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Abstract 

On the adoption of Urban Air Mobility (UAM), the development of UAM infrastructure for vertical takeoff and 

landing operations, commonly referred to as vertiports, constitutes a significant hurdle. Vertiport operations 

and the effect of vertiport design on the achievable vertiport capacity need to be understood in order to develop 

efficient vertiport designs. This study presents a discrete event simulation framework to assess the throughput 

capacity and practical capacity of vertiports by comparing different topologies, i. e. the physical arrangement 

of the airside components of the vertiport. The results indicate that the vertiport topology has a significant effect 

on the achievable capacity, in terms of both throughput capacity and practical capacity. It is also shown that 

the ratio of practical capacity to throughput capacity varies with infrastructural parameters.  
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1. Introduction 

Urban Air Mobility (UAM) is considered as an enabler to “faster, cleaner and extended connectivity” 

[1] by using aircraft that are capable of electric Vertical TakeOff and Landing (eVTOLs). Current UAM 

research focuses on vehicle technologies, operations, and acceptance, among others [2–4]. 

However, one of the main hurdles to the adoption of UAM may also be the lack of an adequate UAM 

infrastructure [1, 5], commonly referred to as vertiports. As eVTOLs shall primarily operate in densely 

populated urban areas, the available space to build new vertiports will be strongly limited. UAM 

planners and operators will need to develop an efficient and well-designed infrastructure. Thus, the 

design and capacity assessment of vertiports represents a significant research area, in addition to 

other vertiport-related topics such as airspace integration and location selection [6]. The existing 

UAM literature emphasizes the need for a deeper understanding of vertiports and their operations to 

establish the development of an effective and economical vertiport infrastructure [3, 7].  

This work presents a discrete event simulation (DES) framework to investigate the vertiport airside 

capacity for different vertiport sizes and layouts, also referred to as vertiport topologies. Previous 

parts of this work have been published in [8]. The vertiport simulation framework is conceptualized 

and developed in the software Anylogic. The simulation framework provides outputs such as 

throughput, delay, and utilization rates. We retrieve the throughput and practical capacity for the 

three vertiport topologies satellite, linear, and pier. The practical capacity is evaluated for different 

levels of acceptable average delay. The results are used to provide recommendations regarding 

vertiport design, which may be valuable to vertiport planners and future operators.  

Section 2 introduces the vertiport as UAM infrastructure and provides a literature review on vertiport 

operations modeling and capacity assessment. It concludes by formulating the literature gap and the 

contribution of this paper. The development of the model and the conduction of the simulation are 

described in Section 3. In section 4, the results in terms of capacity measures and infrastructure 

utilization are presented and discussed. The final section highlights the main findings of the study 

and provides an outlook to further research needs.  
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2. Background on Vertiport Operations and Capacity Assessment 

2.1 Vertiport Definitions and Components  

A vertiport is defined by the European Union Aviation Safety Agency (EASA) as “an area of land, 

water, or structure that is used or intended to be used for the landing, take-off, and movement of 

VTOL-capable aircraft” [9]. In the literature, some other terms such as ‘vertipads’, ‘vertibases’, 

‘vertidromes’, etc. can also be found. However, a systematic literature review on UAM-related 

keywords referring to the ground infrastructure has revealed that the term ‘vertiport’ is the most 

prominent one [6].  

In 2022, both the EASA and the Federal Aviation Administration (FAA) published prototype (or 

interim) specifications for the design of vertiports [9, 10]. A vertiport consists of at least one ‘final-

approach and take-off area’ (FATO), which is “a defined, load-bearing area over which the aircraft 

completes the final phase of the approach, to a hover or a landing, and from which the aircraft initiates 

takeoff.” [10] The FATO is surrounded by an obstacle-clear ‘safety area’. A ‘touchdown and lift-off 

area’ (TLOF) is “an area where a VTOL-capable aircraft may touch down or lift off” [9]. A ‘VTOL-

capable aircraft stand’, hereinafter referred to as ‘stand’, is “a defined area that is intended to 

accommodate a VTOL-capable aircraft for loading or unloading passengers, mail, or cargo, 

fuelling/charging, parking, or maintenance, and, for the TLOF, where air taxiing operations are 

contemplated, the TLOF” [9]. A ‘VTOL-capable aircraft taxiway’, hereinafter referred to as ‘taxiway’, 

means “a defined path on a vertiport that is intended for the ground movement of VTOL-capable 

aircraft and that may be combined with an air taxi-route to permit both ground and air taxiing” [9].  

The previously mentioned components can be summarized as the essential components of the 

vertiport airside. We define the ‘topology’ of a vertiport as the physical arrangement of these 

components. Other components of the vertiport, such as hangars, complementing stands for long-

time parking, or passenger facilities, are not considered in the vertiport topology.  

2.2 Capacity Measures 

Capacity assessment has a long history in airport management and research. The primary literature 

on airport planning and design [11–13] distinguishes between two primary capacity measures: 

‘maximum throughput capacity’ and ‘practical capacity’. Maximum throughput capacity, also referred 

to as ultimate capacity or saturation capacity, is defined as “the maximum number of operations that 

a service facility can accommodate over a defined period of time” [11]. A continuous demand for 

service is required to realize this capacity. As Ref. [12] points out, “[t]hroughput capacity is truly the 

theoretical definition of capacity.” Opposed to this capacity measure, practical capacity is defined as 

“the number of aircraft operations during a specified interval of time corresponding to a tolerable level 

of average delay” [11]. The idea of practical capacity was introduced by the FAA as the practical 

hourly capacity (PHCAP), which refers to an average delay per movement of four minutes [13]. 

However, there is a general lack of agreement on the specification of the acceptable level of average 

delay. Airport procedures, policies, and constraints differ from each other, leading to individual 

requirements regarding acceptable delay and punctuality. Figure 1 illustrates the definition of 

throughput capacity and practical capacity. 
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Figure 1 – Delay as a function of capacity and demand. Based on [11]. 

 

2.3 State-of-the-Art of Vertiport Operations Modeling and Capacity Assessment 

Vertiport operations modeling and capacity assessment has gained interest in research within the 

last five years. Ref. [14] provided an essential milestone to vertiport research by identifying four 

different vertiport topologies: ‘linear’, ‘satellite’, ‘pier’, and ‘remote apron’. The first three of these 

topologies are depicted in Figure 2. An Integer Programming (IP) formulation was used to estimate 

the throughput capacity of the vertiports and to create corresponding capacity envelopes. The 

authors investigated the effect of the vertiport topology and operational parameters. The results 

indicated that the ratio of TLOFs to stands is a key design factor for maximizing the vertiport capacity.  

 

Figure 2 – Examples of the satellite, linear and pier topology with four or more TLOFs. 

 

A theoretical model of vertiport throughput capacity was introduced in Ref. [15]. The model helped 

to identify either surface-limited or TLOF-limited operating conditions at the vertiport. It was used to 

provide a comparison to the results of a simulation model. In the theoretical model, the vertiport 

layout was defined by the number of TLOFs and stands; taxiways or topologies were not considered, 

and the surface time was aggregated into one single parameter. The number of TLOFs and stands 

was varied from 1-6 and 4-38, respectively. 

The theoretical model from Ref. [15] was adapted in Ref. [16]. The surface process was divided into 

taxiing and turnaround. The purpose of the model was again to assess vertiport throughput (or 

theoretical) capacity. The author introduced three new topologies named ‘perimeter’, ‘central’, and 

‘disconnected’, which resemble the linear, pier, and satellite topology. The topologies were designed 

for a square surface footprint with 4 TLOFs and 2-8 stands each. Besides throughput, the surface 

area utilization was also considered for the evaluation of the topologies. The author evaluated and 

compared the topologies regarding their operational efficiency, including considerations of wind 

constraints. The importance of expanding the evaluation by considering surface congestion was 

emphasized in the discussion of the paper. 
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A DES model was developed in Ref. [17] to assess the vertiport throughput capacity for a case study 

in the San Francisco Financial District. The vertiport was designed for a pier topology with 1-4 TLOFs 

and 8-9 stands each. The efficiency of the designs was evaluated by infrastructure utilization. Other 

outputs were queue lengths for departure and arrival tasks. A sensitivity analysis showed that the 

vertiport capacity was sensitive against changes in service times at TLOFs, service times at stands, 

and time between repositioning request and its completion. 

Ref. [18] presented a “Vertidrome Airside Level of Service Concept” (VALos) to evaluate vertiport 

airside operations. The VALos included three stakeholder-oriented criteria in terms of acceptable 

delay. They applied the VALoS criteria to a “Linear Independent Expandable Drive Through” (LIEDT) 

topology [19] and used a DES model to determine the corresponding delays for two different demand 

distributions and two different flight schedule characteristics. The LIEDT topology consisted of two 

independently operating arrival and departure TLOFs and 3-4 complementing stands in between.  

In Ref. [20], an agent-based modeling and simulation (ABMS) framework was used to understand 

the effects on vertiport operations and derive a design heuristic. The vertiport model was developed 

for the case of a satellite topology. The authors identified the following design drivers: peaks in 

demand, imbalance between arrivals and departures, pad operations and gate operations. Practical 

capacity was analyzed by comparing the average passenger delay with an acceptable delay level of 

2-4 minutes. In the included parameter study, the number of TLOFs was ranged from 2-5, while the 

number of stands was ranged from 6-12. Other varied parameters were the duration of 

approach/departure and boarding/de-boarding, and the level of demand. The results were 

aggregated to a vertiport design heuristic. 

An assessment of vertiport throughput capacity was conducted for the case of Gimpo airport in 

Ref. [21]. The authors developed different vertiport designs for a specific surface footprint at the 

airport, applying the satellite, linear, and pier topologies. The throughput capacity was evaluated in 

terms of movements and passengers by a MATLAB program. The results were presented as 

capacity envelopes, based on Ref. [14]. Additionally, the utilization of TLOFs and stands was 

analyzed.  

In Ref. [22], an IP was developed which was able to find the optimal vertiport design in terms of 

throughput capacity and the net profit of the vertiport operator. Different to other literature, the 

authors only distinguished between ‘connected’ (i. e. satellite) and ‘disconnected’ vertiport 

topologies. The developed IP was only applicable for connected topologies. A case study was 

conducted for the Samseong vertiport in Seoul, Korea. The authors highlighted the need to consider 

the operations of the aircraft on the taxiway in future work. 

A queuing model was developed in Ref. [23] to determine the throughput capacity and the practical 

capacity of vertiports. The practical capacity was assessed by applying acceptable levels of delay 

between 30-210 seconds. The vertiport was assumed to consist of two TLOFs and complementing 

stands in between. The vertiport processes were split into arrival, taxiing and turnaround, and 

departure. Three separate queueing models were developed for each of the vertiport subsystems. 

This approach did not provide the option to consider different vertiport topologies.   

Ref. [24] presented a simulation model, which was implemented by using the “Pedestrian library“ 

tools of the Anylogic software. The authors referred to the central topology as introduced in Ref. [16] 

and derived two other topologies named ‘connected’ and ‘compact’. The topologies were designed 

for 4 TLOFs and 24, 28, and 32 stands. The authors introduced different operational modes called 

‘independent’ and ‘segregated’. The evaluation comprises a comparison of the different topologies 

and operational modes by the simulation outputs throughput capacity, delay, and infrastructure 

utilization.  
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Table 1 – Literature overview on vertiport operations modeling. 

Ref. Research focus Modeling 

approach 

Output parameters Vertiport 

topology 

TLOFs Stands 

[14] Capacity envelopes IP Throughput capacity, 

infrastructure utilization 

Linear, 

Satellite, Pier, 

Remote  

1-3 0-12 

[15] Throughput capacity and 

bottleneck 

Analytical Throughput capacity - 1-6 4-38 

[16] Operational efficiency incl. 

wind constraints  

Analytical Throughput capacity, 

surface area 

Perimeter, 

Central, 

Disconnected 

4 8-32 

[17] Capacity for a case study 

of San Francisco Financial 

District 

DES Throughput, queue 

length, infrastructure 

utilization 

Pier 1-3 8-34 

[18]  VALos evaluation DES Delay LIEDT 2 1, 3, 4 

[20] Design heuristic ABMS Delay and practical 

capacity 

Satellite 2-5 6-12 

[21] Capacity envelopes for a 

case study of Gimpo 

airport 

MATLAB 

program   

Throughput capacity, 

infrastructure utilization 

Linear, 

Satellite, Pier 

2-4 6-20 

[22] Optimal vertiport design by 

maximizing throughput 

capacity and operators' 

net profit 

IP Optimal vertiport 

design and 

corresponding 

throughput capacity 

Connected 

topologies 

n/a n/a 

[23] Determine throughput and 

practical capacity 

Analytical 

queueing 

model 

Throughput capacity, 

delay, practical 

capacity 

- 2 2-20 

[24] Compare vertiport 

topologies and operational 

modes 

Simulation 

(Anylogic 

Pedestrian 

Library) 

theoretical capacity, 

eVTOL delay, 

infrastructure 

utilization, taxiway 

congestion 

Central, 

Connected, 

Compact 

(based on 

Ref. [16]) 

4 24, 28, 

32 

 

As the literature review demonstrates, vertiport operations and simulation has only been researched 

very recently. All references from the literature review have been published from 2019 onwards. The 

investigated topologies were either identical or based on the four different topologies initially 

identified in Ref. [14]. The importance to consider specific vertiport topologies has been recognized 

in the majority of the studies. However, when multiple topologies were included, there was a lack of 

a comprehensive assessment of the practical capacity. This work addresses this research gap and 

provides a comparison of the three most researched topologies: linear, satellite, and pier. The 

topologies are compared by the measures of throughput capacity and practical capacity, which are 

determined by using a DES model of the vertiport airside operations.  

3. Methodology 

3.1 Vertiport Design and Selection of Operational Parameters 

Vertiports were designed for the linear topology, satellite topology, and pier topology for a range of  

1-4 TLOFs and 1-10 stands per TLOF. The TLOFs are placed at the edges of the vertiport to avoid 

eVTOLs overflying taxiways or stands. The dimensions of the infrastructure elements are based on 

the EASA design specifications [9]. The dimensioning requires the definition of the design 

parameter ‘D’, which is the diameter of the smallest circle enclosing the VTOL aircraft. Considering 

the eVTOL concepts that are currently under development, the dimension D is assumed to be 12 m. 
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Figure 3 – Exemplary designs of the linear, satellite, and pier topology with D = 12 m.  

 

To date, eVTOL process times such as for the final approach phase, the initial takeoff phase, or 

turnaround cannot be observed from real vertiport operations. Assumptions can be based on 

educated guesses made by experts, technical specifications announced by eVTOL manufacturers, or 

literature reviews. Table 2 provides an overview of the (baseline) parameter values applied in recent 

studies. For this study, the values for departure time, arrival time, turnaround time, and taxi speed are 

set to 60 s, 70 s, 500 s, and 1.8 m/s. Each taxi time is calculated based on the taxi speed and the 

actual taxiing distance between a specific TLOF and stand. Taxi distances depend on the number of 

stands at the vertiport and are determined during the simulation for each vertiport size and topology 

considered. 

 

Table 2 – Literature review of vertiport process times. 

Ref. Departure time [s] Arrival time [s] Turnaround time [s] Taxi speed [m/s] 

[15] 60.0 60.0 - - 

[16]  60.0 60.0 480.00 1.22 

[17] 60.0 90.0 600.00 - 

[19] 66.0 75.0 600.00 2.60 

[21] 60.0 60.0 300.00 - 

[22] 90.0 90.0 600.00 - 

[23] 30.0 45.0 386.95 1 

[25] - 90.0 - - 

[26]* 46.7 74.2 - 2.15 

[26]* 60.0 60.0 - 2.20 

[27] - - - 1.34 

* In Ref. [26], an expert- and literature-based parameter determination is conducted. In addition, a sensitivity analysis is 

included with a different set of baseline parameters.  

 

3.2 Model Development 

Prior to creating a computer-based simulation model, it is necessary to develop a conceptual model. 

The conceptual model for this study is shown in Figure 4. The start and the end of the flowchart are 

defined as eVTOLs are entering and leaving the airspace surrounding the TLOF. The eVTOLs are 

delayed in a holding queue until the vertiport is available for the next arrival. An eVTOL can only 

perform the final approach and landing process if the required resources of TLOF, stand and 
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connecting taxiway are available. If these requirements are satisfied, the resources are immediately 

seized by the eVTOL. After landing, an eVTOL clears the TLOF, taxis to the assigned stand, and 

begins the turnaround. Before an eVTOL is released to taxi to the TLOF and takeoff, it is delayed until 

the next TLOF and the connecting taxiway are available.  

 

 

Figure 4 – Conceptual model of the vertiport operations. Grey elements represent processes; blue 

elements represent queues; elements of other colors represent the seize or release task of  

a resource.  

 

When implementing the conceptual model into the DES model in Anylogic, one model is developed 

for each topology. This is necessary as the shared use of resources requires different rules for each 

topology. For example, the satellite topology does not comprise any taxiways that may be used by 

multiple eVTOLs at the same time. In the linear topology, a TLOF is complemented by two taxiway 

sections heading to each side of the TLOF; in the pier topology, one taxiway is used for all taxiing 

tasks from or to the allocated TLOF. The use of the taxiways is represented in the model by 

implementing the according taxiway resources.  

Model verification and validation constitute fundamental steps in conducting a simulation study. Model 

verification is the “determination of whether the computer implementation of the conceptual model is 

correct” [28]. Model verification is performed using the following techniques: modular model 

development and successive debugging, conduction of a sensitivity study, and observation of visual 

animation.  

Model validation is the “determination of whether the conceptual model can be substituted for the real 

system for the purposes of experimentation” [28]. The validation of a vertiport operations model 

constitutes a major challenge because there is no data from real operations that could be used for 

validation. Therefore, the results from the DES model are compared to the theoretical model 

introduced in Ref. [15]. Due to the nature of the theoretical model, the outputs can only be compared 

by means of throughput capacity. The comparison between the theoretical model and the DES model 

is beyond the scope of this study. 

3.3 Simulation Plan and Model Output Evaluation  

We aim to analyze and compare the different infrastructure scenarios in terms of throughput capacity, 

practical capacity, and utilization rates. An infrastructure scenario is defined by the vertiport topology, 

the number of TLOFs, and the number of stands.  

To assess the vertiport throughput capacity and practical capacity, the average eVTOL delay is the 

key output parameter of the simulation framework. Every infrastructure scenario is simulated for 

varying demand levels, specified by the number of operations per hour. The number of operations per 

hour is gradually increased by 2 arrivals and 2 departures until the resulting waiting times are 

significantly longer than 10 minutes. The arrivals are distributed randomly, following a uniform 

distribution. An eVTOL departs as soon as it has completed its turnaround and the vertiport enables 

the next departure operation. To consider the stochastic effects of the arrival schedule, the simulation 

of a specific infrastructure scenario and demand level is performed for five different arrival schedules. 

In this study, the throughput capacity and practical capacity are evaluated for the time window of one 

hour. As previously stated, the initially defined acceptable level of average delay for airports was 

established by the FAA at four minutes [13]. Given the limited energy reserves that battery-powered 
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eVTOLs will be able to provide, it may be necessary to reduce the acceptable level of average delay 

for UAM operations. Therefore, we evaluate the practical capacity in this study for acceptable delay 

levels of 1, 2, 3, and 4 minutes. The throughput capacity of each infrastructure scenario is determined 

by the maximum recorded average delay from all simulation runs of each infrastructure scenario. To 

assess the practical capacity for the selected delay levels, an exponential fit is applied to the 

simulation results with an average delay between 0 and 10 minutes. 

4. Results 

4.1 Capacity Measures 

Figure 5 shows how the throughput and practical capacities are retrieved for an exemplary 

infrastructure scenario. By applying this method to all infrastructure scenarios, we are able to plot the 

capacity as a function of the number of stands (see Figure 6). The partially irregular shape of the 

capacity curves can be attributed to the fact that each point of these curves depends on a fitted 

exponential function, as shown in Figure 3. It is assumed that these irregularities could be mitigated 

by simulating a higher number of simulation runs per infrastructure scenario.  

 

Figure 5 – Average eVTOL delay plotted against the number of operations per hour. The practical 
capacity is determined by an exponential function, which is fitted to the results of the  

simulation runs. 

 

Figure 6 (b) shows that the maximum achievable vertiport capacity increases with the number of 

TLOFs for all topologies. The curves appear to have a similar shape for the different number of TLOFs. 

Figure 6 also illustrates that, for small numbers of stands, the addition of another stand increases the 

capacity. Once a specific number of stands has been added, the capacity does not increase further 

or even decreases. These two different sections of the capacity curve can be attributed to the TLOF-

limited or surface-limited condition of the vertiport, as introduced by Ref. [15]. The decrease in 

capacity for large numbers of stands is most significant in the case of the satellite topology. This 

observation can be attributed to the geometric characteristic of the satellite topology: Adding more 

stands to the circumference around the TLOF requires longer taxi distances as the protection areas 

must remain clear. The increase in taxi distance reduces the capacity of the vertiport. All topologies 

achieve the highest capacity at 4 stands (in case of the linear topology also at 5 stands), given the 

assumed process times. 
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(a) Evolution of the different  
capacity measures. 

(b) Effect of the number of TLOFs on the 
practical capacity. 

Figure 6 – Exemplary capacity measures plotted against the number of stands.  

 

Figure 7 shows the comparison of the three topologies with two TLOFs in terms of throughput capacity 

and practical capacity for an acceptable average delay of 120 seconds. The figure illustrates that the 

pier topology generally achieves the lowest capacity for both capacity measures. This difference is 

most significant for 4-7 stands per TLOF; it is not significant for 3 or fewer stands per TLOF. Similarly, 

for topologies with 1, 3, or 4 TLOFs, no significant difference of capacities can be observed for 3 or 

fewer stands per TLOF.  

Figure 7 also shows that the satellite or the linear topology achieves the highest capacity, depending 

on the number of stands. For 4 or fewer stands per TLOF, the satellite topology performs better than 

the linear topology; the opposite is true for 5 or more stands per TLOF. In general, this trend is also 

observed for topologies with 1, 3, or 4 TLOFs. 
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Figure 7 – Comparison of the three topologies for throughput capacity and practical capacity for an 
acceptable average delay of 120 seconds. 

 

 

 

Figure 8 – Comparison of the three topologies for throughput capacity and all practical capacities. 
The bars indicate the ratio of practical capacity to throughput capacity for each acceptable level of 

average delay. 

 

The comparison of the three topologies for all capacity measures and the ratio of the practical 

capacities to the throughput capacity is illustrated in Figure 8. The ratio between practical and 

throughput capacity shows a higher range and deviation for increasing values of acceptable average 

delay. For example, the ratio of the practical capacity at 1 minute acceptable average delay varies 

between 51% and 87%, while the ratio of the practical capacity at 4 minutes acceptable average delay 

varies between 88% and 96%. The range and deviation of the ratios is slightly smaller for the linear 

topology compared to the satellite and the pier topology.  

4.2 Infrastructure Utilization 

The illustration of the infrastructure utilization can be used to verify the trends that were observed from 

the capacity evolution. In Figure 9, the bar charts depict the average utilization of all TLOFs, stands, 

and taxiways, averaged for the five flight plan samples with a demand level of 34 arrivals per hour. 

Since the satellite topology comprises a separate taxiway for each stand, taxiway resources are not 

shared by multiple eVTOLs and the taxiway utilization is proportional to the stand utilization. 

Therefore, it is not displayed. 
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               TLOFs    Stands Taxiways 

 

 

 

Figure 9 – Exemplary bar charts of the utilization of TLOFs, stands and taxiways for each topology 
at a demand level of 34 arrivals per hour. 

 

For small numbers of stands (three or fewer), the stands are utilized to 90% or more, while the TLOFs 

and taxiways are utilized to up to 74%. For this case, it is anticipated that the vertiports are limited by 

stand capacity. With eight stands, the TLOF utilization reaches about 80% and increases only slightly 

when further stands are added. It is therefore concluded that the vertiports operate efficiently with 

eight stands. 

As anticipated, the stand utilization tends to decline as the number of stands increases. However, a 

stagnation or slight increase in stand utilization can be observed for a large number of stands (16 or 

more). This observation may be explained by the taxiway utilization, which increases with an 

increasing number of stands. Comprising a larger number of stands, the vertiport can accommodate 

more eVTOLs in total. This may lead to higher waiting times for takeoff taxiing and extends the dwell 

time on the stands. 

In general, it is concluded that a utilization of 90% or more indicates that the demand is reaching or 

exceeding the throughput capacity of the vertiport. A utilization of 100% is observed in none of the 

charts, although the given demand level in Figure 10 exceeds the throughput capacity of most 

infrastructure scenarios. This fact may result from some inevitable periods of resource inactivity, such 
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as when an eVTOL has cleared the TLOF (i. e. the TLOF is not utilized) and taxis to a stand while the 

vertiport is fully occupied and a subsequent eVTOL is awaiting clearance for its takeoff taxiing. 

 

               TLOFs    Stands Taxiways

 

 

 

Figure 10 – Exemplary bar charts of the utilization of TLOFs, stands and taxiways for each topology 
at a demand level of 40 arrivals per hour. 

 

5. Conclusion and Outlook 

In this study, a DES simulation framework was developed to assess the throughput capacity and 

practical capacity of the different vertiport topologies satellite, linear, and pier. The DES model 

recorded the output parameters throughput, waiting time for landing and takeoff, and the utilization of 

TLOFs, stands, and taxiways, among others. The practical capacity was evaluated for acceptable 

level of average delays of 1, 2, 3, and 4 minutes.  

Regarding the simulation model development, the satellite topology was easier to develop in terms of 

model implementation and verification than linear and satellite topology. This was due to the fact that 

simulation models with shared resources, such as taxiways, were more susceptible to incorrect 

implementation of processes and were therefore more time-consuming in the debugging process. 

The simulation of the different topologies revealed that the topology leading to the highest capacity 

depends on infrastructural parameters such as the number of stands. Planning and designing 
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vertiports by using only one topology may lead to the loss of achievable vertiport capacity. 

However, if a TLOF was complemented with 3 or fewer stands, the topology had nearly no effect on 

the vertiport capacity (throughput and practical capacity) for the given operational parameters.  

The ratio of practical capacity to throughput capacity was found to vary with different operational and 

infrastructural parameters. Especially for a small acceptable average delay, it may not be appropriate 

to estimate the practical capacity by multiplying the throughput capacity with a fixed ratio. Also, basing 

vertiport designs on the analysis and comparison of throughput capacity might not lead to the highest 

achievable practical capacities.  

The relevant parameter to determine the practical capacity is the average delay per movement. 

However, this parameter may not be appropriate for UAM operations as eVTOLs are limited in their 

battery capacity and cannot provide a large amount of reserved energy. A more distinguished analysis 

of waiting times for arrival and departure is necessary to verify if the imposed delay can be handled 

in real operations. Also, the technical development of eVTOL batteries is ongoing and may require 

the adaptation of the acceptable level of delay.  

In a next step, we will evaluate the effect of the process times on the vertiport throughput and practical 

capacity. Also, a case study will be conducted to apply the analyzed topologies on a specific 

exemplary surface footprint. 
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