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ABSTRACT 

The focus of this licentiate thesis in the area known as infra informatics, is air 
transportation and especially the logistics at an airport. The concept of airport 
logistics is investigated based on the following definition: Airport logistics is the 
planning and control of all resources and information that create a value for the 
customers utilizing the airport. As a part of the investigation, indicators for airport 
performance are considered. 

One of the most complex airport processes is the turn-around process. The 
turn-around is the collective name for all those activities that affect an aircraft 
while it is on the ground. In the turn-around process almost all of the actors 
operating at the airport are involved and the process is connected to other activities 
which take place on airside, in the terminal as well as in the control tower. This 
makes the turn-around process an excellent focal point for studying airport 
logistics. 

A detailed conceptual model of the turn-around process is developed and a 
simplified version of this is implemented in a computerized simulation program. 
The aim of the simulation is to enable the assessment of various logistical 
operations involved in turn-around, and their impact on airport performance. The 
flow of support vehicles serving the aircraft with fuel, food, water etc during the 
turn-around is received particular attention. The output from the model can be used 
as indicators for the airport performance. 

One of the most interesting support flows to study is the flow of de-icing 
trucks. De-icing is performed to remove ice and snow from the aircraft body and to 
prevent the build up of new ice. There is a limited time span prior the take off, 
within which de-icing has to be performed. This makes the time of service critical. 
An optimization approach is developed to plan a schedule for the de-icing trucks. 
Scheduling the flow of de-icing trucks can be seen as a heterogeneous vehicle 
routing problem with time windows. The objective of the optimization is total 
airport performance and a heuristic method is used to solve the problem. 

The optimized schedule for the de-icing trucks is used as input in the 
simulation model. The schedule optimized for the entire airport is compared to a 
schedule based on a simpler scheduling rule as well as a schedule optimized for the 
de-icing company. By running the model with the different routings, it is found that 
the schedule optimized for the entire airport gives the best results according to the 
indicators specified for measuring airport performance.  
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1 INTRODUCTION 

Transportation by aircraft is well suited to quick transportation over long 
distances. The increasing demand for people to travel (business meetings, vacation, 
visiting relatives and friends) in combination with lot of flight cargo has resulted in 
a steadily increase in air transportation over the past decades. 

Air transportation can generally be divided into three different parts: airline 
operations, air traffic management (ATM) and airport operations. Airline 
operations can be illustrated by decisions like which crew will perform each flight 
or which aircraft will fly to each destination as well as planning when an aircraft 
will need maintenance. Examples of ATM are ensuring that there is enough space 
between aircraft or deciding which runway a certain aircraft will take off from. 
Examples of airport processes are deciding which gate a certain flight will be 
connected to or which fueling truck will serve a certain aircraft. 

Looking more deeply into airport operations, some flows can be defined. 
There are flows of cargo and passengers with luggage, referred to as value flows 
since those are the flows that generate value into the air transportation system 
(ATS). To serve the value flows, support flows are needed. These have been 
divided into main support flows (aircraft and crew) and minor support flows (flows 
of staff and vehicles on ground serving the aircraft with fuel, catering, cleaning 
etc). 

It is well known that the airport is a bottleneck in the air transportation system. 
The airport is a complicated system with many time critical processes as well as 
different actors with contradicting objectives. To increase predictability and 
punctuality at the airport, there is an ongoing project called collaborative decision 
making (CDM). CDM was initiated by Eurocontrol and the system has been 
implemented on different levels at several airports. The idea behind CDM is to 
make all actors to share their information about the flights and other airport 
activities with each other. If this is done, it will enable better planning which in 
turn, can make the utilization of the resources more effective. But access to all the 
information alone will not make the planning more efficient; it is important to 
know how to handle the new information. The growing amount of information will 
even make the planning situation more complex for the decision makers.  

The additional information available from CDM is one reason why the Airport 
Logistics (AL) project was started in spring 2006. The project is a collaboration 
between the LFV Group (the Swedish civil aviation administration) and Linköping 
University. The air navigation services division (ANS) at LFV had defined some 
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bottlenecks in the system, especially at airports, which they were not able to 
deduce the cause exactly. This led to the idea of a research project at the university 
taking shape.  

During the project, a definition of airport logistics has been reached: Airport 
logistics is the planning and control of all resources and information that create 
a value for the customers utilizing the airport. With this definition, the concept of 
airport logistics is very wide. This thesis does not consider the total concept but 
fpProcess. 

Other objectives of the AL project are to develop a complete picture of all the 
processes and activities at and around the airport as well as analyze the usage of all 
resources at the airport, and to find solutions optimal for the entire airport, rather 
than solutions optimized for an individual actor. 

This thesis is describing the main work done in the AL project so far. Parts of 
the thesis is based on papers written within the project, see Lindh et al., 2007, 
Norin et al., 2007a and Norin et al., 2007b. 

1.1 Scope 
By studying the logistics at an airport, it will be found that the large number of 

actors involved in every flight, in combination with the time critical processes, are 
the main reasons for the complexity of airport logistics. One process where most of 
the actors are involved is the turn-around process. The turn-around process starts 
when an aircraft touches down and is going on until the aircraft takes off again. 
That process also connects to other processes on airside, at air traffic control (ATC) 
and inside the terminal. This makes turn-around to one of the main processes that 
influences the smooth running of airport logistics. Therefore the turn-around 
process was decided to be the focal point for the AL project. 

The idea is to design a detailed simulation model of all the actors and 
activities involved in the turn-around process. Apart from the aircraft, which 
obviously will be part of the model, the minor support flows e.g. catering, cleaning, 
fueling and de-icing will be studied. By looking at optimization methods for 
planning these flows, the idea is that airport logistics can become more effective. 
To start with, the de-icing flow has been studied because it is the most complex of 
the minor support flows. The de-icing activity has to take place in a certain time 
slot before the take off of the aircraft (called the hold-over time), to ensure that the 
anti-icing is still active. Apart from the hold-over time, the de-icing flow is similar 
to the rest of the minor support flows. The optimization of the minor flows will be 
generic for all airports. 

The aim of the simulation model is to enable the assessment of various 
logistical operations involved in turn-around, and their impact on airport 
performance. The simulation model will reflect Stockholm Arlanda Airport (SA) 
and will make it possible to study the interaction between the different actors, 
especially the minor support flows. The output of the optimization will be 
integrated in the simulation model, to make it possible to test the effect of the 
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optimization. The purpose of this is to find solutions for each individual actor that 
promote a better solution for the total airport. 

It is hard to define a good solution for the entire airport. It depends on which 
criteria “good” refers to, if the mission is to have an airport that is effective, 
available, robust, safe and secure, profitable or environment friendly. Some of 
these criteria are contradictory, but nevertheless, an airport usually aims to fulfill 
all these criteria. To measure whether a criterion is fulfilled or not, some indicators 
are needed. The indicators needed to measure whether the entire airport fulfills a 
criterion, are not always obvious and therefore, several indicators are needed for 
most of the criteria mentioned above. The indicators will be called airport 
performance indicators. 

1.2 Delimitations 
This work is intended to be used for planning at a strategic or tactical level. 

Therefore, the developed models and tools do not meet all the requirements for 
operational planning.  

The simulation model in this work reflects SA, i.e. it is not generic for all 
airports. To date, the optimization support for scheduling the minor support flows 
has only been implemented for one of the flows; namely de-icing. Therefore de-
icing is the only minor support flow based on a schedule in the simulation model. 
The traveling times for the rest of the minor support flows have hence been 
neglected in the simulation. 

These delimitations will be further discussed in the conclusions. 

1.3 Methodology 
This thesis falls under the category operations research (OR) area. OR is a 

scientific field that supports decision makers with quantitative analyzes from which 
intelligent decisions can be made. To do that, quantitative methods are needed. A 
quantitative method is a way of working where the researcher collects empirical 
and quantitative data in a systematic way, summarizes it statistically and from the 
collected material analyzes the results with a testable hypothesis as the starting 
point. (Nationalencyklopedien, 2008-10-16) Examples of quantitative methods are 
simulation and optimization, which both are used in this work and therefore 
described further in the section below.  

1.3.1 Simulation 
”Simulation is the process of designing a model of a real system and 

conducting experiments with this model with the purpose of either 
understanding the behavior of the system or of evaluating various strategies 
(within the limits imposed by a criterion or set of criteria) for the operation 
of the system” 

(Shannon, 1975) 
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The above quotation to introduce the definition of simulation is classic but is 
still relevant, since it contains the three fundamental parts of simulation; the real 
system, model and experiments. It also has a good description of the purpose. 

These three parts are included in every simulation study, and often the model 
section is divided into conceptual modeling and computer simulation modeling. A 
conceptual, or logical, model consists of structural and quantitative approximations 
and assumptions of how the real system does or will work. If the conceptual model 
is simple enough, it might be solved by methods such as queuing theory or linear 
programming, but if it is too complex, computer simulation might be an 
appropriate method to use. (Kelton et al., 2004) 

There are different types of simulation models. They can be either static or 
dynamic depending on whether or not they account time. Simulation can be 
continuous or discrete (or a combination). A continuous model changes 
continuously over time (like the water level in a tank) while discrete models 
change at special points in time when an event occurs. Finally, models can be 
deterministic or stochastic depending on if they include random distributions or not 
(Kelton et al., 2004). The simulation model used in this study is a dynamic, discrete 
and stochastic model. 

Other than the fundamental parts described above, a simulation study often 
includes steps like data collection, validation and verification, as well as sensitivity 
analysis. The validation step is issued to check that the conceptual model is an 
accurate representation of the real system, and is also used to ensure that the model 
meets the purpose of the experiments, i.e. a confirmation that the right model has 
been build. The verification step will check for the transformation between the 
conceptual and simulation models to be done with sufficient accuracy, i.e. a 
confirmation that the model has been built right. (Banks, 1998) 

All the parts and steps involved in a simulation study described above are 
summarized in Figure 1 (Persson, 2003). The figure also shows the relations 
between the different activities. The numbers represent the order in which the 
activities are executed. 
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Figure 1 Activities in simulation studies and their interrelations (Persson, 2003)  

 

1.3.2 Optimization 
Optimization is a field within applied mathematics and which has the purpose 

of finding the best alternative in a decision situation (Lundgren et al., 2003). An 
optimization problem is defined by involving decision variables, i.e. the parameters 
that are possible to change, an objective function, i.e. the goal of the optimization 
and constraints that add restrictions to the variables (Rardin, 1998). 

Optimization problems can be divided into linear and non-linear problems, 
depending on whether the relations between the variables are linear or not. 
Furthermore, the problems can be integer problems if all the variables are discrete. 
An integer programming (IP) problem where all the variables are binary (i.e. zero 
or one) is called a binary integer programming (BIP) problem. If only some of the 
variables are integer and the other variables can take real values, the problem is 
called a mixed integer programming (MIP) problem (Wolsey, 1998). For those 
different programming types some standard problem definitions are formulated. 
Examples of IP are the knapsack problem, traveling salesman problem (TSP) and 
vehicle routing problem (VRP) (Lundgren et al., 2003). 

For very hard optimization problems, it might be impossible to solve the 
problem to optimality. For such problems heuristic methods can be developed. In 
optimization, a heuristic is a method that gives a good solution in a reasonable 
time, but without indicating how far from optimum the solution is (Lundgren et al., 
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2003). Commonly used simple heuristics are greedy heuristics and local search. A 
greedy heuristic is a constructive heuristic which in every step selects the best 
available decision. Local search means that a neighborhood around an existing 
solution is defined and the solutions found in the neighborhood are evaluated. If 
one of the neighbor solutions is better than the current one, this solution is selected 
and its neighborhood is evaluated. This continues until a solution has been found 
that has no better solution in its neighborhood, i.e. a local optimum has been found. 
(Michalewicz & Fogel, 2004) 

For more advanced search methods, meta-heuristics can be applied. Simulated 
annealing and tabu search are examples of metaheuristics that are both based on 
the idea of escaping from local optima. Generic algorithm is another metaheuristic 
that starts with a population of solutions and then combines the best ones 
(Michalewicz & Fogel, 2004). Another example is the greedy randomized adaptive 
search procedure (GRASP) heuristic (Feo & Resende, 1995), which is used to 
solve the de-icing problem in this thesis. 

1.3.3 Integration of optimization and simulation 
One aim of the AL project is to develop a decision support system (DSS) to 

help decision-makers at an airport. The DSS will be designed in such a way that it 
applies to the four steps in the Shewhart cycle (Deming, 1986); Plan, Do, Check 
and Act, showed in Figure 2. 

 

 P A 
 

C 
 

 D 

Figure 2 Components in the Shewhart cycle 

 

Both the optimization and the simulation will be part of the DSS. Looking at 
the cycle, the four steps can be translated into corresponding phases for the DSS. 
The first one will have the same name; i.e. to Plan an improvement (for example, a 
process change). This potential improvement can then be tested using the 
simulation platform, which corresponds to the Do step in the cycle. The next step is 
to Check the consequences of the improvement, by analyzing the output from the 
simulation platform (consequence analysis). Here the airport performance 
indicators will be used. If the process change is successful, it should be 
implemented as a general measure in the Act step. Based on the results from the 
check step, some sort of decision support tool can be developed or utilized in the 
act step to further enhance the efficiency of the process change. These tools can 
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either be simpler rules of thumb or more advanced optimization tools. If the Check 
step does not reveal any promising results, the act step is dropped. The four phases 
in the DSS can be seen in Figure 3. 

 

 

 

Planning 

Experiments 
in Simulation 

platform Analysis of  
Consequences

Development 
of Decision 

Support Tools 

Figure 3 The four phases in the DSS 

 

The DSS described above can be used for supporting strategic and tactical 
decisions, like infrastructure planning and resource scheduling. The decision 
support tools developed in the DSS can typically assist in the planning of various 
sub-processes, and also in the operational control of resources in these processes.  

So, the optimization and simulation will be integrated during the DSS, but to 
be able to test the consequences of the optimization algorithms for the entire 
airport, the optimization must be integrated directly in the simulation platform. As 
shown in Figure 4, the output from the optimization, i.e. the schedules for the 
minor support flows, are used as input in the simulation. For a certain flight time 
table (including arrival and departure time for the flight, airline, type of aircraft, 
stand etc), the optimization algorithm is run to find schedules for the minor support 
flows. The output from the optimization is integrated into the simulation by letting 
the resources for the minor support flows in the simulation move according to the 
schedule from the optimization, when the simulation is run with the same flight 
time table as the optimization algorithm is based on. Within the limits of this thesis, 
only the schedule for the de-icing trucks is planned by the optimization tool. The 
other minor support flows in the simulation are not integrated with the optimization 
output at the moment. This means that the routes between the aircraft for those 
flows are delimited, but that the process time for doing the assignment, as well as 
the number of resources in each service pool is taken into consideration. By 
embedding the output from the de-icing algorithm into the simulation model, it will 
be possible to analyze the effects on the entire airport system of different de-icing 
schedules. 

The optimization algorithms works on a more actor-specific level, while the 
simulation integrates the different actors and processes and study the entire airport. 
The integration as it works right now, starts from a flight schedule for SA. By 
running the optimization tool for the de-icing trucks based on this flight schedule, a 
planning of the routes for the trucks is performed. These routes are imported into 
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the simulation model, which is then run with the same flight schedule. From the 
results of the simulation, the optimization schedule can be evaluated on the basis of 
airport performance indicators. The basic ideas behind the integration of the 
optimization into the simulation are explained in Figure 4. 
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Figure 4 Integration of optimization and simulation 

 

In the future, the idea is to develop optimization algorithms for all of the 
minor support flows and integrate them into the simulation platform. It might also 
be possible to feed back the results from the simulation into the optimization, so 
that the optimization will be updated with delays occurring while running the 
simulation. If that is possible, the DSS can be used on a more operational level. 
Today it is suited for strategic and tactical decisions. 

1.4 Contributions 
This thesis contributes to the existing research in several aspects. Below the 

main contributions are listed. 

• OR research within the air transportation area is summarized.  

• The concept of airport logistics is developed and a definition of the concept 
is reached. 

• The overall airport process is surveyed and a detailed conceptual model of 
the turn-around process is developed. 
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• A computerized simulation model of a simplified version of the conceptual 
turn-around model is implemented. To the knowledge of the author, there 
is no existing simulation model where all turn-around activities are 
included and interact as they do in this model.  

• A mathematical model for the problem of finding an optimal schedule for 
de-icing trucks is formulated. This problem has not been investigated 
earlier.  

• A heuristic approach is used to solve the de-icing scheduling problem. The 
GRASP method is used. This is a well-known heuristic, but has never been 
used for this problem previously.  

• The integration of the optimization results into the simulation model is a 
new approach for testing the effect of more detailed local solutions on the 
entire airport performance. 

1.5 Outline 
The remainder of this thesis is organized as follows. The next chapter, Chapter 

2, is a survey of related research in air transportation. The survey is based on the 
three main actors in air transportation; air traffic control, airlines and airports. 
Chapter 3 attempts to introduce the reader with airport facilities and services used 
in the thesis. In Chapter 4, the concept of airport logistics is defined and a detailed 
conceptual model of the turn-around process is presented. This chapter also 
includes a discussion about airport performance indicators. In Chapter 5 the 
optimization of scheduling the de-icing trucks is studied. A mathematical model is 
formulated and a heuristic solution is presented.  Chapter 6 describes the 
simulation of the turn-around process. The input data used in the model is 
presented and the implementation and validation steps are described. In Chapter 7 
the computational results from the integrated optimization and simulation model 
are presented and discussed. Finally, the conclusions of this thesis, as well as ideas 
for future research can be found in Chapter 8.  
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2 OPERATIONS RESEARCH IN AIR TRANSPORTATION 

Operations research (OR) is widely used within the air transportation area. In 
this chapter OR methods used for the three main actors in air transportation is 
presented. 

2.1 Three main actors in Air Transportation 
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Figure 5 Resource management challenges and initiatives in air transportation 
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There are three main actors in air transportation: airlines, airports and air 
traffic control (ATC). The airlines’ primary planning objective is to achieve the 
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most efficient transportation of passengers and cargo between various airports. For 
this to be possible, airlines need to offer their services at airports where these 
services are requested. Airlines need to have an appropriate fleet of aircraft as well 
as an effective schedule in order to meet these needs while flying the routes, at 
times that are most profitable. Airlines are an airport’s primary customers, but 
airports also profit from passengers who use the airport facilities and the services 
they provide, including restaurants, shops and parking spaces. In order to create an 
effective flow of passengers, cargo and airplanes to and from airports, a well 
developed infrastructure and support organization are necessary. The air traffic 
control authorities have the main objective of guaranteeing safe air traffic, but they 
are also responsible for managing the total flow of aircraft to reduce congestion 
and delays. This is referred to as air traffic management (ATM). In Figure 5 the 
resource management tasks performed by airlines, airports, and ATC are 
illustrated. As can be seen from the figure, some of the tasks have to be 
accomplished jointly by more than one actor.  

The complexity of dealing with air transportation system (ATS) management 
in its entirety necessitates a decomposition approach. For this reason, most of the 
previous work on ATS management studies some component of the system, 
usually a planning problem found at one of the actors. A convenient although 
incomplete approach to review the current literature on ATS management is 
therefore to consider three categories of resource management issues: airline 
operations, airport operations and ATM. The current trend, however, is a shift from 
the decomposition approach towards integrated planning, of which collaborative 
decision making (CDM) (e.g. Ball et al., 2000) is probably the best example. 
Airport logistics, which will be more detailed in Chapter 4, can be regarded as the 
efficient planning and control of the airport operations, which is why the focus of 
this research overview is the airport operations category.  

2.2 Resource management for airlines 
Resource management in general involves many scientific disciplines. Among 

them, a particularly important one is OR. References here are Barnhart et al. 
(2003a) and Clarke & Smith (2004) for surveys of OR applied in the ATS, and 
Leal de Matos & Ormerod (2000) that surveys the potential applications of OR to 
European air traffic flow management. 

Resource management in airline operations is typically revenue- and cost-
driven. Several resource management issues in airline operations have been studied 
in the literature. A strategic planning issue is schedule design, in which the 
schedules of flights for serving potential markets are determined. Models and 
solution approaches for schedule design have been presented in, for example, 
Berge (1994), Lohatepanont & Barnhart (2004) and Kim & Barnhart (2007). A 
second problem in airline operations is fleet assignment that involves assigning 
aircraft types to legs (non-stop flights) in the schedule. Models and methods based 
on mathematical optimization have proven to be effective for dealing with this 
problem (e.g. Hane et al., 1995, Rushmeier & Kontogiorgis, 1997 and Sherali et 
al., 2006). Once the aircraft type for a leg is determined, the next step is to assign 
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an individual aircraft of that type to the leg. Assigning an aircraft to a sequence of 
legs creates the routing of an aircraft. Since an aircraft must receive maintenance at 
regular intervals, aircraft routing also involves the planning of time and place for 
maintenance (e.g. Feo & Bard, 1989, Gopalan & Talluri, 1998 and Sarac et al., 
2006). In addition to managing the aircraft fleet, an airline operator must plan the 
aircraft crew. The most extensively studied topic in this area is crew scheduling, 
which consists of creating minimum-cost crew schedules (called crew pairings) and 
the assignment of the schedules to individual crew members (called crew 
assignment). For references see Barnhart et al. (2003b), Deming (1986) and Kohl 
& Karisch (2001) for surveys of this topic. Although the resource management 
issues discussed here have traditionally been tackled separately, there is an 
increasing amount of research on integrated management. For example, combined 
fleet assignment and aircraft routing with maintenance have been studied in 
Barnhart et al. (1998) and Desaulniers & Solomon (1997). The recent work in 
Cohn & Barnhart (2003) suggests that it may be favorable to jointly consider crew 
scheduling and maintenance planning. 

Some other decision making issues in airline operations fall into the practice 
of revenue management. Revenue management deals with models, strategies, and 
polices for overbooking, mixing fare classes, and seat inventory. A survey of these 
topics is provided in McGill & van Ryzin (1999). Chiang et al. (2007) have also 
written a general overview of revenue management with many examples from 
airlines. 

In a short-term perspective, airline operators (as well as airports) have to deal 
with disruption management, i.e., to perform recovery and minimize the negative 
consequences when the planned schedule (of flights and crew) is disrupted due to 
delays and other unforeseen events. Operations research has been widely used for 
disruption management in the literature (e.g. Andersson & Värbrand, 2004, 
Lettovsky et al., 2000, Love et al., 2002 and Thengvall et al., 2001). Surveys of this 
topic are presented in Filar et al. (2001) and Khol et al. (2007). 

2.3 Resource management at airports 
It should be remarked that the above cited works on optimizing airline 

operations do not consider the capacity of logistic processes at airports in any 
detail. Clearly, the capacities of the logistic processes (in addition to the capacity of 
an infrastructure, such as runways) at an airport highly influence the operational 
plans of the airline operators.  

Previous work on resource management at airports, i.e. airport operations in 
Figure 5, is closely related to the concept of airport logistics. However, whereas 
most of the previous work cited below focuses on a certain type of process at the 
airport, the concept of airport logistics is intended to capture the interaction 
between the processes, and perhaps even more important, between the airport 
processes and ATM. A project named TAM (total airport management) is dealing 
with similar questions. TAM started in 2006 and is still ongoing at Eurocontrol in 
cooperation with DLR (German Aerospace Center). The objective of TAM is to 
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develop an operational concept where it is possible for airports to be fully 
integrated in the ATM system and able to interact with other system components. 
This would give the airspace users all the information they need to make optimal 
decisions. Another objective is to develop a proper architecture for this concept. 
(Total Airport Management, 2006) 

Relevant elements in resource management at the airside of an airport include 
runway capacity, runway sequencing and taxiing, slot allocation, and gate 
allocation. There is a vast amount of literature on these topics. Some of these issues 
together with examples of references and a brief discussion are provided below. 

• Runway capacity. Traditionally, the runway has been considered a capacity 
bottleneck at the airside of an airport. The definition of (arrival) runway 
capacity can be tracked back to Blumstein (1959) in the late 50s. This basic 
runway model was extended to consider departures in Hockaday & 
Kanafani (1972). Examples of applying queuing and delay models for 
analyzing runway capacity are Bäuerle et al. (2007), Fan & Odoni (2002) 
and Koopman (1972).  

 
• Runway sequencing. Runway utilization can be improved if the landing 

and departing sequence of aircraft approaching an airport is optimized. 
Optimized sequencing also gives less delay and a higher throughput. 
Runway sequencing deals with determining the landing sequence subject 
to separation requirements between any two successively-landing aircraft. 
A natural extension of this problem is mixed arrivals and departures at one 
single runway. Also, taxiing operations affect runway throughput. 
References of some research work addressing runway sequencing and 
taxiing can be find in Andersson et al. (2003), Dear & Sherif (1991), 
Hansen (2004) and Pujet et al. (1999).   

 
• Slot allocation. At many airports, time slots for landing and take off are 

scarce resources. Thus the policy used for allocating slots plays an 
important role in managing the overall airport capacity. The possibility of 
improving capacity through slot allocation is heavily dependent on 
regulations (e.g. European Commission, 2001) and the instruments 
available. See Madas & Zografos (2006) for an up-to-date review of the 
current instruments and proposals of enhanced slot allocation procedures. 
In Arul et al. (2007) a new model for allocating the slots is presented. 

 
• Gate assignment and scheduling. Assigning gates and stands to aircraft is 

an (often on-line) operation performed at every large airport. Optimized 
gate assignment and scheduling leads to efficient utilization of the gate 
resource, as well as minimum delay caused by the unavailability of gates 
and passenger transfer between gates. For references of some recent work 
on applying mathematical optimization to gate assignment see Ding et al. 
(2005) and Yan & Tang (2007). A comprehensive survey is provided in 
Dorndorf et al. (2007), which contains over 50 references on this topic. 
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2.4 Resource management in ATM 
In addition to airline and airport operations, resource management is equally 

important in ATM. The sky is a scarce resource in the ATS today. From a 
modeling standpoint, a widely investigated issue is to avoid potential conflicts 
between aircraft. A review of this topic is given in Kunchar & Yang (2000). In the 
context of airport logistics, the most relevant operation of ATM is air traffic flow 
management (ATFM) which deals with coordinating traffic flows at regional, 
national, and international level. The decisions made in ATFM, in turn, regulate the 
air traffic at the airports. Conversely, the capacity of airport operations, e.g. those 
involved in a turn-around process should be integrated into the decision making 
process in ATFM.  Some measures in ATFM are re-routing (i.e. choosing another 
route for some aircraft), metering (i.e. controlling the aircraft arrival time), and 
ground holding (i.e. delaying the departure of flights in order to avoid overload). 
Models and strategies for these types of decision making processes are presented 
in, for example, Andreatta & Romanin-Jacur (1987), Andeatta et al. (1998), Bianco 
& Odoni (1993), Dell’Olmo & Lilli (2003), Leal de Matos & Powell (2003), Liu et 
al. (2008), Lulli & Odoni (2007), Rossi & Smriglio (2001) and Terrab & Odoni 
(1993). 
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3 THE AIRPORT – FACILITIES AND SERVICES 

In this chapter the basic facilities and services at an airport are described in 
order to give the reader an insight into the air transport concepts. The examples 
below are from Stockholm Arlanda Airport (SA), since this airport has been used 
as starting point for the Airport Logistics project. 

3.1 Infrastructure 
The airside infrastructure at an airport includes both the airborne flight routes 

including waypoints and beacons, as well as runways, taxiways, stands and other 
facilities on ground. The landside infrastructure includes roads, parking places and 
drop-off zones in front of the terminal buildings. In this section the main facilities 
belonging to airside infrastructure are described. 

3.1.1 Aerodrome 
An aerodrome is a defined area intended to be used for aircraft arrivals, 

departures and surface movements (ICAO, 2004). 

Obviously, there must be some space between two movements on the same 
runway. A movement on a runway is the common name for an arrival or a 
departure. How long separation that is needed between two aircraft depends on the 
aircraft type of both the leading and the trailing aircraft. There are different 
distances used depending on if the separation is due to aircraft performance or 
wake turbulence.  

The aircraft performance data of interest for separations are how fast the 
aircraft can fly and how fast it can climb. Wake turbulence means the effect of 
rotating air masses generated behind wing tips of jet aircraft, which can affect the 
aircraft operating behind them. (IATA, 2004) ICAO has set up separation minima 
based on aircraft mass due to wake turbulence. If a small aircraft is following a 
large, a long separation is needed due to wake turbulence. If a large aircraft is 
following a small, a long separation might be needed due to performance, as the 
smaller aircraft is likely to have lower speed than the trailing. 

The separations also depend on whether the movements concerns landing 
before landing or landing before take off etc, if the aircraft are heading against the 
same beacon and if the separation concerns the same runway or depending runways 
(e.g. close parallel runways or crossing runways). 
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Separations are given in time (seconds) or distance (Nautical miles). Normally 
separations for take off after landing is given in time, while separations for landing 
after take off as well as take off after take off and landing after landing is given in 
distance. 

3.1.2 Runways 
Runways are the name of the area where aircraft touch down and take off. 

There are three runways at SA; 01L-19R, 01R-19L and 08-26, in accordance to 
Figure 6. The naming equals the point of the compass of the direction of the 
runway ignoring the lower digit. In cases when there are parallel runways, the 
letters R, L or M are added for right, left or middle. In some cases with more than 
two parallel runways, the names of one of the runways are altered ten degrees 
instead of using middle. For example, if a third runway in direction 01-19 will be 
build at SA, it might be called 18-36. 
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Figure 6 Runways at SA (LFV Teknik, 2008) 
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Depending on weather conditions, time of day etc, different runways are in 
use. During daytime, the most common configurations are to land at 01R and take 
off at 01L (north wind) or land at 19R and take off at 19L (south wind). To extend 
the runway capacity it is possible to mix the traffic, i.e. both take off and land at 
both the runways. Due to noise restrictions over the suburb Upplands Väsby, 
runway 08-26 is used instead of 01R-19L during night time. 

When more then one runway is in use, the decision of which runway an 
aircraft is allocated to, depends on the origin or destination of the flight. Depending 
on which direction an aircraft is coming from, it is heading for different approach 
waypoints. A waypoint is connected to one or two runways. If it is connected to 
two runways, the current utilization of each runway decides which to use, in order 
to get as good balance as possible between the runways. The same procedure is 
used for departure waypoints. 

The capacity of a runway depends on several factors, e.g. runway layout, 
taxiway system, apron area including gates, mix of aircraft and weather conditions. 
(IATA, 2004). 

3.1.3 Taxiways 
All the links between runways, gates and hangars are called taxiways. The 

taxiways should be designed to maximize the runway throughput. Common 
functionalities that are improving the system capacity are rapid exit taxiways 
(RET), parallel taxiways and multiple departing queuing taxiways. (IATA, 2004) 

At SA fixed taxi routes are used, which means that predefined taxi routes 
exists between all runways and gates. These prefixed taxi routes are uncommon 
and do not exist at many (if any) other airports, where individual controllers give 
varying routes on the taxiways instead. Together with the increasing number of 
aircraft that are taxiing around at the airport, this might lead to increasing radio 
frequency load and airfield congestion, resulting in delays. By implementing fixed 
taxi routes published in the aeronautical information package (AIP) which the 
pilots always should follow (unless otherwise instructed by the tower), a consistent 
system utilizing the taxiways in the most efficient order can be reached. Having a 
predictable flow of traffic has proven to increase the efficiency, reduce delays and 
allow controllers extra thinking time to concentrate on other elements such as 
optimum departure order. Calculating stand to runway and runway to stand times 
will also be more exact and the use of RTF (radio telephone) will decrease. 
(Eurocontrol, 2007) 

The taxiing speed depends on the type of the aircraft. Generally larger aircraft 
are taxiing in lower speeds than smaller aircraft. When an aircraft is towed, e.g. 
between gates or to or from the hangar, the speed is lower than if it is taxiing by 
own power. 

3.1.4 Terminals 
Passenger terminals contain several sub-systems. The most essential ones are 

check-in area, security control, gate hold rooms, baggage claim area and arrival 
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hall. If there are international flights to and from the airport, passport control as 
well as customs are also needed. (IATA, 2004) 

There are four passenger terminals at SA; Terminal 2, 3, 4 and 5 including 
Pier F. Terminal 2 and 5 are international terminals while Terminal 3 and 4 are  for 
domestic flights. Each airline operating at the airport has flights to and from one 
(or more) specific terminal. 

In the international terminals, the aircraft are allocated to different gates 
depending on whether they come from a destination inside or outside the Schengen 
agreement. In short, the Schengen agreement is a commitment between several 
European countries meaning that passengers traveling inside the Schengen area do 
not need to be passport controlled, while there are strict controls for passengers 
traveling into the Schengen area. Sweden has been a member of the Schengen area 
since 2001. (EU-upplysningen, 2008-10-18) 

3.1.5 Apron, stands and gates 
An apron is the area where an aircraft is standing during the turn-around. The 

apron provides direct access to aircraft stands. An aircraft stand is a designated area 
intended for parking an aircraft where passengers can be loaded and unloaded with 
a bridge or by bus (IATA, 2004). If the stand is connected to the terminal via 
bridge, the stand is often called gate, since gate is the passenger holding area inside 
the terminal where the bridge terminates.  

At SA most of the stands used for passenger flights are gate-bridge connected 
stands. Most of the aprons are used either exclusively for passenger flights or cargo 
flights. Which stand an aircraft can use depends, among other things, on its 
wingspan. 

3.1.6 Hangar 
A hangar is a large building intended to store and maintains aircraft. (Airport 

technology, 2008-10-18) 

Many of the aircraft parked at the airport over night are going to the hangar 
during the ground period. Aircraft with long turn-around times can sometimes also 
go to the hangar in order not to block the gate. Aircraft that need maintenance also 
use the hangars. The aircraft are not going to and from the hangars by own power, 
but are towed by towing trucks. For the hangar flights, some of the turn-around 
activities are performed before going to the hangar; like deboarding and unload 
baggage. The other activities are performed after coming to the gate from the 
hangar.  

3.2 Actors  
In Chapter 2 the main actors in air transportation are discussed. In this section 

the main actors at the airport as well as the actors involved in the turn-around 
process are described. 
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3.2.1 Main actors at an airport 
Although the number of actors involved in the airport process is large, they 

can be roughly divided into the few groups presented below. 

 

• Air Traffic Control (ATC)  

Air traffic control (ATC) is a service that gives guidance to aircraft, to prevent 
collisions and manage an efficient traffic flow.  (Airport technology, 2008-10-18) 
In Sweden, ATC is operated by a division of the LFV Group (Swedish civil 
aviation administration) called air navigation services (ANS). ANS has a number 
of responsibility areas; area control centers (ACC) who are responsible for en-route 
flights, terminal control centers (TMC) responsible for flights to and from the 
airport (or airports if there are close airports, e.g. TMC Stockholm is responsible 
for the traffic to and from Arlanda, Bromma and Uppsala airports) and towers 
(TWR) responsible for the traffic closest to the airport, e.g. final approach, taxiing 
and sequencing of departing aircraft (Flygtrafiktjänsten, 2008-10-18). A figure of 
the responsibility areas is presented in Figure 7. 

 

 
Figure 7 ANS responsibility areas 

 

• Airport holders 

In Sweden, most of the (large) airports are owned by the LFV Group, e.g. 
Stockholm Arlanda Airport. But also other ownership forms are present; city 
owned airports (e.g. Norrköping Airport), privatly owned airports (e.g. Skavsta 
airport), or military airports (e.g. Ljungbyhed Airport). (Fortverket, 2008-10-18) 

The airport holder is responsible for providing that all the airport operations 
can be performed smoothly. The airport holder is also responsible for safety, 
security and environmental issues at the airport. 
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• Handling agents  

Many of the services at the airport that are not achieved by airport holders are 
performed by handling agents. Examples can be check-in, fueling or catering. The 
handling agents are working on commission from the airlines. 

 

• Airlines 

Airlines are operating aircraft in commercial interests. Earlier, an airline was 
only allowed to operate at their home market, i.e. a Swedish airline was not 
allowed to operate a flight between London and Paris. However, these restrictions 
disappeared when the air traffic market within the European Union was 
deregulated in 1992. (Luftfartsstyrelsen, 2008-10-18) Since then a lot of new 
airlines has set up activity. The airlines can roughly be divided into regular airlines 
(grouped in alliances using networks of flight legs), low cost carriers (or point-to-
point airlines) and charter airlines (intended for a similar group destination). 

 

• Aviation authorities 

Aviation authorities have a role as supervisors and will see to it that all the 
rules are obeyed. In Sweden the authority is called Luftfartsstyrelsen (Swedish civil 
aviation authority) and their task is to promote a safe, cost effective and 
environmental friendly civil aviation. (Luftfartstyrelsen, 2008-10-18) 

3.2.2 Actors involved in the turn-around process at SA 
Since this thesis focuses on the turn-around process at SA, the actors involved 

in this process are described below. The specific companies presented here were 
active at SA in 2007. 

• The Airline personnel involved in the turn-around is Flight Deck. Flight 
Deck is the airline crew in cockpit, i.e. Pilot in command, Co-pilot and 
possibly a Release pilot.  

• Cargo companies at SA are Jetpak, SAS Cargo Terminal, Spirit Air Cargo 
Handling, Thai Cargo and Travel Cargo.  

• Catering companies at SA are Gate Gourmet, Klarago AB and LSG Sky 
Chefs.  

• Cleaning companies at SA are ISS, Nordic Aero and Sodexo.  

• Customs is a government authority controlling the commodity flow into 
the country.  

• De-icing companies at SA are Nordic Aero and SGS.  

• Fuel companies at SA are AFCO AB and SFS AB.  

• Ground handling companies at SA are Finn-handling, Novia Handling 
AB, Nordic Aero and SGS.  
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• The Police Service is responsible for passport control at Swedish airports.  

• The Security company at SA is G4S (Group for Security) who is 
responsible for all surveillance at the airport.  

• Technician companies at SA are Prioroty Aero Maintenance AB and STS. 
The technical check (or external inspection) is performed by one of these 
companies, by a special airline technician or by Flight Deck.  

3.3 Processes: Minor Support Services 
Many processes continuously take place at the airport. In the following section 

the processes active during the turn-around process are described. These processes 
are performed by the minor support services. 

3.3.1 The Baggage loading and unloading process 
Checked in baggage can be stowed in the aircraft in two different ways. Either 

the bags are stowed in bulk (normally smaller aircraft) or in pre-packed containers 
(for larger aircraft). As the containers can be packed before the aircraft arrives to 
the airport, the turn-around process time for loading baggage will be shorter with 
container loading than with bulk if the number of bags is large. 

The checked in baggage on a flight has to be sorted, unless it is a charter flight  
(or other point-to-point flight) were all bags have the same priority and destination. 
Otherwise there might be transferring bags, high prioritized bags or odd size bags 
etc. (Winberg, 2006) 

3.3.2 The Catering process 
The catering process involves removing leftover food from the previous flight 

and re-equipping the aircraft with new food. The catering can start when all 
passengers have left the aircraft. The catering companies use high-loaders to get 
the catering cabinets on and off the aircraft. All high-loaders do not fit all aircraft, 
so a planning of which high-loader to use for which aircraft is required.  

Catering takes between 5 and 75 minutes depending of how much food that is 
needed and if there are pre-packs (pre-ordered commodities placed on the seat) or 
not. The catering teams need to go back to the depot between serving two aircraft 
to empty garbage and re-equip with new food. 

The catering coordinator makes a rough plan from the air traffic schedule for 
how many workers are needed and the detailed planning of who is serving which 
aircraft is done manually during the day. (Asplund, 2007) 

3.3.3 The Cleaning process 
The airlines can request different types of aircraft cleaning. During daytime 

the cleaning can take from 5 (just empty garbage) up to 40 (garbage, seat-pockets, 
belts, vacuum cleaning etc) minutes. The latter is only performed on aircraft with 
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longer turn-around-times. Longer and more careful cleaning is performed during 
nighttime when the aircraft is on the ground for longer time. 

On most aircraft, cleaning and catering can be performed simultaneously, but 
for some smaller aircraft there is not space for both of them. In the latter case, it 
does not matter if cleaning or catering is performed first. 

The cleaning teams can go directly between two aircraft, but at breaks and 
when they need new material (like pillows and blankets) they have to go to the 
cleaning base. There is no significant difference between the cleaning teams so all 
teams can be assigned to all aircraft and cleaning types. (Ahlman, 2007) 

3.3.4 The Fueling process 
At SA fueling can be performed in two different ways. There is a hydrant 

system with fuel pipes in the ground that dispenser trucks can connect to, to fill up 
the aircraft. At aircraft stands where the hydrant system is not available, fueling is 
performed by tankers. There are different types of dispenser trucks; the large type 
that can serve all kinds of aircraft and the smaller type that only can connect to 
smaller aircraft. However, the small dispensers are preferred when the area around 
the aircraft is tight. Also, the tankers vary in size. Normally they can take between 
8 and 40 cubic meters of fuel. 

Fueling can not be performed simultaneously with baggage loading and 
unloading since these services need the same area around the aircraft. Before the 
fuel company starts to fill up, they always check the water content in the fuel. The 
area around the aircraft has to be planned so that the dispenser truck or tanker has a 
free way for evacuation. There are also some airline specific rules about fueling 
while passengers are onboard. Most airlines allow that, but only under certain 
conditions, e.g. there must be a fire engine ready in the immediate surrounding or 
there must be two way communications between apron and aircraft. At SA, fueling 
is not allowed if there is a thunderstorm.

The time it takes to fill up an aircraft depends on the capacity of the pipes in 
the aircraft and, of course, of the amount of fuel needed. The pilot decides how 
much fuel that is needed and must report that to the fueling company before they 
can start to fill up the aircraft. 

Today, there is no preplanned schedule for which truck that will serve which 
flight. Not until a fueling request arrives from the pilot, the fueling company 
coordinator allots the assignment to one of the workers. The fuel company base, 
where workers can be found when they are not on assignments and where the fuel 
refill station is, is located in the southern part of SA. (Ekenberg, 2007) 

3.3.5 The Water and Sanitation processes 
The aircraft has to be released from waste water and be re-equipped with fresh 

water. This is performed by two different vehicles which most often are operating 
on the opposite side of the aircraft body than baggage handling and fueling. This 
means that water and sanitation can be performed simultaneously with baggage 
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loading/unloading and fueling, but not simultaneously with each other. However, it 
does not matter which one of them that performs its service first. (Eriksen, 2006) 

3.3.6 The De-icing process 
Since even very thin layers of frost and ice on the aircraft have a negative effect 

on the lifting force and the control of the aircraft, de-icing is needed if any part of 
the aircraft is covered with snow or frost, or there is precipitation that could cause 
this to happen. At SA, the de-icing period is between October and April. The de-
icing process is divided into two steps; during the first step, frost and ice are 
removed from the aircraft, usually by a warm, buoyant glycol mix (Type 1 fluid). 
The next step is called anti-icing and is performed to prevent new frost and ice 
from appearing on the aircraft before take off by a thicker fluid (Type 2 fluid). The 
time from anti-icing to take off (called hold-over time) is limited, as the effect of 
the Type 2 fluid wears off after a while. This means that it is not possible to de-ice 
an aircraft a long time before take off. How long the hold-over time is depends on 
the type of fluid, temperature and type of precipitation.

Therefore it is important to find a de-icing truck that can serve the aircraft on the 
“right” time. If the aircraft is served late, the turn-around time will increase with a 
possible late departure as a result. If the de-icing is performed too early, the 
procedure might have to be repeated. Even so, this would be a fairly uncomplicated 
planning problem, if only the time windows were known in advance and could be 
considered reliable. Today, the de-icing coordinator will plan tactically based on 
weather conditions and the flight schedule, and operationally – when a truck is dis-
patched – based on a request from the pilot (Delain & Payan, 2003). At the 
moment the coordinator gets the request, he or she decides which truck that should 
be allocated to the aircraft in question. Today, there is no preplanned schedule that 
the decision can be based on. This means that the truck-drivers do not know in 
advance which aircraft they are going to de-ice during the day. 

The request from the pilot usually arrives in the beginning of the turn-around 
process, with the assumption that all activities will be performed on time. The de-
icing truck will arrive at the aircraft a couple of minutes before the scheduled 
departure time. (Johansson & Medelberg, 2007) 



The Airport – Facilities and Services 
  
 

 

                                                                                                             _ 

 
26 
 
 
 
 
 
 
 



  Airport Logistics 
   
 

 

    
 

27 
 
 
 
 
 
 
 

4 AIRPORT LOGISTICS 

In this chapter, a definition of the airport logistics concept is reached. Further 
on, the turn-around process is detailed and a model of it is presented. Indicators for 
evaluating airport performance are discussed in the last section of this chapter. 

4.1 A definition of Airport Logistics 
The existence of the air transportation system (ATS) is due to the demand for 

quick transportation over long distances, for example between the airports A and B 
in Figure 8. It is instructive to view the ATS as a network having flows. In this 
context, the flows that generate value in the ATS are passengers, possibly traveling 
with baggage, and cargo. These flows will henceforth be called value flows. In 
order to facilitate the value flows, main support flows are necessary; the two most 
evident being the flows of aircraft and aircraft crew. These are also the only two 
support flows that connect the airports in the system. Other services needed are for 
example cleaning, catering, fuel, baggage handling, de-icing, water and sanitary 
service, referred to as minor support flows. These three types of flows will connect 
to each other in several processes. 

Most actors in the ATS interact at the airport. Apart from the airport, which 
may be regarded as an actor in the system, the actors include airlines, handling 
companies, passengers, cargo owners and air traffic control (ATC). The overall 
efficiency of the system is a (complex) function of the individual efficiency of 
every single participant in the system. To maximize the overall efficiency, the 
operations performed by one actor should be made available to all other actors. 
This is also the core concept of collaborative decision making (CDM). In CDM, 
airlines, airports, handling companies and ATC should all have access to the same 
information within the system. An actor should be able to influence decisions that 
will affect their operations, including decisions made by another actor.  
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Figure 8 A conceptual view of the air transportation system and of the airport system 

 

The technical prerequisites for an effective CDM system, such as the 
possibility to create safe and secure communication channels, exist today. 
Furthermore, there exist solutions for navigation, surveillance and control of 
aircraft, which are superior to the radar based systems in use today. These technical 
advances result in an increasing amount of information to each actor in the ATS, 
which, correctly used, should lead to improved resource utilization, as well as 
reduced delays and waiting times. However, the growing amount of information 
also leads to a mounting complexity in the decision making process, as the number 
of options available for the decision makers grows. Thus, improvement in 
efficiency requires that each actor has the ability to handle and utilize the new 
information.  

When a single airport is studied, the logistics of the ATS is limited to airport 
logistics. Airport logistics is the planning and control of all resources and 
information that create a value for the customers utilizing the airport. The 
customers in this aspect are the passengers and cargo service consumers, as well as 
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airlines, restaurants, shops, and other actors operating at the airport. In the context 
of CDM, the goal of airport logistics is to utilize and process the information made 
available via CDM to achieve an efficient resource management. Airport logistics 
does not only include managing the pure airport processes, but also the relevant 
ATM and airline processes (as indicated in Figure 5).  

Looking closer at airport A in Figure 8 above, the airport is divided into three 
geographical areas; landside, terminal and airside. These are commonly used 
notations, but the definitions vary. In some sources landside includes all activities 
on the ground and airside includes everything happening in the air, while other 
sources place the border between landside and airside at the security control. The 
definitions used here can be found in Table 1.  

 

Table 1 Definitions of airport areas 

Airside  Airside is the area where activities related 
to aircraft movements, like approach, 
taxiing and take off, as well as turn-around 
(e.g. fueling, push-back and services by 
other types of vehicles), take place.  

Landside  Landside includes the areas and the 
associated activities on the curb side of the 
terminal, like parking spaces and bus stops.  

Terminal  Terminal includes the area and all activities 
occurring inside a terminal building. Note 
that this may be a cargo terminal as well as 
a passenger terminal.  

 

Most of the flows enter and leave the ATS through landside (see Figure 8). 
The passengers may e.g. travel by car, train or buss to the airport, and will reach 
the landside area before entering a passenger terminal. Cargo often arrives by truck 
and might be unloaded at a cargo terminal. The aircraft flow does not normally 
leave the ATS, but enters and leaves a single airport system through airside. The 
process that is initiated when an aircraft touches down, until it takes off again, is 
called turn-around.  

One way of increasing the capacity in the ATS is to reduce the turn-around 
times. During turn-around, several activities are performed; passengers and 
baggage have to be unloaded, and the aircraft has to be cleaned and fuelled. The 
toilets have to be emptied and the food supplies re-stocked. Sometimes snow and 
ice have to be removed before the aircraft can take off again. The efficiency of 
each of these processes has a direct impact on the turn-around time of the aircraft. 
The turn-around process is essential in the airport system, as most of the other 
relevant processes and activities connect to each other during the turn-around. This 
makes turn-around one of the processes that have most to gain from an efficient 
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integration of ATM and ground processes, as well as an excellent starting point for 
analyzing airport operations.  

4.2 A Model of the Turn-Around Process  
In this section a model of the turn-around process is presented. The associated 

turn-around time is defined as the time between touch down and take off. At this 
phase, the model is based on Stockholm Arlanda Airport (SA) with all its 
conditions and limitations.  

As an aid when scheduling and sequencing the logistic activities at SA, a 
directed activity based network, in which the nodes are relative points in time and 
the arcs are activities, has been developed (see Figure 9). The network is 
constructed such that all activities entering a node must be completed before the 
activities leaving the same node can start. The network is not fully complete 
compared to reality, but illustrates the most important and fundamental 
components. In particular, the network includes passenger, baggage, cargo and 
crew flows. The aircraft flow is the underlying base of the network, but is not 
explicitly marked. The aircraft is involved in all activities, except the start of the 
departure flows (before boarding/load baggage) as well as the end of the arrival 
flows (after deboarding/unload baggage) for passengers, baggage and cargo.  

The network describes the flows during turn-around if the gate is connected to 
the terminal via a gate bridge. If the aircraft instead has a remote stand, the 
passengers walk or travel by bus between the aircraft and terminal. Some other 
details in the process may also differ between remote and gate-connected stands. If 
the aircraft has a long turn-around or stays at the airport over night, it is not 
unusual that the plane is towed to a hangar between the flights, in order not to 
block the gate. Towing between gates is also common if the arrival and departure 
destinations are not of the same category.  

The crew flows described in the network is for turn-around processes where 
there is a change of crew. On turn-around processes away from the home base and 
on shorter flights, it is common that the same crew is scheduled to fly the next leg 
in the same aircraft. In these cases, the crew will stay with the aircraft during turn-
around.  
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Figure 9 An activity based network of the turn-around process 
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All activities in the model are explained in the text below in the format 
Activity: Explanation (Actor), i.e. the name of the activity, a short explanation and 
which actor that is responsible for or performing the activity. Again, the actors are 
specific for SA and are described in Section 3.2.2. As can be seen, there is a large 
number of actors involved in the same process, which leads to at least an equal 
number of (different) goals within the same process. 

Activity: Explanation (Actor)  

Anti-collision light on/off: Shows that the aircraft is moving and/or that the 
engines are running. While lighted nobody is allowed to be on the apron in the 
vicinity of the aircraft (Flight Deck)  

ATC Clearance: The pilot contacts the TWR for departure clearance (height, route 
etc) and for clearance to start up the engines (TWR)  

Baggage screening: Screening of departure baggage to ensure that they contain no 
hazardous materials (Airport)  

Baggage sorting: Sorting of baggage to ensure it will be loaded on to the correct 
aircraft (Airport)  

Baggage transport: Transfer of baggage on special vehicles between the terminal 
and the aircraft (Ground handling company)  

Baggage reclaim: The passengers pick-up arriving baggage (Ground handling 
company / Airport)  

Boarding / Deboarding: Entering and check of boarding cards, or leaving the 
aircraft (Ground handling company)  

Catering: Providing the aircraft with food etc (Catering company)  

Check in: The check in of passengers. Check in at SA is made in check-in 
counters, self-service kiosks or via the Internet. (Ground handling company / 
Airport)  

Check of aircraft systems: Checking the aircraft systems from inside the cockpit 
(Flight deck)  

Chocks on/off: Placed next to the wheels to prevent the aircraft from moving 
(Ground handling company)  

Cleaning: The cleaning of the cabin between flights (Cleaning company) 

Customs check: Checking the baggage of arriving passengers (Customs / Airport)  

De-ice: Anti-icing procedure before taking off.  (De-icing company)  

Document control: The cargo documents have to be checked. The document 
control is e.g. a check if the goods are expected and if the supplier is known. The 
documents are then sent electronically to the arrival airport, so no physical control 
of the documents is performed when the goods arrive. (Cargo company / Security 
company)  
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FMS: Flight management system (FMS) means insert and check of relevant 
flightplan, check of valid navigation database, insert of fuel figures etc (Flight 
Deck)  

Fueling: When the aircraft needs more fuel for the next flight leg. Normally the 
fueling order with the required amount of fuel has been sent to the fueling company 
after Flight Deck has completed the flight planning phase. However, sometimes the 
flight captain communicates directly with the fuel operator. (Fuel companies)  

Gatebridge on/off: Walkway connecting the aircraft to the terminal (Ground 
handling company)  

GPU on/off: The ground power unit (GPU) provides power to the aircraft while 
parked (Ground handling company)  

Index light on: A technical aid showing where the aircraft should stop when 
connecting to a gate/gate-bridge (Ground handling companies)  

Load sheet: Calculations of loaded baggage, cargo and fuel, checked by the pilot 
to match the actual weight and number of passengers in the different areas of the 
aircraft (Ground handling company / Flight Deck)  

Load/Unload truck: Moving the cargo between the truck and the terminal (Cargo 
company)  

Passport control: The control of passports of passengers to and from destinations 
outside the Schengen area (Police / Airport)  

Performance (Take off performance calculations): Calculations done to assure 
that the available runway length is sufficient for a safe take off, as well as 
determining critical speeds during take off and climb (Flight Deck)  

Push-back: Moving of the aircraft by a push-back vehicle (Ground handling 
company / TWR)  

Re-packing: Transfer of goods from truck cargo to air cargo (mainly container) 
and reverse (Cargo company)  

RWY conditions: The pilot checks which runways that are in use (Flight Deck)  

Sanitation: The waste is released to special sanitation-vehicles (Ground handling 
company)  

Security control: Control of passengers when moving into the secured area 
(Security company / Airport)  

Sequencing: Deciding in which order aircraft will take off, to increase the runway 
capacity (TWR)  

Take off: The take off phase commences when take off power is set and the 
aircraft starts to roll (TWR / Flight Deck))  

Taxi: Aircraft ground movement, most often between the runway and the gate 
(TWR)  
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Technical check: External inspection of the aircraft before departure (Technician 
companies or special airline technicians or Flight Deck)  

Touch down: When the aircraft wheels connects with the runway during landing 
(TWR / Flight Deck)  

Trim weight and balance: With the information from the load sheet and weight 
and balance calculations, the pilot sets the trims for the actual conditions for the 
take off (Flight Deck)  

Unload/Load baggage: Baggage is loaded either in bulk or in containers (Ground 
handling company)  

Water: Fresh water delivered by special water-vehicles (Ground handling 
company)  

Ventilation on/off: Air from the ground when connected to the gate (Ground 
handling company)  

Wingmarks on/off: Special cones placed under the wings showing that no walking 
is allowed (Ground handling company)  

WX: The pilot checks the weather conditions for the next flight leg (Flight Deck)  

Having access to the network in Figure 9, it is possible to calculate the critical 
path for one particular aircraft. The critical path is the set of activities that are 
critical for the turn-around time. Delaying a critical activity immediately prolongs 
the turn-around time. The calculation is depending on that all the resources are 
available. If some resources are busy with other aircraft, another path might be the 
critical one. 

It is important to separate the concepts of critical path and critical resource. 
The critical resource is the resource that is causing the delay. The critical resource 
can not be derived from the network in Figure 9 since it only contains activities for 
one aircraft. To find the critical resource a model of all involved aircraft is needed. 

The network in Figure 9 represents the turn-around process for one specific 
aircraft at SA. To plan and execute the turn-around for one single aircraft does not 
pose that much of a challenge. However, at most major airports, including SA, 
several turn-around processes occur simultaneously. Many of these processes 
depend on shared resources, like fuel vehicles, cleaning staff and baggage handlers. 
If any of these are late to a specific aircraft, the turn-around time for that aircraft 
might suffer, as the example in Figure 10 shows.  

The Gantt charts in Figure 10 are based on the network in Figure 9. The 
process times for each activity are based on data from SAS (2006). Critical 
activities for Flight 1 include baggage handling, load sheet and trim weight and 
balance. However, it is easy to see that only a slight increase in any of the process 
times for deboarding, cleaning, catering or boarding, would create a new critical 
path and increase the total turn-around time. In the example, Flight 1 and 2 share 
only one resource; the cleaning crew. Still, the cleaning crew have to finish 
cleaning Flight 1 and travel to the aircraft of Flight 2 (symbolized with vertical 
lines) before the cleaning of Flight 2 can start. As the cleaning of Flight 2 does not 
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start directly after deboarding, cleaning becomes a critical activity. Thus, if the two 
flights did not share the cleaning resource, or if the cleaning resource benefited 
from better planning, it would be possible to reduce the turn-around time for Flight 
2 significantly.  
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Figure 10 Gantt charts for the turn-around processes for two flights  

 

Notice that the example only includes one shared resource and two flights. In 
reality, numerous aircraft, with simultaneous turn-around processes, have to share a 
limited amount of resources, making the planning of these resources a crucial part 
of an efficient air transportation system.  

The network in Figure 9 represents one single turn-around process, including 
the value flows and the main support flows. When studying the whole airport, one 
such network for each turn-around process during the time span of the study has to 
be created. The network flows then have to be connected, where transferring 
passengers, cargo, and crew from one aircraft to another have to be considered. 
Each of these transfer flows might have a direct impact on the turn-around time for 
an aircraft. The flows included in Figure 9 can be connected by combining multiple 
similar networks. The minor support flows, like the flow of cleaning crews or 
water vehicles, have an impact on the turn-around time as well, but are not 
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explicitly considered in Figure 9. These flows traverse the network in a third 
dimension, which might be represented with a new network for each minor support 
flow under consideration.  

 

s t 

 

Figure 11 Network flow problem for a specific support flow  

 

In Figure 11, each node represents a certain aircraft that have to be served 
within a time window. The squares are the source and the sink for the support 
resources. Each arc in the network represents a feasible connection between two 
aircraft; if an arc exists between aircraft A and B, it is possible for a truck to serve 
A, travel to B and serve B within their respective time windows. At the beginning 
of the planning period, there exist a number of support trucks (at the source), that 
has to serve a number of aircraft. 

If one service is delayed, like cleaning for Flight 2 in Figure 10, the following 
processes may not start when they were intended to. This may well affect the turn-
around process of the next aircraft that the trucks are planned to serve. It might also 
affect the next aircraft assigned to the same gate. 

4.3 Indicators of Airport Performance 
One aim of the Airport Logistics (AL) project is to find solutions that are 

propitious for the entire airport. To find such a solution, it is first necessary to 
clarify what the objectives of the airport are. Examples of airport objectives might 
be availability, effectiveness, profitability, robustness, safety and security or 
environment friendliness. In most cases an airport has the ambition to fulfill all 
these objectives, at least to some degree. This is often complicated as some of these 
objectives are contradicting. These contradictions can be illustrated by a high 
degree of safety and security that is not always profitable or by effectiveness and 
robustness which sometimes are contradicting. To make the situation even more 
complex, the goals between the different actors on the airport is sometimes also 
conflicting, which is illustrated in Figure 12. 
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Figure 12 Different goals within air transportation areas (Lange, 2006) 

Pax is a short form for passengers 

 

The Goal Question Metric (GQM) approach is one method to measure 
whether an objective is reached or not. The method is based on three levels; first 
the conceptual level where goals for the objectives are defined. The next level is 
the operational level where questions are set up to characterize the way the 
assessment of a specific goal is going to be performed. The third level is called the 
quantitative level where data is associated with the questions to answer them in a 
quantitative way (Basili et al., 1994). It is important that the third level is 
measurable. This metrics can also be called indicators, defined by Gudmundsson 
(2003) as a variable representing an operational attribute of a system. An indicator 
has three main functions; simplification, quantification and communication.  

To make the indicators as useful as possible it is preferable if several airports 
are using the same indicators. If they do, it is much easier to compare different 
solutions and find best practices in different areas. Efforts to find good indicators 
are already in progress in some projects at Eurocontrol. 

4.3.1 Key Performance Areas 
At Eurocontrol, there are attempts to defining something called key 

performance areas (KPA). For all of these areas, Eurocontrol will set up 
measurable indicators including target values to be able to follow the progress of a 
project.  
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The defined areas are: 

• Safety 

• Capacity 

• Cost Effectiveness 

• Efficiency 

• Environmental sustainability 

• Harmonization of operational procedures and practices 

The indicators selected to these areas will be called key performance 
indicators (KPI) and aim to reflect the goals, be key to the success and be 
measurable. (Eurocontrol, 2008-10-19) 

Collaboration between the Airport Logistics project and the Eurocontrol 
TAM-project has been discussed. Therefore, it would be a major advantage to 
collaborate when finding the definitions of the indicators. If the same indicators are 
used, it is easier to compare two different airports.  

4.3.2 Relations between objectives and indicators 
It is not possible to take one measure and from that state if the total airport 

performance is good or not. To be able to get an overall picture of the performance 
at the airport, it has to be divided into measurable parts, called indicators. For some 
of the objectives it is very straightforward which indicator to use, e.g. net proceeds 
is an obvious indicator to measure profitability for the airport holder. For some 
other objectives it is not as clear what to measure to decide if an objective is 
reached or not. An example of such an objective is effectiveness. First, it must be 
decided what airport effectiveness means. From an airport logistic point of view 
the effectiveness objective might be reached when the airport throughput is not 
limited by the logistical activities. Improving the effectiveness will be to minimize 
the negative consequences of the limiting resources. The critical activities will be 
identified and performed in a more efficient way. When identifying these critical 
activities it is important to study the airport in its entirety. A similar definition of 
airport effectiveness might be to get as much throughput as possible using the 
existing infrastructure. One indicator of effectiveness on the airport can therefore 
be the number of movements (i.e. arrivals and departures) per time period. The 
simple and straightforward way of defining an indicator for the number of 
movements is: 

• The effectiveness of the airport is directly proportional to the number of 
movements performed per time period.  

But what if the arriving aircraft do not get a taxiway clearance from the 
control tower, or there is no available gate for it to park at, or there is no available 
handling agents to unload the baggage, is it still an effective airport? Or the other 
way around, if there are several personnel in the control tower just waiting for an 
aircraft to guide to any of all available gates etc, is that an effective airport?  
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Maybe the runway utilization are fairly measured by the above defined 
indicator but effectiveness in one airport process is not necessary the same as 
effectiveness for the whole airport. The same holds for airport actors; high 
efficiency (if it means a very tight scheduled with slimmed personnel resources) 
from one actor can even compromise the airport robustness. It is probably much 
more effective to have a balanced airport where the different facilities and actors 
have reasonable utilization. To obtain the overall picture, effectiveness for both the 
various processes as well as the various actors has to be taken in consideration. To 
measure such effectiveness, more than one indicator is needed.  

Using the GQM-method can be helpful to find these indicators. The overall 
objective for entire airport effectiveness has to be decomposed into parts, denoted 
as goals in the method. In Table 2, examples of goals, questions and metrics for 
effectiveness are listed.  

 

Table 2 Example of the GQM-method used for entire airport effectiveness 
Goal Question Metric 

Decrease waiting time 
for aircraft 

How much waiting time do aircraft 
have today? 

Maximum waiting 
time 

 Which actor/activity gives rise to the 
waiting time? 

Average waiting time 

 How is the waiting times affected by a 
rescheduling of the minor support 
flows? 

Percentage of the 
aircraft that have to 
wait 

   

Decrease off block 
delay 

How much delay do the aircraft have 
today? 

Maximum delay 

 How is the off block delays affected by 
a rescheduling of the minor support 
flows? 

Average delay 

  Percentage of the 
aircraft having delays 

   

Reduce number of 
rescheduling actions 

How many rescheduling actions are 
needed today? 

Percentage of the 
aircraft that have to 
be rescheduled 

   

 

Table 2 shows some examples of how goals can be associated with metrics, or 
indicators, by the GQM-method. The same method has been used for several goals 
related to entire airport effectiveness. Based on this method, some preliminary 
suggestion of indicators to use in this project for airport effectiveness is developed 
and shown in Table 3. 
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Table 3 Suggestion of indicators for airport effectiveness 
• On-time percentage as well as maximum and average delay for: 

° Touch down 

° On block  

° Off block 

° Take off 

• Waiting time for turn-around service for delayed flights 

• Number of required “re-scheduling” actions (of e.g. gates) 

• Resource utilization 

• Distance travelled by aircraft (in holding and on ground) 

• Distance travelled by service vehicles 

 

The first two indicators are quite obvious; the less delay and waiting time that 
occur at the airport, the more effective it must be. The third indicator; number of 
rescheduling actions, relates to the consideration of the entire airport effectiveness. 
If a solution is good for the gate utilization but leads to additional work for the gate 
assignment department (e.g. because the gates must be reassigned as soon as an 
aircraft has a small delay), it might not be good for the total airport effectiveness. 
All the resources should have a reasonable high utilization; high enough to be 
considered effective, but without compromising the airport robustness. The two last 
indicators relates to several objectives, since long traveling distances are neither 
good for the effectiveness nor the environment. 

For all of these indicators, special target values can be set up to evaluate if an 
objective is reached or not. A value of just one of these indicators does not say very 
much about the airport performance on its own. To get the overall picture, all these 
indicators have to be considered together. 
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5 A SIMULATION MODEL OF THE TURN-AROUND PROCESS 

At an airport, various time critical processes can be found. In most of these 
processes a very large number of different actors are involved, which make the 
processes even more sensitive to time disturbances. This is one explanation why 
airport logistics are so complex. One process where most of the actors are involved 
is the turn-around process. This process also connects to other processes on airside, 
at air traffic control (ATC) and inside the terminal. Thus, turn-around have a large 
impact on the airport logistics. Therefore the turn-around process is used as starting 
point for detailed models in the Airport Logistics (AL) project. 

By designing a detailed simulation model of all the actors and activities 
involved in the turn-around process, it will be possible to enable the assessment of 
various logistical operations involved in turn-around, and their impact on airport 
performance. 

The simulation model will reflect Stockholm Arlanda Airport (SA) and the 
aim of the model is to make it possible to study the interaction between the 
different actors, especially the minor support flows. The model will include the 
aircraft from touch down and taxiing into the stand, and performing the main 
activities during the turn-around until taxiing out to the runway and take off. The 
output from the optimization, described in Chapter 6, will be integrated in the 
simulation model, to make it possible to test the effect of the optimization. By 
doing this the goal is to find solutions for each individual actor that promotes a 
better solution for the entire airport. 

Since the turn-around process is very complex and contains both discrete and 
continuous functions, simulation is an appropriate method to use for this kind of 
analyzes. There exist many commercial simulation packages on the market, some 
with special adaption to different airport processes, e.g. terminal or runways. Other 
simulation software are more general and therefore available to use for modeling a 
wide range of different systems, e.g. all from manufacturing to queuing areas in a 
post office. To model the turn-around process in the AL project, ARENA (2008-
03-24), which is a generic simulation package, is used. One reason for choosing 
ARENA is the possibility to integrate the optimization schedules into the model. A 
survey of some air traffic related simulation packages is presented below. 

5.1 Simulation tools for air traffic modeling 
At the landside and terminal areas of an airport, previous work (e.g. de 

Neufville & Odoni, 2003 and Tosic, 1992) has focused on models and analysis of 
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passenger terminal operations. In Brunetta et al. (1999), the authors present a 
simulation tool, named SLAM (simple landside aggregate model), for analyzing the 
throughput of various facilities in airport terminals in order to identify capacity 
bottlenecks.  

Simulation is also a very powerful tool for modeling and analyzing the 
performance of airside operations (Completed Model Review, 2007-01-12). A 
number of airside simulation packages are available. A widely-used simulator is 
the Airport and airspace simulation model (SIMMOD, 2007-01-12), intended for 
in-detail simulation of both airport surface operations and aircraft movements in 
nearby airspace. SIMMOD simulates the movement of every individual aircraft, 
taking into account the capacity of airport airside facilities (e.g. runways and 
gates), operating policies (e.g. taxiing patterns), as well as the airline operations 
(e.g. schedule). The Total airspace and airport modeler (TAAM, 2007-01-12) is 
another large-scale simulator for off-line or real-time simulation of both airside 
operations and traffic movements in the airspace. In addition to the movements of 
aircraft on the ground, TAAM can simulate air traffic management (ATM) systems 
and ATC rules. 

Two simulation packages focus on airfield flows and capacity. The first is the 
Airport machine (2007-01-12) developed by Airport Simulation International 
(ASI). The Airport machine simulates every aircraft movement on runways, 
taxiways, as well as apron areas, from a short time before landing to the moment of 
take off. The second simulation package is the Mantea airfield capacity and delay 
model (MACAD), (Stamatopoulos et al., 2004). MACAD models airside facilities 
(such as the configuration of the runway system and the number of aprons and 
gates), traffic demand (number of arrivals and departures), and ATC procedures 
(e.g. the required separation between aircraft). 

A recent development in air traffic and airport simulations is the trend of 
integrating airside and landside simulation tools (e.g. Andreatta et al., 1999). 
Optimization platform for airports including landside (OPAL), (Zografos, 2002) is 
a recently developed platform for integrating the SLAM and MACAD simulation 
tools mentioned above. Two good examples of current integration efforts are the 
THENA (THEmatic Network on Airport Activities, 2007-01-12) consortium and 
the SPADE (Supporting Platform for Airport Decision-making and Efficiency 
Analysis, 2007-01-12) project within the EC 6th framework. THENA acts as a 
coordination and collaboration environment for research activities aimed at 
improving the efficiency of airport operations. A particular goal of THENA is to 
integrate state-of-the-art simulation models and tools for airside and landside. The 
main objective of SPADE is to develop a user-friendly decision support system for 
airport stakeholders and policy-makers. SPADE facilitates the integration of 
simulation models by means of a common interface, through which models 
developed for airside and landside can communicate.  

Simulation is widely used in the air transportation system (ATS) area, and 
many airspace and airport simulation packages are available. However, most of 
them contain either airside (for example SIMMOD (2008-03-24), TAAM (2008-
03-24), the Airport machine (2008-03-24) and MACAD (Stamatopoulos et al., 
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2004)) or terminal (for example SLAM (Brunetta et al., 1999)) activities. A few of 
them are integrating airside and terminal, e.g. OPAL (Zografos, 2002), but as far as 
the author knows, no existing simulation tool is analyzing the turn-around process 
in detail. However, there are some packages including the turn-around under 
development; e.g. CAST (2008-03-24) and ARCPort (2008-03-24). 

These simulation tools are applied especially for ATS simulations. However, 
there are many generic tools, e.g. ARENA (2008-03-24), AUTOMOD (2008-07-
22) and TAYLOR (2008-07-22), also very well suited for designing ATS 
simulations. 

Although most of the simulation packages are descriptive, there has been 
some work on embedding active decision making (often based on optimization) 
into a simulation environment. In Completed Model Review (2007-01-12), for 
example, the authors present an apron simulation model, in which a shortest-path-
based algorithm is used for finding the optimal path between the runway exit and a 
gate or a stand.   

5.2 Conceptual model for the turn-around process 
As a base for the simulation, a directed activity based network of the turn-

around process is designed. The network and the explanations of all the activities 
can be found in Chapter 4. 

Figure 13 shows a conceptual model of the activities in the turn-around 
process embedded in the simulation model. This conceptual model is a 
simplification of the network presented in Chapter 4. The things excluded are for 
example cargo and several of the crew activities. Many of the excluded activities 
are very short and probably have a very small impact of the total turn-around time, 
which is why they, in this initial phase, are eliminated from the conceptual model. 
This to keep the simulation model on an acceptable level of complexity where the 
time it takes to work with it is in proportion to the benefit from it. Another 
simplification is that the operations at runways and taxiways will not be modeled in 
the same level of detail as the gate operations. 

The activities must be performed in the order of the arrows in Figure 13. If 
there is no arrow connecting two activities, they do not depend on each other and 
can be performed simultaneously. The conceptual model has some simplifications 
compared to reality: 

• In the model, cleaning and catering can be performed simultaneously, 
which is not the case in reality for all aircraft types (predominantly not for 
IATA Code C aircraft. For details of IATA codes, see Table 4). 

• Some airlines do not allow fueling while passengers are on board, i.e. in 
some cases fueling must be performed between deboarding and boarding. 

• For some (large) aircraft types, fueling can be performed simultaneously as 
baggage handling. 
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• In the conceptual model, water is always performed before sanitation. In 
the simulation, water is performed before sanitation if a water resource is 
available, otherwise sanitation is performed first. In the real case any of the 
two activities can be performed first as long as they are not performed 
simultaneously. 

 

On block
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Deboarding

Load
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Unload
baggage
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Take off
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Figure 13 Turn-around activities included in the simulation model 

 

The number of resources available for each minor support operator (e.g. 
catering trucks or high loaders), as well as which flights a particular operator has to 
serve, are specified as input to the model. All the minor support flows are modeled 
as resources in the simulation. Since there are different operators performing the 
same turn-around activity depending on which airline the flight belongs to, the 
resources are split into different service pools. An airline has contract with only 
one of the service pools for each activity. The pools have the effect that trucks in 
one service pool might be free at the same time as an aircraft is delayed because of 
lack of trucks in another pool for the same activity.  

The duration time for the turn-around activities will depend on the aircraft 
type (number of seats, baggage loaded in bulk or containers, one or two escalators 
etc), but it is possible to change for every single flight separately. The simulation 
model also has the possibility to take care of depending flights. Transferring of 
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crew or passengers between flights will be taken into consideration, by not 
allowing aircraft to take off within a specified time interval after the depending 
aircraft (i.e. the aircraft with the arriving transferring passengers or crew onboard) 
have reached the gate. Here, that opportunity is not used, since no relevant data on 
this subject is available in the AL project at the moment.  

5.3 Input data to the simulation model 
In this section, the required input data for the simulation of the turn-around 

process is explained. 

5.3.1 Flight Schedule 
The simulation model is based on a flight schedule for SA for the summer 

period 2008. When the schedule was received from the airport, it was a predicted 
version including estimations of additional flights (compared to the previous 
schedule) from people daily working with scheduling issues (Kalla, 2008). The 
flight schedule includes both arriving, departing and over-night flights during 24 
hours of the busiest day in the week. The flight schedule can be seen in Appendix I. 

 

The flights in the schedule are connected, so it is possible to see which 
arriving flight that is connected to which departure flight. The schedule includes: 

• Flight operator 

• Flight number for both arrival and departure flights 

• Aircraft Type 

• Maximum number of passengers for the flight 

• Stand position or gate for both arrival and departure flights 

• Scheduled time for arrival and departure (STA and STD) 

• Terminal (i.e. which terminal at SA the passengers are going to/ coming 
from) for both arrival and departure flights 

5.3.2 Runways 
Other input to the simulation model is which runway the aircraft are arriving 

and departing from. In the simulation, mixed mode (i.e. both arrivals and 
departures on the same runway) is applied for all runways in use. In reality the 
runway is decided due to which point of the compass the aircraft is coming 
from/aiming to. In the model, where runway 01L and 01R are in use, the traffic 
during daytime is randomly allocated to one of the runways. During early morning 
and late night all traffic is allocated to runway 01L. 
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5.3.3 Aircraft type 
Since it is too complex to make individual decisions for all aircraft in the 

model, they have been divided into groups. There might be different aircraft groups 
depending on wingspan (for gate assignment), turbulence or performance (for 
runway separations) or passenger capacity. However, in the model, the aircraft 
have been divided into groups depending on only the passenger capacity, since this 
category is the one that mostly affect the activity times in the turn-around process 
(e.g. cleaning and de-icing). A high passenger capacity requires a large aircraft 
body, which will take a long time to de-ice etc. 

Wingspan for gate assignment is not necessary in this model since the gate 
assignment is given from the flight schedule. Runway separations are handled in 
the simulation model by using different runway exits for the aircraft groups. If an 
exit further away from the threshold is used, the runway occupancy time will be 
longer. This means that the time to the next movement can take place on the same 
runway (i.e. the separation between the flights) will be longer, than if a closer exit 
had been used. 

ICAO has set up some generally used principles for coding aircraft due to 
wingspan, wheelspan and need of length of runway. The reference codes can be 
seen in Table 4 (ICAO, 2004).  

 

Table 4 ICAO Aerodrome Reference Code 

Code 
number

Aeroplane reference 
field length

Code 
letter Wing span Outer main gear 

wheel span

1 Less than 800 m A Up to but not 
including 15 m

Up to but not        
including 4.5 m

2 800 m up to but not 
including 1200 m B 15 m but not including 

24 m
4.5 m but not        
including 6 m

3 1200 m up to but not 
including 1800 m C 24 m but not including 

36 m
6 m but not     

including 9 m

4 1800 m and over D 36 m but not including 
52 m

9 m but not    
including 14 m

E 52 m but not including 
65 m

9 m but not     
including 14 m

F 65 m up to but not 
including 80 m

14 m up to but not 
including 16 m

AERODROME REFERENCE CODE

Code element 1 Code element 2

 
 

The number of seats for a specific aircraft type is not equal for all airlines. The 
groups used in the simulation model are shown in Table 5. 
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Table 5 Grouping of aircraft 
Group No No of passengers Example of aircraft type

1 < 100 Dash 8, Fokker 50, Saab 2000
2 100-150 Boeing 737-400, Airbus 319
3 150-200 Boeing 737-800, Airbus 321
4 200-350 Boeing 767-300, Airbus 330-300
5 > 350 Boeing 747-400, Airbus 330-200  

 

Most of the aircraft in Group 1 belong to ICAO reference Code 2C, 3B or 3C. 
The main part of the Group 2 aircraft are ICAO Code 4C and the Group 3 aircraft 
are generally ICAO Code 4C or 4D. The aircraft in Group 4 are mostly ICAO Code 
4D or 4E while almost all Group 5 aircraft are ICAO Code 4E. 

5.3.4 Process time 
The process times for the specific turn-around activities vary by aircraft 

group. Some of the process times also depend on other factors than aircraft group. 
The process times used in the simulation model can be seen in Table 6. In the 
simulation, the values are distributed with a triangular distribution, which means 
that the minimum, most common (mode) and maximum values are specified. 
Triangular distributions are well suited for situations where the exact form of the 
distribution is not known, but estimates for minimum, maximum and most likely 
values are available (Kelton et al., 2004). In the simulation, the minimum value 
equals 90 % of the mode value and the maximum value equals 110 % of the mode 
value, which means that the mode and the mean values will be equal. Using this 
distribution will give small variations, which is appropriate to use since collecting 
of data for process time distributions has not been prioritized in this phase of the 
work. 

However, to make a sensitivity analysis for the process time distributions, the 
simulation has also been run with beta distributions. The beta distribution can take 
a wide variety of shapes and is often used for a rough model in the absence of data 
(Kelton et al., 2004). The beta distribution is bounded at both ends. Here, the beta 
parameters are set to values so the mean process times can vary from -3 to +12 
minutes, which is a much wider span than for the triangular distribution described 
above. The size of the variations from this beta distribution is not relative to the 
size of the mean-value, which also is a difference from the triangular distribution 
used here. Probably, none of these distributions are very close to the reality, but by 
studying both it is possible to analyze how much they affect the results. 

The times shown in Table 6 are the mean values for the processes. They are 
based on estimates of the different minor support service actors at SA as well as 
discussions with experts at SA that have insight in the turn-around process in its 
entirety. 
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Table 6 Process times in minutes for the turn-around activities 

Aircraft 
Group

De-
boarding 
(one exit)

De-
boarding   
(two exits)

Unload 
baggage

Load 
baggage

Boarding 
(one entry)

1 3 2 5 5 3
2 5 3 7 7 5
3 7 4 9 9 7
4 9 5 11 11 9
5 12 8 13 13 12

Aircraft 
Group Water Sanitation Fuel Cleaning Catering De-ice

1 5 5 5 5 5 3
2 5 5 7 5 5 5
3 7 8 9 7 7 7
4 9 8 11 7 7 9
5 9 8 13 9 9 12  

 

Summing up the mean values for the different paths in the turn-around process 
(according to Figure 13) will give a total turn-around-time for each aircraft group. 
By comparing these values with the turn-around time for every aircraft group 
according to the flight schedule, it is possible to get an idea if the used values are 
reasonable or not. The turn-around times in the flight schedule differ for the diverse 
flights in the same aircraft group. In the comparison, shown in Table 7, the shortest 
turn-around time from the flight schedule for each group is used. 

 

Table 7 Turn-around times in minutes according to process times and flight schedule 

Aircraft 
Group

Process times 
(sum of mean 

values)

Flight schedule 
(minimum        

times)

1 16 20
2 21 25
3 28 30
4 33 30
5 42 40   

 

For the flights where the scheduled times are shorter than the mean process 
times (some aircraft in Group 4 and 5) it means that there will probably be a delay 
even if all of the minor support services perform their service on time (if not all the 
minor support services will use a process time shorter than the mean, but that is 
very unlikely). Note that the values in Table 7 are the shortest scheduled turn-
around times; most of the flights in Group 4 and 5 have a scheduled turn-around 
longer than the mean of the process times. 
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5.3.5 Hangar 
In the simulation, the aircraft is sent from the hangar to the gate a certain time 

before STD, depending on the aircraft group. The times can be seen in Table 8. 
Towing truck resources are in this work delimited from the simulation model. 

 

Table 8 Times for going from hangar to gate 

Group No
Time before STD 

(minutes)
1 18
2 24
3 30
4 30
5 42   

 

5.3.6 Service pools 
The diverse activities in the turn-around process can be performed by different 

actors. Which actor that will perform a service for a certain aircraft depends on 
which airline the aircraft is operated by. For the sake of simplicity, the actors for 
the different turn-around services that are used in the simulation model are 
represented by numbers. The numbers will be clear from Table 9. For water, 
sanitation, load and unload baggage, the same actor is employed. This group of 
service activities is called handling in the tables. 

 

Table 9 Actors in the turn-around activities 
Actor Catering Cleaning Handling Fuel

1 KLARAGO SODEXO SGS AFAB
2 Gate Gourmet RENAB NOVIA SFS
3 LSG ISS Nordic Aero
4 FinnHandling  

 

By summing up the number of flights with every operator that is employing a 
certain service actor, the number of turn-arounds for each actor can be estimated. 
However, the number of turn-arounds is not precisely equal to the load, since 
different aircraft require different process times. The number of turn-arounds for 
every actor can be seen in Table 10. 
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Table 10 Number of turn-arounds according to flight schedule 
Actor Catering Cleaning Handling Fuel

1 221 285 288 219
2 10 75 45 296
3 284 155 153
4 29  

 

By using the above number of turn-arounds as a base, the numbers of 
resources used in the simulation model have been estimated. The number of 
resources is set to a value that gives rise to a limited amount of waiting time. If the 
number of resources is too high (i.e. if waiting time never occurs), it might be 
impossible to make any analyzes of the waiting time from the simulation output. If 
the number of resources is too low, the effect of the de-icing schedule might not be 
apparent. In the future, when all the minor support flows are replaced by schedules 
from the optimization, this numbers will not be necessary. In Table 11, the number 
of resources in every service pool can be seen. 

 

Table 11 Number of resources in each service pool 
Actor Catering Cleaning Handling Fuel

1 5 6 7
2 1 2 2
3 5 4 4
4 2

6

7

  

5.4 Implementation 
The implementation step is when the conceptual model is translated into the 

computer-based simulation model. In ARENA the basic implementation is done by 
putting block modules together. When more advanced functions are needed the 
blocks can not be used why these functions are written in VBA-code (Visual Basic 
for Application). The implementation has been done in iterations, while the 
verification against the conceptual model is checked in every step, mainly by the 
debugger tool built into ARENA. 

5.5 Validation 
The validation of the model is done by some basic checks, e.g. that:  

• the number of movements per hour in the model equals those in the flight 
schedule. A comparison is shown in Figure 14. 

• the total turn-around time as well as waiting time for minor support 
services is increasing if the individual process times increase. Results from 
a simulation where the process times have been increased with 20 % can be 
seen in Table 12. The table shows the number of aircraft that have to wait 
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for the minor support service as well as the maximum and average times 
for the waiting flights. 

• the total turn-around time as well as waiting time for minor support 
services is increasing if the number of minor support service resources 
decrease. Results from a simulation where the number of minor support 
service resources have been decreased with 20 % can be seen in Table 12. 
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Figure 14 Comparison between flight schedule and simulation output 

 

Table 12 Waiting times for minor support services in validation scenarios 
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The visualization of the model is also shown to an expert at SA, to ensure that 
the model reflects the real system to the necessary extent. During the validation 
meeting the steps and the order of the activities in the conceptual model were 
discussed, and some small changes were made. Further, the process times and 
aircraft grouping was discussed which led to a more detailed categorizing with 
special times for aircraft that use two stairs for deboarding etc. The expert also had 
some comments on runway separations and taxi times (Hellman, 2008). Since these 
parts probably do not affect the minor support activities to a large extent, it is not 
necessary that the model works exactly as the reality of runway separations and 
taxi times at this stage.  
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6 PLANNING AND SCHEDULING DE-ICING TRUCKS 

By studying the minor support flows in the turn-around process, an idea is to 
increase the resource utilization by optimizing the flows. To start with, the de-icing 
flow is studied because it is the most complex of the minor support flows. The de-
icing activity has to take place in a certain time slot before the take off of the 
aircraft (called hold-over time), to ensure that the anti-icing is still active. Apart 
from the hold-over time, the de-icing flow is similar to the rest of the minor support 
flows.  

The aim of this optimization approach is to investigate whether it is possible 
to make the de-icing activity more effective by better planning. The task is to 
develop a tool aiming to assist the planning and scheduling of the de-icing trucks. 
This includes deciding which truck that should serve a certain aircraft, and when a 
truck should visit the refill station.  

One way of creating this planning tool is to develop an optimization algorithm 
for scheduling the de-icing trucks. To develop such an algorithm, knowledge about 
how the de-icing companies are working today is needed. Examples of required 
information are how the planning is performed and how the amount of time and 
fluid for every assignment demands are predicted.  

Another very important issue for investigation is the planning objective. What 
is most important; to minimize the delay the de-icing trucks are causing to the 
aircraft, the distance they are traveling, a combination of these two objectives, or 
other additional objectives? The next step is to test different optimization 
approaches, e.g. investigate whether it is possible to solve the problem to 
optimality in a reasonable amount of time or if a heuristic is needed. If so, a 
heuristic that is suitable for this kind of problem has to be developed.  

To use the planning tool, input data unique for every airport and de-icing 
company are required. There are three de-icing companies at Stockholm Arlanda 
Airport (SA); SAS Ground Service (SGS), NorthPort and Nordic Aero, but in this 
study they are seen as one company. 18 de-icing trucks with different capacity for 
Type 1 and Type 2 fluid are used in the study. To treat several actors as one 
company does not affect the optimization solution methods, but it might have an 
effect on the output when the schedule is integrated into the simulation model. 
However, since the actors are treated as one company in all the simulation 
scenarios the mutual differences between them will not be affected, so it is still 
possible to investigate how the optimization of individual turn around processes 
might affect the airport performance.  
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The trucks start at a depot, from where they go to the aircraft to perform their 
assignments, and when the tank is out of de-ice fluid the truck has to go to the refill 
station, before it can perform the next assignment. This means that the de-icing 
flow can be modeled as a route optimization problem. 

6.1 Optimization tools 
Looking at the planning problem of minor support flows, it can be seen as an 

extension of the vehicle routing problem (VRP). The VRP is described as the 
problem of designing optimal routes from one or several depots to a number of 
costumers, subject to side constraints. Laporte (1992) has written a survey of the 
exact and approximate algorithms for that problem. 

The fact that the service must be performed during the turn-around-time of the 
flight makes the problem a VRP with time window (VRPTW). Bräysy & Gendreau 
(2005) have described the VRPTW as the problem of designing least cost routes 
from one depot to a set of geographically scattered points. The routes must be 
designed in such a way that each point is visited only once by exactly one vehicle 
within a given time interval, all routes start and end at the depot, and the total 
demands of all points in one particular route must not exceed the capacity of the 
vehicle. This fits very well for the minor support flow problem. Notice that in this 
problem the points (aircraft stands) will be visited more than once, but not in the 
same time window. Some heuristic algorithms; simulated annealing, tabu search 
and generic algorithms, are applied to the VRPTW by Tan et al. (2001). 

For the minor support services that have different kind of trucks, e.g. fueling 
and de-icing, the problem can be seen as a heterogeneous fleet vehicle routing 
problem (HVRP). The HVRP differs from the classical VRP in that it deals with a 
heterogeneous fleet of vehicles having various capacities, fixed costs and variable 
costs (Choi & Tcha, 2007). In most VRPs it is assumed that the number of vehicles 
of each type is unlimited. The minor support flow problem deals with optimal 
routings of an existing fleet of fixed number of vehicles. 

6.2 The model 
In this section, a mathematical model of the de-icing problem is formulated. 

Based on earlier formulations of VRPTW and HVRP, an optimization algorithm is 
developed for the de-icing trucks, aiming to minimize both the distance driven by 
the trucks (i.e. traveling time if constant velocity is assumed) as well as the delay 
the trucks are causing the aircraft. The output from the algorithm is a schedule 
stating which de-icing truck that will serve each aircraft and also informing when 
the trucks should to go to the refill station. Small delays are not always coherent 
with a short traveling distance, i.e. there is a trade-off between minimizing the 
distance and minimizing the delays.  

6.2.1 Required input data 
The input data required for constructing a schedule for the de-icing trucks are: 
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• A time table for the flights needing de-icing. The time table must include 
STA, STD, aircraft type, stand, and operator. 

• De-icing truck data (number of trucks, tank capacity etc) 
• Traveling distance between the aircraft stands 
• The location of the refill station  
• Setup time, process time and amount of fluid needed for a de-ice 

assignment  
 
This study is based on a flight schedule for 24 hours at SA (see Appendix I), 

i.e. the same flight schedule as is used in the simulation model. All the departing 
flights in the schedule are supposed to require de-icing. Values of how much fluid 
needed for each assignment as well as de-icing times are estimates based on data 
from one of the de-icing companies at SA (Nordic Aero, 2007). The amount of 
Type I and Type II fluid needed for a certain flight as well as the process time is 
randomly drawn from an interval similar to the interval from the de-icing data. 
However, in the simulation, the process time depends on the size of the aircraft, as 
described in Section 5.3.4. In reality, the process time is hard to predict. Using 
different distributions of the process time in the optimization and the simulation is 
a way of making the simulation more closely resembling reality and a way of 
testing the robustness of the schedule. 

The time from that the de-icing truck arrives to the aircraft stand until the de-
icing can start is based on estimations from the de-icing data (Nordic Aero, 2007) 
and is the same for all assignments and all trucks. 

6.2.2 Multicriteria decision making 
Small delays are not coherent with a short traveling distance, i.e. there is a 

trade-off between minimizing the distance and minimizing the delays. Such 
multiple objectives can be handled either by prioritizing one of the criteria and use 
the solution optimal for that objective, or by trying to evaluate the quality of the 
results by a function that is aggregating the different objectives (Michalewicz & 
Fogel, 2004). 

In this work, an aggregate objective function is used, to be able to evaluate 
both distance and delay in the solutions. How much the different objectives will 
affect the solution is defined by the weight parameters a and b. Here a 
(corresponding to delays) is set to 1 and b (corresponding to traveling time) is set 
to ½. This means that one minute of delay is weighted as heavy as one kilometer of 
driving distance with an average speed of 30 km/h. By tests with different values of 
a and b, this values are chosen since they give a good balance between the two 
objectives; reasonable driving distances are reached although the delays are 
weighted heavier. It is easy to find solutions with much shorter traveling distance 
while the delays are not possible to reduce much more. 
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6.2.3 Definitions and variables 
Below the sets, parameters and variables used as well as a mathematical 

formulation of the de-icing problem are presented.  
 

Sets: 

K 
 

K is the number of available de-icing trucks, Kok ≤≤ ,1 . 
 

N 
 

N is the number of assignments, Njih ≤≤ ,,0 , during the time 
period. Assignment 0 is the refill station. It is also the place where 
all routes start and end at. 
 

R 
 

R is the number of routes, Rrnm ≤≤ ,,1 , performed by the trucks. 
A route is a sequence of assignments performed by a truck. R is 
large enough to accommodate the number of routes that the fleet can 
possible perform in a day, i.e. NR ≤ . Some of these routes might 
be empty. 

 

 

Parameters: 
kq  

 
Capacity of truck k. (liters) 
 

ijw  
Traveling time, i.e. the time it takes to drive from assignment i to 
assignment j. (minutes) 
 

if  
 

De-icing duration time, i.e. process time, for assignment i. (minutes) 
 

0f  
 

Refill time, i.e. the time it takes to fill up fluid at the refill station, 
which is denoted as assignment 0. (minutes) 
 

iSTD  
 

The scheduled time of departure for the aircraft corresponding to 
assignment i. (time point specified by minutes) 
 

s  
 

Set-up time, i.e. the time span from when a truck arrives to the 
assignment until the de-icing can start. (minutes) 
 

id  
 

Demand of fluid at assignment i. (liters) 
 

M 
 

M is an arbitrary large constant. 
 

a 
 

Weight of delay in the objective function. 
 

b 
 

Weight of traveling time in the objective function. 
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Variables: 

it  
 

Arrival time at assignment i. 
 

start
rt  

 
Start time for route r. 
 

stop
rt  

 
Stop time for route r. 
 

ip  
 

The time assignment i is finished. 
 

il  
 

Delay for the aircraft corresponding to assignment i. (minutes)  
 

kr
ijx  

 

 

= 1 if there is an arc from i to j on route r, i.e. if truck k is 
performing assignment j just after assignment i in route r. 
= 0 otherwise.  
 

k
mnz  

 
= 1 if truck k performs route m before route n. 
= 0 otherwise. 

 

 

A mathematical formulation: 
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0 ,0 1 1
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j

kr
ijijii txMwfst ≤−−+++ )1(

 

{ }Njifor ,...,1, ∈
{ }Kk ,...,1∈  
{ }Rr ,...,1∈  

 

(5) 

 
iii fstp ++≥  { }Nifor ,...,1∈  

 

(6) 

 
ii STDp ≥  { }Nifor ,...,1∈  

 

(7) 

 
iiii STDfstl −++≥  { }Nifor ,...,1∈  

 

(8) 

 start
n

k
mn

stop
m tzMft ≤−−+ )1(0  { }Rnmfor ,...,1, ∈

{ }Kk ,...,1∈  

 

(9) 

 100 −+≥ kn
j

km
i

k
mn xxz  { }Rnmfor ,...,1, ∈ , n>m 

{ }Kk ,...,1∈
{ }Nji ,...,0, ∈  

 

(10) 

 )1( 00
kr
jjj

stop
r xMwpt −−+≥  { }Njfor ,...,1∈

{ }Kk ,...,1∈  
{ }Rr ,...,1∈  

 

(11) 

 )1(0 00
kr
iii

start
r xMwtt −+−≤≤  { }Nifor ,...,1∈

{ }Kk ,...,1∈  
{ }Rr ,...,1∈  

 

(12) 

 0≥it ,  ,   0≥ip 0≥il { }Nifor ,...,1∈  (13) 

 

Equation (1) is the objective function of the problem, i.e. to minimize the 
delay of aircraft as well as the traveling time for the trucks. Equation (2) ensures 
that the same truck arrives to and leaves each assignment on its route. Equation (3) 
defines that every assignment is performed exactly once. Equation (4) makes sure 
that a de-icing truck is going to the refill station before it runs out of fluid. 
Equation (5) specifies that a truck can not arrive to an assignment before the 
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previous one is completely performed and the truck has travelled between the 
assignments. The time an assignment is finished is calculated in equation (6) and 
(7). The flight delay caused by an assignment is defined in equation (8). Equation 
(9) defines that the next route with the same truck will not start before it is re-
equipped with de-icing fluid. Equation (10) guarantees that if an arc exists (i.e. if 
the x-value for an arc is 1) the z-value for the corresponding route is also 1. 
Equation (11) and (12) specifies the start and stop times for a route. 

When CDM is implemented at SA, the de-icing companies will have 
information about where and when de-icing is needed. Then the request for de-
icing from the pilot will not be needed anymore, which makes the use of the order 
time obsolete. Therefore order time is not used in the model. By not using the order 
time, delays caused by too late order time will be avoided, and the finished time is 
calculated as:  

⎩
⎨
⎧

<++
≥++++

=
iiii

iiiii
i STDfstifSTD

STDfstiffst
p ,  

corresponding to constrain (6) and (7) in the model. 

If is lower than STDip i, STDi is used as the new finished time for truck k. In 
reality the de-icing trucks sometimes might be available for the next assignment 
before STDi, but since de-icing in general is one of the last things that is performed 
before take off (due to the hold-over time), this extra time will be very short and is 
therefore neglected here.  

If  a delay, , occurs.  ii STDp > il

⎩
⎨
⎧ −++

=
0

)( iii
i

STDfst
l            

otherwise
STDfstif iii >++ )(

, 

as defined in equation (8) in the mathematical formulation. 

6.2.4 Assumptions and simplifications 
This model diverse from reality in some points, mentioned below. 

• The model does not regard personnel scheduling, like lunch breaks or shift 
exchanges. Thus, all the trucks can be used during the whole day and do 
not have to go to the depot at specified times. 

• In the model, all routes start and end at the refill station. 

• The distance between the refill station and the aircraft stands are not 
exactly measured but estimated from a map. 

 
 

59 
 
 
 
 
 
 
 



Planning and Scheduling De-icing Trucks 
  
 

 

                                                                                                             _

• The refilling time, , is the same for all trucks, although the trucks have 
different tank capacity and different value of remaining fluid. For most of 
the gates, the refilling time is small compared to the time it takes to travel 
to the refill station. 

0f

6.3 Solution methods 
Above a mathematical formulation of the de-icing scheduling problem is 

described. The problem is similar to a heterogeneous fleet vehicle routing problem 
(VRP) with time window, but with the possibility for a vehicle to do more than one 
route during the time period. As the VRP problem is NP-hard, both the 
heterogeneous fleet VRP and VRP with time window are NP-hard problems (Choi 
and Tcha, 2007 and Solomon, 1987). Because VRPTW is a special case of the de-
icing scheduling problem, the latter is also NP-hard. 

The de-icing scheduling problem is also very hard to solve from a practical 
point of view. Two complicating factors are that this formulation includes a large 
coefficient, M, and the model contains symmetry, which both is known as hard 
problems to solve. Including M is a way of changing a nonlinear constraint to a 
linear, but brings that the constraints where the x-variables are zero are very weak. 
That the model contains symmetry means that the routes are interchangeable 
(Wolsey, 1998), i.e. the same solution can be reached in different ways. This blows 
up the problem and makes it hard to solve to optimality. The same holds for the 
number of routes, R, since most of the elements in R are empty. 

There are many different formulations of VRP problems, but none of them is 
straightforward. (Rardin, 1998) The formulation presented above might not be the 
most effective one, but probably neither this nor any other formulation will be 
possible to solve to optimality by any commercial solver. This de-icing scheduling 
problem consists of 400 assignments, 18 vehicles and up to 400 routes, which 
make the number of constraints in this formulation very large.  

Different heuristics of varying complexity, capable of solving the de-icing 
truck scheduling problem have been developed and are presented below.  

6.3.1 Greedy without availability check (GWOAC) 
A greedy heuristic is a constructive algorithm that successively builds up a 

feasible solution by always selecting the element that gives the smallest cost 
increase (Michalewicz & Fogel, 2004). To calculate one of the shortest possible 
traveling distances, a greedy algorithm without availability check (GWOAC) is 
used. The algorithm always allocates the assignment to the closest truck, not 
regarding if the truck is available to perform the assignment on time or not. This 
can be seen as setting parameter a to 0 in the objective function. However, when 
the solution is evaluated, normal values of a and b are used. This heuristic does not 
guarantee the shortest possible distance, but it is an easy way to find a solution with 
a short distance. If the fluid level for a truck becomes less than the refill level (for 
either Type I or Type II fluid), it has to go to the refill station. When a truck goes 
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there, the distance from the current assignment to the refill station is added to the 
accumulated distance and the current location and finished time for the truck is 
updated.  

The GWOAC algorithm can be seen in Table 13. 

 

Table 13 The GWOAC Algorithm 

1. For all assignments Nj ∈ : 

a. Take the closest truck, i.e. the k with the lowest and let it 

perform assignment j. Move truck k to the location of 
assignment j and update . 

ijw

jp

b. Check if truck k has to go to the refill station (assignment 0), 
i.e. if remaining fluid < refill level. 

i. If yes: move truck k to the refill station and add time 
for refilling. Go to Step 1. 

ii. If no: Go to Step 1. 

2. Calculate the objective function value, i.e. total traveling distance and 
total flight delay. 

 

6.3.2 Greedy with availability check (GWAC) 
To improve the delays, a greedy algorithm with availability check (GWAC) is 

used. Here this means that the assignments are allotted to the truck that is closest to 
the location for the assignment (j), if this truck is available to perform assignment j 
on time, i.e. if jjiji STDfswp ≤+++  where i is the latest assignment 
performed by the truck. If not, the second closest truck is selected (if it is available 
to perform assignment j on time, etc). If no truck is available, the one with the 
lowest is selected. Time- and distance-additions caused by going to the refill 
station are taken into consideration in as well.  

ip

The GWAC algorithm is presented in Table 14. 
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Table 14 The GWAC Algorithm 

1. For all assignments Nj ∈ : 

a. Put all trucks where  in a list jjiji STDfswp ≤+++

b. Take the truck k from the list with the lowest and let it 

perform assignment j. If the list is empty, take the truck with 
the lowest . Move truck k to the location of assignment j 

and update . 

ijw

ip

ip

c. Check if truck k has to go to the refill station (assignment 0), 
i.e. if remaining fluid < refill level. 

i. If yes: move truck k to the refill station and add time 
for refilling. Go to Step 1. 

ii. If no: Go to Step 1. 

2. Calculate the objective function value, i.e. total traveling distance and 
total flight delay. 

 

6.3.3 GRASP 
GRASP (greedy randomized adaptive search procedure) is an iterative 

heuristic consisting of two phases. In the first phase a feasible solution is 
constructed by making a random selection of elements from a restricted candidate 
list (RCL). The second phase involves a local search around the solution obtained 
in the first phase. The RCL consists of a number of the greediest elements 
restricted by either value (quality) or quantity (cardinality). If the list is restricted 
by quality, all elements which are better than a given value are included; if it is 
restricted by cardinality the selected number of best elements is included. (Argüello 
et al., 1997)  

In this model, the RCL is based on both cardinality and quality; it consists of 
the three trucks which are located closest to the assignment, if there are three trucks 
that are able to perform the assignment on time. Otherwise the RCL is limited to 
the available trucks. If all trucks are busy, the three trucks that first will become 
available are added to the list. The truck selected for the assignment is then 
randomly picked from the list. This gives a new start solution for every GRASP 
iteration.  

In the second phase, a local search utilizing the 2-opt procedure is used. Local 
search means that a neighborhood around an existing solution is defined and the 
solutions found in the neighborhood are evaluated. If one of the neighbor solutions 
is better than the current, this solution is selected and its neighborhood is evaluated. 
This continues until a solution has been found that has no better solution in its 
neighborhood, i.e. a local optimum has been found. 2-opt is one of the easiest local 
search algorithms, which means that two not adjacent elements swap places with 
each other. (Michalewicz & Fogel, 2004)  
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Here, starting from the solution from Phase 1, the 2-opt takes two assignments 
that are allotted to two different trucks and let them be swapped between the 
trucks, i.e. the neighborhood is limited to two trucks. In practice this means that if 
truck A serves assignment 1-2-3 and truck B assignment 4-5-6 in the first solution 
and assignment 2 and 4 are swapped, the new assignments to serve for truck A are 
1-4-3 and for truck B 2-5-6. A swap is performed only if the objective function 
value decreases. A swap can not be performed if any of the assignments is to go to 
the refill station. This means that the level of fluid is not recalculated, and the 
number of assignments for a truck between the trips to the refill station is never 
changed. To limit the computational time, only assignments that have STD within 
an hour from each other are evaluated to swap. 

After testing all the possible swaps, the second phase of the GRASP algorithm 
continues with a “move” step. This means that if it decreases the objective function 
value, an assignment can be moved from one truck to another. With the same 
practical example as above, this means that if truck A serves assignment 1-4-3 and 
truck B assignment 2-5-6 in the present solution and assignment 3 is moved, the 
new assignments to serve for truck A are 1-4 and for truck B 2-5-3-6. If an 
assignment is moved, the trips to the refill station will also be moved for both the 
trucks, so the number of performed assignments between the trips to the refill 
station will remain the same for both the truck. 

The two phases are iterated until a certain termination criterion is reached, 
(Feo & Resende, 1995) which in this work is a decided number of GRASP 
iterations.  

The GRASP algorithm is described in Table 15. 

 

Table 15 The GRASP Algorithm 
I. For the selected number of GRASP iterations: 

1. GRASP Phase 1 - For all assignments Ni∈ : 

a. Create the RCL: Take the three trucks located closest to 
assignment i, if there are three trucks available to perform the 
assignment on time. Otherwise the RCL is limited to the 
available trucks. If no truck is able to perform the assignment 
on time, the three trucks that first will become available are 
added to the list. 

b. Take a random truck k from the RCL and let it perform 
assignment i, i.e. move truck k to the location of assignment i 
and update . Put assignment i in route r for truck k. ip

c. Check if truck k has to go to the refill station (assignment 0), 
i.e. if remaining fluid < refill level. 

i. If yes: move truck k to the refill station, add time for 
refilling and start a new route. Go to Step 1.  

ii. If no: Go to Step 1. 
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2. GRASP Phase 2 - While number of swaps or moves > 0: 

a. For all assignments, Nii ∈≠ ,0  

b. For all assignments, Njijj ∈≠≠ ,,0 where        

60≤− ji STDSTD  minutes: 

i. Check if the objective function value decreases if 
assignment i performed by truck k is swapped with 
assignment j performed by any truck o≠ k. 

• If yes: Change the routes and go to Step 2b. 

• If no: Go to Step 2b. 

c. For all assignments, Nii ∈≠ ,0  

d. For all assignments, Njijj ∈≠≠ ,,0 where        

60≤− ji STDSTD  minutes: 

i. Check if the objective function value decreases if 
assignment j performed by truck o is moved to be 
performed by truck k≠ o before assignment i. 

• If yes: Change the routes, move the 
assignments=0 so the number of 
assignments≠ 0 between refilling remain the 
same as before the move for both truck k 
and o and go to Step 2d. 

• If no: Go to Step 2d. 

3. Check if this GRASP solution gives a lower objective function value, 
lower delay or lower traveling time than any saved solution. 

a. If yes: Save the routes and the objective function value and go 
to Step I. 

b. If no: Save the objective function value and go to Step I. 

II. Show the routes and the objective function values, i.e. total traveling distance 
and total flight delay, for the saved GRASP solutions. 

6.4 Computational results 
The total traveling time for all trucks, the total flight delays as well as the 

objective function values for the heuristics described above are presented in  
Table 16. For the GRASP heuristic, both the solution with least traveling time as 
well as the solution with least delay (the latter is also the one with least objective 
function value) is presented. As can be seen, the objective function value from the 
GRASP algorithm is reduced with almost 40 % compared to the best objective 
function value from any Greedy-algorithm. 
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Table 16 Computational results from various heuristics 
Traveling 

time 
(minutes)

Delay 
(minutes)

Objective 
function

GWOAC (Greedy WithOut Availability Check) 842 340 270 340 691
GWAC (Greedy With Availability Check) 1 305 568 1 221
GRASP, Solution with least traveling time 1 020 295 805
GRASP, Solution with least delay 1 066 207 740  

 

The solutions from each GRASP iteration are showed in Figure 15. The 
lowest value of the objective function found is 740. The same value of the 
objective function can be reached with different sets of delay and driving time, but 
here only one solution where the value of the objective function is 740 is found. 
The line for all sets giving the objective function value equal 740 is also showed in 
Figure 15.  

Note that all points in Figure 15 are different solutions from the same input 
flight schedule. Looking at the points, it is clear that one solution is dominating in 
traveling time and another one in delay. The best routes to use for the schedule 
should be one of these dominating solutions, but which one depends on the 
objectives of the user. If a short total aircraft delay time is desirable, the solution to 
the left is preferable, which is also the solution giving the best value of the 
objective functions. The lowermost solution is preferred by those who want to 
minimize the traveling time. The two dominating solutions, especially marked in 
Figure 15, are used as input to the simulation model for the different scenarios 
presented in the next chapter. 

With other values of a and b, solutions giving much lower traveling time can 
be found by the GRASP algorithm. But since those solutions are giving much 
higher flight delays, they are not of interest for further analyzing in the forthcoming 
experiments and therefore not presented here. 
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Figure 15 Solution range from the GRASP algorithm 
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7 COMPUTATIONAL RESULTS 

In this chapter the results from the integrated optimization and simulation runs 
are presented. First the scenarios are described, followed by the numerical results 
which are discussed in the last section. 

7.1 Scenarios 
As mentioned earlier, one aim with the simulation model is to compare the 

airport operations when using an optimized de-icing schedule to when simpler 
scheduling rules are used. For that reason four scenarios of the simulation has been 
run; the first one is run without de-icing, while the other three scenarios are run 
with de-icing. In all scenarios with de-icing, all the departing flights are de-iced. 
The number of de-icing trucks used is 18 in all those scenarios. In Scenario 2 the 
de-icing is performed according to a simple role of thumb, while both Scenario 3 
and 4 are based on schedules from the GRASP heuristic. 

All the scenarios are run with both the triangular and the beta distribution of 
the process times, see Section 5.3.4. 

 

• Scenario 1: No de-ice 

The first scenario is a base scenario to check the simulation against the flight 
schedule. In this scenario no de-icing is performed. The results are useful for 
deriving which delays those are not due to de-icing in the other scenarios. 

 

• Scenario 2: De-ice with “first-go-first-served” schedule 

In the second scenario, the de-icing trucks are scheduled according to a simple 
rule of thumb priority. The scheduling rule is based on a kind of first-come-first-
served procedure, where the de-icing is performed in the order of STD. In practice 
this means that the flight with the earliest scheduled departure time is served first 
and so on. Here the different capacity of the de-icing trucks is not considered, so all 
trucks are scheduled to go to the refill station after a certain number of performed 
assignments. 
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• Scenario 3: De-ice with a schedule that is optimized for the de-icing 
company 

The de-icing in the third scenario is performed according to a schedule from 
the optimization algorithm. Here the schedule that gives the shortest traveling time 
for the de-icing trucks is chosen, see Figure 15. This is the schedule from the 
optimization part that gives the best result seen from the de-icing operator’s point 
of view. Therefore this scenario can be seen as an example of what happens if the 
actors are optimizing their own business. Note that this de-icing schedule is not the 
schedule that gives the lowest possible travel time, but a schedule that gives the 
lowest travel time with current values of a and b in the objective function. 

 

• Scenario 4: De-ice with a schedule optimized for the entire airport 

In the fourth scenario the de-icing trucks are scheduled according to the 
schedule from the optimization algorithm that gives the best objective function 
value (see Figure 15). This schedule is also the one that gives the lowest delay for 
the departing flights. 

7.2 Number of replications 
The number of replications needed to get reliable results depends on how 

much the results vary between the runs. To decide how many replications to run, 
the required confidence interval as well as the allowed deviation from the mean 
must be decided. If the confidence interval is set to 99 % and the allowed deviation 
from the mean is set to 10 %, the true mean, i.e. the mean for an infinite number of 
replications, will be within mean ±  10 % with a probability of 99 %. To calculate 
the number of replications needed to get such reliability, first the mean value, 

)(nX , and standard deviation, S (n), from an arbitrary number of runs, n, must be 
calculated. 

The confidence interval is calculated by  

n
nStnX n

)()(
2

2/1,1 α−−± , 

where is the t-value for the required degree of freedom (n-1) and 
confidence level (1-

2/1,1 α−−nt
α /2). If a 99 % confidence interval is used, α = 0.01. 

The required number of replications, i, can then be calculated by the following 
formula: 

2'
2/1

2 ))(/)(( nXznSi γα−≥  where 

2/1 α−z  is an approximation of the t-value for i and  

)1/(' γγγ += . 
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γ is the relative deviation (here set to 10 %) so in this work 

'γ = 0.1 / (1+0.1) = 0.09. 

It has to be remarked that this is an approximation of the required number of 
replications since both the mean-value, standard deviation and z-value is depending 
of number of replications in the first run. (Law & Kelton, 1991) 

The standard deviation as well as the mean value diverge for the various output 
variables, which means that the number of required replications differ depending 
on which output variable that is studied. Looking at all the output variables from all 
scenarios, 50 replications is the highest number of replications required. Therefore 
the simulation output is based on 50 replications of the model, for all scenarios. 

7.3 Output 
The numerical results from the different scenarios run by the simulation model 

are presented here. The various areas that are selected for these analyzes are based 
on the indicators discussed in Section 4.3. 

7.3.1 Indicators used in Airport Logistics 
In the Airport Logistics project, indicators are used to evaluate the results 

from the simulation model. At the moment, not all indicators presented in Section 
4.3 are measured in the model, since the focus is on the turn-around process.  

As output from the simulation model the following indicators are analyzed: 
• On-time percentage as well as maximum and average delay for: 

° Touch down 

° Stand 

° Off block 

• Waiting time for turn-around services  

• Resource utilization 

 

As output from the optimization model the following indicators are analyzed: 
• Distance traveled by service vehicles (de-icing trucks) 

 

7.3.2 Delay 
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Delays are measured for touch down, stand and off block. A touch down delay 
is the difference between STA in the flight schedule and the time that the flight 
touches down in the simulation model. The number of touch down delays 
presented here is in percentage of the total number of movements on the runway, 
i.e. not only the number of arrivals, since also the departures are affecting these 
delays.  
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A stand delay is the difference between the time the flight reaches the stand 
and the time the turn-around process can start, i.e. the waiting time for the stand if 
it is occupied by another aircraft when the flight arrives.  

An off block delay is defined as the time difference between the completion of 
the turn-around process in the simulation and the STD in the flight schedule.  

The number of delays (in percentage) as well as the maximum and average 
values of the delays can be seen in Table 17. Notice that the average value is not 
the average of all flights but the average of all delayed flights. 

 

Table 17 Delays for the different scenarios from 50 runs 

Percentage 
delay

Max 
delay

Average 
delay

Percentage 
delay

Max 
delay

Average 
delay

Percentage 
delay

Max 
delay

Average 
delay

Scenario 1 19% 3 min 44 sec 1% 7 min 4 min 8% 14 min 5 min
Scenario 2 19% 3 min 42 sec 2% 10 min 5 min 27% 32 min 8 min
Scenario 3 19% 3 min 42 sec 1% 7 min 3 min 26% 43 min 7 min
Scenario 4 19% 3 min 42 sec 1% 7 min 3 min 24% 20 min 6 min

Touch down Stand Off block

 
 

The touch down delays depends on the runway capacity. In reality, the 
capacity is often lower than the number of movements in the schedule for certain 
time periods. It is common that several flights are scheduled to touch down at the 
same time, e.g. 7 o’clock in the morning, although it is well known that it is 
impossible to touch down more than two flights (if two runways are in use for 
arrivals) exactly that time. In reality, some flights arrive before STD while in the 
simulation no flight becomes active before STD. Both these things are reasons to 
the relatively high percentage of touch down delays and the short delay time. 
However, some of the delays originate from delays of departing flights, since they 
are occupying the runway at a time when they are not scheduled to be there. The 
difference in the average delay between Scenario 1 and the other scenarios might 
also be due to the delayed departure flights. If some of the departures that are 
causing touch down delay in Scenario 1 are delayed, the number of touch down 
delays will decrease. 

The stand delays are highly depending on the off block delays. The longer 
time a flight is occupying a gate, the more stand delays will occur. That is the 
reason why there occur more and longer stand delays in Scenario 2 than in 
Scenario 3 and 4. The off block delays do not differ very much between Scenario 2 
and 3, but by studying the point in time when they occur, it is obvious that most of 
the delays in Scenario 3 come up during the late evening. Off block delays in the 
end of the simulation period do not affect the stand delays to the same extent as off 
block delays during morning to afternoon. 

Looking at the 8 % off block delayed flights in Scenario 1, 65% of them is 
delayed due to touch down delays including taxi-in-times. The rest 35% of the off 
block-delayed flights have a simulated turn-around time longer than the scheduled. 
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This also means that 8 % of the off block delays in Scenario 2-4 are not probably 
caused by de-icing. 

For all of the off block-delayed flights, the unload baggage - fueling - load 
baggage track (i.e. the left track in Figure 13) is the bottleneck. 

For Scenario 2-4, most of the off block delays can be derived to the de-icing 
process. 

7.3.3 Waiting time for delayed flights 
One reason the off block delays occur is that the flight has to wait for the 

minor support services. Waiting time is defined as the difference between the time 
the aircraft is ready to be served by the minor support service and the time when 
the service starts. In the following table, the numbers of aircraft that have to wait 
(in quantity and percentage) as well as the maximum and average waiting times for 
all the minor support services are shown. Note that the average value is not the 
average of all flights but the average of all waiting flights. 

 

Table 18 Waiting times for minor support services, Scenario 1 
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Number that has to wait 13 11 4 3 1 5 9
Percentage waiting 4% 3% 1% 1% 0% 2% 3%
Max (minutes) 3 3 3 3 0 1 3
Average (minutes) 1 1 2 2 0 1 2  

 

The waiting time for the minor support flows, except de-icing, are almost the 
same for all the scenarios. The difference of waiting time for the de-icing trucks 
between the scenarios is of big interest to study. The lower the waiting time is, the 
better the de-icing schedule used in the scenario fulfills the objectives. In Table 19, 
based on 50 replications of the simulation model, the numbers of aircraft in 
percentage that have to wait for the de-icing truck is presented. For the waiting 
aircraft, the maximum, average and total waiting times are also exposed. 

 

Table 19 Waiting times for de-icing trucks from 50 replications 

Percentage 
waiting

Max         
waiting time

Average 
waiting time

Total         
waiting time

Scenario 1 - - - -
Scenario 2 23% 40 min 13 min 1181 min
Scenario 3 21% 47 min 10 min 808 min
Scenario 4 18% 33 min 9 min 646 min

De-icing
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7.3.4 Resource utilization 
The utilization of the minor support services has been measured every 15 

minutes. The utilization is the time (in percentage) that the resource has performed 
service to an aircraft. Since traveling time between flights is eliminated for all the 
minor support services except de-icing, traveling is not included in the utilization. 
Most of the resources reach their maximum utilization during the morning hours. 
The maximum utilization in percentage as well as the time it occurs for the 
resources respectively are shown in Table 20. 

 

Table 20 Maximum resource utilization, Scenario 4 

Utilization Utilization
Finn Handling 59% 10:15 - 10:30 Finn Handling 65% 10:30 - 10:45
Nordic Aero 82% 09:45 - 10:00 Nordic Aero 72% 20:00 - 20:15
Novia 76% 07:45 - 08:00 Novia 54% 23:45 - 00:00
SGS 74% 10:15 - 10:30 SGS 69% 15:15 - 15:30

Finn Handling 55% 10:30 - 10:45 Finn Handling 59% 10:45 - 11:00
Nordic Aero 60% 20:00 - 20:15 Nordic Aero 74% 19:00 - 19:15
Novia 71% 07:30 - 07:45 Novia 64% 07:30 - 07:45
SGS 63% 08:45 - 09:00 SGS 69% 09:00 - 09:15

Klarago 57% 07:45 - 08:00 Sodexo 71% 08:45 - 09:00
Gate Gormet 56% 16:30 - 16:45 RenAB 65% 08:45 - 09:00
LSG 81% 08:45 - 09:00 ISS 59% 07:45 - 08:00

AFAB 64% 07:45 - 08:00
SFS 88% 10:00 - 10:15

Peak time Peak timeResource Resource
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The utilization of the resources is varying over the day. An example of the 
variation can be seen in Figure 16, where the utilization of the two fueling 
resources is displayed. By comparing Figure 16 to the number of movements 
during the day (Figure 14), the peak times do not occur at the same times. This is 
because of the fact that a minor support service operator is connected to certain 
airlines. The peak period for the connected airlines might not coincide with the 
peak period for all airlines (as shown in Figure 14). 
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Figure 16 Resource utilization during the day, Scenario 4 

7.4 Sensitivity analysis 
As discussed in Section 5.3.4, this sensitivity analysis is executed to be able to 

evaluate how much the distribution of the process times are affecting the results. In 
the basic scenarios above, a triangular distribution that gives small variations in the 
process times are used. In this sensitivity analysis a beta distribution that can give 
much longer process times is applied. The aircraft delays and waiting times for de-
icing trucks in the different scenarios can be seen in Table 21 and Table 22. The 
tables are to be compared with Table 17 and Table 19 respectively, to see the 
effects of the more variable process times.  

The touch down delays do not differ between the basic scenarios and this 
analysis. The stand delays become a bit longer with the beta distribution and there 
occurs more and slightly longer off block delays. Looking at the number of aircraft 
that have to wait for the de-icing trucks, it is more than double with the beta 
distribution. Although, the average waiting times are much lower than with the 
triangular distribution, which indicates that most of the additional delays are very 
small. Looking at the total waiting times for de-icing trucks, they are higher using 
the beta distribution. However, the change of distributions for the process times 
does not change the overall results and Scenario 4 still is the most propitious of the 
de-icing scenarios. 
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Table 21 Delays for the different scenarios from 50 runs with beta distributions 

Percentage 
delay

Max 
delay

Average 
delay

Percentage 
delay

Max 
delay

Average 
delay

Percentage 
delay

Max 
delay

Average 
delay

Scenario 1 19% 3 min 44 sec 1% 7 min 4 min 9% 15 min 5 min
Scenario 2 19% 3 min 42 sec 2% 12 min 5 min 30% 34 min 8 min
Scenario 3 19% 3 min 42 sec 1% 8 min 4 min 28% 43 min 7 min
Scenario 4 19% 3 min 42 sec 1% 8 min 4 min 27% 25 min 7 min

Touch down Stand Off block

 
 

Table 22 Waiting times for de-icing trucks from 50 replications with beta distributions 

Percentage 
waiting

Max         
waiting time

Average 
waiting time

Total         
waiting time

Scenario 1 - - - -
Scenario 2 56% 42 min 7 min 1450 min
Scenario 3 54% 46 min 5 min 1058 min
Scenario 4 53% 35 min 4 min 912 min

De-icing

 

7.5 Comments on the results 
Looking at the number of off block delays in Table 17 and Table 21, it can be 

seen that Scenario 4 is better than Scenario 3 which in its turn is better than 
Scenario 2. The same holds for the average off block delay times, although the 
maximum off block delay that occurs is largest in Scenario 3. It is not obvious 
whether small maximum delay or small average delay is the most desirable for 
airport performance. On the one hand average delay seems most important since 
the sum of the delays in that case is lower. On the other hand maximum delay can 
be important if the delayed flight causes problem to many connecting flights or 
misses the slot time due to the large delay time etc. To investigate this further, it 
must be taken into consideration which flights that are affected of the delays. Some 
flights might be prioritized and delays on those flights might be more costly for 
entire airport performance. 

However, looking at the stand delays in Table 17 and Table 21, it is clear that 
the schedule used in Scenario 2 is the one causing most trouble. 

For the time the aircraft have to wait for the de-icing trucks (Table 19 and 
Table 22) the situation is the same as for off block delays. Scenario 3 is better than 
Scenario 2 due to number of delays as well as average and total delay time, while 
Scenario 2 has a lower maximum delay time than Scenario 3. Scenario 4 has lower 
figures for all the measured values.  

So, all the results presented in Table 17, Table 19, Table 21 and Table 22 
above, are showing that the de-ice schedule optimized for the entire airport 
(Scenario 4) gives better results, compared to the data from the schedule optimized 
for the de-icing company (Scenario 3) or the more simple rule of thumb schedule 
(Scenario 2). These results support the theory that trying to find solutions optimal 
for the entire airport, will give better airport performance than if all actors are 
trying to find solutions optimized for their own activity. 
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The indicators analyzed in this section are related to airport effectiveness. 
Other airport objectives, like safety and security, will not be affected of 
rescheduling the de-icing trucks. These results do not show whether the optimized 
de-icing schedule affects the airport performance robustness or not. While studying 
infrastructure etc robustness is a very important issue to take in consideration. But 
for scheduling minor support flows robustness is not that sensitive, since if the 
optimization is integrated in an operative tool, it will be rerun when changes in the 
flight schedule occurs. Seen from an environmental objective point of view, short 
traveling distances for the de-icing trucks are preferable while the availability 
objective benefits from short delay and short waiting time. 
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8 CONCLUSIONS AND EXTENSIONS 

In this thesis, the air transportation system, and in particular the airport 
processes, are surveyed and a definition of airport logistics has been suggested. The 
motivation of studying airport logistics is to get an overall picture of the airport in 
its entirety including all the various actors and activities. The objective is to find 
solutions promoting the performance of the entire airport rather than separately 
sub-optimizing the activities of each actor.  

In this study of airport logistics, it is found that one of the things making the 
logistics at an airport complex is the large number of actors involved, as well as the 
many activities that are sensitive to time. One very time sensitive process, where 
almost all of the actors are involved, is the turn-around process, which makes it a 
key process for airport logistics. Therefore, a detailed simulation model of the turn-
around process has been designed for Stockholm Arlanda Airport. The aim of the 
simulation model is to enable the assessment of various logistical operations 
involved in turn-around, and their impact on airport performance. To evaluate 
airport performance, measurable indicators have been suggested. These indicators 
are used for analyzes of the output from the simulation model.  

Furthermore, an optimization algorithm for planning schedules for de-icing 
trucks has been developed. The algorithm minimizes the traveling time for the 
trucks as well as the delay the de-icing causes to the aircraft. Two solutions from 
the optimization algorithm, the solution with minimum delay as well as the 
solution with the minimum traveling time for the de-icing trucks, are used as input 
to the simulation model. The simulation results from the scenarios using these 
optimized schedules are compared to a scenario where a schedule based on a 
simple rule of thumb is used. According to the airport performance indicators, the 
schedule based on the optimization solution resulting in minimum aircraft delay, 
gives rise to the best simulation results.  

These results are promising and suggest that the research should continue and 
develop optimized schedules for all the minor support flows. To do that, some data 
about the different minor support actors at Stockholm Arlanda Airport is needed. 
With some adjustments, it will be possible to use the optimization algorithm 
developed for scheduling de-icing trucks, even for the other minor support flows. 
Implementing optimized schedules for all the minor support flows in the simulation 
model will give an even more complete picture of airport logistics, showing how 
all actors and processes are linked to each other. 

The simulation model will be extended by modeling the final approach for 
arriving aircraft, taxiing and take off processes more detailed. By implementing 
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these extensions, it will be possible to integrate more processes related to air traffic 
control operations into the simulation, e.g. runway sequencing and push-back 
clearance. These implementations will make it possible to investigate how the air 
traffic control related processes, together with the turn-around activities, affect the 
entire airport performance. Such a model can help to find solutions for improving 
airport performance.  

To obtain a more measurable picture of airport performance, the indicators 
have to be further investigated. One way of doing that would be investigations on 
weighting the different indicators together. Another aspect is to trying to put prices 
on the different indicators. Through studying the latter, it will be possible to 
compare delays and waiting times with e.g. investment of resources. Both these 
investigations require much data from Stockholm Arlanda Airport as well as other 
reference airports. 

Another interesting area of future research is to implement simulation and 
optimization models for other airports, to see what can be used generically and 
what are airport specific. This requires a lot of data, both for implementation and 
validation use. 

In the optimization area, one extension will be to try to solve the model to 
optimality or to find upper and lower bounds, in order to get an idea of how close 
to optimum the GRASP solution is. But an even more interesting extension is to 
make the optimization tool more useful for operational issues. The current 
optimization and simulation models are primarily intended to be used at a strategic 
or tactical level of planning. In the future, it will be interesting to develop the tools 
so that they also can be used at a more operative level. In such a case, the 
optimization tools must respond faster and be able to rerun from a given starting 
point. Operative use does also require higher accuracy at several parts, e.g. the 
process times used in both the optimization and the simulation models. The input to 
the simulation platform might be connected directly to the airport system for 
arriving and departing flights. 
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PPENDIX I - FLIGHT SCHEDULE A
Ope- A/C- Max Gate Flight- Ori- Arrival time Flight- Desti- Departure time Term-
rator type Pax park no Arr gin (STA) no Dep nation (STD) inal
2N BEH 19 RS71 101 EVG 2008-06-12 07:20 252 TYF 2008-06-12 08:10 3
2N BEH 19 RS73 251 TYF 2008-06-12 07:25 102 EVG 2008-06-12 08:55 3
2N BEH 19 RS75 103 EVG 2008-06-12 17:45 104 EVG 2008-06-12 18:25 3
2N BEH 19 RS72 253 TYF 2008-06-12 18:00 254 TYF 2008-06-12 18:40 3
2Q SF3 33 51 87 SDL 2008-06-12 00:00 88 SDL 2008-06-12 00:40 8
4U 319 156 66 8214 SXF 2008-06-12 16:15 8215 SXF 2008-06-12 16:45 2
4U 319 156 66 218 CGN 2008-06-12 19:45 219 CGN 2008-06-12 20:15 2
6N S20 50 58 1201 GEV 2008-06-12 08:25 1202 GEV 2008-06-12 08:55 3
6N SF3 33 53 1301 KRF 2008-06-12 08:45 1302 KRF 2008-06-12 09:35 3
6N SF3 33 R60A 1309 KRF 2008-06-12 17:35 1310 KRF 2008-06-12 18:00 3
6N S20 50 55 1209 GEV 2008-06-12 17:40 1210 GEV 2008-06-12 18:20 3
AB 738 186 65 8102 TXL 2008-06-12 12:10 8103 TXL 2008-06-12 12:50 2
AF 320 165 11 1263 CDG 2008-06-12 06:40 6
AF 321 200 11 2062 CDG 2008-06-12 12:05 2063 CDG 2008-06-12 14:45 6
AF 320 165 12 1062 CDG 2008-06-12 18:35 1063 CDG 2008-06-12 19:25 6
AF 320 165 12 1262 CDG 2008-06-12 22:30 6

APF F50 58 40 GOT 2008-06-12 00:05 41 GOT 2008-06-12 00:50 8
APF F50 52 22 MMX 2008-06-12 00:05 23 MMX 2008-06-12 00:40 8
APF F50 54 2008-06-12 00:00 88 SDL 2008-06-12 00:40 8
APF F50 RR6 702 EIN 2008-06-12 01:55 702 EIN 2008-06-12 02:25 8
APF F50 56 2008-06-12 00:00 163 MMX 2008-06-12 05:20 8
APF F50 51 162 VBY 2008-06-12 20:10 21 MMX 2008-06-12 23:15 8
APF F50 58 20 MMX 2008-06-12 23:15 2008-06-12 23:59 8
APF F50 RR8 87 SDL 2008-06-12 23:55 2008-06-12 23:59 8
AY E90 100 64 632 HEL 2008-06-12 06:45 2
AY 319 123 64 639 HEL 2008-06-12 07:45 640 HEL 2008-06-12 08:15 2
AY 321 196 65 643 HEL 2008-06-12 08:00 644 HEL 2008-06-12 08:40 2
AY 319 123 64 635 HEL 2008-06-12 09:30 636 HEL 2008-06-12 10:30 2
AY E70 76 64 633 HEL 2008-06-12 11:40 634 HEL 2008-06-12 12:55 2
AY 319 123 64 641 HEL 2008-06-12 13:25 642 HEL 2008-06-12 14:10 2
AY 319 123 65 637 HEL 2008-06-12 15:55 638 HEL 2008-06-12 16:30 2
AY 320 159 65 645 HEL 2008-06-12 16:50 646 HEL 2008-06-12 17:30 2
AY 319 123 63 647 HEL 2008-06-12 18:10 648 HEL 2008-06-12 18:40 2
AY 319 123 65 649 HEL 2008-06-12 20:05 650 HEL 2008-06-12 20:40 2
AY E90 100 64 629 HEL 2008-06-12 23:40 2
AZ 320 144 11 7030 MXP 2008-06-12 16:20 7031 MXP 2008-06-12 17:10 6
BA 319 132 68 771 LHR 2008-06-12 07:05 2
BA 319 132 68 773 LHR 2008-06-12 09:20 2
BA 321 188 68 776 LHR 2008-06-12 11:15 777 LHR 2008-06-12 12:40 2
BA 320 156 68 778 LHR 2008-06-12 14:50 779 LHR 2008-06-12 15:40 2
BA 763 252 66 780 LHR 2008-06-12 17:20 781 LHR 2008-06-12 18:40 2
BA 320 156 68 782 LHR 2008-06-12 20:00 783 LHR 2008-06-12 20:50 2
BA 319 132 68 784 LHR 2008-06-12 21:30 2
BA 319 132 68 786 LHR 2008-06-12 23:30 2

BCS ABX RR5 3501 LEJ 2008-06-12 05:35 4733 LEJ 2008-06-12 22:15 8
BCS 73Y RR6 3523 GOT 2008-06-12 06:00 2427 EMA 2008-06-12 22:25 8
BGH 320 177 F32 5045 BOJ 2008-06-12 21:40 5046 BOJ 2008-06-12 22:40 5
BLX 75W 235 14 622 BOJ 2008-06-12 00:25 331 CHQ 2008-06-12 06:45 6
BLX 763 315 14 339 CHQ 2008-06-12 09:55 6
BLX 763 315 14 340 CHQ 2008-06-12 19:05 6
BT 735 120 5 101 RIX 2008-06-12 07:20 102 >> RIX 2008-06-12 07:55 5
BT F50 52 RF42 111 VNO 2008-06-12 08:15 112 VNO 2008-06-12 08:45 5
BT F50 52 10 107 RIX 2008-06-12 11:20 108 RIX 2008-06-12 11:45 5
BT 735 120 3 109 RIX 2008-06-12 18:55 110 RIX 2008-06-12 19:30 5
BT 735 120 7 113 VNO 2008-06-12 19:40 114 VNO 2008-06-12 20:55 5
CA 762 214 18 911 PEK 2008-06-12 17:10 912 PEK 2008-06-12 19:00 6
CAI 733 148 F36 491 AYT 2008-06-12 09:15 492 AYT 2008-06-12 10:15 6
CO 75W 175 18 68 EWR 2008-06-12 07:35 69 EWR 2008-06-12 09:10 6  
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Ope- A/C- Max Gate Flight- Ori- Arrival time Flight- Desti- Departure time Term-
) no Dep nation (STD) inal

2 08:20 3102 OER 2008-06-12 08:55 4
DC S20 50 36 3121 OER 2008-06-12 15:45 3104 OER 2008-06-12 16:15 4

rator type Pax park no Arr gin (STA
DC S20 50 36 3101 OER 2008-06-1

DC S20 50 36 3105 OER 2008-06-12 18:35 3106 OER 2008-06-12 18:55 4
DK 333 405 7 171 HER 2008-06-12 09:10 6
DK 333 405 17 172 HER 2008-06-12 18:15 7269 MUC 2008-06-12 19:45 6
DL 763 199 F36 172 ATL 2008-06-12 11:40 173 ATL 2008-06-12 13:35 6
DY 733 148 64 804 OSL 2008-06-12 08:40 807 OSL 2008-06-12 09:10 2
DY 733 148 65 836 BGO 2008-06-12 11:00 837 BGO 2008-06-12 11:30 2
DY 733 148 63 808 OSL 2008-06-12 14:40 811 OSL 2008-06-12 15:10 2
DY 733 148 65 816 OSL 2008-06-12 18:00 817 OSL 2008-06-12 18:30 2
FI 75W 189 3 306 KEF 2008-06-12 12:45 307 KEF 2008-06-12 14:10 5
FV 735 117 19 285 LED 2008-06-12 08:15 286 LED 2008-06-12 09:15 6
FX ABY RR10 5082 CDG 2008-06-12 07:25 5059 CDG 2008-06-12 20:25 8
GX 738 189 15 527 PDL 2008-06-12 09:15 6
GX 738 189 11 528 PDL 2008-06-12 20:55 6
IB 320 171 64 3322 MAD 2008-06-12 14:25 3321 MAD 2008-06-12 15:15 2
IR 747 431 18 763 THR 2008-06-12 11:05 762 THR 2008-06-12 13:00 6
JI 74Y RR8 7406 AMS 2008-06-12 20:00 7406 SZX 2008-06-12 21:30 8
JK 320 180 6 52 MAD 2008-06-12 07:45 5
JK 320 180 5 49 BCN 2008-06-12 13:55 48 BCN 2008-06-12 15:00 5
JK 320 180 5 45 PMI 2008-06-12 18:55 46 PMI 2008-06-12 19:55 5
JK 320 180 7 51 MAD 2008-06-12 21:35 5
JP CR9 86 12 504 LJU 2008-06-12 08:45 505 LJU 2008-06-12 09:40 6
JZ J31 19 RS75 802 LPI 2008-06-12 07:05 805 LPI 2008-06-12 07:55 3
JZ SF3 17 52 400 THN 2008-06-12 07:15 401 THN 2008-06-12 07:50 3
JZ J31 19 RS72 722 BLE 2008-06-12 07:25 723 BLE 2008-06-12 08:00 3
JZ F50 50 54 200 KSD 2008-06-12 07:25 203 KSD 2008-06-12 08:00 3
JZ F50 50 56 1012 JKG 2008-06-12 07:30 1013 JKG 2008-06-12 08:10 3
JZ F50 50 58 1306 VBY 2008-06-12 07:30 841 OSK 2008-06-12 08:10 3
JZ F50 50 51 420 HAD 2008-06-12 07:40 431 HAD 2008-06-12 08:10 3
JZ J31 19 RS74 840 OSK 2008-06-12 07:40 725 BLE 2008-06-12 11:10 3
JZ S20 47 53 470 KID 2008-06-12 07:40 473 KID 2008-06-12 08:00 3
JZ 100 100 52 430 HAD 2008-06-12 08:05 290 SFT 2008-06-12 14:30 3
JZ F50 50 54 553 VHM 2008-06-12 08:20 554 HMV 2008-06-12 09:00 3
JZ S20 47 56 501 AJR 2008-06-12 08:25 502 AJR 2008-06-12 09:00 3
JZ F50 50 51 291 SFT 2008-06-12 08:30 294 SFT 2008-06-12 09:30 3
JZ J31 19 RS71 724 BLE 2008-06-12 09:40 845 OSK 2008-06-12 14:50 3
JZ F50 50 54 1308 VBY 2008-06-12 10:05 1011 JKG 2008-06-12 10:25 3
JZ F50 50 56 1014 JKG 2008-06-12 10:30 1313 VBY 2008-06-12 10:50 3
JZ F50 50 58 206 KSD 2008-06-12 10:35 423 HAD 2008-06-12 12:05 3
JZ F50 50 54 422 HAD 2008-06-12 11:00 207 KSD 2008-06-12 12:15 3
JZ S20 47 56 462 KID 2008-06-12 11:35 463 KID 2008-06-12 11:55 3
JZ S20 47 RF42 502 LYC 2008-06-12 12:25 1 LUX 2008-06-12 14:00 5
JZ F50 50 54 1348 VBY 2008-06-12 13:55 1015 JKG 2008-06-12 14:15 3
JZ F50 50 58 295 SFT 2008-06-12 14:10 1347 VBY 2008-06-12 14:30 3
JZ F50 50 56 1026 JKG 2008-06-12 14:10 211 KSD 2008-06-12 14:45 3
JZ F50 50 51 210 KSD 2008-06-12 14:25 439 HAD 2008-06-12 16:05 3
JZ J31 19 RS73 844 OSK 2008-06-12 14:30 729 BLE 2008-06-12 15:00 3
JZ S20 47 54 478 KID 2008-06-12 14:40 461 KID 2008-06-12 15:00 3
JZ J31 19 RS72 728 BLE 2008-06-12 14:40 847 OSK 2008-06-12 17:45 3
JZ F50 50 54 432 HAD 2008-06-12 15:45 296 SFT 2008-06-12 17:00 3
JZ J31 19 RS71 730 BLE 2008-06-12 16:40 817 LPI 2008-06-12 18:10 3
JZ F50 50 56 212 KSD 2008-06-12 16:55 213 KSD 2008-06-12 17:15 3
JZ 100 100 52 299 SFT 2008-06-12 17:05 425 HAD 2008-06-12 17:55 3
JZ F50 50 58 557 HMV 2008-06-12 17:10 1025 JKG 2008-06-12 17:35 3
JZ F50 50 54 1354 VBY 2008-06-12 17:15 471 KID 2008-06-12 17:40 3
JZ J31 19 RS73 846 OSK 2008-06-12 17:20 737 BLE 2008-06-12 18:20 3
JZ S20 47 51 424 HAD 2008-06-12 17:20 506 AJR 2008-06-12 18:35 3  
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JZ F50 50 56 1024 JKG 2008-06-12 17:30 1351 VBY 2008-06-12 17:50 3
JZ S20 47 RS3 464 KID 2008-06-12 17:40 469 KID 2008-06-12 19:50 3
JZ J31 19 RS74 816 LPI 2008-06-12 17:45 749 BLE 2008-06-12 21:20 3
JZ SF3 17 58 406 THN 2008-06-12 17:55 407 THN 2008-06-12 18:25 3
JZ S20 47 54 505 AJR 2008-06-12 18:05 3
JZ F50 50 53 558 VHM 2008-06-12 18:10 3
JZ F50 50 52 216 KSD 2008-06-12 19:25 1361 VBY 2008-06-12 20:00 3
JZ S20 47 F35 2 LUX 2008-06-12 19:30 5
JZ F50 50 54 1358 VBY 2008-06-12 19:40 427 HAD 2008-06-12 20:10 3
JZ F50 50 56 426 HAD 2008-06-12 19:50 1029 JKG 2008-06-12 20:15 3
JZ J31 19 RS72 738 BLE 2008-06-12 19:55 3
JZ F50 50 58 1028 JKG 2008-06-12 19:55 298 SFT 2008-06-12 20:40 3
JZ F50 50 52 297 SFT 2008-06-12 20:15 217 KSD 2008-06-12 20:55 3
JZ F50 50 54 466 KID 2008-06-12 20:40 3
KE 74F RR8 547 ICN 2008-06-12 12:25 548 ICN 2008-06-12 15:25 8
KF AR8 84 4 480 TMP 2008-06-12 07:00 5
KF AR8 84 F36 421 TKU 2008-06-12 06:30 426 HEL 2008-06-12 08:35 5
KF F50 50 RG1 485 TMP 2008-06-12 06:30 496 TMP 2008-06-12 15:00 5
KF F50 50 RG3 463 VAA 2008-06-12 06:30 460 VAA 2008-06-12 22:55 5
KF AR8 84 F38 425 HEL 2008-06-12 08:00 418 TKU 2008-06-12 09:45 5
KF M90 166 F31 429 HEL 2008-06-12 08:35 430 HEL 2008-06-12 09:10 5
KF AR8 84 F39 465 VAA 2008-06-12 09:05 466 VAA 2008-06-12 09:00 5
KF AR8 84 6 481 TMP 2008-06-12 09:15 440 HEL 2008-06-12 13:00 5
KF AR8 84 4 413 TKU 2008-06-12 11:40 412 TKU 2008-06-12 15:00 5
KF AR8 84 5 443 HEL 2008-06-12 13:00 5
KF AR8 84 1 445 HEL 2008-06-12 15:55 446 HEL 2008-06-12 16:10 5
KF AR8 84 3 417 TKU 2008-06-12 17:00 420 TKU 2008-06-12 17:30 5
KF M90 166 4 427 HEL 2008-06-12 17:30 428 HEL 2008-06-12 18:05 5
KF F50 50 F29 495 TMP 2008-06-12 17:40 468 VAA 2008-06-12 18:20 5
KF AR8 84 4 447 HEL 2008-06-12 18:45 448 HEL 2008-06-12 19:20 5
KF AR8 84 8 423 TKU 2008-06-12 19:25 482 TMP 2008-06-12 19:55 5
KF F50 50 8 469 VAA 2008-06-12 20:50 488 TMP 2008-06-12 22:55 5
KF AR8 84 5 489 TMP 2008-06-12 22:15 422 TKU 2008-06-12 22:55 5
KL 73H 171 13 1106 AMS 2008-06-12 06:20 5
KL 73H 171 9 1107 AMS 2008-06-12 08:55 1108 AMS 2008-06-12 09:45 5
KL 73H 171 F28 1109 AMS 2008-06-12 11:20 1110 AMS 2008-06-12 12:10 5
KL 733 127 8 1113 AMS 2008-06-12 14:10 1114 AMS 2008-06-12 14:55 5
KL 73H 171 9 1115 AMS 2008-06-12 16:35 1116 AMS 2008-06-12 17:30 5
KL 733 127 6 1117 AMS 2008-06-12 19:55 1118 AMS 2008-06-12 20:40 5
KL 73H 171 1 1121 AMS 2008-06-12 23:05 5
LF M82 162 20 6506 MIR 2008-06-12 02:15 6
LF M82 162 20 6507 AYT 2008-06-12 06:55 2
LF M82 162 65 813 AGP 2008-06-12 06:30 2
LF M82 162 12 6805 IBZ 2008-06-12 06:45 6
LF M82 162 66 301 CPH 2008-06-12 07:10 2
LF M82 162 62 401 OSL 2008-06-12 07:20 2
LF M82 162 39 240 UME 2008-06-12 08:00 241 UME 2008-06-12 08:30 4
LF M82 162 42 502 LLA 2008-06-12 08:10 507 LLA 2008-06-12 08:40 4
LF M82 162 34 274 OSD 2008-06-12 08:15 275 OSD 2008-06-12 08:50 4
LF M82 162 31 518 KRN 2008-06-12 08:55 4
LF M82 162 32 274A OSD 2008-06-12 07:10 4
LF M82 162 66 853 BOD 2008-06-12 09:30 2
LF M82 162 63 404 OSL 2008-06-12 09:50 2
LF M82 162 66 304 CPH 2008-06-12 10:10 2
LF M82 162 34 276 OSD 2008-06-12 10:40 515 LLA 2008-06-12 12:30 4
LF M82 162 35 242 UME 2008-06-12 11:10 243 UME 2008-06-12 14:35 4
LF M82 162 32 508 LLA 2008-06-12 11:55 277 OSD 2008-06-12 15:15 4
LF M82 162 6 6806 IBZ 2008-06-12 14:45 6701 CHQ 2008-06-12 16:15 6  
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LF M82 162 39 509 LLA 2008-06-12 15:30 4
LF M82 162 32 516 LLA 2008-06-12 15:40 245 UME 2008-06-12 16:45 4
LF M82 162 41 517 KRN 2008-06-12 17:55 4
LF M82 162 64 814 AGP 2008-06-12 15:45 835 DUS 2008-06-12 18:20 2
LF M82 162 66 311 CPH 2008-06-12 15:45 2
LF M82 162 63 854 BOD 2008-06-12 16:15 411 OSL 2008-06-12 17:00 2
LF M82 162 42 244 UME 2008-06-12 17:10 501 LLA 2008-06-12 19:15 4
LF M82 162 39 278 OSD 2008-06-12 17:40 247 UME 2008-06-12 19:55 4
LF M82 162 38 510 LLA 2008-06-12 18:40 273 OSD 2008-06-12 20:00 4
LF M82 162 64 314 CPH 2008-06-12 18:45 315 CPH 2008-06-12 19:15 2
LF M82 162 66 415 OSL 2008-06-12 19:30 2
LF M82 162 40 246 UME 2008-06-12 19:25 4
LF M82 162 64 414 OSL 2008-06-12 19:30 2
LF M82 162 64 416 OSL 2008-06-12 22:00 2
LF M82 162 65 316 CPH 2008-06-12 22:15 2
LF M82 162 64 836 DUS 2008-06-12 22:50 2
LH 321 174 F30 3007 FRA 2008-06-12 06:30 5
LH 320 142 F31 3023 MUC 2008-06-12 07:50 5
LH CR7 62 1 3034 HAM 2008-06-12 08:35 3035 HAM 2008-06-12 09:10 5
LH CR7 62 3 3028 DUS 2008-06-12 08:50 3029 DUS 2008-06-12 09:25 5
LH 320 142 8 3000 FRA 2008-06-12 09:20 3001 FRA 2008-06-12 10:05 5
LH 319 118 3 3014 MUC 2008-06-12 11:10 3015 MUC 2008-06-12 11:50 5
LH 321 174 5 3002 FRA 2008-06-12 11:55 3003 FRA 2008-06-12 12:45 5
LH CR7 62 1 3030 DUS 2008-06-12 14:05 3031 DUS 2008-06-12 14:40 5
LH 320 142 9 3018 MUC 2008-06-12 15:15 3019 MUC 2008-06-12 16:15 5
LH CR2 43 10 3036 HAM 2008-06-12 15:40 3037 HAM 2008-06-12 16:10 5
LH 319 118 1 3020 MUC 2008-06-12 17:25 3021 MUC 2008-06-12 18:00 5
LH 321 174 9 3004 FRA 2008-06-12 18:15 3005 FRA 2008-06-12 19:00 5
LH CR7 62 1 3032 DUS 2008-06-12 19:35 3033 DUS 2008-06-12 20:10 5
LH 320 142 6 3022 MUC 2008-06-12 21:30 5
LH 321 174 9 3006 FRA 2008-06-12 23:45 5
LO E70 70 1 456 WAW 2008-06-12 07:55 5
LO E70 70 1 453 WAW 2008-06-12 09:50 454 WAW 2008-06-12 10:30 5
LO E70 70 7 457 WAW 2008-06-12 18:10 458 WAW 2008-06-12 18:55 5
LO E70 70 1 455 WAW 2008-06-12 21:45 5
LX 320 160 F37 1248 ZRH 2008-06-12 09:15 1249 ZRH 2008-06-12 09:45 5
LX 320 160 F31 1254 ZRH 2008-06-12 19:00 1255 ZRH 2008-06-12 19:35 5
MA 73G 119 65 762 BUD 2008-06-12 09:20 763 BUD 2008-06-12 10:00 2
MA 73G 119 62 766 BUD 2008-06-12 19:40 767 BUD 2008-06-12 20:20 2
MH 772 282 F28 90 KUL 2008-06-12 15:05 90 EWR 2008-06-12 16:35 5
N9 SF3 5 RG2 501 MHQ 2008-06-12 06:00 502 MHQ 2008-06-12 09:15 5
N9 SF3 5 RF42 503 MHQ 2008-06-12 16:30 504 MHQ 2008-06-12 19:30 5
NB 73G 148 F29 710 EMA 2008-06-12 00:00 5
NB 738 189 63 477 CPH 2008-06-12 06:55 2
NB 73G 148 32 123 MMX 2008-06-12 06:55 4
NB 73G 148 39 223 GOT 2008-06-12 07:00 4
NB 73G 148 19 735 LGW 2008-06-12 07:05 6
NB 73G 148 32 219 GOT 2008-06-12 08:00 220 GOT 2008-06-12 08:30 4
NB 73G 148 38 121 MMX 2008-06-12 08:10 122 MMX 2008-06-12 08:40 4
NB 738 189 63 453 CPH 2008-06-12 08:25 454 CPH 2008-06-12 08:55 2
NB 73G 148 35 125 MMX 2008-06-12 08:40 4
NB 73G 148 15 773 BUD 2008-06-12 10:00 6
NB 73G 148 32 221 GOT 2008-06-12 08:45 4
NB 73G 148 11 727 BCN 2008-06-12 09:25 6
NB 73G 148 13 785 FLR 2008-06-12 08:55 6
NB 73G 148 32 224 GOT 2008-06-12 09:30 4
NB 73G 148 15 755 NCE 2008-06-12 10:45 6
NB 73G 148 31 124 MMX 2008-06-12 09:50 4  
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NB 738 189 13 777 ALC 2008-06-12 10:50 6
NB 738 189 11 478 CPH 2008-06-12 10:00 705 AGP 2008-06-12 10:50 6
NB 73G 148 19 752 EDI 2008-06-12 11:40 751 EDI 2008-06-12 12:10 6
NB 73G 148 F32 736 LGW 2008-06-12 12:50 741 FCO 2008-06-12 13:35 6
NB 73G 148 12 761 PRG 2008-06-12 14:45 6
NB 73G 148 14 762 PRG 2008-06-12 14:15 457 CPH 2008-06-12 16:20 6
NB 73G 148 16 786 FLR 2008-06-12 14:45 6
NB 73G 148 32 129 MMX 2008-06-12 17:35 4
NB 73G 148 F32 774 BUD 2008-06-12 14:50 6
NB 73G 148 38 229 GOT 2008-06-12 18:15 4
NB 73G 148 14 728 BCN 2008-06-12 16:50 6
NB 73G 148 33 225 GOT 2008-06-12 19:15 4
NB 73G 148 14 756 NCE 2008-06-12 17:35 6
NB 73G 148 32 131 MMX 2008-06-12 19:50 4
NB 738 189 20 737 LGW 2008-06-12 18:00 6
NB 735 126 62 455 CPH 2008-06-12 18:45 456 CPH 2008-06-12 19:15 2
NB 73G 148 35 126 MMX 2008-06-12 18:45 127 MMX 2008-06-12 22:15 4
NB 73G 148 63 458 CPH 2008-06-12 19:20 2
NB 738 189 11 778 ALC 2008-06-12 19:20 6
NB 73G 148 31 227 GOT 2008-06-12 20:00 228 GOT 2008-06-12 20:30 4
NB 738 189 11 706 AGP 2008-06-12 20:05 6
NB 73G 148 12 742 FCO 2008-06-12 20:25 6
NB 73G 148 33 226 GOT 2008-06-12 21:45 4
NB 73G 148 38 132 MMX 2008-06-12 22:40 4
NB 738 189 19 738 LGW 2008-06-12 23:45 6

NRD M82 162 15 179 AOK 2008-06-12 07:00 6
NRD M82 162 11 1419 MLA 2008-06-12 16:00 6
NRD M82 162 12 180 AOK 2008-06-12 16:00 6
NVR 321 211 19 424 AYT 2008-06-12 01:55 6
NVR 321 211 16 259 CHQ 2008-06-12 07:05 6
NVR 321 211 16 260 CHQ 2008-06-12 16:00 241 CHQ 2008-06-12 17:20 6
OK 735 102 11 495 PRG 2008-06-12 08:00 6
OK 735 102 14 492 PRG 2008-06-12 10:55 493 PRG 2008-06-12 11:40 6
OK 735 102 12 490 PRG 2008-06-12 16:45 491 PRG 2008-06-12 17:25 6
OK 734 138 11 494 PRG 2008-06-12 21:55 6
OS 319 132 7 318 VIE 2008-06-12 07:10 5
OS 100 100 5 311 VIE 2008-06-12 09:30 312 >> VIE 2008-06-12 10:15 5
OS 100 100 5 313 VIE 2008-06-12 15:40 314 VIE 2008-06-12 16:50 5
OS 100 100 4 315 VIE 2008-06-12 19:35 316 VIE 2008-06-12 20:20 5
OS 319 132 9 317 VIE 2008-06-12 22:00 5
OV 735 118 6 121 TLL 2008-06-12 07:55 122 TLL 2008-06-12 08:40 5
OV SF3 33 F30 661 URE 2008-06-12 11:25 662 URE 2008-06-12 11:55 5
OV 735 118 1 123 TLL 2008-06-12 15:00 124 TLL 2008-06-12 15:40 5
OV 735 118 6 125 TLL 2008-06-12 19:00 126 TLL 2008-06-12 19:40 5
PT ATP RR7 93 UME 2008-06-12 00:00 94 UME 2008-06-12 00:45 8
PT ATP RR5 2008-06-12 00:00 67 KSD 2008-06-12 01:15 8
PT ATP RR4 116 CPH 2008-06-12 05:30 108 VAA 2008-06-12 07:40 8
PT ATP RR3 2008-06-12 00:00 589 TLL 2008-06-12 07:40 8
PT ATP RR3 109 VAA 2008-06-12 20:15 115 CPH 2008-06-12 23:00 8
PT ATP RR4 588 TLL 2008-06-12 20:15 2008-06-12 23:59 8
PT ATP RR5 91 UME 2008-06-12 22:35 92 UME 2008-06-12 23:30 8
PT ATP RR6 66 KSD 2008-06-12 23:25 2008-06-12 23:59 8
QI CR1 50 16 225 BLL 2008-06-12 08:55 226 BLL 2008-06-12 09:30 6
QI CR1 50 11 229 BLL 2008-06-12 18:20 230 BLL 2008-06-12 19:00 6
SK 736 31 101 MMX 2008-06-12 06:00 4
SK M81 32 183 AGH 2008-06-12 06:05 4
SK 736 39 149 GOT 2008-06-12 06:05 4
SK 738 3 1415 CPH 2008-06-12 06:20 5  
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SK 736 F29 605 ZRH 2008-06-12 06:40 5
SK 738 31 103 MMX 2008-06-12 06:45 4
SK 736 5 485 OSL 2008-06-12 07:00 5
SK 736 6 700 HEL 2008-06-12 07:00 5
SK M81 40 2153 GOT 2008-06-12 07:05 4
SK 738 10 1417 CPH 2008-06-12 07:10 5
SK M81 8 589 BRU 2008-06-12 07:10 5
SK M81 1 573 CDG 2008-06-12 07:10 5
SK AR7 F32 1623 DUS 2008-06-12 07:15 5
SK AR8 3 2677 TXL 2008-06-12 07:20 5
SK AR8 F33 517 LCY 2008-06-12 07:25 5
SK M81 F39 481 OSL 2008-06-12 07:30 5
SK M81 9 1553 AMS 2008-06-12 07:30 5
SK 738 F29 1811 BCN 2008-06-12 07:45 5
SK M81 8 1841 FCO 2008-06-12 07:55 5
SK M87 R69A 1155 VXO 2008-06-12 08:10 4
SK 736 F33 732 LED 2008-06-12 13:15 5
SK M81 F37 534 LHR 2008-06-12 00:30 525 LHR 2008-06-12 07:55 5
SK 736 F28 1749 TLL 2008-06-12 06:20 5
SK 736 R69B 92 OER 2008-06-12 08:15 4
SK 736 F35 707 HEL 2008-06-12 07:05 2547 MAN 2008-06-12 07:50 5
SK 736 31 2059 SDL 2008-06-12 07:05 4
SK 736 F33 2615 GVA 2008-06-12 08:25 5
SK 736 35 176 AGH 2008-06-12 07:15 4
SK 736 5 1485 TRD 2008-06-12 09:15 5
SK 333 F28 904 EWR 2008-06-12 07:15 903 EWR 2008-06-12 10:40 5
SK 736 40 1 LLA 2008-06-12 07:20 1004 LLA 2008-06-12 08:15 4
SK 736 38 1164 VXO 2008-06-12 07:25 2151 GOT 2008-06-12 08:10 4
SK M81 42 2198 KLR 2008-06-12 07:30 105 MMX 2008-06-12 08:10 4
SK 736 10 844 OSL 2008-06-12 07:30 847 OSL 2008-06-12 08:00 5
SK 736 33 27 UME 2008-06-12 07:35 48 SDL 2008-06-12 08:30 4
SK 736 34 75 OSD 2008-06-12 07:35 1129 RNB 2008-06-12 08:15 4
SK M81 43 1134 RNB 2008-06-12 07:35 181 AGH 2008-06-12 08:20 4
SK M87 41 99 OER 2008-06-12 07:35 193 KLR 2008-06-12 08:25 4
SK 321 3 400 CPH 2008-06-12 07:40 401 CPH 2008-06-12 08:25 5
SK M81 37 130 MMX 2008-06-12 07:40 24 UME 2008-06-12 08:20 4
SK M81 9 146 GOT 2008-06-12 07:40 4
SK M81 9 2661 MUC 2008-06-12 08:40 5
SK M87 35 1011 SFT 2008-06-12 07:45 1012 SFT 2008-06-12 08:20 4
SK 333 F32 946 ORD 2008-06-12 07:45 945 ORD 2008-06-12 10:15 5
SK 738 31 3 LLA 2008-06-12 07:55 66 OSD 2008-06-12 08:35 4
SK 736 F29 144 GOT 2008-06-12 08:05 4
SK 736 F29 689 LIN 2008-06-12 09:10 5
SK M81 4 47 SDL 2008-06-12 08:05 4
SK M81 4 635 FRA 2008-06-12 09:15 5
SK M81 37 2178 AGH 2008-06-12 08:25 4
SK M81 F33 535 DUB 2008-06-12 09:25 5
SK 736 33 172 GOT 2008-06-12 08:30 6 LLA 2008-06-12 09:05 4
SK 73G 8 848 OSL 2008-06-12 08:30 849 OSL 2008-06-12 09:00 5
SK M81 40 25 UME 2008-06-12 08:35 151 GOT 2008-06-12 09:25 4
SK 321 10 402 CPH 2008-06-12 08:35 403 CPH 2008-06-12 09:25 5
SK 736 39 128 MMX 2008-06-12 08:45 107 MMX 2008-06-12 09:45 4
SK M81 F35 2660 MUC 2008-06-12 09:00 2541 EDI 2008-06-12 10:15 5
SK 736 13 850 OSL 2008-06-12 09:15 853 OSL 2008-06-12 09:45 5
SK M81 41 150 GOT 2008-06-12 09:20 4
SK M81 3 1481 BGO 2008-06-12 10:25 5
SK 738 38 104 MMX 2008-06-12 09:25 4
SK 738 10 1419 CPH 2008-06-12 10:25 5  
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SK 738 4 1416 CPH 2008-06-12 09:30 1829 NCE 2008-06-12 10:20 5
SK 736 7 703 HEL 2008-06-12 09:35 1708 HEL 2008-06-12 11:35 5
SK 736 F31 480 OSL 2008-06-12 09:35 571 CDG 2008-06-12 11:20 5
SK M81 9 484 OSL 2008-06-12 10:00 487 OSL 2008-06-12 10:45 5
SK M87 32 1156 VXO 2008-06-12 10:20 177 AGH 2008-06-12 11:30 4
SK M81 F29 1530 LHR 2008-06-12 10:20 531 LHR 2008-06-12 11:10 5
SK M87 40 194 KLR 2008-06-12 10:30 2092 OER 2008-06-12 12:00 4
SK 738 5 1418 CPH 2008-06-12 10:30 1421 CPH 2008-06-12 11:10 5
SK 736 38 1136 RNB 2008-06-12 10:30 4
SK 736 9 1767 PRG 2008-06-12 12:05 5
SK 736 39 142 GOT 2008-06-12 10:30 157 GOT 2008-06-12 11:25 4
SK 736 42 93 OER 2008-06-12 10:35 44 SDL 2008-06-12 12:15 4
SK 736 31 49 SDL 2008-06-12 10:35 8 LLA 2008-06-12 11:10 4
SK M81 33 182 AGH 2008-06-12 10:40 72 OSD 2008-06-12 11:15 4
SK M81 41 23 UME 2008-06-12 10:45 1042 KRN 2008-06-12 11:30 4
SK M81 43 106 MMX 2008-06-12 10:45 2026 UME 2008-06-12 11:25 4
SK 738 37 73 OSD 2008-06-12 10:55 2107 MMX 2008-06-12 11:30 4
SK AR8 1 2678 TXL 2008-06-12 11:05 2759 RIX 2008-06-12 13:20 5
SK 736 34 1013 SFT 2008-06-12 11:15 4
SK M87 6 2679 TXL 2008-06-12 17:25 5
SK 736 38 5 LLA 2008-06-12 11:15 1141 RNB 2008-06-12 12:20 4
SK 738 F29 864 OSL 2008-06-12 11:30 861 OSL 2008-06-12 12:00 5
SK M81 31 152 GOT 2008-06-12 11:45 10 LLA 2008-06-12 12:40 4
SK 736 39 7 LLA 2008-06-12 12:05 159 GOT 2008-06-12 12:45 4
SK 736 40 108 MMX 2008-06-12 12:20 117 MMX 2008-06-12 12:55 4
SK M81 F28 590 BRU 2008-06-12 12:25 730 SVO 2008-06-12 13:15 5
SK M81 9 556 AMS 2008-06-12 12:25 5
SK M81 40 161 GOT 2008-06-12 14:15 4
SK 736 F29 1486 TRD 2008-06-12 12:25 5
SK 736 39 94 OER 2008-06-12 14:10 4
SK 736 F31 606 ZRH 2008-06-12 12:30 495 OSL 2008-06-12 13:30 5
SK M81 7 404 CPH 2008-06-12 12:35 405 CPH 2008-06-12 13:15 5
SK AR7 10 1624 DUS 2008-06-12 12:40 748 TLL 2008-06-12 14:05 5
SK M81 41 574 CDG 2008-06-12 13:10 12 LLA 2008-06-12 14:15 5
SK AR8 F34 518 LCY 2008-06-12 13:10 529 LCY 2008-06-12 16:20 5
SK M81 9 490 OSL 2008-06-12 13:10 704 HEL 2008-06-12 13:50 5
SK 736 F37 2548 MAN 2008-06-12 13:25 637 FRA 2008-06-12 15:15 5
SK 738 F28 1420 CPH 2008-06-12 13:30 1423 CPH 2008-06-12 14:10 5
SK M81 31 61 OSD 2008-06-12 13:35 123 MMX 2008-06-12 14:15 4
SK 736 38 158 GOT 2008-06-12 13:45 2064 OSD 2008-06-12 14:50 4
SK M81 42 2027 UME 2008-06-12 13:45 52 SDL 2008-06-12 14:50 4
SK M81 6 1482 BGO 2008-06-12 13:55 5
SK M81 37 34 UME 2008-06-12 14:55 4
SK M81 7 2662 MUC 2008-06-12 14:00 1555 AMS 2008-06-12 15:10 5
SK 319 F31 406 CPH 2008-06-12 14:00 407 CPH 2008-06-12 14:40 5
SK 736 F30 868 OSL 2008-06-12 14:00 867 OSL 2008-06-12 14:30 5
SK M81 F33 526 LHR 2008-06-12 14:05 527 LHR 2008-06-12 15:20 5
SK M87 34 178 AGH 2008-06-12 14:05 1157 VXO 2008-06-12 15:20 4
SK 738 33 2108 MMX 2008-06-12 14:05 185 AGH 2008-06-12 15:10 4
SK 736 43 9 LLA 2008-06-12 14:10 1143 RNB 2008-06-12 15:30 4
SK 736 9 1709 HEL 2008-06-12 14:10 5
SK 736 31 171 GOT 2008-06-12 15:10 4
SK M81 15 2636 FRA 2008-06-12 14:15 579 CDG 2008-06-12 16:00 5
SK 738 F35 1422 CPH 2008-06-12 14:15 5
SK 738 35 2002 LLA 2008-06-12 15:15 4
SK M87 39 2093 OER 2008-06-12 14:25 111 MMX 2008-06-12 16:30 4
SK 736 41 43 SDL 2008-06-12 14:25 1016 SFT 2008-06-12 15:05 4
SK 736 F29 2616 GVA 2008-06-12 14:45 2693 VIE 2008-06-12 15:25 5  
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Ope- A/C- Max Gate Flight- Ori- Arrival time Flight- Desti- Departure time Term-
rator type Pax park no Arr gin (STA) no Dep nation (STD) inal
SK 736 40 1140 RNB 2008-06-12 14:45 163 GOT 2008-06-12 16:00 4
SK 738 3 874 OSL 2008-06-12 15:05 875 OSL 2008-06-12 15:35 5
SK 736 38 160 GOT 2008-06-12 15:10 197 KLR 2008-06-12 15:55 4
SK M81 F31 1842 FCO 2008-06-12 15:10 1523 LHR 2008-06-12 16:10 5
SK M81 42 1045 KRN 2008-06-12 15:15 167 GOT 2008-06-12 16:30 4
SK 321 4 408 CPH 2008-06-12 15:30 409 CPH 2008-06-12 16:10 5
SK 736 31 116 MMX 2008-06-12 15:30 109 MMX 2008-06-12 16:00 4
SK 736 F33 690 LIN 2008-06-12 15:35 1605 ZRH 2008-06-12 16:15 5
SK 738 8 1812 BCN 2008-06-12 15:40 1425 CPH 2008-06-12 16:45 5
SK M81 F29 2542 EDI 2008-06-12 15:40 1589 BRU 2008-06-12 16:20 5
SK M81 33 11 LLA 2008-06-12 15:40 4
SK M81 7 673 FRA 2008-06-12 16:50 5
SK M81 F37 536 DUB 2008-06-12 15:45 499 OSL 2008-06-12 16:40 5
SK 736 F35 496 OSL 2008-06-12 15:55 2549 MAN 2008-06-12 16:35 5
SK AR8 3 2760 RIX 2008-06-12 16:05 2623 DUS 2008-06-12 16:45 5
SK M81 1 705 HEL 2008-06-12 16:25 708 HEL 2008-06-12 17:10 5
SK M81 31 162 GOT 2008-06-12 16:30 2030 UME 2008-06-12 17:15 4
SK 736 40 95 OER 2008-06-12 16:35 96 OER 2008-06-12 17:30 4
SK 736 F32 733 LED 2008-06-12 16:35 557 AMS 2008-06-12 17:25 5
SK 736 4 1768 PRG 2008-06-12 16:45 5
SK 736 35 1159 VXO 2008-06-12 18:05 4
SK AR7 10 749 TLL 2008-06-12 16:45 2645 HAM 2008-06-12 17:30 5
SK M81 39 124 MMX 2008-06-12 16:50 54 SDL 2008-06-12 17:25 4
SK M81 38 51 SDL 2008-06-12 16:50 16 LLA 2008-06-12 17:35 4
SK 738 F28 882 OSL 2008-06-12 17:00 885 OSL 2008-06-12 17:30 5
SK 736 33 2065 OSD 2008-06-12 17:10 189 AGH 2008-06-12 18:05 4
SK M81 34 13 LLA 2008-06-12 17:15 165 GOT 2008-06-12 17:45 4
SK 738 5 1424 CPH 2008-06-12 17:15 1429 CPH 2008-06-12 18:05 5
SK M81 F33 532 LHR 2008-06-12 17:20 533 LHR 2008-06-12 18:15 5
SK M81 43 35 UME 2008-06-12 17:20 121 MMX 2008-06-12 17:50 4
SK 738 7 1830 NCE 2008-06-12 17:25 5
SK 738 41 2109 MMX 2008-06-12 18:25 4
SK 736 8 572 CDG 2008-06-12 17:30 2591 BRU 2008-06-12 18:15 5
SK 738 31 186 AGH 2008-06-12 17:30 70 OSD 2008-06-12 18:05 4
SK M87 37 1158 VXO 2008-06-12 17:30 195 KLR 2008-06-12 18:40 4
SK 736 40 1144 RNB 2008-06-12 17:45 1127 RNB 2008-06-12 18:15 4
SK 736 32 1017 SFT 2008-06-12 17:50 36 UME 2008-06-12 18:55 4
SK 73G 3 890 OSL 2008-06-12 18:05 889 OSL 2008-06-12 18:35 5
SK 736 34 198 KLR 2008-06-12 18:05 56 SDL 2008-06-12 18:35 4
SK 343 F28 994 PEK 2008-06-12 18:10 993 PEK 2008-06-12 22:30 5
SK 738 43 2003 LLA 2008-06-12 18:15 18 LLA 2008-06-12 19:15 4
SK 321 10 410 CPH 2008-06-12 18:20 411 CPH 2008-06-12 19:00 5
SK 736 31 164 GOT 2008-06-12 18:20 1020 SFT 2008-06-12 18:55 4
SK 736 40 110 MMX 2008-06-12 18:35 169 GOT 2008-06-12 19:10 4
SK M81 F29 731 SVO 2008-06-12 18:40 1483 OSL 2008-06-12 19:25 5
SK M81 41 168 GOT 2008-06-12 18:45 113 MMX 2008-06-12 19:20 4
SK M81 F33 1484 OSL 2008-06-12 19:05 1527 LHR 2008-06-12 19:55 5
SK M87 31 112 MMX 2008-06-12 19:15 4
SK M87 6 1748 TLL 2008-06-12 23:00 5
SK 321 9 412 CPH 2008-06-12 19:20 413 CPH 2008-06-12 20:00 5
SK M81 42 53 SDL 2008-06-12 19:30 2155 GOT 2008-06-12 20:05 4
SK M81 33 2031 UME 2008-06-12 19:40 173 GOT 2008-06-12 21:15 4
SK M81 3 709 HEL 2008-06-12 19:45 706 HEL 2008-06-12 22:55 5
SK 738 10 1426 CPH 2008-06-12 19:50 1427 CPH 2008-06-12 20:35 5
SK 736 34 97 OER 2008-06-12 19:50 1018 SFT 2008-06-12 22:40 4
SK M81 F31 1556 AMS 2008-06-12 19:55 2659 MUC 2008-06-12 20:40 5
SK M81 32 166 GOT 2008-06-12 20:05 125 MMX 2008-06-12 21:55 4
SK 738 13 894 OSL 2008-06-12 20:05 893 OSL 2008-06-12 20:35 5  
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Ope- A/C- Max Gate Flight- Ori- Arrival time Flight- Desti- Departure time Term-
rator type Pax park no Arr gin (STA) no Dep nation (STD) inal
SK 736 39 1160 VXO 2008-06-12 20:10 1149 VXO 2008-06-12 21:00 4
SK 736 9 638 FRA 2008-06-12 20:20 5
SK 736 39 2197 KLR 2008-06-12 21:50 4
SK M81 40 126 MMX 2008-06-12 20:25 1048 UME 2008-06-12 21:00 4
SK 736 38 1132 RNB 2008-06-12 20:25 20 LLA 2008-06-12 21:35 4
SK 736 43 2184 AGH 2008-06-12 20:30 187 AGH 2008-06-12 21:30 4
SK 736 41 55 SDL 2008-06-12 20:35 1145 RNB 2008-06-12 21:35 4
SK 738 37 2110 MMX 2008-06-12 21:05 22 LLA 2008-06-12 22:40 4
SK M87 F29 2680 TXL 2008-06-12 21:10 5
SK M87 39 98 OER 2008-06-12 22:55 4
SK M81 5 1590 BRU 2008-06-12 21:25 5
SK M81 40 58 SDL 2008-06-12 23:05 4
SK 736 31 170 GOT 2008-06-12 21:30 74 OSD 2008-06-12 22:50 4
SK 738 42 71 OSD 2008-06-12 20:25 4
SK 736 1 2694 VIE 2008-06-12 20:30 5
SK M81 37 19 LLA 2008-06-12 20:35 4
SK M87 31 196 KLR 2008-06-12 20:45 4
SK 738 9 1430 CPH 2008-06-12 21:10 5
SK AR7 4 2648 HAM 2008-06-12 21:25 5
SK 736 40 37 UME 2008-06-12 21:30 4
SK M81 F31 528 LHR 2008-06-12 21:30 5
SK 736 42 1021 SFT 2008-06-12 21:40 4
SK M81 10 1488 OSL 2008-06-12 21:50 5
SK M81 F33 674 FRA 2008-06-12 21:50 5
SK M81 38 114 MMX 2008-06-12 21:55 4
SK 736 F29 1606 ZRH 2008-06-12 21:55 5
SK AR8 F35 530 LCY 2008-06-12 22:05 5
SK M81 F37 580 CDG 2008-06-12 22:05 5
SK 736 4 558 AMS 2008-06-12 22:10 5
SK 736 F39 2550 MAN 2008-06-12 22:10 5
SK 738 32 15 LLA 2008-06-12 22:15 4
SK AR8 7 2624 DUS 2008-06-12 22:20 5
SK M81 F31 1524 LHR 2008-06-12 22:30 5
SK 736 3 2592 BRU 2008-06-12 23:10 5
SK 738 1 1428 CPH 2008-06-12 23:55 5
SU 319 116 20 219 SVO 2008-06-12 09:15 220 SVO 2008-06-12 10:05 6
SU 319 116 20 217 SVO 2008-06-12 15:55 218 SVO 2008-06-12 16:50 6

SXP SF3 RS71 2008-06-12 00:00 564 RIX 2008-06-12 06:30 8
SXP SF3 RS71 563 RIX 2008-06-12 20:40 2008-06-12 23:59 8
TAY 75F RR8 042H LGG 2008-06-12 06:15 042H ORB 2008-06-12 06:50 8
TAY 75F RR10 486M OSL 2008-06-12 21:30 486M LGG 2008-06-12 22:35 8
TG 747 389 17 960 BKK 2008-06-12 06:50 6
TG 747 389 17 961 BKK 2008-06-12 14:35 6
TK 738 155 19 1793 IST 2008-06-12 13:10 1794 IST 2008-06-12 14:10 6
TK 738 159 19 1795 IST 2008-06-12 16:20 1796 IST 2008-06-12 17:15 6
TP 320 162 65 500 LIS 2008-06-12 14:20 501 LIS 2008-06-12 15:05 2

UPS 75F RS1 282 CGN 2008-06-12 05:45 283 CGN 2008-06-12 22:10 8
US 762 200 17 752 PHL 2008-06-12 09:05 753 PHL 2008-06-12 11:05 6
VIK M83 161 19 696 BEY 2008-06-12 20:45 6
VV 734 156 19 215 KBP 2008-06-12 15:05 216 KBP 2008-06-12 16:05 6
X3 737 148 65 1974 STR 2008-06-12 18:50 1975 STR 2008-06-12 19:35 2

Blockering 333 F30 904 EWR 2008-06-12 07:15 903 EWR 2008-06-12 10:40
Blockering 333 F34 946 ORD 2008-06-12 07:45 945 ORD 2008-06-12 10:15
Blockering 772 F30 90 KUL 2008-06-12 15:05 90 EWR 2008-06-12 16:35
Blockering 343 F30 994 PEK 2008-06-12 18:10 993 PEK 2008-06-12 22:30
Blockering 762 RM5B 752 PHL 2008-06-12 09:05 753 PHL 2008-06-12 11:05  

 
Source: Kalla (2008) 
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