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Abstract

Background: In recent years, power outages at airports caused total collapses of terminal operations at the
affected airports. These incidents have shown that existing emergency power systems were not sufficient to
maintain airport operation. To mitigate the consequences of power outages, it is necessary to improve the
management of available resources.

Methodology: Therefore, we investigate the possibility to save resources associated to passenger handling
processes before departure. For this purpose, we create a simulation model of a generic medium-sized commercial
airport. Several simulations with a varying number of service stations at check-in, security and passport control are
carried out. Subsequently, we analyze the number of passengers who do not reach their flight due to increased
waiting times at the passenger handling services.

Results: The simulations show that a reduction in resources at check-in counters and passport control initially has no effect
on the number of passengers who do not reach their flight. The security control represents a bottleneck in passenger
handling. In view of a break-even seat load factor the simulation results show, that a reduction of resources at the check-in
below 16 counters, at the security check below 21 and at the passport control below 3 service stations should be avoided.

Conclusion: Therefore, the developed methodology is able to provide airport operators with decision support during
system failures, as to which and how many service stations can be dispensed within the sub-processes of passenger
handling without interrupting flight operations.
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1 Introduction and state-of-the-art
Within the last years air traffic gained more and more
importance due to its advantages such as safety, punctu-
ality, speed and reliability. Therefore, people, but also
economy and politics, became dependent on its undis-
ruptive functionality [1, 2]. Nevertheless, past incidents
have shown that system outages at airports caused total
collapses of the operation at the concerning airports. In
fact, safety measures like emergency power systems exist,
which shall mitigate consequences. However, these were

insufficient to maintain a safe and secure air transport
[3]. As an example, in December 2017, the passenger
handling of the Hartsfield-Jackson Airport in Atlanta
was interrupted due to a fire in the electric installation
of the airport. Therefore, more than 1000 flights had
been cancelled. Following this incident, a press officer of
the Arbeitsgemeinschaft Deutscher Verkehrsflughäfen
(ADV) declared that German airports are well prepared
against power outages. German airports are provided by
a redundant power system support, which enables con-
tinuous operation for several hours [4]. The power out-
age at the German airport in Hamburg outlines that this
is questionable. On 3rd June 2018 a short circuit oc-
curred in the electric network of the airport and caused
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an organizational shutdown during the whole day. Even
though there must have been power supply due to the
emergency power generator, airport operation could not
be maintained. About 200 flights had been cancelled and
thousands of passengers were hindered from continuing
their journey [5].
These occurrences emphasize, that it is essential to im-

prove the reaction to system failures. Though, it is not al-
ways possible to prevent system failures, we may mitigate
their consequences. An important component is the alloca-
tion of resources for passenger handling. Even during sys-
tem outages security and safety regulations at airports e.g.
for security or passport control must be complied continu-
ously. Moreover, passenger handling processes such as
check-in or baggage handling also have to be maintained in
order to enable an orderly flow of airport operation. There-
fore, it is essential to improve the management of resources
and to distribute the available power to all essential pro-
cesses in an optimal manner. To investigate possible solu-
tions without influencing daily operations of the airport,
mathematical models or simulations may be used.
Mathematical models formally represent a decision or

planning problem to determine solution proposals with
the help of suitable procedures. As an example, Koch
et al. used linear algebra to relate the impact of system
state changes at airports, e.g. due to power shortages, to
the process of passenger handling in the airport terminal
[6]. In addition, Bruno et al. and Lalita et al. used math-
ematical models to improve the management of the
check-In process at the airport terminal [7, 8].
Computer based simulations are a common tool to in-

vestigate processes in complex systems. Simulations of
passenger flow at airports already have been performed
successfully. In 2008, Fraport AG simulated the passen-
ger flow at Frankfurt airport in order to improve current
passenger flow and waiting times. As a result, an in-
creased number of passengers could be handled without
upcoming problems or constructional measures [9]. Fur-
thermore, simulation models of airports can be used to
analyze system performances under different conditions.
In 2007, the Airport Lamezia Terme in Calabria (Italy)
was simulated in order to analyze the average waiting
times of passengers before reaching the gate under dif-
ferent conditions i.e. different availability of resources or
passenger behavior. The results of the simulation study
were compared to real data. Curcio et al. were able to
show that the simulation data correspond to the real
data. Therefore, simulation models are considered suit-
able to simulate airport terminal processes [10]. In
addition, simulations are a common method in other
parts of transport research. As an example, Asmer et al.
investigated the possibility to install security checks at
train stations by means of simulations [11]. In all studies
AnyLogic was used as the simulation software.

As the airport terminal is a complex system involving
multiple stakeholders and interactions, there are lots of
research projects that developed models to investigate
different aspects of an airport terminal [12]. However,
recent work can be divided into four main topics: cap-
acity planning [13, 14], operational planning and design
[15, 16], security policy and planning [17] and airport
performance review [18] [19]. Though, this work mainly
treats the optimization of single process parameters such
as waiting times at check-in [14] or security control [20].
However, since the processes influence each other, a
holistic approach is required.
In this study, we use AnyLogic to model a generic air-

port and optimize its performance under exceptional cir-
cumstances such as power shortages. Thus, we simulate
the effect of lower resource availability for the passenger
handling services in the terminal before departure, con-
sisting of check-in, baggage control, security checks and
passport control. Our results provide information on the
amount of passenger, who do not reach their flight in
time due to increased waiting times at the passenger
handling services. Using a break-even seat load factor we
are able to evaluate the allocation of the resources as
sufficient, critical and insufficient to maintain airport
operation.

2 Concept and simulation
Our aim is to improve resource management at the air-
port terminal during system failures, so that flight oper-
ation can be maintained even during power shortages.
Figure 1 shows the connection of the system operating

condition to the appropriate type of control regime i.e.
the required reactive measure by the operator. While
under normal system conditions (reaching from green to
yellow in Fig. 1) measures are only required to optimize
system state, in stability or viability state reactive mea-
sures are essential to keep operation viable. Within this
study, we aim to determine the measures most applic-
able to keep system operation going.
This planning problem can be described by eq. 1. Re-

sources at the passenger handling services are minimized
while the resulting seat load factor (SLF) must not fall
under a given break-even SLF.

min resources slfj >break even slfð Þ ð1Þ

To solve this optimization problem, we develop a
simulation model and conduct a parameter study. Grad-
ually we minimize the resources at check-in, security
check and passport control to determine an approximate
solution. Evaluating the output data of all simulations
we are able to find a minimum configuration of the
process stations depending on the power supply of the
airport. This provides airport operators with decision
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support during system failures, as to which and how
many service stations can be dispensed within the sub-
processes of passenger handling without interrupting
flight operations. In this paper, we only consider the pas-
senger handling process for departures. The process for
arriving passengers and the baggage handling processes
are neglected due to a lack of information that is open
to the public.

2.1 Simulation model
For the investigation, a model of a generic medium-sized
commercial airport was developed, which is based on
components of real airports. The advantage of a generic
model is the flexibility i.e. the results can be transferred
to all medium sized airports. Because of the amount of
data open to the public, these components were taken

from Cologne-Bonn Airport and are based on public in-
formation. Due to the international standards for airport
operations, e.g. those set by the ICAO Annex 9 [23] or
the European Commission [24], we can assume the data
is transferable to other medium sized airports.
The passengers are modelled individually, but their be-

havior is subject to statistical distribution functions re-
garding baggage claim or check-in at the airport
terminal. Interactions between passengers are only par-
tially taken into account i.e. at the process stations only
one passenger can be handled at a time and the passen-
gers have to wait in queues for a free service station.
However, passenger interactions between the process
stations are neglected due to the assumption, that the di-
mension of the terminal is sufficient to avoid passenger
congestion.

Fig. 1 Dependence of the appropriate decision and control regime on the system operating condition after Ilić and Zaborski [21] as depicted by
Koch et al. [22]
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Figure 2 shows the simulation logic of the model. The
passengers are generated at the terminal entrance, ac-
cording to their arrival time at the airport. Passengers,
who did not check-in online in advance or have to
check-in their baggage, proceed to the check-in coun-
ters. The number of the counter depends on the airline
company the passenger is flying with. If the passenger
travels with hand luggage only, he can proceed straight
to the security control. Within the model, we only dis-
tinguish between these two types of check-in. Automatic
check-in is not offered at all airports or by all airlines
and is therefore neglected. Passengers who already
checked-in the evening before or at stations outside the
terminal do not differ from passengers, who checked-in
online. Therefore, they are not considered separately.
Moreover, the model simplifies the assumption that the
baggage can only be checked-in at the check-in counters.
Thus, separate check-in counters for baggage or vending
machines, as well as counters for special or bulky lug-
gage are neglected. The check-in counters open 2 h and
close 30 min before departure [25]. Passengers arriving
later at the check-in counter miss their flight. These pas-
sengers do not pass through processes in the airport ter-
minal and directly leave the airport i.e. they are removed
from the simulation.
The model includes a central security checkpoint with

several security lanes, which all passengers have to pass,
independently of their flight. At each control lane, four
passengers can deposit and pick up their personal be-
longings simultaneously, while only one person can pass
the screening at the same time. Depending on whether
the passenger travels within or outside the Schengen
area, he has to pass through the passport control before
he can proceed to the gate of the corresponding flight.
Boarding begins 60 min and ends 20min before de-

parture [26, 27]. If at this time there are still passengers
in the queue for boarding, the boarding desk remains
open until there are no more passengers in the queue.
Passengers arriving at the gate after boarding has closed
missed their flight and will leave the airport.

2.2 Implementation into AnyLogic
To implement the model we chose the commercial,
java-based simulation software Anylogic. In this soft-
ware, the user is provided with different simulation li-
braries and function blocks that can be customized
using java code. In this case, we use the Process Model-
ing Library to implement the model of the airport via a
flowchart. The characteristics and the behavior of the
passengers are specified via a database.
The passengers are generated by a source block at the

terminal entrance according to their arrival time at the
airport stored in the database. Sink blocks are used in all
situations where passengers are removed from the

simulation. This is the case either if a passenger has
passed through the boarding process or if the passenger
arrives too late at check-in or boarding so that the coun-
ters already have been closed.
Check-in, security check, passport control and board-

ing are implemented as service stations. It is possible to
specify the duration and the available number of service
stations. Process stations are modeled as a single queue
multiple server system i.e. only one passenger can be
handled at a time and passengers have to wait in a queue
for a free service station. The prioritization of the pas-
sengers in the queue is based on the first-in first-out-
principle. The check-in is implemented as common
check-in. This means that all counters of an airline or an
alliance are available to the passenger for check-in inde-
pendently of their flight destination. Due to the normally
high number of airlines at medium-sized airports we im-
plemented three different groups of airlines for the
check-in. The airlines are assigned to these three groups
based on the number of passengers on the reference day.
It should be noted that the type of airline is neglected
and only the number of passengers is considered for the
classification.
Passengers arriving at the airport before the check-in

counters have been opened pass through a waiting loop
in which they check every minute whether the check-in
counters are open. As soon as the corresponding coun-
ter opens, they leave the waiting loop and join the
queue. Passengers arriving at the check-in counter after
the counters have been closed are removed from the
simulation by a sink block. Boarding is implemented for
each flight at a separate boarding counter. The proced-
ure regarding queues and delayed passengers is identical
to the check-in process. The number of counters for
boarding is derived from the number of flights for which
boarding takes place at the same time preventing an
overlap of two flights at the same gate.
To divide passengers according to specific criteria, that

are set in the database, e.g. into Schengen and non-
Schengen passengers, we use select output blocks. In
Fig. 2, the sink or source blocks are represented by ellip-
ses. SelectOutput devices are illustrated by diamonds
and the service stations by hexagons.

2.3 Data input
The results of our simulation are highly depended on
the used input data. Due to a lack of information open
to the public and privacy policies, we cannot rely on pre-
cisely measured data from airports. All the data used are
taken from literature references. However, real data may
be used by the airports themselves to conduct studies
using our methodology. In the following, we divide the
input data into fixed and process parameters. Fixed in-
put parameters represent the effects of the airport
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Fig. 2 Simulation logic for the departure processes. Ellipses show situations where passengers enter and leave the airport, service stations are
represented by hexagons and diamonds outline chance nodes, that allocate passengers according to different criteria and probabilities
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environment on the model and can be hardly or not
changed at all. The process parameters indicate the
number of service stations at the passenger handling
processes.
The output data illustrate the influence of the vari-

ation of the input data on the investigated issue. It al-
ways depends on the question, which parameters are
considered and should be evaluated. The input and out-
put data considered in this investigation are shown in
Fig. 3.
The flight plan describes at which times the aircrafts

will take off and land at the airport. The flight plan for
the simulation is based on the flight plan for Cologne-
Bonn Airport dated 19.11.2018. This day was chosen
randomly, because there is no information available re-
garding flight plans on peak days. The flight plan for the
model contains the flight number of the respective flight,
the destination (IATA code), the departure time, the op-
erating airline (ICAO code) and the aircraft type that is
used. The maximum number of seats available depends
on the type of the aircraft and its configuration. This in-
formation is available via the public information pro-
vided by the airline. In average, the flights are not
booked out. The SLF indicates the average occupancy
rate of the seats available. In 2017, the average SLF in
Germany was 77.6% [28]. The number of passengers

generated in the model for the respective flights are de-
rived from this SLF. Thus, the total number of passen-
gers on the reference day is 16,136 assigned to 123
flights of 17 airlines. About 25% of the passengers are
non-Schengen.
To receive valid results, it is necessary to determine

when the passengers arrive at the airport and the time
available to complete the processes necessary for depart-
ure. According to the study of Schultz carried out at
Stuttgart Airport, the arrival distribution of passengers
at the airport corresponds to a normal distribution with
an expected value of 89 min before departure and a
standard deviation of 26 min [29]. The probability dens-
ity function of a normal distribution is given in eq. 2
[30].

p xð Þ ¼ 1

σ
ffiffiffiffiffiffi
2π

p e − 1
2

x − μ
σð Þ2 ð2Þ

Whether the passengers arrive at the airport alone or
in a group depends on the transport medium that is
chosen to travel to the airport. Passengers using a car
normally arrive either alone or in a small group, while
passengers using public transport arrive in a group of
passengers. According to the ADV, 64% of the passen-
gers are using the car, a taxi or a rental car to arrive the

Fig. 3 Overview of the input and output parameters of the simulation. Input parameters are divided into fixed and process parameters. The red
rectangle highlights the fixed parameters, which are constant or subject to a predefined probability distribution. The green rectangle contains the
process parameter. These indicate the number of available counters at the process stations. The output parameters are shown in the
blue rectangle
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airport, while 36% of the passengers are using public
transport such as trains or buses [31].
The arrival time at the airport can be determined with

the help of the arrival distribution, the information
about the use of the transport media and the departure
time of the respective flights using a Flight Generator de-
veloped by the DLR. The time at which each specific
passenger arrives at the airport is based on pseudoran-
dom numbers within the specified parameters (arrival
distribution, departure time and transport medium). In
order to analyze the influence of the random numbers
on the results, 5 different databases with the arrival
times of the passengers were generated. All of them are
based on the three specifications mentioned above. Fig-
ure 4 shows the arrival times of the passengers before
departure for the five databases. The x-axis indicates
when the passengers arrive at the airport before depart-
ure. The y-axis represents the number of passengers.
The bars indicate the number of passengers arriving at
the airport cumulated over 10 min. The results of the in-
dividual databases are represented by the different colors
of the bars. It is demonstrated that the arrival times of
the different databases do not differ remarkably. The dis-
tributions correspond to a normal distribution (cf. equa-
tion 2) and, as expected, the mean value for the arrival
time at the airport is between 80 and 90min before de-
parture. Passengers do not arrive at the airport earlier
than 150–170min and later than 0–10 min before de-
parture. For all databases the majority of the passengers
arrive at the airport between one and two hours before
departure. About 11% of passengers (x ¼ 11.3% with σ=

0.9%) arrive at the airport more than 2 h before depart-
ure, while about 14% (x ¼ 14.4% with σ= 0.6%) arrive at
the airport less than 1 h and about 2% (x ¼ 1.5% with
σ= 0.2%) less than 30min before departure.
If these passengers still have to pass the check-in

process, they have no chance to reach their flight, as the
check-in counters close 30 to 60 min before departure,
depending on the airline and the destination and also
boarding takes place about 20–30min before departure
[32]. Passengers who do not board their flight despite
having booked a flight ticket are referred as no-shows.
There are two main reasons for no-shows. First, some
passengers book flex-tickets, which enable to book and
cancel a flight flexibly without incurring additional costs.
Second, some passengers arrive too late at the airport,
for example due to traffic jams or the delay of public
transport. The amount of the no-show rate depends on
the airline and the route [33, 34]. Within the model, the
no-show rate is depicted by passengers arriving at the
airport so late that the service stations of check-in or
boarding are already closed so that they miss their flight.
The no-show rate for this model is about 2%.
In addition to the different arrival times of passengers

at the airport, there are other passenger characteristics
that are relevant for passenger handling. For example,
we have to differentiate, whether the passenger has
already checked-in online before arrival, or whether he
has to check-in at the airport counter. Furthermore,
some passengers travel with hand luggage only, while
others have to check-in their baggage at the counter. Ac-
cording to a study by the aviation IT company SITA,

Fig. 4 Arrival distribution of passengers before departure of their flight in the five different databases. The bars represent the number of
passengers, each accumulated over 10min. The arrival distribution in all databases corresponds to an expected value of 89 min before departure
with a standard deviation of 26 min
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39% of the passengers use online check-in, while 61% of
the passengers still check-in at the airport counters [35].
Regarding baggage check-in we distinguish between pas-
sengers travelling within or outside Europe. Many air-
lines include baggage in the fares for flights outside of
Europe. Thus, for this model we assume that all passen-
ger with destinations outside of Europe travel with bag-
gage. According to a study by Ryanair, passengers
traveling within Europe carry baggage with a probability
of 20% [36]. The different passenger characteristics are
summarized in Table 1. These characteristics are distrib-
uted randomly to the passengers with respect to the
given percentage. To generate random numbers Mers-
enne Twister algorithm (MT 19937) is used [37]. In
order to analyze the impact of this distribution, we use 5
different databases, as mentioned for the arrival times.
The aim of the different databases is to examine that the
changes of the output parameters result from a variation
of the process parameters and not from random fluctua-
tions within the fixed input parameters.
The processing time at the different process stations

depends on the characteristics of the passengers, the
conditions and the equipment available at the airport
and the working methods of the personnel. Therefore,
the processing time is subject to fluctuations. According
to the study of Schultz at Stuttgart Airport, the duration
of a check-in with or without baggage check-in is nor-
mal distributed (cf. equation 2) with an expected value
of 58 s and a standard deviation of 25 s [29]. The security
control is divided into three sub processes: disposal of
personal belongings, security control of the person and
the hand luggage and reception of personal belongings.
The respective times are based on measurements carried
out at Hamburg Airport as part of the project Critical
Parts [38]. The time for depositing personal belongings
varies between 0 and 81 s with a mode of 21 s. There-
fore, these times are subject to a triangular distribution.
The probability density function p(x) is given in eq. 3
[30].

p xð Þ ¼

2 x − að Þ
b − að Þ c − að Þ for x∈ a; c½ �
2 b − cð Þ

b − að Þ b − cð Þ for x∈ c; b½ �
0 else

8>>>><
>>>>:

ð3Þ

The security check consists of passing through a metal
detector or a body scanner and, if necessary, a post con-
trol executed by the security stuff. The process time var-
ies between 2 and 169 s with a mode of 43 s (cf.
equation 3). The reception of personal belongings and, if
necessary a baggage post inspection, takes between 0
and 260 s with a mode of 22 s (cf. equation 3). The pass-
port control is uniform distributed and takes between 50
and 60 s [39]. The probability distribution function of
the uniform distribution is given in eq. 4 [30].

p xð Þ ¼
1

b − að Þ for a≤x≤b

0 else

8<
: ð4Þ

The duration of the boarding process is normal dis-
tributed with an expected value of 5 s and a standard de-
viation of 2 s (cf. equation 2). An overview of the process
times used for this model is included in the Table 4 in
Appendix.
The time the passengers need to cover distances (t)

can be calculated via the formula of uniform movement,
dependent on the distances between the process stations
(s) and the speed of the movement of the passengers (v)
(cf. equation 5). The speed of movement distinguishes
between people and is given in the form of a probability
distribution. Moreover, the distances the passengers
have to cover between the stations also vary, e.g. de-
pending on the entrance a passenger enters the terminal
or the gate the boarding takes place. For this reason, the
times the passengers need between the process stations
are not constant. The level of the variation depends on
several variables. First, on the uncertainty of the distance
that has to be covered, and second, on a different walk-
ing speed of the people. Quantities that depend on sev-
eral variables with uncertainties can be determined with
the help of Gaussian error propagation [40]. Thus, the
variation of the travel times can be calculated with eq. 6.

t ¼ s
v

ð5Þ

dt ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1
v

� �2

�ds2 þ s
v2

� �2
�dv2

s
ð6Þ

According to Weidmann of the ETH Zurich, the speed
of human movement is 1.34 m/s with a standard devi-
ation of 0.26 m/s [41]. The distances between the
process stations depend on the structure and the size of
the respective airport. In this model, the distances are

Table 1 Overview of the different passenger characteristics
used for the simulation model

Passenger characteristics Distribution

Arrival distribution of the passenger at the airport [min] μ=89; σ= 26

Transportation mode (own car /public transport) [%] 64/36

Online check-in / counter check-in [%] 39 / 61

Baggage check-in within EU [%] 20

Baggage check-in outside EU [%]
Non-Schengen passengers [%]

100
25
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based on the structure of the airport Cologne-Bonn. An
overview of the distances between the process stations
and the resulting times is shown in Table 2. Appropriate
data for other airports can be calculated the same way
with adjusted distances.
The process parameters are represented by the num-

ber of service stations available for check-in, security
and passport control. Unlike the fixed input parameters,
these can be adapted by the airport operator or the air-
lines to the occupancy rate or available resources (e.g.
personnel or power availability). For this model, we as-
sume that the number of opened service stations at the
passenger handling process stations is static throughout
the day and must be determined at the beginning of the
day. Therefore, it is not possible to customize the num-
ber of opened service stations to fluctuating passenger
volumes during the course of the day.
The range in which we can vary the process parame-

ters depends on the number of the counters at the ser-
vice stations available at Cologne-Bonn Airport. For
check-in a maximum number of 86 counters, for secur-
ity checks a maximum number of 26 counters and a
maximum number of 6 counters for passport checks are
available. We assume that all processes have to continue
in order to maintain flight operations. Therefore, at least
one service station must be available at each process. As
explained above available check-in counters are divided
into three groups by the number of passengers the group
has to handle at the reference day. The first group only
handles passengers from Eurowings, which corresponds
to 50% of the passenger volume. The second group han-
dles 28% of the passenger volume which consists of cli-
ents from Lufthansa and Ryanair. The last group checks-
in all passengers from other airlines.
As output data we investigate the percentage of pas-

sengers missing their flight. This parameter is used to
evaluate how the variation of the process parameters af-
fects the proportion of passengers who do not reach

their flight. With this data we can calculate a resulting
average SLF for the flights. From a certain SLF it is no
longer economically sensible to operate the flight, as the
revenues from the flight tickets are lower than the vari-
able operating costs. This seat load factor is called
break-even seat load factor (break-even SLF) [42]. In re-
cent years, the break-even SLF has averaged 66% [43].

3 Simulation results
Initially, we assume that there is no disruption at the air-
port and that the maximum number of all service sta-
tions is available. When the disruption occurs, less
power is available at the airport for passenger handling.
Therefore, the number of service stations must be re-
duced. To analyze the impact of the different processes,
we only reduce the number of service stations at one
process until so many passengers miss their flight that
the resulting SLF falls below the break-even SLF. This
procedure is performed five times with each of the dif-
ferent databases. The resulting SLF is averaged over the
runs. The standard deviation indicates the variance of
the SLF induced by the five databases.
First test runs showed that a reduction of the number

of check-in counters initially had little effect on the
number of passengers who did not reach their flight.
Therefore, we determined the reduction intervals for
check-in to 10 counters. From a reduction to 46 coun-
ters we perceive greater effects. Thus, we halved the re-
duction intervals. In addition, during this runs it became
clear that the SLF falls below the break-even SLF with a
number of 6 check-in counters, 19 security checks or 2
passport checks. Therefore, we only reduce the available
counters at the respective process stations up to this
limit. In total, we executed 520 simulation runs for each
of the five data bases. Figure 5 shows the simulation
space with the considered parameter, the mean values
and the standard deviations of the results.
The axes show the number of security checks, check-

in counters and passport control. The points represent
the coordinates of the parameter space for which we
performed simulation runs. The SFL results from the
corresponding combinations of the service counters at
the three processes. In Fig. 5 (a) the mean SLF is color-
coded. The legend next to the parameter space shows
how the color is related to the average SLF of the flights
over the day. The blue dashed line indicates the max-
imum SLF possible in the model of 77.6%. The red
dashed line represents the break-even SLF of 66%. Bright
dots indicate a high SLF. The darker the color, the lower
is the SLF. White or yellow dots indicate that the mean
SLF is above the break-even SLF of 66%. Dark brown
and black dots indicate that the mean SLF is below the
break-even SLF. For light brown dots, the SLF is close to
the break-even SLF.

Table 2 Distances between the process stations and the
resulting times the passengers need tocover these distances
(delay times) for the model. The distances as well as the delay
times are indicated by the mean value and the standard
deviation

Route Distance [m] Delay Times [s]

Entrance Terminal - Check-in Counter 46 ± 26 34 ± 20

Entrance Terminal - Security Control 153 ± 77 114 ± 62

Check-in Counter - Security Control 153 ± 77 114 ± 62

Security Control - Passport Control 90 67 ± 13

Security Control - Gate 106 ± 42 79 ± 35

security Control - Gate 42 ± 15 31 ± 13
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If all service stations of the three processes are
available, the SLF is between 70% and 76% and there-
fore above the break-even SLF. Figure 5 (a) shows
that initially the SLF does not change notable when
the check-in counters are reduced. From a number of
16 check-in counters onwards we can see a greater
change in the SLF. As of a number of 11 available
check-in counters the SLF falls below the break-even
SLF. Reducing the number of security checks down to
21 does not lead to a lowering of the SLF below
break-even level. With a number of 19 and 20 avail-
able security checks, the SLF falls below the break-
even SLF. If we reduce the number of service stations
at the passport control, no notable influence on the
SLF can be detected. Only at a number of 2 service
counter we can perceive a change in the SLF. Here
the SLF has a value slightly lower than the break-
even SLF.
Figure 5 (b) shows the difference of the results of

the simulation runs with different databases in form
of the standard deviation. The coloring of the dots
outlines the percentage standard deviation. Dark dots
represent a high standard deviation while bright dots
symbolize a low standard deviation. The maximum
deviation of the results for all parameter combina-
tions is less than 6%. With a high number of all ser-
vice stations at the three processes, the results of the
simulation runs differ by only less than 1%. Thus, we
can exclude the differences in the databases, e.g. the
distribution of arrival times, as the cause of the de-
creasing SLF.

The results show that it is possible to reduce the
number of check-in counters to 26 without a notice-
able increase in the number of passengers missing
their flight. If a system failure necessitates a further
reduction in check-in resources, these can be reduced
to 21 or 16 counters. However, we must expect that
the quota of passengers who miss their flight will increase
up to 5%. Based on the results of this simulation study, a
further reduction in the number of check-in counters is
not recommended, because otherwise the proportion of
occupied seats in the aircraft would fall below the break-
even SLF.
Already a reduction of one counter at the security

control has a noticeable effect on the number of pas-
sengers not reaching their flight. However, if the situ-
ation at the airport makes it unavoidable to reduce
security control resources, we can reduce them to 22
available service stations. With a number of 21 service
stations at the security control, the average propor-
tion of occupied seats in the aircraft is just below the
break-even SLF. Since the random fluctuations of the
SLF are between 2% and 3%, we cannot clearly deter-
mine whether the break-even SLF is slightly exceeded
or undercut. If the number of service stations under-
cuts 21, the number of passengers who do not reach
their flight increases sharply. Therefore, we do not
advise a reduction of the number of security checks
to less than 21.
According to the simulation results, a reduction of

passport control to 3 service stations is possible without
a noticeable increase in delayed passengers. With a

a b

Fig. 5 Representation of the considered parameter space with the number of service counters where we carried out simulation runs. We
determined the mean values and the standard deviations of the results of the runs with the five different databases. These are shown in Fig. 5 (a)
and 5 (b). a Representation of the mean values. b Representation of the standard deviations
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reduction of resources to 2 passport controls so many
non-Schengen passengers miss their flight that the SLF,
both in terms of the number of non-Schengen passen-
gers and the total number of passengers, falls below the
break-even SLF.
Since no information is available regarding the

power consumption of the respective processes, we
cannot make a statement regarding an optimal com-
bination of the service stations. However, the results
of the simulation provide an aid in deciding which
variations of the service stations are considered as un-
critical, critical or insufficient with regard to a func-
tioning flight operation. This overview of the results
is shown in Table 3.
If less power is available at the airport due to a sys-

tem malfunction, we initially recommend reducing the
number of check-in and passport control service sta-
tions. Up to 26 service stations at the check-in or 4
at the passport control, the reduction has only a
minor effect on the number of passengers missing
their flight. If a further reduction in resources is ne-
cessary, the number of service stations at the security
control can also be reduced. A reduction to fewer
than 16 counters for check-in, 21 service stations for
security or 3 for passport control should be avoided.
This would lead to so many passengers who do not
reach their flight that the SLF would fall under the
break-even SLF.

4 Conclusion and outlook
As part of the research project “Airport Blackout”, we
developed a method to investigate the possibility to save
resources in passenger handling processes at the airport
terminal without interrupting flight operations. The aim
is to provide decision support for an improved reaction
to system failures, for example during power shortages.
With the data of the study responsible actors are able to
decide which and how many passenger handling service
stations can be dispensed without interrupting flight
operations.
The results of the simulation show that it is pos-

sible to reduce the number of service stations at the
check-in from a maximum number of 86 to 26

counters and at the passport control from a max-
imum number of 6 to 4 service stations without af-
fecting the number of delayed passengers. The
security control is the bottleneck in the passenger
handling process. We have to expect a reduction in
the average SLF as soon as the number of service sta-
tions at the security check is reduced. With a high
number of service stations at the security check, these
effects are within a few percentages. Therefore, a
small reduction in the number of service stations at
the security check is possible without interrupting
flight operations. In view of the break-even SLF, a re-
duction in resources at the check-in below 16 coun-
ters, at the security check below 21 and at the
passport control below 3 service stations should be
avoided.
As the input data is based on several general as-

sumptions and data from Cologne-Bonn Airport at a
specific day, these results are not directly transferrable
to all airports. Due to the standardization of proce-
dures at international airports, both, the methodology
and the simulation model, are transferable. These
may be adapted using data of various airports and
therefore represent a generally applicable instrument
for decision support.
Since the system of the airport terminal is very

complex, we made several simplifications and assump-
tions for the structure of the simulation. The extent
to which for example an introduction of spatial
boundaries of the airport terminal into the simulation
model, a variable adaptation of the service stations to
a fluctuating passenger volume in the course of the
day or different flight schedules have an influence on
the results of this investigation, should be investigated
in more detail and represent a research topic of fur-
ther projects. In addition, in this project we only con-
sidered passenger handling processes for departure.
The possibility to save resources in other processes at
the airport terminal, such as baggage handling, should
also be investigated in further studies. Thus, the re-
sults of this study provide a first approach for im-
proving the reactive measures in the event of system
failures at airports, which have to be examined and
specified in more detail in further projects. Then the
results will be applied not only to system failures in
the form of power shortages at the airport, but also
for example, to personnel shortages, technical prob-
lems at individual service stations or a partial IT fail-
ure. Whenever resources for passenger handling are
available to a limited extent, the findings can support
the responsible actors in their decision making on
how to use the available resources in an optimal
manner and whether they are sufficient to maintain
flight operations.

Table 3 Assessment of the number of available service stations
at passenger handling processes as uncritical, critical and
insufficient to maintain flight operations

Uncritical Critical Insufficient

service station for check-in 86–26 21–16 11–6

service stations for security check 26 25–21 20–19

service stations for passport control 6–4 3 2
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1 Appendix
Table 4 Overview of the core equations used in the model

Process Parameter Equation

Arrival distribution of the passenger at the airport [min] μ = 89; σ = 26 pðxÞ ¼ 1
σ
ffiffiffiffi
2π

p e − 1
2ðx − μ

σ Þ2

Duration Check-in [min] μ=58; σ= 25

Deposition of personal belongings at the security control [min] a = 0; b = 81
mode=21 pðxÞ ¼

2ðx − aÞ
ðb − aÞðc − aÞ for x∈½a; c�

2ðb − cÞ
ðb − aÞðb − cÞ for x∈½c; b�

0 else

8><
>:Security check of person and luggage [min] a = 2; b = 169

mode = 43

Receiving of personnel belongings at the security control [min] a = 0; b = 260
mode= 22

Duration Passport control [s] a = 50; b = 60
pðxÞ ¼

1
ðb − aÞ for a≤x≤b
0 else

�

Calculation of delay times in the airport terminal [m/s] v = 1.34
dv = 0.26

t ¼ s
v

dt ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ð1vÞ
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