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About AMO, TU Delft

The department has 3 main applications:
 Aerospace Supply Chain and Production
« Air Transportation (Airlines, Airports, ATM)

« Aircraft Maintenance (RAMS: Reliability, Availability
Maintainability, Supportability)
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Environmental issues concern airports

1 airport:
none applicable

2 airports:
compatibility with
nearby land uses
& airports:
air quality

12 airports:
water quality

29 airports:
noise
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Rotterdam Airport

Relationship between airport, airlines,
communities and regulators

Funding, Regulation and

Development Approval
Actions
£

\ "C:‘éd,} J/ Litigation
N /' Political Action

Source: Prof. David Gillien, University of British Columbia
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Rotterdam Airport
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Objectives of this research -

» To compare the present Rotterdam Airport 35 Ke noise
contour with Lden noise contour computed using
Integrated Noise Model (INM)

 Evaluate different aircraft category noise contour using
INM in search for most optimal aircraft type — in term of
noise produced.

« To compare revenue effectiveness of different type of
aircraft versus noise footprint
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;o
Rotterdam Airport Ros s A port

Formerly known as Zestienhoven
Located north of Rotterdam City.
Nearby cities: Rotterdam, The Hague, Utrecht

Potential market area : 25 million people ( 2hrs by car)

Ownership: Schiphol Group N.V
Operator: Rotterdam Airport BV

™\
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Rotterdam Airport

Rotterdam Airport Noise Regulation ="

a—

Enforcement began in October 2001 and the restrictions are:

- Before was 27,500 movements per year (> 6 ton), now
have been reduced to 25,000 movements per year.

* Night curfew
35 Ke contours for Large Aircraft

« 47 BKL (Belasting Kleine Luchtvaart) for Small Aircraft *

==

* Note: This noise limitation will not be discussed further since this research is more focused
towards commercial flights noise contours
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Present 35 Ke contour area
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Kosten (Ke) metrics

Kosten metrics was introduced by Prof. ir. dr. C.W.
Kosten.

Ke is the noise calculation for land planning purposes.

Purpose of 35 Ke limit is to prohibit residential
development to be built within the specified boundary.
i s I

37 There is a system of 67 grid points,
with values to define the outline of

the noise contour.
[l
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Kosten Equation

The noise exposure Ke, generated in one year is
calculated as follows:

Ke = 20log(3}" g,104"*)-157

where:

 [;=is the maximum sound level, due to passing of
one aircraft expressed in dB.

« g = the weighting factor for the i-th aircraft
movement, according to time of day.
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European Union Lden Equation

Formula used for the Lden calculation is as below:

Lden =10xlog,, %[gg(ﬂxlﬂ%é ]—?5
where:
7 = is the reference time period
/= is the index denoting the i-th aircraft movement
/N = is number of movements in the reference period
g(i7) = is the weighting factor for for the i-th aircraft movement,

according to time of day.
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Differences between Ke and Lden metrics

» Kosten was developed for land planning purposes

 Lden is a generic metrics, able to compare other noises
e.g. rail, car, aircraft noise etc.

 Penalty factor for Lden is less during the day and
evening compared to Kosten

- KostenusesLy,.,, Lden uses basis of ‘“to

over time
)
<l
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Difference between Ke and Lden
(time weighting penalty)

nsf Ke vs Lden

O Ke
M Lden

nsf
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Average movement per day at Rotterdam Airport

Ave

Dep
t/ Total movements
no. Type of aircraft day Ave Arrival/ day per day
1 CESSNA 310 6 6 12
2 BO105 -heli 4 4 8
3 Robinson 22 1 1 2
4 SIKORSKY S76 1 1 2
5 SIKORSKY S61 1 1 2
6 HS TRIDENT 1 1 2
7 B727-200 1 1 2
8 DC10-30 1 1 2
9 MYSTERE 20 1 1 2
10 DC-9-80 1 1 2
11 B737-300 1 1 2
12 CESSNA CITATION 13 13 26
13 FOKKER 50 14 14 28
14 JETSTREAM 31 1 1 2
15 BAE146-200 1 1 2
16 A320,A321 1 1 2
17 F27 1 1 2
18 C130, DC8 1 1 2
19 B737-700 8 8 16
20 B737-800 3 3 6
Total Movements 62 62 124
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Rotterdam Airport

Rotterdam Airport Noise Contour From INM
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irport

Noise contour area of Rotterdam Airport

fit’ with Kosten contour ar ea

*The contour area coverage for 6
(

« 35 Ke contour area is about 6.54km? and Lden contour
area at 60 dB is about 6.93 km?Z.
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Rot@irport

Noise contour of a single aircraft during take-off

Cessna 310 Cessna Citation
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Rotterdam Airport

Noise contour of a single aircraft during take-off

B737-700 B737-800

Fokker 50
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Rotterdam Airport
Noise contour area and noise footprint per passenger ™ —

Aircraft Type Moize Level | Contour Area | Contour area per pax
and max. seats (dB) (km?) {m?/pax)

Cezzna 310 (4pax'lt) 50 dB 0222 55,500
55 db 0.091
60 db 0.022 5.500
65 dB 0.001

[ Cessna Citation (8 pax ) 50 dB 0.181 22 625

55 db 0.040
60 dB 0.002 250
65 db R

Folkers0 (50pax At) 5048 0.008 160
55 dB 0.001
60 db R R
65 dB R

BT37-700 (149 pax ) 50 dB 0.443 2073
55 dB 0.187
60 dB 0.060 403
65 db 0.009

BT37-500 (189 pax i) 50 dB 0.709 3,751
55dB 0.287
60 dB 0.114 603
65 dB 0.028
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Noise contour of different types of aircraft and noise LUGSIZEL
footprint per passenger B

» Fokker 50 produces the smallest noise contour compared
to other types of aircraft.

« B737-800 produces the largest noise contour compared to
other types of aircraft.

« But, as for the noise footprint per passenger, Cessna 310
produces the largest noise footprint per passenger.

» The Fokker 50 noise contour is smaller than Cessna 310 it
climbs much faster (Ref: VOLPE). Since the Fokker 50
noise exposure calculated in INM is low, therefore, the
noise contour produced is small.

Em—
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Rotterda

irport

Revenues for different types of aircraft on an
average movement per day at
Rotterdam Airport

L
‘

Tvpe of aireraft | Cessna 310 | Cessma Citation | Folker 50 | B737-700 | B737-800
Ave. Movements'day 6 13 - i 3
Pax Movements (0 42 420 894 423
Landinz Revenues €02 €] 188 €4714 | €6378 | €2646
Pax Revemues €0 €390 €6300 | €13410 | €6373
Parkmg Revenues €0 160 €100 | €4470 | €215
Total Revenues €02 €1838 €13114 | €24238 | 11146
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Revenues for different types of aircraft

Rot?da/mMrport

« B737-700 generates the highest revenue per day for
Rotterdam Airport.

 Cessna 310 generates the least attractive income per day,
and does not contribute to passenger related revenues.

« For commercial aircraft category, passenger related
revenues contributed more than 60% of the total
revenues.

 Cessna Citation (Business jet category) generates higher
ratio of aeronautical revenues than passenger related
revenues.

==
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Passenger related revenue per noise foot-print of
different types of aircraft at 60dB (i.e. 35Ke!)

Aircraft tvpe Ave. arriving Total Noise contour | Pax related revenue
passenger passengers | area per pax Per square area

per movement revenues (m2/pax) (€ 'mT)

Cessna 310 0 <0 3,500 <=0

Cessna Citation 2 <30 250 <0.12

Fokker 50 30 =430 n'a <450

B737-700 112 < 1 680 403 =420

B737-800 142 €2.130 603 £=3.50

Noise is cheaper!

<

irport
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threshold of 50dB!!!

However, with more a more stringent level of noise

Aircraft tvpe | Ave. arriving Total Noise contour | Pax related revenue
passenger | passemgers | area per pax Per Square area

per movement | revemues (m/paz) (€ /m)

Cessna 310 0 €0 55,500 &0
Cessna Citation 2 €30 22 625 &0.00]
Fokker 30 30 <450 160 2130
B737-700 112 € 1,680 2973 €0.56
B737-800 142 €2.130 3.751 056

Revenue is down -noise is more expensive!

==
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Passenger related revenue per noise foot-print of
different types of aircraft

RotWirport

 Since Fokker 50 does not produce any noise at the 60dB
level and above, therefore, it generates the highest
passenger related revenue at this level.

» Cessna 310 does not generate any passenger-related
revenues due to the fact that it has no commercial
passengers.

» The reason for comparing the passenger-related
revenues at two different noise levels is to show that the
metric can be applied at various level. However, the
comparison can only be made at that particular
threshold only.

Em—

TU Delft Evaluating the Impact of Noise Constraints on Regional Airport Capacity and Economics: The case of Rotterdam Airport, The Netherlands 25 |3O




Rot?da/mMrport

General Conclusion

« The 35 Kosten limit is for land planning purposes, and
does not capture the residence annoyance in relation to
noise produced by the aircraft. There is no actual
correlation between the effectiveness of noise constraint
and communities complaints

 No direct comparison between Kosten and Lden metrics.
The only comparison done is to find the nearest fit of
Lden noise contour area with Kosten contour area. The
60dB noise contour area resulted from Lden calculation
seems to be the nearest fit to 35 Ke limit .
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. . Rotterdam Airport
Modeling Conclusion . '

 Lden calculates together the small and large aircraft noise, e
where else Kosten has separate calculation for small and large & wsa=
aircraft noise.

 The calculation noise level was based on default values of
aircraft specification, no incentives offered to improve
operational concept.

» The Kosten noise model does not capture the residence
acceptance of more noise distributed over longer period of
time compared to higher noise level over shorter term of time.

« Revenue can be simply measured as a financial metric based
on landing, passenger and parking fees (commercial not being
so large at Rotterdam!)

Em—
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f//rport

Revenue Conclusion

» Fokker 50 generates the highest passenger related
revenues per noise square meter

 Cessna 310 (trainer aircraft) is the least profitable for
Rotterdam Airport.

» The main purpose of the metrics euro/m? is to give
comparison of revenues with affected noise area.

« Revenue in euros/m? of noise decreases as the
acceptable noise threshold is lowered and therefore
noise becomes more expensive!
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Rot?da/mMrport

Future work

 To study about residence acceptance of lower noise level
over higher frequency of flights compared to higher noise
level over lesser frequency of flights.

 To study about relocating trainer aircrafts and helicopters
to different airport, and replace the slots by other
commercial aircraft, and find the impact of noise and
revenues on airport.

» To develop a model that illustrate revenues per take-
off/landing related to noise footprint to find the value of
noise.

==
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Rotterdam Airport

Thank you
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