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Abstract: Low-cost carriers (LCCs) have been growing by 11.4% in revenue passenger kilometers
over 2017 and changed the airline industry radically. It drove down prices in the industry. Southwest
Airlines (USA) designed the LCC blueprint model, and Ryanair copied it within Europe, followed by
other airlines. This research aims to fulfill the gap in contemporary research upon LCC successfulness
in Europe by a description of the current situation within Europe (2018 and January 2019) and the
development issues it faced, which are mapped by the Ishikawa fishbone diagram. Furthermore,
to rank the airlines on strength and vulnerability, The Technique for Order of Preference by Similarity
to Ideal Solution (TOPSIS) methodology was used for meeting LCC characteristics and airline success.
By comparison of meeting the LCC characteristics and the rank of the successfulness, the results of the
TOPSIS analysis showed that the airlines meeting the most LCCs characteristics are seemingly less
vulnerable to the development issues that airlines are facing, as Wizz Air and Ryanair are meeting
most characteristics and are the most successful. Concluded is that airlines meeting the most LCC
characteristics are the least vulnerable to current issues. However, major disruptions can still form
an issue and limit growth. This research can be useful for comparing and positioning airlines in the
market, based on issues and operational choices.

Keywords: low-cost carrier; development; airline industry; airline issues; transport industry;
industry growth

1. Introduction

Low-cost carriers (LCCs) are a phenomenon that provided various people around the world
access to air transportation with low prices, whereas in the past, aviation was known by its exclusivity
for richer people and business travel. The airline industry has seen a big growth in its totality.

The number of passengers carried in 2017 grew by 7.2%, whereas the revenue passenger kilometers
(RPKs) on scheduled traffic in 2017 grew by 7.9%. Also, freight transport by air grew in 2017. The freight
tonne kilometers (FTKs) on scheduled flights grew 9.5% [1].

The growth of the industry is ongoing since the last decline in 2009, with the number of passenger
kilometers now approaching 8000 billion, whereas it used to be around 4500 billion in 2009 [2].
Besides the decline of 2009 and during other kinds of crises affecting the airline industry, it appears that
the industry is growing exponentially in its overall trend after the end of World War II [1]. However,
deregulations and freedom agreements are what caused the industry’s growth in the first place.
The Chicago Convention of 1944 led to a set of “freedoms” that are universal across the globe for
providing international air travel. The first five freedoms are universal across the globe. The further
four freedoms are provided only in special agreements [3]. Examples of deregulations and liberalization
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are the USA’s Deregulation Act of 1978, the Open Skies Treaty between the European Union (EU),
and the Single Skies of the EU that allowed competition to grow. It drove down prices and allowed
(new) airlines to operate the routes they want.

So-called low-cost carriers with their total share of 30% of carried passengers on scheduled flights
caused a big portion of this growth in the airline industry. Their growth in 2017 was 11.4%, which is
about 1.5 times the size of the growth of the total number of passengers [1,4,5].

The growth of this type of airline is remarkable and getting attention around the world. Southwest
Airlines in the United States of America (USA) and Ryanair in Europe are the most well-known LCCs
around the world. Their ability to grow has different reasons while operating a similar business model.
Whereas Southwest mainly operates in the USA, which gave the airline the advantage of a big country
with lots of destinations within this country, Ryanair just started to grow after the deregulation of the
British Islands and later the EU [4]. However, growth is, like in many cases, not without issues.

The purpose of this article is to identify significant factors that influence the development of
LCCs in Europe in 2018, combined with the current status of the airlines. This research aims to find
the issues and risks airlines face, to find out which airline currently has the best business model for
being profitable and able to grow, and can, for this reason, be an example for LCC development in the
environment of 2018 in Europe. It is a novelty since it describes the issues that airlines face in 2017 and
2018, and how they compared in 2018. Hence, some airlines changed their model or went through
changes. Also, it limits the article to the issues of this current period and will not describe the effects of
the economic crisis of 2008 or the terrorist attacks of 11 September 2001; e.g., LCCs have the most effect
on the prices and different types of LCC that have been developed. The tasks done during this research
are literature research on definitions, business models, development, and issues of LCCs, specifically
in Europe, to gather data from airlines about successfulness and what typical characteristics of LCCs
have or do not have. The statistical model, technique for order of preference by similarity to the ideal
(TOPSIS), is used to compare the selected airlines with each other and to rank these airlines according
to best performing on business success factors and meeting the most LCC requirements. Methods used
in the research are literature analysis, information comparison, grouping, visualization by Ishikawa’s
fishbone diagram, and TOPSIS calculation.

2. Low-Cost Carrier Definitions and Concepts

Low-cost carriers are, in many cases, defined by what they offer. Different names are also not
uncommon, where names such as low-fare airlines [5], discount carriers [6], “price fighters” [7]
and no-frills airlines [8] are used. However, the most generally accepted name is low-cost carrier [2],
since it is the given name by the main organizations in the airline industry. The most common definition
is “an air carrier that has a relatively low-cost structure in comparison with other comparable carriers
and offers low fares or rates” [2]. Another one is, “Although marginally different, most researchers
define LCCs as carriers which, through a variety of operational processes, have achieved a cost
advantage over full-service carriers (FSCs)” [9].

The definition of the International Aviation Organization (2004) is similar to the one of Schlumberger
and Weisskopf (2014) but is not pointing to other types of airlines.

Airlines make their own strategic and operational choices based on what they want to achieve.
Low-cost carriers aim to have the lowest costs so that they can provide the lowest fares when the
customer only pays for the basic product, which is transportation. All the other “frill” services,
like the provided food or allowed checked-in luggage, must be paid for now [10]. According to Dennis
(2007), this can speed up the turn-around of aircraft at airports, since aircraft do not need to be cleaned
and catered at every airport. This will allow airlines to use their aircraft for more flights per day.
As mentioned in the definitions above, it is to achieve a customer’s preference for them because of the
cost advantage. However, every LCC makes its own decisions. However, there are some models of
low-cost carriers to distinguish. In the first place, there are the “pure LCCs,” sometimes also referred
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to as ultra-low-cost carriers (ULCCs) [11]. This type of airline has to meet certain requirements in the
research. These are:

1. Fleet homogeneity;
2. Single-class cabin;
3. Secondary airport;
4. Direct sales only;
5. No complimentary in-flight service with lowest fare category;
6. No complimentary in-flight service with highest fare category;
7. No free checked baggage with lowest fare category;
8. No free checked baggage with highest fare category;
9. No frequent flyer program;
10. Point-to-point services only;
11. No code-sharing;
12. One-way fares only;
13. No more than one fare at any time;
14. No more than two fares at any time [11].

Doganis (2009) [12] named point-to-point connections, uniform fleet, use of secondary airports,
direct sales of tickets, one-way fares, and no-frills in services as typical characteristics. Klophaus,
Conrady, and Fichert split fare categories in their requirements mentioned above, Besides the criteria
mentioned above, the success of the airline can be assessed by some more, such as Earnings Before
Interest, Taxes, Depreciation and Amortization (EBITDA) margin of the airline and load factor [13].
Airlines tend to have their growth ratio over the year in their annual reports [14].

Klophaus, Conrady, and Fichert (2012) also distinguished models of LCCs in their report, where
they placed the LCCs in categories based on the number of criteria they met. These are:

• “Pure low-cost carriers,” meeting at least 11 out of the 13 criteria;
• “Hybrid carrier with dominating LCC characteristics,” between eight and 10 criteria;
• “Hybrid carrier with dominating full-service airline characteristics,” between five and

seven criteria;
• “Full-service carriers,” 0 to four criteria. [11].

Given the rapid changes that the airline industry is going through, such as the earlier mentioned
rapid growth, aircraft, and business development, the ideas of Klophaus, Conrady, and Fichert
(2012) [13] are not completely relevant anymore for the situation in 2018. Some of the assessed airlines
are not existing anymore or changed their business model. Recently, the Latvian airBaltic announced
a switch over to a full Airbus A220-300 series fleet of at least fifty aircraft with options for 30 more
aircraft [15]. But for example, as Klophaus, Conrady, and Fichert (2012) mentioned, this aircraft-type
did not even exist. Additionally, the profitability and growth of the airlines in the research of Klophaus,
Conrady, and Fichert (2012) are not taken into account since their focus was on characteristics.

The definitions and concepts are described above. However, airlines make their own decisions
regarding their strategy and fleet. Some of these strategic decisions influence eventual sensitivity for
some of the issues the airline industry can face, such as high oil prices. An assessment of meeting LCC
criteria and successfulness of the airline (in EBITDA margin, growth, fleet size, and aircraft on order
number of destinations) is done. Before this assessment, authors described the issues that airlines
faced over the last year so that later authors could evaluate different strategies by the success and the
possible effects of the issues in the industry.

3. Issues Faced by Low-Cost Carriers from 2017 until December 2018

The LCCs have been growing fast in Europe, and the whole airline industry has grown too.
Besides growth and positive developments, there are also risks in the industry. It is important to



Energies 2020, 13, 639 4 of 19

identify the issues that can become risks to airline sustainability. In this research that is chosen for
the years 2017 and 2018, the authors could identify the most recent issues. It is also a limitation so
that “former” issues, such as effects of economic crises or terrorist attacks, are not taken into account,
as mentioned in the introduction. This analysis was conducted by literature research that was later
summarized and structured by using the method of the Ishikawa diagram [16].

LCCs faced issues in these years. Most notably have been the strikes at Ryanair, where pilots are
striving to have a better salary, good base locations, and working hours. It caused cancellations and
lots of damage to the reputation of the airline. Ryanair keeps on growing but gave a profit warning to
its shareholders [17]. Ryanair started giving in to the desires of some of the labor unions. Ryanair’s
problems seem to stay by just the company itself [18]. It is one of the examples why it is important to
point out briefly what the issues were, and the reasons for the issues.

Monarch, Air Berlin, and Primera Air went to bankruptcy recently [19]. Primera Air, as the
most recently fallen airline, filed for bankruptcy, while it just started operating new aircraft and new
routes. However, the airline was not prepared to withstand the losses it made. New aircraft deliveries
caused the airline to lease other aircraft, but since they promised their low prices, it got into trouble.
The leasing costs of the other aircraft were very high, most likely since the airline had to do it in the
middle of the summer [20].

Air Berlin lost its main investor and was doomed to file for bankruptcy. Air Berlin tried to brand
itself as LCC, but it was more an FSC with a few LCC characteristics [11]. After years of losses, Etihad
stopped investing in the airline, which meant that Air Berlin had to carry the losses by itself [21].

Another factor that can be an issue in the future is the limited capacity available. The capacity
is that some of the airports are getting close to their maximum capacity, like Amsterdam Schiphol
Airport [22]. Given that the airports are located close to the cities in most cases, space to expand can
be limited. This means that a slot on these airports is getting more expensive by the lack of supply.
However, the demand for air transportation of passengers is increasing, since globalization is still
ongoing. Growth within the air freight market is also noticeable. This will tighten the airports even
more in their number of slots [23].

One other issue, which is universal for all the airline industry, is the oil price. Fuel is the highest
cost for an airline, followed by personnel cost. However, the airlines found a way to limit the fluctuation
by hedging the costs. The real issue is the hedging itself. Due to the continuous fluctuation of the oil
price, it can be that the hedged price for the fuel can lead up to higher costs than necessary when the
prices go down [24]. However, LCCs seem to be less affected due to their younger, more efficient fleet
than FSCs [25].

Flight taxes can put a hold on growth and low prices. Ryanair is known for its really low prices
from around 10 €. This situation is becoming more difficult when a country implements a flight tax
with a fixed number of euros. Some countries implemented flight taxes based on distance. This tax
affects traffic patterns, where airlines need to adjust. For an airline, taxes can be a reason why some
destinations are not interesting to fly to [26].

The described issues above seem to be coming from different categories, which may be grouped
into personnel, machines, material, and environment, according to Ishikawa’s original fishbone
diagram [16]. In this research, the Ishikawa diagram is used as a tool to map the issues of the airline
industry into the factors that affect the airline industry. Ryanair went into a labor dispute with its
pilots, which led to strikes (personnel). After a short life as an LCC, Primera Air filed for bankruptcy
since the supplier of aircraft, Airbus, was late with their delivery (machines). Primera Air already
planned forward on having these aircraft, so they had to find replacement lease aircraft to carry
out their promised services. This led to their fate of filing for bankruptcy. It shows how difficult it
can be to enter the market and to maintain the position. Air Berlin had to file for bankruptcy after
the stop of investments from Etihad Airways (material), and airlines had to deal with higher fuel
prices (material). Slot problems are mainly due to a lack of capacity at airports or limitations in slots
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(environment). The causes led to the development issues are summarized by the following diagram
(Figure 1), according to the model of Ishikawa [16].

Figure 1. Ishikawa diagram of the airline development issues. Source: compiled by authors based on
issues described in the article.

In Figure 1, it is visible that there are four different types of (development) air transport issues
that can be encountered by low-cost carriers within the period from 2017 and 2018, and can lead to
development issues. There is, for example, a period of economic growth, where the countries in the
EU had an average growth of 2.8% [27]. However, this means that airlines need to be able to grow in a
time when there is economic growth [28]. An assessment of airlines is based on the need for airlines
performance analysis following the LCC criteria. The airlines all can face some of the issues mentioned
above, in the future, or face these issues already; for that reason, it is necessary to see how their business
model has succeeded. In order to analyze the successfulness of the business model, it is necessary to
research which characteristics of LCCs the airlines meet.

4. Methodology

This research aims to give an overview of the airline industry’s issues regarding the growth,
development, and sustainability of the airline industry. This is combined with how airlines are currently
performing and what LCC criteria they meet, so that can be compared generally in which airlines can
sustain future issues.

The structure of the research consisted of five processes, as shown in Figure 2. The processes were
supplied with information through input from literature, annual reports, and databases. Analysis of
the literature revealed the definition of LCCs and describes the issues faced in the airline industry,
and forms a list for the main characteristics of LCCs. The issues faced were mapped into the Ishikawa
diagram, where the issues were grouped by the affected factors of the airline process. The main
characteristics of the LCCs provide input to the first TOPSIS, which compares the business models of
the airlines on how they are meeting the listed LCC-characteristics. Annual reports and data from
databases form the input of the second TOPSIS, which focused on growth, EBITDA, and efficiency of
the airline. The output of both TOPSIS processes were mapped into a quadrant diagram, which shows
how the airlines are meeting the characteristics and how successful they are.
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Figure 2. Diagram of research structure. Compiled by the authors.

The airline development issues described above were put into an Ishikawa diagram (see Figure 1)
for providing an overview. For an airline, it is then important to see how it can withstand some of the
issues, and what can be affecting the airlines. For example, The International Air Transport Association
(IATA) (2018) says that airlines try to counter the fuel price increase not only with fuel hedging but
with fuel efficiency provided by new, efficient aircraft. Therefore, an airline has a low average fleet
age, preferably. Moreover, airlines that mainly fly to secondary airports generally have more space to
grow there than at a major European hub. Therefore, it is important to see how the airlines operate
and what their success is in the environment of 2017 (financial results, yearly averages) and 2018
(fleet characteristics, operating model). What can be seen from IATA’s statement is that multiple criteria
have to be met by an airline to withstand issues in the industry. Focus is on how well the airlines are
meeting the criteria of the operating model of an LCC, which is combined with a criteria analysis upon
the airlines’ success.

The methodology used to assess if the airline is meeting the LCC definition criteria and the LCC
development’s success is the technique for order preference by similarity to the ideal solution (TOPSIS)
from where the outcome leads to a ranking of alternatives, in this case, the airline’s business model.
The assessment exists of different criteria and numbers and it can, therefore, be seen as fuzzy data
analysis. This needs to be approached by a multiple criteria decision method (MCDM). Normally,
TOPSIS is meant for ranking alternatives in decisions, but it can be used for ranking models, too.
Hence, the TOPSIS method was based on a set of criteria and situations. TOPSIS is preferred over
simple additive weighting since it can handle negative data in its calculations. This is required since
airlines can decline, make losses, and sell aircraft. Based on the fuzzy dataset, the methodology
TOPSIS was chosen to rank the airlines to identify the successful airlines in the market. This led to an
output that shows if meeting LCC criteria can lead to more successfulness and lower vulnerability.
The two rankings were presented together in a quadrant diagram. In Table 1, the criteria used in the
two TOPSIS analyses in Tables 2–5 are presented. In this way, the split was done between the earlier
mentioned criteria [29].

The TOPSIS analysis was based on retrieved data regarding meeting the LCC criteria, as well
as the airlines’ successfulness in growth (in passengers), efficiency (seat occupancy, fleet age), and
EBITDA. The data used for the analyses are presented below in Tables 2 and 4. This was the input
to the TOPSIS calculations on meeting the LCC requirements in Table 2 and the success in Table 4.
TOPSIS requires normalized data for the statistics, so the numbers in the table needed to be normalized
by the following formula [29]:

Ni j =
Xi j√∑m
i=1 X2

i j

, (1)
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where N is the normalized number, X is the given number, i is the value of the alternative in relation to
the criterion, and j marks the criterion involved in the calculation.

Since TOPSIS is based on weights, the normalized numbers in the table were multiplied by the
assigned weight given for the concerned criterion. After this multiplication, the highest and the lowest
numbers were visible. After this, the positive and negative ideal per criterion were calculated. Before
this, what is positive and negative needed to be established. A high EBITDA margin is positive, but
a high average fleet age is negative. The following formula was used to calculate the positive and
negative ideal [29]:

Positive:

V+ =
(
V+

1 , V+
2 , . . . , V+

n

)
=


max

i
i j

j ∈ Ji


min

i
i j

j ∈ Ji


 , (2)

Negative:

V− =
(
V−1 , V−2 , . . . , V−n

)
=


min

i
i j

j ∈ Ji


max

i
i j

j ∈ Ji


 (3)

where V+ is the positive ideal and V− is the negative ideal.
When the positive and negative ideals per criterion were calculated, the TOPSIS method proceeded

with the calculation of the distance of each alternative to the positive and negative ideal. In this
case, each airline’s normalized weighted number for each criterion was compared to the positive and
negative ideal by using the following formulas:

Distance to Positive:

S+
i =

√√√ n∑
j=1

(
Vi j −V+

j

)2
(4)

Distance to Negative:

S−i =

√√√ n∑
j=1

(
Vi j −V−j

)2
(5)

where Si
+ is the distance to the positive ideal solution and Si

− is the distance to the negative
ideal solution.

The goal of the application of the TOPSIS was to provide an order preference for similarity to the
ideal solution. In this case, it is how the airlines are meeting the LCC criteria and how successful the
airlines are, as mentioned in Table 1. For this final calculation, this formula was used [29]:

Pi =
S−i

S−i + S+
i

, (6)

where Pi is the biggest similarity to the negative solution.
The closest result to a value of one is the most similar to the best solution, which in this research

is the airline that meets the highest number of LCC criteria and that is the most successful in terms
of profitability, growth, network size and fleet age. The closest to 0 is the most similar to the worst
solution, which is a vulnerable airline for eventual issues that occur, which means an airline can have
an old fleet or is making losses at the moment. TOPSIS is a method to compare alternatives based on
criteria [29]. In this research, airlines form the “alternatives.”

The LCC criteria mentioned by Doganis (2009) and airlines was assessed by Klophaus, Conrady,
and Fichert (2012). Miranda, Baltazar, and Silva (2016) formed the base for the analysis of success.
The EBITDA margin was chosen since this provides the operating profit margin, not including taxes,
interests, or depreciation and amortization of the airline of the revenue they make [13]. It was also
chosen since it does not include taxation since that can be different in each country.
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Table 1. Criteria for TOPSIS analysis.

Criteria TOPSIS LCC Criteria Criteria TOPSIS Successfulness

The ratio of aircraft of the same type, measured by dividing the
biggest group of aircraft in the fleet by the total fleet (C1)

Aircraft on order and in memoranda of
understanding (as of 1 December 2018) (C12)

Rather using airports ranked as secondary airports, avoid
flying to Paris Charles de Gaulle and London Heathrow(C2) Average fleet age (as of 1 December 2018) (C13)

Direct sales of the airline tickets via the airline’s own website is
the most common (C3) Number of destinations (C14)

One-way fare tickets are the main way to sell tickets (C4) The profitability of airline
(EBITDA margin in %) (C15)

No usage of jet bridges (unless required) (C5) Average load factor of 2017 in % (C16)
No included onboard services on Short-haul (C6)

Average growth/decline figure
over 2017 in % (C17)

No frequent flyer program (C7)
No free checked baggage (C8)
No code sharing (C9)
No cargo license (C10)
No guaranteed connections to another flight (of the carrier
itself or cooperating airlines) (C11)

All the criteria mentioned were based on the definitions given on what a real LCC or ULCC
should be like. Since defining a secondary airport is hard, it was chosen to have a limited look at the
airports serving Europe’s two most populated functional urban areas, which are London and Paris [30].
Airlines can differ from them in their strategy. However, in that way, they were not meeting the real
definitions or requirements. Definition criteria were equally weighted, whereas successfulness criteria,
i.e., profitability, growth, and the number of destinations offered were given a higher weight. It was
based on an assumption of what is important.

Klophaus, Conrady, and Fichert (2012) assessed 20 airlines for their simple LCC index, based on
the 20 largest LCC, ranked by capacity [31]. Some of these airlines no longer exist. Other airlines focus
on one country, rather than having bases in more countries. Within this research, the airlines Ryanair,
easyJet, Eurowings, Norwegian, Vueling, Wizz Air, airBaltic, and Transavia were chosen based on the
following factors:

• Named as LCC by Deutsches Zentrum für Luft- und Raumfahrt (2010);
• Flying with aircraft that are capable of carrying at least 130 passengers;
• Bases in more than one EU country;
• Still active on 20 November 2018;
• Assessed on winter schedule 2018–2019.

The quadrant diagram shows the positions of the different airlines regarding successfulness and
meeting the LCC criteria. The axes are successful, vulnerable (vertical), and “hybrid carrier/FSC or
True” LCC. The quadrants wherein the airlines can be located:

• True LCC, successful;
• True LCC, vulnerable;
• Hybrid carrier/FSC, successful;
• Hybrid carrier/FSC, vulnerable.

This shows how the different operating models of the airlines can lead to successfulness.

5. Results—Data Gathering and Processing by Applying TOPSIS

For the assessment in TOPSIS, whether airlines are meeting LCC requirements, it is important to
systemize the knowledge and to construct the table. In the case of yes-or-no answers to the question,
if a requirement is met, then the answer will be 1 (yes) and 0 (no). Fleet similarity (as of 30 November 2018)
and the different LCC characteristics are described in Table 2. Wizz Air, Transavia, and Vueling are
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the only airlines that operate a complete one-type fleet of only Airbus A320-family- and Boeing
737-family-type aircraft. Operating a one-type fleet is one of the main characteristics of an LCC and
provides several operational benefits in maintenance, training, and flexibility [11]. The data of flying
from London Heathrow and or Paris Charles de Gaulle shows that only three of the eight airlines
avoid these airports [32]. By browsing for a flight from each assessed airline, the main booking option
via the airline’s website was ranking the highest with the best price offer. The flights used for this
research were:

- Vilnius–Eindhoven (Wizz Air) [33];
- Vilnius–Amman (Ryanair) [34];
- Eindhoven–Kraków (Transavia) [35];
- Amsterdam–Prague (easyJet) [36];
- Madrid–Barcelona (Vueling) [37];
- Vilnius–Paris Charles de Gaulle (airBaltic) [38];
- Düsseldorf–Berlin Tegel (Eurowings) [39];
- Vilnius–Stockholm Arlanda (Norwegian) [40].

Skyscanner is a neutral website that aims to discover the lowest prices on flights, and the cheapest
options for the flights were in the first place in the offers for the same flight. Eurowings, Vueling,
and Transavia flights are also code-sharing, mainly with (partners of) their parent companies, such as
Lufthansa Group, IAG, and Air France-KLM.

Via the airline websites, it became clear that every airline first provides the one-way services, and
showed the frequent flyer programs [41–48]. In the case of Eurowings, Vueling, and Transavia, it is
the same as their parent company. The analysis of airline website contents also revealed that food
and drinks are not available “for free” on short- and medium-haul flights of the airlines. Ryanair
and easyJet changed their business model slightly [49,50]. They started providing connections and
cooperation with other long-haul carriers. This is part of changed and adjusted strategies.

Table 2. Input for TOPSIS LCC criteria. Source: compiled by the authors.

Criteria C1
[50]

C2
[51]

C3
[33–40]

C4
[41–48]

C5
[52–59]

C6
[41–48]

C7
[41–48]

C8
[41–48]

C9
[33–40]

C10
[60]

C11
[41–50]

Weight 0.091 0.091 0.091 0.091 0.091 0.091 0.091 0.091 0.091 0.091 0.091
Wizz Air (W6) 1.000 1 1 1 1 1 1 1 1 1 1
Ryanair (FR) 0.994 1 1 1 1 1 1 1 1 1 0

Transavia (HV) 1.000 1 1 1 0 1 0 1 0 0 0
easyJet (U2) 0.997 0 1 1 0 1 1 1 1 1 0
Vueling (VY) 1.000 0 1 1 0 1 0 1 0 0 0
airBaltic (BT) 0.400 0 1 1 0 1 0 1 0 0 0

Eurowings (EW) 0.748 0 1 1 0 1 0 1 0 0 0
Norwegian (DY) 0.802 0 1 1 0 1 0 1 1 0 0

The data in Table 2 and the result of the calculation in Table 3 prove that Wizz Air is meeting all the
LCC requirements, whereas airBaltic is meeting only the ones that every researched airline is meeting.
Wizz Air is in this way ranking first, followed by Ryanair and easyJet, that both started following
some different principles in the time between the publication of Klophaus, Conrady, and Fichert (2012)
and today. Wizz Air is, according to this research, the single “true” LCC. The TOPSIS calculations
in Tables 4 and 5 show which airline is the most successful, both financially and in terms of growth.
The calculation towards the results in Table 3 can be found in Appendix A.

The data presented in Table 4 show that all of the airlines grew in 2017. This varied between
6.5% and 77%. However, the 77% for Eurowings was caused by the acquisition of the remains of the
fallen Air Berlin [61]. The most noticeable data in Table 3 are the aircraft on order by Wizz Air, the
complete fleet replacement by airBaltic, the high load factor, and the high EBITDA margin of Ryanair.
Norwegian is the only airline in this research that reported a loss, which means that its operating costs
are exceeding the revenue made. All of the data upon the criteria are placed in Table 4. In Table 5 the
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results of the calculations can be found, whereas the calculations of the successfulness can be found
in Appendix B.

Table 3. Results of TOPSIS LCCcriteria. Source: compiled by the authors.

Airline Si
+ Si

− Pi Rank

Wizz 0 0.15 1 1
Ryanair 0.091 0.122 0.573 2

Transavia 0.141 0.06 0.287 4
easyJet 0.123 0.090 0.421 3
Vueling 0.151 0.022 0.126 6
airBaltic 0.150 0 0 8

Eurowings 0.151 0.013 0.077 7
Norwegian 0.144 0.048 0.249 5

Table 4. Input for successfulness TOPSIS. Source: compiled by the authors, see footnotes.

Criteria C12
[62–69]

C13
[61]

C14
[15,70–77]

C15
[14,59,69,78–82]

C16 1

[14,59,69,78–82]
C17 2,3

[14,59,69,78–82]

Weight 0.1 0.05 0.15 0.4 0.1 0.2
Wizz Air 257 4.7 146 14.1 91.2 24
Ryanair 135 6.9 243 20 95.3 10.3

Transavia 0 8.2 115 5.6 90.6 11
easyJet 147 7.3 163 8.1 92.9 10.2
Vueling 45 7.2 112 12.7 84.7 6.5
airBaltic 36 9.4 70 5.8 76 22

Eurowings 4 11.1 137 2.3 79.91 771
Norwegian 116 3.9 161 -5.75 87.5 13

1 Ryanair, easyJet, and Wizz Air work with a broken fiscal year (FY). The profit margin given is the one of FY that
covered the most of 2017. 2 Eurowings is put in the same group as Brussels Airlines in Lufthansa Group’s Annual
Report. The load factor given in this table is the one of Eurowings and Brussels Airlines combined. 3 Eurowings
grew by 77%, mainly due to Lufthansa group’s acquisition of the parts of Air Berlin.

Table 5. Results successfulness TOPSIS. Compiled by the authors.

Airline Si
+ Si

− Pi Rank

Wizz Air 0.149 0.276 0.650 2
Ryanair 0.158 0.346 0.687 1

Transavia 0.258 0.150 0.368 7
easyJet 0.225 0.189 0.457 4
Vueling 0.204 0.243 0.544 3
airBaltic 0.243 0.156 0.391 6

Eurowings 0.247 0.195 0.441 5
Norwegian 0.372 0.052 0.122 8

From this TOPSIS calculation and its result in Table 5, it can be concluded that Ryanair has the
highest rank, whereas Norwegian is ranked last. This ranking tells that Ryanair is the best performing
LCC, by being the most similar to the positive ideal solution, which is a growing, profitable, (fuel-)
efficient airline. This is mainly caused by its high EBITDA, as well as a young, nearly single-type
fleet of aircraft, as well as its high seat occupancy. Newer aircraft are more fuel efficient and have
a single-type fleet that allows the company to save on crew (all the crew able to operate all the aircraft in
the fleet) and maintenance costs (the maintenance crew only needs to have knowledge on one aircraft
type and the airline does not need to maintain a stock of different aircraft types). High seat occupancy
is a key performance indicator for airlines since this determines how well the provided capacity is
used to create revenue. Norwegian is the only airline making a loss amongst this group and had to
sell new aircraft to pay bills. Noticeable is that the “subsidiary LCCs,” such as Eurowings, Vueling,



Energies 2020, 13, 639 11 of 19

and Transavia, are not amongst the highest in meeting LCC criteria and also not in the successfulness
TOPSIS. A probable reason for this is that they mainly operate out of main airports, operate an older
fleet, and have lower load factors than the airlines that are meeting more LCC criteria. The older
fleet can cause less efficient aircraft and higher vulnerability when the oil price rises. In Figure 3,
the data presented shows how the airlines compare to each other, based on the overall score on both
TOPSIS analyses. Wizz Air and Ryanair are the least vulnerable to the industry’s problems, given their
successfulness and growth (perspectives). Norwegian is the most vulnerable.

Figure 3. Quadrant diagram results of TOPSIS Source: compiled by the authors.

From the compiled quadrant diagram, it can be concluded that Ryanair and Wizz Air are
the two airlines that are the most successful and meet the most LCC criteria. Also located in
the “True LCC”–Successful quadrant, easyJet is the fourth most successful airline in this research.
Based on this final result, it can be stated that the chances for a listed LCC to be successful are mainly
based on how many criteria they meet to become a true LCC. Independence also seems to have an
influence, as both Eurowings and Transavia are on the vulnerable side. Vueling is the only airline that is
not meeting the majority of the LCC criteria and is a successful airline. Concerning the theory, it can be
stated that airlines that are based on characteristics, which can be considered as “True LCC”, are in the
European market and are more likely to be successful than LCC airlines that are more focused on
a hybrid model. The exact cost savings and profits have to take place in the case studies of the airlines.
However, a single-type, young aircraft fleet seems to be more profitable than operating different aircraft
types, as all the airlines that are on the “Successful” side have this in common. Additionally, high seat
occupancy seems to be contributing to the success of the airline as well.

6. Conclusions

This research showed that the airline industry is growing quickly since 2010, as is described in the
introduction, based on International Civil Aviation Organization (ICAO) (2018) in its annual report
about 2017. Since the financial crisis of 2008 and 2009, the airline industry started growing and has
nearly doubled in the number of passengers [83–86]. However, the airline industry has proven to be
vulnerable to issues such as oil crises, financial crises, and the 9/11–terrorist attacks, and immediately
showed a decline or a stop of growth. This research provided insight into the current development
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problems of the airline industry on its fastest-growing business model. It shows that an increase in
oil prices is still one of the causes of serious airline troubles. However, airlines can counter this with
a newer, more fuel-efficient fleet and successful fuel-hedging practices.

Issues of a whole other type are personnel problems, such as strikes. It is hard to find one exact
reason for this issue. In the case of Ryanair, one of the airlines in this research, the reasons given by
the pilots are a demand for a better salary, better rosters, and a base location closer to their homes.
Furthermore, there are fleet problems, based on unexpected, required aircraft repairs and late deliveries
of new aircraft. Airlines are forced to lease aircraft, which is a costly event. The last issue, airport
capacity limitation, will affect every airline. Whether it is a limited runway capacity, aircraft stand
capacity, or noise reduction measures. It will cause airports to run out of available slots for airlines.
Given the high growth rate of the industry, the prices for a slot will go up. Airlines can counter this by
flying to other airports (for example, secondary airports or by operating a modern, quieter aircraft).

As is visible from the conclusions given above, factors of LCCs can play a role in countering the
negative effects of the development problems for airlines [11,12,87–95]. Flying to secondary airports of
London, rather than the congested London Heathrow, operating a modern fleet, and achieving high
load factors can counter effects. Machine problems, like engine problems such as Norwegian faced or
late aircraft delivery (Primera Air), are difficult to prevent. It will delay the development of the airline
and cause extra costs. Another risk is the stop of investments in an airline; this is, however, more risk
for airlines that make a (structural) loss. Only Norwegian seems to have a riskier position on this issue.

The TOPSIS revealed as well that Wizz Air is the only airline meeting all the LCC criteria, whereas
Ryanair and easyJet changed their business models during strategy changes. Wizz and Ryanair are
both the most successful airlines of the group, with easyJet being in a third place. Subsidiary LCCs as
Eurowings, Vueling, and Transavia are performing worse and are flying in general with the oldest fleet.
Although ranking low on meeting LCC criteria, airBaltic is profitable and growing. It is implementing
a brand new, efficient fleet and will shift to a single-type fleet. Norwegian is, given its loss and sale of
new aircraft, ranking low.

Based on this research, in general, it can be concluded that the LCC business model has the
potential for success regarding profitability and growth while having the possibility to counter the
effects of some of the development problems in the industry. The efficient use of materials and a focus
on a single type of aircraft can contribute to the success of the airline. Ryanair could counter its major
effects of the personnel strikes, since its operating model led to successfulness, whereas Norwegian
had to sell aircraft to maintain its existence. A further case study for each airline is recommended to
for in depth research of how airlines survive the major issues in the airline industry. This research has
led to the possible direction for research in the form of the exact operating model and risk prevention
measures of the airlines. The case study of Vueling might give different insights, as it is a subsidiary
airline, which is not meeting the majority of the LCC criteria, while it still is the third regarding
successfulness within this research. It also has a rather small fleet on order and has one of the lowest
seat occupancies amongst the airlines in this research. Further research can also be located in the
operating models of FSCs and their success. Case studies can also lead to the improved weighting of
the criteria for the MCDM analyses.
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Appendix A

Table A1. Full calculations of the LCC criteria TOPSIS.

Data C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 C11

Weight 0.091 0.091 0.091 0.091 0.091 0.091 0.091 0.091 0.091 0.091 0.091
Wizz Air 1.000 1 1 1 1 1 1 1 1 1 1
Ryanair 0.994 1 1 1 1 1 1 1 1 1 0

Transavia 1.000 1 1 1 0 1 0 1 0 0 0
easyJet 0.997 1 1 1 0 1 1 1 1 1 0
Vueling 1.000 0 1 1 0 1 0 1 0 0 0
airBaltic 0.400 0 1 1 0 1 0 1 0 0 0

Eurowings 0.748 0 1 1 0 1 0 1 0 0 0
Norwegian 0.802 0 1 1 0 1 0 1 1 0 0

Table A2. Full calculations of the LCC criteria TOPSIS.

Normalized C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 C11

Wizz 0.397 0.577 0.354 0.354 0.707 0.354 0.577 0.354 0.500 0.577 1.000
Ryanair 0.394 0.577 0.354 0.354 0.707 0.354 0.577 0.354 0.500 0.577 0.000

Transavia 0.397 0.577 0.354 0.354 0.000 0.354 0.000 0.354 0.000 0.000 0.000
easyJet 0.396 0.000 0.354 0.354 0.000 0.354 0.577 0.354 0.500 0.577 0.000
Vueling 0.397 0.000 0.354 0.354 0.000 0.354 0.000 0.354 0.000 0.000 0.000
airBaltic 0.159 0.000 0.354 0.354 0.000 0.354 0.000 0.354 0.000 0.000 0.000

Eurowings 0.297 0.000 0.354 0.354 0.000 0.354 0.000 0.354 0.000 0.000 0.000
Norwegian 0.319 0.000 0.354 0.354 0.000 0.354 0.000 0.354 0.500 0.000 0.000

Table A3. Full calculations of the LCC criteria TOPSIS.

Weighted C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 C11

Wizz 0.036 0.052 0.032 0.032 0.064 0.032 0.052 0.032 0.045 0.052 0.091
Ryanair 0.036 0.052 0.032 0.032 0.064 0.032 0.052 0.032 0.045 0.052 0.000

Transavia 0.036 0.052 0.032 0.032 0.000 0.032 0.000 0.032 0.000 0.000 0.000
easyJet 0.036 0.000 0.032 0.032 0.000 0.032 0.052 0.032 0.045 0.052 0.000
Vueling 0.036 0.000 0.032 0.032 0.000 0.032 0.000 0.032 0.000 0.000 0.000
airBaltic 0.014 0.000 0.032 0.032 0.000 0.032 0.000 0.032 0.000 0.000 0.000

Eurowings 0.027 0.000 0.032 0.032 0.000 0.032 0.000 0.032 0.000 0.000 0.000
Norwegian 0.029 0.000 0.032 0.032 0.000 0.032 0.000 0.032 0.045 0.000 0.000

Table A4. Full calculations of the LCC criteria TOPSIS.

V+ (Best) 0.036 0.052 0.032 0.032 0.064 0.032 0.052 0.032 0.045 0.052 0.091

V− (Worst) 0.014 0.000 0.032 0.032 0.000 0.032 0.000 0.032 0.000 0.000 0.000

Table A5. Full calculations of the LCC criteria TOPSIS.

Airline Si
+ Si

− Pi Rank

Wizz 0 0.150025 1 1
Ryanair 0.091 0.119302 0.567533 2

Transavia 0.141 0.050349 0.262682 4
easyJet 0.123 0.100528 0.474484 3
Vueling 0.151 0.021655 0.127299 6
airBaltic 0.150 0 0 8

Eurowings 0.151 0.012572 0.077941 7
Norwegian 0.144 0.047719 0.252185 5
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Appendix B

Table A6. Full calculations of the successfulness TOPSIS.

Data C12 C13 C14 C15 C16 C17

Weight 0.1 0.05 0.15 0.4 0.1 0.2
Wizz Air 257 4.7 146 14.1 91.2 24
Ryanair 135 6.9 243 20 95.3 10.3

Transavia 0 8.2 115 5.6 90.6 11
easyJet 147 7.3 163 8.1 92.9 10.2
Vueling 45 7.2 112 12.7 84.7 6.5
airBaltic 36 9.4 70 5.8 76 22

Eurowings 4 11.1 137 2.3 79.9 77

Table A7. Full calculations of the successfulness TOPSIS.

Normalised C12 C13 C14 C15 C16 C17

Wizz 0.752 0.217 0.345 0.463 0.369 0.277
Ryanair 0.395 0.319 0.569 0.656 0.385 0.119

Transavia 0.000 0.377 0.269 0.184 0.366 0.127
easyJet 0.366 0.337 0.382 0.266 0.375 0.118
Vueling 0.132 0.333 0.262 0.417 0.342 0.075
airBaltic 0.105 0.435 0.164 0.190 0.307 0.254

Eurowings 0.012 0.513 0.321 0.075 0.323 0.887
Norwegian 0.340 0.180 0.377 −0.189 0.354 0.150

Table A8. Full calculations of the successfulness TOPSIS.

Weighted C12 C13 C14 C15 C16 C17

Wizz 0.075 0.011 0.051 0.185 0.037 0.055
Ryanair 0.040 0.016 0.085 0.262 0.039 0.024

Transavia 0.000 0.019 0.040 0.073 0.037 0.025
easyJet 0.037 0.017 0.057 0.106 0.038 0.024
Vueling 0.013 0.017 0.039 0.167 0.034 0.015
airBaltic 0.011 0.022 0.025 0.076 0.031 0.051

Eurowings 0.001 0.026 0.048 0.030 0.032 0.177
Norwegian 0.034 0.009 0.057 −0.075 0.035 0.030

Table A9. Full calculations of the successfulness TOPSIS.

V+ 0.085 0.009 0.075 0.262 0.039 0.177

V− 0.025 0.026 0.000 −0.075 0.031 0.015

Table A10. Full calculations of the successfulness TOPSIS.

Si
+ Si− Pi Rank

0.149 0.276 0.650 2
0.158 0.346 0.687 1
0.258 0.150 0.368 7
0.225 0.189 0.457 4
0.204 0.243 0.544 3
0.243 0.156 0.391 6
0.247 0.195 0.441 5
0.372 0.052 0.122 8
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