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Abstract: This contribution arises from the need to respond to the increased air demand of an
airport with a sustainable approach that minimizes the land consumption of new runways and
reduces the fuel burn and emissions associated with aircraft. A new methodology is presented
for designing Rapid Exit Taxiways (RETs), which is applied in improving the runway capacity of
Costa Smeralda Airport following both the International Civil Aviation Organization (ICAO) and the
Federal Aviation Administration (FAA) guidelines. The optimal scenario resulted from a combination
of these guidelines. Using this new approach, it is demonstrated that, through both the introduction
of RETs and their positioning along the runway, the hourly capacity of the runway can effectively
be improved, consequently enhancing the airport capacity and reducing the runway occupancy
time and thus fuel burn and emissions. Moreover, the presence of RETs increases the infrastructure
resilience, since airplanes can clear the runway faster in case of flooding in risk areas.

Keywords: sustainable and resilient development of airports; rapid exit taxiways; runway occupancy
time; runway capacity

1. Introduction

Airport infrastructures are very important nodes of the transportation network that
play a crucial role in economic, social, and cultural development at regional, national,
and international levels, as they promote accessibility to services and market connectivity.
According to the Central Intelligence Agency [1], there are 41,820 airports worldwide, and
around six million people fly somewhere everyday—nearly 0.1% of the world population.

A EUROSTAT Air transport statistics report reveals that, in 2018, 1106 million people
in the EU travelled by air [2]. Domestic passenger traffic has steadily risen to exceed
pre-pandemic levels. Air traffic in Europe is estimated to reach between 16 and 20 million
flights by 2040, a potential scenario based on regulated and free growth, being, respectively,
+53% and +84% of the current traffic [3]. Therefore, to address the growing demand and
support the development of selected territories, airport managers need to enhance airport
infrastructure toward increasing capacity and accommodating this rising traffic. Moreover,
these enhancements must now be undertaken within a sustainable and resilient approach.

In this context, the objective of this research is to propose a solution to respond to
increased air demand by applying a new methodology for designing RETs, using Costa
Smeralda Airport in Olbia (Sardinia, Italy) as a case study. This study also aims to verify
whether the solution ensures an increase in runway capacity and improves the sustainability
and resilience of the airport infrastructure.

Following this introduction, the remainder of the paper is organized as follows. Sec-
tion 2 is a review delving into the literature on methods for assessing and improving airport
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capacity. Section 3 describes Costa Smeralda Airport and its criticalities. The Rapid Exit
Taxiways (RETs) are designed based on two guidelines, applied, and subjected to compari-
son. The results are reported and discussed in Section 4. Finally, Section 5 concludes this
study, with recommendations for new avenues of research.

2. Literature Review

In the literature, numerous definitions of airport capacity are found: the International
Civil Aviation Organization (ICAO) defines capacity as the number of movements per unit
time that can be accepted during different weather conditions [4], whereas the Federal
Aviation Administration (FAA) states that capacity is the measure of the maximum number
of aircraft operations that can be accommodated by the airport or its components within
one hour [5].

Various methods of assessing airport capacity have been proposed in the literature.
Stamatopoulos et al. [6] studied a decision support system, the MANTEA Airfield Capacity
and Delays (MACAD) model, which integrates macroscopic airside models to provide
estimates of the capacity associated with every element of the airfield. It is easy to use and
thus a good tool to support strategic decision-making. Zou et al. [7] presented a model for
simulating airport capacity using ARENA software (version 14.00.0), whereas Di Mascio
et al. [8] developed an analytical method for the estimation of airport capacity. Although the
first two models provide a good approximation of capacity, a large amount of information
is required; in some cases, such information is not readily available (e.g., aerodrome
operational characteristics, traffic control system characteristics of local aircraft, and airside
operational features). The analytical model based on Microsoft Excel is simpler but has a
lower precision.

The most immediate solution for improving airport capacity is to increase the number
of runways or the size of the airport. However, this is not always possible because of the
complexity of the work involved and the long times required for construction and design,
in addition to the substantial financial and territorial resources that are needed. Irvine
et al. [9] studied increasing capacity using a Monte Carlo simulation applied to London
airports and following the construction of a new airport hub in the Thames Estuary. They
demonstrated that the construction of a new runway, without restrictions, leads to an
increase of ~21% in the capacity for movement during rush hour.

Other strategies for increasing capacity concern the reduction of the runway occupancy
time of aircraft, Airport Slot Allocation (ASA), and planning interventions. Skorupski
and Wierzbicki [10] and Pavlin et al. [11] state that one of the key elements for reducing
runway occupancy time is the active role of the driver and the braking technique used
during the landing roll. ASA is generally used in congested airports as a short-term
measure that allows the dynamic allocation of airport resources. Thus, Katsigiannis and
Zografos [12] proposed a modeling framework that considers the preferences of the airlines
and integration under constraints. Moreover, they suggested the advanced Tri-Objective
Slot Allocation Model (TOSAM) [13], which considers the total and maximum duration
of the project and equity based on demand, introducing a multi-level and multi-objective
algorithm. Another method involves the development of strategic initiatives that airlines
and civil aviation authorities could undertake on different time horizons, from strategic
planning to real-time interventions [14].

However, the first and best option is still to increase runway capacity using a sustain-
able approach that does not necessarily require the expansion of airport infrastructure.

The runway capacity is directly dependent on two factors: the separation of the wake
vortices and the runway occupancy time. By studying wake vortices and through the
consequent separation of the aircraft, superior flight safety can be ensured [15], in addition
to an improvement in the runway capacity. Butler and Poole [16] proposed the use of
the Next Generation Air Transportation System (NextGen) at San Francisco International
and the three main airports in New York. NextGen is a next generation air traffic control
system of the FAA that can be used to increase airport runway capacity without expanding
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the airport’s geographical boundaries. More recently, Chu and Zhou [17] studied the
effects of the NextGen implementation by comparing aviation performance measures
(departure delay, taxiing time, flight time, and arrival delay) for each flight at airports
that adopted NextGen vs. airports where NextGen technologies have never been adopted.
Their findings reveal that implementing NextGen resulted in reduced air travel times and
decreased delays.

Pan et al. [18] studied the capacity of Chengdu Shuangliu airport using MATLAB
(version R2021a), focusing on the American Wake Turbulence RE-CATegorisation (RECAT)
(or Wake RECAT) proposed by the FAA, while Holzäpfel et al. [19] used the Monte Carlo
simulations to demonstrate the potential of the wake vortex prediction system (WSVS) for
improving aircraft separation. The separation of wake vortices depends, in turn, on the
sequence of arrivals and departures, the air traffic mix, and meteorological conditions.

To the best of our knowledge, there are no reports on studies evaluating the capacity
increase associated with the presence of RETs, as well as their influence on runway occu-
pancy time (ROT). We attempt to address this gap through the study and design of RETs as
part of a strategy to improve runway capacity using a sustainable approach that avoids
land consumption due to new runway construction and reduces aircraft fuel burn and
emissions. In this case study, RETs were designed, and their locations along the runway
were optimized following both the International Civil Aviation Organization (ICAO) [20,21]
and the Federal Aviation Administration (FAA) [22] guidelines. We assessed whether their
introduction at Costa Smeralda Airport (Sardinia, Italy) could improve the runway capacity
during rush hour, thereby optimizing the operational capacity of the entire airport. Using
AirTOP software (version 3.1), we evaluated the capacity of the runway before and after
the operation of the planned RETs to ascertain whether the interventions result in concrete
improvements in capacity, as expected. The focus was on the location and type of runway
exits because ROT is directly dependent on these parameters. Costa Smeralda Airport is
characterized by high seasonality and constantly increasing traffic; therefore, solutions that
allow an increase in the number of operations are of particular importance.

3. Materials and Methods

3.1. Study Area: Costa Smeralda Airport

Costa Smeralda Airport in Olbia is one of three airports in Sardinia, Italy (see Figures 1–3),
connecting the island with the main national and European airports.

 

ffi
ffi

Figure 1. Location of the Costa Smeralda Airport—Olbia (Google Earth).
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Figure 2. The Costa Smeralda Airport runway.
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Figure 3. Layout of Costa Smeralda Airport.

The airport is located entirely in the municipality of Olbia, a few kilometers from the
town center, in the northeastern area of Sardinia. The airport is located within an area of
significant tourist, cultural, and commercial interest; therefore, it is important to ensure
the reliability of air traffic in northern Sardinia. Thus, Costa Smeralda Airport is a highly
seasonal airport, with constantly increasing traffic [23], as shown in Figure 4.

 

ffi
ffi

 

 

ff

Figure 4. Number of movements from 2009 to 2019 [23].
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The airside part consists of a single runway, a parallel taxiway, and six taxiways for
exiting the runway, none of which support high-speed operations. Because of this configu-
ration, operational criticalities arise during the high-traffic season, especially considering
the volume of both commercial and general aviation traffic. To avoid operational limitations
that could occur due to these circumstances, actions toward improving airport capacity
are required. Limitations in the infrastructure of an airport during peak periods inevitably
have repercussions for the social and economic fabric of the geographical reference area.

Hydraulic criticalities are present in the airport area, as highlighted in the regional
and municipality sector studies following the flood on 18 November 2013. There are two
main elements of hydraulic criticality in this airport area:
• The runway, the strip, and portions of the taxiways are situated in areas prone to

flooding from the Padrongianus River, an event that occurs with low probability but
high return times;

• Running below the airport area in the southwest sector is the Colcò buried channel, a
left tributary of the Padrongianus River. The channel and the areas north of the airport
experience significant flooding due to the backflow effect of the river (see Figure 5).

ffi
ffi

 

 

ff

 

Figure 5. Critical areas subject to flooding (highlighted with green arrows and marks) and zoning,
representing hydraulic hazards.

The exceptional flood event of 2013 produced significant damage to the runway (see
Figure 6) and aprons, as well as to the airport security systems and service infrastructure.
In order to guarantee the resilience of the infrastructure, the following interventions have
been carried out:
• An increase in the runway slope;
• The construction of an embankment system to contain flooding from the Padrongianus

River along the southeastern and southwestern sectors;
• Bank defense works in the northeastern sector;
• The hydraulic disconnection of the Colcò channel from the Padrongianus River

through the construction of an anti-regurgitation floodway integrated into the em-
bankment system;

• The application of the principle of hydraulic invariance to the Colcò channel basin,
namely through construction of a controlled lamination basin in the area northwest of
the airport;

• The reinforcement of the drainage network, with simultaneous disconnection from the
river system;

• The construction of drainage trenches integrated with the disposal network.
Changes to the map of critical areas after these interventions are depicted in Figure 7.
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Figure 6. Runway damage after flooding in 2013.
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Figure 7. Critical areas subject to flooding rev in 2020 [24].

In this multifaceted context, finding a solution to cope with increased air demand
while meeting sustainability and resilience requirements has been a major challenge for
airport operators.

The economic growth and development resulting from the construction of infras-
tructure inevitably produces changes in the physical ecosystem because of the use and
alteration of non-renewable resources such as soil, air, water, flora and fauna, fossil fuels,
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etc. Therefore, in view of sustainable development, the exploitation of a resource must be
controlled to ensure that it is not depleted before acceptable substitutes are available.

Research on airport sustainability is actually increasing, despite the fact that the interest
of most authors is focused on global greenhouse gas emissions from airfield pavements
and energy management strategies for airport buildings [25–34]. Less attention is given
to other issues, such as water conservation [35–39], climate change resilience and weather
resilience [40–43], and waste management [44–46].

The Airport Cooperative Research Program (ACRP) [47], an industry-driven, applied
research program aimed at developing practical solutions to airport challenges, defines
environmental sustainability across five categories: energy and atmosphere, comfort and
health, water and wastewater, site and habitat, and materials and resources. At present,
however, researchers recognize that airport sustainability encompasses multiple envi-
ronmental impacts. In the literature, some works focus on only one of these categories,
whereas others attempt to identify indicators for multidimensional assessment that do not
always cover all five categories. Therefore, a unanimous consensus on the definition of
environmental sustainability of an airport is still far away.

Sustainable and resilient transport aims to move people and commodities in a safe,
comfort, economical, efficient manner while preserving environmental resources and
adapting to climate change-related and other emergency conditions, such as adverse
weather events [48–50].

This requires that airport infrastructures be planned, designed, and managed while maxi-
mizing efficiency and emphasizing cost-cutting, even beyond environmental initiatives.

3.2. Methodology: RET Project

The International Air Transport Association (IATA) highlights that design decisions
involving airports can have an enduring impact on their environmental and operational
performance. Thus, it suggests some sustainable strategies to consider for maximizing the
use of existing resources and using technology to improve the efficiency of airport processes,
and thus reducing the environmental impact and enhancing sustainable building standards.
Further, the IATA states that an efficient airfield layout can optimize the operational capacity
and performance of an airport and reduce aircraft fuel consumption and emissions. An
efficient layout can be obtained by minimizing the taxi distances from the gate or stand to
taxiways and runways or through the use of runway holding bays and bypassing taxiways
to facilitate aircraft flow and sequencing [51].

Therefore, a decision was made to design one or more RETs because this represents an
intervention that does not require expanding the size of the airport. As stated by O’Flynn
S. [52], this operation helps reduce ROT, which is one of the most critical factors influencing
airside capacity.

To pursue the safety objective of RETs and consequently facilitate the rapid and safe
exit of the aircraft from the runway [53], it is necessary to carefully design this infrastructure
in such a way that it is optimally positioned along the runway. The ICAO [21] and
FAA [22] define RETs as traffic routes connected to the runway via an acute angle, generally
equal to 30◦, which can accommodate aircraft at speeds of approximately 45/50 knots.
Standardizing the design of these connections is essential for facilitating easier and safer
landing maneuvers by pilots at any airport in the world. The two methodologies for
designing RETs, proposed by ICAO [20,21] and the FAA [22], are described below.

3.2.1. International Civil Aviation Organization (ICAO) RET Design Guidelines [20,21]
RET design parameters are provided in Annex 14, Volume I of Aerodrome Design

and Operations of ICAO [20]. The RETs are grouped according to the runway, with
code numbers 1–4. Before developing the design, it was necessary to assess if such an
intervention could lead to a benefit in terms of capacity. Such predictions were made with
reference to the number of movements during rush hour: if these exceeded 25 mov/h,
then such an intervention would ensure a certain improvement in airport capacity. The
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airport in question is a seasonal layover; thus, in the summer months, the number of
movements exceeds the indicative minimum number of mov/h for the introduction of
RETs and justifies the planning of this intervention.

The ICAO defines the following different steps to perform a correct design [21]:
1. Determination of the number of RETs to be inserted along the runway.

This number is identified in relation to the type of aircraft and the number of aircraft
that engage at the airport during rush hour. So, it was necessary to analyze the fleet mix of
aircraft landing in Costa Smeralda Airport. Indeed, the lighter the aircraft, the easier it is
to exit from the intermediate exits (RETs) along the runway. Conversely, heavier aircraft
require more space for landing, braking, and exiting the runway. Data provided by the
airport management company revealed that the most frequent type of aircraft belong to
category C of the ICAO classification (see Figure 8).

We decided to insert two RETs: one for landings taking place along RunWaY (RWY)
05 and one for those taking place along RWY 23. In fact, in terms of statistical distribution,
the two directions of the runway are in equal use (50%) for each runway head. Therefore,
in this study of RETs, these two directions of landing must be considered to ensure an
effective increase in capacity under all conditions.

 

 
ff

ffi

ff
ff

−

−

−
− −

ff

Figure 8. Percentage of movements by aircraft category 2019.

2. Assessment of RET position along the runway.

These estimations are generally made according to the different needs of each airport.
To define the location of the RET, after first identifying the operating conditions of the
airport, we established a representative fleet mix for the scenario in which the exit is
intended to serve and verified that the distance between the runway and the taxiway was
sufficient to allow the introduction of this new infrastructure. The three-segment method
was used, which consists of the sum of three segments, shown in Figure 9, which depend
on different factors, such as the aircraft category, the slope of the touchdown zone, wind
conditions, the threshold crossing speed, and the speed turn-off and deceleration rates, and
can be analytically quantified using the equations in Table 1.
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Figure 9. Three segment method.

Table 1. Equations for calculation of the three segments.

Segment Aircraft Category Length

S1
A or B

450 m
+50 m every −0.25% of slope
+50 m every 5 knots of wind in favor

C or D
250 m
+30 m every −0.25% of slope
+30 m every 5 knots of wind in favor

S2 all categories S2 = 5 × (Vth − 10)
S3 all categories S3 = [(Vth − 15)2

− Vex
2]/8 × a 1

1 Vth = threshold speed; Vex = tourn-off speed; a = rate of deceleration.

The calculations carried out for the airport in the first approximation helped us
determine the Optimal Turning Point (OTP) values, as shown in Table 2, for each type of
aircraft (the Airbus A320 family and the Boeing B737 family) and for all wind conditions
typical of the territory (0, 5.4, 10.8, and 16.2 kt).

Table 2. Values of OTP.

Wind Condition [kt] Type of Aircraft OTP [m]

0
Airbus A320 Family 2061
Boeing B737 Family 2037

5.4
Airbus A320 Family 1933
Boeing B737 Family 1910

10.8
Airbus A320 Family 1810
Boeing B737 Family 1788

16.2
Airbus A320 Family 1692
Boeing B737 Family 1670

Subsequently, to consider the dispersion occurring at the touchdown point, in the
transition interval, and in the braking distance, the Optimal Turning Segment (OTS) was
evaluated by summing 100 m before and 200 m after the OTPs calculated. The optimal
locations of RETs were determined in relation to the OTP and OTS parameters: the OTS
with the highest percentage of aircraft served was selected, and the percentage of aircraft
for which the OTP is a part within the OTS was then added. The OTPs that have a non-
negligible percentage were at 1788 m and 1910 m, and they are highlighted in Figure 10.

The geometry of the RETs was defined according to the actual space in the airport
complex. The design followed the ICAO guidelines [21] for runway categories 3 or 4, since
the Costa Smeralda Airport runway is a category 4 runway. The design conformed to the
following main criteria:
• The angle of intersection between the RET and runway is equal to 30◦.
• The radius of the deviation curve and its tangent are equal to 550 m and 147 m,

respectively; this ensures an aircraft exit speed of 50 kt in wet conditions.
• The straight section following the curve should not be less than 75 m, which allows

the outgoing aircraft to stop completely, away from any taxiway.
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Figure 10. Indication of the outputs, with prevailing OTPs (in red).

Shown in Figures 11 and 12 are the geometry of the RETs and their location on the
runway, respectively.
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Figure 11. RET geometry.

 

č

 
 
 
 
 
 

ff

Figure 12. Layout of RET placement at the airport.
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3.2.2. Federal Aviation Administration (FAA) RET Design Guidelines [22]
Software REDIM-V3 is the alternative to the ICAO regulations for determining the

location of RETs in the Olbia airport complex. It was developed by the FAA and involves
the Monte Carlo simulation, which allows us to realistically recreate the operations of
aircraft. In the studies of Koščák et al. [54], Trani et al. [55], Trani et al. [56], and Trani
et al. [57], the impact of optimal RET positioning along the runway is assessed. The results
of these studies were helpful for creating an iterative model that allows estimating the
ROT of aircraft. To determine the optimal locations for the RETs and to evaluate the ROT
and the percentage of RET use for each aircraft in the fleet mix, the following input data
are necessary:
• Runway length;
• Runway width;
• Altitude above sea level;
• Humidity conditions;
• Fleet mix of the airport;
• Whether there are any exit strips present along the runway.

We performed a series of simulations for each of the two different runways, 05 and
23, and for two fleet mixes: one comprising all aircraft in the airport, including those with
low employment rates, and one that contained only aircraft with a high percentage of
occupation. The simulation results show that the position of the RET along the runway
does not change when varying the two fleet mixes; this is because the new releases include
more category C aircraft, which are present at the airport for longer times, while other
types of aircraft could use the new exits or continue to use the existing exits. However,
there is an obvious difference in the location of the new infrastructure identified for the
two runways (see Table 3 and Figure 13).

Table 3. REDIM results for the RET positions.

RWY Exit Point of Curvature Location [m]

05

Delta 1241
RET 05 1431
Charlie 1943
Bravo 2179
Alfa 2496

23
RET23 1650
Echo 2025

Foxtrot 2715

ff

 

 

 

Figure 13. Positions of the RETs in the airport layout.

3.2.3. Comparison
The relevant data to verify whether the introduction of RETs led to an improvement in

the capacity of the runway are represented by the ROT of aircraft, which is closely related
to the location of the new taxiway exit. Furthermore, the ROT, which is dependent on
multiple factors, was obtained using REDIM-V3 software, which allows obtaining precise
values for executing a series of evaluations. In fact, from the obtained results, as shown in
Figures 14 and 15, we found the following:
• For RWY 05, most aircraft currently use the taxiway Charlie to exit the runway, for

which an average of 63 s is required to completely clear the runway. The introduction
of a RET allows a large number of aircraft to use such an output, thus reducing the
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runway occupancy time by 5 s when a RET is placed at 1910 m from the threshold, 9 s
when the RET is positioned at 1788 m from the threshold, and 12 s when the RET is
placed at 1431 m from the threshold.

• For RWY 23, based on the current output configuration, the taxiway mainly used by
aircraft is Echo, with a ROT of 67 s. Similarly to RWY 05, the introducing of a RET
results in the ROT being reduced to 8 s when the RET is positioned at 1910 m, 12 s
when the RET is positioned at 1788 m, and 17 s when the RET is positioned at 1650 m.

 

 
 ff

Figure 14. ROT for Runway 05.

 

 
 ff

Figure 15. ROT for Runway 23.

Notably, the introduction of RETs results in benefits in terms of ROT; therefore, con-
sidering that ROT is closely linked to the runway capacity, we conclude that this result is
unequivocal evidence for the improvement of runway capacity.

4. Result and Discussion: Assessment of Runway Capacity

Once the value of the ROT was determined, the runway capacity was evaluated. It
was estimated using the configuration of the current exits and various configurations of
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RETs, based on the new designs. Specifically, we measured capacity improvement in terms
of ROT reduction. In addition, we verified which of the configurations obtained using
either the ICAO regulations or REDIM software provides the greatest benefits in terms
of capacity. In the case study, simulations were performed using software AirTOP. The
elaborations provided a clear overview regarding the situation of the airport, especially in
the 3 h of the year with the greatest number of movements, for the investigated scenarios.
The model is based on the physical and technical characteristics of the airport, including
the layout, location, and orientation of the runway. Subsequently, the following minimum
operating rules were defined to generalize the study results:
• Runway Dependencies

1. Departure after departure. Lift off if minimum separation is achieved (3 nautical miles
(NM)): a departure should be separated by 3 NM from the following departure.

2. Departure before arrival. Start take-off before the next arrival has captured the runway
(capture distance of 1.8 NM). The airplane may be cleared for take-off if the time it
takes for line-up and take-off is less than the time that the incoming aircraft takes
from 1.8 NM to the threshold. Otherwise, the take-off will be delayed until the aircraft
has landed.

3. Departure after arrival. Start take-off after the arrival has vacated the runway: the
departure will be authorized for take-off as soon as the previous arrival has evacuated
the runway.

4. Arrival after arrival. Start take-off after the arrival has vacated the runway. Two
consecutive arrivals must be separated by a distance of greater than 3 NM, with the
minimum distance varying according to the size of the airplanes upon arrival.

• Ground Traffic Flow to Analyze Runway Capacity

1. Departures will use the only pitch available according to the direction of the ana-
lyzed runway.

2. Arrivals will clear the runway at the first available exit to reach the pitch indicated
for arrivals.

• Aircraft performance: each aircraft will use a specific taxiway to clear the runway in
relation to its characteristics (touchdown speed, nominal deceleration, and maximum
output speed) and the characteristics of the output taxiway (position and typology).

• Traffic sample used for simulation.

Figures 16–18 show details of the three scenarios that were constructed and analyzed.
For each scenario, we assumed the taxiways used for entering and exiting the runway.

The values of runway capacity and thus the benefits that RET brings within the airport
complex were obtained by subjecting the runway to the maximum traffic that it can handle
without ever exceeding the limit of 10 min of delay.

Regarding the case of hourly movements, two runways, 05 and 23, are considered,
similarly to the evaluation of ROT.

The results of the various simulations show that the value of the current runway
capacity is 47 movements per hour for RWY 05 and 45 movements per hour for RWY
23. However, the presence of RETs increases these values because the new infrastructure
allows, as previously demonstrated, a reduction in the ROT.

For RWY 05, as shown in Figure 19, the observed capacity increase is 6 mov/h with
the RET positioned at 1788 m and 3 mov/h when the RET is positioned at 1431 m. For
RWY 23, as shown in Figure 20, an improvement in capacity of 1 mov/h was obtained for
the RET positioned at 1788 m and 8 mov/h for the RET positioned at 1650 m.
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Figure 16. Scenario 1.
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Figure 17. Scenario 2.
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Figure 19. Comparison of movements for RWY 05.
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Figure 20. Comparison of movements for RWY 23.

The results obtained from the simulations performed through AirTOP show how
the greatest improvement of the runway capacity of Costa Smeralda Airport cannot be
obtained through a single design strategy but, rather, a mix of the two designed solutions
(ICAO and FAA). In fact, the highest improvement for RWY 05 is achieved by placing the
RET at 1788 m from the threshold, which is the distance obtained via the ICAO regulations.
For RWY 23, the highest capacity increment is obtained by placing the RET at 1650 m from
the threshold, which is the distance obtained using REDIM software (FAA). The Pareto
diagram (see Figure 21) shows how the number of maximum movements (arrivals and
departures) is obtained from the combination of the two designed solutions.
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Figure 21. Pareto diagram.
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5. Conclusions

With the constant growth in air traffic, the airport managers must develop solutions
to optimize the use of the available infrastructure to increase capacity, while focusing on
a sustainable and resilient approach. This is especially important for typically seasonal
airports or those that have built their business models within a narrow operating band. Air-
port capacity is a fundamental parameter for the assessment of airport performance. Often,
the runway is the critical piece of infrastructure influencing airport capacity, especially for
airports with only one runway. The criteria for assessment of capacity vary and depend
on the operating conditions, physical characteristics, objectives, and available resources of
each individual airport.

In this context, we proposed a solution to respond to increased air demand by ap-
plying a new methodology for designing RETs, using Costa Smeralda Airport in Olbia
(Sardinia, Italy) as a case study. This airport is highly seasonal and has constantly in-
creasing traffic. The innovation in this study is the application of both ICAO and FAA
guidelines in designing RETs and verifying whether their introduction ensures an increase
in runway capacity.

After determining the locations for RETs along the runway, this study focused on
quantifying the reduction of ROT, which is closely linked to the capacity of the runway. The
results show that the introduction of RETs reduces ROT by up to 12 s and 17 s, respectively,
for RWY 05 and RWY 23.

Once the ROT values were determined, the runway capacity was evaluated according
to the configuration of the current exits and various configurations of RETs based on the
new designs. The findings indicate that the best scenario for maximizing capacity results
from combining the ICAO and FAA guidelines. For RWY 05, the highest improvement of
6 mov/h is achieved by placing the RET at 1788 m from the threshold, which is the distance
obtained through the ICAO regulations. For RWY 23, the highest capacity increment of
8 mov/h is obtained by placing the RET at 1650 m from the threshold, which is the distance
obtained through REDIM software (FAA).

The results from using this new approach show that, through both the introduction of
RETs and optimizing their position along the runway, the hourly capacity of the runway
can effectively be improved, thereby avoiding the need for complex airport expansion.
The adopted solution responds to increased air demand while complying with sustainable
strategies because it preserves land use and reduces aircraft fuel burn and emissions [58,59]).
Indeed, it can be generally noted that there is a correlation between ROT and fuel con-
sumption: minimizing the time aircraft spend idling and taxiing can lead to a reduction
in fuel consumption and emissions. It could be very interesting to quantify the reduction
in fuel consumption and emissions in relation to a reduction in ROT. However, this is not
straightforward, since fuel consumption in airplanes is influenced by numerous factors,
such as aircraft type, technology, and design; age at flight; fuel properties; take-off time; the
number of crew and passengers; wind speed; etc. [60].

Moreover, it can be observed that the presence of the RETs increases the resilience of
Costa Smeralda Airport, which is prone to flooding. The reduced ROT indicates that the
runway can be cleared faster in case of flooding.

Although the runway capacity is the fundamental value that indicates the overall
capacity of an airport, it is also important to determine, in equivalent detail, the capacity
of the elements that constitute the airside, such as the aprons and taxiways. The total
capacity is therefore reflected by the capacity of the least efficient component. Therefore,
future studies on increasing capacity should consider and characterize the influence of the
operating conditions at the boundary, such as the orographic components surrounding the
airport, the take-off and approach procedures, and any other elements that may contribute
to the determination of airport capacity.
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