
Airborne virus transmission and 
health risks

The airborne spread of viruses in buildings has long 
been a topic of scientific research. As early as the 
19th century, it was understood that proper ventila-
tion has an impact on human health. Around 1930, 
a more fundamental basis about airborne virus spread 
in rooms was established by the work of Wells [1]. 
The 2002 outbreak of the SARS-CoV epidemic in 
China increased scientific research on the mechanisms 

of airborne virus spread in buildings. The current 
outbreak of the SARS-CoV-2 virus has led to a major 
acceleration of further research on this topic. It has 
become clear that there is an airborne route by which 
virus particles are transmitted from person to person. 
Virus-laden airborne particles emitted from the 
nose and mouth by exhalation, speaking, coughing, 
or sneezing play a vital role. Depending on the size 
of the particles referred to as aerosols or droplets. 
The emission rate varies from up to about 1 m/s for 

Downflow ventilation system 
ensures healthy and safe air 

in elevator cabins

The safe and unrestricted use of spaces in buildings has suddenly been compromised 

due to the transmission risks of the SARS-CoV-2 virus. By following guidelines such as 

avoiding crowded rooms, maintaining a 1.5 m distance, cleaning hands, increasing the 

amount of ventilation and opening windows, the risk of transmission is minimized. However, 

in some building areas these guidelines cannot be easily followed, such as in elevator cabins 

where maintaining distance will considerably affect the transportation capacity. At the same 

time cabin ventilation is usually limited. The development of a new unidirectional downflow 

ventilation system, called Eleminair, offers a solution to this problem.
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exhalation and speaking to 5 m/s for loud speaking and 
singing to more than 10 m/s for screaming, coughing 
and sneezing [2]. However, the exact quantity of 
harmful virus particles emitted by an infected person, 
the size of those particles, the quantity that results in 
infection, what distance is safe, what ventilation rate 
is appropriate, etc., is not yet certain [3]. As a result, 
the current practice is to minimize the received dose 
as far as reasonably achievable.

Elevator cabins
An inventory of the current elevator cabin ventilation 
solutions in the Netherlands shows a limited presence 
of ventilation facilities to supply fresh air to the cabin. 
In this light, it is not surprising that recent research 
by the University of Amsterdam indicates that con-
centrations of virus particles can hover in the elevator 
cabin up to 20 minutes after use [4]. The shortcom-
ings in elevator ventilation combined with current 
COVID-19 guidelines, e.g. maintaining distance, 
have resulted in a strongly limited or sometimes even 
forbidden use. Especially in high-rise situations this 
is far from desirable as it effectively blocks the use of 
the upper floors.

A solution to this problem should meet at least the 
following conditions:

1. Contaminated air (virus-laden particles) should be 
removed from the elevator cabin effectively and 
efficiently.

2. The airflow pattern must ensure that elevator 
passengers are always inhaling clean and safe air, 
also when they are positioned at a relatively short 
distance from each other.

These conditions can be fulfilled by applying vertical 
displacement ventilation, either downflow or upflow. 
The more practical solution is to supply fresh air from 
the cabin ceiling and to discharge air near the floor, 
as with this configuration the supply diffuser remains 
clean. The supply air should be evenly distributed over 
the ceiling area and the downflow should force the 
exhaled, potentially contaminated air, along the body 
towards the floor. The principle is known from labora-
tories, cleanroom environments and operating rooms.

Downflow ventilation requirements
Nielsen [5] studied the airflow around thermal 
manikins in climate chambers. Findings show that 

a thermal plume around a person has an upward 
velocity of approximately 0.25  m/s. This implies 
that a downward velocity of 0.30 m/s should be suf-
ficient to achieve a stable downward directed airflow. 
For cleanrooms, values between 0.20 and 0.45 m/s 
are generally used, depending on the specific proce-
dures taking place. In a study on particle transfer in 
downflow isolation chambers, Yang [6] recommends 
a velocity between 0.20 and 0.25 m/s, depending on 
the position of the manikin.

To get more insight in the safe distance between 
elevator passengers in relation to the downflow velocity, 
a simple plume model [7] was used to calculate the 
downward deflection of the emitted airflow from the 
mouth/nose at different conditions (quiet exhalation 
1.0 m/s, loud speech 5.0 m/s and coughing/sneezing 
10.0 m/s) in dependence of the downward air velocity 
(0.02 m/s, 0.20 m/s and 0.30 m/s) at a flow opening 
of Ø 20 mm. The calculation results are shown graphi-
cally in Figure 1.

Based on these indicative calculations, we concluded 
that for loud speech (5.0  m/s) and a downflow 
velocity of 0.30 m/s, a distance between persons of 
approximately 0.5 m can be considered safe. These 
values were used as the starting point for the design. 
Note that additional safety is obtained by wearing 
face masks as these substantially reduce exhalation 
speed.

Technical prerequisites
The compact dimensions of typical elevators cabins, 
in height, length and width, pose design limitations, 
permitting little room for additional installations. In 
addition, elevator systems are subject to the regula-
tions of EN 81-20 and EN 81-50, which primarily 
address the safe use and maintenance of elevator 
systems. Elevators are periodically inspected and are 
subject to certification for safe operation. Preferably, 
a solution should not invoke extensive re-inspection 
or recertification. Therefore, changing the structural 
elements and safety components is not allowed. 
Furthermore, a solution may only add to or change the 
interior of the cabin and stay within a certain weight 
increase. The control panel, which is usually located 
in the elevator cabin, should remain untouched and 
unimpeded. Given these prerequisites, the envisaged 
design solution should cover only one wall surface in 
absence of the control panel and should reduce the 
ceiling height as little as possible.
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The principle of the design is shown in Figure 2. 
To obtain a uniform distribution of the downward 
airflow in the elevator cabin, the air must be supplied 
from the ceiling in an evenly distributed manner. The 
required air is extracted from the elevator cabin using 
centrifugal fans at one of the cabin walls, which in the 
prototype are located about 0.5 m above the floor, and 
subsequently directed towards a ceiling plenum. The 
supply diffuser in the ceiling consists of a perforated 
metal plate with a flat HEPA filter mounted on top. 
For the prototype elevator cabin on which experiments 
were carried out, a 35 mm thick E12 filter with 99.5% 
efficiency was chosen, corresponding to a pressure drop 
of 100 Pa and a downward air velocity of 0.4 m/s.

Due to height restrictions in the cabin, the plenum 
height should be as small as possible. A mathematical 
model for airflow in a manifold, as developed by Wang 
[8], was used to describe the airflow and pressure 
distribution in the plenum. A comparison with meas-
urement results obtained from a mock-up showed that 
theory and experiment are in good agreement. With 
this model, the distribution of the air supply across 
the ceiling surface can be predicted.

Figure 1. Calculated plumes for different combinations of exhalation velocity and downflow velocity.

Figure 2. Schematic representation of 
elevator cabin with the downflow air system.
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Air velocity measurements

Using acoustic measurement equipment by Innovation 
Handling, see Figure 3, the flow field in the elevator 
was spatially mapped. To present the measurement 

results, a cartesian xyz coordinate system was defined 
as shown in Figure 4. The elevator door is located 
on the right side of the figure. Results for vertical air 
velocity are presented in the xy plane at a height of 
1.5 m, in the XZ plane at the centre of the elevator 
(y = 0.55 m) and in the yz plane at two positions (x = 
0.6 m and x = 1.2 m). With the elevator door closed, 
see Figure 5, these measurements show a uniform 
and downward velocity field from about 0.6  m 
above the floor. The vertical air speed is between 
approximately 0.25 m/s and 0.40 m/s. When the 
elevator is occupied by passengers, the air velocity is 
higher due to the smaller flow area. With an open 
elevator door, the air velocity is still downward but 
due to exchange through the doorway, the values are 
significantly lower than with a closed door. Finally, 
a duration measurement was performed with the 
sensors at a fixed height positioned in the centre of 
the elevator. These measurements were divided into 
three periods: 1) activity with people entering/leaving 
and the elevator door opening and closing regularly, 
2) elevator door closed with two people inside, and 
3) activity as in the first period with an average of 
four people in the elevator. The results in Figure 6 
show the vertical air velocity as a function of time at 
different heights.

It follows from these measurements that at a height 
> 0.7 m above the floor, the air velocity and direction 
of the flow is in all cases directed downward and has 
a velocity of at least 0.25 m/s.

Figure 3. Test elevator cabin with setup for air velocity 
measurements. On the right side of the picture four 
centrifugal suction fans in the wall cavity are visible.

Figure 4. Schematic representation of elevator cabin 
and imposed coordinate system (origin in the corner).
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Figure 5. Measured vertical air velocity in the elevator with the elevator door closed.

Figure 6. Measured vertical air velocity in the elevator as a function of time at different activities.
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Aerosol measurements

To validate the system’s ability to remove aerosols 
emitted by elevator passengers, and thus its ability 
to limit airborne contamination, several experiments 
using artificially generated aerosols were carried out.

Aerosol persistence experiments
In these experiments a large quantity of aerosols was 
generated/released in the prototype elevator cabin at 
the start of a measurement. Subsequently the number 
of aerosols in particles size bins was measured as a 
function of time. These measurements were carried 
out by Prof. Daniel Bonn of the Institute of Physics, 
University of Amsterdam.

Aerosols were generated using an atomizer/spray bottle 
filled with an ethanol-glycerol mixture and fitted with 
a special spray nozzle, which generates aerosols like 
those released by people when talking or coughing. The 

generation rate of aerosols equals several people talking 
or coughing. Aerosols were measured using two methods:

•	 Laser diffraction. In this setup a laser sheet (laser beam 
in frame) is used to track the aerosols. Aerosols falling 
through the frame light up due to the laser light. 
The number of illuminated pixels is a measure of the 
number and volume of aerosols. Using a CCD camera 
and image analysis software, images can be made.

•	 Portable particle counter. This device draws a small 
amount of air from the elevator cabin by means of a 
probe, and the number of aerosols in the air sample 
is counted in size bins centred at 0.3 µm, 0.5 µm, 
1.0 µm, 2.0 µm, 5.0 µm and 10.0 µm. The sample 
time used was 2 s.

Figure 7 visualizes the main results. The upper graph 
and picture show the decrease in aerosols over time in 
the elevator cabin with the downflow air system off. 

Figure 7. Results of the aerosol persistence measurements. Above left: change of counted aerosols over time, test 
elevator cabin with downflow air system off. Above right: photo of laser sheet with aerosols visible. Below left: 

change of counted aerosols over time, test elevator cabin with downflow air system on. Below right: photo laser 
sheet with no aerosols visible.
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The lower graph and picture show the same measure-
ments, but with the downflow air system active/on.

The following periods are indicated in the graphs:

•	 Red: background concentration is being measured 
(downflow system off in both cases).

•	 Green: aerosols are being generated using atomizer/
spray bottle.

•	 Orange: decrease of aerosols is being measured. For 
the test with the downflow system off, the number 
of aerosols decreases due to deposition, evaporation, 
etc. For the test with the system on, the decrease is 
mainly due to the capture by the HEPA filter.

Based on these measurements, a characteristic decay 
time of 333  s was determined with the downflow 
system off, and 11 seconds with the downflow system 
on [9].

Aerosol falling curve measurements
The aerosol falling curve measurements were used to 
obtain insight into the falling curve and the horizontal 
distance that aerosols emitted by passengers can travel. 
More specific, these measurements indicate the neces-
sary distance between people in an elevator cabin to 
limit possible airborne transmission.

With a constant aerosol source placed in the elevator 
cabin, the number of aerosols at various distances from 
the source were determined. The used aerosol generator 
atomizes a NaCL 0.9% solution and mainly produces 
aerosols smaller than 1.0 µm. These were released in 
the elevator cabin with the hose outlet located at 1.5 m 
height. The number of generated aerosols corresponds 
to several people talking and coughing. The aerosols 
were measured using the described portable particle 
counter with a sample time of 5 s and sorted into 
6 bins.

Figure 8 visualizes the main results. The graph shows 
the number of aerosols in the 0.3 µm bin at the source 
location and at a horizontal distance of 25, 50, 75 
and 100 cm from the source. Measurements were per-
formed at downflow air velocities of 0.2 m/s, 0.3 m/s 
and 0.4 m/s. Besides all the individual measurements 
(data points), the data for each downflow air velocity 
are also averaged (lines).

The figure shows that the number of aerosols decreases 
from approximately 500,000 at the source to almost 
zero at 0.25 m distance, for a downflow air velocity 
>0.3 m/s. These measurements therefore show that 

a distance of 0.25 m or more between persons will 
greatly reduce the risk of airborne transmission.

Implementation in a building
The first Eleminair system has recently been installed 
in ‘The Edge’ building in Amsterdam, see Figure 9. 
Three 0.58 m wide modules were installed side by side 
with a ceiling plenum length of 2 m. In comparison 

Figure 9. Implementation of the Eleminair system in an 
elevator in ‘The Edge’ building.

Figure 8. Results of the aerosol falling curve 
measurements.
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to the prototype, the ventilators have been positioned 
at a higher position, yielding a sleeker design and thus 
more clearance in the passenger zone. Furthermore, a 
pre-filter in the wall cavity has been included to limit 
fouling of the HEPA filter. The modules are equipped 
with lighting and sensors that monitor airflows and 
check the contamination levels of the filters. One of 
the modules is equipped with a central display indi-
cating the operation of the system. An alarm message is 
displayed in case of a malfunction. In addition, a noti-
fication can be sent to the BMS and the installation 
can be monitored and managed remotely, for example 
to signal in time filter replacements. After installation 

of the system, the maximum allowed occupancy of the 
elevator increased from 2 to 8 persons, i.e., a fourfold 
increase in the vertical transportation capacity.

Conclusions
Based on the experimental results described in this 
paper, it is concluded that the Eleminair system meets 
the set requirements and that an elevator cabin with 
this system installed can be used in a safe manner if a 
minimum distance of approximately 0.5 m between 
elevator passengers is observed. A European patent 
application has been filed for the system. 
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Hygiene in Potable Water Installations in Buildings 
– Requirements for design, deployment, operation and maintenance

REHVA EUROPEAN GUIDEBOOK No.30

The interrelationships between water quality, health and the well-being of 
users require that all parties involved have a specific responsibility for aspects 
of hygiene in specifying the requirements for potable water installations in 
buildings. This guidebook gives an overview about the fundamentals of hygiene 
and water quality and contains main information’s on the design, installation, 
start-up, use, operation and maintenance of potable water installations in 
buildings. It gives also suggestions for the practical work (maintenance, effects 
on microbiology, potential causes and measures in practical work, checklists).
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