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(Leesman, 2024)6



(Open-plan Office: Great for Photo Shoots, Terrible for Collaboration | Inside Nuclino, n.d.)7



How do people 
feel in these environements?
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How would they rate their thermal comfort?
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How 
satisfied are they?
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Importance of office features and services

(Leesman, 2024)
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Employee satisfaction with critical features and 
services

(Leesman, 2024)
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39% is satisfied about the temperature control
61% is not

13



Mean Radiant 
Temperature 

(°C)

Relative
Humidity 

(%)
Airspeed

(m/s)

Clothing
Insulation

(clo)

Metabolic
Rate
(met)

Air
Temperature 

(°C)

14



Primary energy consumption in the U.S. and EU

(International Energy
 Agengy, 2013)
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Primary energy consumption in the U.S. and EU

(International Energy
 Agengy, 2013) 

(X. Cao et al., 2016)
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Is there a way to provide people with more 
personal control over the temperature in a more 

effective and energy-efficient manner?
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(NEN-EN 16798-1, 2019)25
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M = Metabolic Rate

Ere = Latent water vapor
L   = Dry Heat

E
sw

 = Evaporation 
of Sweat for Heat 

C = Heat loss by 
Convection

R = Heat loss by 
Radiation

K = Heattransfer 
from skin to outer 
surface of the 
clothes

W = performed 
Work

H = Internal 
Heat Production
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Problem statement

27



Develop an evidence-based framework for  personalized air velocity 
for occupants in open-plan offices in a temperate maritime climate, 

aimed at enhancing comfort and productivity, 
and illustrate this through an effective design solution.
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Develop an evidence-based framework for  personalized air velocity 
for occupants in open-plan offices in a temperate maritime climate, 

aimed at enhancing comfort and productivity, 
and illustrate this through an effective design solution.

Problem statement
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How can we develop an evidence-based framework to implement 
personalized air velocity for occupants in open-plan offices during summer 

and design an effective solution?

Research question
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Methodology

Literature Review
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Methodology

Literature Review

Interviews
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Methodology

Literature Review

Interviews

Framework
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Methodology

Literature Review

Interviews

Framework

Application of the Framework
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Methodology

Literature Review

Interviews

Framework

Application of the Framework

Conclusion
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Literature review
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Perceived Control
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the belief in one’s ability to exert control over 
situations or events
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Conceptual model perceived control
simpliefied

Perception Environmental
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Conceptual model perceived control
simpliefied

Perception

Behaviour

Environmental
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Environmental

Operative 
Temperature 

(°C)

24-30 °C
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 (Zhai et al., 2017)

10 12 14 16 18 20 22 24 26 28 30 32 34 36

0

5

10

15

20

25

30

10 12 14 16 18 20 22 24 26 28 30 32 34 36

0

5

10

15

20

25

30

H
u

m
id

ty
R

at
io

 (
g

w
/k

g
d

a

0 m/s 0.7 m/s

 Operative Temperature(°C)  Operative Temperature(°C)

1.4 met , 60%
47



Prefered airspeed under different temperatures for male and female (Zhai et al., 2017)
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So give someone control over the airspeed 
and done?
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Perception

Behaviour

Environmental
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 Partially based on Hellwig (2015) combined with factors proposed by Bandura (1986)

experiences

expectations

locus of 
control 

perceived
control 
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Locus of control

- Internal locus of Control

- External locus of Control
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experiences

expectations

locus of 
control 

perceived
control 

53



Is it a problem that we don’t know those 
experiences and expectations?
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Perception

Behaviour

Environmental
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Knowlegde gap: 

What are the user experiences and expectations regarding 

a personal environmental control system utilizing elevated 

airspeed, and what is the expert insight and expertise 

concerning its implementation?
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Before we continue, are there any applications 
that already provide increased airspeed and 

perform well in an open-plan
 office environment?
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table fan 
(Ubuy Netherlands, n.d.)

standing fan 
(Ubuy Netherlands, n.d.)

bladeless 
ceiling fan 
(O’Donnell, 2024)

ceiling fan 
(Asahi Home Appliances, 

2023)

Dyson purifier
(Dyson, 2024)

openable 
window

(40 Mm Openable Window, n.d.)

climate ceiling 
TNO 

(TNO, 2014.)

climate table 
Ahrend

(DESKs | Ahrend, n.d.)

partition PECS
(INIVE, 2023)

desk PECS
(INIVE, 2023)
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Still a lot of room for improvement.....
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Interviews
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Perception

Behaviour

Environmental
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Perception

Behaviour

Environmental
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Performance Control Robustness
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User Experts
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Respondents

1 2 43

Consultancy

Creative industries

Education

Installations & building physics

Healthcare

Finance

Indoor climate

Ergonomist

Facility managment

Climate controlled furniture

Interior architect

Maintenance engineer

Amount of people

 User backgrounds

Expert backgrounds
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Frequency analysis
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Qualitative analysis

 

Fine-tuning 
1 0 0 0 0 0 0 0 0 

Fine-tuning is not a major concern for users, except 

that they often reference car controls, which they 

find convenient. They also mention preferring a 

continuous control recognized by points, rather 

than being dimensionless. When given the choice 

between 0-1, 0-10, or 0-100, opinions were divided, 

but a slight majority favored 0-10. The indoor 

climate expert particularly emphasized fine-tuning 

between 0 and 1/ ms, stating that users should be 

able to regulate it well, not just providing options 

like 2 m/s. 

Tolerances 
0 0 0 0 0 0 0 0 0 

The tolerances of this adjustment primarily 

concern where the application is attached. Experts 

and users find it important that it should also be 

applicable to many existing situations. So, whether 

it is attached to ceilings, tables, floors, walls, etc., 

adhere to those characteristics, ensuring that the 

attachment is sturdy and perhaps 

overdimensioned because in practice, it is often 

observed that while the design itself is robust 

enough, the connection is often the weakest point. 

Characters 
- - - - - - - - - 

Users mentioned that future characters should not 

resemble characters/buttons found in other 

climate systems unless it's ventilation-focused. 

They specifically reference auto ventilation 

symbols but exclude traditional thermostat 

buttons.  From the drawings and discussions, it 

becomes apparent that both symbols and letters 

should be used, but primary communication 

should occur through symbols, with letters being 

secondary. 

Design Factors 
Frequency 

 
Interpretation and Description 

U ME IBP IC DE FM IA IM Total  

TMB: Top, Middle, Bottom 
69 

 
 

 
 

 

00 0 18 
 0 0 00 14 

 101 Absolute user requirements appear to be hands 

and arms. However, people absolutely do not want 

lenses, glasses, or long hair on their heads, but 

they do want the rest. Additionally, a large portion 

indicates a desire to cool their feet. Cooling the 

neck and shoulders (backside) is interpreted more 

as a wish.  It lies outside the scope of this research, 

but some people als find potential cooling in the 

chair attractive. 

Energy Efficiency 
0 0 34 6 11 0 1 2 54 Users do not mention energy consumption. 

However, installation and building physics experts 

frequently mention energy usage compared to  

other experts. There isn't really a specific number 

to give except that you should ensure it remains as 

low as possible. 

Airspeed 

4 
 2 1 33 0 1 0 4 45 The indoor climate specialist agrees with the 

research and emphasizes the importance of 

airflow speeds between 0 and 1 m/s. Users mainly 

express a preference for a breeze over a strong 

wind. They do not consider airspeed as a concept; 

it's something technical. 

Obstruction 
9 

 
 

 

2 3 
 10 2 0 2 0 34 The first thing people mention under obstruction is 

noise pollution. Secondly, they often express not 

wanting to hinder others in the room with noise, or 

to receive wind that is not intended for them. Some 

correspondents also associate certain systems 

with a strange smell. If this occurs, they prefer not 

to use it and prefer to be too warm than the other 

way around. 

Flexibility 

0 3 0 0 8 7 9 0 27 Interior architects and maintenance personnel 

indicate that floor plans are often changed 

frequently. Therefore, building-bound solutions in 

this regard are often not preferred, as things are 

frequently shifted around. Flexibility should 

especially align with the table setup. 

Integration 
4 

 3 1 0 0 4 10 0 22 Interior architects, maintenance, management, 

and facility managers all indicate that the 

implementation should be based on standard 

building dimensions (300 mm standard) as the first 

integration possibility, integration by the user is 

mainly appreciated for being part of the 

environment/structure and not necessarily 

meaning that it has to be physically located 

somewhere. Both the manufacturer and users 

indicate that an application should not visually 

obstruct in the form of visual contact loss among 

other occupants in the room. 

Responsiveness 
21 

 0 0 0 0 0 0 0 21 All users extensively share their experiences and 

expectations regarding responsiveness. Many 

examples and frustrations are discussed, whether 

the system performs as expected or not. Even 

situations where everything works satisfactorily, 

but the response is still deemed inadequate, are 

described. Response can be through the control, 

via sound, visual, or due to the short duration of the 

effect being felt. It's clear that it's a combination of 

elements. It's worth noting that none of the experts 

specifically indicated this. 

Digital interface 
 

12 
 

0 0 0 0 0 1 0 13 Initially, few users choose a digital interface, but 

upon further questioning, they find it interesting, 

especially for flexible workspaces or as an 

additional option. A digital interface means using a 

mobile device but could also involve an employee 

card that ensures all settings are correct once the 

card is placed on it. Furthermore, they suggest that 

should be a 180-degree freedom of movement so 
that there is complete freedom in what you want to 
cool or not. 

Automatic function 3 
 

0 0 0 0 0 1 0 4 Users are open to this product, but they also have a 
strong opinion that it should simply be "regulated." 
Some correspondents prefer, just like in a car, an 
automatic button that adjusts it for you and where 
necessary, you can adjust it yourself. They prefer 
having to readjust it from one setting to another 
rather than from nothing to something. 

Central adjustable option 0 1 2 0 0 0 0 0 3 Closely related to primary control, suggestions 
from building physics, maintenance, and 
manufacturing emphasize having some form of 
central regulation. This could range from 
something as simple as tapping into an existing 
power group that centrally turns on/off to a 
complex function with presence sensors 
connected to central facilities. 

Presence sensors 1 
 

0 1 0 0 0 1 0 3 Presence sensors are particularly encouraged by 
maintenance and building physics because this 
can save a tremendous amount of energy. Many 
users have had negative experiences with sensors, 
but presence sensors such as light sensors are 
well developed and often perform very well. 
However, they should not be relied upon as the 
primary on/off mechanism. 

Disassemblable 0 1 0 0 0 0 2 0 3 From the users' perspective, as well as 
maintenance, the design should initially not be part 
of another function, both for complexity and 
sustainability reasons. On the other hand, the 
manufacturer argues that if it's part of a tabletop, 
ensure it stays that way, as if you want something 
else later, you only need to replace that tabletop. 

Positioning 
0 0 0 0 0 0 1 0 1 They don't find the distance from which the wind 

comes very significant, but they're more concerned 
about the accessibility of the control and its 
connection to the device. They mainly explain that 
if they could see it, it would be used earlier than if, 
for example, it hangs above your head. The 
ergonomist, but especially users, indicate that the 
3rd ergonomic zone, which cannot be reached 
from a normal sitting position, would be the ideal 
location to place the application when the desk 
surface is taken as a reference point. They also 
mention that control should be possible from the 
normal position but not obstructive, meaning it 
should be in the 2nd ergonomic position. 

Complexity 
0 1 0 0 0 0 0  1 Maintenance, in particular, is concerned about 

excessive complexity. They often see failures in 
many new systems. They emphasize strongly that 
the foundation must be truly simple. While there 
can be plenty of expansion options, there should 
be something with low complexity to choose from 
the outset. Complexity can always be increased 
later. 

On/off 
7 
 

0 0 0 0 0 0 0 0 Many users find it important to have a simple on/off 
button on the system that can be operated 
independently of other settings.  They, along with 
other experts, indicate that the primary control 
should also lie with the end user. This primary 
control can, for example, be found in these 
buttons. Maintenance agrees that this is possible 
but also suggests considering an additional central 
option. 

Design Factors Frequency 

 Interpretation and Description 

U ME IBP IC DE FM IA IM Total  

TMB: Top, Middle, Bottom 69 
 
 
 
 
 

00 0 18 
 

0 0 00 14 
 

101 Absolute user requirements appear to be hands 
and arms. However, people absolutely do not want 
lenses, glasses, or long hair on their heads, but 
they do want the rest. Additionally, a large portion 
indicates a desire to cool their feet. Cooling the 
neck and shoulders (backside) is interpreted more 
as a wish.  It lies outside the scope of this research, 
but some people als find potential cooling in the 
chair attractive. 

Energy Efficiency 0 0 34 6 11 0 1 2 54 Users do not mention energy consumption. 
However, installation and building physics experts 
frequently mention energy usage compared to  
other experts. There isn't really a specific number 
to give except that you should ensure it remains as 
low as possible. 

Airspeed 
4 
 

2 1 33 0 1 0 4 45 The indoor climate specialist agrees with the 
research and emphasizes the importance of 
airflow speeds between 0 and 1 m/s. Users mainly 
express a preference for a breeze over a strong 
wind. They do not consider airspeed as a concept; 
it's something technical. 

Obstruction 
9 
 
 
 

2 3 
 

10 2 0 2 0 34 The first thing people mention under obstruction is 
noise pollution. Secondly, they often express not 
wanting to hinder others in the room with noise, or 
to receive wind that is not intended for them. Some 
correspondents also associate certain systems 
with a strange smell. If this occurs, they prefer not 
to use it and prefer to be too warm than the other 
way around. 

Flexibility 
0 3 0 0 8 7 9 0 27 Interior architects and maintenance personnel 

indicate that floor plans are often changed 
frequently. Therefore, building-bound solutions in 
this regard are often not preferred, as things are 
frequently shifted around. Flexibility should 
especially align with the table setup. 

Integration 
4 
 

3 1 0 0 4 10 0 22 Interior architects, maintenance, management, 
and facility managers all indicate that the 
implementation should be based on standard 
building dimensions (300 mm standard) as the first 
integration possibility, integration by the user is 
mainly appreciated for being part of the 
environment/structure and not necessarily 
meaning that it has to be physically located 
somewhere. Both the manufacturer and users 
indicate that an application should not visually 
obstruct in the form of visual contact loss among 
other occupants in the room. 

Responsiveness 21 
 

0 0 0 0 0 0 0 21 All users extensively share their experiences and 
expectations regarding responsiveness. Many 
examples and frustrations are discussed, whether 
the system performs as expected or not. Even 
situations where everything works satisfactorily, 
but the response is still deemed inadequate, are 
described. Response can be through the control, 
via sound, visual, or due to the short duration of the 
effect being felt. It's clear that it's a combination of 
elements. It's worth noting that none of the experts 
specifically indicated this. 

Digital interface  
12 
 

0 0 0 0 0 1 0 13 Initially, few users choose a digital interface, but 
upon further questioning, they find it interesting, 
especially for flexible workspaces or as an 
additional option. A digital interface means using a 
mobile device but could also involve an employee 
card that ensures all settings are correct once the 
card is placed on it. Furthermore, they suggest that 

U = Users | ME = Maintenance Engineers | IBP = Installations & Building Physics Expert | IC = Indoor Climate Expert 

DE = Design Ergonomics Expert | FM = Facility Manager | IA = Interior Architect | IM = Interior Manufacturer

card is placed on it. Furthermore, they suggest that 

for those who enjoy creating interfaces that provide 

more explanations, more options are desirable, but 

not as the first step digitally. 

Physical interface 9 
 

2 1 0 0 0 0 0 12 Users prefer a physical interface over a digital one, 

often because they want to start immediately and 

have a strong distrust of digital or smart building 

systems.  

Sustainable material 3 
 

0 0 0 0 2 2 2 9 When asked about by users, interior architects, 

and others, everyone emphasizes the desire to see 

sustainable materials. Only the manufacturer 

points out that sustainable does not necessarily 

mean the lowest CO2 emissions at that moment. 

As an example, he uses a tabletop. It can be 

separated from the rest of the table, the finish can 

be removed, and a new finish applied, while the 

base and the majority of the tabletop remain the 

same. 

Horizontal and Vertical 

airflow 

0 0 0 7 0 0 0 0 7 All users initially prefer horizontal ventilation, with 

the option for vertical being possible only for the 

shoulder and neck. The indoor climate specialist 

also prefers horizontal ventilation. Another 

important element that must be taken into account 

is that the horizontal airflow should not blow away 

papers. 

Intensity 
6 
 

0 0 1 0 0 0 0 7 Intensity is a term used frequently by users, who 

often find the wind too intense and unpleasant. The 

indoor climate specialist concurs, stating that for 

large body areas, it's more important to ventilate the 

same cubic meter of air but distributed over a larger  

surface area is preferred over selectively flowing air 

to specific body parts. 

Neutral material 5 
 

0 0 0 1 0 1 0 7 The ergonomist and interior architects primarily 

aim for natural materials for various reasons, 

including sustainability, but also because they 

remain relatively stable in both warm and cold 

environments. Think of materials like leather and 

wood. 

Air quality 
2 
 

0 0 2 0 0 1 0 5 Many people also associate warm temperatures 

with stuffy rooms/poor indoor air quality. They 

often reference that an open window symbolizes 

clean air for them. Good air quality is important, 

but it only applies in this application when it also 

involves fresh air supply. In the case of 

recirculation, the air quality must already be good, 

otherwise HEPA filters can be installed, for 

example. 

Maintenance-friendly 0 1 0  0 3 0 2 5 For maintenance and manufacturers, it's important 

that the product is maintenance-friendly. This 

relates to both the materials used and the 

finishing. For instance, if it's on a work surface, it's 

preferable to have no seams where crumbs/dust 

can accumulate, as this isn't easily cleaned.  

Additionally, it is important that fans do not get 

dirty quickly to prevent noise pollution, therefore 

they recommend using a filter. 

Adjustable per body 

part 

4 0 0 0 0 0 0 0 4 Many users express the importance of being able 

to control each body part separately. Even within 

the head area, there should be sufficient options to 

provide wind to specific parts or not. It's 

noteworthy that the head is the most precise, 

followed by the hands and arms, then the chest, 

and finally the feet. It could almost be argued that 

feet may even have a static position since they may 

not affect other parts.  One could argue that there 

Design Factors Frequency 

 Interpretation and Description 

U ME IBP IC DE FM IA IM Total  
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as a wish.  It lies outside the scope of this research, 

but some people als find potential cooling in the 
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Energy Efficiency 0 0 34 6 11 0 1 2 54 Users do not mention energy consumption. 

However, installation and building physics experts 

frequently mention energy usage compared to  

other experts. There isn't really a specific number 

to give except that you should ensure it remains as 

low as possible. 

Airspeed 
4 
 

2 1 33 0 1 0 4 45 The indoor climate specialist agrees with the 

research and emphasizes the importance of 

airflow speeds between 0 and 1 m/s. Users mainly 

express a preference for a breeze over a strong 

wind. They do not consider airspeed as a concept; 

it's something technical. 
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10 2 0 2 0 34 The first thing people mention under obstruction is 

noise pollution. Secondly, they often express not 

wanting to hinder others in the room with noise, or 

to receive wind that is not intended for them. Some 

correspondents also associate certain systems 

with a strange smell. If this occurs, they prefer not 

to use it and prefer to be too warm than the other 

way around. 

Flexibility 
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indicate that floor plans are often changed 

frequently. Therefore, building-bound solutions in 

this regard are often not preferred, as things are 

frequently shifted around. Flexibility should 

especially align with the table setup. 

Integration 
4 
 

3 1 0 0 4 10 0 22 Interior architects, maintenance, management, 

and facility managers all indicate that the 

implementation should be based on standard 

building dimensions (300 mm standard) as the first 

integration possibility, integration by the user is 

mainly appreciated for being part of the 

environment/structure and not necessarily 

meaning that it has to be physically located 

somewhere. Both the manufacturer and users 

indicate that an application should not visually 

obstruct in the form of visual contact loss among 

other occupants in the room. 

Responsiveness 21 
 

0 0 0 0 0 0 0 21 All users extensively share their experiences and 

expectations regarding responsiveness. Many 

examples and frustrations are discussed, whether 

the system performs as expected or not. Even 

situations where everything works satisfactorily, 

but the response is still deemed inadequate, are 

described. Response can be through the control, 

via sound, visual, or due to the short duration of the 

effect being felt. It's clear that it's a combination of 

elements. It's worth noting that none of the experts 

specifically indicated this. 

Digital interface  
12 
 

0 0 0 0 0 1 0 13 Initially, few users choose a digital interface, but 

upon further questioning, they find it interesting, 

especially for flexible workspaces or as an 

additional option. A digital interface means using a 

mobile device but could also involve an employee 

card that ensures all settings are correct once the 

card is placed on it. Furthermore, they suggest that 

U = Users | ME = Maintenance Engineers | IBP = Installations & Building Physics Expert | IC = Indoor Climate Expert 

DE = Design Ergonomics Expert | FM = Facility Manager | IA = Interior Architect | IM = Interior Manufacturer
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Bottom 
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101 Absolute user requirements appear to be hands 

and arms. However, people absolutely do not want 

lenses, glasses, or long hair on their heads, but 

they do want the rest. Additionally, a large portion 

indicates a desire to cool their feet. Cooling the 

neck and shoulders (backside) is interpreted more 

as a wish.  It li
es outside the scope of this research, 

but some people als find potential cooling in the 

chair attractive. 

Energy Efficiency 
0 0 

34 6 11 0 
1 2 54 

Users do not mention energy consumption. 

However, installation and building physics experts 

frequently mention energy usage compared to  

other experts. There isn't really a specific number 

to give except that you should ensure it remains as 

low as possible. 

Airspeed 
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33 0 
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0 4 45 
The indoor climate specialist agrees with the 

research and emphasizes the importance of 

airflow speeds between 0 and 1 m/s. Users mainly 

express a preference for a breeze over a strong 

wind. They do not consider airspeed as a concept; 

it's something technical. 
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The first thing people mention under obstruction is 

noise pollution. Secondly, they often express not 

wanting to hinder others in the room with noise, or 

to receive wind that is not intended for them. Some 

correspondents also associate certain systems 

with a strange smell. If t
his occurs, they prefer not 

to use it and prefer to be too warm than the other 

way around. 

Flexibility 

0 3 
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0 8 
7 

9 0 27 
Interior architects and maintenance personnel 

indicate that floor plans are often changed 

frequently. Therefore, building-bound solutions in 

this regard are often not preferred, as things are 

frequently shifted around. Flexibility should 

especially align with the table setup. 
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meaning that it has to be physically located 

somewhere. Both the manufacturer and users 

indicate that an application should not visually 

obstruct in the form of visual contact loss among 

other occupants in the room. 
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All users extensively share their experiences and 

expectations regarding responsiveness. Many 

examples and frustrations are discussed, whether 

the system performs as expected or not. Even 

situations where everything works satisfactorily, 

but the response is still deemed inadequate, are 

described. Response can be through the control, 

via sound, visual, or due to the short duration of the 

effect being felt. It's
 clear that it's a combination of 

elements. It's worth noting that none of the experts 

specifically indicated this. 
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upon further questioning, they find it interesting, 

especially for flexible workspaces or as an 

additional option. A digital interface means using a 
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card that ensures all settings are correct once the 
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it's something technical. 
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way around. 
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indicate that floor plans are often changed 
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this regard are often not preferred, as things are 

frequently shifted around. Flexibility should 

especially align with the table setup. 
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Interior architects, maintenance, management, 

and facility managers all indicate that the 

implementation should be based on standard 

building dimensions (300 mm standard) as the first 

integration possibility, integration by the user is 

mainly appreciated for being part of the 

environment/structure and not necessarily 

meaning that it has to be physically located 

somewhere. Both the manufacturer and users 

indicate that an application should not visually 

obstruct in the form of visual contact loss among 

other occupants in the room. 

Responsiveness 
21 
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0 0 21 
All users extensively share their experiences and 

expectations regarding responsiveness. Many 

examples and frustrations are discussed, whether 

the system performs as expected or not. Even 

situations where everything works satisfactorily, 

but the response is still deemed inadequate, are 

described. Response can be through the control, 

via sound, visual, or due to the short duration of the 

effect being felt. It's
 clear that it's a combination of 

elements. It's worth noting that none of the experts 

specifically indicated this. 

Digital interface 
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0 0 
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1 0 13 
Initially, few users choose a digital interface, but 

upon further questioning, they find it interesting, 

especially for flexible workspaces or as an 

additional option. A digital interface means using a 

mobile device but could also involve an employee 

card that ensures all settings are correct once the 

card is placed on it. Furthermore, they suggest that 

U = Users | M
E = Maintenance Engineers | I

BP = Installations & Building Physics Expert | I
C = Indoor Climate Expert 

DE = Design Ergonomics Expert | FM = Facility Manager | IA = Interior Architect | IM = Interior Manufacturer
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Criteria  Frequency Interpretation and Specification 
U ME IBP IC DE FM IA IM Total 

Targeting airflow on 
forehead, arms and 
feet 

69 00 0 18 0 0 00 14 101 Absolute user requirements appear to be hands 
and arms. However, people absolutely do not want 
lenses, glasses, or long hair on their heads, but they 
do want the rest. Additionally, a large portion 
indicates a desire to cool their feet. Cooling the 
neck and shoulders (backside) is interpreted more 
as a wish.  It lies outside the scope of this research, 
but some people also find potential cooling in the 
chair attractive. 

HHoorriizzoonnttaall  aanndd  
VVeerrttiiccaall  aaiirrflflooww  

0 0 6 All users initially prefer horizontal ventilation, with 
the option for vertical being possible only for the 
shoulder and neck. The indoor climate specialist 
also prefers horizontal ventilation. Another 
important element that must be taken into account 
is that the horizontal airflow should not blow away 
papers. 

HHiinnddeerr::  NNooiisseelleessss  aanndd  
NNoonn--bbootthheerrssoommee  
aaiirrflflooww  

The first thing people mention under obstruction is 
noise pollution. Secondly, they often express not 
wanting to hinder others in the room with noise, or 
to receive wind that is not intended for them. Some 
correspondents also associate certain systems with 
a strange smell. If this occurs, they prefer not to use 
it and prefer to be too warm than the other way 
around. 

Air quality Many people also associate warm temperatures 
with stuffy rooms/poor indoor air quality. They 
often reference that an open window symbolizes 
clean air for them. Good air quality is important, but 
it only applies in this application when it also 
involves fresh air supply. In the case of 
recirculation, the air quality must already be good, 
otherwise HEPA filters can be installed, for example. 

Airspeed The indoor climate specialist agrees with the 
research and emphasizes the importance of airflow 
speeds between 0 and 1 m/s. Users mainly express 
a preference for a breeze over a strong wind. They 
do not consider airspeed as a concept; it's 
something technical. 

IInntteennssiittyy  Intensity is a term used frequently by users, who 
often find the wind too intense and unpleasant. The 
indoor climate specialist concurs, stating that for 
large body areas, it's more important to ventilate the 
same cubic meter of air but distributed over a larger  
surface area is preferred over selectively flowing air 
to specific body parts. 

Energy Efficiency Users do not mention energy consumption. 
However, installation and building physics experts 
frequently mention energy usage compared to 
other experts. There isn't really a specific number to 
give except that you should ensure it remains as 
low as possible. 

Positioning They don't find the distance from which the wind 
comes very significant, but they're more concerned 
about the accessibility of the control and its 
connection to the device. They mainly explain that 
if they could see it, it would be used earlier than if, 
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Sketch analysis
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Performance Control Robustness
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Control s
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Intensity

0 1 2 3
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Communication
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Responsiveness
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Responsiveness
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Performance l s
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Draft felt by other occupants
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Draft felt by other occupants
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Draft felt by other occupants
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Noise
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Cont l Robustness
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Flexibility of floorplan
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permanent

30 - 300 years

20 + years

7 - 20 years

3 years

daily

( Brand,  1994)
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Contextual and aesthetic 
integration

(Melikov, 2007)

93



(Iwanttoleaveok, 2024)
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Performance Control Robustness
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All factors have been identified, so we can start 
designing
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Framework
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( Tati, 1949)98



( Tati, 1949)99



( Tati, 1949)
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Drivers, Criteria, Requirements, 
and Considerations
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Position 
the device 
in the 3rd 

ergonomic zone 
or beyond

Silent 
operation

Design 
means for 
targeting 
airflow on 

feet

Avoid draft 
felt by towards 

occupants

Precize 

adjustable per 

body par

Visual 
& tangible 
feedback

Contextual 
and aesthetic 

integration

Flexibiltiy 
towards the 

office floorplans

Design 
means for 
targeting 
airflow to 

arms

Selecting 
energy-

efficient fan(s) 
to produce 1.5 

m/s at user’s 
location

Position  
the contol 
point in the 
2nd or 3rd 
ergonomic 

zone

Keep each 
layer easy to 

separate

Design 
for easy 

maintenance 
to be done by 

non-experts

Base your 
design on a 300 
mm grid or on 

furniture size

Design  
for ease of 

dissassembly

Add HEPA filter 
(if necessary)

Balancing 
air speed 

and volume 
by maximizing 

surface area 
output

Provide 
devices in 

multiple colors 
and textures

Design means 
to prevent dirt 
accumulation

Design 
means for 
targeting 
airflow to 
forehead

Design 
means for 
achieving 

an airpower 
spectrum slope 

β ≈1.8

Design 
means for 
achieving 
turbulence 

intensity 
between 
40% - 60%

Communicate  
by using: 

1. Buttons, 
2. Symbols, 

3. Letters/
Numbers

Design means 
for on/off 
function

Design means 
for automated 

function

Design means 
for finetuning 

airspeed

Add memory 
capability 
function

Add presence
sensors

Provide a digitial 
interface

Provide a 
physical analog 
control interface

integrate with 
central bulding 

managment 
system

Design 
the PEC as 
a detachable 
element from 
the building

Provide 
means 

for adjusting 
for personal 
selection of 

settings

Select 
material with 
low thermal 
emmissivity

Select 
sustainable 

materials

PerformanceControl Robustness

Provide 
automatic 
control of 

airspeed
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Performance Control Robustness
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Should

Must

Should Should

Must Must
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Position 
the device 
in the 3rd 

ergonomic zone 
or beyond

Silent 
operation

Design 
means for 
targeting 
airflow on 

feet

Avoid draft 
felt by towards 

occupants

Precize 

adjustable per 

body par

Visual 
& tangible 
feedback

Contextual 
and aesthetic 

integration

Flexibiltiy 
towards the 

office floorplans

Design 
means for 
targeting 
airflow to 

arms

Selecting 
energy-

efficient fan(s) 
to produce 1.5 

m/s at user’s 
location

Position  
the contol 
point in the 
2nd or 3rd 
ergonomic 

zone

Keep each 
layer easy to 

separate

Design 
for easy 

maintenance 
to be done by 

non-experts

Base your 
design on a 300 
mm grid or on 

furniture size

Design  
for ease of 

dissassembly

Add HEPA filter 
(if necessary)

Balancing 
air speed 

and volume 
by maximizing 

surface area 
output

Provide 
devices in 

multiple colors 
and textures

Design means 
to prevent dirt 
accumulation

Design 
means for 
targeting 
airflow to 
forehead

Design 
means for 
achieving 

an airpower 
spectrum slope 

β ≈1.8

Design 
means for 
achieving 
turbulence 

intensity 
between 
40% - 60%

Communicate  
by using: 

1. Buttons, 
2. Symbols, 

3. Letters/
Numbers

Design means 
for on/off 
function

Design means 
for automated 

function

Design means 
for finetuning 

airspeed

Add memory 
capability 
function

Add presence
sensors

Provide a digitial 
interface

Provide a 
physical analog 
control interface

integrate with 
central bulding 

managment 
system

Design 
the PEC as 
a detachable 
element from 
the building

Provide 
means 

for adjusting 
for personal 
selection of 

settings

Select 
material with 
low thermal 
emmissivity

Select 
sustainable 

materials

PerformanceControl Robustness

Provide 
automatic 
control of 

airspeed

M
U
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O
U
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Criteria

Criteria

Criteria

Requirements
Requirements

Requirements

ConsiderationsConsiderationsConsiderations
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Position 
the device 
in the 3rd 

ergonomic zone 
or beyond

Silent 
operation

Design 
means for 
targeting 
airflow on 

feet

Avoid draft 
felt by towards 

occupants

Precize 

adjustable per 

body part

Visual 
& tangible 
feedback

Contextual 
and aesthetic 

integration

Flexibiltiy 
towards the 

office floorplans

Design 
means for 
targeting 
airflow to 

arms

Selecting 
energy-

efficient fan(s) 
to produce 1.5 

m/s at user’s 
location

Position  
the contol 
point in the 
2nd or 3rd 
ergonomic 

zone

Keep each 
layer easy to 

separate

Design 
for easy 

maintenance 
to be done by 

non-experts

Base your 
design on a 300 
mm grid or on 

furniture size

Design  
for ease of 

dissassembly

Add HEPA filter 
(if necessary)

Balancing 
air speed 

and volume 
by maximizing 

surface area 
output

Provide 
devices in 

multiple colors 
and textures

Design means 
to prevent dirt 
accumulation

Design 
means for 
targeting 
airflow to 
forehead

Design 
means for 
achieving 

an airpower 
spectrum slope 

β ≈1.8

Design 
means for 
achieving 
turbulence 

intensity 
between 
40% - 60%

Communicate  
by using: 

1. Buttons, 
2. Symbols, 

3. Letters/
Numbers

Design means 
for on/off 
function

Design means 
for automated 

function

Design means 
for finetuning 

airspeed

Add memory 
capability 
function

Add presence
sensors

Provide a digitial 
interface

Provide a 
physical analog 
control interface

integrate with 
central bulding 

managment 
system

Design 
the PEC as 
a detachable 
element from 
the building

Provide 
means 

for adjusting 
for personal 
selection of 

settings

Select 
material with 
low thermal 
emmissivity

Select 
sustainable 

materials

DESIGN 
CRITERIA

DESIGN 
REQUIREMENT

DESIGN
CONSIDERATION

PerformanceControl Robustness

Provide 
automatic 
control of 

airspeed
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Ergonomic Manual 
Measurements for a BreezeMaker Device based on the 
minimum & maximum dimensions of the human body in centimeters

3rd ergonomic zone

2nd ergonomic zone

1st ergonomic
zone

Schoulder Width: 49.3

Large Man
Standing:200

50˚

35˚

30˚

30˚

35˚

40˚

70˚

ergonomic zone
2nd 3rd1st

ergonomic zone
2nd3rd 1st 

35˚

50˚

70˚

50˚

60˚

75˚

73˚ 45˚

Table width (extra): 180

Table Width: 160

 Max.
Acoustic 

Partitioning
Height : 

80

Table
Height

Standing:
120

Large Man Sitting:
142.7

Small Woman
Kin height:
99

Separation 
upper  & 
middle:99

Table 
Height 
Sitting:
99

Separation
upper  &
middle:

149.1

Visual LimitMinimum Sitting Angle
Venilation Area :

Sitting Separation Angle
Venilation Area:

Maximum Sitting Angle 
Venilation Area:

Limit of Color Discrimination

Max. Eye Movement

Easy
Eye

Movement

Sitting Hip Width: 40.1

30 303030 30 30
grid size

 Min.
Acoustic 

Partitioning
Height : 

45

 min.
acoustic 

partitioning: 
20

Screen
Height: 50 

Max. Height of Ventilation 
Opening Area: 67

Max. Height 
Desk-mounted 

PC attachment: 18 

Max. Widh of Ventilation 
Opening Area: 100 

40

60

80

Max.
Acoustic 

Partitioning
Width :12

70

90

Max.
Width 

Desk-mounted 
PC attachment:

20

30˚

35˚

15˚
Easy Eye Movement

Good Visual Zone

Maximum  Eye Movement:

easy reach length :
65

Letter Style :

Location of
Titles :

Character 
Orientation :

Work 
Orientation :

Optimum Con-
trast :

Min. Contrast 
ratio:

Spacing Optimum
between  controlers:

Simple and Sans Serif 
(e.g., Futura, Helvetica, 
Venus or Gothic)

Above displays or 
controls (except when 
the control or display 
is above eye level

Prefer always vertical

Prefer always 
horizontal

10:1

3:1

1.9

Panel 
Hierarchy :

Panel  
Organization :

Climate
Communication:

On/Off:

Increase/Decrease:

Raise/Lower:

1. Physical Button
2. Symbols
3. Letters

prioritiy controls 
first, related controls 
together, max 8 
controls

warm(er) or cold(er), 
temperature up or 
down

Up/Down, Right/Left, 
Fwd/Back, Pull/Push, 
Clockwise/Counnter C

Up/Down, Right/Left, 
Fwd/Back,
Clockwise/Counnter C

Up/Down, Back/Fwd

Minimum Font 
Heigt 3.3 

Routine Marking

Minimum Font 
Heigt 4.8 

Critical Marking

Visual Display Organization 

Minimum Size of Indexes Low Illumination

Minimum Size of Indexes High Illumination

Major Index : 7.1 x 1.1
Minor Index : 3.3 x .81

Intermediate : 5.1 x .91

Spacing : 2.3

Major Index : 7.1 x .4
Minor Index : 2.8 x 0.4

Intermediate : 5.1 x .4

Spacing : 1.8
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Ergonomic Manual 
Measurements for a BreezeMaker Device based on the 
minimum & maximum dimensions of the human body in centimeters

3rd ergonomic zone

2nd ergonomic zone

1st ergonomic
zone

Schoulder Width: 49.3
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Table width (extra): 180
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Sitting Separation Angle
Venilation Area:

Maximum Sitting Angle 
Venilation Area:

Limit of Color Discrimination

Max. Eye Movement

Easy
Eye

Movement

Sitting Hip Width: 40.1

30 303030 30 30
grid size

 Min.
Acoustic 

Partitioning
Height : 

45

 min.
acoustic 

partitioning: 
20

Screen
Height: 50 

Max. Height of Ventilation 
Opening Area: 67

Max. Height 
Desk-mounted 

PC attachment: 18 

Max. Widh of Ventilation 
Opening Area: 100 

40

60

80

Max.
Acoustic 

Partitioning
Width :12

70

90

Max.
Width 

Desk-mounted 
PC attachment:

20

30˚

35˚

15˚
Easy Eye Movement

Good Visual Zone

Maximum  Eye Movement:

easy reach length :
65

Letter Style :

Location of
Titles :

Character 
Orientation :

Work 
Orientation :

Optimum Con-
trast :

Min. Contrast 
ratio:

Spacing Optimum
between  controlers:

Simple and Sans Serif 
(e.g., Futura, Helvetica, 
Venus or Gothic)

Above displays or 
controls (except when 
the control or display 
is above eye level

Prefer always vertical

Prefer always 
horizontal

10:1

3:1

1.9

Panel 
Hierarchy :

Panel  
Organization :

Climate
Communication:

On/Off:

Increase/Decrease:

Raise/Lower:

1. Physical Button
2. Symbols
3. Letters

prioritiy controls 
first, related controls 
together, max 8 
controls

warm(er) or cold(er), 
temperature up or 
down

Up/Down, Right/Left, 
Fwd/Back, Pull/Push, 
Clockwise/Counnter C

Up/Down, Right/Left, 
Fwd/Back,
Clockwise/Counnter C

Up/Down, Back/Fwd

Minimum Font 
Heigt 3.3 

Routine Marking

Minimum Font 
Heigt 4.8 

Critical Marking

Visual Display Organization 

Minimum Size of Indexes Low Illumination

Minimum Size of Indexes High Illumination

Major Index : 7.1 x 1.1
Minor Index : 3.3 x .81

Intermediate : 5.1 x .91

Spacing : 2.3

Major Index : 7.1 x .4
Minor Index : 2.8 x 0.4

Intermediate : 5.1 x .4

Spacing : 1.8
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Application of the 
Framework
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Morphological Chart Method
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Design 
Requirement 3

Morphological Chart Method

Design 
Requirement 1

Design 
Requirement 2

Variation 1 Variation 2 Variation 3 etc

Variation 1 Variation 2 Variation 3 Variation 4

Variation 1 Variation 2 Variation 3

Variation 5 Variation 6 Variation 7
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Physical Interface

Finetuning

On/Off

Automatic preset 
funtion
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Physical Interface

Finetuning

On/Off

Automatic preset 
funtion
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Ergonomic Manual 
Measurements for a BreezeMaker Device based on the 
minimum & maximum dimensions of the human body in centimeters
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Orientation :

Work 
Orientation :

Optimum Con-
trast :

Min. Contrast 
ratio:

Spacing Optimum
between  controlers:

Simple and Sans Serif 
(e.g., Futura, Helvetica, 
Venus or Gothic)

Above displays or 
controls (except when 
the control or display 
is above eye level

Prefer always vertical

Prefer always 
horizontal

10:1

3:1

1.9

Panel 
Hierarchy :

Panel  
Organization :

Climate
Communication:

On/Off:

Increase/Decrease:

Raise/Lower:

1. Physical Button
2. Symbols
3. Letters

prioritiy controls 
first, related controls 
together, max 8 
controls

warm(er) or cold(er), 
temperature up or 
down

Up/Down, Right/Left, 
Fwd/Back, Pull/Push, 
Clockwise/Counnter C

Up/Down, Right/Left, 
Fwd/Back,
Clockwise/Counnter C

Up/Down, Back/Fwd

Minimum Font 
Heigt 3.3 

Routine Marking

Minimum Font 
Heigt 4.8 

Critical Marking

Visual Display Organization 

Minimum Size of Indexes Low Illumination

Minimum Size of Indexes High Illumination

Major Index : 7.1 x 1.1
Minor Index : 3.3 x .81

Intermediate : 5.1 x .91

Spacing : 2.3

Major Index : 7.1 x .4
Minor Index : 2.8 x 0.4

Intermediate : 5.1 x .4

Spacing : 1.8
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How do you determine which 
variant is the best?
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Harris profile
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-10 -5 +5 +10

Design Criteria 1

Design Criteria 2

Design Criteria 3

Design Criteria 4

Design Criteria 5

Design Criteria 6
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-10 -5 +5 +10

Silent operation

Avoid Draft felt by Others

Precize Adjustable per Body 
Part

Visual & Tangible Feedback

Cont. and Aesthic integration

Flexibiltiy towards the office 
floorplans
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under the desk (5) partition(35) full 3rd erg. zone (15)

Airflow on Arms

-10 -5 +5 +10

Noiseless

No Draft felt by Others

Precize Adjustable per 
Body Part

Visual & Tangible 
Feedback

Visually Integrated

Limitless office space 
Flexibllity

-10 -5 +5 +10 -10 -5 +5 +10
flow under pc screen (35) box under pc screen (15) side elements (20)

-10 -5 +5 +10 -10 -5 +5 +10 -10 -5 +5 +10 -10 -5 +5 +10

lamp idea (15)
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Deskmounted Partition element

Ceiling mounted
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Deskmounted element
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Inlet Air

O
utput Air
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Partition element
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Inlet Air

Output Air
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Ceiling mounted element
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Inlet Air

O
utp

ut A
ir
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Final Design
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Conclusion & Final Design
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How can we develop an evidence-based framework to implement 
personalized air velocity for occupants in open-plan offices during summer 

and design an effective solution?

Research question
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Perception

Behaviour

Environmental
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Operative 
Temperature 

(°C)

24-30 °C

Relative
Humidity 

(%)

40 -60%

Airspeed
(m/s)

0.2 - 1.5 m/s

Clothing
Insulation

(clo)

0.6 clo

Metabolic
Rate
(met)

1 - 1.4 met
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Performance Control Robustness
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User Experts

137



Should

Must

Should Should

Must Must
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Criteria

Criteria

Criteria

Requirements
Requirements

Requirements

ConsiderationsConsiderationsConsiderations
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Silent 
operation

Avoid draft 
felt by towards 

occupants

Precize 

adjustable per 

body part

Visual 
& tangible 
feedback

Contextual 
and aesthetic 

integration

Flexibiltiy 
towards the 

office floorplans

PerformanceControl Robustness
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Interactive BreezemakerInteractive BreezemakerInteractive BreezemakerInteractive Breezemaker
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Interactive BreezemakerInteractive BreezemakerInteractive BreezemakerInteractive Breezemaker
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Interactive BreezemakerInteractive BreezemakerInteractive BreezemakerInteractive Breezemaker
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Interactive BreezemakerInteractive BreezemakerInteractive BreezemakerInteractive Breezemaker
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Interactive BreezemakerInteractive BreezemakerInteractive BreezemakerInteractive Breezemaker
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Interactive BreezemakerInteractive BreezemakerInteractive BreezemakerInteractive Breezemaker
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Interactive 
				   Breezemaker
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Targeting the wind
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Targeting the wind
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Test results projected onto the ASHRAE-55 standard (Zhai et al., 2017)

A
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e
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Opeative Temprature (°C)
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User control
Fixed
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100

10-1
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Frequency (Hz)

E
(f

)

101

100

10-1

10-2

10-3

10-4

10-5

10-6

10-2 10-1 100 101

Frequency (Hz)

101

100

10-1

10-2

10-3

10-4

10-5

10-6

10-2 10-1 100 101

Frequency (Hz)

β -value = 1.84 β -value = 0.66 β -value = 0.54

Comfortable natural 
wind

Uncomfortable natural 
wind

Mechanical wind

(Zeng et al., 2021)
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Natural wind 

(Xie et al.,2023)

Axial fan Wall airco
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device

stimulus

experiences

expectations

evaluation

behaviour

knowledge of 
control strat. 

social 
environment

building 
context

satisfaction

dissatisfaction

P
E

R
S

O
N

A
L

BEHAVIORAL

E
N

V
IR

O
N

M
E

N
T

A
L

locus of 
control 

perceived
control 

actual
preference 

select 
outcome

available
control

exercixed 
control

constrains
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