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This paper presents a comprehensive noise mapping study for a Western European Airport in the year 2050, 
with a focus on incorporating the novel Blended Wing Body (BWB) aircraft. The BWB’s noise data, simulated 
with CARMEN, and NPD data are generated to integrate the future aircraft concept into the conventional noise 
mapping software SoundPLAN. Subsequently, the BWB is integrated into the 2050 baseline scenario forecast, 
replacing wide body generation 2 aircraft, encompassing air traffic uptake, technology evolution, and fleet shifts. 
The results show 5% smaller 𝐿𝑑𝑒𝑛 = 45dB(A) and 𝐿𝑛𝑖𝑔ℎ𝑡 = 40dB(A) contour lines when the BWB generation 3 
aircraft makes up 5% of the operations at Dublin Airport. From 2023 to 2050 air traffic is expected to increase 
around 47%. This forecast shows an increase of around 25% in 𝐿𝑑𝑒𝑛 and 45% in 𝐿𝑛𝑖𝑔ℎ𝑡 contour areas in the same 
time frame. Area and population exposure estimates are presented for 2050 and compared to 2023.

1. Introduction

The rise in air traffic will be linked to an increased impact of airport 
noise into the foreseeable future. This heightened noise exposure has 
been associated with sleep disturbances [1], heightened stress levels [2], 
and the potential development of cardiovascular and metabolic diseases 
[3,4]. Presently, noise poses an immediate health impact on exposed 
populations, rendering it a critically significant pollutant to mitigate, 
particularly in urban and densely populated areas [3,5].

Many aircraft have implemented noise reduction techniques for min

imizing departure and arrival noise. Furthermore, modern aircraft, in

tegrating the latest technological advancements, often exhibit signifi

cantly lower noise levels compared to their predecessors [6]. Forecasting 
airport noise proves instrumental in establishing optimal flight routes 
and procedures to accommodate the growing air traffic. Additionally, it 
aids in defining noise limit contour lines, thereby enabling adjustments 
in the planning and construction of urban agglomerations [7].

The airport noise forecast for Dublin Airport (Dublin, Republic of 
Ireland) in 2050 considers not only the anticipated increase in flight 
numbers at an Average Annual Growth Rate (AAGR) of 1.2% [8,9] but 
also incorporates advancements in aircraft technology up to 2050 and 
shifts in fleet shares [9,10]. As the trajectory of technology uptake and 
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noise optimization reaches a plateau, the aviation industry is exploring 
new frontiers with the development of innovative aircraft concepts for 
future operations. These concepts encompass not only electric propul

sion [8,9] but also novel aircraft configurations like the Blended Wing 
Body (BWB) [11] and the braced wing aircraft [12] and highly fuel

e˙icient engine concepts such as the open rotor engine [13].

1.1. Aircraft noise emission

Environmental noise mapping involves the measurement or simula

tion of noise, analyzing noise levels in specific locations, and present

ing the information on a map. This process includes identifying noise 
sources, displaying varied noise levels spatially, and assessing the noise 
source interactions to pinpoint highly affected areas. It plays a crucial 
role in planning, policy development, and implementing noise source 
restriction and optimization strategies for land use planning [7].

Environmental noise modeling encompasses road traffic, train, in

dustrial, construction, and aircraft noise. This paper will focus on com

mercial aviation and therefore overall airport noise only. The Euro

pean Environmental Noise Directive (END) mandates the preparation 
of strategic noise maps every five years, covering road traffic on ma

jor roads, railway traffic along major rail lines, aircraft noise for major 

https://doi.org/10.1016/j.apacoust.2025.110815

Received 17 February 2025; Received in revised form 17 April 2025; Accepted 6 May 2025 

http://www.ScienceDirect.com/
http://www.elsevier.com/locate/apacoust
http://orcid.org/0000-0001-5968-7773
http://orcid.org/0000-0002-3648-9122
http://orcid.org/0000-0002-8639-9504
mailto:einickek@tcd.ie
mailto:john.kennedy@tcd.ie
https://doi.org/10.1016/j.apacoust.2025.110815
https://doi.org/10.1016/j.apacoust.2025.110815
http://creativecommons.org/licenses/by/4.0/


Applied Acoustics 239 (2025) 110815

2

K. Einicke, I. LeGriffon and J. Kennedy 

Fig. 1. Airport noise mapping procedure with future aircraft concepts. 

airports, and industry noise maps [14]. In the Republic of Ireland the 
Environmental Protection Agency (EPA) has the responsibility to pro

duce strategic noise maps that must include 𝐿𝑑𝑒𝑛 and 𝐿𝑛𝑖𝑔ℎ𝑡 with an 
evening penalty of 5 dB(A) and a nighttime penalty of 10 dB(A) (Equa

tion (1)) [15,16].

The definition of airport noise limits remains ambiguous, with guide

lines providing recommendations rather than enforceable noise limits. 
As a result, the interpretation and presentation of noise exposure vary 
across countries and airports [17]. In accordance with the Environ

mental Protection Agency NG4 guidelines [17] and utilizing the Com

mon Noise Assessment Methods in Europe (CNOSSOS-EU) methodology 
[18], this paper will showcase the recommended noise level of 𝐿𝑑𝑒𝑛 =
45 dB(A) and 𝐿𝑛𝑖𝑔ℎ𝑡 = 40 dB(A) by the WHO [3].

𝐿𝑑𝑒𝑛 = 10 log 1 
24

(
12 ⋅ 10

𝐿𝑑𝑎𝑦

10 + 4 ⋅ 10
𝐿𝑒𝑣𝑒𝑛𝑖𝑛𝑔+5

10 + 8 ⋅ 10
𝐿𝑛𝑖𝑔ℎ𝑡+10

10 
)

(1)

2. Noise mapping procedure with future aircraft concepts

Fig. 1 displays the noise mapping procedure of this paper. The cal

culation of aircraft noise is based on Noise-Power-Distance (NPD) data 
(see Section 3.2). NPD data for current and future general aircraft is 
sourced from the Aircraft Noise and Performance (ANP) database and 
ANP aircraft substitution tables [19,20]. Aircraft types not referenced 
in the ANP aircraft substitution tables are obtained from the Civil Avi

ation Authority1 [21] and the Dublin Airport Authority2 [22]. Utilizing 
a proxy aircraft, the aircraft substitutions tables provide departure and 
arrival noise corrections, to simulate the characteristics of new aircraft 
models [20].

For generation 3 aircraft (future aircraft concepts), which are cur

rently in the early stages of development [23], NPD data is generated 
with the help of CARMEN (Codes Acoustiques par Rayons pour la Mod

élisation et l’Estimation de Nuisances) developed at ONERA (see Sec

tion 3.1). For this present study, a Blended Wing Body (BWB) was chosen 
as a representative candidate for 2050 generation 3 aircraft concepts. Its 
NPD data and departure and arrival profiles are combined in the noise 
mapping software SoundPLAN (Section 3.2).

The SoundPLAN model incorporates airport-specific details and the 
topography in the calculation area and employs the ECAC Doc 29 4th 
Edition as the standard for aircraft noise calculation. SoundPLAN offers 
the flexibility to expand its database to accommodate new aircraft, mak

ing it a suitable tool for assessing the noise impact of emerging aviation 

1 Aircraft substitution data for future aircraft and modernized generation 2 
aircraft: Boeing 737maxG2 variations, Boeing 787G2 variations, A320neoG2 
family variations, A350G2 variations, and E170/190G2.

2 Aircraft substitution data for A330-900neo, A350-900, Boeing 777X, and 
E190-E2.

technologies. Post-processing of the noise data is conducted in QGIS, 
where building and population data are combined.

In the modeling procedure for 2050 flight numbers are calculated for 
a baseline scenario in air traffic and technology uptake. In addition, the 
fleet share and generation share are adjusted for 2050 (see Section 4). 
For population and area exposure comparison, the overall airport noise 
for 2023 is also calculated.

All SoundPLAN calculations were conducted on an Alienware Aurora 
R12 computer, equipped with an 11th Gen Intel(R) Core(TM) i9-11900KF 
processor running at a base frequency of 3.50 GHz, with 8 cores and 16 
logical processors. The calculations took around 17 days each. Elevation 
data from Open Street Map [24] was utilized for the SoundPLAN model.

3. Future aircraft concept (BWB)

Future aircraft concepts, designated as generation 3 aircraft, mark 
a pivotal evolution in aviation. Novel aircraft types are currently un

dergoing the early stages of concept development, while generation 2 
aircraft are expected to discontinue around 2050 [23]. Among these 
visionary concepts, generation 3 aircraft encompass a spectrum of inno

vations, from alternative propulsion methods such as electric propulsion 
[25] or open-rotor engines [13] to groundbreaking airframe designs like 
Blended Wing Body (BWB) [26], braced wing, or box wing configura

tions [12].

In this study, the BWB aircraft concept serves as an archetype rep

resentative of the collective vision for generation 3 aircraft in the year 
2050. Using ONERA’s noise prediction software CARMEN, a BWB air

craft departure and arrival profile was generated in the form of Noise

Power-Distance (NPD) data and included in the noise forecast for 2050 
for Dublin Airport.

3.1. Aircraft noise source modeling

For new aircraft concepts with futuristic designs such as a Blended 
Wing Body, no real-world data yet exists. For these cases, usually one 
turns to parametric tools, used in the concept stage of aircraft develop

ment. In this study, the ONERA in-house system noise prediction tool 
CARMEN was used to calculate all configurations that were necessary 
for the NPD data generation, as described in Section 3.2.

CARMEN is a parametric tool, consisting of three modules: the calcu

lation of noise sources, their installation, and their propagation towards 
the ground. It was validated on classical tube and wing aircraft [27] 
and is now mainly used for concept stage evaluations of new aircraft 
architectures, or, more recently, drone fleet impact evaluation.

The work presented in this paper is based on the Blended Wing Body 
concept developed by Roma Tre University (Fig. 2, BOLT aircraft) in 
the framework of the Horizon 2020 research project ARTEM (Aircraft 
Noise Reduction Technologies and related Environmental iMpact, Grant 
Agreement 769359) [28]. For this study, an optimized layout featuring 
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Fig. 2. Roma Tre University Blended Wing Body concept BOLT developed in 
H2020 ARTEM project (Grant Agreement 769359).

two turbofan engines with a Bypass Ratio (BPR) of 12 and a fan diameter 
of 3.75m is employed. Technical details on the aircraft itself can be 
found in [11,29,30].

In CARMEN, all major noise sources are calculated with semi

empirical or analytical noise models at discretized time steps all along 
the trajectory, providing directivity and noise spectra in the far field. 
For this study, the main noise sources of a BWB are considered, which 
are jet, fan, landing gear and flap noise.

As is to be expected, the main feature of a flying wing in terms of 
outdoor acoustics is the usage of the fuselage as a masking obstacle to 
the noise sources radiating towards the ground. Indeed, when putting 
the engines on top of the fuselage, one might expect important noise re

duction below the aircraft. The installation effects calculation is, hence, 
an important step in the noise assessment methodology. As presented 
in [11], for the low-frequency range, an ONERA in-house boundary el

ement method tool (BEMUSE) is used to calculate masking, reflection, 
and diffraction due to the fuselage. Above 1 kHz a simplified integral 
method, relying on the Kirchhoff approximation [31] and the Maggi

Rubinowicz formulation of the Kirchhoff diffraction theory [32] is used. 
Finally, the sound is propagated by ray tracing toward receivers on the 
ground, taking into account the Doppler effect, atmospheric absorption, 
and geometrical spreading. While it is possible to include meteorolog

ical phenomena, in this work, where NPD data have to be generated, 
a standard atmosphere is considered, as specified in SAE-AIR-1845: Sea 
level pressure of 101.325 kPa, ambient temperature of 77◦F, relative Hu

midity of 70% and zero wind.

All input data that were necessary to the calculation of the noise 
contours presented in 3.5 were taken from the ARTEM study [11]. In 
the framework of that project, several aircraft configurations had been 
tested for departure and landing. The flight simulation environment 
within the FRIDA software of Roma Tre University [33] was used to 
estimate realistic trajectory profiles and associated target engine pa

rameters. Those served as input to RWTH’s software GasTurb [34,35] 
that generated the input data necessary to the noise source models, for 
two turbofan engines of a bypass ratio of respectively 8 and 12, that 
were compared in the framework of ARTEM. In addition, a set of noise 
reduction technologies, that were evaluated by ARTEM partners, was 
introduced and applied in the form of delta noise levels to the major 
noise sources present on the aircraft. The engines are, hence, equipped 
with fan inlet and outlet linings, and jet porous material. To address air

frame noise, a combination of main landing gear noise reduction and a 
new trailing edge technology is implemented. More details on the latter 
and the engine parameters can be found in [11,30].

Fig. 3 shows an example for a noise emission sphere for one thrust

altitude configuration, with and without installation effects by the air

craft fuselage. One can appreciate the important masking effects, espe

cially for the fan inlet noise, and hence to the front of the aircraft.

The efficiency of the masking effect due to the engines’ location on 
top of the fuselage, combined with new generation turbofan engines and 
the set of noise reduction technologies was evaluated and led to very in

teresting possible noise reductions at certification points. The quietest 
option (with the turbofan engine of bypass ratio 12 and the complete set 
of noise reduction technologies) is estimated to reduce 𝐿𝐴𝑚𝑎𝑥 values at 

the flyover certification point by more than 10 dB, by means of a CAR

MEN calculation. This version was chosen to be the one implemented 
into SoundPLAN.

3.2. Generation of Noise-Power-Distance (NPD) data

The Noise-Power-Distance (NPD) data is generated through a simu

lation involving the BWB aircraft, flown at predefined heights (60.96m, 
121.92m, 192.02m, 304.8m, 609.6m, 1219.2m, 1920.24m, 3048m, 
4876.8m, 7620m) under various power settings (Fig. 4). Net corrected 
thrust was used. During the simulation, a simulated microphone at a 
height of 1.2m records noise levels at 0.5-second intervals over a 60 
or 120-second duration (depending on the considered flight height, in 
order to ensure enough data for EPNL calculation). Direct propagation 
was considered and an approximated correction of + 3 dB was applied 
to sound pressure level to take into account ground reflections.

Following this, SEL, 𝐿𝐴𝑚𝑎𝑥, PNLTM, and EPNL, as per calculation 
procedure outlined in the documentation ICAO [7], are computed. 
Subsequently, tables are generated for each power setting at different 
heights, presenting the computed values for the four distinct noise met

rics.

The calculation procedure for the Sound Exposure Level (SEL) in

volves augmenting the Sound Pressure Level (SPL) with an A-weighting 
factor on a per-frequency and per-timestep basis. Subsequently, the 
overall SPL is computed for each timestep, and the cumulative result 
is obtained across all timesteps. In the context of aircraft noise 𝐿𝐴𝑚𝑎𝑥

represents the maximum of the A-frequency-weighted S-time-weighted 
sound level during the run [7].

The instantaneous Perceived Noise Level (PNL) denoted as 𝑃𝑁𝐿(𝑘)
is computed by converting the SPL in each one-third octave band 𝑖 span

ning 50 Hz to 10 000 Hz to perceived noisiness 𝑛(𝑖, 𝑘) using the Noy table 
given in ICAO [7]. Afterwards, the noisiness values are combined by 
equation (2) and the PNL values determined by using equation (3).

𝑁(𝑘) = 0.85 𝑛(𝑘) + 0.15
24 ∑
𝑖=1 

𝑛(𝑖, 𝑘) (2)

𝑃𝑁𝐿(𝑘) = 40.0 + 10 
log2

log𝑁(𝑘) (3)

A tone correction factor 𝐶(𝑘) is added to Perceived Noise Level (PNL) 
to capture the annoyance of tones. The maximum Tone Corrected Per

ceived Noise Level (PNLT), denoted as 𝑃𝑁𝐿𝑇𝑀 is then determined 
from the instantaneous values. In order to determine the Effective Per

ceived Noise Level (EPNL), a duration penalty in form of a duration 
correction factor 𝐷, is calculated according to ICAO [7] and applied.

3.3. Airplane data for ECAC library used in SoundPLAN

The profiles of the Blended Wing Body aircraft are incorporated as 
fixed-point departure and arrival profiles in SoundPLAN and were gen

erated by University Roma Tre [33]. The lateral directivity identifier ac

counts for engine installation effects and can be set to fuselage-mounted 
or underwing-mounted engines [36]. For the BWB aircraft it is set to 
underwing-mounted engines wing, since shielding effects are already 
factored into the overall noise source computation [11]. The spectral 
class for departure is designated as 105, while for arrival, it is set to 205. 
SoundPLAN uses imperial units for aircraft-specific data. The maximum 
take-off distance is set to 4450 f t, MTOW to 491 630 lb, and maximum 
thrust is set to 96 667 lb (input from the RWTH engine database gener

ated in the framework of the ARTEM project [28,35]).

3.4. Limits to the approach

The simulation of the BWB aircraft in this study is subject to several 
limitations that warrant consideration. The departure and arrival pro

files utilized in the simulation are limited in their scope and may not 
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Fig. 3. View below of noise emission sphere without (left) and with (right) shielding effects. Flight direction in the positive x-direction. Configuration 860 000 lb, 
122m.

Fig. 4. Noise-Power-Distance (NPD) Data generation for simulated aircraft - flight repeated for different heights (flight trajectories) and different power settings. 

fully capture the variability present in actual flight operations. Other 
assumptions, such as spectral class and directivity identifier, as well as 
the consideration of only one departure and arrival profile, further con

tribute to the limitations of this approach. It is crucial to acknowledge 
that the simulation of the BWB aircraft is based on theoretical models 
and assumptions, lacking real-life data validation.

3.5. Departure noise comparison with other aircraft

Departure and arrival procedures and therefore departure and arrival 
profiles are aircraft, aircraft weight, and airport dependent. For aircraft 
noise models departure profiles are segmented into a take-off segment, 
and a combination of climb3 and acceleration4 segments up to around 
3000m. Each aircraft has its individual departure and arrival profiles. In 
general, it can be said that a steeper climb profile can lead to a shorter 
but wider noise contour, while shallow climbs prolong the noise contour 
lines along the ground track [36].

Fig. 5 shows the departure noise contour lines of different wide body 
aircraft at 𝐿𝐴𝑚𝑎𝑥 = 55 dB(A) available in the ANP database in compari

son to the BWB aircraft. Depending on the departure profile, the 𝐿𝐴𝑚𝑎𝑥

footprint can increase by around 30% for these wide body aircraft. The 
generated BWB noise contour is around 55% smaller than the B777X 
and the B788 aircraft. Simultaneously, the BWB is projected to be ap

proximately 25% lighter than the B777X, yet it maintains a range just 
over 10 000 km, which falls within a range of 3000 km to 6000 km lower 

3 Endpoint is defined through altitude.
4 Endpoint is defined through calibrated airspeed and climb rate.

Table 1
Generation 2 and 3 wide body aircraft comparison (with Boeing aircraft 
[37] and BWB aircraft [11,28,35]).

Aircraft Generation MTOW 
[𝑙𝑏]

Passenger 
Capacity

Range 
[𝑘𝑚]

Area [𝑘𝑚2] 
𝐿𝐴𝑚𝑎𝑥 = 55 dB

B777X 2 660000 395 16190 126.40

B788 2 502500 248 13530 125.55

B77W 2 775000 392 13649 211.77

BWB 3 491630 400 10186 56.41

than the compared wide body aircraft listed in Table 1. The anticipated 
generation 3 wide body aircraft is expected to accommodate 400 pas

sengers, a capacity comparable to that of the B77W and B777X. The 
smaller departure footprint of the BWB aircraft shows that future air

craft concepts have the capability to significantly impact overall airport 
noise. 

4. Technology uptake 2050

Aircraft are classified into generations and types based on their pro

duction year and aircraft size. Eurocontrol [8] and Mott MacDonald

Global Aviation [23] categorize aircraft according to their size and pas

senger capacity, distinguishing between narrow-body, wide-body, re

gional jet, and turboprop aircraft, which is important in the context of 
fleet distribution. Aircraft typically have an anticipated lifespan of ap

proximately 25 years in the aircraft fleet, after which they may continue 
in service through conversion into freighters [23].

Aircraft generations indicate the technology development and pro

duction year and cycle of an aircraft. By 2050 generation 0 aircraft will 
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Fig. 5. Aircraft departure noise footprint contour lines at 𝐿𝑚𝑎𝑥 = 55 dB(A) for different wide body aircraft (generation 2 and generation 3). 

Table 2
Air traffic operation at Dublin Airport for 2050 for the base air traffic increase scenario 
based on projections for 2025 from Dublin Airport [41].

Operation North Runway South Runway 
departure arrival departure arrival 

time day night day night day night day night 
movements 29906 5466 106394 1739 107822 12360 24440 22422

total 35371 108133 120182 46862 

be retired and the number of generation 1 aircraft (developed and pro

duced in the 1990s or 2000s) will have significantly decreased [23,9]. 
The newest aircraft in 2023 is generation 2 aircraft, which are currently 
under development or just entering production, while generation 3 air

craft are future concepts, such as the BWB, braced wing or open-rotor 
aircraft and electric propulsion concepts [8,25,13,26,12].

Eurocontrol [9] predicts a share of 89% generation 2 aircraft, 4%
conventional aircraft (generation 1) and 8% revolutionary aircraft con

cepts in 2050. In addition, there is a high opportunity for short-distance 
flight replacements with rail, which would increase the percentage of 
long-distance flights [38].

4.1. 2050 fleet and aircraft generation share

For the purpose of this study an Average Annual Growth Rate 
(AAGR) of 𝐴𝐴𝐺𝑅 = 1.2% was utilized [9]. This growth rate represents 
the average baseline projection for the anticipated increase in air traf

fic within the Republic of Ireland. Notably, alternative scenarios can be 
considered with 𝐴𝐴𝐺𝑅 = 0.6% representing a slower rate of air traffic 
growth, and 𝐴𝐴𝐺𝑅 = 1.8% for a higher rate of increase. The calcula

tions are based on tracked flight numbers obtained from Steve Beaney

[39] for 2023. A detailed calculation procedure can be found in Einicke

and Kennedy [40]. Under the base traffic increase scenario, the corre

sponding flight estimates stand at 244 635 for the year 2030, 275 628
for 2040, and 310 548 for 2050 [40]. Runway operation is calculated 
according the anticipated movement numbers from the North Runway 
Report [41] and can be seen in Table 2. These projections serve as 
valuable benchmarks for assessing the potential impacts and challenges 
associated with varying levels of air traffic growth in the specified time

frame.

In addition to examining air traffic growth, the analysis must also 
consider the progression of technology within the aviation sector. The 
classification of aircraft is contingent on both technological advance

ments and production generations [23]. A detailed analysis of 2030 and 
2040 forecasts with different technology uptake scenarios was under

taken in Einicke and Kennedy [40]. The aircraft technology uptake and 
air traffic increase fleet and generation shares for 2030 and 2040 can be 
seen in Fig. 6. 
The base of the aircraft fleet share shift is annual flight numbers from 
2023. During this period, Dublin Airport witnessed an average opera

tion of approximately 76% narrow-body aircraft, with 9% designated as 
wide-body, 7% as regional jets, and 8.5% as turboprop aircraft. In terms 
of generational classification, roughly 38.5% of the aircraft operating 
from Dublin Airport were categorized as generation 0, followed by 41%
as generation 1, and 20% as generation 2 aircraft. These baseline figures 
serve as the foundation for the subsequent analysis and projections in 
understanding the evolving landscape of Dublin Airport’s aircraft fleet 
composition.

In 2030, generation 0 aircraft are projected to constitute 18.88% of 
the fleet, followed by generation 1 at 41.9% and generation 2 at 39.0%. 
Notably, the forecast for 2040 indicates a significant reduction in gen

eration 0 to 11.2%, accompanied by a rise in generation 1 to 28.7% and 
a substantial increase in generation 2 to 60.1%.

The forecasted evolution of the aircraft fleet at Dublin Airport for 
2050, presented in Table 3, outlines the anticipated distribution of dif

ferent aircraft generations in 2050 with future aircraft concepts, such 
as the BWB. Eurocontrol [9] anticipates that around 90% of the aircraft 
fleet in 2050 will consist of generation 2 aircraft, with turboprop and 
regional aircraft types experiencing a continuous decline in fleet shares 
[8]. In addition, only 4% of aircraft are anticipated to be conventional 
aircraft (generation 0 and 1), while up to 8% are anticipated to be fu

ture aircraft concepts [9,38]. This forecast scenario is considered to be 
ambitious. In this study a baseline technology uptake scenario and base

line air traffic projections for 2050 are generated and it is assumed that 
Dublin Airport will operate a share of around 5% future aircraft con

cepts.

The most intriguing aspect of this forecast is the introduction of a fu

turistic generation 3 aircraft, comprising 5.0% of the fleet in 2050 with 
future aircraft concepts. This is particularly noteworthy, as it reflects the 
integration of innovative aircraft concepts, such as the BWB, showcas

ing a potential paradigm shift in aviation technology. Furthermore, it is 
anticipated that generation 0 aircraft will be phased out and not in ser

vice at Dublin Airport by the year 2050. The proportion of generation 
1 aircraft is projected to decrease to 12.1%, leaving the predominant 
share of the fleet composed of generation 2 aircraft at 83.0%. This shift 
underscores the airport’s trajectory towards a more technologically ad

vanced and environmentally conscious fleet composition, aligning with 
industry trends and the adoption of innovative aviation technologies. 
The first future aircraft concepts, such as electric or hybrid electric air

craft are anticipated between 2035 and 2040, while large future aircraft 
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Fig. 6. Aircraft fleet and generation share at Dublin Airport for 2023 - 2050. 

Table 3
2050 Dublin Airport fleet share forecast with future aircraft concept.

Fleet Narrow 
body

Wide 
body

Regional 
jet

Turboprop Total 

generation 0 [%] 0.00 0.00 0.00 0.00 0.00 
generation 1 [%] 4.72 1.30 3.40 2.68 12.09 
generation 2 [%] 57.92 17.84 7.20 - 82.96 
generation 3 [%] - 4.96 - - 4.96

total [%] 62.63 24.09 10.60 2.68 100.00 

concepts, such as the BWB concept are expected to start service between 
2035 and 2045 [9]. While certification for very small electric aircraft is 
already underway [42], wide body aircraft like the BWB are still in the 
developmental stages. In this study, it is projected that BWB aircraft will 
not be operational until 2050.

To assess the specific influence of generation 3 aircraft on the 2050 
forecast for Dublin Airport’s aircraft fleet, an alternate scenario is ex

amined by excluding any potential contributions from alternative future 
aircraft concepts. In this comparative analysis, the around 5% represen

tation of generation 3 aircraft within the wide body fleet is uniformly 
redistributed among the existing generation 2 wide body aircraft. Con

sequently, this redistribution elevates the overall share of generation 
2 wide body aircraft to 22.8%, while maintaining a consistent propor

tion within the wide-body fleet as a whole. This approach allows for a 
clearer understanding of the distinct impact that generation 3 aircraft 
introduces to the 2050 fleet composition at Dublin Airport.

Runway usage, daytime and nighttime operation and flight routes 
are modeled according to Dublin Airport [41]. As the air traffic numbers 

increase by around 50% in comparison to 2023 by 2050, the nighttime 
flights in this scenario increase to 115.

It’s crucial to acknowledge that the assumptions and estimations 
made for the year 2050 are subject to potential changes over time. Fac

tors such as economic fluctuations, advancements in aircraft technology, 
and shifts in traffic patterns could significantly impact the outcomes. 
Therefore, it’s essential to recognize the inherent uncertainty associated 
with projecting future scenarios and to remain cognizant of the dynamic 
nature of these variables.

4.2. 2050 area and population exposure

This study primarily focuses on assessing area exposure to airport 
noise, recognizing that the complexity and uncertainty in predicting 
population exposure for 2040 and 2050 are linked to challenges in fore

casting building data. Accurate predictions rely heavily on factors such 
as land use changes, urban development, and construction activities, 
which are subject to dynamic and evolving scenarios. Without com

prehensive forecasts for building data, the assessment of population 
exposure becomes inherently uncertain. Consequently, it is anticipated 
that the challenges associated with predicting future population expo

sure will persist, and the absence of building data forecasts could lead 
to an underestimation of the true impact. In the absence of specific pro

jections, it is reasonable to expect an increase in population exposure, 
given the historical correlation between urban development and height

ened noise levels around airports. 
The 𝐿𝑛𝑖𝑔ℎ𝑡 and 𝐿𝑑𝑒𝑛 contour lines for 2023 and 2050 scenarios are 
shown in Fig. 7. Residential property data from 2023 [43] is combined 
with population data from 2022 [44] to estimate population exposure.
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Fig. 7. 2050 noise map for different technology uptake scenarios with and without future aircraft concepts at Dublin Airport with 𝐿𝑑𝑒𝑛 BTU noise footprint as 
background (𝐿𝑛𝑖𝑔ℎ𝑡 = 40 dB(A) and 𝐿𝑑𝑒𝑛 = 45 dB(A)).

Table 4
2023 and 2050 area exposure at Dublin Airport.

Scenario 2023 2050 2050 no BWB 
Exposure 𝐿𝑛𝑖𝑔ℎ𝑡

[40 dB(A)]

𝐿𝑑𝑒𝑛

[45 dB(A)]

𝐿𝑛𝑖𝑔ℎ𝑡

[40 dB(A)]

𝐿𝑑𝑒𝑛

[45 dB(A)]

𝐿𝑛𝑖𝑔ℎ𝑡

[40 dB(A)]

𝐿𝑑𝑒𝑛

[45 dB(A)]

area [𝑘𝑚2] 165.66 171.48 239.61 214.10 252.29 226.01

houses 38083 30334 53032 44016 55987 46520

people 93352 77377 133847 109885 140721 116759

Scenario 2023 2050 2050 no BWB 
Exposure 𝐿𝑛𝑖𝑔ℎ𝑡

[50 dB(A)]

𝐿𝑑𝑒𝑛

[55 dB(A)]

𝐿𝑛𝑖𝑔ℎ𝑡

[50 dB(A)]

𝐿𝑑𝑒𝑛

[55 dB(A)]

𝐿𝑛𝑖𝑔ℎ𝑡

[50 dB(A)]

𝐿𝑑𝑒𝑛

[55 dB(A)]

area [𝑘𝑚2] 29.65 29.35 43.93 37.30 46.53 39.62

houses 2555 1296 3339 1800 4123 2151

people 6012 2771 9343 5303 10084 5218

Table 4 displays population and area exposure with and without fu

ture aircraft concepts in 2050, in addition to 2023 reference contour 
lines. In the particular scenario of Dublin Airport, the contour lines inter

sect with the Irish Sea, as depicted in Fig. 7 (M1:R9). This circumstance 
implies that up to 30% of the noise contours are not pertinent to the 
surrounding population. However, this paper presents findings based 
on the complete contour analysis.

Air traffic is assumed to increase by around 47% from 2023 to 2050. 
At the same time, the 𝐿𝑑𝑒𝑛 contour line is projected to increase around 
25% to 2050 without BWB scenario. Comparing the 2050 with and with

out BWB aircraft contour lines reveals, that the 𝐿𝑑𝑒𝑛 contour line can 
be decreased by around 5.3% and the 𝐿𝑛𝑖𝑔ℎ𝑡 contour line around 5.0%
when integrating the Blended Wing Body aircraft at a share of around 
4.9% into the fleet. 
This disproportionate rise can be attributed to the substantial growth in 
generation 2 aircraft. Additionally, the introduction of BWB aircraft in 
2050 contributes to the upswing in generation 3 aircraft. Moreover, the 
absence of generation 0 in the 2050 fleet share is anticipated, while the 
proportion of generation 1 is expected to decrease to below 15%. These 
trends highlight the evolving aircraft fleet composition and underscore 
the significance of future aircraft concepts in shaping the aviation land

scape.

The increasing flight numbers in 2050 induce notable changes in the 
shape of the noise contours for both day and nighttime operations. Given 
the preference for the North Runway during Western Operations [16], 
which account for approximately 70% [41] of aircraft movements, the 
𝐿𝑑𝑒𝑛 contour line for 2050 extends westward by approximately 6 kilo

meters (Fig. 7, A:D4). Unlike in 2023, the right turn after departure from 
the North Runway to the west (Fig. 7, E:G3) is less pronounced in 2050, 
due to adjusted flight routes designed to circumvent populated areas. 

This mitigation of the right turn is evident in both the night and day

time contour lines. While the 𝐿𝑑𝑒𝑛 and 𝐿𝑛𝑖𝑔ℎ𝑡 contour lines continue 
to expand eastward over the Irish Sea (Fig. 7, M4:R7) in 2050 due to 
increasing flight numbers, additional areas, and consequently popula

tions, are expected to be exposed to aircraft noise to the northeast of 
Dublin Airport (Fig. 7, J:L4). Changes in aircraft routes also result in 
additional peaks to the north (Fig. 7, J3) and south (Fig. 7, J6) of the 
airport due to early turns from both runways. During nighttime oper

ations, the South Runway becomes the preferred runway [41], leading 
to an extension of the 𝐿𝑛𝑖𝑔ℎ𝑡 contour line to the southwest of the 2050 
𝐿𝑑𝑒𝑛 contour line. Comparing the 𝐿𝑛𝑖𝑔ℎ𝑡 ≥ 45 dB(A) of 2023 and 2050, 
the area exposure increases around 45% (with BWB) to 52% (without 
BWB), attributed to the rise in nighttime flights from 65 to 115.

5. Conclusion

In this work the method of integrating new aircraft concepts into 
overall airport noise models was demonstrated. The overall noise emit

ted by a BWB aircraft was computed using CARMEN, and NPD data 
generated for analysis. Integrating the new aircraft concept into Sound

PLAN, noise maps were generated combining current and future aircraft 
generations in the model. This study has produced noise maps depicting 
a potential air traffic scenario for Dublin Airport in 2050, incorporating 
a generation 3 aircraft concept. Specifically, a base air traffic increase at 
an AAGR of 1.2% was computed and a fleet and generation shares cal

culated for the 2050 technology uptake of a Western European Airport. 
Population and area exposure were assessed and illustrated for noise 
levels exceeding 𝐿𝑛𝑖𝑔ℎ𝑡 ≥ 40 dB(A) and 𝐿𝑑𝑒𝑛 ≥ 45 dB(A).

A substantial increase in both area and population exposure in air

port surrounding areas due to the air traffic escalation from 2023 to 
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2050 were revealed. It should be noted, that the population numbers 
from 2023 were utilized and not scaled up, therefore a stronger growth 
in population exposure in comparison to area exposure can be expected. 
Simultaneously, the incorporation of future aircraft concepts, such as 
the BWB, demonstrates its potential to mitigate the extent of airport 
noise contours during both day and night. Notably, air traffic rises by 
approximately 47% from 2023 to 2050, resulting in an increase of ap

proximately 31% in 𝐿𝑑𝑒𝑛 and 52% in 𝐿𝑛𝑖𝑔ℎ𝑡 for the scenario without the 
BWB aircraft. Introducing the BWB aircraft by replacing 5% of genera

tion 2 wide body aircraft leads to a reduction of approximately 5% in the 
night and daytime noise contour compared to the 2050 scenario without 
BWB. In conclusion, integrating future aircraft concepts into the airport 
fleet as soon as possible holds promise for significantly decreasing the 
airport noise footprint. This cannot counteract the air traffic increase, 
but it at least minimizes the noise impact.
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