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ABSTRACT

Implementation of new technologies in operations systems sets specific requirements on simulation
conceptual modelling, relating to uncertainties with respect to their specifications, changes implied for
operations systems and regulatory frameworks restricting their operation. Furthermore, modelling
objectives may have to be tailored to innovation agendas made by potential adopters of technologies.
In this paper, we explore the needs for extending current frameworks to facilitate conceptual modelling
of new technologies, using a case study on the introduction of novel electric aircraft (eVTOLS) for
Emergency Medical Services. Extensions proposed concern the choice of modelling objectives — which
should be aligned with an innovation agenda, technology representation as model content, inputs and
outputs — accounting for various uncertainties, and the modelling process — requiring a careful
concerting with engineering efforts.
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1 INTRODUCTION

The aviation industry is on the cusp of a significant system change, where novel electric aircraft are
enabling a wider adoption of air operations (Schwab et al., 2021). The main enablers for electric aircraft
are advancements in key areas such as electric motors, batteries, sensors, connectivity, lightweight
materials and advanced manufacturing processes. Perceived benefits of electric aircraft are in their
sustainability (no direct emissions), operational costs, lack of noise and higher levels of automation.
Two categories of novel aircraft may be distinguished resembling airplanes and helicopters, i.e.,
electrically-powered Conventional-TakeOff-and-Landing aircraft (eCTOLS) and electrically-powered
Vertical-TakeOff-and-Landing aircraft (eVTOLS). Their market availability is expected around 2025,
depending on the timely introduction of new regulatory frameworks (European Union Aviation Safety
Agency, 2021).

The potential of electric aircraft for enhancing operations may be significant throughout various
domains, including Emergency Medical Services (EMS) (ADAC, 2020). Their high speed, cost level,
independence of ground infrastructure, and sustainability make them an interesting alternative for
ground ambulances and helicopters. At the same time, implications of their use for EMS may be
significant, in terms of large investments over a longer period of time, and considerable changes in EMS
network and operations. Hence, a timely, and careful assessment of gains implied by their use, and
changes required in EMS organization is required. Simulation, being much applied in optimizing EMS
network design and use, may offer support in doing so. However, such simulation use would go along
with specific modelling challenges. This is due to the emergent status of electric aircraft, possibly
impacting on model validity and credibility. Some main uncertainties to address concern their
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specifications, like speed and range, changes implied for EMS operations and regulatory frameworks
within which they have to operate — being not fully clear yet. In addition, also managerial context may
matter, requiring a tailoring of modelling objectives to technology development stages as perceived by
the EMS provider. Such tailoring may be reflected in, for example, model accuracies required, and
alternative system configurations studied in experimenting.

Figure 1 eVTOLs for EMS — Exploring the Near Future (Source: AXIRA)

Motivated the observed lack of support offered by simulation conceptual modelling frameworks in
addressing emerging technologies, in this paper, we explore the needs for extending guidance for the
analyst. To do so we perform a case study concerning a simulation project on the introduction of
eVTOLs for a Northern Netherlands subregion (Degel, 2022). Essentially, we compare modelling
network extensions using an emerging technology (i.e. eVTOLS) vs. a known technology (i.e. ground
ambulances). By scrutinizing differences in formulating modelling objectives, choice of model content,
inputs and outputs and set-up of the model process we seek to identify extensions required for modelling
frameworks in addressing emerging technologies.

Many EMS systems worldwide face similar challenges. Firstly, fewer people are available or
willing to work as professionals in the EMS, causing staff shortages (Uppal and Gondi, 2019). Secondly,
budget cuts by local governments lead to further restrictions and centralization of these resources.
Especially in rural areas, this results in longer transportation times (Matinrad, 2019). In addition to
declining supply, EMS faces increasing demand for service (Hegenberg et al., 2019), aging populations
being among the main reasons (Veser et al., 2015). Being “caught” in these developments, the EMS
transportation system is under pressure to increase productivity. EVTOLs may contribute EMS
productivity by reducing transportation times in an efficient and sustainable way vs. ground ambulances
and helicopters (Figure 1). Scarce evidence suggests that eV TOLSs may be a well performing alternative
for current transport modalities in bringing doctors to a scene (ADAC, 2020; Nakamoto, 2022). At the
same time, being an emergent technology, its gains implied for EMS and requirements set on their
operations are still largely unclear.

This paper is structured as follows. In Sections 2, and 3 we consider perceived benefits of eVTOLSs
for EMS and introduce the case setting. Next, in Section 4 we discuss simulation study set-up and key
findings. In Section 5 we identify, and scrutinize decisions made in modelling eVTOLS — representing
emerging technologies. In Section 6 we discuss how findings in Section 5 may underpin the need for
extensions of modelling frameworks. Finally, in Section 7, we summarize main conclusions.

2 GUIDANCE ON SIMULATION CONCEPTUAL MODELLING

In recent years considerable research efforts have been put in improving guidance for the analyst in
specifying simulation conceptual models, meant as a precursor for model coding and experimenting.
Robinson (2008a) distinguishes three basic approaches on simulation model development: principles of
modelling, methods of simplification, and modelling frameworks. Most research efforts, however,
concentrated on the development of modelling frameworks (Robinson, 2020). Modelling frameworks
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go beyond other approaches by specifying what to model. To do so, they provide a procedural approach
for detailing a model in terms of its elements, their attributes, and their relationships. Several modelling
frameworks have been developed, differing in intended field of application (for example, health,
operations systems or the military), scope (including or excluding model inputs, outputs and modelling
objectives) and process support (help in exploring the problem situation). For overviews of modelling
frameworks, see Robinson (2008a, 2020), Karagoz and Demirors (2011), Van der Zee et al. (2011) and
Furian et al. (2015). So far, however, frameworks proposed lack guidance on how to address specific
challenges in modelling emerging technologies being implemented in operations systems.

3 CASE: USING EVTOLS FOR EMS IN THE FRISIAN LAKE AREA

The Frisian Lake area in the northern part of The Netherlands is a sparsely populated (130 inhabitants
per 1000 km2) (Cybo Company, 2022) rural area. The area is part of a larger region, the province of
Friesland, being served by an EMS provider. The area has a complicated road infrastructure due to
many lakes and water canals, delaying ground transportation (Turcanu, 2012), see Figure 2. EMS serves
the area by five stations, located in Bolsward, Sneek, Koudum, Joure, and Lemmer. Each station
operates one ambulance 24/7. In addition, the station located in Sneek, operates one ambulance during
a late shift (3-11PM) and a night shift (11PM-7AM). Each ambulance is staffed with a nurse and an
ambulance driver. Dutch EMS providers employ nurses to staff ambulances, while internationally many
ambulance services employ paramedics.
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Figure 2 Map of EMS system in the Frisian Lake Area (Source: Google Maps)

On a province level, 95% of urgent (Al) calls must be served (i.e. reached by a medical
professional) within 15 min, according to Dutch norms. In the Frisian Lake area, the performance has
been below this threshold for the past 4 years, see Figure 3. Moreover, the performance has become
significantly worse in the previous 2 years, partly due to extra safety measures in relation to the Covid19
pandemic but also due to a lower average speed of ambulances. It must be noted that the Frisian Lake
area is a challenging area due to its geography implying that a performance of 95% is harder to reach
than in other areas of the same province. At the same time, being part of a larger region some tolerances
were allowed with respect to norm settings, as worse performance may be “compensated” in other
subregions of the Friesland region, especially urban regions for which adherence to norms may be easier
to realize. Nevertheless, the observed deviation from the norms for the area underpins the need to
explore possible interventions.

121



Degel, van der Zee, Krivohlavek and Hatenboer

Al emergencies within target response time

100%

95%

93.12% 93.29%
90%
9
89.54% AT
85%
80%
75%

2018 2019 2020 2021

Year

Performance in %

Figure 3 EMS Performance in the Frisian Lake Area 2018 - 2021 (Source: UMCG Ambulancezorg)

Additional ground units and eVTOLS have been considered as solutions to improve the performance in
the Frisian Lake area. Extending the EMS system with additional ground unit(s) is perceived as too
labor-intensive, due to existing staff shortage, and as inefficient due to an expected underutilization of
the units. On the other hand, an eVTOL unit can cover a far greater area than a ground unit (within the
same time) because of travelling in a straight line bypassing the limited road infrastructure. Therefore,
eVTOLs were deemed to be more resource efficient and operationally viable. However, more insights
on system performance gains and the parameters influencing these were desired.

4 SIMULATION STUDY

4.1  Extending the EMS System Using eVTOLS

The simulation study did go together with an engineering effort in EMS systems (re)design, given its
extension with eVTOLSs. Essentially, the engineering effort resulted in clarity with respect to changes
required to current EMS operations when implementing eVTOLs and choice of EMS system
configurations with eVTOLs to be studied (Tables 1,2). Table 1 captures required changes as
assumptions — to be reflected in model content. Table 2 specifies alternative system configurations
through design parameters, acting as simulation model inputs. Together with various sensitivity
analyses on eVTOLS specifications these were underlying experiments.

Adoption of eVTOLSs would imply an extension of the existing ground-based system (base line, see
Section 3) towards a hybrid system operating both ambulances and eVTOLs. While various uses of
eVTOLs for EMS could be distinguished, it was chosen to restrict use of eVTOLS to a role as so-called
rapid responders. As such, eVTOLs would be used to bring nurses to the scene, offering a fast
alternative for ground transport. Hence, EMS performance on responsiveness would be expected to
improve. However, patient transport from scene to a hospital, if deemed necessary, was still to be
executed by a ground ambulance, called by the nurse that arrived by eVTOL on the scene. Further
refinements of uses eVTOLSs as rapid responders were considered by studying alternative dispatching
rules. For example, “what if the eVTOL was primarily used as a backup for ground ambulances if these
cannot arrive in time”. The choice of restricting the role of an eVTOL to a rapid responder was
motivated by the state of art in eV TOL technology, suggesting patient transport not to be feasible before
2030 (Mihara et al., 2021).

4.2  Study Results

Using simulation the various configurations (Table 2) were put to the test. See Figure 4 for an overview
of main study outcomes relating to experimental factors. It shows how implementation of eVTOLS may
have a relevant impact on system performance. For further details, including sensitivity analyses on
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Table 1 Assumptions on eVTOL Operation in a Hybrid EMS system

Subject

Assumption

Regulatory Framework | The framework for eVTOL operation is in place (European Union Aviation Safety Agency,

2022).

Infrastructure

Infrastructure elements such as charging facilities and vertiports are in place and corresponding
regulations (for building and operating these) exist

eVTOL specifications eVTOLSs can carry a pilot and one medical specialist.

eVTOL specifications Take-off time is constant and is 2 minutes (UMCG Ambulancezorg, 2022).

eVTOL specifications Landing time is constant and is 3 minutes. This includes finding a landing spot and the landing

procedure (UMCG Ambulancezorg, 2022).

Personnel Pilot licensing for eVTOLS is possible (European Union Aviation Safety Agency, 2022).

Personnel An eVTOL is staffed by a licensed pilot and a nurse with the same qualifications as nurses in
ground ambulances.

eVTOL operation The approximate response time for each vehicle in the system (ambulance and eVTOLS) can
be estimated by the dispatch center and it is the basis for assigning a vehicle.

eVTOL operation An eVTOL must be charged after every ride. The charging time is constant and is 15 minutes
(Liu etal., 2021)

eVTOL operation eVTOLs will first operate during daytime. This means they can be dispatched after sunrise and
until 45 minutes before sunset (UMCG Ambulancezorg, 2022).

eVTOL operation Atany given time, there is a 1% chance that an e/ TOL is not able to launch due to poor weather

conditions (UMCG Ambulancezorg, 2022).

Table 2 Design Parameters for a Hybrid EMS System with eVTOLs

Design Parameter

Values

Dispatch rule

Various dispatch rules, for example: “An eVTOL is dispatched if the estimated response time
of a ground ambulance would exceed 12 minutes”.

Location of eVTOL

Current locations of stations, additional eV TOL station in the center of the region.

Station

Number of eVTOLs in 1eVTOL

system

Type of eVTOL Average cruise speed of 180km/h, minimum range of 150 km.

Operation mode

24h, day time only

Performance in %

100

95

90

85

80

75

Al emergencies within target response time

88.02

Current Situation Additional ground ambulance in  Additional eVTOL in central Additional eVTOL in central
Bolsward (24h shift) location (daylight) location (24h shift)

Figure 4 EMS Performance in the Frisian Lake Area for Selected Configurations
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eVTOLs’ speed, take-off and landing time, charging times, and availability due to weather conditions
see Degel (2022). Clearly, progress made with respect to the latter aspects may further enhance system
performance.

5 EXPLORING REQUIREMENTS ON CONCEPTUAL MODELLING OF EVTOLS

In this section we explore specific requirements on conceptual modelling of eVTOLs for EMS use
(Table 3). We do so in three steps:

1. Modelling of new technology as a part of the conceptual model: determine the way eVTOLS have
been represented in the conceptual model. In doing so, we adopt the Robinson (2008b) modelling
framework, implying modelling objectives, model inputs, outputs, and content to be components of
a conceptual model. See Table 3; only those model elements being specific for eVTOLSs are
included, i.e., being different from straightforward resource extensions using ground ambulances.

2. Scrutinize modelling decisions: assess choices with respect to which components to include or
exclude, assumptions and simplifications, paying attention to the (many) uncertainties on eVTOLSs’
specifications, their effective use and performance. Which trade-offs does this imply with respect
to quality criteria for a conceptual model (i.e. validity, credibility, utility, feasibility)?

3. Assess implications for organizing the modelling process: who is involved (expertise, roles),
characteristics of modelling activities (efforts, nature, team set-up) , and information sources.

6 DISCUSSION — EXTENSIONS OF MODELLING FRAMEWORKS

6.1  Relating Simulation Modelling to Technology Development and Use

Strategic decisions on emerging technologies to be adopted in business set a specific context for a
simulation study, bringing technology adopters and developers together. Ideally, context specifics are
reflected in organisational aims motivating the study, as well as modelling objectives that should
contribute to these. Next to establishing potential of a new technology in terms of performance
improvement or even optimization, the simulation study may contribute to (realizing) innovation
agendas by answering “what does it take”, i.e., exploring changes to current operations to be realized
to successfully embed the new technology. Moreover, modellers and models may act as linking pins
between technology developers and potential adopters. Starting from this role they may facilitate
discovery of promising use cases by linking model-based estimates on systems’ operational
performance to technology specifications — thereby highlighting enablers and barriers yet to overcome.

6.2  Modelling & Engineering

As technology is emerging, simulation modelling efforts go together with engineering efforts or may
sometimes even trigger these, compare the development of dispatching rules for allocating eVTOLSs,
see Section 5. Note how the latter example also illustrates how engineering efforts may result from
existing and new technology working together. Furthermore, modelling requires assessing future
engineering contributions to operational performance. For example, eVTOLS speed and range may be
expected to improve considerably over time.

6.3  You Cannot be Certain: Need for Sensitivity Analysis

New technologies go with a clear need for sensitivity analysis. Key uncertainties may be in
infrastructure, resource specifications, availability and use, staffing, and regulatory frameworks.
Clearly, scope and detail of sensitivity analysis has to be weighed against needs suggested by
technology development stage and innovation agendas.
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Table 3 Exploring Requirements on Conceptual Modelling of eVTOLs

Step 1: Elements of conceptual model (excerpt, focus on use of eVTOLS)

Organisational aims

- Assess potential of eVTOLSs as rapid responders for EMS in terms of their responsiveness to calls for help, and costs
and sustainability of their use (gains to be expected).

- ldentify key decisions to make for adapting current operations for eVTOL based rapid responders and changes implied
for its system configuration and operation (what does it take).

- Set atime path for eVTOLSs implementation as rapid responders for EMS (how to plan to make it happen).

Modelling objectives

- Explore potential of eVTOLSs as rapid responders for contributing to EMS responsiveness, measured as the percentage
of calls for help met within 15 minutes, taking into account existing eVTOL technology and their developments in the
near future (5 years horizon). Dutch EMS standards require at least 95% of urgent calls to be addressed within 15
minutes at a regional level. However, deviations to this norm may be acceptable at a subregional level, if compensated
by other subregions.

Model inputs

- Dispatch rule

- Location of stations

- Operation mode

- Number of eVTOLs

- Typeof eVTOLs

- Sensitivity analysis: speed, take-off and landing time, weather conditions, charging times

Model outputs

- % of calls served within 15 minutes

- Auverage response time to call for help

- Number of yearly missions per eVTOL

Model content (assumptions, see Table 1)

- Activities
o Dispatch: dispatch rule, availability overnight, weather conditions

Travel to patient: flight time model

Treatment of patient: determine need for ambulance transport to hospital

Handover of patient: time required to hand over patient to ground ambulance

Return to station: flight time model + 15 minutes (charging time)

- Resources
o eVTOLs: location

O O O O

Step 2: Scrutinize modelling decisions

Organisational aims

Apart from insights in EMS performance the study has a relevant role in strategic resource planning in (1) underpinning
decisions to make and (2) actions to undertake and setting a timeline for these. The inclusion of new performance criteria
on sustainability adds to the strategic nature of decision making.

Modelling objectives

The many uncertainties going together with emergent technologies classify the study as explorative. Both significance of
technology developments expected and the investment horizon make peaking ahead to future eVTOL technology relevant
as an input for the study. Model accuracy (validity, credibility) has to be interpreted according to the technology
development stage — allowing for wider tolerances in earlier stages.

Model inputs

Next to common decisions to be made on transportation vehicles (location of stations, number) specific decisions concern
the “operation mode” and “choice of dispatch rule”. The operation mode is determining eVTOLS availability (daytime,
24h). Day time use is assumed in the first years of eV TOLs operation. After building experience on eVTOL use and securing
its safe operation, 24h use would likely be allowed. As eVTOLSs are part of a hybrid solution, including ground ambulances,
dispatching rules have to be adjusted, clarifying call priorities in allocating eVTOLs. Such adjustments imply an
engineering effort — as such rules are non-existing.

Key operational uncertainties concerning eVTOL specifications are its speed, time required for take-off and landing,
vulnerability to weather conditions, and battery charging times. Hence, a need is acknowledged for sensitivity analysis on
respective factors.

Model outputs

No specific model outputs relating to use of eVTOLSs vs. ground ambulances have been defined. One may wonder about
outputs related to eV TOLSs use, like percentage of calls being allocated to eVTOLS, in explaining its contributions to specific
system configurations.

Model content

Set-up of operations has changed due to use of eVTOLSs (compare Table 1). Main differences are explained by the facts
that (1) eVTOLSs travel by air (vs. ground transport) requiring a flight time model and setting restrictions to their availability
(weather, overnight), and (2) solutions are hybrid (entailing eVTOLs and ground ambulances) requiring more advanced
control logic (dispatching rules).
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Table 3 (continued) Exploring Requirements on Conceptual Modelling of eVTOLSs

Step 3: Implications for organizing the modelling process

Modelling & engineering

The modelling of the system did go together with engineering efforts concerning changes of EMS operations and their

control (dispatching rules), compare Tables 1,2. Concerting activities was required.

Information sources on system set-up and operation

- Information was found also outside the business context, i.e., aircraft manufacturers, researchers, and literature.

- Roles of domain experts were extended in exploring future settings. For example, helicopter pilots were asked to
assess eVTOLS’ operations.

Business context

The project had to be linked to a development stage in eVTOL implementation. Choice of interventions and precision
(model accuracy) were to be related to this stage (maturity level). In principle, the earlier the stage, the less accuracy is
accepted.

Project team composition

An analyst did both the modelling and engineering activities — safeguarding their concerting in this way. Inclusion of the
manager of the EMS helicopter team and EMS innovation manager guaranteed easy access to relevant domain experts
(especially pilots, and ambulance nurses) and alignment with project objectives and EMS agenda on innovation. Finally,
information on state-of-the art of eVTOLs was easily accessible through the EMS project manager being involved in
research projects concerning new transport modalities.

6.4 The Process Matters!

Success of modelling efforts cannot be considered loose from the modelling process. Modelling
emerging technologies sets additional requirements to this process with respect to concerting modelling
and engineering efforts, collecting data on system specifications, consultation of domain experts and —
overarching — relating simulation project to the companies innovation agenda. Ideally, the project team
and set-up reflects these requirements. As far as project set-up is concerned, facilitated use of simulation
may be considered in according to which analysts work jointly with the client and stakeholders in model
development, adding to model accuracy and identification of feasible solutions (Robinson et al. 2014;
Tako and Kotiadis 2015; Tako et al. 2021). We found how facets of such facilitated use — seeking
cooperation with both adopters and developers of technology did benefit the simulation study.

6.5  What’s a Good Quality Model?

Clearly, this is usually not an easy question to answer. It may be better to ask: “which quality would be
acceptable”. In answering this question one might consider aspects like technology development stage,
including uncertainties on its specifications, timing and size of investments, and estimated performance
gains relative to existing system performance. Note how the question on model accuracy (validity,
credibility) may be linked to model feasibility: setting extensive demands on model accuracy while
modelling uncertainties are high, likely puts a (too) high burden on the shoulders of the analyst due to
extensive data collection and/or efforts to be put in experimenting — if possible at all.

6.6  Extending Modelling Frameworks for Emerging Technologies

Issues addressed in 6.1-6.5 suggest a clear need to extend guidance offered by modelling frameworks.
Starting from the Robinson (2008b) modelling framework more support is required for “understanding
the problem situation” by linking it to a client company’s innovation agenda. Moreover, specific
attention for “understanding solutions” with respect to their specifications and implications for
company’s operations may also be of importance. Among others this may be reflected in model inputs,
including sensitivity analysis. Finally, to make things work, organizing the process in a collaborative
manner and facilitating effective communication among parties involved (Haveman and Bonnema,
2015) in utilizing cross-disciplinary knowledge is paramount — which is scarcely being addressed in
modelling frameworks so far.

6.7 Limitations

Our findings are based on a single case study. Clearly, further studies are required to explore issues
raised in greater depth. However, the study clarifies how issues are very much present in practice.
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7 CONCLUSIONS

In this study we explored specific requirements on simulation conceptual modelling of emerging
technologies. Starting from a case study on a simulation project exploring use of eVTOLSs for EMS we
established needs for extending modelling frameworks to benefit the practice of modelling.

Case study findings suggest that in conceptual modelling of emerging technologies a good
understanding of the problem at hand and solutions provided requires the identification of an innovation
agenda for the potential adopter. This agenda should be reflected in the modelling objectives and choice
of model inputs. Organizing the process of modelling such that (1) reliable information on technology
specifications is obtained — to be reflected in choice of model content and inputs, and (2) concerting of
modeling and engineering activities is realized, is considered paramount.

Future research is directed towards developing modelling frameworks facilitating interfacing with
the engineering scene, while taking due notion of requirements set to the modelling process.

REFERENCES

ADAC Luftrettung gGmbH (2020) Multicopter in the rescue service - Feasibility study on the
application potential of multicopters as emergency doctor shuttles. Awvailable at:
https://luftrettung.adac.de/app/uploads/2021/02/LRG_Machbarkeitsstudie_engl.pdf  (Accessed:
October 26, 2022).

Cybo Company (2022) Postal Codes in Friesland. Available at: https://postal-
codes.cybo.com/netherlands/friesland/ (Accessed: June 5, 2022).

Degel, T (2022) The Use of Electric Vertical Take-Off and Landing Aircraft as rapid responders in
Emergency Medical Services in Rural Areas. MSc Thesis. University of Groningen.

European Union Aviation Safety Agency (2021) Terms of reference for rulemaking task RMT.0230:
Introduction of a regulatory framework for the operation of unmanned aircraft systems and for
urban air mobility in the European Union aviation system — Issue 3. Available at:
https://www.easa.europa.eu/en/downloads/126656/en (Accessed: November 4, 2022)

European Union Aviation Safety Agency (2022) Urban Air Mobility (UAM). Auvailable at:
https://www.easa.europa.eu/en/domains/urban-air-mobility-uam (Accessed: November 1, 2022).

Furian, N, O’Sullivan, M, Walker, C, V&ssner, S and Neubacher, D (2015) A conceptual modeling
framework for discrete event simulation using hierarchical control structures. Simulation Modelling
Practice & Theory 56: 82-96.

Haveman SP, Bonnema GM (2015) Communication of simulation and modelling activities in early
systems engineering. Procedia Computer Science 44: 305-314.

Hegenberg K, Trentzsch H, Gross S, Prueckner S (2019) Use of pre-hospital emergency medical
services in urban and rural municipalities over a 10 year period: an observational study based on
routinely collected dispatch data. Scandinavian Journal of Trauma, Resuscitation and Emergency
Medicine, 27(1), p. 35

Karagoz N A and Demirors O (2010) Conceptual Modelling Notations and Techniques. In: Robinson
S, Brooks R J, Kotiadis K. and Van der Zee D J (eds). Conceptual Modelling for Discrete-Event
Simulation. CRC/Taylor & Francis: Boca Raton, pp 179-210.

LiuT, Yang X G, Ge S, Leng Y and Wang C Y (2021) Ultrafast charging of energy-dense lithium-ion
batteries for urban air mobility. eTransportation, 7, 100103.

Matinrad N (2019) An Operations Research Approach for Daily Emergency Management. MSc Thesis.
LinkOping University.

Mihara Y , Nakamura T, Payuhavorakulchai P, Nakano M.(2021) Cost Analysis of eVTOL
Configuration Design for an Air Ambulances System in Japan. doi:10.5703/1288284317285

Nakamoto A, Mihara Y, Motomura T, Matsumoto H and Nakano M. (2022) The applicability of
eVTOLs in emergency medical care in japan. Keio University, Japan (preprint, available as:
https://doi.org/10.21203/rs.3.rs-1218578/v1).

Robinson S (2008a). Conceptual modelling for simulation Part I: definition and requirements. Journal
of the Operational Research Society 59(3): 278-290.

Robinson S (2008b). Conceptual modelling for simulation Part 1l: a framework for conceptual
modelling. Journal of the Operational Research Society 59(3): 291-304.

127


https://luftrettung.adac.de/app/uploads/2021/02/LRG_Machbarkeitsstudie_engl.pdf
https://postal-codes.cybo.com/netherlands/friesland/
https://postal-codes.cybo.com/netherlands/friesland/
https://www.easa.europa.eu/en/downloads/126656/en
https://www.easa.europa.eu/en/domains/urban-air-mobility-uam

Degel, van der Zee, Krivohlavek and Hatenboer

Robinson S, Worthington C, Burgess N and Radnor ZJ. 2014. Facilitated Modelling with Discrete event
Simulation: Reality or Myth? European Journal of Operational Research, 234 (1): 231-240.

Robinson S (2020). Conceptual modelling for simulation: Progress and grand challenges. Journal of
Simulation 14(1): 1-20.

Schwab A, Thomas A, Bennett J, Robertson E and Cary S (2021). Electrification of Aircraft:
Challenges, Barriers, and Potential Impacts. Golden, CO: National Renewable Energy Laboratory.
NREL/TP-6A20-80220. https://www.nrel.gov/docs/fy220sti/80220.pdf.

Turcanu, L. (2012) Rural Vitality in the Netherlands. Available at: https://spinlab.vu.nl/wp-
content/uploads/2016/09/Rural_Vitality in_the Netherlands.pdf (Accessed: November 1, 2022).

UMCG Ambulancezorg (2022) “Personal Interview with Domain Expert: Helicopter pilot, Data
Scientist, Innovation Manager, Medical Personnel .”

Uppal B N, Gondi B S (2019) Addressing the EMS workforce shortage: How medical students can help
bridge the gap. Journal of Emergency Management, 17(5), pp. 380-384.

Tako A.A. and K. Kotiadis (2015) PartiSim: A Framework for Participative Simulation Modelling.
European Journal of Operational Research, 244 (2): 555-564.

Tako AA, Robinson S, Gogi A, Radnor Z, Davenport C (2021) Using facilitated simulation to evaluate
integrated community-based health and social services. Proceedings of the Operational Research
Society Simulation Workshop 2021 (SW21): 97-106.

Van der Zee D J, Brooks R J, Robinson S and Kotiadis K (2011). Conceptual Modelling: Past, Present
and Future. In: Robinson S, Brooks R J, Kotiadis K. and Van der Zee D J (eds). Conceptual
Modelling for Discrete-Event Simulation. CRC/Taylor & Francis: Boca Raton, pp 473-490.

Veser A, Sieber , Gross S, Prueckner S (2015) The demographic impact on the demand for emergency
medical services in the urban and rural regions of Bavaria, 2012-2032. Journal of Public Health,
23(4), pp. 181-188.

AUTHOR BIOGRAPHIES

THERESA DEGEL is a junior researcher at the Faculty of Economics and Business, University of
Groningen, The Netherlands. Currently, she is working as a consultant in supply chain and operations
management in the private sector. Her research interests include simulation methodology and
applications in health care logistics.

DURK-JOUKE VAN DER ZEE is associate professor of Operations at the Faculty of Economics and
Business, University of Groningen, The Netherlands. He holds a MSc and Phd in Industrial
Engineering. His research interests include health care logistics engineering, simulation methodology
and applications, simulation & serious gaming, and manufacturing planning & control. He is a member
of the INFORMS-SIM. His webpage is http://www.rug.nl/staff/d.j.van.der.zee.

JANNIK KRIVOHLAVEK is a junior project manager at the Emergency Medical Service of the
University Medical Center Groningen (UMCG), The Netherlands. He holds a MSc in Mechanical
Engineering and Operational Management. His research interests include the electric aviation sector
and its implications on the EMS and wider healthcare sector. He is managing the participation of the
UMCG in the European research project AIRMOUR which researches and demonstrates medical
applications of electric aircraft (cargo and passenger drones) in the urban space.

JAAP HATENBOER is innovation advisor at the Emergency Medical Service of the University

Medical Center Groningen, The Netherlands. He holds a MSc in Industrial Engineering and is at present
mainly working on the energy and transport transitions in the EMS system.

128


https://www.nrel.gov/docs/fy22osti/80220.pdf
https://spinlab.vu.nl/wp-content/uploads/2016/09/Rural_Vitality_in_the_Netherlands.pdf
https://spinlab.vu.nl/wp-content/uploads/2016/09/Rural_Vitality_in_the_Netherlands.pdf
http://www.rug.nl/staff/d.j.van.der.zee



