SIZING THE AIRPORT PASSENGER DEPARTURE
LOUNGE FOR THE NLA

Alexandre G. Barros
Research Assistant
The University of Calgary
Department of Civil Engineering
2500 University Dr NW
Cagary, AB, T2N 1N4
CANADA
Phone: (403) 220-4813
Fax: (403) 282-7026
E-mail: agdbarro@acs.ucalgary.ca

S. C. Wirasinghe
Professor
The University of Calgary
Department of Civil Engineering
2500 University Dr NW
Calgary, AB, T2N 1N4
CANADA
Phone: (403) 220-5731
Fax: (403) 282-7026
E-mail: wirasing@acs.ucalgary.ca

Transportation Research Board
Published in Transportation Research Record no. 1622, p. 13-21, 1998

Copyright [ 1998 by Alexandre G. Barros & S.C. Wirasinghe. All rights reserved



Barros & Wirasinghe 1

SIZING THE AIRPORT PASSENGER DEPARTURE LOUNGE FOR THE NLA
Alexandre G. Barros

S. C. Wirasinghe

ABSTRACT

The introduction of new large aircraft (NLA) is expected to cause a significant impact on planning and design of
airports. Besides the problems caused by its large dimensions on airport airside design, the increased passenger ca-
pacity featured by the NLA will require larger passenger processing facilities. Given the high costs implied both by
changes in existing facilities and by the construction of new areas, anticipating the changes with a reasonable preci-
sion might help airports save a considerable amount of money.

One of the most affected passenger terminal facilities will be the departure lounge. Current studies carried
by major manufacturers indicate that the NLA might be able to carry as much as 800 passengers. This is double the
capacity of the largest existing passenger aircraft, the Boeing 747. In order to accommodate all these passengers in
the same lounge, many solutions have been proposed. Examples of such solutions are the construction of a second
level to allow an increase in passenger storage capacity without the need for horizontal expansion, and the use of the
satellite section of a pier-satellite terminal asasingle NLA gate.

This paper discusses the implications of high-capacity aircraft on the passenger departure lounge. Using
deterministic queuing theory, we present some analytical methods to evaluate possible solutions and to assess both
the lounge area and the number of seats which minimize the overall cost of the lounge. The use of a spreadsheet to

implement the methods is also explained.

INTRODUCTION

Major aircraft manufacturers are currently undertaking studies to build a new large aircraft (NLA). The expression
new large aircraft has been agreed to define any future aircraft larger than the Boeing 747-400 (1).

The two biggest aircraft manufacturers in the world — namely Boeing and Airbus — are planning the con-
struction of the NLA in two stages. The first stage will be an aircraft with 500-600 seats, which could be flying by

the end of the year 2000. Boeing’s project for this first stage, which is known as B747-500X/600X, is a stretched
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version of the 747 (2, 3). In turn, Airbus will need to design a new aircraft, since the European consortium does not
currently produce one. The Airbus project for the first stage is known as A3XX-100.

The second stage of the development of the NLA will be a full double-deck aircraft, which will be capable
to carry up to 800 passengers. Such an aircraft will need to be completely designed from scratch. Table 1 compares
some dimensions of the NLA to some existing heavy aircraft. A comparison between Boeing’s NLA and the 747 is
shown in Figure 1.

The introduction of the NLA will cause a significant impact on the design of airports, on both the airside
and the landside. On the airside, both its wide wingspan and long fuselage, as seen in Table 1, will create the need to
increase the size of runways, taxiways, aprons and gate posijo@s(the landside, the high passenger capacity of
the NLA will imply the need for processing more passengers within the same time period. The inescapable conclu-
sion is that the passenger terminal facilities will have to be expanded.

The impact of the NLA on the airport airside has been the subject of several 2udjés §, 7, 8). In fact,
designing a new airport for the NLA is mainly a matter of determining the dimensions of the facilities so that mini-
mum aircraft separation requirements and sufficient passenger processing capacity are available. Although a little
more complicated due to land and existing facility constraints, preparation of existing airports to accommodate the
NLA is ultimately the same process.

There seems to be, however, a lack of research on the effects of the NLA on the passenger terminal. A need
for expansion is recognized in almost all landside facilities; however, how this expansion should be done and by
how much still remains unclear. Answering these questions well in advance to the advent of the NLA is important to
help airports prepare themselves at the minimum possible cost.

In this paper, we discuss the implications of the NLA in the passenger departure lounge. A methodology
based on deterministic queuing thed®y ié presented to determine both the optimal area size and the optimal hum-
ber of seats, such that the overall cost of the lounge is minimized. The methodology also takes into account the ef-
fects of adding a second level and a second loading bridge to the existing structure.

For the purpose of this paper, we will break the problem of sizing the departure lounge into two parts: de-

signing a new facility and converting existing facilities to serve the NLA.
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PLANNING A NEW TERMINAL

When designing a new passenger terminal, the size of the departure lounge must be set such that it can comfortably
accommodate all passengers, at areasonable cost.

Wirasinghe & Shehata (9) presented a method to determine the area necessary for a departure lounge, as
well as to choose the number of seats, such that the overall cost of the lounge is minimized. The method is based on

deterministic queuing theory, as described below.

Deter mination of the Number of Passengers

Passengers arrive at the departure lounge following a cumulative arrival distribution A(t), where t is the time re-
maining to departure. Given the boarding rate b, it is assumed that boarding begins as late as possible, such that by

the time of departure, all passengers are on board. Thus the instant at which boarding begins, ty, is given by:
t, =— )

where N is the number of passengers who will be on the flight. The value of N is set to the passenger capacity of the
largest aircraft that will make use of the lounge. Figure 2 shows two examples of arrival curves and a boarding curve
with arate of 28 passengers per minute.

If the boarding rate b is high enough to ensure it is always higher than the passenger arrival rate, then the
maximum number of passengers simultaneously at the departure lounge, Q, is the cumulative number of passengers

who will have arrived at the time of beginning of boarding, i.e.:

Q=A) = A @

It may happen that the passenger arrival rate is higher than b at some instants. Thisis particularly true when

the lounge is sized for the NLA, due to the high number of passengers being serviced at the same time. In this case,
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the maximum number of passengers at the departure lounge will be the highest value of the difference between the

cumulative number of passengers arrived and the cumulative number of passengers boarded, i.e.:
Q= Max| A(t) - B(t)] €)
where B(t) is the boarding function, defined as:

[N -bd,t<t,

B = %) otherwise

(4)

Note that Equation 2 is a specia case of Equation 3, in which b is always higher than the instant arrival

rate.

Evaluation of the Lounge Area

The minimum total area of the departure lounge, A, is equal to the sum of the areas occupied by both sitting and

standing passengers:

A:a[mlS+ mZ(Q—S)] ©)

where:

S number of seatsin the lounge

a. multiplier which accounts for passenger circulation and airline activities;
my: area per sitting passenger;

my: area per standing passenger.

Other areas may be added for service facilities and for architectural reasons.
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Minimum level of service

The parameters m; and m, represent the minimum area per passenger so that a given level of service is provided to
the passenger when Q passengers are in the lounge. However, it may happen that the flight is delayed, and the
lounge must then accommodate the full aircraft load N. If that happens, it is desirable to set a minimum area per

standing passenger, ms. Hence, a constraint is added to the problem to account for this minimum level of service:

A= a[mlS+ms(N—S)] (6)
Substituting for A from Equation 5 in Equation 6, it follows that:

g MQ-MN @
m,-m,

i.e., an upper limit is imposed to the number of seats. It can also be shown that the constraint represented by Equa-
tion 6 can only be satisfied if Q/N = mg/m,. Therefore, the number of passengers for which the lounge will be sized

also has alower limit that must be taken into account.

Choice of the Number of Seats

Once the number of passengers at the lounge is evaluated, next step is to determine the optimal number of seats.

The lower curve in Figure 3 represents the number of passengers compulsorily standing — i.e., because all
available seats are occupied by other passengers —Sgeats are available. The shaded area, called aréatRe
area limited up by the seating curve and down by the boarding curve. It represents the total passenger-standing time
per aircraft departure.

The choice of the value @ is made so that the overall cost of the lounge per aircraft depa@yrs,

minimized. This overall cost of the lounge is given 8y (

C, =ycS+ay mQ+y,(areaR,) 8)
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with:

yc:ayl_(ml_mz)+ys ©)

where:
}: cost of lounge per unit area per aircraft departure;
¥ cost of aseat per aircraft departure;
y: disutility of compulsory standing, per passenger per unit of time;

In Equation 8, the first term represents the cost of adding seats; the second term represents the total cost of
building and operating the departure lounge, excluding the cost of seats; and the third term is the total cost of pas-
senger compulsory standing. Since the second term does not depend on the value of S the problem becomes mini-

mizing the sum of the first and third terms of Equation 8, i.e. finding the value of Sthat minimizes C s given by:

Cis = VcStyp(aeaR,)) (10)

subject to the constraint presented in Equation 7.
The first term in Equation 10 increases with S, whereas the second term decreases as the value of Sin-
creases. Clearly, there must be a tradeoff, i.e. a value of Sfor which the function C.sis minimized. The solution for

this problem with the use of a spreadsheet is explained later in this paper.

CONVERTING EXISTING FACILITIESTO SERVE THE NLA

The conversion of existing gates to serve the NLA is alittle more complicated than the design of new ones. Existing
terminals are originally designed to serve a given aircraft mix. This original design might represent some difficulty
and even a severe constraint when it has to be changed to accommodate alarger aircraft.

Assuming the existing space between gates is not enough to alow unrestricted operation of NLA's, there

are two ways to overcome this problem. The first solution is to enlarge the space between gates, relocating them
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such that the separation between positions provides the minimum wing-tip-to-wing-tip separation. A second solution
would be to block positions adjacent to that in use by an NLA. Although the first solution might appear to be harder
to implement — due to the need for relocation of the loading bridges — the second one may result in a greater loss of
gate positions.
In cases where only a few NLA operations are expected and a pier-satellite terminal exists, it might be in-

teresting to use the satellite section of the terminal as a single NLA gate. This option will also be discussed ahead.

Respacing / Blocking Gates

The main problem that may arise when converting existing gates to NLA gates regards the area available for the
departure lounge. Whether respacing gates or blocking gate positions adjacent to NLA positions, whether using one
or two loading bridges, the final departure lounge area might or might not be enough to accommodate all passengers.
To overcome this problem, one solution is the construction of an upper level. Since the NLA will certainly feature an
upper deck, the distribution of the passengers through the departure lounge levels would match the distribution
through the aircraft decks.

Figure 4 shows the variation of aircraft capacity with the wingspan. It can be seen that aircraft capacity is
roughly proportional to the wingspan. Thus, in a linear terminal configuration, a departure lounge with a fixed width
will have an area proportional to aircraft capacity. Howeverngkeded area might not be proportional to the aircraft
capacity, due to variations both in the time of boarding and in the passenger arrival patterns. Additionally, Figure 4
also shows that the second-stage NLA passenger capacity outlies the trend line, featuring a larger capacity for its
wingspan. Therefore, the lounge area needed for the NLA must be evaluated and compared to the existing available
area in order to decide whether a second level is necessary.

Let SGe be the existing space between gates 3B¢ be the new space provided for NLA positions. Let
alsoA, be the area available for the departure lounge of one gatdwlthe final area available for an NLA gate

(see Figure 5). In a linear terminal configuration, the area available for the NLA will be given by:

0 0
A= AR+ — =T (11)
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The area calculated in Equation 11 is that available at the existing termina level. If a second level is to be

built, the available area will be doubled.

Second Level and Optimum Number of Seats

The decision of whether to build a second level istied to both the area necessary to accommodate all passengers and
the choice of the number of seats.

Let L be a zero-one decision variable. If L assumes the value O, then the decision is not to build the second
level; otherwise, the second level must be built. The problem, then, isto find the values of Sand L that minimize the

overall cost of the lounge per aircraft departure, C;:
C. =VsS+Ly A +ys(areaR) (12)

where )" isthe cost of adding a second level per unit area per aircraft departure.
In Equation 12, the first term represents the cost of providing seats; the second term represents the cost of
building a second level, excluding the cost of seats; and the third term is the total cost of passenger compulsory
standing. It is assumed here that a second level will have exactly the same area as the existing level.
This minimization is constrained by the available area, Ay. The area required A — calculated as in Equation
5 — must be lesser than the available area, whether one or two levels are provided. Therefore, the cost as given in

Equation 12 must be minimized subject to:
A<(L+DA, (13)

Substituting forA from Equation 5 in Equation 13, the constraint becomes:

a[mS+m,(Q-9)] < (L+DA, (14)
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To provide a minimum level of service, it must be ensured that the tota final areais enough to accommo-
date the full aircraft load of passengers N and still provides a minimum area per passenger standing, ms. Thus, the

following constraint is also added:

(L+DA, 2a[mS+m(N-9)] (15)

Because the third term in Equation 12 is an integration, the problem is a nonlinear mixed integer program-

ming problem. The solution can be found with the use of a spreadsheet, as described later.

Use of the Satellite Section of a Pier-Satellite Finger asa Single NLA Gate

The satellite section of a pier-satellite finger terminal usually features a departure lounge that is common to all gates
in the satellite. Should one of the bridges be modified for loading an NLA, it might be necessary to reserve this gate
for NLA operations only.

From Equation 5, the existing areais given by:

A =alms, +m,(Q, - )| (16)

where A is the total existing lounge area, S, is the existing number of seats and Q. is the existing lounge capacity.

From Equation 16, it follows that:

Q. = (17)

Using deterministic queuing theory as described earlier, it is possible to determine the needed capacity of
the lounge for the NLA, Q. If Q. < Q, the lounge cannot accommodate all the passengers of the NLA with its current

configuration. However, it can be shown that if:



Barros & Wirasinghe 10

m_ A N
mZ_Q_amz (18)

then it is possible to adapt the lounge for the NLA by reducing the number of seats. From Equation 16, the new

number of seatswill be given by:

A mo
Sy = m (19)

On the other hand, if Q. > Q, then there is room for expansion of the seating capacity. If S’ is the number
of seats to be added, then the final number of seats is equal to the sum of the existing number of seats and the addi-
tional seats, i.e.:

S=S5,+3 (20)

and the problem becomes to minimize:

C_ =ysSty,(areaR) (21)
subject to:

almS+m,(Q-9)|< A, (22)

Aeza[mlS+ my(N —S)] (23)

S=S +S (24)
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Note that the area R; is still afunction of S, which in turnisafunction of S'.

Use of the Satellite by Regular Jets

In order to help reduce loss of gate capacity, it may be possible to allow one or more regular jets (RJ's) to make use
of the satellite concurrently with an NLA. To do so, it is necessary that wing-tip-to-wing-tip minimum separation
requirements are met, and the lounge capacity must be high enough to accommodate all passengers present at the
lounge at the same time.

Figure 6 shows an example of the passenger arrival and boarding curves for both an NLA and an RJ de-
parting at the same time. These curves are added in Figure 7. The maximum accumulation of passengers at the
lounge,Qngr, can be calculated as in the case of a new terminal. Note that the time of departure of the RJ can be dis-
sociated from the NLA'’s, and that the valueQagk will vary according to the difference in departure times. Varying
this difference, it is possible to establish the minimum time separation between an NLA departure and a RJ departure

so that the lounge is able to accommodate all passenge@®zi@ur.

CALCULATION OF THE AREA R; AND NUMERICAL EXAMPLE

The cost minimization problems discussed in the previous sections are non-linear programming problems, due to the
presence of area; i the objective function. The area R a non-linear function of the number of seats. In this sec-

tion, we will present a solution for the minimization problem that can be easily implemented with the use of a com-
mercially available spreadsheet.

Area R can be analytically calculated through the following integral:

areaR, = Jd'[G(t) — B(t)]dt (25)

with:
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Hat)-s, if  A(t)-S=B();
G(t) =0 (26)
EB(t), otherwise

where t4 is the time at which passengers start to arrive at the lounge, and G(t) is the cumulative number of passen-
gersat instant t who did not find a seat when they arrived at the lounge.

In order to evaluate the value of the area Ry, the trapezoidal rule (10) is used. Both the passenger arrival
function A(t) and the boarding function B(t) can be made discrete for given time intervals. If we set thistime interval

to be 1 minute and we assume that A(t) equals zero for t > 120 minutes, then it can be shown that:

areaR, = %{[G(O) +2G(1) +2G(2) + 2G(3)+...+2G(118) + 2G(119) + G(120)] n

~[B(0) +2B(D) +2B(2) + 2B(3)+...+2B(118) + 2B(119) + B(120)|}

gives us an accurate approximation for the value of area R;.

An electronic spreadsheet can be easily setup to calculate Equation 27. The costs represented by Equations
10 and 12 can also be automatically evaluated by the spreadsheet. With no constraints, the optimum number of seats
can be found just varying the number of seats and comparing the costs of each solution.

In other cases, where constraints exist, the use of acommercia solver is recommended.

Numerical Example

Consider the problem of enlarging the space between gates designed for the B767. The existing separation between
gates is 55 m, and the existing lounges each have an area of 410 m?. The space between gates for the NLA is esti-
mated to be 92 m. These parameters and others necessary to solve this problem are summarized in Table 2. The pas-
senger arrival distribution function is shown in Figure 3.

The first step is to evaluate the lounge area available to the NLA. Substituting for the values of the pa

rametersin Equation 11, it comes out that the area available is approximately 685 m?.
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Next step isto assess the value of Q, the maximum number of passengers simultaneously at the lounge. The
spreadsheet described earlier in this section can be set up to perform this assessment automatically, using Equation 3.

The value found is 556 passengers.

Finally, the search for the optimum number of seats and for the decision whether to build a second level
must be performed. There are two ways to do this search in our spreadsheet: setting up a zero-one variable as de-
scribed above and making use of a solver; or making the assessment for two values of the area constraint — one with
one level and the other with two levels. Table 3 shows the results using the former. It can be seen that the overall
cost of the lounge will be higher if a second level is added. Therefore, the decision is to build only one floor.

If there is a second level and the boarding process makes use of two bridges, it is perfectly possible to sepa-
rate both levels completely (at least for the passengers). Assuming that the number of passengers carried on each
deck of the aircraft is the same, the passengers could be directed to the correct lounge level according to their as-
signed deck in the aircraft. The number of seats could be equally distributed through the two floors.

In this example, the value ¢f is assumed to be constant. Its determination, however, may not be so sim-
ple. Hence, a sensitivity analysis must be done for various valge Tie results of such analysis are shown in Fig-
ure 8.

For 6 < 0.005, the cost of standing is so low with respect to the other costs that it does not warrant the pro-
vision of any seats at all. For 0.0054<< 0.01, the number of seats increases ittt ) = 0.01, the area neces-
sary to accommodate all passengers reaches the available area. Any increase in this area must be done through the
construction of the second floor. However, for 0.0 < 0.457, the reduction in passenger standing cost would not
compensate for the cost of adding the second level, so the optimum solution remains the same for any value in this

interval. Finally, forys > 0.457, the optimal solution requires two levels.

CONCLUSIONS

The advent of the NLA will bring out the need for changes in airports. Along with several other airport passenger
terminal components, the passenger departure lounge is expected to be highly affected by the increase in aircraft
passenger capacity.

In this paper, analytical methods to evaluate the impact of the NLA on the passenger departure lounge using

deterministic queuing theory have been presented. It has been shown that it is possible to size the departure lounge
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and to choose the best option to accommodate the NLA such that the overall cost of the lounge is minimized. For
large airports that expect to serve several aircraft of that type, these methods can help saving a significant amount of
money through the life of the passenger terminal.

The disutility of passenger standing, ), is critical for the evaluation of the optimal solution. It is therefore
recommended that its determination be done with care.
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TABLE 1: Existing and Proposed Subsonic Aircraft Dimensions

Aircraft parameters

Maximum takeoff

Wingspan Length Wheel base Whesl track Runway length weight
Aircraft (m) (m) (m) (m) (m)? Passengers (kg)
B767-200 475 485 197 9.3 1828 216-255 142880
B767-300 475 549 228 9.3 2438 261-290 156488
A340-200 60.3 594 232 10.7 2316 262-375 253511
A340-300 60.3 63.7 256 10.7 N/A 295-335 253500
B777-200 60.9 63.7 259 11.0 2651 305-375 242670
B777-300 60.9 738 259 11.0 2651 368 299370
MD-11 51.8 61.3 246 10.7 2986 323-410 273287
B747-400 64.9 704 256 11.0 2681 400 362871
A3XX-100 76.0 80.0 N/A N/A N/A 500-600 N/A
B747-500X 64.4 778 292 11.0 N/A 500-600  N/A
A3XX-200 80.0 80.0 N/A N/A N/A 600-800 N/A
Boeing NLA 88.0 85.0 N/A 17.0 N/A 600-800 771101

Sources: References 2, 11, 12, 13, 14.
N/A: Not Available

& At sealevel, standard day, no wind, level runway

TABLE 2: Parameter Valuesfor the Numerical Example

Parameter Vaue
Ge (M) 55
Gy (M) 92
Ac (M) 410
b (passengers/ minute)? 28
m, (m?/passenger)? 15
my, (m?/passenger)? 1
m, (m?/passenger) 0.5
a? 11
w ($/mPlaircraft departure)® 0.15
¥ ($/hour/passenger)® 0.25
y& ($/seat/aircraft departure)® 0.01

Sources; 2 Reference 15; ° Reference 9
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No. of floors (m?) L ounge Capacity No. of seats ($/departure)
1 685 556 133 59.7218
2 1370 972 545 108.25
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