trying to develop quieter aircraft, which is delayed 
by the growth of air traffic, and to control emissions at airports by implementing so-called 
emission ceilings. In some countries, it has also been decided to introduce taxes on air travel 
(Transportstyrelsen 2009). 

 

2.3 Current network 

 

A number of regional airlines are operating on the Swedish market today. The market consists 
of a mix of operators that runs point-to-point operations as well as hub-and-spoke operations; 
however, many of these operators are cooperating and thus creating networks that in a way 
could be described as a hub-and-spoke network. Point-to-point operations are defined as a 
non-stop flight that will take the passenger from A to B, here the airlines focus only on the 
passengers that want to fly on this very route. In a hub-and-spoke network, the airlines will 
use one or more hubs enabling them to connect passengers from multiple origins to the same 
destination. (Flightglobal, 2010) 

2.3.1 Routes and airports 

 

Stockholm and its two main airports Arlanda and Bromma are the key destinations in the 
Swedish domestic network, and this has also been the situation historically. In 1996, Mats 
Bergman stated that a large portion of the regional passengers is transfer passengers and will 
continue flying from Arlanda with another company. Like they did with the now ceased 
company Skyways, SAS are nowadays running code-shared flights with the large regional 
company Nextjet. 

The regional national network covers the whole of Sweden, from Malmö in the south to 
Kiruna and Pajala in the north. In the south and middle part of Sweden, regional flights are 
direct nonstop flights. The situation in the northern parts of Sweden differs in the fact that we 
here find flights with multiple legs, e.g. Arlanda – Mora – Sveg. (Swedavia 1, 2013) 

The longest domestic route that is operated in Sweden is the route between Arlanda and 
Kiruna, which is a 500 NM (Nautical Mile) flight. In table 23 you can see the distances for 
some of the most common flights in the Swedish domestic network. The average distance for 
a Swedish route is 223 NM. (Skyvector, 2013) 
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Table 23: Sample of distances on the Swedish market 

Route 

Stockholm to: 

Distance 

Kiruna 500 NM 
Malmö 290 NM 
Gothenburg 220 NM 
Karlstad 375 NM 
Visby 125 NM 
Östersund 240 NM 
Luleå 145 NM 

 

As can be seen in figure 4, which is a map of the Swedish domestic network, the majority of 
the domestic destinations are spread out in the south of Sweden and along the eastern coast. In 
southern Sweden airports are located closer to each other, compared to the situation in the 
northern part of the country.  

 

 

 

 

 

 

 

 

 

 

 
Figure 4: Domestic destinations on the Swedish market 

2.3.2 Operators 

 

Many of the Swedish regional airlines are wet leasing their equipment and are in that way 
only running the administration of the airline. Wet leasing means that an airline is leasing an 
entire aircraft together with its crew. The airline that is leasing is responsible for everything 
connected to the crew and the aircraft. Another alternative is to dry lease an aircraft, which 
means that the aircraft is leased without a crew. The leasing airline is then responsible for 
crew and maintenance. (Conklin & De Decker, 2001) An example is the Swedish airline 
Flyglinjen, who flies the route between Arlanda and Kristianstad with a wet leased ERJ-145 
from the British regional airline BMI Regional. Another example is the operator Braathens 
regional who wet leases their equipment and crew to Golden air and Gotlandsflyg amongst 
others (Gotlandsflyg 1, 2013). 
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In appendix 1 below we describe the different regional operators and their connection with 
other airlines as well as their types, routes and number of seats. We have not included the 
frequency of the different flights, as this data is impossible to collect with the resources given. 
This means that the appendix 1 is more focused on describing the airlines equipment and 
cooperation rather than explaining their route network. 

As seen in appendix 1, the operators can be divided into three main groups. Sverigeflyg and 
the cooperating airlines are connected with Malmö Aviation as they run code shared flights, 
and thus these airlines create group number one (Sverigeflyg, 2013). Naturally, group number 
two consists of the main actor on the Swedish market, SAS and its code share partner Nextjet 
(Nextjet, 2013). In the third group we find airlines were we have not found any signs of 
cooperation with other airlines on the market, namely Avies, Direktflyg and Flyglinjen. 

 

2.3.3 Aircraft types 

 

A number of different aircraft types can be found on the Swedish market. The size of the 
airline affects the type of aircraft that is operated, and among the regional airlines, apart from 
one jet operator, only turboprop aircraft can be found. The turboprop aircraft ranges between 
19 and 72 passengers and are mainly products of the manufacturers Saab and ATR. When 
moving onwards towards the larger airlines we pass the middle segment, which is built up by 
the only RJ’s (Regional Jet) on the Swedish market, namely the RJ100 and RJ85 of Malmö 
aviation. The largest operator, SAS, does also operate the largest aircraft with their fleet of 
Boeing 737-600/700/800. Worth mentioning is the fact that Malmö Aviation has new aircraft 
on order. The airline has chosen to replace their existing fleet with a mix of the new 
Bombardier CS100 and -300. The -100 version offers 110 seats, which is in the very same 
range as the current RJ100 (Malmö Aviation, 2013).  
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Chapter 3: Creating an aircraft specification 
 

The aircraft specification is the final result of this thesis. In this chapter the general parts of 
the aircraft specification are being described. 

 

3.1 Aircraft specification 

 

When a manufacturer prepares to start producing a new aircraft, a specification is established. 
The intention is to make a specification that fits a certain market or a certain segment of a 
market. If the specification has little or no links to the environment in where the aircraft will 
later operate, the risks are that the airlines will be reluctant to buy the aircraft. In the 
specification different parts and characteristics of the aircraft is described, and limitations 
found in the environment where the aircraft is to be operated are taken into consideration. The 
factors are many and can be divided into a number of groups. Depending on whom you talk to 
within an airline, the answer to which of these groups that are most important will differ. For 
a pilot, performance is of the essence as this is what affects his work the most, meanwhile, the 
economics department are focusing on finding an aircraft with the right size to make sure the 
demand can be met. (Boeing, 2013) 

Performance 

Performance is one of the most important parts of the specification seen from the flight crews, 
ATCO’s (Air Traffic Controllers) and the airline operations point of view. This part shows 
how well the aircraft will perform during standard operations. Important performance aspects 
are speed, maximum altitudes, rate of climb/descent, range with maximum payload (fuel 
consumption), MTOW (Maximum Take-Off Weight) as well as field length needed to take-
off and land. The MTOW is a very important factor as MTOW often is used as a 
measurement when airport operators and ATS-authorities calculate charges and restrictions. 
(Saab leasing, 2013), (Boeing, 2013), (EPN, 2012) 

Dimensions 

Aircraft length, width and height are specified in the dimensions. Width is of great importance 
as the distance between the main wheels decides what aerodrome category the aircraft will be 
listed as, a very long distance will limit the number of airports an aircraft can operate at. The 
dimensions can in some cases limit the choice of parking stands at an airport, e.g. the 
wingspan does not allow the aircraft to be parked next to other aircraft at certain gates (Saab 
leasing, 2013). The dimension of the fuselage also restricts how many seats the aircraft can be 
fitted with. This is one of the key factors for airlines as the size of the aircraft matters greatly 
when it comes to being a feasible alternative or not on the market where it is going to be 
operated. (Saab leasing, 2013), (EPN, 2012) 

Power plants 

This part of the specification includes the characteristics of the engine and whether it is 
sufficient or not for the aircraft. Short runways require more thrust capabilities, at the same 
time, very cold or hot weather will affect performance of the engine. Engines require a high 
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level of maintenance. Engines on the market ranges from the traditional piston engine, an 
engine found on propeller aircraft, to turboprop and jet engines. The type of engine affects the 
performance of the aircraft to a very large degree. The differences between a jet and 
turboprop engine are covered in chapter 6.2. (EPN, 2012) 

Flight management systems 

Different systems on board the aircraft can increase the possibilities for the aircraft to take 
advantage of the ATS-system. Many of today’s approach paths are established by R-NAV 
(Area navigation), which requires certain systems on board to make it possible for the aircraft 
and aircrew to operate it. The systems need to be certified to certain standards to be able to 
allow the aircraft to operate in for example poor weather conditions. (EPN, 2012) 

Other 

Among the other factors we find fleet commonality; if your aircraft has the same engine as 
another aircraft type or if the cockpit shares design and systems with another type, advantages 
can be achieved. Configurations are depending on the operating environment of the aircraft, 
e.g. during flight to gravel runways, gravel protection kits can be installed, reducing the 
amount of grains of stone hitting the fuselage. Another example is speed brakes that can be 
used to reduce the aircraft speed during final approach and roll out; these can either be 
installed on the wing or be attached to the fuselage, normally in the tail area. Speed brakes 
can reduce required runway length for landing (Precise flight, 2013) (EPN, 2012). 
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Chapter 4: Aircraft size 
 

The final number of seats e.g. the aircraft size, is based on the information found in this 
chapter. The chapter includes a literature study followed by a description of the working 
method of the size model that has been used as a tool to determine the most feasible aircraft 
size. 

4.1 Factors affecting aircraft size 

 

For an airline, the choice of aircraft size is one of the most important decisions to make. If the 
aircraft size is not adjusted to the route it is operating on, the airline might destroy the 
opportunities to make profit. Either they will have a tough time filling the aircraft, or many of 
the passengers that wanted to fly cannot do so due to lack of seats, and therefore choose 
another airline, or in some cases another form of transportation. We are producing 
specifications for an aircraft to be used on regional routes. The distances can sometimes be 
short on regional routes, which makes the competition from train, bus and car travel more 
intense than when compared to competition on longer routes. 

Demand on the route 

When the demand on a route grows, airlines can answer with two different actions. They can 
either change the aircraft size or the flight frequency. The main direction for airlines over the 
last years has been to change the frequency and thus keeping the capacity at the same level. 
This means the airline will have the same aircraft size, however, with more departures and 
more passengers, the airline will be able to offer added times of departure and therefore more 
passengers will be able or want to travel with the airline. The term Schedule delay described 
by (Givoni & Rietveld, 2009) is the amount of time between the time x that a passenger 
wishes to depart and the time y that the airline has scheduled. At a certain value, the schedule 
delay can cause an airline to miss out on a certain amount of passengers, and therefore, the 
importance of a frequent schedule has grown steadily. One should not rule out the option to 
increase aircraft size, as this in some cases can be needed. A larger aircraft means more seats 
and a greater chance for a passenger to be able to fly a particular flight, and thus also meaning 
that the schedule delay can be reduced also by changing aircraft size. (Givoni & Rietveld, 
2009) 

Even though the fact that many airlines focuses on higher frequency and therefore creates 
congestion at airports, recent investigations shows that no change is forecasted when it comes 
to an increased average size in the world fleet. For example the Airbus A380 has shown to be 
a very hard aircraft to fit into the airlines networks, with only a few routes in the world that 
supports its very large capacity (Givoni & Rietveld, 2009). 

Type of operations 

Regional operations are often performed on passenger thin routes; therefore it is rare to see 
aircraft larger than 100 seats on these routes. During hub-and-spoke operations, airlines can 
operate a feeder network that feeds passengers from the network to the hub for further 
transportation. These routes can often mean economic losses for the airlines, however, profits 
made from the supported network makes up for these losses. According to (Givoni & Rietveld, 
2009), regional flights operating as feeder flights are generally flown with smaller aircraft 
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than the aircraft in the network they support. Cooperation or code sharing between airlines 
can affect the aircraft size as the type of cooperation can lock the airline to a certain niche; a 
good example is a regional airline supporting another airline’s network with a feeder service. 
If any increase in aircraft size is needed, the supported airline will likely take over the route as 
they have larger aircraft (Pai, 2009). 

 

Airline economy 

An airline pilot’s salary varies with the size of aircraft (Givoni & Rietveld, 2009). This is also 
the case in the Swedish domestic market (Eliasson, 2013). This can be seen to a wide extend 
in the US where regional airlines operates aircraft that often actually are too small for the 
corresponding market. In those cases, the cost of the aircrew is limiting the airline in its 
choice of aircraft size. The cabin crew is also a cost factor for the airline. Regulations differ 
between countries on how many crewmembers that have to be present on each flight. In 
Sweden no cabin crew is required when the amount of passengers is between 1 and 19, one 
airhostess is required when passengers amount to 20-50, and two cabin crewmembers are 
required when the amount of passengers is between 51 and 100. Following this, one more 
airhostess is added every time the number of passengers exceeds another 50 people. These 
numbers are based on the estimated time to open emergency exits and evacuate all passengers 
(Transportstyrelsen, Antal kabinpersonal, 2010). 

 

Population and passenger types 

(Pai, 2009) discusses how the size of the population and its characteristics are affecting 
aircraft size. They reach the conclusion that aircraft size increases when population increases, 
for every 100.000 in population increase, the number of seats rise with 0.09. The very small 
difference in seats gives proof that the theory described above makes sense; higher demand is 
taken care of by an increase in frequency. Interestingly, (Pai, 2009) also describes how the 
frequency increases while aircraft size decreases when the amount of businessmen is growing 
in an area. The same development can be found in a population with a growing number of 
youth. 

 

Route characteristics 

The route characteristics can be found in table 1. (Pai, 2009) notes that airlines in some cases 
can change aircraft size on routes that are delay or cancellation prone. With smaller aircraft, a 
higher frequency can be maintained and thus the inconvenience of delayed or cancelled 
flights is reduced. At larger airports where slots restrictions are active, the choice of aircraft 
size can be part of an airlines overall strategy. Good slots can be very expensive to acquire 
and airlines often do not want to leave a slot, even though they do not have a fitting route for 
it. In those cases the use of a small aircraft can come in handy to continue using the slot until 
a more effective use with a larger aircraft can be introduced. Furthermore, (Pai, 2009) 
discusses airport characteristics that are important for the aircraft size. For a market with high 
demand, the aircraft size will increase with runway length. The same function applies when 
looking at distance, the longer distance, the more seats. The reason seats increase with long 
distances is because of the solely use of wide-bodies. No narrow-body aircraft of today has 
the abilities to carry a decent load of passengers on a long haul network without fuel stops. 
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The number of airports in the vicinity is important to the size of aircraft, as more airports with 
passenger operations means more competition and therefore also smaller aircraft. See table 1 
for a break down. (Pai, 2009) 

              Table 1. Route characteristics affecting aircraft size 

Route characteristics affecting aircraft size 
Distance  
Type of passengers Business/Leisure/Transfer 
Type of operations Feeder/point to point/hub-

hub 
Demand  
Disruptions Number of delays and/or 

cancellations 
Slots  
Airport characteristics Runway length 
Airports in vicinity  
Competition  

 

4.2 Size model 

 

To be able to find a feasible aircraft size, a simple model has been developed. The model is 
used to examine different number of seats and how well a certain number of seats will be able 
to meet the demand at a certain airport, e.g. what the resulting load factor (how many seats 
that are occupied in the cabin) will be. The model is intended be able to show if a certain 
number of seats will be feasible or not. To further back up the load factor value, the model 
also includes an economic output. This means that the model will show whether a certain 
number of seats will give the airline profit or not. With the help of the model, one should be 
able to rule out whether a certain number of seats will be feasible or not for a certain demand. 
The model will not present a final optimal number of seats, it will only work as a tool that 
enables the authors to compare different aircraft sizes to find what size that is the most 
feasible when it comes to being able to be operated on different demand values.  

 

4.2.1 Assumptions 

 

To be able to model the very complex reality, a number of assumptions have been made. All 
routes originate from Arlanda, and all charges are based on the Swedavia charges found at 
this airport. No concern has been taken to charges at other airports. 

Costs are very hard to collect and have therefore been assumed according to table 2. 

Table 2: Cost assumptions in the model 

Costs (SEK) Assumed value Remark 

Crew Pilot 2640/ day 
Cabin crew 1425 / day  

Retrieved from SCB, increases with size. 
Pilots receives 20% increase when changing from 
Turboprop to Jet aircraft 

Ticket price 1330 Collected from online booking system of 6 different 
airlines for the same day, this value is the average 
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number of both full fare and restricted tickets 
Costs per seat 

Operational  
Maintenance 
Ground service 
Capital costs 
Administration 
Other 

Jet 
10,6 
99 
200 
112 
13 
55 

Turboprop 
2 

123 
191 
40 
7 

28 

These are simulated per seat costs based on a model 
used by Transportstyrelsen. Our model uses the 
same costs regardless of sub-category. 

 

Furthermore, the model output load factor and model input frequency must be described. 
Load factor describes how many seats that are occupied of the seats available. Depending on 
the price on tickets, load factor can give a wrong picture of the profitability of the flight. In 
the real world, airlines use dynamic price settings, which means a flight might produce profit 
with very low load factors. An extreme theoretical example is a generated profit with a 20 % 
load factor where all passengers are paying no restriction first class fares. In the model we are 
using a fixed fare. We have assumed that the optimal load factor can be found in the interval 
70 – 90 %. A load factor that is lower than this means that the aircraft is not utilized enough. 
At the same time, a load factor higher than this means that the aircraft risks getting too many 
passengers during peak flights. If this happens regularly, many passengers will not be able to 
fly due to the flight being full, and therefore the airline will miss out on these passengers. In 
the model, a load factor over 90 % and less than 70 % is therefore not deemed feasible. 

Frequency is in the same way as load factor, deemed feasible in a certain interval. 1 frequency 
a day means the airline will have a very poor chance to compete against other actors. The 
schedule delay will include a night stop before you can return to your origin, meaning 
business travellers will likely choose another airline. Frequency = 2 is in the model deemed as 
a feasible frequency as this allows passengers to return the same day, and thus attracting 
business passengers. The main assumption is that when the market share is < 100 %, it is 
assumed that there will be competition which requires a frequency > 2. Furthermore a demand 
less than or equal to 100 000 is assumed to only sustain one operator and therefore a 
frequency of 2 is enough. The frequency number is limited by the size of the fleet. In the 
model we have assumed a fleet size for each route of maximum 1 aircraft, this means that 
there will not be enough aircraft for a frequency higher than 6. E.g. One aircraft flying 6 60-
minutes return trips per day with 30 minutes of ground time = 15 hours, which equals 
operations between 06:00 and 21:00. 

4.2.2 Implementation 

 

The model is implemented in Excel and is based on the following inputs and outputs: 

Inputs 

• Number of seats  

• Ticket price  
• Frequency, number of daily departures  

• Demand 
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Outputs 

• Load factor, % 

• Cost per occupied seat 

• Profit/loss per occupied seat 
 

The model can best be described as being built up by two parts. Part 1 is based in the tables 
with cost and charges data, found in table 3, that together with the ticket price is used to 
calculate how the number of seats found in the input will affect the outputs cost per occupied 

seat and profit/loss per occupied seat. Part 2 is the demand data that together with the 
assumed frequency is used to calculate the output load factor.  

 Table 3: List of tables found in the model, costs are SEK 

Tables Remark Example Source 

Aircraft 
category 

Average MTOW per aircraft 
category 

Interval of number of seats per 
aircraft category 

Narrow body 66 760 
kg 

Narrow body 120-
186 seats 

(Airliners.net, 
2013) 

Take-off 
charges 

Take-off charges based on 
MTOW (different for 

BMA/ARN)  

250 for Turboprop at 
ARN 

(Swedavia 2, 
2012) 

Noise 
charges 

Take-off charges based on 
MTOW 

147.7 for Large 
Turboprop at ARN 

(Swedavia 2, 
2012) 

TNC 
charges 

Terminal navigation charge 
based on MTOW 

549.3 for Large 
Turboprop at BMA 

(Swedavia 2, 
2012) 

Crew costs 
 

Salary costs for pilots and for 
cabin crew 

Pilot 2640 / day 
Cabin crew 1425 / 

day 

(SCB, 2013) 

Unit rates Unit rates for receiving ATC 
service, based on MTOW and 

distance flown 

644,5 average for the 
three routes 

(Eurocontrol 3, 
2013) 

Passengers 
per year 

Number of annual passengers at 
each of the three destinations 

5443 at Oskarshamn (Transportstyrelsen 
1, 2013) 

Average 
ticket cost 

Assumption of ticket price 1330 Airline web 
booking 

Departure: 2013-
01-23 

 

Model part 1: Economics     

Charges and costs are based on the MTOW. When a number of seats are inserted into the 
model, that number will be linked to a certain aircraft category, to be able to find a 
corresponding MTOW. E.g. number of seats = 17 will be linked to the category small 

turboprop, a category which have an average MTOW of 6827 kg, charges and costs will then 
be based on this MTOW. In table 4, the available aircraft categories and their corresponding 
MTOWs can be found. 
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     Table 4: Aircraft categories and corresponding MTOW 

Category Seat interval MTOW 

Large piston 6-10 3466 
Small turboprop 11-21 6827 

Medium turboprop 22-35 12882 
Large turboprop 36-70 21836 

Small RJ 30-55 17700 
Large RJ 71-110 39359 

Narrow-body 120-186 66760 
Wide-body 200-416 330441 

 

Costs and charges calculations 

Take-off charges, noise charges and terminal navigation charges are based on Swedavia 
charges and the calculations used in the model are described in (Swedavia 2 2012).  

Unit rate charges = 
!"#$

!"
 * 
!"#$%&'(

!""
 * ������ℎ ���� ���� 

Costs and charges in table 3, which have not been accounted for above, have been collected 
directly from their respective source and have not been calculated. 
 

Part 1 outputs calculations 

 

Cost per occupied seat =  
!"#$% !"# !"#$ !"# !"#!!!

!"#$%& !" !"#$!
!!"!!" !"#$# !"# !"#$ ∗!"#$%#&'( ∗!"#$%& !" !"#$!

!"#$% !"#$%!
 

In this output the costs per seat for one flight is multiplied with the number of flights to get 
the total daily cost per seat. This value is multiplied with the number of seats, which results in 
the total daily cost. The total daily cost is then distributed over the daily demand resulting in 
costs per occupied seat. 

Profit/loss per occupied seat = ������ ����� −  ���� ��� �������� ���� 

 

Model part 2: Load factor 

Load factor is easily calculated and depends on the inputs demand and frequency.  

Part 2 outputs calculations: 

Daily demand   = 
!"#$%& !"#$%!

!"#$ !"#! !"#$%&"
 

Demand for each flight = 
!"#$% !"#$%!

!"#$%#&'(
 

Load factor = 
!"#$%& !"# !"#! !"#$!!

!"#$%& !" !"#$! !" !"#$%
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4.2.3 Simplification 

 

The demand is in reality very dynamic, and sensitive to many different factors as seen in 
chapter 4.1. However, the model is based on a fixed demand. The fixed demands we use are 
the 2012 passenger numbers, statistics that have been produced by Transportstyrelsen for all 
airports in Sweden. The passenger numbers from 2012 are a result of the prices and 
frequencies that the airlines used during that year. If an airline would have used another 
business model or offered another product/price, the passenger numbers could have been 
different. Due to the limited access to demand data and due to the complex calculation, this is 
the only data we have on hand and therefore the data we will use. Furthermore the data has 
been divided over the 260 days of the year that is workdays. This means that no concern has 
been taken to variations in the demand in regards to e.g. holidays and seasons. 

Grouping of demand data 

In the model, demands for all the airports in Sweden that receive scheduled domestic traffic 
have all been included. However, to reduce the size of the model, this demand data has been 
categorized in five different groups. To create a model where all airports demand are 
represented individually would be too much work. The demand data is grouped according to 
natural breaking points as can be seen in table 5.  

Airports that did not have any domestic traffic in 2012 are not included as there are no 
passenger numbers available for these airports. The airports with very small passenger 
numbers include airports like Hagfors, Sveg and Oskarshamn, which today are served by the 
19-seat Jetstream 32. Small airports are represented by airports like Trollhättan and Karlstad, 
which today are served by the larger Saab 340 and Saab 2000. Furthermore, some of the 
medium airports are Halmstad and Kiruna, which amongst others are airports that today see 
traffic with both B737 and ATR 72. The large and very large groups consist of airports like 
Östersund and Landvetter and Sturup. All of which today see daily narrow-body service.
   

Table 5: Grouping of airports depending on passenger demand 

Group Interval Group average 

Very small 0 – 15 000 7000 
Small 15 000 – 25 000 20 800 

Medium 25 000 – 100 000 60 000 
Large 100 000 – 200 000 150 200 

Very large > 200 000 558 000 
 

Aircraft category and MTOW 

The number of seats chosen to be investigated will be linked to the most suiting aircraft 
category based on the number in the seat interval, e.g. input = 12 will result in the Small 
turboprop category (11-19 seats). Load factor will be calculated on 12 seats, while the 
MTOW and therefore also charges and costs will be based on the average MTOW for real 
aircraft types found in this category. This means the MTOW in some cases can be based on a 
19-seat aircraft, while load factor is based on a 12-seat aircraft. However, as the available real 
aircraft in each category is well reflected, airlines would in the real world be forced to buy a 
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19-seat aircraft even though the 12-seat would be optimal as a 19-seat aircraft might be the 
only product available in the current category. Further on, the main drawback of the model is 
the lack of two data that has large impact on the result. These are fuel consumption and 
environmental impact (damage costs as described in chapter 3.1). 

Other simplifications 

The model will only calculate on outbound legs, which means that a frequency of 3 does not 
mean three return flight, but three outbound flights. This is due to the fact that charges are 
only applied upon departure. 

Furthermore, the model will, just like with the demand values, incorporate a fixed price value. 
Price is also a very dynamic value, varying depending on routes, type of passengers, aircraft 
type etc. However, due to the problem in retrieving data regarding airlines price setting, the 
model is based on the average ticket price we could be able to find on the different airlines 
online data booking systems.  

 

4.2.4 Receiving a result from the model 

 

Before any results can be drawn from the model, the different inputs have to be filled with 
values that correspond to the characteristics of the route you want to investigate. In this 
example we will take a closer look at the group medium airports. This will result in the 
following input values: 

• Base demand: 60000 

• Price: 1330 

• Frequency: 2 (demand is less than the assumed breaking point of 100 000)  

With these inputs set, inserting different number of seats will make it possible to see in what 
number of seat interval you will be able to have the load factor of 70-90 % that we are aiming 
for. In this case, a load factor of 70,4 % can be achieved with 164 seats. Furthermore 130 
seats result in a load factor of 88,8 %. Thus the most feasible interval with our assumptions is 
between 164 and 130 seats, which will result in a 70,4 – 88,8 % load factor. Furthermore the 
break even number of seats would in this case be 217 seats with a corresponding load factor 
of 53,2 %. 

With the result that has been described above it is possible to receive feasible number of seats 
intervals for different demands, which then can be compared to see if any intervals overlaps. 
If they do, this number of seats will be feasible for both of the demand values. 



  25 

Chapter 5: Aircraft dimensions and weight 

 

Airlines that operate on domestic routes in Sweden will inevitably come into contact with 
different Swedish airports. Therefore, when airlines choose an aircraft type to operate they 
must consider the different physical limitations that exist on the airports of interest, in order to 
ensure that the aircraft type will be suitable for use at these aerodromes. For example, the 
pavement on the movement and manoeuvring areas of an aerodrome are not able to hold a 
certain weight, given that the aircraft has an aircraft classification number (ACN) greater than 
the pavement classification numbers (PCN). Furthermore, an airport can constitute several 
limiting factors regarding the dimension of an aircraft. Perhaps the gates only can hold an 
aircraft with a certain wingspan, or the runway length might be very short and thus not 
suitable for operations with larger, heavier aircraft. Some limiting physical factors will be 
explained more thoroughly further down in this chapter.    

Figure 1 below illustrates the ICAO aerodrome reference code, which is a reference code 
system created by ICAO for airports and aircraft. Here aircraft and airports are grouped 
depending on different characteristics. These can be used to determine the feasibility of 
operations for a certain aircraft at a certain airport. The code number is the runway length and 
the code letter includes the maximum wingspan and main gear width numbers.  

ICAO also has a reference system when it comes to the strength of the surface on taxiways 
and runways. For airports, this number is called PCN (Pavement Classification Number) and 
its value shows the strength of the surface. For aircraft the number is called ACN (Aircraft 
Classification Number) and is basically a value derived from the weight of the aircraft. When 
ACN is less than or equal to PCN's at an aerodrome, an aircraft can safely operate on this 
airport. Finally, a reference system also exists that group the aircraft regarding their final 
approach speeds. This can be seen in figure 2. 

The authors have examined the different physical limitations on the Swedish airports, and in 
order to make the information manageable the airports were grouped and average values were 
calculated for each group. The grouping was made according to the ICAO aerodrome 
reference code (figure 1), and has resulted in two main groups. 

As previously mentioned, the typical regional passenger in Sweden is a passenger whom is 
travelling to Stockholm and then transfers for continued flight, as well as passengers who are 
business related passengers. Both types of passengers have in common that they prefer a large 
number of departures. For the transfer passenger this is important in order to be able to 
synchronize the arrival at Stockholm with the subsequent flight, and for business passengers, 
a large number of departures enables them to make business trips and return the same day. 
Due to this fact, we will begin by describing Arlanda and Bromma alone, and then group the 
Swedish airports depending on runway length. 
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Figure 1: Aerodrome reference code (ICAO 2, 1999) 

 

 

 

 

 

 

 

 

Figure 2: Aircraft categories based on final approach speed 

 

When using the different ICAO values to describe the airports in the text below, the aircraft 
found in table 6 can be used to put the different values into relation with the corresponding 
aircraft types. The Airbus A333 will be used to represent the wide bodies, the B738 represents 
narrow-bodies and the E145 represent RJ’s while the Saab 340 represents the turboprop group. 
As their MTOW are in the same span, the E145 and larger turboprops e.g. Saab 2000, share 
the same ACN interval. 

 

Table 6: ACN and reference codes for different aircraft categories (Transport Canada, 2001) 

Aircraft ACN Airport 

reference code 

Approach 

category 

A333 61.7 4E D 
B736 37 3C C 
E145 13.3 3B C 

Saab 340 7 3B B 
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ICAO also has different categories when it comes to fire-fighting and rescue service. 
Depending on the length of the aircraft as well as width, different requirements exists for the 
rescue units. This is a very important factor as it would be against the law to operate an 
aircraft into an airport where the rescue service is not sufficient. An example is Bodø airport, 
which Emirates uses as an emergency/diversion aerodrome for their A380 service between 
Dubai and North America. This means that Bodø has to maintain a higher category compared 
to what would otherwise be required. Regardless of the number of movements, the level of 
protection must always match the category during the timespan in which the movement is 
expected. The different categories are described in figure 3 (ICAO 2 1999). 

 

 

Figure 3: Aerodrome fire-fighting categories (ICAO 2 1999) 

 

5.1 Limiting physical factors at the Stockholm airports 

 

The majority of the Swedish domestic flights are operated to or from either Stockholm 
Arlanda or Stockholm Bromma. These airports have between January and October 2013 
together handled 17 million passengers, of which approximately 15.5 million are flying to and 
from Arlanda. Both airports have capacity issues either at the gates or the runway system. 
This has resulted in them both being “Fully coordinated level 3 airports” (Arnslot, 2013). 
Slots are therefore systematically allocated to airlines, and flights without a slot cannot be 
flown at these airports (IATA, 2013). Bromma is located in the very heart of Stockholm, and 
due to this location rules are tougher than at the larger airport Arlanda, which is located north 
of the city. 

 

Bromma 

The main operator at Bromma is Malmö Aviation with its fleet of RJ100’s. Malmö aviation 
has a business model where they aim for the business traveller and therefore does not have the 
same type of operations as SAS, which also have the transfer passengers as part of their 
agenda. Other airlines at operating Bromma is some of the regional operators previously 
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described in Appendix 1, and types operated today ranges between the Saab 340, Saab 2000 
and the ATR 72. 

As can be seen in table 7, Bromma has a single runway that is connected to an apron divided 
into three different parking areas. Of the 24 stands that are used frequently, 14 can handle 
aircraft up to the size of the 100-124 seats Embraer E-195 which has a wingspan of 28.72 m 
and a length of 38.65 m, this corresponds to a 3C category in the aerodrome reference 
category. The main taxiway connecting the runway with the apron is called D and has a width 
of 30 m and the PCN value 25. To be able to fully use the taxiway system and also exclude 
the need to backtrack to reach the apron, taxiway A and B has to be used, both of which have 
PCN 25 and the width 15m. Like London City airport, Bromma has an extra steep approach to 
reduce the noise impact on the surrounding parts of the city. Standard angle is 3 degrees while 
Bromma has a 3.5-degree approach. For comparison it can be noted that London City has a 
5.5 degrees approach path. 

 

Table 7: Bromma physical limitations (LFV 2, 2013) 

Bromma physical limitations 

Maximum 

dimensions 

Restricting PCN Runway 

limitations 

Navigational aids 

Width 29 m 
Length 39 m 
Category 3C 

25 1668 m ILS CAT 1 

Fire fighting 

category 

Other restrictions Taxiway 

limitations 

 

CAT 6 Approach category 
B only 

Category C by 
special request 

3.5 degrees glide 
path 

Category C 
15 m  

Complies = no 
backtrack 

 

 

 

Arlanda 

Arlanda is the main gateway in Sweden and its size and capacity is unmatched in the rest of 
the country. In our case, this means Arlanda does not offer much limiting factors compared to 
other airports in our study. The major factors at Arlanda concerns the type of operations and 
the slot system, these factors are covered later in the report, as they are not classed as physical 
limiting factors. Arlanda offers CAT2 and CAT3 approaches to some of the runways; these 
can be used during very poor weather conditions. To be able to perform one of these 
approaches, both the operator and the aircraft type must be certified. Due to the intense traffic 
flow at Arlanda, where wide bodies are mixed with turboprops and narrow bodies, the choice 
of aircraft type might have a great impact on the work of the ATCOs. A slow piston aircraft 
might in some cases be harder to fit into the traffic flow compared to a standard narrow body, 
this means that the probability of delays derived from the size of the aircraft cannot be 
neglected. 

As Arlanda is dimensioned for wide body traffic, PCN numbers and runway/taxiway widths 
are all very well proportioned, the values can be seen below in table 8. 
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Table 8: Arlanda physical limitations (LFV 3, 2013) 

Arlanda physical limitations 

Maximum 

dimensions 

Restricting PCN Runway limitations Navigational aids 

4F 90 2500 m & 3300 m  ILS CAT 1,2,3B 

Fire fighting 

category 

Other restrictions Taxiway 

limitations 

 

CAT 9 Slot restrictions 
Mode-S transponder 

PCN 90 
25 m 

 

 

5.2 Liming physical factors at the domestic airports 

 

To be able to present a realistic picture of the Swedish domestic market and its limitations, the 
authors have examined all Swedish airports that partakes a considerable amount of domestic 
passengers (2012). From the gathered information the aerodromes have been divided into two 
categories, and for these the average numbers of different features have been calculated, such 
as maximum dimensions at the aerodromes, originating from e.g. taxiway width and runway 
length, as well as restricting PCN on the movement areas e.g. runways, taxiways and aprons, 
and fire-fighting categories and navigational aids at the different aerodromes. In order to 
divide the aerodromes into reasonable categories we chose to adhere from the ICAO 
aerodrome reference code, seen in figure 1, which is by referring to runway length. In the case 
of an aerodrome having several runways, we chose to look at the longest of these. By doing 
so, the authors found that all of the examined runways are more than 1200 meters long. This 
led to the conclusion that both reference code number 1 and 2 (in the ICAO aerodrome 
reference code) was not applicable. This is the reason as to why only two categories remain, 
which we have chosen to title large airports and medium airports.  

 

Group 1: Large airports 

The physical limitations found in our category large airports are portrayed in table 9. These 
numbers represent the average number of all the examined airports in the category. The 
analysis of all large airports gave us that the average runway length is 2375 meters, and the 
average runway width is 45 meters. The most common used/existing navigational landing aid 
is ILS CAT 1, and it is also worth mentioning that an R-NAV (Area navigation) approach is 
quite frequent at large airports. The collective fire-fighting category is CAT 7. The average 
taxiway width is 23 meters, and the typical pavement classification number (PCN) for both 
taxiway and runway is 52, while the average PCN on aprons are 51. The maximum 
dimensions of the large airports are corresponding to ICAO aerodrome reference code 4E, 
which means that the typical runway length is equal to category 4 (corresponding to aeroplane 
reference field length over 1800 meters). As an example of another restriction that could pose 
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as an obstacle at an aerodrome, Ängelholm has the opportunity for a Baro V-NAV (Vertical 
navigation with barometric reference to ground) approach procedure, which requires R-NAV 
equipment that uses barometric altimeter input for the vertical guidance. 

 

Table 9: Group 1 Physical limitations (LFV 7 2013) 

Group 1 Physical limitations 

Maximum 

dimensions 

Restricting PCN Runway limitations Navigational aids 

4E Apron PCN 51 
 

2375x45 m 
PCN 52 

ILS CAT 1 
 

Fire fighting 

category 

Other restrictions Taxiway 

limitations 

 

CAT 7 R-NAV approach 
(Ängelholm) 

Width 23 m 
PCN 52 

 
 

 

Group 2: Medium airports 

Physical limitations at medium airports are as stated in table 10. The figures in this table are 
average values for all medium sized airports. We can conclude that the typical runway 
dimension for a medium airport is 1594 meters long and 33 meters wide. Equal to the large 
aerodromes, the most common landing aid is ILS CAT 1. Average fire-fighting category is 
CAT 5 and the prevailing taxiway width is 17 meters. Regarding pavement classification 
number, the general taxiway PCN is 20, while the runway PCN is 19 and the apron PCN only 
17. Maximum dimensions of the medium sized airports are in relation to ICAO aerodrome 
reference code number 3C. This means that the average runway length for medium sized 
airports corresponds to category 3, which stands for an aeroplane reference field length of 
1200 meters up to but not including 1800 meters. Code letter C equals a taxiway width 
between 15 and 18 meters.   

Table 10: Group 2 Physical limitations (LFV 7 2013)  

Group 2 Physical limitations 

Maximum 

dimensions 

Restricting PCN Runway limitations Navigational aids 

3C Apron PCN 17 
 

1594x33 m 
PCN 19 

ILS CAT 1 

Fire fighting 

category 

Other restrictions Taxiway 

limitations 

 

CAT 5 - Width 17 m 
PCN 20 
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Chapter 6: Aircraft performance 
 
Aircraft performance is of great importance to the airline. The market on which the aircraft is 
going to operate contains different performance related demands that have to be fulfilled if the 
aircraft is going to be operated successfully. Performance is closely linked to what type of 
engine that is powering the aircraft. This chapter will cover the advantages and disadvantages 
of the two different engines that are available on the market today, the jet and the turboprop 
engine. Furthermore it will cover the systems that are needed for the aircraft to be able to take 
advantage of the current ATM (Air Traffic Management) system as well as future systems. 
The study will only address ATM and navigational related systems on board.  

 

6.1 Performance requirements found during the market study 

 

During the market study, a number of different requirements that must be met by an aircraft 
have been found (table 11). These are the most limiting restrictions, which implies that if the 
aircraft can comply with these it shall be able to operate successfully on the whole Swedish 
domestic network, performance wise. This means that the aircraft is able to utilize the 
navigational aids and systems offered by the ATS provider.  

 

Table 11: Requirements from the market study needed to be fulfilled by the final aircraft specification 

Requirement Restricting Value Remark 

Transponder Mode S Required system at Arlanda 
Instrument landing system Category 3 Operational at Arlanda 
Area navigation approach Baro VNAV Operational at Ängelholm 
Area navigation  Operational within Sweden 
Minimum range 500 Nautical Miles Longest sector: Arlanda – Kiruna 

Average sector: 223 NM 
Final approach speeds <141 Knots Restriction at Bromma 
Runway length 1594 Meters Limiting runway length in medium 

airports 

 

6.2 Turboprop vs. Jet engine 

 

As seen above, engine choice is one of the most important factors of the aircraft specification. 
In this section we will briefly describe the different engines and their way of functioning.  

The forward movement of an aircraft is produced by the force of one or more propeller- or jet 
engines (Flygplan24.se 2013). For airplanes that does not operate at very high speeds, the 
propeller engine is the most suitable as it provides a better fuel economy compared to the jet 
engine.  

The aviation industry came to be revolutionized with the development of the jet engine, as it 
enabled the construction of faster aircraft that could fly at much higher altitudes than ever 
before (Luftfart.se 2000). The jet engine is the most common engine for larger aircraft 
(Nationalencyklopedin 2013). It is constructed with a compressor in the front of the engine 
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that compresses the incoming air and pushes it with high pressure into a combustion chamber. 
Inside the combustion chamber fuel is added, which is burned continuously. After the 
incineration, the heated exhaust gas expands through the turbine of the jet engine, where a 
portion of the energy is returned to the compressor through the engine shaft. After the passage 
of the turbine the exhaust gas has a high speed. This generates a so-called forward thrust of 
the engine. A turboprop engine works in an equivalent manner, apart from the fact that the 
turbine in this case takes up all the energy in the exhausts and powers a propeller that 
generates propulsion. This provides better fuel economy at lower speeds (Flygplan24.se 2013). 

The propeller engine functions through the conversion of engine power into thrust by the 
propellers connected to the engine. The suction of air by the propeller blades in the front of 
the engine is later released backwards. To enable the propellers to be as light as possible 
while retaining its strength they are today constructed of carbon fibre. When you start up an 
aircraft the propeller blades are flat, this is because it gives more propulsion at rapid rotation. 
Once airborne the blades are angled to obtain lift (Luftfart.se 2000). 

In the past decade, a decline in the use of turboprops has been seen, a result of the increased 
use of RJ’s (Regional jets). The regional jet is a smaller jet aircraft used on the same short 
haul routes as the turboprop, offering an increase in airspeed and maximum altitude, however, 
also fuel consumption and other costs are higher with the regional jet. The RJ has a 10 - 60 
per cent increase in fuel consumption compared to the turboprop airliner (Babikian, 2013).  

Due to a number of incidents involving turboprops, the public has in some cases shown 
mistrust against the turboprop, an example is the SAS Dash 8 turboprop that during a short 
time span was involved in a number of incidents, causing the airline to suspend the aircraft 
completely, replacing it with regional jets.  

In recent years, turboprops have yet again drawn interest from airlines for their favourable 
economics in the short haul sector. The largest manufacturers ATR and Bombardier claim that 
when replacing a jet aircraft with a turboprop, it may result in cost reductions of 30 – 40 per 
cent (ATR & Bombardier, 2013). The reduced costs are mainly the consequence of the 
difference in fuel consumption during cruise (Bombardier, 2013). An example is the Irish 
regional Aer Ann, which reports a 70 per cent decrease in fuel burn when operating a 
turboprop compared to a Boeing 737 (jet aircraft) in the same sector (Airliner world, 2007). 

 

6.3 Environmental impact 

 

The type of engine used depends on the aircraft size. In (Givoni & Rietveld, 2010), the 
authors discuss their findings regarding aircraft size and its effect on noise pollution, climate 
change and LAP (Local Air Pollution).  

 

Local air pollution 

Local air pollution (LAP) is a term used to calculate the impact of emissions from engines in 
the local area, e.g. at the airport and its surroundings. LAP is measured for different segments 
of the flight and follows a standard established by ICAO. The different segments cover the 
activities below 3000 ft. and consist of the take-off, climb, approach and idle. Above 3000 ft., 
the atmosphere composition does not allow for as much of the exhausts to mix and sink 
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towards the surface. Through the use of a model where different substances in the emissions 
are valued depending on their negative impact on health, (Givoni & Rietveld, 2010) reached 
the conclusion that smaller aircraft outperforms larger aircraft when it comes to the LAP. 

In table 12, the difference between the emissions costs linked to a number of aircraft found on 
the Swedish market can be seen. When it comes to the local environment around airports, the 
wide body aircraft is creating more local emissions, even though the emissions are distributed 
over far more seats. 

(SIKA, 2009) (Statens institut för kommunikationsanalys) has given NOx the cost of 75 
SEK/kg and CO the cost of 38 SEK/kg. The cost for HC has been collected from (Dings et al., 
2002) and is 64 SEK/kg. Nitrogen dioxide and hydrocarbons are some of the more dangerous 
emissions, in a health perspective. 

 

Table 12: Damage cost based on the ICAO exhaust emissions database 

Based on data during one ICAO LAP cycle. All values are per seat. 
Type 

Seats 

Engine 

Fuel 

Kg 
HC 

Hydrocarbons 
NOx 

Nitrogen 
dioxide 

CO 

Carbon 
monoxide 

Total damage 
cost 
 

A330-300 
335 
PW4164 

2.7 4,5g 
0.3 SEK 

51.4g 
3.85 SEK 

28g 
1.06 SEK 

5.2 SEK 

ERJ-145 
50 
AE-3007A 

3.0 5.4g 
0.34 SEK 

24.9g 
1.86 SEK 

58.5g 
2.22 SEK 

4.4 SEK 

B737-600 
123 
CFM56-
7B18 

2.8 1.63g 
0.28 SEK 

28.2g 
2.1 SEK 

37.1g 
1.4 SEK 

3.8 SEK 

 

Impact on climate change 

As the calculations above only concerns the local area surrounding the airport, a new 
perspective has to be introduced. Here the aim is to look at the impact of engine choice 
(aircraft size) on the global climate. According to (Givoni & Rietveld, 2010), no data has been 
collected from the different engine manufacturers that cover the emissions during further 
climb, cruise and descent (outside the LAP-segments mentioned above). Therefore a damage 
cost analyse cannot be achieved. However, by collecting confidential data the authors are able 
to analyse the fuel flow of the different stages of a 500 NM flight. The following conclusion 
is therefore based only on fuel consumption, as the same values of emissions have been used 
as indexes and therefore disregards type of engine. The conclusion states that a larger aircraft 
size does affect the climate change to a smaller degree than its smaller counterparts; this due 
to the fact that the amount of burnt fuel is distributed over far more passengers (Givoni & 
Rietveld, 2010). 
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Noise pollution 

Regardless of airport size, noise pollution is a major problem at and around airports. ICAO 
(ICAO 1, 2013) has listed many of the noise levels of civil transport aircraft. This listing is 
part of the certification process and includes noise levels measured at three different levels 
along the runway and during the climb out. The values are presented in the unit EPNdB 
(Effective Perceived Noise in Decibels), used to measure the EPNL (Effective Perceived 
Noise Level). This means the unit EPNdB is used when examining noise effects on human 
beings. In the ICAO database, the EPNdB values we are looking at are the outcome of full 
thrust. After a deeper study of the database, (Givoni & Rietveld, 2010) reaches the conclusion 
that larger aircraft create more noise than smaller aircraft. Worth mentioning is that in a study 
from Sidney airport conducted after introducing a new runway, where operations increased 
from 160 to 370 during that day, people living beneath the approach path reported that the 
major issue for them was not the number of arrivals, but the long quiet breaks they could get. 
(Givoni & Rietveld, 2010) concludes that this fact very well could favour the use of larger 
aircraft and lower frequency. 

In table 13, we have extracted noise data from the ICAO database for aircraft operated on the 
Swedish market today, as well as larger models to exemplify the difference/increase in noise 
with aircraft size. The result clearly shows that turboprop aircraft have a smaller impact on 
noise compared to jet aircraft. 

 

Table 13: Aircraft noise pollution (ICAO 1 2013) 

Type (seats) EPNdB 

Airbus A330-300 (335) 99.6 
Boeing 767-300 (269) 95.5 
Boeing 737-600 (123) 93.1 

RJ100 (110) 88.1 
Saab 2000 (50) 86.9 
ATR 72 (72) 86.3 
Saab 340 (33) 85.5 
BAe ATP (68) 82.2 

 

6.4 Factors affecting aircraft instrumentation and systems 

 

The ability to navigate is, of course, mastered by all aircraft transporting passengers today. 
However, as the ATM (Air Traffic Management) continues to evolve, new systems and 
additional requirements are steadily added to the list of systems that should be featured in an 
aircraft in order to take full advantage of the current and future functions of the ATM system. 
An example of preparations for the future is the ICAO performance based navigation 
programme. This is a programme that promotes the use of area navigation and the aim is to 
standardize the system throughout the world. Area navigation and R-NAV approaches are 
examples of systems that are part of this programme (ICAO 3, 2013). 
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Instruments and systems needed to operate efficiently today 

Today you can still operate on any market with standard navigational instruments, these are 
instruments for reading distances and bearings to radio beacons, as well as instruments to tune 
frequencies of the different precision approach radio aids that will guide the aircraft during 
approach and landing. However, to be able to utilize all aspects of the current ATM-system, 
other systems have to be installed in the aircraft. In the thesis we will only focus on these 
additional systems, and assume that standard navigational equipment is already in place. 
Although it is very costly to be able to fulfil all requirements, choosing not to means that the 
aircraft will not be able to land in all weather conditions, something that can cause schedule 
disruptions, delays and in the end lead to a decreased customer satisfaction. 

 

Approach categories 

Precision approaches are categorized in three different groups; an increase in category equals 
a decrease in visibility. The categories exist to maintain a high level of safety during low 
visibilities. Category 1 (CAT 1) is the most common category, and if the airport has standard 
ILS equipment it is usually CAT 1. The main difference between CAT 2 and 3 is that with 
CAT 2 a manual landing can be made at DH (Decision Height), while a CAT 3 approach will 
be automatically flown all the way to touch down and roll out. CAT 2 and 3 includes a 
number of requirements for the airline, aircraft manufacturer and airport operator to fulfil 
before such operations can be performed. The requirements contain four elements: equipment 
on aircraft and airfield, flight crew licences and the operator license. In this text we will only 
cover the elements of the aircraft equipment, as this is what is important in our study.  

The aircraft systems are required to be able to perform different actions that are linked to 
automatic flight in no visibility, only then can the aircraft be certified. The system has to be 
able to steer the aircraft, not only during approach and landing, but also after the touchdown 
when the aircraft is moving along the runway. If a malfunction would occur during the use of 
the system, it must be fully established what should happen. Either the auto landing will 
continue, or the autopilot will disengage leaving the job to the pilot. The system also has to be 
able to handle different runway characteristics, for example sloping and uphill runways. To 
make sure the system performs satisfactory, it has been established, through the use of 
simulation, that no more than 5 per cent of the automatic approaches and landings result in go 
around or missed approach (Airbus 1, 2013).  

 

Transponder modes 

Today’s radar system communicates with a transponder unit on board the aircraft, instead of 
using radar signals that bounce on the hull of the aircraft. There are different types of 
transponders and the most common today is a Mode A/C transponder. The Mode C model 
sends back the aircraft altitude while the Mode A sends back the ATC (Air Traffic Control) 
assigned transponder code when interrogated by the radar station. To be able to operate a 
certain mode, each individual aircraft holds a unique code that do not alter; this code is used 
instead of the old transponder code that was assigned by ATC. Moreover, the mode S is able 
to send information such as the current set flight level in the autopilot, the current speed and 
the current heading. This information gives a much better overview of the situation for the 
ATCO (Air Traffic Controller) (Eurocontrol 1, 2012). 
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R‐NAV 

R-NAV (Area navigation) is nowadays a common type of navigation. R-NAV means that, 
apart from the radio beacons and antennas, a large number of fixes are introduced over the 
area in question; these fixes cannot be tuned by the radio equipment like an ordinary radio 
beacon can. However, the position is described with coordinates, and when introducing the 
FANS described below the aircraft is able to use these fixes in the same way as standard radio 
beacons. The area navigation helps the ATS-authorities to produce very detailed flight paths 
for all parts of the flights. If the aircraft lacks these abilities it has to follow less detailed paths, 
which results in increased workload for both the flight crew and the ATC (Air Traffic 
Control). Standard routes for departure and arrival are often built on R-NAV routes, with the 
aim to keep aircraft away from noise sensitive areas. If unable to follow R-NAV, specific 
areas might be exposed to more noise than would have been the case if using R-NAV (ICAO 
3, 2013). 

 

APV – Approach procedures with vertical guidance 

Precision approach is an approach where the aircraft is guided both laterally and vertically, by 
radio aids, down until touch down. The system is the most common guiding system in the 
world today. However, the maintenance costs are very high and numerous limitations make 
this a less than ideal system.  

APV systems are a built on R-NAV that covers the approach segment of the flight. The 
system is capable of giving both lateral and vertical guidance to the aircraft without any 
ground stations needed. The vertical guidance is achieved either by using the barometer on 
board the aircraft or by using a large number of satellites, the latter requires an external 
antenna to be attached to the aircraft (LFV 1, 2012). By 2016, Eurocontrol aim to have APV 
as the main or the secondary approach system at all runway ends (Eurocontrol 2, 2012). 

 

Future in air navigation 

Today, systems to navigate down to a precision of a couple of centimetres already exist. The 
aim for the development of future navigational systems is often not to improve precision, but 
to improve the way the aircraft system can be integrated in the large ATM-system. 

FANS 

FANS (Future Air Navigation System) is a project held by ICAO in which Airbus, Boeing, 
Honeywell and other actors in the aviation industry cooperate towards the future of air 
navigation systems. In a report covering FANS, (Honeywell, 2012) lists the important 
systems and instruments that should be on board an aircraft in order to be able to work 
effectively in the future airspace. FANS possess all the functions to enable ATC to create a 
virtual radar image, which is built on information sent from the aircraft. This means no 
expensive radar equipment has to be used. In short, the aircraft is equipped with two 
navigational instruments, a GPS and an IRS-system (Inertial Reference System). These 
instruments feed navigational information to the on board computers (flight management 
system), which in turn calculates the exact position and forwards the information to the ATC 
system.  
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The different aircraft systems of the future ATM system 

 

•  ADS-B - Automatic dependent surveillance broadcast  

Allows the aircraft to send its GPS derived position to the ATC system via an ATC listening 
station. 

 

• CPDLC – Computer Pilot Data Link Communication 

A feature in the FMS (Flight Management System), which enables the ATCO to give 
instructions to the pilots via data link. The FMS can also automatically reconfigure the flight 
plan to adhere to the ATC instructions, something that previously was made manually by the 
pilot. 

 

• RNP – Required navigational performance 

When external surveillance from the radar is out of the picture, the aircraft needs to check its 
own navigational accuracy. RNP 5 for example, means that the aircraft should be within 5 
NM of its intended track 95 per cent of the time. The system shall advise the pilots of the 
current RNP at all times.  

 

• RTA – Required time of arrival 

RTA enables the pilot to create a time constraint at a specific waypoint. The FMS will then 
automatically adjust the speed to adhere to the constraint, allowing air traffic controllers to 
keep smaller marginal and thus creating a more efficient flow in the traffic.  
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Chapter 7: Aircraft results 
 

7.1 Aircraft size 

 

It has been established that the aircraft size is affected by more factors than the demand is. 
The characteristics of the routes where the aircraft is to be operated also have an impact on 
the aircraft size. Important aspects of the route characteristics that must be considered are; 
type of operations and type of passengers, as well as the characteristics of the routes that is 
going to be operated. 
 

Our literature study together with the study of the Swedish market has resulted in the size 
model, described in chapter 4.2. By using this model we have reached the conclusion that an 
optimal aircraft type should be in three different size versions, to be able to suit the different 
parts, and the varying demand, of the Swedish domestic market. 

7.1.1 Applying the literature studies  

 

The literature study has mainly been used for the development of the size model. However, it 
has also affected other parts of the final aircraft specification, mostly the decision to create 
three different size versions. 

Demand 

In recent years, airlines have handled the rising demands by increasing the frequency, instead 
of starting operations with a larger aircraft type. This is a result of the strong competition that 
exists, especially on the short haul market. An increased number of departures enable more 
people to match their preferred time of departure with a scheduled time of departure. 
However, by sustaining the same aircraft size, there is a risk that popular flights might 
become overcrowded. Consequently, this may lead to passengers not being able to depart on 
their requested departure due to the limited number of seats. Even though airlines might 
choose not to increase the size of the aircraft, the aircraft has to be of a suitable size when 
commencing the operations. If an aircraft is very small compared to the demand, the amount 
of flights (frequency) needed to manage the demand will, unless you have a very large fleet of 
aircraft, be too many to be feasible. A very large frequency also means that there will be 
many departures out of the peak hours, when most passengers want to fly. This means that 
even though higher frequency will create more choices for the passengers, many of them still 
want to travel in the morning and return in the afternoon. Having a limited fleet of aircraft 
means that there only are a limited number of flights that can be performed during the peak 
time interval. Therefore, there is a risk that passengers will not be able to travel on their 
desired time, due to the flight being full. It is thus very important to balance the frequency and 
aircraft size, so that both of them can be adjusted in a good way to satisfy the demand.  

Passenger types 

Business passengers have historically supported the Swedish market, however, this has 
changed as ticket prices have decreased. Today, more private passengers than business 
passengers are flying on the Swedish domestic network. The reason for the reduced ticket 
prices is the introduction of low-cost operations. According to the literature study, a decreased 
amount of business passengers could result in either increased aircraft sizes or reduced 
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frequency. The fact that there today are more private passengers has been accounted for 
during our model development and has affected our assumed optimal load factor.  

Type of operations 

The study of the Swedish domestic market shows that airlines generally fly point-to-point 
operations. However, as seen in appendix 1, many airlines are cooperating in different ways. 
For example there is the cooperation between Malmö aviation and Sverigeflyg, and also the 
code-shared operations between SAS and Nextjet. Cooperation affects the aircraft size, as the 
airline might be locked into a certain niche of operations. As cooperation has been found to be 
important to the present actors, an optimal aircraft type must be able to handle different kind 
of operations. One airline might be niched into serving passenger thin routes only, supporting 
the operations of a larger cooperating airline. An optimal aircraft type must be adaptable to 
the different types of operations, as it should be able to be used by all actors on the Swedish 
domestic market. 
 

Route characteristics 

The market study shows that most of the routes are operated in the southern part of Sweden 
on short domestic routes between Stockholm and different cities. This means that competition 
from other forms of transportation, as well as from other routes in the same area, is great. This 
can be further emphasized by the fact that air travel only has a 15 % market share for trips 
that stretches more than 30 miles. For airlines to be able to meet this competition, a feasible 
aircraft size should be operated on these routes, with a satisfactory frequency in order to 
sustain competition against the rivals. 

An optimal aircraft should also be able to offer different choices for the operator. For example 
allow the airline to operate on slots that for the moment are not needed, or to increase size on 
routes that often are subject to cancellation. In these scenarios, an aircraft type with variable 
sizes would be a solution. 

 

7.1.2 Size model results 

 

In the model we have used five different average demands, based on passenger numbers from 
the Swedish airports that saw scheduled domestic traffic during 2012 (see table 14). The 
market share shows how much of the demand that is expected to be covered by the aircraft. 
Group one to three are assumed not to sustain more than one airline, meanwhile, group three 
to five have demands that sustain multiple airlines, and thus the market share is smaller. 

 

Table 14: Demands 

Group Interval Group average Assumed 

market share 

1. Very small 0 – 15 000 7000 100 % 
2. Small 15 000 – 25 000 20 800 100 % 
3. Medium 25 000 – 100 000 60 000 100 % 
4. Large 100 000 – 200 000 75 100 50 % 

      5.   Very large > 200 000 139 500 25 % 
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First we will cover the most feasible number of seats for each subgroup. The results found in 
table 15 are based on the assumptions that frequency is fixed at 5 departures per day, and that 
an optimal load factor is within the interval 70 – 90 %. This will allow for a schedule that 
offers less schedule delay, and it is therefore assumed to be more competitive compared to 
lower values. From the table one can quickly see that each subgroup has separated intervals 
when it comes to number of seats. The only groups that are near each other are group three 
and four. This shows that with the same frequency for all demand groups, it is impossible to 
find a number of seats that is feasible for all demand groups and at the same time has a load 
factor within the feasible interval. In table 16, the number of seats interval has been increased 
until the load factor reaches a break-even economic result for the airline. The result shows 
that group three and four could be run with the same number of seats, however, the 
differences between the groups remains too large for one aircraft type to be used. 

 

Table 15: Optimal number of seats in each sub-group with same frequency and load factor within 

assumed optimum interval 

Group Feasible number of 

seats 

Load factor  

1. Very small 6-7 89.7 – 70.9 
2. Small 18 - 22 88.9 – 70.2 
3. Medium 52 - 65 89.4 – 70.4 
4. Large 65 - 82 89.7 – 70.5 

      5.   Very large 120 - 153 89.4 – 70.0 
 

Table 16: Optimal number of seats in each sub-group with same frequency and break-even load factor 

Group Feasible number of 

seats 

Break-even load 

factor 

1. Very small 6-7 n/a 
2. Small 18 - 28 57.1 
3. Medium 52 - 84 54.9 
4. Large 65 - 108 53.5 

      5.   Very large 120 - 200 53.7 
 

For the final sub-group table, seen in table 17, the frequency has been adjusted with regards to 
the market shares, which have been explained in the model description. Frequency has been 
set according to the following:  

Group 1-2:  Frequency = 2 
Group 3: Frequency = 2 
Group 4:  Frequency = 6 
Group 5: Frequency = 6 
 
Two departures a day are assumed to be the minimum if any form of competition is going to 
be upheld. A greater frequency for the larger demand groups is assumed as needed, since the 
market share is not 100 %. Consequently, higher competition can be achieved towards the 
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opponents. The assumed frequency is further explained in the model chapter. As can be seen 
in table 17, making the frequency dynamic has not affected the result, as there are still only 
two groups that can be operated by the same aircraft, in this case group two and four. 

 

Table 17: Optimal number of seats in each sub-group with dynamic frequency and load factor within 

assumed optimum interval 

Group 
Feasible number of 

seats 
Load factor 

1. Very small 15 - 19 89.7 – 70.9 
2.   Small 45 - 57 88.9 – 70.2 

3.   Medium 129 - 164 89.4 – 70.4 

4.   Large 54 - 68 89.2 – 70.8 

     5.   Very large 100 - 127 89.4 – 70.4 
 

As the investigation aims to find a single aircraft type that can be operated on the Swedish 
market, the assumed optimal load factor interval of 70 – 90 % must be overlooked if any 
result is going to be achieved. By increasing the interval from 90 % down to the economic 
break-even load factor for each group, the interval will increase and therefore also the 
possibility for multiple intervals to overlap each other, as can be seen in table 18. By 
increasing the feasible load factor interval, the result shows that one aircraft could be able to 
operate in both group three and five, as well as in group four and two. 
 
Table 18: Most feasible number of seats in each sub-group with dynamic frequency and load factor 

from 90 % down to break-even 

Group 
Feasible number of 

seats 
Load factor 

1. Very small 15 - 21 89.7 – 64.1 
2.   Small 45 - 70 88.9 – 57.1 

3.   Medium 70 - 129 89.4 – 54.9 

4.   Large 54 - 89 89.2 – 54.1 

     5.   Very large 100 - 174 89.4 – 51.4 
 
The above results makes it clear that it would not be feasible to operate a single aircraft type 
on the Swedish market as the diversity in demand makes it impossible. However, the results 
show that it would be possible to operate on all five demand groups with only three different 
aircraft sizes. The three final sizes, found to be most feasible after using the model, can be 
seen in table 19. 
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Table 19: The three final aircraft sizes 

Group Seats 

Very small 15 
Small & Large 54 

Medium & Very large 100 
 

 

7.2 Aircraft dimensions and weight 

 

During our work we have concluded several factors that pose as physical limitations at 
aerodromes. These must be taken into consideration when airlines choose an aircraft type, 
since the physical limitations at airports affect the maximum dimensions and weight of 
aircraft operating on that aerodrome. 

The limiting factors have been mentioned and explained previously in this report, and we 
have come to the conclusion that the most restricting physical limitations at airports are 
runway limitations and taxiway limitations, which together determines the dimensions of the 
aerodrome and moreover the maximum dimensions of an aircraft operating on that aerodrome. 
Furthermore, pavement classification numbers on the movement area (e.g. the runway, 
taxiways and aprons), fire-fighting categories and navigational aids serving an aerodrome all 
constitutes great limitations in the choice of aircraft type.  

Runway length can pose as an excessive limitation in regard to aeroplane reference field 
length, this being the minimum field length required for the take-off and landing of a specific 
aircraft (MTOW). The taxiway width does, not so surprisingly, compose a constraint, as the 
outer main gear wheel span of an aircraft cannot exceed this distance.  

The pavement classification numbers can be compared to the aircraft classification number 
(ACN) in order to decide whether or not an aircraft is too heavy for the underlying pavement, 
and it is therefore an important factor to take into account.  

The fire-fighting category, calculated by aeroplane over-all length and maximum fuselage 
width, is important concerning whether the aerodrome holds the ability and capacity to attend 
to the aircraft in case of a fire/emergency.  

Navigational aids at an aerodrome can pose as a restriction as it might require aircraft to 
possess certain equipment, and furthermore require specific aircrew training. Although, for 
both our categories (large and medium airports) that generally uses ILS CAT 1, this may not 
be seen as a great limitation since basically anyone with an ILS receiver can perform an ILS 
CAT 1 approach.  

The figures we have found concerning these limitations when examining the Swedish 
domestic network are as following. In the first group, large airports, we found that the 
maximum dimensions of a typical large aerodrome is corresponding to ICAO aerodrome 
reference code 4E. We also established that the restricting PCN at such an aerodrome is 51 at 
the apron and 52 at both the runways and taxiways. The average runway dimensions of a 
large aerodrome were found to be 2375x45 meters, and the general taxiway width to be 23 
meters. The most frequent navigational landing aid for this type of airport is ILS CAT 1, and 
the most common fire-fighting category is CAT 7.  
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In the second group, medium airports, we established the following figures concerning 
previously mentioned physical limitations. The maximum dimensions of a typical medium 
airport is corresponding to ICAO aerodrome reference code 3C. The restricting PCN at this 
kind of airport was found to be 17 at the apron, 19 at the runway and 20 at the taxiways. The 
average runway dimensions of a typical medium airport were established as 1594x33 meters, 
and the standard taxiway width was found to be 17 meters.  The most commonly used 
navigational landing aid at medium airports is, equivalent to the large airports, ILS CAT 1. 
The standard fire-fighting category for this kind of airport is CAT 5.  

Further more, we have concluded that the second group, medium airports, is the most 
restricting group, and the aircraft specification is required to adhere to these limitations.  

 

 Table 10: Group 2 Physical limitations (LFV 7 2013) 

Group 2 Physical limitations 

Maximum 

dimensions 

Restricting PCN Runway limitations Navigational aids 

3C Apron PCN 17 
 

1594x33 m 
PCN 19 

ILS CAT 1 

Fire fighting 

category 

Other restrictions Taxiway 

limitations 

 

CAT 5 - Width 17 m 
PCN 20 

 

 

7.3 Aircraft performance 

 

The aircraft specification has to fulfil the requirements that are needed for the aircraft to be 
able to operate on the routes where it is going to be deployed, and at the same time take 
advantage of the navigational aids and ATS-systems that exists today and the systems that 
might be introduced in the future. 
 

7.3.1 Navigational aids and ATS‐systems requirements 

 

The requirements found during the study of the Swedish domestic market can be found in 
table 20. The systems are operational today and it is required for the aircraft to have the 
corresponding equipment installed upon delivery, and they are therefore also a key 
component in the specification. Area navigation is part of the performance based navigation 
program described in chapter 6, and is to this day not standard equipment in many aircraft 
types. By following virtual waypoints and detailed virtual routes the airline can reduce 
emissions and noise levels, and at the same save time. ILS category 1 is standard on all 
examined airports; however, at Arlanda category 3 is available. Advantages can be drawn 
from including category 3 capabilities into the specification as this will allow the airline to 
continue flying even during the most demanding weather conditions. Furthermore, Arlanda 
operates a ground radar that requires Mode-S transponder, something that maybe will come to 
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be used also on other Swedish airports in the future. Finally, many airports in Sweden only 
have ILS in one direction, while the other direction is served by a simpler navigation aid like 
Non-directional radio beacon (NDB) or just a manual approach. To be able to provide a 
precise approach instrument without the physical units that the ILS require, airports can today 
provide a virtual glide path via GPS and area navigation (R NAV), something that already is 
reality at Ängelholm airport and therefore also a requirement for our aircraft type. 

 

     Table 20: Required navigational- and ATS systems 

Requirement Type Remark 

Transponder Mode S Required system at Arlanda 
Instrument landing system Category 3 Operational at Arlanda 
Area navigation approach Baro VNAV Operational at Ängelholm and 

other 
Area navigation  Operational within Sweden 

 

In the future, further systems are bound to be implemented, some of them as part of the 
Performance Based Programme by ICAO. It is expected that an aircraft in the future will be 
required to be able to use these systems. The new systems will make it easier for the ATC to 
handle the traffic and the communication, like CPDLC, ADS-B and RTA. Furthermore, 
systems like RNP will act as a guard as more and more of the navigation becomes based on 
mobile systems rather than ground based navigational aids. 

 

  

7.3.2 Engine choice 

 
The engine choice will affect the aircraft performance when it comes to range, duration and 
speed. It will also affect the environmental performance of the aircraft when it comes to noise 
and emissions, something that is charged on many of the Swedish airports today.  
 

The study has shown that when it comes to local emissions, smaller turboprop aircraft 
produce less noise and also create less local emissions than the bigger jet rivals. However, 
when it comes to climate impact, the smaller aircraft have a larger impact due to the lesser 
amount of passengers’ transported per flight. According to different manufacturers, operators 
and authors, the turboprop engine burns far less fuel than the jet engine. 

During the market study, we have concluded the requirements found in table 21. The 
minimum range that the aircraft should be able to handle is the 500 NM distance between 
Arlanda and Kiruna, since this is the longest route in Sweden. The minimum runway length 
that the aircraft has to be able to take-off and land from is 1594 metres. Furthermore the 
aircraft should be able to fly the approach at speeds below 141 knots, as this is a requirement 
at Bromma airport.  
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Table 21: Performance required at the Swedish domestic network 

Requirement Value Remark 

Minimum range 500 Nautical Miles Longest sector: Arlanda – 
Kiruna 

Final approach speeds <141 Knots Restriction at Bromma 
Runway length 1594 Meters Limiting runway length in 

medium airports 

 

7.4 Final aircraft specification 

 

The aircraft specification, which the work has resulted in, is an aircraft type with three 
different size versions. The reason for this is to allow the aircraft to be suitable for the 
variation in demand and the different types of operations found on the Swedish market. In 
table 24, the final specification can be seen. All size versions of the aircraft shall be able to 
operate on the medium group of airports. Also the group containing large airports has been 
included in case airlines wish to operate the large version only into airports that are 
represented by the large airports group.  
 
However, as Bromma is the main regional gateway, the large version should be able to 
operate there. Therefore, the large version is limited to the restricting values of Bromma and 
not those of the large airports group. To be able to operate efficiently in the future ATM-
system, the systems listed in table 24 have to be included in the aircraft. It is also vital that the 
configuration and layout of the flight deck, cabin and other panels are identical for each of the 
different versions, to take advantages of fleet commonality. Steep approaches are a tool used 
by airports located within or very close to city centres. Today Bromma has a 3.5° steep 
approach, however, in the future this number might be extended as other airports may see the 
same restrictions. Therefore, 5° has been chosen as the maximum steepness, to allow future 
changes at Bromma and other airports. 

The turboprop engine has been chosen to power all size versions. The rival to the turboprop is 
the small jet engine found on regional jets, an engine choice that will deliver a 10 – 60 % 
increase in fuel consumption compared to the turboprop. The increase in fuel consumption is 
also tightly linked to an increase in emissions. As described in chapter 6.3 (table 13), 
turboprop is also the engine that offers the smallest amount of noise emissions. 

The aircraft shall be able to operate at MTOW and still have a range that allows it to operate 
500 NM, which is the distance from Kiruna to Stockholm and the longest flight that the 
aircraft is expected to operate. This figure is the minimum longest range and shall not include 
the required extra range needed to perform go-arounds and to continue flying to a suitable 
alternate airport. As the average distance for a Swedish domestic route is 223 NM, this means 
the aircraft will be able to fly return trips on many routes without refuelling at the destination. 

The values in the column maximum dimensions in table 24 are a derived from the fire-
fighting categories.  
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Table 24: Final aircraft specification 

 Specification   

Aircraft 

version 

Seats Systems Maximum 

Dimensions 

MIN 

RWY 

TWY 

length 

MTOW Other 

Small 15 Mode S 
Transponder 
ILS Category 3 
CPDLC 
RTA 
Area navigation 
Baro V-NAV 
 

Length: 28 m 
Wingspan: 36 

m 
Fuselage 

width: 4 m 
 

1 594 
m 

17 m 

PCN 17 Steep 
approach 5° 

91-120 
knots 

approach 
speed 

Range 500 
NM 

Medium 54 
Large 100 

Large 
Only 
large 
airports 
 
 

100 Length: 49 m 
Wingspan: 65 

m 
Fuselage 

width: 5 m 

2375 m 
23 m 

PCN 25 Range 500 
NM  
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8. Final aircraft specification: Analysis & Conclusion 

 
The aircraft has been specified for point-to-point operations. To provide good options for the 
airlines, all versions of the aircraft shall be able to be operated in the medium group of 
airports, described in chapter 5.2. Due to the advantages of the turboprop when it comes to 
fuel consumption and field requirements, this type of engine has been chosen for all three 
versions. The turboprop engine produces the smallest amount of noise emissions, and the low 
fuel consumption, compared to its jet rival, makes it a viable choice when it comes to 
environmental impact. The engine is also widely in use today. The large version will have 109 
seats; to this date no commercial turboprop aircraft has been produced in this seat range. 
However, with the increased interest that has been shown in turboprops due to their economic 
advantages, a 100-seat turboprop might soon be reality. The jet do offer higher cruising 
speeds, which creates schedule advantages, however, on the short sectors that are flown in 
Sweden, the time difference is not big enough to create a valid reason to choose the jet engine. 
Turboprops have often been less attractive to the public due to a number of factors. The use of 
propellers gives the aircraft an old look compared to the jet engine. Furthermore the 
turboprops have been involved in a number of incidents that were well covered by media, 
however, in recent days, there have been few reports about turboprop incidents and more 
reports covering the rebirth of the turboprop and its economic and environmental advantages. 
This is something that hopefully will be reflected in the public’s opinion towards the engine.  

The result has been based on the Swedish market where competition is very strong. This has 
affected the final size of the aircraft as well as the assumed frequency. This has resulted in the 
three different size versions, enabling the airline to cover the whole market. However, would 
the market have less competition or higher emissions charges, the result would probably have 
favoured the use of a larger aircraft size and smaller frequency. Which would create more 
local emissions, but would have a smaller impact on the global climate. Even though Arlanda 
and Bromma are slot restricted, congestion is not as widespread as it, for example, is in the 
US market. Would the Swedish market have similar congestion issues, this would probably 
also result in larger aircraft sizes and smaller frequency. There would also be a difference if 
the thesis were based on another type of operator, for example an LCC-operator. This would 
also result in lower frequency and larger aircraft sizes.  

The specification gives examples of systems that will allow the aircraft to be able to benefit 
from the ATS-system. If these systems would not be part of the specification, there might be 
need for major changes post-delivery when the different systems become operational and 
required. By including them in the specification the airline can quickly adapt to the use of the 
more efficient systems. However, these systems are not necessary to operate on the market 
today, but the authors believe it will constitute a decrease in overall flight efficiency if not 
installed. 

The size model has been a required tool to reach any conclusions regarding the load factor. 
However, using the load factor as the key value to determine number of seats has been a large 
simplification of the complex reality. To extend the analysis and create a more accurate 
picture of a feasible cabin size, economics have to play a bigger part in the model. This would 
also enable the establishment of cost per seat mile as well as yield. However, the model 
results represent the current market very well when comparing our findings to the aircraft that 
are in operation today. 
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The most restricting value on the different airports has been found to be the runway length; 
the aircraft should be able to take-off and land with unrestricted fuel- and payload. The 
required runway length will vary depending on different factors such as temperature, wind, 
runway surface conditions as well as aircraft configuration and weight. It is therefore 
important to consider that the minimum runway length requirement in the specification is 
intended to include the necessary margins that will allow the aircraft to operate into and out of 
the runway also when the factors described above are in play. Furthermore, apron size is a 
factor that has not been chosen as a limiting factor when it comes to the airport constraints. 
However, there might be cases where the runway and taxiway systems are sufficient but the 
apron or terminal lacks resources to handle the aircraft in question. During the work it has 
been assumed that airports quickly adapt to new aircraft types and operations, as it should be 
the airport’s highest priority to be able to accommodate an airline that wishes to start 
operations to their airport. 

 

Conclusion 

 

Today's operators and airlines on the Swedish market operate mainly point-to-point 
operations in and out of Stockholm to the different domestic destinations. However, 
cooperation between the airlines does exist. This can result in airlines that perform niche 
operations, requiring new aircraft to be able to handle different types of operations as well as 
different types of demand. Due to the competition present on the market today, a high 
frequency has been deemed to be of great importance if the airline is going to have a chance 
of running profitable operations. The conclusion has been drawn that this is best 
accomplished through an aircraft type in three different aircraft sizes, enabling the airlines to 
choose the most suitable size for the different parts of the market that is going to be served.  

To handle the demand found on the Swedish market today, the small aircraft size should have 
17 seats, the medium aircraft size should have 54 seats while the large aircraft should have 
100 seats. Furthermore, the engine chosen is the turboprop engine. The reason for this is 
primarily its advantages regarding fuel consumption, which enables the airline to lower costs 
compared to if they were to operate an aircraft with jet engines. The aircraft has to be able to 
take-off and land with unrestricted fuel- and payload on a 1594 metre long runway, and its 
dimensions cannot exceed the width 36 metres and the length 28 metres.   
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Appendix 1: Actors and routes on the Swedish domestic network 
 

Table 22: Actors and routes on the Swedish domestic network 

Airline Operato

r 

Type Seat

s 

City pairs Cooperatio

n 

Competitio

n 

 

Sverigeflyg 
Golden Air 

Braathen
s 

regional 

Saab 
340 

SB200
0 

33 
  50 

Trollhätta BMA Sverigeflyg  

Avies  J32 19 ARN 
ARN 
ARN 
ARN 
Luleå 

Sveg 
Hagfors 

Mora 
Torsby 
Pajala 

  

Direktflyg  J32 19 ARN 
ARN 

Borlänge 
Borlänge 

Luleå 
Luleå 
Luleå 
Luleå 
Luleå 

Gällivare 
Sundsvall 

Örebro 
Östersund 

Borlänge 
Oskarsham 
Göteborg 
Malmö 

Gällivare 
Kiruna 

Östersund 
Sundsvall 

Umeå 
Kiruna 

Göteborg 
Malmö 
Umeå 

 Malmö 
Aviation 
Sverigefly
g 
SAS 

Malmö 
Aviation 

 RJ100 
RJ85 

112 
95 

BMA Östersund 
Umeå 

Sverigeflyg SAS 
(ARN) 

Nextjet  Saab 
340 
BAe 
ATP 

33 
68 

ARN 
ARN 
ARN 
ARN 
ARN 
ARN 
ARN 
BMA 
ARN 
ARN 
ARN 
ARN 

Vilhelmina 
Hemavan 
Gällivare 

Arvidsjaur 
Lycksele 
Kramfors 
Karlstad 

Jönköping 
Växjö 
Visby 

Halmstad 
Jönköping 

SAS  

Flyglinjen BMI 
Regional 

ERJ-
145 

50 Kristiansta
d 

ARN   
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Sverigeflyg 
Gotlandsflyg 

Braathen
s 

Regional 

ATR 
72 

72 Visby BMA Malmö 
Aviation 

SAS 
(ARN) 

Sverigeflyg 
Sundsvallsfly

g 

Braathen
s 

Regional 

SB200
0 

50 
 

Sundsvall BMA Malmö 
Aviation 

SAS 
(ARN) 

Sverigeflyg 
Kalmarflyg 

Braathen
s 

Regional 

SB200
0 

  50 
 

Kalmar BMA Malmö 
Aviation 

SAS 
(ARN) 

Sverigeflyg 
Kullaflyg 

Braathen
s 

Regional 

ATR 
72 

72 Halmstad 
Ängelhol

m 

BMA 
BMA 

Malmö 
Aviation 

SAS 
(ARN) 

Sverigeflyg 
Blekingeflyg 

Braathen
s 

Regional 

SB200
0 

  50 
 

Ronneby BMA Malmö 
Aviation 

SAS 
(ARN) 

Sverigeflyg 
Flysmåland 

Braathen
s 

Regional 

SB200
0 

  50 
 

Växjö BMA Malmö 
Aviation 

 

SAS  
 
 
 
 
 
 
 

B736 
B73W 

123 
141 

ARN 
ARN 
ARN 
ARN 
ARN 
ARN 
ARN 
ARN 
ARN 

Kalmar 
Kiruna 
Luleå 

Ronneby 
Skellefteå 
Sundsvall 

Umeå 
Östersund 
Ängelholm 

Nextjet Sverigefly
g 
 

Malmö 
Aviation 

 

SAS Jettime ATR 
72 

72 ARN Kalmar   

Average 

number of 

seats: 52.5 
Longest 

route: 
500NM 
ARN-Kiruna 

       

 

 

 


