
 
 

 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

FINAL DEGREE THESIS 
 
 
 
 
 
 
 
 
 

 
TITLE: The impact of the implementation of Free Flow in the European 
Airspace 
 
DEGREE: Aeronavigation engineering 
 
AUTHOR: Biel Mas Verdú 
 
DIRECTOR: Hector Fornés 
 
DATE: July 7, 2023 
 

 
 
 
 
 
 



 

 
Títol: L’impacte de la implementació del Free Flow a l’espai aeri Europeu 
 
Autor: Biel Mas Verdú 
 
Director: Héctor Fornés 
 
Data: 7 de juliol del 2023 
 

 
 
 
Resum 

 
Aquest projecte té com a finalitat investigar l'impacte de la implementació de la 
tècnica coneguda com a "Free Flow" a l'espai aeri durant un període de cinc 
anys, del 2015 al 2020. Es realitza un estudi comparatiu de dues rutes aèries 
amb característiques diferents: Barcelona-Sevilla i Barcelona-Dublín. L'anàlisi 
es centra en l'eficiència dels vols i busca establir una relació amb el Free Flow. 
 
El Free Flow és una tècnica que permet als pilots volar amb major llibertat 
després d'obtenir l'aprovació prèvia dels controladors aeris. A Europa, 
Eurocontrol és l'organisme responsable de supervisar el desenvolupament i 
garantir el funcionament d'aquesta tècnica. Actualment, es troba en procés 
d'implementació i es preveu que hi haurà una millora considerable cap al 2030. 
 
Mitjançant dades proporcionades per Eurocontrol i un conjunt de codis de 
programació a MATLAB, es calcularan els quilograms de combustible 
estalviats per cada ruta a partir de la diferència de distància volada respecte la 
planejada. Per la ruta de Barcelona a Dublín també es farà una estimació de 
les emissions de CO2 i altres partícules contaminants relacionades amb la 
diferència de distància esmentada. Finalment, es farà un càlcul en termes de 
diners que s’estalviarà Ryanair a través de les millores d’eficiència de la ruta 
Barcelona – Dublín. A través de la xifra de diners obtinguda, es trauran unes 
conclusions generals pels beneficis de les aerolínies. 
 
Cal destacar que els resultats de l'estudi poden estar afectats per la pandèmia 
de la SARS-CoV-19, la qual va causar pertorbacions significatives en el sector 
aeri durant l’any 2020. No obstant això, els resultats obtinguts semblen molt 
rellevants en un context on les emissions són el principal factor per millorar la 
sostenibilitat del transport aeri.  
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Overview 
 

 
This project aims to investigate the impact of the implementation of the 
technique known as "Free Flow" in airspace over a period of five years, from 
2015 to 2020. A comparative study of two air routes with different 
characteristics: Barcelona-Seville and Barcelona-Dublin. The analysis focuses 
on flight efficiency and seeks to establish a relationship with Free Flow. 
 
Free Flow is a technique that allows pilots to fly more freely after obtaining prior 
approval from air traffic controllers. In Europe, Eurocontrol is the body 
responsible for overseeing the development and guaranteeing the operation of 
this technique. Currently, it is in the process of implementation, and it is 
expected that there will be a considerable improvement towards 2030. 
 
Using data provided by Eurocontrol and a set of programming codes in 
MATLAB, the kilograms of fuel saved for each route will be calculated based 
on the difference between the distance flown and the planned one. For the 
route from Barcelona to Dublin, an estimate will also be made of CO2 
emissions and other polluting particles related to the difference in distance 
mentioned. Finally, a calculation will be made in terms of money that Ryanair 
will save through the efficiency improvements on the Barcelona - Dublin route. 
Through the figure of money obtained, some general conclusions will be drawn 
for the benefits of the airlines. 
 
It should be noted that the results of the study may be affected by the SARS-
CoV-19 pandemic, which caused significant disruptions in the air sector during 
2020. However, the results obtained seem very relevant in a context where 
emissions are the main factor to improve the sustainability of air transport. 
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INTRODUCTION 
 
Air travel revolutionized transportation after World War II, offering faster and 
safer journeys. However, the COVID-19 pandemic caused a significant decline 
in passenger numbers, reminiscent of the 1970s. As passenger volumes 
gradually recover, the aviation sector benefits. Concerns regarding airspace 
capacity and environmental impact prompted studies, leading to the 
development of solutions such as the Free Flow flight procedure. This approach 
optimizes fuel consumption, reduces emissions, saves time, and lowers costs. 
 
Free Flow operations under the concept of Free Route Airspace allow pilots to 
navigate freely between designated points with prior authorization from air traffic 
control (ATC). This enhances flight efficiency, reduces environmental impact, 
and aligns with sustainability goals in the aviation industry, resulting in cost 
savings. 
 
This project focuses primarily on the concept of Free Flow. The first part of the 
study provides a comprehensive explanation of the theoretical background of 
this technique. It covers aspects such as its definition, the process of its 
implementation, and the expected functionality in the future. This section aims 
to establish a solid understanding of Free Flow and its significance in optimizing 
air traffic management. 
 
The second part of the project delves into the parameters that define the 
efficiency of a flight. These parameters are carefully defined and explained to 
provide a clear understanding of their role in assessing flight performance. By 
elucidating these parameters, the project aims to facilitate the comprehension of 
the case study results and their implications in evaluating the effectiveness of 
Free Flow operations. 
 
To bridge the theory from the first part to flight efficiency, two flights are 
analysed. The Barcelona – Sevilla route showcases the Spanish airspace, while 
the Barcelona – Dublin route provides valuable insights into the European 
airspace, given its longer distance and the presence of an annually upgraded 
Free Route Airspace (FRA). 
 
The primary focus of this study is to compare the filed route with the actual 
flown route, with the intention of demonstrating the greater efficiency of the 
latter. The actual flown route considers various factors, including the 
implementation of Free Flow, which is expected to contribute to improved 
efficiency. 
 
In the final part of the project, the discrepancy between the filed route and the 
actual route is considered, specifically in terms of distance. Based on this 
difference, estimations are made for fuel consumption, as well as the emissions 
of CO2 and other pollutants. These calculations provide insights into the 
potential environmental benefits associated with the implementation of more 
efficient flight routes, such as those facilitated by Free Flow. 
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CHAPTER 1. FREE FLOW 

1.1. Single European Sky ATM Research (SESAR) 

 
With the continuous growth of air traffic worldwide, the existing Air Traffic 
Management (ATM) equipment and methods may not be able to handle the 
increasing number of flights and operations efficiently. The Single European 
Sky ATM Research (SESAR) program [1] is an initiative launched by the 
European Union to develop and implement new technological solutions to 
modernize and improve the ATM system and infrastructure. 
 
The SESAR program aims to achieve several objectives, including enhancing 
safety, improving capacity and efficiency, reducing the environmental impact of 
aviation, and ensuring interoperability and harmonization of ATM systems 
across Europe. The program's activities are aligned with the Global Air 
Navigation Plan of the International Civil Aviation Organization (ICAO), which 
provides a framework for the development of the global air navigation system 
[2]. 
 
Through the SESAR program, new concepts and technologies are being 
developed, validated, and implemented to enhance the performance of the ATM 
system, such as the integration of new technologies like satellite-based 
navigation and communication, automation of air traffic control, and improved 
information sharing between stakeholders. By doing so, SESAR aims to meet 
the growing demands of the aviation industry while ensuring safety and 
minimizing the environmental impact of air travel. 
The aim of this project is to focus on the development of one of the solutions 
implemented by SESAR, which is the Free Flow Airspace. 
 
 

1.2. Free Route Airspace concept 

 
It has been demonstrated that air routes in Europe were not optimally designed. 
In 2009 a flight’s route was on average 47.6 km (or 5.4%) too long compared to 
its optimum flight trajectory, which means more flight and engine running time 
with more fuel burn and emissions [3]. 
 
The routes were longer due to several factors, as: 
 

• Sub-optimal airspace design 
• Inefficient city pairs 
• Constraints related to need for civil and military airspace users to share 
airspace 
• Inappropriate flight planning 
• Inappropriate route utilization 
• Route restrictions 

Since 2012, the EU-wide performance targets agreed, under the Single 
European Sky, that the legislation will provide a formal framework for the 
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development of safer and more efficient European airspace, with straighter and 
shorter routes. 
 
There was when the first Free Route Airspace was introduced. 
 
 

 
 

Fig 1.1 Traditional flight track sample 
 
 

 
Fig 1.2 Free route track sample 

 
 
It is only applicable during flight planning phase. After a flight plan has been 
filed and approved, the operation is subject to its approved flight plan and, when 
applicable, to ATC clearances. 
 
Within this airspace, flights always remain subject to air traffic control and to any 
overriding airspace restrictions. 
 

1.2.1. Description 

 
Free route airspace (FRA) [4] is a concept of providing air traffic services in 
which an operator can choose their route subject to only a few limitations (e.g. 
fixed entry and exit points and the need to avoid danger areas, TRAs or TSAs) 
as opposed to the situation where standard airways should be used. In most 
cases the straight line between an entry point and an exit point will be chosen. If 
for some reason this is not appropriate (e.g. a danger area needs to be 
avoided) additional turning points can be specified. These can be navigational 
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aids, published navigational points or points with specified coordinates. The 
following diagram gives an overview of the main FRA rules: 
 
 

 
 

Fig 1.3 Diagram of the main FRA rules [4] 
 
 
Example of allowed and not allowed FRA routes to be considered during the 
pre-flight planning. 
 
In the example FIR depicted, INTRO and ENTER are entry points, ALTAV and 
EXITO are exit points, SNA is a VOR and REKRA is an RNAV point. When FRA 
is implemented, the green routes would be accepted and the red routes would 
be rejected by the ATC flight plan processing system. The reasons for rejection 
include the crossing of a danger area (INTRO-ALTAV) and the requested route 
not remaining within the FRA (ENTER-ALTAV). The approved routes can be 
either direct from an entry to an exit point (e.g. ENTER-EXITO) or with 
intermediate points (navigational aids (SNA), published points (REKRA) or 
randomly selected points (42°39’26” N, 23°22’42” E)). 
 
This kind of flight was first used in Oceanic flights. Then started to be 
implemented at continental level in 2 stages:  
 

▪ 1st stage: more direct routes not based on fixed airspace structure. 

▪ 2nd stage: consider UPRs. 

 

User Preferred Routing (UPR), in which Airspace User (AU) can define routes 
with at least a significant part not defined according to published route 
segments but specified by the AU. 
 
UPR has not to be necessarily a direct route between entry and exit points of a 
specific airspace, but it’s expected that the flight is executed along direct 
segments between any waypoint published and/or specified by the AU. 
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It also allows AU to adapt routes in finer detail on a day-by-day basis to 
optimize against wind, ATC charges etc. to meet business requirements. 
 
 

 
 

Fig 1.4 Airplane in a Free route airspace [5] 
 
The implementation of FRA was obviously created to provide advantages. But 
as everything it has several disadvantages:  
 
 

Table 1 List of advantages and disadvantages of FRA 

 

ADVANTAGES DISADVANTAGES 

- Reduction of flight length 
- Reduction of fuel consumption 
- Reduction of CO2 emissions 
- Reduction of flight time 

- Traffic less structured 
- Interoperability between actors, such 
as military and civil, more difficult 
- Potential reduction of capacity 
- Need of interstate coordination 

 

 

1.2.3. Implementation types and deployment 

 
Free route operations can be: 
 
- Time limited (e.g. at night) – this is usually a transitional step that facilitates 

early implementation and allows field evaluation of the FRA while 

minimising the safety risks. 

- Structurally or geographically limited (e.g. restricting entry or exit points for 

certain traffic flows, applicable within CTAs or upper airspace only) – this 

could be done in complex airspaces where full implementation could have a 

negative impact on capacity. 
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- Implemented in a Functional Airspace Block environment – a further stage 

in the implementation of FRA. The operators should treat the FAB as one 

large FIR. 

- Within SES airspace – this is the ultimate goal of FRA deployment 

in Europe. 

 

Extension of FRA: User Preferred Routing (UPR), in which Airspace User (AU) 
can define routes with at least a significant part not defined according to 
published route segments but specified by the AU. 
 
UPR not necessarily a direct route between entry and exit points of a specific 
airspace, but it’s expected that the flight is executed along direct segments 
between any waypoint published and/or specified by the AU. 
 
Allows AU to adapt routes in finer detail on a day-by-day basis to optimize 
against wind, ATC charges etc. to meet business requirements. 
 
 

1.2.4. Free Route Airspace Maastricht (FRAM) and Karlsruhe 

 
Between June 2012 and May 2014, the Free Route Airspace Maastricht and 
Karlsruhe (FRAMaK) project [6] - funded by the SESAR Joint Undertaking - 
conducted live trials to demonstrate cross-border free route airspace 
capabilities in complex, high-density airspace with positive results. The 
demonstration concluded that airspace users can save up to four nautical miles 
per flight as a result of the cross-border direct routings. 
 
Since March 2011, 142 new direct routes available in airspace controlled by 
MUAC (upper air space of Belgium, Germany, Luxembourg and the 
Netherlands) controlled by EUROCONTROL Maastricht ACC. 
 
The implementation of this concept was gradual year by year: 
 

• March 2011: during the least busy hours of the night, 00:00 to 06:00 
CET 

• June 2011: extended night-time, from 00:00 to 08:00 CET 
• End of 2011: weekends, from Saturdays 00:00 to Mondays 08:00 CET 
• 2012: day-time on busy Fridays (from 12:00 CET to Monday 08:00 
CET) and during national holidays 
• 2013+: 24/7 operations. Full concept of user-preferred trajectories 

 
The savings expected from 1st phase of FRAMaK deployment during nights and 
weekends estimated at: 
 

• 1.16 million km per year (equivalent to 29 flights around the world) 
• 3,700 t of kerosene 
• 12,000 t of CO2 
• 37 t of NOx 
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After the successful results of the first phase deployments, it continued as 
follows: 
 

• End of 2017: 51 ACCs partially or fully implemented FRA 

• By 2019/2020, additional savings of between 60,000-75,000 NM a day 

can be expected, with subsequent fuel, environment and cost benefits. 

• By end of 2019, most European airspace was expected to have 

implemented FRA, with all airspace having this type of operations by 

2021/2022. 

 

This progress is result of very close cooperation between Network Manager, 
ANSPs, military partners and air space users. 
 
Cross-border implementation started and already applicable, or will be soon, in 
many parts of Europe, namely Austria-Slovenia, Romania-Hungary-Bulgaria, 
Belgrade-Zagreb ACCs, MALTA-ITALY, Estonia-Latvia-Finland-Sweden-
Denmark-Norway. 
 
 

 
 

Fig 1.5 Free Route Airspace Implementation - End 2021 [6] 
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Fig 1.6 Free Route Airspace Implementation - End 2022 [6] 
 
 
As seen in these images, almost all Europe is now under Free Route Airspace, 
except the south-east and north of France and the southern part of England. 
 
 

1.2.5. Projection charts for the coming years 

 
Eurocontrol has defined the projection charts for the coming years up to 2030 
[7]. The aim is to give a little more coverage year after year.   
 
In these two images, the projection chart by the end of 2030 can be compared 
to the projection chart by the end of 2023: 
 
 

 
 

Fig 1.7 Free Route Airspace Implementation - End 2023 [7] 
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Fig 1.8 Free Route Airspace Implementation - End 2030 [7] 
 
 
The statement suggests that Eurocontrol envisions a gradual progression 
towards FRA implementation. Each year, as new territories are covered and 
adopt FRA, improvements can be observed in terms of airspace efficiency and 
capacity. This implies that the implementation of FRA is a step-by-step process, 
where the benefits and advancements are expected to accumulate over time. It 
is expected to be finished by the end of 2030. However, despite the year-by-
year improvements, the statement suggests that the complete implementation 
of FRA by 2030 may not be achievable. It implies that the timeline for achieving 
full implementation could extend beyond 2030. This could be due to the 
complexity of the implementation process, which involves coordination among 
multiple stakeholders, infrastructure upgrades, regulatory considerations, and 
safety assessments. 
 
 

1.3. Free Flight concept 

 

1.3.1. Description 

In 1993, Bill Cotton [5], a United Airlines pilot, presented a concept called "Free 
Flight" to the FAA, aimed at eliminating restrictions on the inefficient North 
American air traffic management system to accommodate more air traffic. 
 
The FAA requested a study by the Radio Technical Commission for Aeronautics 
(RTCA) to evaluate the feasibility of the proposal. The resulting report 
emphasized the need to change the focus of the Free Flight concept, prioritizing 
medium-term planning over freedom in the short term. 
 
Free Flight was defined as the ability to operate safely and efficiently under 
instrument flight rules where pilots have the freedom to select their route and 
speed in real-time without needing to contact the ATC. 
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Fig 1.9 Airplane in a Free Flight airspace [5] 
 
 
The report also discussed operational concepts such as dynamic sectorization 
of airspace, collaborative decision-making, and auto-separation of aircraft. The 
Free Flight concept aims to optimize aircraft routing, speed, and altitude 
considering weather conditions without requiring specific ATC authorization. It 
also would allow aircraft to fly more fuel-efficient routes with optimal profiles, 
potentially saving millions of dollars each year. 
 
Continuous profiles can achieve around 11% (short-haul flights) and 6% 
(medium-haul flights) of fuel savings, i.e., between 220 and 380 [kg], and the 
corresponding CO2 emissions when compared to current operations. 
Other research showed that continuous cruise phase can lead to fuel savings 
between 1% and 2% of total trip fuel for an Airbus A320. It also reduces trip 
time between 1% and 5%. 
 
 

1.3.2. Implementation types and deployment 

 
Based on who is responsible for the separation of aircraft, three implementation 
models of the concept have been identified to "liberalize" air navigation: 
 

- Control-based model (without delegation) 
- Cabin-based model (total delegation) 
- Shared model (partial delegation) 

 
➢ CONTROL-BASED MODEL 

 
Basically, it is the current operational scheme evolved according to what the 
English provider of air traffic services, NATS (National Air Traffic Services), 
identified during a series of simulations, such as the need for a new element in 
the ATC's work scheme: a multi-sector planner who supervises the medium-
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term demand of a set of sectors. It was called a multi-sector planner, and its 
mission would be to distribute traffic and solve conflicts 20 or 30 minutes before 
flights enter the first of the sectors involved in their respective routes. 
 

➢ CABIN-BASED MODEL 
 
Also known as "Autonomous Operation," it involves total delegation in the flight 
deck of the responsibility for conflict detection and resolution for aircraft 
equipped with appropriate navigation, surveillance, and self-protection systems 
while operating in airspace designated for Free Flight operations [self-protection 
means that the aircraft would be equipped with devices whose principle of 
operation would be based on the existence of two areas around the aircraft, the 
"protection" and "alert" areas, which is known as TCAS or an evolution of it]. 
 

➢ SHARED MODEL 
 
The aim of partial delegation is to allow greater flexibility in the use of available 
airspace. To achieve this, operational responsibility for separation during 
specific manoeuvres is transferred to the aircraft, reducing the workload of the 
ATC and increasing the system's capacity. With this model, the controller 
maintains the initiative and authority in managing the situation, but with the 
particularity that whoever is better situated to solve a conflict takes the 
measures aimed at carrying out separation with the involved aircraft. Obviously, 
we would be talking about a volume of controlled airspace, properly equipped 
aircraft, and defined rules for the case. 
 
 

1.4. Free Flight & Free Route 

 
This image is a hypothetical representation of how the Free Route and Free 
Flight would be combined above the ATS routing. 
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Fig 1.10 Free Route & Free Flight [5] 
 
 
While Free Route focuses specifically on enabling aircraft to fly along more 
direct routes within predefined airspace, Free Flight encompasses a wider 
range of principles that promote pilot autonomy and decision-making throughout 
the entire flight process. Free Flight may involve advanced technologies, such 
as onboard systems and communication tools, to facilitate real-time information 
exchange between pilots and air traffic control. 
 
In summary, Free Route is a specific implementation within the broader concept 
of Free Flight. Free Route aims to optimize airspace utilization by allowing 
aircraft to follow direct routes, while Free Flight encompasses a philosophy that 
empowers pilots with greater flexibility and decision-making authority in flight 
planning and execution. 
 
 

1.5. Free Route Airspace in Spain 

 
The HISPAFRA project [8] aims to implement the concept of free route airspace 
within Spain. At the European level, the FRA initiative is promoted and 
coordinated by Eurocontrol, in accordance with the stipulations of Commission 
Implementing Regulation (EU) 2021/116 of 1 February 2021. It is a nationwide 
project in which Ineco is supporting the ENAIRE Director of Operations and 
helping to coordinate all of the bodies involved, which include the General 
Directorate of Civil Aviation, the National Air Safety Agency, the Spanish Air 
Force and ENAIRE. 
 
The implementation of HISPAFRA has been divided into different phases: in 
each phase the restrictions become more flexible and new functionalities are 
incorporated into the control system, while maintaining appropriate levels of 
capacity and safety. The European regulations stipulate that the initial phase 
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must be implemented before 31 December 2022 and the final stage by 
December 2025, along with a cross-border element involving at least one other 
Member State. After this date, rollout of the FRA concept will continue and there 
will be greater cross-border implementation between Member States, thereby 
enabling a more flexible European airspace and more efficient planning on the 
part of airlines.  
 
For phase 1 of HISPAFRA, two FRA cells [9] have been defined:  
 

• Continental cell: Its boundary is that of the union of Madrid and 
Barcelona UIRs, between flight levels FL245 and FL660. It excludes 
the airspace volumes delegated by Spain to Portugal, and including 
the airspace volumes delegated by Portugal to Spain. Entry into 
service: December 2, 2021. 

• Canarias cell: Its boundary is that of Canary Islands UIR, between 
flight levels FL305 and FL660. Entry into service: October 7, 2021. 

 

 
 

Fig 1.11 Two cells of the FRA in Spain [9] 
 
 
Existing published routes will not be eliminated during this initial phase; rather, 
airspace users will have the additional option of drawing up FRA plans that 
make use of these existing routes. This will enable the transition towards a free 
route approach for all, without changing the way in which ATC operates and 
with the aim of maintaining the same levels of capacity and safety, while 
enabling users to gradually adapt their systems in preparation for the 
subsequent phases.  
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Looking ahead to these subsequent phases, in which free connection between 
a greater number of waypoints will gradually become more flexible, ENAIRE is 
developing and deploying a series of new functionalities for its ATC system. 
These functionalities enable controllers to determine, ahead of time and with 
increased precision, whether a particular flight level or direct route presents an 
air traffic risk, prior to granting ATC clearance for separation provision. 
Examples of the tools available include Medium-Term Conflict Detection 
(MTCD) and Tactical Trajectory Management (TTM). 
 
As it will be explained later in this project, the case study will be from 2015 to 
2020, so explaining different changes in the Spanish Airspace during this period 
will help to understand the results: 
 

1. Airspace restructuring project: Between 2014 and 2020, a project to 

restructure the Spanish airspace was carried out with the aim of 

improving efficiency and capacity of air traffic. This included the 

implementation of new routes and navigation procedures, as well as the 

introduction of more advanced air traffic management technologies such 

as performance-based air traffic management (ATM/CNS) system. 

2. Implementation of the Single European Sky: Spain has actively 

participated in the implementation of the Single European Sky, which 

aims to harmonize and optimize airspace across Europe. This involves 

coordination and cooperation among the member countries of the 

European Union to improve air traffic efficiency and reduce delays. 

3. Opening of new control areas: To enhance air traffic management, new 

control areas have been established in the Spanish airspace. These 

control areas are designed to optimize traffic flow management and allow 

for greater flexibility in flight routes. 

4. Introduction of new navigation procedures: New navigation procedures, 

such as performance-based navigation (PBN) procedures, have been 

implemented. PBN utilizes satellite navigation technology to optimize 

flight routes and reduce distances flown. 
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CHAPTER 2. HORIZONTAL FLIGHT EFFICIENCY 

2.1. Description 

 
The Horizontal Flight Efficiency (HFE) [10] is very generally speaking obtained 
by comparing the flight trajectory with the GCD. There are three indicators of 
flight efficiency used in Europe. They are called Key performance Environment 
indicators, based on filed flight Plan (KEP), based on Actual trajectory (KEA) 
and based on shortest route available for flight planning (KES). Each indicator 
has a different approach, addressed to different needs. 
 

• KEP: It compares the GCD with the last filed flight plan. 
• KES: The KES is obtained by comparing the GCD with the shortest 
constrained route available for flight planning. 
• KEA: This indicator uses the real flight distance (the trajectory obtained 
with radar/surveillance data) with the GCD. 
 

In this project, the focus will be on the KEA indicator, for which the greater the 
difference between the flight distance with respect that of the theoretical 
optimum, the lower the horizontal flight efficiency. KEP will also be computed, 
which will be compared with the KEA. 
 
The viewpoint for both Eurocontrol and the ICAO in their HFE related studies is 
that to not assume local inefficiencies (e.g airport control airspace), this 
comparison must start, and later end, outside a 40 NM circumference from the 
route airports. The 40 NM value is determined to englobe most TMA operations. 
This way, all the different departure and approach procedures, that might be 
limited by obstacles, noise limitations, traffic, etc., are not considered, and only 
the “route” segment is analysed. Fig 4.1 exemplifies this casuistic. 
 
 

 
 

Fig 2.1 GCD illustration [10] 
 
 
Only the segments comprised between the X markers (solid lines) are 
compared. 
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Here under, it will be computed the HFE of the flights according to the present 
definition, but also how much the HFE varies if the trajectory inside the 40 NM 
circumference is considered, to obtain an approximation of the inefficiencies 
induced near the airports. 
 
HFE is computed as the subtraction between the theoretical 100% efficiency 
and the inefficiency found in that flight. Therefore, 
 
 
                                                               𝐻𝐹𝐸 [%] = 100 – 𝐻𝐹𝐼                                              (2.1) 

  
 

Where: 
 
 

                                                                         (2.2) 
 
 

Where: 
 

• L = Length of the trajectory (outside 40 NM ring) 

• H = Length of direct course -GCD- (outside 40 NM ring) 

 

In this study, the distance between consecutive 4D points is calculated using 
the Haversine equation. To determine the length of the trajectory (L), any pairs 
of points within a 40 NM radius are excluded. In an ideal scenario, once a point 
falls outside this radius, the flight distance would begin to accumulate. However, 
due to some inaccuracy found in the flight data used in this study, we will 
consider a fixed radius of 40 NM around each airport. Consequently, 80 NM will 
be subtracted from the total flight distance to account for the exclusion of these 
airport regions. 
 
 

2.2. GCD and Haversine equation 

 
The great-circle distance [11] is the shortest distance between two points on the 
surface of a sphere, measured along the surface of the sphere. The distance 
between two points in Euclidean space is the length of a straight line between 
them, but on the sphere, there are no straight lines. In spaces with curvature, 
straight lines are replaced by geodesics. Geodesics on the sphere are circles 
on the sphere whose centres coincide with the centre of the sphere and are 
called 'great circles'. 
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Fig 2.2 GCD between points P to Q 
 
 
The fact that the Earth can be approximated to a sphere, enables the use of 
great circle distance calculations, with only an error of 0.5%. This was already 
discovered many centuries ago, and determined a concept still used today, 
great circle navigation, in where routes for both ships and aircrafts, are planned 
to try to always achieve the shortest distance. 
 
The real flown distance is never equal to the GCD [12] (in fact it can be up to an 
average additional 5% in Europe) most studies about fuel consumptions and 
emissions rely on this ideal distance, perhaps adding some correctional values. 
On that account, this project will rely on a more accurate measurement for the 
real flight distance, that, while still depending on great circle formulas and still 
not being perfectly accurate due to small precision errors in the ADS-B 
measurements, has proven to be much more cognate to reality. 
 
To find a more accurate flight distance, instead of applying the GCD between 
the departing and arriving airport from the Eurocontrol data, the Haversine 
equation [13] is used to compute the great circle distance between each of 
these data entries, following a linearization approach (see Fig 2.3). Please note 
that when using most conventional 2D maps, the GCD will mostly appear as a 
straight line. 
 

 
 

Fig 2.3 Real trajectory vs GCD [10] 
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While there are many methods to compute the GCD, the Haversine equation is 
better fitted to use for small distances, which fits perfectly with the methodology 
used. The Haversine equation to compute the great circle distance between two 
points (with decimal latitude and longitude) is as it follows: 
 
 

          (2.3) 
 
 
Where: 
 

• 𝜑1,𝜑2 are the latitude of point 1 and latitude of point 2. 

• 𝜆1,𝜆2 are the longitude of point 1 and longitude of point 2. 

•  is the radius of the Earth [14]. 

 
The Earth's radius is not uniform and varies based on its latitude and longitude. 
The equator has a radius of 6,378.137 kilometres, while the poles have a radius 
of 6,356.752 kilometres. Different conventions exist that determine which value 
to use depending on the investigation's purpose. For astronomical 
computations, the Nominal Polar Radius is used. However, for this project, the 
chosen radius of the Earth is the Arithmetic Mean Radius, which is 
approximately 6,371.0088 kilometres. This value is preferred because it results 
in more accurate calculations for distances using GCD formulas. It 
approximates the Earth as a sphere, minimizing the mean square relative error 
for distance calculations. 
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CHAPTER 3. CASE STUDY 
 

3.1. Data collection 

 
After defining the theoretical background, the next step was to obtain flight 
information. Various methodologies were evaluated, and the benefits and 
drawbacks of each were considered. Based on the ease of obtaining and 
classifying data, as well as the quantity and quality of flights, it was determined 
that the two best options to populate the model were the online application 
FlightRadar24 and the online data repository of Eurocontrol. 
 
Eurocontrol is a trusted source of reliable and well-organized information for air 
traffic management in Europe. Their data collection processes involve 
collaboration with stakeholders and utilization of various sources, ensuring a 
comprehensive understanding of air traffic patterns. Eurocontrol's data adheres 
to high-quality standards and is widely used by airlines, airports, regulators, and 
researchers for decision-making and policy development. Overall, Eurocontrol's 
accurate and organized data contributes to enhancing safety, efficiency, and 
sustainability in European airspace. 
 
For the case study, two scenarios were analysed. The flight from Barcelona 
(LEBL) to Sevilla (LEZL) operated by Vueling (VLG) was used to analyse the 
Spanish Airspace, while the flight from Barcelona (LEBL) to Dublin (EIDW) 
operated by Ryanair (RYR) was used to analyse the western part of the 
European Airspace. 
 

3.1.1. Eurocontrol tracking principles 

 
Eurocontrol uses a variety of radars to track flights in its airspace, including 
primary and secondary radars, ADS-B and multilateration radars (MLAT). 
Flight tracking systems have been developed using surveillance methods, 
which allow both air traffic controllers and regular users to track aircraft 
positions in real-time and access recorded flight trajectories. 
 

➢ PRIMARY SURVEILLANCE RADAR 
 
Primary radars [15], also known as primary surveillance radars, send out 
radiofrequency pulses and measure the time it takes for the signal to bounce off 
the aircraft and return to the radar. From this, the radar can determine the 
position and speed of the aircraft. Primary radars are useful in areas where 
there are no onboard transponder systems in the aircraft. 
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Fig 3.1 Primary Surveillance Radar [15] 
 
 

➢ SECONDARY SURVEILLANCE RADAR 
 
In the other hand, secondary radars [16], also known as secondary surveillance 
radars, function similarly to primary radars but also receive signals from 
transponders onboard the aircraft. These signals transmit information such as 
flight identification, altitude, and speed of the aircraft. Secondary radars are 
more precise than primary radars and are used in areas with heavy air traffic. 
 

 

 
Fig 3.2 Secondary Surveillance Radar [16] 

 
 

➢ AUTOMATIC DEPENDENT SURVEILLANCE – BROADCAST 
(ADS-B) 

 
In addition, Eurocontrol uses a network of Automatic Dependent Surveillance-
Broadcast (ADS-B) receiving stations [17], which allows aircraft to transmit their 
position, speed, and altitude information directly to air traffic controllers in real-
time. This enables more precise and efficient surveillance of air traffic in 
European airspace. 
 
According to EUROCONTROL, the Automatic Dependent Surveillance 
Broadcast system is currently implemented and being deployed in Europe, 
North America, and the Asia/Pacific regions, and is completely interoperable 
thanks to the EUROCAE and RTCA standards. Particularly, from July 7, 2020, 
and in the frame of the Single European Sky [1] the European Union requires all 
general aviation (GAT) aircraft flying under instrumental rules (IFR) and having 
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a maximum take-off weight (MTOW) greater than 5,700 kg or a true airspeed 
greater than 250 knots, to comply with the ADS-B requirements. 
 
Eurocontrol also uses the Multilateration (MLAT) position tracking system to 
complement its network of primary and secondary radars in areas where radar 
coverage is limited or non-existent, such as in mountainous regions or remote 
areas. It is also used at airports where obstacles may obstruct the line of sight 
of radars. 
 

➢ MULTILATERATION (MLAT) 
The MLAT system involves the use of four or more synchronized receivers that 
receive a signal from an aircraft and calculate the Time Difference of Arrival 
(TDOA). By comparing the TDOAs at which the signal is received by each 
ground receiver with a known position, it is possible to determine the 4-D 
location of the aircraft with an accuracy similar to that of ADS-B, which is 
around 10 to 20 meters. Fig 3.3 shows how the four synchronized receivers, 
sharing a reference time t_ref, detect the aircraft signal at four different TDOAs. 
Using the reference time, the four TDOAs, and the speed of sound (c=340 m/s), 
it is possible to calculate the distance between the target (aircraft) and each of 
the receivers. This system is an important tool for improving the accuracy and 
quality of flight tracking information in Europe. 
 
 

 
 

Fig 3.3 MLAT representation [17] 
 
 

3.1.2. Data repository 
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The data obtained to study real cases has been obtained from a Eurocontrol 
repository called the Aviation Data Repository for Research [18]. There, you can 
find zip files containing monthly data from flights under Eurocontrol's 
responsibility, spanning from 2015 to 2020. The data includes information for 
four months of the year: March, June, September, and December. All the data 
is in .csv format, which allows for easy separation of information into different 
columns for filtering and selecting the required data. 
 
 

 
 

Fig 3.4 Zip files of each month 
 
 
These zip files contain multiple CSV files, each corresponding to a specific 
month. However, for this project, only three of these CSV files were used for the 
demonstrations. 
 
The first Excel file is named Flights_20XXXX_20XXXX, with each 'X' 
representing a different value for each month. This Excel file contains 
information about all the flights that took place during the respective month. The 
following details are provided for each flight: 
 
 

 
 

Fig 3.5 Flights information 
 
 
The following information was extracted from the Flights_20XXXX_20XXXX 
Excel file: 
 

• ECTRL ID 

• ADEP (Departure Airport) 

• ADES (Destination Airport) 

• AC OPERATOR (Aircraft Operator) 

• ACTUAL DISTANCE FLOWN (in nautical miles) 
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To classify the selected flight data for analysis, three filters were applied: one 
based on the ADEP column, another on the ADES column, and the last one on 
the AC operator column. 
 
An extra column was added to obtain the actual flown distance in kilometres 
and considering the GCD. This means that 80 nautical miles have been 
subtracted, 40 for each side, from the value and then the value was converted 
to kilometres. 
 
Additionally, there are two large files named Flight_Points_Actual and 
Flight_Points_Filed. These files contain sequences of coordinates for each 
flight, representing the route from the departure airport to the destination. The 
sampling of coordinates does not follow a constant pattern and varies for each 
flight. The difference between the two files is that Flight_Points_Actual displays 
the actual sequence of coordinates, while Flight_Points_Filed shows the filed 
sequence of coordinates. 
 
The Flight_Points_Actual and Flight_Points_Filed files include the following 
information for each sequence number: 
 
 

 
 

Fig 3.6 Sampling of coordinates for the flight with ID: 184408024 
 
 
From this file, the ECTRL ID, Latitude and Longitude for each sequence and 
flight had been used. 
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3.2. MATLAB functions 

 
In order to analyse all this data, different Excel tools and MATLAB functions 
have been defined to work with. 
The MATLAB functions employed for analysis vary depending on whether the 
focus is on the actual flight path or the filed flight path. Distinct sets of MATLAB 
functions are utilized for each scenario to handle the specific requirements and 
objectives related to analysing the respective flight paths. 
 
 

3.2.1. Actual flight distance & KEA 

 
In this case, a MAIN script and a KEA function were used to achieve the desired 
results by analysing the actual flown distance data from the Excel file 
"Flights_20XXXX_20XXXX". The KEA function was specifically designed to 
calculate the horizontal flight efficiency, as explained in Chapter 2. 
 
The MAIN script begins by reading the data from the Excel file 
"Flights_20XXXX_20XXXX". It extracts the total number of flights and the actual 
flight distance for each flight, considering the GCD. The GCD is manually 
provided as an input parameter for the KEA calculation. 
 
Using loops, the script calculates the KEA for each flight based on the provided 
actual flight distance and GCD. It then computes the mean KEA and mean 
actual flight distance considering the total number of flights. 
 
Once all the calculations are completed, the script prints the following results: 
 

• Total number of flights 

• Mean flight distance for all the flights in the analysed month 

• Mean KEA for all the flights in the analysed month 

 

By displaying these results, the code provides valuable insights into the 
analysed flight data, allowing for a better understanding of the horizontal flight 
efficiency and other relevant statistics, which can be analysed easily with excel 
tools. 
 
 

3.2.2. Filed flight distance & KEP 

 
A new function was required to accurately calculate the flight distances since 
this information is not available in the 'Flights_20XXXX_20XXXX' file. 
 
The 'obtainDistance' function takes two input arguments: the name of the Excel 
file containing the flight data and the flight ID for which you want to calculate the 
distance. 
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A pre-prepared list of flight IDs, comprising all flights departing from Barcelona 
and heading to Sevilla or Dublin, is used to sequentially search each ID in the 
'Flight_Points_Filed' Excel file and compute their respective distances. 
The distance calculation process involves the following steps: 

1. Obtain the latitude and longitude coordinates of the desired flight and 

convert them from degrees to radians. 

2. Starting from the first coordinate sequence, calculate the straight-line 

distance to the next coordinate sequence, using the Haversine equation 

explained in Chapter 2. Accumulate these distances until reaching the 

last coordinate sequence. Finally, subtract 80 nautical miles from the 

total result to analyse it in terms of Great Circle Distance. 

 

Once the distances for the selected flights have been obtained, the KEP 
parameter is calculated using the same methodology as for the actual flight 
distance and KEA, considering the output from the 'obtainDistance' function. 
Subsequently, the average distance and KEP values are computed, considering 
the total number of analysed flights. 
 
Finally, the code returns the following information: 
 

• Total number of flights. 

• Mean flight distance for all the flights analysed during the given month. 

• Mean KEP for all the flights analysed during the given month. 

 

It is important to note that due to the large size of the 'Flight_Points_Filed' Excel 
file, it was not possible to read the entire dataset. Consequently, the number of 
sampled flights is significantly lower than in the previous section and so the 
accuracy of the results. Note that the limited number of samples may be a factor 
if the generated response lacks coherence or does not make much sense. 
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CHAPTER 4. ROUTE ANALYSIS 
 
In this section, the data obtained from the MATLAB codes is shown per route. 
After showing the numbers in a table, these results are analysed in each 
section. 
 

4.1 LEBL – LEZL route 

 
The first route to be analysed is the Barcelona to Sevilla one. As shown in the 
Figure 4.1.1, this is the track that the pilots performed considering the actual 
flight distance. 
 
 

 
 

Fig 4.1 Actual flight points of the flight with ID 238932501 
 

It can be observed that the sampling frequency is not consistent, as there is a 
lack of references from the southeast part of Catalonia to Albacete. Every green 
point means a sample of coordinates. 
 
After running the MATLAB codes, the results for this route are obtained and 
presented in the following table. The table consists of two main sections: one 
displaying the results for the actual route (highlighted in green), and the other 
displaying the results for the filed route (highlighted in blue). Each section 
includes the total number of flights, the mean flight distance, and the Key 
Performance Factor (KPF) computed on a monthly basis. 
 
 
Table 4.1 Results for the LEBL - LEZL route 
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It should be noted that there is no available flight data for the months of June 
and September 2019 in the dataset. 
 
The limited number of samples available for the field route analysis is a result of 
the inability to access the complete document of the Flight_Points_Filed. Only 
the initial flights of the document were accessible for analysis. 
 

4.1.1. Actual flight distance 

 
In this section, different graphics will help to analyse the data obtained for this 
route. 
 
The first plot shows the number of flights per month: 
 
 

 
 

Fig 4.2 Number of flights per month 
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It is evident that the number of flights steadily increased until the onset of the 
COVID-19 pandemic, during which a significant number of flights were 
cancelled. In December 2015, 2016 and 2017 the flights number is low due to 
low season. 
 
In the following plots, flight distances and KEA are shown per month: 
 
 

 
 

Fig 4.3 Flight distance per month 
 
 

 

 
Fig 4.4 KEA per month 

 
 
The KEA parameter had been gradually increasing over the years, because of 
the projects and implementations explained in CHAPTER 1, with a slight decline 
in 2018, possibly due to traffic congestion in the Spanish Airspace. However, 
when the pandemic struck and airspace experienced reduced traffic, the KEA 
value significantly increased. 
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Europapress published an article [19] in the beginning of 2019 that sheds light 
on the considerable decrease in KEA during 2018 and the beginning of 2019. 
According to the report, Spain witnessed a record-breaking total of 2 million 
flights crossing its airspace in 2018. The high volume of flights resulted in a 
reduced capacity, necessitating increased flight distances to ensure safety and 
separation for each individual flight. However, there was also a belief that this 
increasing trend of air traffic would not come to a halt. It is reflected in the mean 
KEA number for the rest of 2019. 
 
When the COVID-19 pandemic struck, the capacity of airspace experienced a 
significant increase as the number of flights drastically decreased. This 
decrease in air traffic during 2020 can be attributed to the pandemic, and it 
helps to explain the subsequent increase in KEA during that year. 
 
It is challenging to establish a direct correlation between these results and the 
Free Route Airspace concept in Spain, as flight distances in the region are not 
typically extensive and the project was not still implemented. The impact of Free 
Route Airspace implementation in Spain may be more significant in terms of 
enhancing flexibility, efficiency, and reducing congestion rather than directly 
influencing the KEA parameter based on flight distance. 
 

4.1.2. Actual v.s. Filed flight distance & KEA v.s. KEP 

 

In the following tables, KEA and KEP parameters are compared for this route. 
 
 

 
 

Fig 4.5 KEA and KEP comparison for the LEBL - LEZL route 
 
 
In this route, from LEBL to LEZL, it is consistently evident that the KEA 
parameter is consistently higher than the KEP parameter. However, there is one 
exception in September 2018, where the trend is reversed. This anomaly could 
potentially be attributed to congestion in the Spanish Airspace, particularly 
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during September when there is typically a high volume of flights due to 
seasonal factors or increased travel demand. The congestion during this period 
may have influenced the positioning estimates and resulted in the temporary 
reversal of the KEA and KEP relationship.  
 
Another thing that can be observed is that the KEA and KEP have the tendency 
to be very similar in June and September and be different in March and 
December. This is clearly due to the travel demand in the summer months, 
where the flight numbers are multiplied by a high number worldwide. In March 
and December, where the traffic demand decreases, the capacity of all the 
airspace increases and there is more availability for the pilots and ATC to 
perform the best route in terms of efficiency. 
 
It should be noted that the results for December of 2016 and the whole 2017 in 
the flight to LEZL may vary due to external factors, as explained earlier. 
Additionally, variations in the data could also occur due to potential errors in the 
coordinates recorded in the Excel file. Even a single error in any of the data 
points can have a significant impact and potentially introduce confusion or 
inaccuracies in the analysis. Therefore, it is important to consider the possibility 
of errors or inconsistencies in the coordinates when interpreting the results for 
the flight during the mentioned period. 
 
The data for June and September of 2019 is unavailable or missing and has 
been removed from the records. 
 
In this other table, the flight distance difference is shown. It is computed as the 
Actual Flight Distance subtracted to the Filed Flight Distance. Note that this 
distance is in terms of kilometres: 
 
 
Table 4.2 Distance differences per month for LEBL – LEZL 

 
MEAN KEP MEAN DISTANCE DIFFERENCE MEAN DIFFERENCE IN % 

201503 8 1,12 
201506 27 3,68 
201509 20 2,75 
201512 126 15,18 
201603 47 6,30 
201606 47 6,30 
201609 32 4,34 
201612 221 23,59 
201703 254 26,52 
201706 56 7,42 
201709 388 35,69 
201712 31 4,22 
201803 102 12,77 
201806 70 9,15 
201809 -21 -3,00 
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201812 8 1,10 
201903 146 16,72 
201906 - - 
201909 - - 
201912 88 11,04 
202003 -1 -0,14 
202006 102 13,04 
202009 29 3,91 
202012 48 6,37 

 
A total of 1827 km were saved from 2015 to 2020 considering all the flights of 
this period. 
 
These results go completely related to the results of the KEA vs. KEP plot. As 
more as the KEA and KEP are very different, the higher the distance difference. 
The numbers with a “-“ means that in those cases, the mean Filed Distance is 
higher than the mean Actual Distance. 
 
The third column in the study represents the difference in distance between the 
actual flight distance and the filed distance, expressed as a percentage. 
However, the results obtained from this analysis may not be entirely conclusive 
due to several factors: 
 

- Inaccuracy of filed distance: The filed distance, which serves as a 
reference for comparison, may not be highly precise. Consequently, this 
lack of accuracy can significantly impact the calculated results. 

 
- Limited potential for distance reduction: As previously explained, the 
first route being analysed, Barcelona – Sevilla, is relatively short. 
Therefore, the opportunities for reducing the flight distance are inherently 
limited compared to longer routes. 

 
Taking these factors into consideration, it is important to interpret the results 
with caution and recognize that the findings may not provide a comprehensive 
understanding of the impact of the Free Flow technique on distance reduction. 

 

4.2. LEBL – EIDW 

 
The other route to be analysed is the Barcelona to Dublín one. As shown in the 
Figure 4.2.1, this is the track that the pilots performed considering the actual 
flight distance. 
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Fig 2.6 Actual flight points of the flight with ID 238931779 
 

Now, after executing the MATLAB codes, the following results are obtained for 
this route. In the table there are two main parts, which are the results for the 
actual route (in green) and the results for the filed route (in blue). For each part, 
the total number of flights, the mean flight distance and the Key performance 
factor per month are computed. 
 
Table 4.1 Results for the LEBL - EIDW route 

 

 
 

4.2.1. Actual flight distance 
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This other flight is analysed to see what happens in a longer flight and with a 
crossing FRA which is being upgraded year by year. 
 
This first plot shows the total amount of flights per month: 
 

 
 

Fig 4.7 Number of flights per month 
 
 
As previously explained, the number of flights remained constant until the global 
pandemic hit, causing a significant decrease in flight numbers worldwide. 
 
In the following plots, flight distances and KEA are shown per month: 
 
 

 
 

Fig 4.8 Flight distance per month 
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Fig 4.9 KEA per month 
 
 
In this case, it is noted that the KEA parameter remained relatively stable over 
the years until June 2018, when it started to rise. This upward trend continued 
into 2020, coinciding with the onset of the COVID-19 pandemic. As the 
pandemic led to significant reductions in air traffic, airspace capacity was 
expanded to accommodate the minimal number of flights. The increase in the 
KEA parameter during this period can be attributed to the adjustments made to 
manage reduced air traffic demand and maximize the utilization of available 
airspace capacity. It can also be seen that while the air traffic was being 
recovered from the low flight numbers of the pandemic, the KEA did not 
decrease, it was maintained at the top levels, which represents a key factor for 
the following years for the air traffic management.  
 
In difference with the Spanish case, the ongoing improvement of Free Route 
Airspace (FRA) in Europe contributes to the effective management of increased 
air traffic and the stability of the KEA parameter. FRA allows for more direct 
flight paths, independent of traditional air traffic control boundaries, optimizing 
airspace capacity and reducing congestion.  
 
As FRA continues to expand and improve, it enhances the air traffic 
management system's ability to handle growing traffic volumes while 
maintaining efficiency. FRA plays a significant role in supporting the overall 
performance of air traffic management. 
 
To explain this section a little better, I had a call with my friend Marc, who is a 
pilot for RYR. I asked him if he had ever flown the route LEBL – EIDW, and 
fortunately, he said yes. He was able to provide me with the flight routing: 
 
LEBL/24L NATPI DCT EVNAM DCT AGN DCT SECHE DCT UVELI DCT CNA 
DCT MANAK UY110 TIRAV UT183 BAGAD DCT DOLUR DCT UPCAB DCT 

0VFOX DCT EVRIN BUNED BUNED2R EIDW/10R 
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Fig 4.10 Routing in SkyVector for the Planned Route [20] 
 
After viewing the planned route on SkyVector, he told me that the last time he 
flew the route, he received authorization from the ATC while flying, to go directly 
from the NATPI point to DOLUR. Therefore, the actual route was as follows: 
 
 

 
 

Fig 4.11 Routing in SkyVector for the Actual Route [20] 
 
 
Zooming in on the cropped area, we see the following: 
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Fig 4.12 Actual vs Planned NATPI to DOLUR [20] 
 
 
It is clearly noticeable that the distance is reduced, thereby increasing the 
horizontal efficiency of the flight. Specifically, in this track between NATPI and 
DOLUR, there is a difference of 491.4 - 483 = 8.4 nautical miles, which is 
equivalent to 155 km. In other terms, there is a 1,7% reduction of the flight 
distance in this section of the flight. 
 
If the flight had to go through UK airspace, he mentioned that often ATCs 
authorize you to go directly from the entry point of the FIR to the exit point, 
without the need to go point-to-point, which develops the concept of Free Flow. 
 
This case provides a practical illustration of the utilization of Free Flow 
operations in aviation, reinforcing the conclusions drawn in this project section, 
specifically concerning the NATPI to DOLUR segment of the route. 
 
By obtaining authorization to fly directly from the NATPI waypoint to DOLUR, 
the pilot effectively bypasses the need for additional intermediate waypoints, 
resulting in a more efficient and streamlined flight path. This direct routing 
significantly reduces the distance travelled, saving both time and fuel 
consumption. 
 
Therefore, this practical demonstration serves as compelling evidence that Free 
Flow operations are actively employed, further reinforcing the conclusions made 
in this project regarding the advantages of streamlined air traffic flow and the 
benefits it brings, particularly for this specific route between NATPI and DOLUR. 
 
 

4.2.2. Actual v.s. Filed flight distance & KEA v.s. KEP 
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In this plot it is observed the same as the other route: the KEA is always higher 
than the KEP. 
 
 

 
 

Fig 4.13 KEA and KEP comparison for the LEBL - EIDW route  
 
 
Comparing both lines, it becomes evident that the flight to LEZL, which covers a 
shorter distance, allows for less time to deviate significantly from the GCD. 
Consequently, the KEA and KEP values tend to be very similar.  
 
On the other hand, the flight to EIDW, covering a considerable distance, it is 
easier to have a lower KEP as the flight has a wider range of theoretical points 
to follow along the filed route and much more constraints in the route such as 
forbidden zones. However, it provides more opportunities to explore alternative 
flight paths and optimize efficiency as flying through a FRA, increasing the 
potential for KEA improvement. This is what airlines do. They observe the filed 
route and tell the pilots to try to avoid some segments to make the route more 
efficient. 
 
This observation aligns with the understanding that shorter flights with limited 
time for deviations from the GCD would result in KEA and KEP values that are 
closely aligned. Conversely, longer flights offer more flexibility in selecting 
efficient flight paths, leading to a lower KEP value and potential improvements 
in KEA. 
 
The data for June and September of 2019 and June of 2020 is unavailable or 
missing and has been removed from the records. 
 
Here the table with the distance difference from this flight: 
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Table 4.4 Distance differences per month for LEBL – EIDW 

 
YEAR/MONTH DISTANCE DIFFERENCE DIFFERENCE IN % 

201503 140 9,06 
201506 194 12,06 
201509 190 11,88 
201512 186 11,68 
201603 192 12,06 
201606 105 6,93 
201609 226 13,84 
201612 147 9,42 
201703 130 8,47 
201706 103 6,82 
201709 64 4,34 
201712 101 6,78 
201803 127 8,26 
201806 132 8,51 
201809 193 12,15 
201812 177 11,27 
201903 165 10,54 
201906 - - 
201909 - - 
201912 143 9,37 
202003 194 12,32 
202006 - - 
202009 132 8,72 
202012 31 2,20 

 
A total of 3072 kilometres were saved from 2015 to 2020 considering all the 
flights of this period. 
 
It is now evident that there is a correlation between longer flight distances and 
greater disparities between the filed and actual distances. As mentioned earlier, 
these findings are closely associated with the KEA vs. KEP plot. 
 
In this case, the third column serves to provide a clearer understanding of the 
distance savings achieved. Since the Barcelona – Dublin route is longer 
compared to the Barcelona – Sevilla route, there is more room and time 
available to potentially reduce the actual distance flown. The data indicates a 
consistent average reduction of approximately 10% in all months, which, 
considering the longer route, represents a significant achievement. 
 

4.3. Fuel saved and CO2 emissions 

 
In this section, the objective is to provide an estimate of the fuel consumption 
saved and the CO2 for the LEBL – EIDW route, operated by Ryanair. As shown 
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in the Eurocontrol repository data, all these flights were performed with a 
Boeing 737-800. 
 
To accomplish this, the following reference will be considered: 
 
“Without wind, the Boeing 737-800 consumes about 358 litres per 100 km, that 
is, approximately 1 in 0.3. Consumption depends on the speed at which you fly. 
Normally consumption is indicated at cruising speed. For this aircraft, the 
average is about 839 km/h with a consumption of about 3,000 litres per hour.” 
[21] 
 
By considering these references, an approximation of the fuel consumption 
saved for the LEBL – EIDW route can be derived. Considering only the cruise 
phase simplifies the calculation of fuel consumption, as it eliminates the need to 
account for taxiing, climbing, and approaching operations, which are more 
complex factors. By focusing solely on the cruise phase, the analysis can 
concentrate on the fuel consumption during sustained level flight. 
 
According to the Eurocontrol data, since there is no specific speed reference 
available, we will assume an average speed of 839 km/h for the flight and the 
airplane. Additionally, the estimated fuel consumption for this speed is 
approximately 3,000 litres per hour, or alternatively, 358 litres per 100 km. 
 
 
Table 4.5 Fuel savings in litres 

 

YEAR/MONTH 
ACTUAL FUEL 
CONSUMPTION 

FILED FUEL 
CONSUMPTION 

FUEL 
SAVED 

FUEL SAVED 
IN % 

201503 5033 5535 501 9,06 
201506 5062 5757 695 12,06 
201509 5048 5728 680 11,88 
201512 5033 5699 666 11,68 
201603 5012 5699 687 12,06 
201606 5051 5427 376 6,93 
201609 5037 5846 809 13,84 
201612 5062 5588 526 9,42 
201703 5030 5495 465 8,47 
201706 5037 5406 369 6,82 
201709 5051 5281 229 4,34 
201712 4973 5334 362 6,78 
201803 5051 5506 455 8,26 
201806 5084 5556 473 8,51 
201809 4994 5685 691 12,15 
201812 4991 5624 634 11,27 
201903 5012 5603 591 10,54 
201906 5048 - - - 
201909 5019 - - - 
201912 4951 5463 512 9,37 
202003 4944 5639 695 12,32 
202006 4901 - - - 
202009 4948 5420 473 8,72 
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202012 4923 5033 111 2,20 
 
 
The second and the third column of Table 4.5 have been computed as follows: 
 
 

                    (4.1) 
 
 
Table 2.6 Summary of the fuel saved per year in litres 

 

2015 2016 2017 2018 2019 2020 

2542 2399 1425 2252 1103 1278 

 
 
As the difference in percentage has been calculated based on the distance 
difference, it can be observed that the difference in percentage is equal to the 
distance difference. In other words, if the distance difference between the actual 
flight distance and the filed distance is, for example, 10%, then the difference in 
percentage of fuel consumed would also be 10%. This implies that the 
percentage difference in distance aligns with the percentage difference in fuel 
consumption. 
 
Over the period from 2015 to 2020, considering March, June, September and 
December, a total of 10.998 litres of fuel were saved for the route LEBL – 
EIDW. This significant reduction in fuel consumption represents the cumulative 
amount of fuel that was conserved during that time frame. 
 
This value is not much precise, as per June and September of 2019 and June 
of 2020 we have no values to add to the computation.  
 
It is important to note that the total amount of fuel consumed would be 
significantly higher if we considered all phases of the flight. Taxiing, climbing, 
and approaching have a much higher fuel consumption proportionally compared 
to the cruise phase, as the engines are continuously operating. 
 
So, in relation to the previous paragraph, it is evident that the route from LEBL 
to LEZL would have greater fuel consumption in proportion to the route from 
LEBL to EIDW. This is because the former has a shorter cruising time due to 
the shorter distance of the route. 
 
Another method that can be utilized to calculate fuel consumption is 
Eurocontrol's Integrated Aircraft Noise and Emissions Modelling Platform 
(IMPACT) [22]. This platform incorporates various models designed to evaluate 
requirements based on diverse input parameters, including trajectories, engine 
thrust, mean velocity, and more. Notably, IMPACT integrates certain models 
from other platforms, such as Eurocontrol's Advanced Emissions Model (AEM) 
[23], which estimates fuel burned mass and corresponding gaseous emissions. 
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The outcomes are derived by utilizing diverse sources of information, such as 
the ICAO Aircraft Engine Emissions Databank [24] and Eurocontrol's Base of 
Aircraft Data (BADA). However, due to licensing issues, access to AEM was not 
available, and thus it was not considered as an option for computing fuel 
consumption. 
 
When considering CO2 emissions, we will use the following statement to 
calculate the emissions saved due to the difference in distance: 
 
Ryanair had a carbon intensity of 76g CO2 pax/km in FY22 and 83g CO2 
pax/km in FY21. “We remain committed to reducing emission intensity by 10% 
from prepandemic levels (66g CO2 pax/km) to 60g CO2 pax/km by 2030.” [25] 
 
In the following study we will consider the following parameters: 
 

- Prepandemic emission levels: 66g CO2 pax/km 
- Load factor of 97% [26] 
- Passengers for the B737-800: 189 
- Number of kilometres of distance difference calculated before 

 
 
Table 4.7 CO2 emissions related to the distance difference and the load factor 

 

YEAR/MONTH 
ACTUAL CO2 
EMISSIONS 

FILED CO2 
EMISSIONS 

EMISSIONS 
SAVED 

EMISSIONS 
SAVED IN % 

201503 16982 18673 1691 9,06 
201506 17078 19421 2343 12,06 
201509 17030 19325 2295 11,88 
201512 16982 19228 2247 11,68 
201603 16909 19228 2319 12,06 
201606 17042 18310 1268 6,93 
201609 16994 19723 2730 13,84 
201612 17078 18854 1775 9,42 
201703 16970 18540 1570 8,47 
201706 16994 18238 1244 6,82 
201709 17042 17815 773 4,34 
201712 16776 17996 1220 6,78 
201803 17042 18576 1534 8,26 
201806 17151 18745 1594 8,51 
201809 16849 19180 2331 12,15 
201812 16837 18975 2138 11,27 
201903 16909 18902 1993 10,54 
201906 17030 - - - 
201909 16933 - - - 
201912 16704 18431 1727 9,37 
202003 16680 19023 2343 12,32 
202006 16535 - - - 
202009 16692 18286 1594 8,72 
202012 16607 16982 374 2,20 
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The second and the third column of the following table have been computed as 
follows: 
 
 

       (4.2) 
 
 
A total of 37.103 kilograms of CO2 were saved when comparing the actual 
route to the filed route. However, it is important to note that this number is not 
entirely objective, as it would be much higher if all phases of the flight were 
considered. In terms of percentage, it would be a reduction of around 10% per 
month. 
 
Referring back to the Eurocontrol data, specifically the AEM report, it states the 
following: 
 
“ 
The emissions for the H2O and CO2 pollutants are a direct result of the 
oxidation process of the carbon and hydrogen contained in the fuel with the 
oxygen contained in the atmosphere. The SOx emissions depend directly on 
the sulphur content of the fuel used. All three are directly proportional to the 
amount of fuel burnt.” 
” 
 
Stated differently, the calculation of these three greenhouse gas emissions can 
be derived by determining the amount of fuel burned. 
 
Another significant emission of concern is that of nitrogen oxides (NOx), which 
plays a role in the formation of contrails and contributes significantly to overall 
atmospheric warming [27]. While the relationship between NOx emissions and 
fuel consumption is not strictly proportional, a study conducted by the European 
Environment Agency [28] provides average values that allow for the 
computation of NOx emissions based solely on the kilograms of fuel consumed. 
Table 4.8 presents a summary of the kilograms of these gaseous emissions per 
kilogram of fuel. 
 
 
Table 4.8 Non-engine-specific emissions (kg) per kg of fuel 

 
CO2 [kg]/ fuel [kg] H2O [kg]/ fuel [kg] SOx [kg]/ fuel [kg] NOx [kg]/ fuel [kg] 

3.16 1.237 0.00084 0.004 

 
 
Given the density of Jet-A1 fuel, which is 1.2438 litres per kilogram [29], this 
information provides a basis for further calculations and analysis.  
 
The total kilograms of fuel saved are computed as follows: 
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                  (4.3) 
 
 
A total of 8.842 kg of fuel were saved in the route LEBL to EIDW just 
considering the cruise phase of the flight between 2015 and 2020. Now we can 
compute the total non-engine-specific emissions saved considering the distance 
difference: 
 
 

 
 
 

 
 
 

 
 
 

It is evident that if we were to compute the difference in percentage based on 
the distance difference, the results would align with the difference in distance 
and with the difference of fuel consumption. Since the fuel consumption is 
directly related to the distance covered, the percentage difference in those 
emissions would correspond to the percentage difference in distance. 
Therefore, the calculations using the percentage difference would yield the 
same results as those obtained from the distance difference analysis. 
 
These values may appear to be low when considering only one route and four 
months of the year. However, when considering all flights under Eurocontrol's 
control, these values become significantly high. This necessitates the search for 
solutions or alternatives to reduce the environmental impact of aviation. 
 
 
 

4.4 Money saved considering the fuel saved 

 
To calculate the savings per passenger per flight for Ryanair on the LEBL – 
EIDW route, we can use the provided data: 
 
- Mean fuel cost: 1.61 euros per kilogram [30]  
- Fuel saved in kg per month 
- Load Factor: 97% 
- Number of seats on the B737-800: 189 
 
With this data, the following table has been reproduced: 
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Table 4.9 Money saved per pax per flight 

 

MONTH FUEL SAVED 
FUEL SAVED 

PER SEAT 

MONEY 
SAVED PER 

SEAT 

MONEY 
SAVED PER 

PAX 
201503 501 2,65 4,27 4,40 
201506 695 3,67 5,92 6,10 
201509 680 3,60 5,79 5,97 
201512 666 3,52 5,67 5,85 
201603 687 3,64 5,86 6,04 
201606 376 1,99 3,20 3,30 
201609 809 4,28 6,89 7,11 
201612 526 2,78 4,48 4,62 
201703 465 2,46 3,96 4,09 
201706 369 1,95 3,14 3,24 
201709 229 1,21 1,95 2,01 
201712 362 1,91 3,08 3,18 
201803 455 2,41 3,87 3,99 
201806 473 2,50 4,03 4,15 
201809 691 3,66 5,89 6,07 
201812 634 3,35 5,40 5,56 

201903 591 3,13 5,03 5,19 

201906 - - - - 

201909 - - - - 

201912 512 2,71 4,36 4,50 

202003 695 3,67 5,92 6,10 

202006 - - - - 

202009 473 2,50 4,03 4,15 

202012 111 0,59 0,95 0,97 

 
 
The process to calculate the money saved per pax is the following: 
 
1. First, we need to calculate the fuel saved per seat. To do so, the number of 
fuel saved is divided by the number of seats in the third column. 
 
2. Then, to transform this number in euros, the number of fuel saved per seat is 
multiplied by the price of the kg of fuel [30], and the results are shown in the 
fourth column. 
 
3. Considering that not all the flight were full booked, the load factor has been 
taken into account in the fifth column. To do so, the money saved per pax has 
been divided by the load factor. 
 
Therefore, based on the given parameters and data for the LEBL – EIDW route, 
Ryanair would save approximately a mean of 4,60 €/pax per flight. 
 
The amount of money saved per passenger can have a significant impact on an 
airline's financial performance. For example: 
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- Cost Reduction: The savings per passenger directly contribute to 
reducing the airline's operating costs. Fuel is one of the major expenses 
for airlines, so any reduction in fuel consumption and associated costs 
can lead to improved profitability. 

 
- Increased Profit Margins: By saving money on fuel, the airline's profit 
margins can increase. These savings can positively impact the airline's 
bottom line, especially if the savings are consistent across multiple flights 
and routes. 

 
- Competitive Advantage: Lower operating costs can give the airline a 
competitive advantage over other carriers. With cost savings, the airline 
may be able to offer more competitive ticket prices or invest in other 
areas, such as improving services or expanding routes. 

 
- Environmental Sustainability: Fuel savings also result in a reduction in 
carbon emissions and environmental impact. This can enhance the 
airline's sustainability profile and appeal to environmentally conscious 
travelers, potentially attracting more customers and positively influencing 
the airline's reputation. 

 
- Financial Stability: Cost savings per passenger contribute to the overall 
financial stability of the airline. By reducing costs, the airline can better 
navigate economic downturns, fuel price fluctuations, or other unforeseen 
challenges in the industry. 
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CHAPTER 5. CONCLUSIONS 
 
The focus of this project was to investigate the implementation of Free Route 
Airspace (FRA) throughout Europe and analyse the flights operated by Vueling 
from Barcelona to Sevilla and Ryanair from Barcelona to Dublin between 2015 
and 2020. The analysis considered various factors such as flight distance, 
efficiency, fuel consumption, and emissions. The hypothesis was that the actual 
flight distance should not exceed the filed flight distance. MATLAB codes, Excel 
tables, and functions were designed to demonstrate this hypothesis. 
 
The primary objective was to calculate the difference between the actual flight 
distance and the filed flight distance, as it served as the basis for computing 
other factors. After performing the computations, clear and insightful values 
were obtained, highlighting the positive outcomes resulting from the 
implementation of FRA. 
 
The case study revealed the following main results: 
 

- The route from LEBL to LEZL saved 1,827 km, 9,46% per route 
- The route from LEBL to EIDW saved 3,072 km, 9,37% per route 
 

Considering the reduction of 9,37% of the flight distance, the route from LEBL to 
EIDW, also resulted in: 
 

- 10,998 litres of fuel were saved. 
- Saving of 37,103 kg of CO2. 
- Saving of 10,938 kg of H2O. 
- A reduction of 7.42 kg of SOx was observed. 
- Decrease of 35.36 kg of NOx emissions. 
- Money savings of 4,60 € per passenger per flight. 

 
These results clearly demonstrate the benefits of implementing FRA. By 
reducing the distance travelled during flights, both emissions and fuel 
consumption are minimized. These reductions not only contribute to 
environmental sustainability but also lead to cost savings for airlines over the 
analysed period. 
 
It is important to note that while the results obtained from this study are 
informative, their accuracy is somewhat limited. Despite utilizing the available 
data to the best of our abilities, more advanced techniques would be necessary 
to achieve more precise calculations. 
 
In conclusion, I would like to revisit this project once the implementation of FRA 
in Europe has been completed by 2030. By then, it is expected that the results 
will continue to improve year after year, culminating in significant benefits by 
2030. This would provide a more comprehensive understanding of the positive 
impact of FRA on flight efficiency, fuel consumption, and emissions reduction. 
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ANNEX 1 
 

 
 

Fig 1.1 Free Route Airspace Implementation - End 2024 
 
 

 
 

Fig 1.2 Free Route Airspace Implementation - End 2025 
 
 

 
 

Fig 1.3 Free Route Airspace Implementation - End 2026 



 

 
 

Fig 1.4 Free Route Airspace Implementation - End 2027 
 
 

 
 

Fig 1.5 Free Route Airspace Implementation - End 2028 
 
 

 
 

Fig 1.6 Free Route Airspace Implementation - End 2029 
 


