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Interview ambulance station Delft
Friday 9-4-2021
Interview and tour with Eduard van Belle, am-
bulance station manager Delft.

Eduard has over 30 years of experience within 
medical healthcare. He started working in the 
hospital and eventually worked as an ambu-
lance nurse, before taking on his role as mana-
ger of the ambulance station in Delft around 
a decade ago. He invited me to have a one on 
one interview and a tour of the ambulance ve-
hicle. The interview was recorded and the in-
terpretations of his answers are listed below. 
Note that this is not a literal transcription, but 
rather a concise summary of his answers.

Ambulance layout
1. What equipment is inside an ambulance?
As described in 1.5.3 based on literature re-
search, there are no significant differences in 
the equipment of this ambulance.

Is this according to protocol, or are there also 
items that you have added in yourself?
Inside the cases for medication they have 
made holders for different kinds of medication 
bottles with their on site 3D printer. 

2. Does all equipment have to be modular?
Most items can be taken out, aside from the 
obvious things such as the stretcher and the 
medicine cases. Even the patient monitor can 
be removed, which is a rather heavy piece of 
equipment of around 15 kg. Eduard mentioned 
these monitors are 11 years old and they are loo-
king into new monitors that are lighter. Things 
that are fixed in place are the drip machine and 
breathing equipment. The breathing equip-
ment built inside the ambulance is rarely used 
as they often use the manual breather device, 
which they can take with them to the patient.

3. What is the reasoning behind the placement 
of the equipment inside the ambulance?
Large items that are predominantly used at 
the site of the incident are placed so that they 
can be reached from outside of the ambulan-
ce. This makes access a lot easier, quicker and 
more comfortable. Equipment and medicati-

on that is needed during transport is all within 
the reach from the nurse’s seat. The nurse can 
check all the vital signs of the patient using the 
monitor and can check or add medical records 
using the notebook.

4. How is the stretcher taken out of the ambu-
lance?
The stretcher is electrically powered and can 
roll itself in and out of the ambulance, saving 
the team a lot of effort as the stretcher is one 
of the heaviest pieces of equipment in the ve-
hicle.

5. Are there things that could be improved, but 
are impossible due to lack of space?
Not really, a lot of problems have been ad-
dressed over the years. Also given that most of 
the work needs to be done seated while on the 
move, a compact setup within arm’s reach is 
more beneficial than a lot of open space. Edu-
ard also stipulated that they work in coopera-
tion with the manufacturer of the vehicles to 
design them to the specifications and wishes 
of the ambulance staff.

6. Why are the driver cabin and the rear cabin 
separated from each other?
This has to do with hygiene most of all, as the 
rear is designed to be sterile and easily cleana-
ble. This is not possible for the driver cabin.  

Preparations
7. Which preparations are made at the begin-
ning of the day?
Ambulance staff are provided with inventory 
lists which determine what equipment has to 
be present inside the ambulance, so that they 
can check this. At the end of their shift they al-
ways prepare the vehicle for the next day, so 
usually they are ready to go in the morning af-
ter a short backup check to be sure everything 
is in order. When they are ready to be deployed 
they notify the control room, using their per-
sonal ID codes so that the control room knows 
exactly which driver and nurse are on their 
shift.
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8. Which preparations are made in between 
calls?
Cleaning and preparing the ambulance is usu-
ally done by separate staff at the hospital whilst 
the ambulance staff is transferring the patient 
into the hospital. So when they return to their 
station the ambulance is already deployable. 
When they have time between calls they try to 
do some relaxing activities or some training to 
keep their medical skills on point.

9. Are the driver and nurse responsible for all 
the preparations or do they have staff helping 
them? 
At the ambulance station the driver and nur-
se do the preparations themselves. The driver 
checks the driver cabin and some mechani-
cal things, whilst the nurse checks the loading 
area. In most cases they help each other with 
these task. On top of these regular preparati-
ons, currently external cleaning companies are 
there to help sterilising the ambulances after 
every call, which is mandatory due to COVID-19.

10. Can it happen that a call comes in right af-
ter returning from the previous call?
Yes, that certainly happens.

How do you manage to prepare in time?
This is not usually an issue since the ambu-
lance arrives back from the hospital clean and 
prepared. Theoretically, an ambulance could 
go out on another call without any preparati-
ons, as it is equipped to perform two emergen-
cy responses. 

11. How is the ambulance cleaned
And how is it done during COVID-19 times?
There are special wash boxes for ambulances 
which are used to rigorous cleaning, in case the 
ambulance is really dirty inside. Next to that 
there is a cleaning protocol in place during the 
COVID-19 pandemic which means the vehicles 
need to be sterilised after each call. For this the 
cleaners use alcohol in spray bottles and wipes. 

Departure
12. When a call comes in, how quickly are you 
able to depart, on average?
On average within 50 seconds the ambulance 

drives out of the gate at the station in Delft. 
They really optimise everything to decrease 
this time as far as possible. Eduard mentioned 
that they even installed a door next to the cof-
fee machine that leads straight into the gara-
ge, saving them many seconds. Another testa-
ment to time savings is that the control room 
even looks at the ambulance that is parked 
closest to the exit and prioritises that one over 
the others parked next to it. 

Are there cases in which departure is delayed 
and if so, for what reasons?
Sometimes it is so busy that an ambulance is 
still at the hospital while receiving their next 
call. Then they will first deliver their current pa-
tient and then respond to the next call, which 
creates a delay.

13. How many times a day do you receive a call 
and does it vary?
On average 6 times a day. 
Yes, sometimes it can go up to 10 times a day 
and very incidentally there are no calls, but this 
only happens at night.

On the way
14. If the ambulance gets stuck or is involved in 
an accident, how is this handled?
Another ambulance is sent out to pick up the 
patient from the ambulance that is stranded 
or was involved in an accident and will check 
the wellbeing of the other ambulance staff in 
case of an accident.

15. Do patients get distressed from the bumpy 
ride and if so, how are they comforted?
Sometimes, of course the nurse will do their 
best to calm the patient. Patients with spinal 
injuries or other injuries that need to be sta-
bilised are put in a vacuum mattress to keep 
them completely fixed during the bumpy ride.

16. Are friends/relatives of the patient allowed 
to drive along in the ambulance?
Before COVID-19 they actually preferred some-
one to accompany the patient to the hospital, 
but at the moment this is not allowed.
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17. What kind of navigation system do you use?
The navigation system they use is called City-
NAV and is specially developed for the ambu-
lances. When the control room gets a call the 
navigation system automatically plots a route 
and attaches patient data to it as well, which 
the ambulance staff can view on their screen. 
During the drive the data is updated based on 
new information, which they will get notified of 
on their navigation screen. The maps of the na-
vigation system are incredibly up to date and 
ambulances are supplied with updated maps 
through a WIFI point at the station which up-
loads it automatically to the navigation system 
upon arrival. Also they employ a scout who 
scans the region for changes in traffic situati-
ons. For example when there is an event and 
certain roads are blocked or when a street or 
pathway has become temporarily obstructed. 

Is there ever any difficulty with navigation be-
cause the destination is difficult to reach?
Rarely. Really only because of traffic jams, alt-
hough they will still be able to slowly move 
through them as well. 

18. Can the driver and the nurse communicate 
with one another during the drive to the hos-
pital?
They can, the window between driver cabin 
and loading area can be opened. They can also 
contact each other using their portophone 
system, for which the driver has a special but-
ton on the steering wheel. 

On site
19. How does the driver assist the nurse at the 
place of the incident?
Mostly with carrying items from the ambu-
lance to the patient and the driver also assists 
with treatments. Next to that the driver deals 
with bystanders, trying to comfort them or 
keep them away from getting too close.

20. How do you transport patients from diffi-
cult to reach places with the stretcher?
The stretcher cannot really be taken up stairs 
as it is quite heavy, so they have to transport 
the patient to the stretcher. In some cases win-
dows or walls are demolished in order to ac-

cess the patient. Any sacrifice is made to save 
the patient.

21. Are there ever cases of vandalism or robbe-
ry of items in the ambulance by bystanders?
Very rarely, mostly negligible. There is a lot of 
media attention for aggression towards ambu-
lance staff, but in practice this seldomly occurs.

22. Do bystanders ever hamper the ambulan-
ce staff’s work or meddle with their way of tre-
ating the patient?
Usually this only happens out of concern for 
the patient. Ambulance staff will also call on 
the help of bystanders often, because they can 
use their assistance.

General questions
23. How long is a shift?
Each shift is 8 hours. Every 24 hours is divided 
into multiple overlapping shifts, to avoid pe-
riods of time in between shifts when no staff 
is available because they are finishing or just 
starting their shift.

24. How long does an ambulance van last?
Five years, this is determined by the lease con-
tract that they have with their supplier. The 
supplier then sells these phased out ambulan-
ces, mostly to other countries. 
In case an ambulance breaks down at the sta-
tion they have a backup vehicle prepared. Ano-
ther department that is responsible for the re-
pairs will service the defective ambulance.

25. How long does the equipment last?
This differs, depending on the reliability of the 
equipment. One very reliable piece of equip-
ment is the patient monitor which has been in 
use for 11 years.

If equipment breaks during the call, how is this 
handled?
If it is a vital piece of equipment another am-
bulance is sent to take over the task. The staff 
of the defective ambulance will still proceed 
treating the patient to the best of their abilities 
in the meantime.
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26. How is the ambulance network organised?
The main objective is to always maintain a 15 
minute response time coverage on every am-
bulance station. This means that if a station 
gets a call and their last ambulance needs be 
deployed, an ambulance from another station 
is immediately send to the dormant station to 
maintain 15 minute coverage in that area. The 
control room is responsible for organising the 
distribution of ambulances among all the sta-
tions within their region. In the region Haag-
landen, which the station in Delft is part of, the 
average response time is 10 minutes. Accor-
ding to protocol they should respond to 97% 
of cases within 15 minutes, but they cannot 
reach this during the COVID-19 pandemic due 
to more preparation. Right know they respond 
within 15 minutes in 90% of calls. 

Project related
27. In the future automated ambulance dro-
nes may not need a pilot, so is the assistance 
of the pilot crucial to the nurse or could they 
potentially work alone?
According to Eduard’s estimation a nurse 
could potentially work individually especially 
as equipment is expected to be optimised and 
automated further in the future. 

28. Could very fast response times make some 
equipment unnecessary because the patient 
is at the hospital so quickly that treatments 
can be started there?
Doubtful, because the most basic necessary 
equipment is also by far the heaviest equip-
ment (stretcher, monitor, various stabilising 
devices). There is no doubt that a lot of small 
items can potentially left out, so there is room 
for optimisation but not significantly. This has 
to do with the fact that most of the equipment 
is also necessary for treating the patient at the 
place of the incident, which is what makes 
their chances of survival much greater. To put 
it plainly, you cannot simply put someone with 
heart complications in an empty cabin and fly 
them to the hospital, even if it only takes 5 mi-
nutes. It is the immediate care in the first se-
conds that makes the biggest difference. 

29. Are there documents explaining how am-
bulances are constructed?
Eduard could not provide these. He did ex-
plain that ambulance vehicles weigh around 
3500kg which requires ambulances drivers 
to have a truck license to be allowed to drive 
them. This weight may give some insight into 
the added weight of the equipment onto the 
empty weight of a Mercedes-Benz van.

30. If ambulance drones would replace a large 
part of regular ambulance vehicles in the fu-
ture, would the ambulance sector be accep-
ting such an innovation?
Eduard sees it is as an inevitable development 
of which it is more the question when it will 
happen than if. As far as the general opinion 
within his sector for this kind of solution he 
could not provide a direct answer.
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SCENARIO 1: AMBULANCE DRONE RE-
PLACES ALL A1-TYPE AMBULANCES

Ambulance network and response times

The Dutch government provides detailed do-
cumentation of all ambulance stations in the 
Netherlands. Figure 1 shows all the ambulance 
stations and the response times in their res-
pective areas. This is a very useful map as it tells 
a lot about the distribution and density of the 
network. In combination with figure 2, which 
shows the amount of A1 responses per 1000 
citizens for each RAV, we can start to under-
stand which areas of the country experience 
the highest pressure on the ambulance sys-
tem. Clearly, the urbanised provinces of Noord-
Holland and Zuid-Holland are busier, which is 
also reflected in the density of ambulance sta-
tions. Surprisingly the provinces of Groningen 
and Limburg also experience a relatively high 
amount of A1 responses. 

In total there are 225 ambulance stations dis-
tributed at different distances from each other. 
A quick investigation on google maps tells us 
that the distance between ambulance stations 
ranges from as low as 1 kilometres up to 20 ki-

lometres. This makes sense, as there is an evi-
dent correlation between the inter-station dis-
tance and the population density. Stations that 
are close to each other are always within den-
sely populated areas. This also correlates with 
the 15 minute limit for response times, as am-
bulance vehicles in urban areas will take more 
time to cover the same distance compared to 
those in rural areas due to traffic congestion 
and lower speed limits. In short, the range of 
ambulances is smaller in urban areas than in 
rural areas. 

In the case of ambulance drones the correla-
tion between population density and range is 
barely existent as they are not limited by traffic. 
This means vertiports could hypothetically be 
distributed much more evenly across the coun-
try. If an ambulance drone travels at an avera-
ge speed of 100 km/h and needs to stay within 
the maximum response time of 15 minutes, it 
means it can cover a range of 25 kilometres. As 
the range is dependent on the speed, it might 
seem obvious to simply maximise the speed 
of the drone in order to increase the range. Of 
course it is not so easy as there are factors that 
limit the maximum speed of the drone, such 
as the weight and the battery capacity.

Figure 1: ambulance stations and the response 
times in their respective areas.

Figure 2: amount of A1 responses per 1000 citi-
zens for each RAV
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Nonetheless, even at a cruise speed of 100 
km/h - which is well within the capability of an 
eVTOL - a range of 25 kilometres is quite large. 
Plotting out this range on a map of the Nether-
lands gives a rough estimate of the number 
of vertiports that would be needed. Figure 3 
shows that approximately 24 vertiports would 
be needed to cover the whole country, which is 
dramatically less than the 225 ambulance sta-
tions that exist currently.  

What is important to realise in the case that 
ambulance drones will form a full replacement 
of the ambulance vehicles of today, that the 
drones will need to provide the same capacity. 
In fact it can be expected that the capacity of 
ambulances will need to increase in the future, 
as this is already the case each year. This means 
that as the number of vertiports becomes less, 
more ambulance drones are needed per verti-
port. With around 800 ambulances distributed 
across 225 stations in 2018, a quick calculation 
shows an average of 3,5 ambulances per sta-
tion. 24 stations would mean an average of 33,3 
ambulances per station.
 

Ambulance stations as vertiports
Given the density and even distribution of the 
already in place ambulance stations it makes 
sense to investigate the possibility of exploi-
ting these for future ambulance drones as 
well. For this it is necessary to understand the 
possibilities of adding take-off and landing  in-
frastructure to these buildings. This is not easy 
as these stations are all different in size, layout 
and available open space around the building. 
Investigating every single station is too time 
consuming, so instead samples are taken from 
Google Streetview. 

What is clear from this investigation is that 
there is a lot of variation in ambulance stations, 
but there are a few things that most of them-
have in common. A lot of them have parking 
lots directly surrounding them and/or big roof 
areas (figure 4). Both are potential spots for the 
implementation of vertiports. Naturally, there 
are also exceptions that do not have either of 
these facilities and it is unlikely that these can 
be adapted to house vertiports (figure 5)

Figure 3:  24 vertiports with 25 kilometer range.

Figure 4:  Examples of suitable ambulance stations 
(Google Maps).
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Another thing to consider is that spaces such 
as parking lots need to be adapted to become 
a vertiport, which means cars will not be able 
to park there. Especially in urban areas parking 
spots are quite scarce and removing them is 
less desirable. Rooftops are therefore more 
space efficient, but also require a lot more 
adaptation to carry a vertiport. Depending on 
the type of structure present in the existing 
building it might not be possible at all to carry 
that weight on its roof.

In short, ambulance stations provide some 
opportunities for vertiports but in a limited 
amount. Therefore, other infrastructure is nee-
ded.

Hospital vertiports
Such infrastructure might be found in existing 
hospitals. Another look on Google Maps shows 
that many existing hospitals have roof spaces 
and/or open spaces around the building. For 
reference, the rooftop helipads for the ambu-
lance helicopters are 20 x 20 meters. This is 
only for landing one helicopter at a time and, 
although an ambulance drone might require 
less space to land, it is unrealistic to expect 
high numbers of drones to land on the size of a 
helipad. So rooftops provide a clear restriction 
on the size of a vertiport that needs to be taken 
into account when designing for this existing 
infrastructure.

Spaces around the hospital might provide 
more opportunity for higher capacity landing 
pads. What needs to be taken into considera-
tion, however, is the scale of each 24 vertiports 

needed in order to have a capacity of approxi-
mately 30 ambulances drones. The informa-
tion gathered from ambulance helicopters in 
chapter 1 showed that they need a minimum 
of 25 x 25 meters to land. Assuming an ambu-
lance drone to be more compact and manoeu-
vrable, let’s say that it needs an area of at least 
10 x 10 meters to land. In that case the vertiport 
would need to be at least 50 x 60 meters; more 
than half a football field. While this is not com-
pletely impossible, a smaller area would bring 
a lot of benefits and this forms an important 
design input. 

Rooftops of industrial buildings
Industrial buildings, such as warehouses, 
could be an interesting opportunity for using 
existing infrastructure. Adapting existing wa-
rehouses to house a large vertiport is not fea-
sible, however, since the structure is not fit to 
carry extra weight. Many modern buildings 
are constructed with structures that are opti-
mised for the building’s specifications. Adding 
a large weight on the roof is often not within 
the capabilities of the original structure. So an 
alternative to adapting existing infrastructure 
could be to construct new buildings that allow 
for the addition of a rooftop vertiport. 
Of course, this is a longer term plan and not a 
solution in case a vertiport network needs to 
be established quickly.

SCENARIO 2: AMBULANCE DRONES 
AS LIFELINERS 2.0

Scaled up Lifeliner services
Given that ambulance helicopters (i.e. Lifeli-
ners) are very scarce in the Netherlands (only 
four) it makes sense to investigate the possibi-
lity of expanding this service with ambulance 
drones. 

As explained in chapter 1, the Lifeliners always 
operate together with a regular ambulance. 
This means they are a supplementary service 
and not a primary service. Nonetheless their 
benefits are very obvious given their ability to 
carry specialised doctors and medication that 
standard ambulances do not have.

Figure 5:  Example of an unsuitable ambulance station 
(Google Maps).
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With the hypothetical ambulance drone from 
the previous scenario with a range of 25 kilo-
metres it would not be possible to operate 
from only four vertiports. It therefore makes 
sense to expand the Lifeliner service into a pri-
mary service that replaces part of the regular 
A1 ambulances. This would mean that unlike 
the Lifeliners, the ambulance drone can opera-
te independently and is sent to incidents that 
are estimated to be very critical. Estimating 
the amount of such incidents is a bit of a grey 
area, as the narrowest category at our disposal 
for critical incidents is the A1 response, which, 
as explained in chapter 1 lies at around 600.000 
in 2019. Of these A1 responses, in only around 
8000 cases a Lifeliner is called in for assistance. 
Roughly half of these 8000 cases are called off 
even before the Lifeliner arrives at the destina-
tion, because the ambulance staff can handle 
the situation on their own. This is the conse-
quence of the Lifeliner being a supplementary 
service.

Clearly the capacity needed for an ambulance 
drone system that replaces the current Lifeli-
ners is drastically smaller than in scenario 1. 
However, this poses the concern that it might 
underutilise an innovation with so much po-
tential, at least in the case of short range dro-
nes as used in scenario 1. Perhaps the Lifeliner 
2.0 system would benefit more from larger 
and faster drones with a larger range similar to 
current helicopters. 

This may beg the question why it is necessary 
to replace the current Lifeliner helicopters to 
begin with. For starters, it would be more sus-
tainable (electrically powered) and designed 
for its function from the ground up, unlike the 
restricting form factor of helicopters. Next to 
that, the mechanisms of an ambulance drone 
are simpler than a helicopter and therefore 
potentially cheaper to manufacture and main-
tain. Major cost savings would also come from 
the possibility to make the ambulance drone 
autonomous and not require a highly speci-
alised pilot. All the aforementioned benefits 
point towards the potential of a Lifeliner 2.0 
system to be more scalable and available to 
more patients.

It must be assumed that the roughly 4000 ca-
ses in which the Lifeliner is actually utilised are 
for exceptionally critical incidents. Thich ma-
kes sense, as the Lifeliner brings hospital gra-
de care to the patient. In principle making this 
level of care available to more patients could 
only be a positive development, and an ambu-
lance drone might make this possible. Situati-
ons where half of the responses are called off 
would not exist when the ambulance drones 
are a primary service. They would be called in 
based on the assessed severity of the incident 
and they would be fully responsible for trans-
porting the patient to the hospital. This inevi-
tably means that there will be a level of redun-
dancy, where a regular ambulance would have 
been able to handle the call and the Lifeliner 
would not have been necessary. What coun-
ters this are the cases in which the Lifeliner 
might save a patient’s quality of life because of 
the extra care they receive so quickly. Whereas 
currently they would be served by a regular 
ambulance and their injury might be treated 
too late to prevent permanent damage.

An important factor that also needs to be taken 
into account when scaling up the current Life-
liner service is that the amount of staff will also 
need to be scaled up. This means that more 
specialised doctors will need to be educated. 

Lifeliner 2.0 infrastructure
Given the smaller capacity and lower network 
density of this scenario, infrastructure soluti-
ons will be easier than in scenario 1. It is more 
likely that infrastructure similar to that of the 
current Lifeliners would suffice for this scena-
rio. This means helipads on hospitals and sepa-
rate hangars at airports. If a drone with twice 
the range of that in scenario 1 would be used, 
the number of vertiports needed may drop to 
as low as 10-15. This increases the likelihood of 
implementing this system on existing hospi-
tal rooftops. Especially because each of these 
stations likely needs to house only one or two 
ambulance drones. Increasing the range of the 
drone does add to technical complexity and 
costs.
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SCENARIO 3: RAPID RESPONDER 
DRONES

In the previous scenarios the ambulance dro-
ne is also responsible for transporting patients. 
This has major implications for the design, as it 
will need to be able to carry two people (nurse 
and patient) as well as the necessary equip-
ment for treatment during transport. A simple 
way to decrease the complexity of the ambu-
lance drone is to utilise it as a rapid responder 
type vehicle. As mentioned in chapter 1, these 
are vehicles that are constantly mobile and 
more manoeuvrable than regular ambulances, 
such as cars, motorcycles and even bicycles. As 
such they can respond to calls faster than regu-
lar ambulances and arrive at the incident first. 
They carry equipment necessary for starting 
treatment, until the regular ambulance arrives. 

According to Rutger Jongejan, ambulance nur-
se, response times below 6 minutes can really 
make a difference in acute life threatening si-
tuations such as heart failure, strokes and hea-
vy bleeding. A regular ambulance that arrives 
after 14 minutes (so still within the 15 minute 
norm) will likely be too late. This is the gap that 
rapid responders are meant to fill, and drones 
could be an addition to this category of acute 
care. (Jongejan, 2018)

Network 
Since the Rapid Responder’s added benefit 
completely rests on the ability to arrive faster 
than a regular ambulance, a rapid responder 
drone would also need to prioritize speed. Sin-
ce the drone only needs to carry a nurse and 
a limited amount of equipment, it can be a 
rather lightweight and compact design com-
pared to ambulance drones with a transport 
function. This has a positive impact on battery 
capacity, which in turn can be leveraged for 
more speed. Even though the speed can be in-
creased, the density of the network still needs 
to remain high to bring the response times to a 
minimum. This means a network of at least the 
density of scenario 1, possibly denser. 

What works in the advantage of a denser net-
work is the compact nature of a rapid respon-
der drone. 

Small vertiports can quite easily be placed on 
existing car parks and small rooftops. Another 
benefit of this scenario is that it, like scenario 
2, requires only a small amount of capacity per 
vertiports. In fact, bundling rapid responders 
defeats the purpose of having a dense network. 
It is better to have one or two at each ambu-
lance station, hospital and other outposts than 
ten at a central spot.



APPENDIX C
 

Vertiport Concepts

© Lilium



APPENDIX

15

2. CONCEPT 1: STRATEGIC HIGH 
CAPACITY VERTIPORTS

2.1 Network

This concept is based on the analyses that can 
be found in Appendix B. It provides a network 
that replaces all A1 ambulances. As the ambu-
lance drones are not bound by traffic or road 
layouts, it can provide a very consistent range 
of 25 kilometres in any area of the Nether-
lands. From this scenario it became clear that 
with such a range, there would only need to 

be around 24 vertiports throughout the coun-
try, as opposed to the 225 ambulance stations 
currently. These vertiports will need to carry a 
high capacity of ambulances drones, however, 
and therefore require lots of space for take-off 
and landing infrastructure. It is therefore more 
difficult to realise this in urban areas. On the 
positive side, the 25 kilometre range allows ver-
tiports to be placed on the edge of urban areas 
and still be able to cover an entire city. This can 
be seen in figure 1, where a possible placement 
of vertiports around Rotterdam and The Ha-
gue is shown. 

TAKE-OFF PLATFORM

LANDING PLATFORM

1. INTRODUCTION

Being able to safely fly an ambulance drone is 
just as important as for it to take-off and land 
in the safest and most optimal way. This requi-
res infrastructure that is tailored to the ambu-
lance drone and its staff. 
In this appendix, possibilities for take-off and 
landing infrastructure are investigated, more 
conveniently called “vertiports” from here on-
wards. In order to design a vertiport network it 
is critical to establish the type of vertiport net-
work that is needed. This is based on the way 
ambulance drones are going to be implemen-
ted in the future. 

Three concepts are proposed. A comparison is 
made between these concepts which informs 
the best final vertiport design. These verti-
port solutions take existing infrastructure into 
consideration, as the design philosophy that 
the vertiports need to follow is that of simpli-
city and cost efficiency. Thus solutions that are 
modular and/or compatible with existing infra-
structure are of the highest priority.
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In this example the range is 
plotted in identical circular 
areas of 50 km diameter, but 
in reality the placement will 
need to be established much 
more precisely. Given the 
country’s irregular shape and 
the fact that circles do not fi t 
together naturally, there is al-
ways a degree of overlap. This 
overlap is not necessarily bad 
as it can be an advantage when used strate-
gically. Placing the overlap on urban areas al-
lows these areas to have two or more vertiports 
available to them. Determining the optimal lo-
cation (related to other vertiports and nearby 
hospitals) and, additionally, the optimal capa-
city related to the area that a vertiport operates 
in is an entire investigation in itself. This is be-
yond the scope of this project. Regardless, this 
short analysis does give an indication of what 
might be possible.

2.2 Vertiport operating sequence

In order to sustain such a high capacity of 

around 30 or more drones per vertiport a se-
quence has been proposed (fi gure 2). The lan
ding platform and the take-off platform are 
separated and placed on opposite ends of the 
maintenance facilities. As a drone returns from 
a mission, it moves from the landing platform 
through the maintenance facilities. Where it 
can be cleaned, repaired and potentially be fi t-
ted with a fully charged battery. After mainte-
nance it can stay docked inside or moved onto 
the take-off platform ready to answer to a new 
call. The process is similar to a factory assem-
bly line. Given the complexity that comes with 
such a large scale vertiport a predictable and 
effi cient process is benefi cial. 

Figure 1: vertiport coverage around Rotterdam and The Hague.

Figure 2: vertiport operating sequence.
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2.3 Infrastructure

Clearly the infrastructure needed for this sce-
nario is quite advanced. In this scenario, the 
vertiport is designed from the ground up, in-
stead of using existing infrastructure. The first 
reason for this is because the system relies on 
optimal geographical placement. The chance 
of useable existing infrastructure to be present 
at the ideal locations are very slim. The second 
reason is that the vertiport relies on its layout 
for an efficient operation, so it needs to be built 
that specific way. 

3. CONCEPT 2: LIFELINER 2.0 
VERTIPORTS

3.1 Network

This concept is based on the analysis in Ap-
pendix B, where ambulance drones provide 
an upgraded replacement for ambulance he-
licopters. The network of this scenario requires 

a small amount of vertiports with a capacity of 
only a few ambulance drones each. 

It  was calculated that at 200 km/h cruise speed 
the drones would be able to cater to a range of 
40 kilometres in around 13 minutes. 

This is well within the current response time li-
mit of A1 responses (15 minutes) and certainly 
an improvement compared to ambulance he-
licopters, which in some areas can take more 
than 20 minutes to arrive. A cruising speed of 
200 km/h is within the possibilities of man-
ned drones, since current eVTOLs such as Joby 
are already developing to have cruise speeds 
above 300 km/h for a range of more than 200 
kilometres. In the example shown in figure 3, a 
40 kilometre range (80 kilometres in diameter) 
was mapped out on a map of the Netherlands. 
It is possible to cover almost the entire country 
with 11 vertiports. Compared to the current si-
tuation of four ambulance helicopter stations 
this improves the network density significantly. 

Figure 3: 11 vertiports with 40 
kilometres of range.
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3.2 Infrastructure

Because the scale of the current ambulance 
helicopter system is also small, a potential re-
placement system with ambulance drones also 
remains relatively small. This means the verti-
ports can be quite small too, allowing more op-
portunities to be found in or on top of existing 
buildings. Existing hospital helipads and top 
floors of parking garages could be adapted to 
a vertiport for the ambulance drones. 

Finding suitable infrastructure for each of the 
estimated eleven vertiports is likely not pos-
sible. However, building new vertiports is also 
quite cheap for this concept. All that is really 
needed is a small hangar where maintenance 
is done and where the crew is stationed with 
a landing platform nearby. This is very compa-
rable to existing ambulance stations, of which 
there exist a lot more. 
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4.1 Mobile platform and battery docks

In this concept, based on scenario 3 in Appen-
dix B, the ambulance drone is an addition to 
the Rapid Responder type ambulance. It can 
not transport a patient and is solely used for 
getting a nurse or doctor to the place of the 
incident as quickly as possible. The drones 
themselves can therefore be rather compact 
and lightweight, as they only need to carry one 
person. This also puts less demand on the ver-
tiport that is required for such a drone. There-
fore a system with modular elements might be 
an interesting option. A mobile platform which 
can simply be rolled out of the building where 
the drones are maintained in, could be a sim-
ple solution to provide a place to take-off and 
land. In fact, current ambulance helicopters 
use a similar platform, as can be seen in fi gure 
4. 

For charging batteries an automated system 
with battery docks could be a solution. These 
docks could be seen as separate units that can 
be placed inside the maintenance hall and 
connect to the local power grid. That way the 
batteries can be charged externally and in op-
timal conditions. 

4.2 Infrastructure

Because this is scenario has such a simple ver-
tiport setup, almost no new infrastructure is 
needed. This is also infl uenced by the fact that 
rapid responder drones would need to form a 
very dense network in order to be useful. As 
such, there is more chance of suitable infra-
structure to be present compared to the previ-
ous scenarios. The drone is delivered together 
with the landing platform and charging dock 
and can therefore be placed in a wide variety of 
buildings, which is a major cost benefi t. 

4. CONCEPT 3: RAPID RESPONDER DRONES WITH MODULAR VERTIPORTS

Figure 4: Landing platform of the ambulance helicopter.
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5 SCENARIO SELECTION

Table X: Rating 1 – 5, with 1 representing a negative rating 
and 5 representing a positive rating.

Concept 1 Concept 2 Concept 3

Technical feasibility 2 3 5

Expected infrastruc-
ture costs 

1 4 5

Benefit to acute heal-
thcare (viability)

5 3 2

Innovativeness 5 4 2

Public acceptance 1 4 2

Total rating 14 18 16

Having laid out three scenarios and concepts, 
it is possible to make a rational assessment of 
how they compare on factors that are critical to 
the value that the ambulance drone network 
could deliver in 2035. These factors are:

•	 Technical feasibility refers to the feasibility 
of successfully developing the ambulance 
drone that is required for each scenario. 
This is assessed based on the roadmap in 
chapter 2. 

•	 Expected infrastructure costs are based 
on comparing the infrastructure costs of 
the current ambulance system to that pro-
posed in each scenario (e.g. equal costs to 
the current system rates 1)

•	 Benefit to acute healthcare means the 
number of lives that each scenario could 
potentially save. 

•	 Innovativeness relates to the novelty of the 
scenario, compared to existing services and 
ideas. This is important as this project also 
needs to provide a certain inspirational va-
lue and not just a pragmatic proposal.

•	 Public acceptance is the likelihood of the 
general public being in favour of this sce-
nario. 

It is certainly not impossible to realise concept 
1 in the future, but it is highly ambitious. The 
low amount of vertiports needed has the ad-
vantage that a smaller amount of suitable exis-
ting infrastructure needs to be found. 

The downside to the low amount of vertiports, 
however, is that each individual one will need 
to house a large fleet of ambulance drones. 

So each vertiport needs to be rather large 
compared to an average ambulance station. 
This also rules out hospital rooftops, since they 
are unlikely to be able to carry such large verti-
ports. Looking at the scope of 2035 and a possi-
ble roadmap for ambulance drone implemen-
tation, it is unlikely that a full scale replacement 
of the current ambulances would take place at 
this time. It is not expected that public accep-
tance and regulations will be of sufficient level 
for such large scale air mobility. 

Concept 2 is certainly a more realistic and 
achievable than concept 1 in terms of scale, but 
also less impactful and innovative. This concept 
could be a stepping stone towards concept 1, 
since a much smaller fleet of ambulance dro-
nes is needed. From a public acceptance and 
safety perspective, it is unlikely that a full scale 
replacement of ambulances by drones would 
happen straight away before it has proven itself 
in smaller scale applications. With the scope of 
this project being around 2035, it is unrealistic 
to expect concept 1 to be ready by that time. 
Concept 2 is, potentially, more technically chal-
lenging since larger and longer ranged drones 
require more battery capacity.
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Concept 3 is without a doubt the least ambiti-
ous concept in terms of feasibility. It is the least 
technically challenging and requires very little 
infrastructure. Compared to the other two con-
cepts it loses some value in the fields of poten-
tial benefit to acute healthcare. This is because 
it cannot transport patients to the hospital and 
therefore still relies on the existing ambulan-
ces. Similarly, it loses value in the area of inno-
vativeness, because it is only a supplementary 
service to the already existing ambulance sys-
tem. Lastly, public acceptance is expected to 
be lower for this concept as the high quantity 
of drones would cause more visual and noise 
pollution. It suffers from the same issue as con-
cept 1, with 2035 being too soon for large scale 
air mobility.

So in conclusion concept 2 is the most realis-
tic, as it is a sufficient balance between feasibi-
lity and innovativeness. Replacing the current 
helicopters with ambulance drones brings a 
number of benefits. As shown below, only four 
helicopters are available in the Netherlands. 
With an ambulance drone system the capaci-
ty could increase drastically, with somewhere 
between 20 and 30 drones. This also means 
the density of the network is higher and res-
ponse times will drop. Ambulance helicopters 
have to cover such large distances that it can 
take more than 20 minutes to reach a location.

With ambulance drones being potentially che-
aper to manufacture and to maintain, a higher 
capacity can be achieved for similar or lower 
costs as the current system. In short, more va-
lue for the same amount of money. 

Next to that, ambulance helicopters are called 
off in the majority of responses, which ma-
kes the system far from efficient. Ambulance 
drones would be fully responsible for hand-
ling a response, which means they will be the 
primary responder just like ambulance vans. 
Granted, this means that in some cases the 
ambulance drone is called in when a regular 
ambulance would have sufficed, but receiving 
extra fast and high quality care might improve 
a patient’s quality of life in the long term.
Also, in the current situation it frequently oc-
curs that the regular ambulance discovers that 
the patient is in a more critical state than initi-
ally thought and then a helicopter is called in, 
losing precious time. 

The last major benefit of an ambulance drone 
compared to a helicopter is not being restric-
ted by a helicopter’s architecture and formfac-
tor. Designing a drone with the sole purpose 
of ambulance care means the vehicle can be 
made to fit the user, instead of the other way 
around.

Range of helicopters
-

4 bases, 4 helicopters
Variable range and response times 

Range of ambulance drones
-

12 bases, 24 drones
Consistent range and response times

VS
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1. INTRODUCTION

In this chapter the technologies related to the 
development of an ambulance drone are in-
vestigated, which forms a basis for the techni-
cal architecture in the design phase.

2. A BRIEF HISTORY

First, a look is taken at what drones are and 
how they were developed to what they are to-
day. The definition of a “drone” is somewhat 
debatable, but seems to be mostly defined as 
an autonomously or remotely operated aircraft. 
As such the first vehicle that could be classified 
as a drone would be the DH.82B Queen Bee 
from the 1930’s. This was a modified version 
of a type of aircraft commonly used in WWI. 
It was adapted into an unmanned, radio con-
trolled airplane used for training purposes. The 
name “Queen Bee” has also been suggested as 
the origin of the name “drone” (male bee) for 
unmanned flying vehicles. 

During WWII, bomb drones that were deploy-
ed from airplanes were used to place bombs 
on targets. These are the first example of bom-
bing drones, a task that drones would be cut 
out for many decades before they would be-
come commercially available as hobbyist dro-
nes. The type of drone most closely related to 
commercial drones are reconnaissance drones 
used by the U.S military in all wars and missi-
ons after WWII and up until today. Today the 
military use of drones is still on the rise and will 
continue to form an important part of military 
missions in the future (Custers, 2016).

3. DRONES: WORKING PRINCIPLES

In order to establish what the technical pac-
kage of a future ambulance drone might look 
like, it is important to first understand the ba-
sic principles of which drones consist of. How 
they retain stability, what rotor configurations 
exist and why, how battery capacities relate to 
weight, speed and range, etcetera. We will look 
at the average small commercial drones and 
in the next chapter the drone’s larger counter-
part, the VTOL aircraft, will be addressed.

3.1 Drivetrain
It is important to note that drones are not so-
lely propeller driven, but can be any kind of au-
tonomous or remotely operated flying vehicle. 
In this paragraph, however, the focus will be on 
the propeller type drones, as these allow verti-
cal take-off and landing; a critical function for 
a future ambulance drone. In this section the 
drivetrain of drones will be explained. The dri-
vetrain consists of propellers, motor and bat-
tery, which together form the mechanism that 
lifts the drone. 

Propeller configuration
Drones can have different types of propel-
ler configurations. The most common are so-
called quadcopters with four separate rotors in 
diagonally opposite position. Other configura-
tions are all the way from two or three rotors 
up to eight rotors. Drones with eight rotors are 
able to carry more weight, but are also more 
complex. Drones with two or three rotors can-
not lift as much and are more unstable, but 
they are a lot simpler.

The reason quadcopters are the most com-
mon type is because they provide a lot of sta-
bility whilst being relatively simple in mecha-
nical terms and able to lift a practical amount 
of weight. For civilian uses this usually means 
being able to carry a camera to film high qua-
lity footage. 
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Rotor speeds and changing direction
So how do quadcopters work? The ingenious 
thing about this confi guration is that the net 
reaction torque is equal to zero. Or in other 
words, the drone stays in place and does not 
spin around its own axis when the rotors are 
spinning. This is achieved by spinning each set 
of diagonally opposed rotors in opposite direc-
tions. Thereby the local reaction torque from 
each rotor counteracts that of the rotor directly 
next to it, as shown in fi gure 1. Deliberate ro-
tation around the drone’s own axis can still be 
achieved, this direction of movement is known 
as the “yaw”, in aviation terms. By spinning the 
diagonal pair of rotors that rotate clockwise 
at a higher speed than the counter clockwise 
pair, the reaction torques stop cancelling each 
other out, and as a consequence the drone is 
able to spin counter clockwise. Obviously, the 
opposite of this will make the drone yaw in 
clockwise direction. 

Changing the speeds of the rotors that are 
directly next to each other (not diagonally 
opposed) will enable other important move-
ments. If two neighbouring rotors are spinning 
slower than the two other rotors the drone will 
pitch forward and start travelling horizontally 

at a constant speed, in the direction of the slo-
wer spinning rotors. When the neighbouring 
rotors on two sides of the drone are slowed 
down, the drone will pitch both forward and 
sideways, causing it to make a turn. 

And lastly, the simplest manoeuvre related to 
rotor speed is increasing or slowing all rotors 
simultaneously, causing the drone to lift or go 
down. So, all movements of a drone can be 
controlled through adjusting the individual or 
collective rotor speeds (Corrigan, 2020).

Coaxial rotors
Another way in which the reaction torque 
can be cancelled out other than in the previ-
ously described quadcopter confi guration is 
by using coaxial rotors. Two rotors are moun-
ted on top of each other (on the same vertical 
axis) spinning in opposite directions. Together 
their net reaction torque is equal to zero. Co-
axial rotors are used in drones, as seen in fi gure 
2. The added benefi t of coaxial rotors in that 
the drone will also have double the amount 
of disk area and can thus carry more weight, 
whilst the increase in weight and size is relati-
vely small. The downside of coaxial rotors is the 
increase in complexity of housing two motors 
in each arm. 

Another important benefi t is that coaxial ro-
tors cope better with sudden gusts of wind and 
thus aid in stabilising the drone (English, 2020).

Figure 2: coaxial quadcopter drone  (Watts Innovations, 
2021)

Figure 1: quadcopter stability through counteracting 
torque.
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Propeller ducts
Ducting a propeller is the principle of encasing 
the propeller in a cylinder. Ducting a propeller 
can give many benefi ts, such as an increase in 
thrust, a decrease in noise and providing safe-
ty. To understand exactly how propeller ducts 
provide these advantages, let us look at how a 
propeller actually works.

A propeller is basically a small wing, but instead 
of moving in a linear direction, it spins. As fi gu-
re 3 illustrates, by spinning, airfl ow is directed 
past the shape of the propeller blade and this 
shape is also known as an airfoil. The shape of 
the airfoil causes two types of lift. The fi rst way 
in which it creates lift is from being slightly til-
ted upwards, this means that more air hits the 
bottom of the propeller and thus pushes it up-
wards. The second way in which it creates lift 
is by differences in pressure underneath and 
on top of the propeller blade. The airfoil shape 
causes the air that travels over the top to move 
faster than the air that travels underneath. This 

is because the air that travels over the top has 
to cover a longer trajectory. The air that moves 
fast creates a low pressure area right on top of 
the airfoil. Because of this, a high pressure area 
emerges underneath the propeller blade (re-
gular atmospheric pressure pushing the blade 
upwards). 

Now, as mentioned, a propeller spins and is 
therefore subjected to centrifugal force. This 
centrifugal force is a force perpendicular to 
the axis of rotation. It causes part of the air 
that fl ows over and under the blades to fl ow 
along the length of the blades. The high and 
low pressure areas then move outwards to-
wards the tips of the blades. When the low and 
high pressure area start to fl ow into each other 
around the tip it creates a small vortex, which 
causes a loss of energy and the biggest source 
of propeller noise. 

So how can ducting the propeller stop this 
from happening? By encasing the propeller 

Figure 3: Ducted propeller, open propeller and airfoil. 
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with the smallest margin possible between 
the blade tips and the casing, the low and high 
pressure areas are blocked from flowing into 
each other. Keeping the low and high pressure 
areas separated means less energy is wasted 
because of the tip vortex and thus more ener-
gy is converted into lift. Having a smaller vortex 
also means noise levels are reduced.

Next to this there is another ingenious trick 
that can be applied to the duct. By flaring out 
the top of the duct, another airfoil surface is 
created. As air is drawn into the duct by the 
propellers, air moves past this flared edge and, 
like the propeller blade itself, creates a low pres-
sure area on the top of this flared edge and a 
high pressure area underneath it. So, the duct 
itself can also create lift through this principle.
Lastly, the propeller duct also shields the pro-
peller and thereby protecting it from hitting 
things making an enclosed propeller safer to 
be around. Of course, the top and the bottom 
of the propeller are still exposed, so caution is 
still required (RCModelReviews, 2015).

Motors
Most drones use a so called brushless DC elec-
tric motor (BLDC). In figure 4 you see the sche-
matics of such a motor. It works similar to any 
electric motor in which static magnets are pu-
shed around by coils that create a positive and 
negative magnetic field. In the schematic view 
the static magnets are indicated in blue and 
yellow and are located on the inside of the coil 

ring (inrunner motor). In the right picture the 
magnets are mounted on the outside (outrun-
ner motor) of the coils and can be seen on the 
inside of the cap. This cap connects to the rotor 
blades and makes them spin. The speed of the 
motor can be adjusted by increasing or decre-
asing the frequency of changing the poles of 
the coils

BLDC’s are often categorised by their KV num-
ber. This number indicates the rotations per 
minute the BLDC can achieve when combined 
with a certain battery voltage. 
RPM = KV x Volt

So for example a 1000KV BLDC with a 5V batte-
ry will be able to produce a maximum of 5000 
RPM. (Mechatronics, 2019)

Batteries
Most common drones use Lithium Polymer 
(LiPo) batteries. These are built up in cells of 
3,7V each. The number of cells used in a bat-
tery is shown as a number followed by ‘S’. So a 
4S battery has four cells and is an 14,8V battery. 
The battery voltage needed depends on the 
number of rotors the drone has and the spe-
cifications of the motors. A 4S LiPo is currently 
the most used battery for quadcopters.

The capacity of the battery is what determines 
the duration the drone can fly. The capacity is 
usually measured in mAh. A higher capacity 
means longer flight times, but also a heavier 

Figure 4: brushless DC motor schematic and disassembled (Doustmohammadi, 2015). 
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battery. At some point increasing the capacity 
of the battery returns diminishing results as 
the weight increase becomes too much of a 
negative factor. 
 
The last factor that influences the battery’s per-
formance is the discharge rating, or C-rating. 
The higher the discharge rating, the quicker 
the battery can discharge, making the drone 
more responsive and faster (DroneNodes, 2015).

3.2 Hardware, sensors and actuators

Of course the drivetrain of the drone cannot 
function on its own and needs to be control-
led through sensors and actuators. Let’s take a 
look at the hardware components of a civilian 
drone, in this case the common quadcopter 
layout. Figure 5 shows the schematics of the 
hardware. Every item is explained in the rest of 
this section.

Electronic Speed Controller (ESC)
In a drone each propeller has its own motor 
and each motor is controlled by an ESC, which 

enables the RPM to be adjusted. The ESC mea-
sures the position of the static magnets, which 
allows it to calibrate to the frequency at which 
the coils change poles. The ESC is then able to 
adjust this frequency according to the desired 
RPM of the rotor by decreasing or increasing 
the voltage, as explained in the KV formula 
mentioned before. The ESC also regulates 
current coming back to the battery from the 
motors during regenerative braking. (UST, un-
known)

Power Distribution Board (Power Hub)
This board forms the connection between the 
battery and all the other hardware that requi-
res power. It controls how power is distributed 
to each component according to how much 
power they require.

Flight controller (FC)
As the name implies, the flight controller is 
the brain of the drone. It has a micro proces-
sor which contains firmware that processes all 
the incoming and outgoing data. The FC also 
contains several sensors that allow the drone 

Figure 5: Hardware schematics of a quadcopter drone (Phillips & Littelfuse, 2019). 
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to determine its position in space, such as an 
accelerometer, gyroscope, barometer and a 
compass. It uses the information from these 
sensors combined with user commands from 
the antenna to control the drone. (Liang, 2020)

Global Positioning System (GPS)
GPS allows the drone to map its position rela-
tive to the operator. That way if the connection 
with the remote controller is lost the drone has 
a built in safety feature of flying back to the last 
logged location of the remote controller. 

Antenna & receiver
The antenna and receiver are for receiving sig-
nals from the remote controller and to send 
signals back, such as GPS data, video data and, 
depending on the drone type, Bluetooth or 
WIFI. 

Camera & gimbal
Many drones are used for the purpose of fil-
ming footage. As such their payload usually 
only consists of a camera suspended on a 
gimbal device. The gimbal stabilizes the ca-
mera during flight in order to keep the footage 
smooth. The gimbal uses an integrated inertial 
measurement unit in order to counteract the 
rotation and movement of the drone and keep 
the camera level. (UST, unknown)
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1. EVTOL AIRCRAFTS

Electric Vertical Take-off and Landing Vehicle 
(eVTOL) are aircrafts that are electrically powe-
red and are able to move completely vertically, 
allowing them to land in most places that are 
large enough to accommodate them. This abi-
lity creates a lot of interest in use cases such 
as air taxis and other forms of short-ranged 
air mobility. In the past several years there has 
been increased attention and resource direc-
ted towards eVTOL development all around 
the world and as a result many companies and 
institutions are putting forward concepts and 
prototypes of eVTOLs. 

One only needs to perform a quick search for 
eVTOL concepts and a wide array of vastly dif-
ferent designs show up. So it seems like every 
eVTOL company has a completely different 
system, but most eVTOLs can be assigned to 
categories.

Vectored Thrust
These are eVTOLs with wings for efficient crui-
sing and a propulsion system that is used both 
for vertical take-off and for cruising. Joby and 
Lilium Jet (mentioned in the next section) fall 
within this category. This principle often requi-
res the use of tilt rotors which move into a ho-
rizontal position during cruise. The advantage 
of wings is that they provide the aircraft with a 
lot more range, because the rotors only need 
to account for forward movement during crui-
sing and not for lift. The downside is that wings 
are large, so this principle is less applicable to 
eVTOLs that require a small footprint.

Lift + Cruise
This category is almost entirely the same as 
Vectored Thrust, however here two different 
propulsion systems are used for vertical take-
off and cruising. Think of a set of propellers 
directed vertically for take-off and another set 
of propellers directed horizontally for cruising. 
The benefit of this is that there is no need for 
tilt rotors, which reduces failure sensitive me-
chanisms. The downside is that one part of the 
propulsion system is always dormant. 

Wingless 
Like the name implies, these are eVTOLs wit-
hout any wing surfaces. This means that hori-
zontal cruising is done solely by the propulsion 
system, which requires a lot more energy. As 
such, these eVTOLs have a lot less range and 
cruise speed and are more suited for short ur-
ban trips. The main benefits of this system are 
their high stability while hovering and their 
compact size compared to winged variants. 
Examples of aircrafts in this category are the 
Skydrive, EHang 216 and VoloCity (mentioned 
in the next section) (Bacchini & Cestino, 2019)

Although it is expected that the majority of 
concepts will never see the light of day, they 
can provide insight into the trends and diffe-
rent approaches in design philosophy that are 
around in this domain. A good starting point 
for this analysis is the website evtol.news. They 
have been scanning the field of eVTOL deve-
lopments extensively since 2016 and have a vast 
catalogue of news articles and descriptions of 
existing eVTOLs and concepts that are in de-
velopment. From this website it also becomes 
apparent how much the interest in eVTOL’s has 
grown over the past five years, as their website 
featured only a dozen eVTOL concepts back in 
2016 and have now a list of over 200 initiatives. 

The full analysis of existing concepts & pro-
totypes is explained in the next sections. The 
gathered insights form a basis to extrapolate 
current technological capabilities to future ca-
pabilities.  
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2. EXISTING EVTOL CONCEPTS

I. Skydrive SD-03
This one person “flying car”, as they call it, has 
been the first first public demonstration of an 
eVTOL in Japan. Skydrive SD-03 is very com-
pact eVTOL, with a length and width of 4 me-
ters and a length of 2 meters. It takes up the 
space of two parked cars. It has four coaxial ro-
tors, so eight propellers and eight motors. Ac-
cording to Skydrive eight motors are a safety 
measure as they can compensate for a dama-
ged or malfunctioning motor.

The SD-03 is meant as a car replacement in the 
traditional sense that it would be commerci-
ally available as your private everyday vehicle. 
No mention is made of the range and speed 
(evtol.news, 2020).

Insights:
It is interesting to see coaxial rotors being suc-
cessfully applied to an EVTOL. The craft seems 
stable in the video of a test flight, although it is 
only hovering and not cruising at speed.

II. EHang 216
The EHang 216 is perhaps the furthest deve-
loped eVTOL at the moment and E-Hang it-
self appears to be one of the most promising 
eVTOL companies. They have been performing 
test flights for a number of years now and have 
attracted a lot of international attention. In 
2018 their E-Hang 216 had already made 1000 
successful manned test flights.  In January 2021 
they announced that they will join the Euro-
pean Air Mobility Urban – Large Experimental 
Demonstrations (AMU-LED) project, which will 
conduct flight tests in The Netherlands, Spain 
and the UK in order to prove that eVTOL appli-
cations are possible. 

The E-Hang claims to work fully autonomous, 
being able to take off by itself and avoid obsta-
cles. A pilot can still take over controls in case 
that is necessary.

It has a maximum speed of 130 km/h and a 
cruise speed of 100 km/h. The flight time is 21 
minutes and the range is 35 km. It has eight 
coaxial rotors and 16 motors, which carry two 
passengers. 

Insights:
EHang shows a hopeful picture of what is pos-
sible for eVTOL’s. Carrying two passengers, 
flying autonomously, having a long track re-
cord of successful flights and having quite de-
cent performance statistics. It is clear that the 
largest drawback is the battery capacity, which 
is reflected in the flight time of 21 minutes. This 
is expected as battery technology simply can-
not provide higher performance currently. Like 
the Skydrive, here too coaxial rotors are used. 
EHang also mentions similar benefits to safety 
because of decentralising the failure risks.  

Figure 1: The SkyDrive in flight (evtol.news, 2020)

Figure 2: the EHang 216. (Forbes, 2019)
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III. Volocopter VoloCity
Like EHang, Volocopter is at the forefront in the 
development of eVTOLs. This German compa-
ny focusses mainly on providing air taxi servi-
ces, which is reflected in their main model; the 
Volocity. This is a two people EVTOL, currently 
carrying a pilot and a passenger. The goal is to 
develop towards full autonomy and thus car-
rying two passengers. Volocopter made many 
successful test flights so far. The Volocity cur-
rently has a range of around 40 km at a speed 
of 90 km/h. It has a maximum take-off weight 
of 900 kg and can carry 200 kg of payload. 

Insights:
Volocopter’s design is quite distinct in the 
sense that it uses a lot of small rotors. It does 
this in order to create a smaller and less intru-
sive noise signature, as smaller rotors produce 
lower tip speed and the high amount of rotors 
causes the noise to be spread out over a lar-
ger spectrum. They claim this is less intrusive 
than one large rotor with a very specific noise. 
Another interesting solution that Volocopter 
implements are interchangeable batteries. Al-
lowing their crafts to remain operational con-
tinually whilst the batteries can be charged 
in optimal conditions (i.e. slowly and properly 
cooled), increasing their longevity. Volocopter 
follows the philosophy of simplicity in order to 
meet safety regulations. The simpler the parts, 
the less likely they are to fail. This is reflected in 
their fixed pitch rotors and landing skids. Using 
static parts like these prevents the use of more 
failure sensitive moveable parts. 

IV. Joby S4
Joby has stayed relatively under the radar com-
pared to other companies who are at the fore-
front of eVTOL development, but their aircraft 
is no less promising. Joby is a player that needs 
to be taken seriously, as they have acquired 
a large manufacturing deal with Toyota and 
have partnered with Uber’s Elevate program, 
in which Joby supplies aircrafts and Uber sup-
plies the air taxi services. Next to this they are 
officially registered with the FAA, the U.S. in-
stitution responsible for certifying aircrafts. 
As such they know exactly what to improve in 
order to pass certification and become a com-
mercially available aircraft. 

Joby’s eVTOL combines features from aircrafts 
with those of drones, such as the multirotor 
system and the wings. Their S4 model is the 
newest iteration and has performed successful 
test flights, showing to be very agile and stable. 
It can fly up to 240 km and has a maximum 
speed of 322 km/h, which makes it very viable 
for city to city taxi services. It has six tilting ro-
tors, which allow the aircraft to fly like a regu-
lar propeller plane while cruising, thanks to its 
wings. 

Insights:
Joby is extremely quiet for its size and capabi-
lities. One video shows the founder of Joby tal-
king right in front of the S4 whilst it is taking 
off and barely having to raise his voice. In fact 
Joby claims its craft is 100 times quieter than 
a helicopter during take-off and near silent 
during forward flight.

Figure 4: the Joby S4. (evtol.news, 2021)Figure 3 : the Volocity, a digital concept for the next ite-
ration. (evtol.news, 2021) 
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Joby’s stats are also rather impressive. It is able 
to carry 5 people (a pilot and 4 passengers) 
while having a range of 240 km and weighing 
around 1800 kg. The Joby is of course quite 
large within the scope of an ambulance. It is 
even larger than a helicopter. This is mostly 
caused by the size of its wings and its 5 people 
capacity. (evtol.news, 2021)

V. Lilium Jet (5 seater)
Lilium is another German based company. They 
developed a working prototype of a 5 seater 
electric jet, which uses 36 small fans integrated 
into the wings for propulsion. Lilium claims the 
final version will be capable of 300 km range at 
a cruising speed of 300 km/h. Their prototype 
has only flown at low speeds and short distan-
ces and has not yet carried passengers. 

Insights:
What is interesting about the Lilium Jet, ho-
wever, is its unusual design and choice to use 
so many small fans. They claim this aids ma-
noeuvrability, because small motors react fas-
ter to inputs. Many motors also creates a high 
amount of redundancy, aiding safety. The way 
the fans are integrated into the wings allows 
for more lift to be created by the wings, as 
they accelerate the airflow over the top of the 
wings. Like Volocopter Lilium’s aim is to keep 
every element as simple as possible for reliabi-
lity’s sake. As such they claim there is no single 
point of failure within their design. 

Figure 4: the Lilium jet (evtol.news, 2021)
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1. EVTOL TECHNOLOGIES

Appendix D describes the working principles 
of an average civilian drone, which are roughly 
the basis for how eVTOLs are built up. However 
as scale increases, complexity increases. This is 
because variables that have just a small influ-
ence on a regular drone become much more 
impactful on a large scale. Optimization, ef-
ficiency and safety are all very high priority in 
eVTOLs and that is reflected in the way techno-
logies are selected and designed. 

In this paragraph the aim is to gain a deeper 
understanding of different technologies exis-
ting in the field of eVTOL aircrafts today and 
what their implications are on the eVTOL’s per-
formance and use cases. 

Rotors
As became apparent from looking at different 
eVTOL concepts and prototypes that are being 
developed at the moment, there are a lot of ty-
pes of rotors being used of all kinds of configu-
rations, sizes, shapes, etcetera. In order to gain 
understanding of the benefits and drawbacks 
of some of these variations it is important to 
understand the technological implications, 
which are explained in this section.

Many small rotors vs. fewer large rotors
One of the most common configuration varia-
tions lies in the number of rotors and their size. 
Either many smaller rotors or fewer larger ro-
tors. Let’s look at the benefits of either option. 

Small rotors create less absolute thrust, but 
more relative thrust compared to their weight. 
For example a rotor of 90 cm diameter produ-
ces a thrust to weight ratio of 12, whereas a ro-
tor of 250 cm diameter produces only a thrust 
to weight ratio of 6. 

Given this, using smaller rotors saves weight. 
Next to that, small rotors react faster to input 
changes as their momentum is lower, so they 
are more responsive. The last benefit of many 
small rotors is redundancy. This means that 
having so many separate rotors does increase 
the chance of some failing, but the aircraft can 

easily handle a few malfunctioning rotors as it 
can use the remaining rotors to land the air-
craft and so this increases safety (Electric Avi-
ation, 2020).

Of course a lot of small rotors also have down-
sides. The first being that they require more 
power, as they spin at a higher RPM. Compa-
red to large rotors they are a lot less effective 
in the hovering stages. This also means that 
they are best used on eVTOLs that fall in the 
Lift + Cruise category (i.e. eVTOLs with wings), 
as they do not rely on the hovering capabilities 
of the rotors during cruising.

Battery performance
With the rise of electric cars, batteries have be-
come increasingly in demand. Current techno-
logy is mostly based on the Lithium Ion Battery 
(LIB), as this technology is mature, well under-
stood and provides the highest performance. 
The “holy grail” of battery technology could be 
described by four factors: high energy density, 
low production cost, recyclability, low weight 
and longevity. The LIB is currently the best bat-
tery technology for use in vehicles. It has the 
highest energy density of all battery technolo-
gies commonly available. It is relatively easy to 
dispose of and is less prone to losing capacity 
over time. 

But it is not there yet, as there are a number of 
downsides.
Firstly, compared to traditional fuel, the ener-

The “holy grail” of 
battery technology: 

high energy density, low 
production cost, recy-

clability, low weight and 
longevity.



APPENDIX

38

gy density is much smaller. For reference, the 
energy density of a kg of jet fuel is around 45 
MJ compared to 0,7  MJ for a kg of Li-Ion bat-
tery cells. However, this is a bit of an unfair 
comparison without factoring in efficiency. For 
example, electric power trains generally ope-
rate at much higher efficiency than combus-
tion engines, around 70-90% versus 30-40% 
respectively. This means that in combustion 
engines, on average, 5% of 45 MJ is converted 
into kinetic energy, or roughly 16 MJ. The rest is 
lost to heat. 

In electric power trains, on average, 80% of 0,7 
MJ is converted into kinetic energy, or 0,56 MJ. 
So in reality, jet fuel is 22 times more energy 
dense than Li-Ion batteries. This is still a signifi-
cant difference which cannot be compensated 
by optimal aerodynamics and lightweight ma-
terials alone. Advancements in battery density 
are therefore needed to fully support power 
hungry vehicles and aircrafts, such as passen-
ger drones.

Li-Ion batteries are also rather fragile and need 
to be charged at optimal speeds and tempe-
rature to ensure the longest possible lifespan. 
Because they use a liquid electrolyte, these 
batteries are flammable and require a special 
architecture that lowers the risk of short circui-
ting. This adds extra mass and volume to the 
battery. 

Hydrogen
An alternative to battery electric propulsion are 
hydrogen fuel cells. Hydrogen fuel cells have 
several advantages over batteries that make 
them suitable for longer range and heavier ve-
hicles. Firstly, hydrogen is much more energy 
dense than a Li-Ion battery unit. This makes it 
easier to increase the range of a hydrogen po-
wered vehicle, as the storage capacity versus 
the added range has a ratio of nearly 1:1. This 
means that doubling the capacity of fuel also 
doubles the range, whereas a battery’s low 
energy density causes diminishing returns 
when increasing capacity, as the added weight 
becomes increasingly problematic (Garrett, 
2020).
Secondly, hydrogen is much lighter than bat-

teries. For reference, the hydrogen powered 
Toyota Mirai only carries 5,6 kg of hydrogen in 
its tanks for a range of up to 650 kilometres. 
The tanks weight around 90 kilograms, the 
fuel cell circa 40 kilograms and a Li-Ion battery 
weighs 45 kilograms.

A Tesla model 3 carries around 500 kilograms 
of batteries and has range of around 500 kilo-
metres. 

Thirdly, hydrogen can be refilled similar to re-
gular petrol vehicles. There is no long wait for 
the batteries to charge. 

Lastly, hydrogen brings advantages with re-
gards to lifespan and end of life compared 
to batteries. Batteries generally last around 
7 years in Electric Vehicles (EV’s), after which 
their capacity and power have shrunk beyond 
an acceptable point and have to be replaced. 
As batteries contain a lot of chemicals which 
are detrimental to the environment, discar-
ding old batteries is a serious challenge. Hy-
drogen cells last longer and do not have such a 
large negative impact at the end of their lifes-
pan (FuellCellsWorks, 2020).

According to experts, the downside of hydro-
gen cells is that they are poor at delivering 
bursts of high power output, which means 
they always need to be coupled with a small 
battery to provide this function. For applica-
tion that require longer bursts of power, for 
example hovering an aircraft, this becomes a 
real challenge. 

Autonomous flight
Fully autonomous flight is an ambition many 
eVTOL developers have in their plans for the fu-
ture. The reasons for this make sense. Autono-
mous flying could potentially remove human 
pilots completely, thereby removing human 
errors, decreasing operating costs and incre-
asing energy efficiency (Airbus, 2021). A lot of 
challenges need to be overcome, however, in 
order to make such a system a reality. 

For manned drones, fully autonomous systems 
exist in a prototype form. An example is the 
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EHang eVTOL, which can already operate fully 
autonomously with passengers onboard. The 
development of an autonomous flight system 
is already possible from a technical standpoint. 
All necessary sensors exist and today’s proces-
sing power and wireless connection capabili-
ties are sufficient for sending and receiving 
large amounts of data. The main reasons why 
implementing fully autonomous systems is a 
slow process have mostly to do with the vali-
dation of these systems. Concerns about safety 
need to be overcome through extensive reli-
ability testing. For context, a level of reliability 
compared to a human operator is not accepta-
ble, as we expect a much higher reliability from 
an autonomous system. Secondly, a watertight 
security system needs to be developed which 
prevents hackers to hijack the flight system 
and to prevent privacy sensitive data to be lea-
ked. Also, in case the autonomous system does 
fail or makes a mistake, the question of liability 
becomes more complex than with a human 
pilot. Lastly, a regulatory framework needs to 
be established which clearly sets the bounda-
ries for technical requirements and liability.

The fact that these barriers have not yet been 
overcome are reflected in autonomous sys-
tems that are in use today, such as Tesla’s au-
topilot. In theory it could operate fully autono-
mously, but is not permitted to do so due to 
safety and reliability concerns and the law not 
having caught up to this innovation.

A temporary option, to bridge the gap towards 
fully autonomous flight, is remote operation. 
This is a hybrid between human control and 
autonomous operation, where a human ope-
rator performs certain tasks remotely with the 
drone performing only selected tasks autono-
mously. This is similar to how an airliner pilot 
can use the auto-pilot function, but can still 
take over control when needed, only in this 
case remotely. It still brings some of the bene-
fits of full autonomy, such as reduced opera-
ting complexity and costs, efficiency gains and 
not needing an extra human onboard to pilot 
the aircraft.
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Met 
Partly met/expected to be met
Not met
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Concept 1
All requirements met
Wishes met: 7
Wishes partly met: 4
Wishes not met: 3

Concept 2
One requirements has not been met
Wishes met: 6
Wishes partly met: 6
Wishes not met: 2

Concept 3
One requirement has not been met
Wishes met: 7
Wishes partly met: 7
Wishes not met: 2
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JAAP HATENBOER
UMCG Innovation Manager

1.	 Innovation in the ambulance sector hap-
pens in small steps, but they happen very 
quickly. 

2.	 There is no discussion about whether 
ambulance drones will be the future, the 
question is when. 

3.	 The people working in the ambulance 
sector are cautiously progressive. Which 
means that seeing is believing. When an 
innovation proves itself to be valuable to 
them, they will be the first to pick it up 
and drive it forward. If the innovation is not 
up to their standards, they will dismiss it 
quickly too. 

4.	 Hydrogen is a range extender and the bat-
tery is (mostly) determined by the power 
that is needed for lifting off and landing.  

5.	 It is important to consider the use case of 
the drone in relationship to how it is equip-
ped. Smaller, wingless multicopters would 
be suitable for shorter response times, as 
they will not need to provide much treat-
ment during flight and so less equipment 
is needed onboard. This is a lot like Medical 
Evacuation, where the main goal is to get 
the patient to a safe location with better 
facilities for treatment. Generally these 
patients do not have acute life-threatening 
injuries. For longer range flights, where 
healthcare facilities are not closeby, larger 
winged eVTOL’s would be the best suited 
as it basically becomes a flying emergency 
room where treatment can be performed 
during transit. The Netherlands is a coun-
try with lower need for a system such as 
this, especially in the beginning. This is 
because it is flat and has excellent infra-
structure. Try to identify areas that would 
benefit even more from an ambulance 
drone system. 

6.	 Modular interiors are increasingly imple-
mented, even in ambulances and helicop-
ters of today. 

SABINO VALENTINO
ZERO-G design

1.	 Rotor tree should preferably be integrated 
into the roof for aerodynamic performance. 

2.	 Landing gear oriented along  the length of 
the aircraft for aerodynamic benefit. 

3.	 The vehicle would the most aerodynamic 
with a airfoil profile. For purpose of maxi-
mizing useable space and still retaining 
aerodynamic efficiency, this airfoil contour 
can be cut off at the rear.  

4.	 Batteries in the floor, hydrogen system on 
the roof. 

5.	 Tilting the stretcher to keep patient level 
during flight might be a good alternative 
to tilting rotors as it reduces complexity 
greatly. 

6.	 Being able to lock the chairs in place 
might be a requirement for certification of 
the aircraft. This means the desired confi-
guration of the chairs and stretcher should 
be set up before taking off.  

7.	 A flat rear that opens as a ramp could be 
the solution for loading the stretcher.

8.	 The power density of hydrogen fuel cells is 
at present quite low. There is also a delay in 
power output, making it a less responsive 
system than batteries. 

9.	 Fuel cells, currently we are looking at 
100-150 Wh/kg – for the whole system, the 
requirement could be around 800 Wh/kg. 

10.	With the premise the batteries for EV’s 
are different from those for VTOL, we can 
foresee the following variation from today 
towards the future: 
• Today:  250-350 Wh/kg 
• In 5 years: 500-600 Wh/kg 
• In 10 years: 700-750 Wh/kg. 

11.	While in road vehicles the split between 
EV/hydrogen would be around 40/60, for 
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VTOL it is advisable to use a 50/50 propor-
tion. 

12.	To calculate the space allocation, maybe 
consider a digit on the high side of 600 
Wh/liter. The main factor is weight & mass 
distribution. It is not easy to just say: we 
design a VTOL with E power and then up-
grade it to hybrid, as the amount of com-
ponents required will change and so will 
the center of gravity. 

13.	The consideration for the weight distribu-
tion will have to be done with an educated 
guess on the technology available in 2035, 
not the current one. The main factor being: 
guarantee the aircraft’s stability. 

14.	Above all – keep it simple and make sure 
to adopt solutions that make the vehicle 
certifiable. 

CHRISTOPHER COURTIN
MIT

1.	 Because the design is wingless, high 
amounts of power are needed at all times 
during flight. It might be an option to 
create a fuel cell large enough to perform 
at the required peak power, with a small 
battery for extra boost for controls/ma-
noeuvring.  

2.	 The best bet in determining the size and 
weight of batteries, payload and total 
weight is to use an existing eVTOL as a 
basis (like the CityAirbus) and use weight 
fractions (e.g. W_payload/W_total). Scale 
these factors to the desired amount for the 
ambulance drone and use these weight 
fractions to see what the weight of each of 
the elements will become. Of course this 
only holds true for the same range and 
speed.  

3.	 To estimate the total weight of the new 
configuration, keep the same weight frac-
tions and scale based on the payload. That 
will give you a reasonable first estimate, 
assuming the cruise speeds, ranges and 

battery specific energies are the same. 
  

4.	 To then estimate the effects of changing 
speed: power consumption in cruise scales 
with velocity^3. Cruise power consumption 
from city airbus may be published - if not, 
for that configuration max power / 1.3 is 
probably a good estimate. 
 

5.	 Based on the new cruise speed, you can 
estimate the relative increase in power 
from the batteries and either the reduc-
tion in range, or the increase in battery 
energy required. To estimate the increase 
in maximum take-off weight for a constant 
range, keep the battery weight fraction 
constant.   

6.	 A good estimate for battery weights is 200 
Wh/kg. 350 or 400 might be reasonable for 
2035.

ALEXANDRA SLABUTU
United Rotorcraft

1.	 Modularity is definitely a big part of the 
interior design. The modular system is very 
much floor based, so you can place or re-
move equipment quickly.  

2.	 In terms of materials, aluminium, composi-
tes and carbon fibre are the most used for 
interior surfaces.  

3.	 The lighting system is very important, as 
the nurses also have to work during the 
night. Right now this is a big challenge, be-
cause the lighting causes problems for the 
pilot’s visibility. In an autonomous drone 
this issue is removed. 

4.	 Obstacle detection is a big part of the pi-
lot’s responsibility. Lots of small obstacles 
cannot be detected by the helicopter and 
need to be visually discovered. Think of 
objects like fences, cables and poles.

5.	 Certification of interiors can take up to a 
year. There is some difficulty for United 
Rotorcraft as they need to get US approved 
interior approved in Europe. 
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6.	 The simpler the interior, the more chance 
of approval by EASA. 

INTERVIEW FRANK LATOUR
Trauma helicopter nurse
02-06-2021

Responses
1. What are the average response times 
for calls in which you actually arrive at the 
scene> Do these vary a lot or are they consis-
tent?
In the countryside this is a lot more difficult 
than in the west of the Netherlands, because 
there most responses are in urban areas and 
close to the airbase. However, according to 
Frank, in these areas cars are used predo-
minantly, as it they are usually quicker than 
helicopters. It takes the helicopter a lot of time 
to find a suitable landing spot in cities. 

2. Is it true that a helicopter first makes a 
scouting round before landing. 
a. How much time does this take?
That is correct. The time is dependent on the 
area and whether it is daytime or nighttime. 
At night, the helicopter is less suitable, becau-
se finding landing spots is harder and riskier. 

3. Does it ever occur that the helicopter can 
not land anywhere near the place of the inci-
dent.
a. If so, what do you do in this case?
Yes this does occasionally happen. If there is 
still a long distance to cover, the MMT is pic-
ked up by an ambulance or a police car. 

4. When you have arrived at the place of the 
incident, which equipment and gear do you 
usually bring? 
The gear is packed in a couple of large back-
packs. Often these contain the most gear as 
possible. This can be a nuisance to take out of 
the helicopter.

5. I have come to understand that a trauma 
helicopter is also used to carry certain specific 
medication. Why does the regular ambulan-
ce not have these?

Because this medication can only be admit-
ted by the MMT doctor. 

Transport
6.  Are there times when specialists in the 
hospital are called during the stabilisation of 
the patient?
This does occasionally happen, usually to ask 
about the dosage of a medicine.

7. Does it ever occur that the helicopter needs 
to make because the patient needs acute 
treatment. 
This does not really happen, because only 
patients that are in stable condition are trans-
ported with the helicopter. If it does happen, 
the treatment will be performed during flight, 
which is quite difficult. 

8. If a patient has to be transported by the he-
licopter, do friends or family ever fly along. 
Sometimes, but only if absolutely necessary 
and the amount of fuel in the helicopter is suf-
ficient. 

9. How is it determined which hospital the 
patient is transported to?
Depends on the medical facilities that are pre-
sent in this hospital. In many cases the hospi-
tal with specialist facilities are preferred, as the 
patient needs this. Also, the MMT prefers to 
return to the hospital which is their base.

10. Does the nurse ever need to stand in order 
to perform treatment or is everything done 
seated?
In the helicopter everything is done seated. 
This is possible, because it is such a small 
space. The seat of the nurse can be rotated 
around towards the head of the patient, if 
necessary.

11.Are there cases of fear of flying among pa-
tient and how is this dealt with?
Not really, because patients usually are not 
conscious. Patients who are conscious often 
regret having to lie down, as they would have 
liked to see the view. 

12. I have come to understand the MMT also 
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travels by car in certain circumstances, how 
does this work exactly?
That has to do with the accessibility of the 
location of the incident. At night the car is 
used more often anyway. In a sense, the mode 
of transport is secondary. The priority is to get 
the MMT to their destination.

General
13. Do you have an estimate of the costs of the 
ambulance helicopter (maintenance, respon-
ses, cost price helicopter), or a reference to 
where I can find this information?
Perhaps contact Medical Air Assistance.

14. Are there things that could be improved, 
but are impossible due to lack of space?
There is little space and freedom of move-
ment. For the doctor it is difficult to reach the 
lower body of the patient. Next to that, it is 
difficult to take equipment in and out of the 
helicopter.

15. Is there a lot of noise inside the helicopter 
during the flight?
a. Does this bother the patients?
b. Does this bother the MMT?
c. Does this impact the communication with 
the patient?
Yes this is certainly a factor. It does compli-
cate  the monitoring of the lungs, because the 
noise overpowers the breathing. The patient is 
usually not in a communicative state, so that 
is of less importance.

16. Is it possible to scale the MMT’s to higher 
amount? 
Yes that should be possible, as there are 
enough new specialists in training in The Ne-
therlands.
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Challenge 1: Last Mile Mobility
FU

N
D

A
M

E
N

TA
LS

Design for Simplicity •	 Self-driving stretcher
•	 Storage compartments attach/de-

tach quickly

Design for Trust •	 Professional and modern design
•	 Rounded shapes
•	 Sturdy components
•	 Minimal design/no visual clutter
•	 Stretcher anchors to floor

Design for Maintenance •	 Rounded surfaces for easy cleaning
•	 Unrestricted access to all major 

components

Design for Adaptability •	 Modular storage units for different 
configurations

•	 Independent adjustable ride height 
per wheel

•	 Adjustable mattress
•	 Can be lowered to as little as 35 cm 

from the ground
•	 Access to storage from all sides

Other •	 Designed to dimensional specificati-
ons of existing stretchers

Challenge 2: Layout

FU
N

D
A

M
E

N
TA

LS

Design for Simplicity •	 Symmetrical cabin
•	 Modular components
•	 Stretcher storage is compatible with 

wall rail system

Design for Trust •	 Simple design language
•	 Soft blue coloured walls

Design for Maintenance •	 Modularity allows cabin to be com-
pletely stripped down for cleaning

•	 Modular components can be re-
placed easily

Design for Adaptability •	 Modular storage compartments
•	 Moveable chairs allowing access to 

all parts of the body
•	 Overhead monitor unit for informa-

tion

Other
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Challenge 3: Visual Identity
FU

N
D

A
M

E
N

TA
LS

Design for Simplicity •	 Graphic elements consist of simple 
shapes that are easy to read

•	 Graphic elements are derived from 
their underlying functional purpose 
(form follows function)

Design for Trust •	 The front design has a clear “face”, 
making the vehicle relatable

•	 Soft shapes
•	 Smooth transitions between shapes 
•	 No exposed mechanical compo-

nents
•	 Ducted rotors
•	 Perforated windshield wrap for pri-

vacy

Design for Maintenance •	 Closed off exterior surfaces means 
dirt cannot settle in difficult to reach 
areas

Design for Adaptability •	 Matrix panels to display messages to 
bystanders

Other

Challenge 4: Comfort & Safety

FU
N

D
A

M
E

N
TA

LS

Design for Simplicity •	 Tilted rotors
•	 Storage-rail system and chairs are 

simple to use
•	 Rear door ramp
•	 Exterior storage

Design for Trust •	 Windscreen wrap for privacy
•	 Rotor redundancy
•	 Patient’s field of view is clutter and 

equipment free
•	 Exterior matrix panels display infor-

mation to bystanders

Design for Maintenance •	 Rounded edges and surfaces
•	 No sharp protruding edges

Design for Adaptability •	 Storage-rail system
•	 Electronically adjustable chairs 

Other •	 Sufficient interior lighting
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Challenge 5: Technical package
FU

N
D

A
M

E
N

TA
LS

Design for Simplicity •	 Mechanical simplicity takes away 
visual complexity

•	 Fixed landing gear

Design for Trust •	 Rotor ducts for safety and noise re-
duction

•	 Coaxial rotors for providing more 
stability in windy conditions

Design for Maintenance •	 Swappable battery pack
•	 Mechanical simplicity reduces com-

plex maintenance

Design for Adaptability •	 Swappable battery makes upgra-
ding to new or better battery easy

Other
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TECHNICAL ARCHITECTURE

In order to integrate the technical architecture 
into the design of the ambulance drone it is 
important to have a well-founded estimate for 
the dimensions of the batteries, which are the 
most crucial part of the technical package. 
Calculating this from scratch is beyond the 
scope of this project, as it would require com-
plex propeller calculations, drag dependent 
variables and redundancy safety margins. A 
lot of these values are obtained experimen-
tally by the manufacturers. 

The best alternative is to compute the proper-
ties of the ambulance drone based on what is 
known about existing eVTOLs. To do this, the 
CityAirbus eVTOL is used as a reference, be-
cause it is the most similar in size and confi-
guration to the ambulance drone. 

Table 1 shows what the properties of the am-
bulance drone would be based on the pro-
perties of the CityAirbus. By using ratios, the 

properties have been scaled to the require-
ments of the ambulance drone and an esti-
mate for the battery weight was computed. 
Some values come from various experts that 
were consulted, more on which can be found 
in appendix G. 

Maximum Take-off Weight
The maximum Take-off weight of the ambu-
lance drone is based on the empty weight of 
the CityAirbus, which is its total weight minus 
the payload weight. Adding the ambulance 
drone’s payload of 1000 kg on top of the emp-
ty weight of the CityAirbus yields a maximum 
take-off weight of 2850 kg for the ambulance 
drone. The payload of the ambulance drone is 
based on estimates from experts.

Thrust per duct 
The CityAirbus has four ducts with double 
stacked propellers. Together they must gene-
rate enough lift to overcome the maximum 
take-off weight. So each duct produces one 
fourth of the maximum take-off weight of lift.

Unit Method CityAirbus Method Ambulance 
Drone

Max. Take-off weight Source (Airbus, n.d.) 2200 kg Estimate 2850 kg

Empty weight Computed 1850 Computed 1850

Payload weight Estimate 350 kg Estimate 1000 kg

Thrust per duct Computed 550 kg Computed 712,5 kg

Battery capacity Source (Airbus, n.d.) 110 kWh Computed 377 kWh

Max. Power Computed 440 kW Computed 1508 kW

Cruising Power Computed 338,5 kW Computed 961,5 kW

Energy density Source (George Bo-
wer, 2019)

250 Wh/kg Prediction 750 Wh/kg

Battery weight Computed 440 kg Computed 579 kg

Volumetric battery 
weight

Computed 2,8 kg/L None 2,8 kg/L

Range Source (Airbus, n.d.) 30 km Requirement 80 km

Speed Source (Airbus, n.d.) 120 km/h Computed 120 km/h

Total flight time Source (Airbus, n.d.) 15 min Requirement 40 min

Table 1: Extrapolation of performance factors ambulance drone. 
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Battery Weight
The battery capacity of the CityAirbus was 
take from Airbus’ website. From this the 
maximum power was computed, using the 
flight time. Knowing the energy density of 
the best lithium-ion batteries is around 250 
Wh/kg today, the approximate weight of the 
batteries can be simply calculated by dividing 
the battery capacity with the energy density. 
Based on insights from experts, a threefold 
battery density increase by 2035 is a plausible 
estimate. This means the ambulance drone 
might have a battery energy density of 750 
Wh/kg. 

But before the battery weight of the ambu-
lance drone can be calculated, the battery ca-
pacity must first be found. By using fractions 
between the take-off weight of the CityAirbus 
and the ambulance drone, the battery proper-
ties are scaled accordingly. 

The maximum take-off weight increases by a 
factor 1,29 (2850 kg/2200 kg)

The range increases by a factor of 2,66 (80 
km/30 km)

So the battery capacity increases to: 110 kWh x 
1,29 + 110 kWh x  2,66 = 434.5 kWh

Dividing the battery capacity by the energy 
density again gives a battery weight of ap-
proximately 579 kg (434.5 kWh/0.750 kWh/kg).

Battery size
According to Insideev.com the volumetric 
energy density of a tesla Model S P100D is 721 
Wh/L. Dividing this by the energy density of 
the battery (250 Wh/kg), the volumetric bat-
tery weight is 2,8 kilograms per liter. 
Dividing the ambulance drone’s battery 
weight by 2,8 yields a battery volume of ca. 
206 L. To give an impression: this would fit in 
a battery of 100 x 206 x 10 cm, a shape that 
can easily be integrated into the floor of the 
aircraft. It must be noted, however, that this 
excludes the housing of the battery.
Conclusion
The method used to determine all the values 

in this section is obviously not very exact. The 
estimates can easily vary, and there is no proof 
that things will scale in perfect ratio’s like this 
in real life conditions. As mentioned before, 
some values are estimates from experts in the 
field of aviation. While these values are not 
verified and exact, they are the most educa-
ted “guesses” available. No one can predict 
the future, however, so values like the future 
battery energy density are speculative. Nonet-
heless this computation is a good basis for 
a preliminary design and forms an input for 
the “black boxes” of the technical architecture 
that needs to be integrated into the ambu-
lance drone.

With this information the choice for battery 
propulsion is clear. Hydrogen as a range ex-
tending measure is not necessary with the 
predicted battery weight and size for the am-
bulance drone. The size also means a swappa-
ble battery system is feasible. 
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Explanation 
[1] Entertainment is VR’s main market as of 
today.
[2] According to Sky News (2020), VR is already 
being adopted in Research & Development, 
industry, healthcare and education
[3] Privacy concerns have been present since 
the first applications of VR/MR, especially with 
the Google Glass.
[4] Based on current trends in the automotive 
industry with the use of Heads-Up-Displays 
and AR elements in parking camera’s and 
lane assist.
[5] Granting virtual access to a flying aircraft 
is already possible with MR/VR. In the coming 
years, as the 5G network expands further, reli-
able use for remote piloting might be feasible.
[6] The first adoption of VR/MR in education is 
already happening. In the near future, it can 
be expected to keep establishing its role in 
education.
[7] VR is already widely used in R&D, within 
the automotive industry, architecture and 
industrial design. This trend is expected to 
continue and eventually be accompanied by 
MR applications as well.
[8] As VR/MR finds its way into regular society 
more and more via education, industry and 
healthcare, more resistance from those with 
concerns can be expected to occur.
[9] By 2030 we might watch interactive mo-
vies in VR. Gaming will also be a lot more rea-
listic and might even involve senses like touch.
[10] In response to the increased resistance to 
VR/MR and potential cases of exploits/harm 
that have surfaced stronger regulations are 
developed.
[11] As VR/MR finds its way into regular society 
more and more via education, industry and 
healthcare, domestic adoption of VR/MR will 
also start to become more common.
[12] Eventually VR/MR will firmly establish 
itself as a part of the daily routine, in similar 
fashion to smartphones.
[13] By 2035, a lot of healthcare might be per-
formed virtually. This might even mean that 
some treatments can be performed remotely, 
with virtual instructions. 
[14] Autopilot systems are the most basic form 
of automation in aviation and have been in 

use for decades.
[15]EHang has already tested their eVTOL with 
fully autonomous flying system with passen-
gers on board (Chua, 2021).
[16] EASA’s public acceptance study showed 
one of the main concerns the public has con-
cerning air mobility is safety and security.
[17] Unmanned drones for medical transports 
and AED have been in development in the last 
couple of years. It is expected that they will 
become the first widespread use of drones for 
medical purposes.
[18] EHang has performed autonomous test 
flights over urban areas in China already, but 
in Europe that has been strictly prohibited up 
to now. As part of the AMU-LED program test 
flights will be performed above cities in Eu-
rope for the first time, around 2022-2024.
[19] In The Netherlands, drones are already 
used for inspection purposes, most notably in 
the port of Rotterdam. (Koopman, 2020)
[20] Assumption based on plans such as AMU-
LED, Dutch Drone Delta and EASA’s study on 
public acceptance, which all bring focus on 
the need for a regulatory framework.
[21] Pilot actively monitors the aircraft, while it 
does multiple tasks autonomously. Similar to 
Tesla’s autopilot. 
[22] By this time we might see the first real 
implementation of a manned drone system. 
Most likely air taxis for a select group of peo-
ple.
[23] Around 2030 we might see the first appli-
cation of acute healthcare with drones. Volo-
copter has already tested Rapid Responder 
type healthcare in collaboration with ADAC 
(ADAC Luftrettung, 2021).
[24] Around 2030 the pressure of public ac-
ceptance may have led to clearer regulations 
regarding autonomous flight. This will force 
new autonomous systems to be tested and 
designed conforming to these regulations.
[25] Around 2035 the first ambulance drone 
with passenger transport might be possible. 
The first implementation of such a drone will 
likely be small scale at first, similar to today’s 
ambulance helicopter.
[26] Around 2035 the first fully autonomous 
systems (without any pilot supervision) might 
be adopted into commercial use. In this stage 
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an ambulance drone will likely still be super-
vised by an operator, for reliability and liability 
reasons. 
[27] As the field of A.I. is so vast and unpredic-
table a very broad timeframe has been label-
led as the rise of A.I. applications. This means 
significant developments in this area are 
expected in the coming decade, but there is 
no clear answer exactly when and how. 
[28] Cloud computing hinges on strong and 
steady data connection, as such a 5G network 
with good coverage and eventually the new 
6G network are necessary to reliably imple-
ment cloud computing.
[29] At some point it can be expected that A.I 
becomes an even bigger factor in the deve-
lopment of autonomous driving and flying 
systems. 
[30] Within healthcare there is a trend towards 
digital diagnosis. A.I. promises to eventually be 
much better at diagnosing cancer and other 
diseases.
[31] Quantum computing is one a technology 
with a lot of potential, but at the same time it 
has proven to be very difficult to develop. As 
such it is difficult to predict any time frame for 
it. It is included in the roadmap purely for its 
significance. It would be a revolutionary tech-
nology when it comes to fruition.
[32] 5G has recently been implemented on 
a large scale in The Netherlands. It is expec-
ted to remain the primary mobile network 
standard for the next decade. 
[33] 6G will be the next generation of mobile 
internet, after 5G.
[34] Currently used in cryptocurrencies and 
other digital value encryption methods. It 
could be a useful technology for cybersecurity 
systems in autonomous flight systems.
[35] The most common battery technology as 
of today.
[36] Energy storage that can be discharged 
very quickly, for short bursts of high power.
[37] Another technology for electric vehicles 
that is used today, in lesser degree compared 
to batteries. 
[38] According to an expert from a major 
eVTOL manufacturer, the expectation is that 
battery energy density could become two to 
three times the amount of today in 10 years. 

[39] Batteries that are an integral part of a ve-
hicle’s structure. These are in very early stages 
of development.
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COSTS

To get some grip on what the price of the am-
bulance drone might be, the same method is 
used as with the technical architecture; com-
paring with existing examples. In this case the 
ambulance helicopter is a logical reference. 
So what types of costs are involved with these 
helicopters?
1. Cost price
The cost price of an ambulance helicopter is 
around 5 million euro’s, according to ANWB 
(2021). 

2. Maintenance
Exact figures are not available, but mainte-
nance is part of the lease contract that trauma 
centres have with ANWB Medical Air Assistan-
ce. Their website states that their helicopters 
undergo daily maintenance and at least once 
a year a large check which can take several 
weeks.  

3. Staff
According to the Dutch government the 
total salary costs for the MMT’s are around 
2.000.000 euro’s annually (in 2016), excluding 
the pilot. The costs of the pilots are also part of 
the lease contract provided by ANWB.

4. Infrastructure
According to the Dutch Government the costs 
of a roof station was around 105.000 euro in 
2016. While not all stations are on rooftops, a 
similar expense is assumed for the other three 
helicopter stations.

5. Responses
Next to the aforementioned fixed costs there 
are also variable costs related to the amount 
of deployments of the MMT’s.
These variable costs per hour of flight time 
are also part of the undisclosed lease contract 
between the trauma centres and ANWB. 
(Nederlandse Zorgautoriteit, 2019)

Looking at an ambulance drone it is clear that 
the same types of costs apply, but the costs 
will be distributed differently across these ty-
pes. Cost price of an ambulance drone would 

likely be lower than that of current helicopters, 
given that their technical architecture is less 
complex. This expectation is strengthened by 
what other eVTOL manufacturers are aiming 
at in terms of cost price. For example, the 
CityAirbus, which is a similar type of eVTOL 
to the ambulance drone, aims at a cost price 
of around 1 million euro’s. (Lecompte-boinet, 
2019) 
A lower cost price is beneficial as it enables 
more ambulance drones to be purchased for 
the same investment.

In similar fashion to the cost price, mainte-
nance costs are also expected to be lower, be-
cause of simpler technical components. This 
is already evident in electric cars versus cars 
with combustion engines. Less maintenance 
means less operational costs as well as less 
downtime, which also lessens the amount of 
backup drones needed. 

Total staff expenses are expected to increase, 
because the amount of MMT’s will increase in 
the ambulance drone system. A cost reducing 
factor, however, is that the costs of pilots will 
be mitigated by a remote operator or by an 
autonomous flight system. 

Infrastructure expenses are also expected to 
increase because of upscaling, with 12 locati-
ons needed instead of four. The positive side is 
that the ambulance drones come with a sim-
ple setup of a landing platform and separate 
battery charging units that can be implemen-
ted in any suitable existing building. 

Another factor to consider is that the am-
bulance drone system has an impact on the 
costs of the regular ambulance care, as it 
takes over some of their tasks. Next to that, 
the ambulance drone system could have an 
impact on overall healthcare costs for the pa-
tient, as fast aid may lessen the consequences 
of the injury and the need for intensive and 
costly treatments. Also, funds are used more 
effectively, as a the ambulance drone will 
carry out their mission independently. Current 
ambulance helicopters are called off in more 
than half the cases. 
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Conclusion
Because there is a lot of unclarity regarding 
the manufacturing and implementation of 
the ambulance drone system at this stage of 
the development it is difficult to create a cost 
estimation with exact figures. Next to that, not 
a lot of numbers are provided by the ANWB 
and the Dutch government regarding the 
costs of ambulance helicopters. Nonetheless, 
this section aims to give a global indication 
of how the ambulance drone system would 
perform in terms of value versus costs.

Overall the ambulance drone system is ex-
pected to be slightly more costly (neglecting 
inflation), due to it being a larger scale system 
than the current helicopters. But, because 
each cost factor in itself is lower or equal to 
that of the current helicopters, the costs do 
not scale relative to the size of the system. Or 
in other words: the ambulance drone system 
is expected to provide more value for the 
same price.
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