
Welcome & intro to
venticool

Hilde Breesch, Peter Wouters (venticool) 

https://venticool.eu
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Resilient ventilative cooling in standards, 
legislation & energy performance calculations
• Energy performance regulations

• key market drivers

• Ventilative cooling requires mature assessment thermal comfort & ventilation 
losses

• Standards, legislation & energy performance calculation need to include
• Assessment of overheating

• Assessment of resilient natural & mechanical ventilative cooling

• Design calculation methods

• venticool’s concern = international (CEN, ISO) but also national

venticool’s position

• Ventilative cooling
• reduce cooling energy need

• Direct renewable cooling energy source

• Implementation of ventilative cooling is limited

• venticool
• Asks standards & legislation writers: fair & easy evaluation ventilative 

cooling performance

• Provides knowledge & tools for designers to assess potential & limitations

• Focus on resilient cooling -> stimulates uptake of ventilative cooling
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“Dumb buildings with smart users? Linking 
building performance & human well being”

timing subject speaker

15:30 Welcome & intro venticool – Active House Alliance Hilde Breesch (KU Leuven/venticool)
Yves Lambert (Renson/AHA)

15:40 Rethinking comfort within human-building resilience Marcel Schweiker
(Universitätsklinikum Aachen, Germany)

15:55 The sense of cognitive architecture Marco Imperadori
(Politecnico di Milano, Italy)

16:10 An occupant voting system for continuous feedback Donya Sheikh Khan
(Ramboll, Denmark)

16:25 Active House Comfort score Bas Hasselaar
(DGMR, The Netherlands)

16:40 Questions and answers
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- Healthy Buildings for People & Planet

Active House 

Active house alliance 

The alliance was formed in 2011. 
It is based in Belgium with a part-time secretariat. 

The Alliance is a network and provides support for 
local chapters, organises training, symposiums and 
the AH Awards. 

It is a not-for-profit organisation
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Active HouseActive House
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Residential 
New build & renovation

Architects

Consultants

Developers

End users

Healthcare

Housing corporations

Municipalities

Professional house builders

Project developers

Product suppliers

Focus area

Stake holders

Human centric design tool for healthier energy efficient buildings
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Active House Principles
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International AH alliance partners
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ACTIVE HOUSE LOCAL CHAPTERS around the world
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Institute for Occupational,
Social and Environmental Medicine
Healthy Living Spaces Lab

Rethinking comfort within human-building resilience*
Marcel Schweiker
Webinar – Dumb buildings with smart users? Linking building performance & 
human well being
15 November 2022

*    Schweiker (2022). Rethinking resilient thermal comfort within the context of human-building resilience. 
In: Nicol et al., Routledge Handbook of Resilient Thermal Comfort

Page 2Uniklinik RWTH Aachen 

Rethinking resilience



Resilience

• Resilient
buildings

Page 3Uniklinik RWTH Aachen 

All starts with a challenge…

Page 4Uniklinik RWTH Aachen | Schweiker (2020). Windsor conference https://windsorconference.com/ | Schweiker (2022). Rethinking resilient 
thermal comfort within the context of human-building resilience. In: Nicol et al., Routledge Handbook of Resilient Thermal Comfort



Building resilience

Page 5Uniklinik RWTH Aachen 

Building resilience – the case of active cooling

Page 6Uniklinik RWTH Aachen 
max. relief = max. resilience? = max. WB&H?



Misunderstood building resilience

Page 7Uniklinik RWTH Aachen  | Hoyt et al. 2014 Extending air temperature setpoints | Photo by Douglas LeMoine/CC BY-ND 2.0 | 
https://www.nytimes.com/2021/05/03/climate/heat-climate-health-risks.html

Page 8Uniklinik RWTH Aachen © CC Manh An https://upload.wikimedia.org/wikipedia/commons/e/e2/Summer_fruit_salad.jpg

Relief is nice



Relief is nice, but…

Page 9Uniklinik RWTH Aachen 

Adding the human dimension

Page 10Uniklinik RWTH Aachen 
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Rethinking comfort

Thermal comfort

Page 12Uniklinik RWTH Aachen 

• How do you feel right now?

• Hot
• Warm
• Slightly warm
• Neither nor
• Slightly cool
• Cool
• Cold

Comfort/
Neutrality

Well-being/
health/ resilience



Rethinking comfort

Page 13Uniklinik RWTH Aachen | Schweiker and Wagner (2015) https://doi.org/10.1016/j.buildenv.2015.08.018 | Schweiker et al. (2020) 
https://doi.org/10.1016/j.enbuild.2019.109745 | Schweiker (2022) https://doi.org/10.1111/ina.13018

• (not only) relief, (the neutrality approach)
• (but also) encouragement (adaptation), and 
• enjoyment (alliesthesia) 

summer
winter

summer
winter

Perception vs. evaluation – the Scales study

Page 14
Uniklinik RWTH Aachen | Schweiker et al. 2019 https://doi.org/10.1038/s41597-019-0272-6 | 
Schweiker et al. 2020 https://doi.org/10.1016/j.enbuild.2020.109761

N= 90+ Reserchers | 20+ language versions
8225 data sets from 59 cities in 32 countries

LuF Healthy Living Spaces, Institut für Arbeits-, Sozial- und Umweltmedizin



Page 15Uniklinik RWTH Aachen | Schweiker et al. 2019 https://doi.org/10.1038/s41597-019-0272-6 | 
Schweiker et al. 2020 https://doi.org/10.1016/j.enbuild.2020.109761

• Hot
• Warm
• Slightly warm
• Neither nor
• Slightly cool
• Cool
• Cold

Page 16Uniklinik RWTH Aachen | Schweiker et al. 2019 https://doi.org/10.1038/s41597-019-0272-6 | 
Schweiker et al. 2020 https://doi.org/10.1016/j.enbuild.2020.109761

Comfort/
Neutrality

Well-being/
health/ reslience



Discomfort and health
• Cold exposure increases insulin 

sensitivity in patients with type 2 
diabetes mellitus (Hanssen et al. 
(2015).

• Passive mild heat exposure lowers 
fasting glucose, insulin, mean arterial 
blood pressure (Pallubinsky et al. 
2020)

Page 17

p .007 p .026

Uniklinik RWTH Aachen | Hanssen et al. 2015 | Pallubinsky et al. 2020

Page 18Uniklinik RWTH Aachen 

Rethinking human-building
resilience



Human-building resilience
framework

Page 19Uniklinik RWTH Aachen | Schweiker (2020). Windsor conference https://windsorconference.com/ | Schweiker (2022). Rethinking resilient 
thermal comfort within the context of human-building resilience. In: Nicol et al., Routledge Handbook of Resilient Thermal Comfort

The intelligent occupant

• Chosen fan speed increased with 
reduced efficiency due to 
reversed fan direction

Uniklinik RWTH Aachen | Schweiker, M., et al. (2014). Windsor conference. | Wagner et al. 2015 Nutzerzufriedenheit in Bürogebäuden | 
O’Brien & Gunay 2014 The contextual factors contributing to occupants‘ adaptive comfort behaviours

Subconsciously … … and sometimes surprising

Page 20



Institute for Occupational,
Social and Environmental Medicine
Healthy Living Spaces Lab

Thank you for 
your attention!
Any questions?
Contact: mschweiker@ukaachen.de

Uniklinik RWTH Aachen | Schweiker (2022) 



The sense of Cognitive Architecture 

Marco Imperadori

Full Professor, Rector’s Delegate Far East

marco.imperadori@polimi.it

15/11/2022
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Copenhagen International School

Photo: Adam Mørk

Location Copenhagen, Denmark
Project type New construction
Use Educational building
Design C.F. Møller Architects
Year 2017

COMFORT – improve focus and learning into 
a better indoor environment 

ENERGY – integrated design between 
envelope, systems and renewable energy

ENVIRONMENT – NZEB for a lower 
environmental impact

Copenhagen International School 
Has the largest European BIPV—Building 
Integrated Photovoltaic.

Credit: Active House Alliance
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COMFORT – improve focus and 
learning into a better indoor 
environment 

• DAYlight and LEDlight

• 20% window/floor area

• 21-26°C
thanks to good insulation and heat 
recovery ventilation system

Photo: Adam Mørk

ENERGY – integrated design between 
envelope, systems and renewable 
energy

• 15 kWh/m2y

• 6000 m2 BIPV

• 69% renewables covering the energy 
demand

Renewable sources and high energy-efficiency within architecture
towards healthier buildings 

Photo: Adam Mørk
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Green Solution House

Photo: Adam Mørk

Location Bornholm, Denmark
Project type Refurbishment and new construction
Use Conference center
Design Architectural design Kasper Guldager Jensen—3XN, Steenbergs

Tegnestue, SLA, GXN innovation; Engineering design Ramboll, COW; 
Developer Trine Richter, Hotel Ryttegården AH monitoring LEAPCRAFT

Year 2017

COMFORT – visual comfort in living and working 
spaces

ENERGY – smart management for lower 
consumption

ENVIRONMENT – sustainable construction

Green Solution House
the Active House principles under 
monitoring survey

Credit: Active House Alliance
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COMFORT – visual comfort in living 
and working spaces

• Skylights and solar tunnels (DFmin
6,6%)

• greenwall and specific finishing 
materials to purify indoor air, absorbing 
pollutant particles and balancing 
humidity levels.

Photo: Adam Mørk

Milano, the “impermanent City”         
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Schematic design

Lighting analysis

Fattore medio di luce diurna e
Rapporto aeroilluminante. Nella
situazione reale (a sinistra), la luce
zenitale assicura alti valori di FLD e di RAI
(0,10 minimo – Comune di Milano),
rispetto alla situazione di studio (a destra)
priva di aperture zenitali.

Luminanza. Il confronto della luminanza (21 Giugno - h 12:00) fra la situazione reale (in presenza di lucernari) e di studio (in
assenza di lucernari), mostra come la luce zenitale renda i valori più omogeneamente distribuiti all’interno dei locali. Inoltre, il
fenomeno dell'abbagliamento è ben controllato dai sistemi di schermatura posti all’esterno.
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Pompa di calore aria-acqua (7 kW 
riscaldamento, 6.1 kW 
raffrescamento), solare termico (3 
collettori solari, 160l serbatoio di 
accumulo)

Ventilazione meccanica (portata 
massima 470 m3/h) con recuperatore 
di calore (>90%)

Riscaldamento (90 W/m2) e 
raffrescamento (30 W/m2) radiante a 
pavimento

Energy simulations and machines system

July 2013 – Drone Experiment (Drone experiment) 
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Further information:
https://www.youtube.com/channel/UCSa2fi8_CYlPdEa2egRUNpA
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Like a natural complex 

systems as the Mycelium, 

the plant internet network.
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Toward an implementation 

taking its origin from 

biological inspirations as 

these similar different 

approaches are in our basic 

best foundations.
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Augmented Reality
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Wireless sensors network monitoring systems
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It is not the strongest nor the most
intelligent that survives but the one that is
ready to adapt to changements.

Charles Darwin, 

The origin of species, 1859

Case study
- VELUXlab: COGNITIVE BUILDING and DATA VISUALIZATION
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Ph. Giacomo Bianchi, Arte Sella

Comfort Energy Environment

Radar Data

First Italian building “Net Zero
Energy” in a University Campus

And through the integration of the PV
system:

First Italian Active House certified as
built

Certification Active House
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What if?
Cognitive Buildings: Adaptive 

Sustainable Operational Management

Priority to the indoor climate and 

energy consumption to guarantee 

of psychological heath and tax 

benefits, having control on 

the building behaviour .

Building Process

DESIGN OPTIONEERING CONSTRUCTION AND CHECKVALIDATION OPERATION AND MAINTENANCE

MODEL 

VALIDATION 

LABELLING DO 

B I M

1 D

B I M

2 D

B I M

3 D

B I M

4 D

B I M

5 D

B I M

6 D

B I M

7 D

CONNECTION AND 

COLLABORATION 

“RIBA Plan of Work 2020 Overview,” 2020.
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Active House
- a user-centered method for the entire building process
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The case studies were selected to 

advance the research into 7D 

dimension of the asset-construction 

digitalization on cognitive buildings 

proceeding from a small scale to 

different contexts and larger ones. 

Specifically, to pursue the research 

objective the S-size buildings cases 

will be tested to evaluate the 

reliability of the approach in larger 

scales.

Porta Romana 

District
CPH Village unit Living Places unit Living Places 

small district
Green Solution 

House

VELUXlab CPH Village 

district

Unipol Tower

S M L XL Adaptive approach

S-size 10 – 300 mq

M-size 1.000 – 3.000 mq

L-size 4.000 – 30.000 mq

XL-size 100.000 – 200.000  mq

Arrow = project size category

Wet construction system

Wet / dry construction system

Dry construction system

Ring = construction system

Residences 

Residences / Offices

Hotel, new construction-retrofitting

Offices  

Ring = construction type

Applications and Future Developments
A field study with different cases
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A student housing with two 

offices surrounded by a calm 

urban forest, developed 

under the living small 

concept.

It is under test for 

monitoring.

S

CPH Village 
unit/district

Fig. CPH Village, Jernbanebyen, Copenhagen, Denmark
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S

The building sensors 

installed with different 

benefits.

AirBird

MiniNode

AmbiNode

CPH Village 
unit/district

https://leapsight.leapcraft.com/.
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https://leapsight.leapcraft.com/; https://en.climaid.dk/; https://cphvillage.com/: https://www.velux.it/.

CPH Village 
unit/district
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CPH Village 
unit/district

https://leapsight.leapcraft.com/; https://en.climaid.dk/; https://cphvillage.com/: https://www.velux.it/.
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VELUXlab
Installation VELUX-BTCINO-POLIMI
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S

c
Chick  here

Indoor Sensors

Outdoor Sensors

Third party 

1 App

Controller

Router

Gateway

We
b

Chick for help

Chat/Ticket
OPEN ASSISTANCE

Chick for 
more

Chick for 
help

Chat

Chick for 
more

Cognitive layer
Sensors: VELUX, 

leapcraft, btcino

Devices layer
Gateway, wirless and 

wired connection 

Visualization layer
leapcraft, legrand

Data layer
BIM, BMS, Smart devices cloud
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VELUXlab
unit – the interconnection

"It is not simply 

about introducing objects 

into contexts, but 

about activating a 

sympathetic relationship 

with them." 

_____

Short-circuits, Chen Zen
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There is no favorable wind, 

for the sailor who does not know where to go.

Seneca
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Ramboll

Occupant voting 
systems for 
continuous feedback
Presenter
Donya Sheikh Khan, PhD, Arch Eng
Senior Specialist, Ramboll

Ramboll

Agenda

2

01 Why is occupants’ 
feedback important?

02 How do we collect their 
feedback?

03 Why use occupant 
voting systems?

04 Considerations for using 
occupant voting system

05 Example of application of 
OVS – case study

06 Recap



Ramboll 3

Ramboll 4

Indoor temperature during cooling 
season was <23˚C: 

36% “Too cold” – 58% “Dissatisfied”



Ramboll 5Ramboll

Ramboll 6

Social-idealist Technical-idealist

• Observations
• Interview
• Focus group
• Logbook/ photovoice

• Questionnaire
• Voting
• Sensor
• Interaction

Systematic data collection

The terms social- and technical-idealist is based on M. Earl, Jour. of Management IS, 18, 1 (2001)



Ramboll 7

Environment

Sensing Experience
(Qualitative)

Experience
(Quantitative)

Impression

Human 
as a 

sensor

Ramboll 8

CMMS (Helpdesk) Questionnaire Occupant Voting System 
(OVS)



Ramboll 9

Tablet or panel of feedback 
buttons

Wearable

Smartphone

Ramboll 10

Interface & User 
friendliness

Sheikh Khan et al, HB2021



Ramboll 11

”Novelty” effect

Sheikh Khan et al, Frontiers in Built Environ., March, 2021

Ramboll 12

Non-intrusive

Mini-Orb, Rittenbruch et al

Right now, here at your office, how do you feel?

Too Cold

Too Warm

Fine

Draught

Stuffy

TiAQ, Sheikh Khan



Ramboll 13

Tegning af 
dashboard

Feedback on 
Feedback

Expected that TiAQ
would be used to control
the indoor climate

Expected feedback to 
be used by the 
building operator

Expected reminders 
for providing
feedback Dashboard for users showing indoor climate and feedback, Sheikh Khan

Ramboll

• Occupant feedback
• TVOC, CO2, RH, Ti
• Airflow, Tinlet.
• Energy consumption
• Tout, sunshine-hours
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Ramboll 15

SW

S
E

N
W

4th, 5th & 6th floor 
360-80 m2, 35-37 persons.

8th floor
190 m2, 9 persons.

IEQ sensor

TiAQ (feedback) panel

Ramboll 16Sheikh Khan et al, Frontiers in Built Environ., March, 2021



Ramboll 17Sheikh Khan et al, Energy & Buildings 251 111363, 2021

Lowest complaints at
Ti = 23.5˚C 

Highest comfort at 600 
l/s per office

Ramboll 18

Suggested control:
Current airflow reduced by 25%

&
Temperature set point changed 

from 24˚C to 23.5˚C  

Lowest complaints at
Ti = 23.5˚C 

Highest comfort at 600 
l/s per office

~40% energy 
reduction & ~10% 
increased comfort



RambollRamboll

Recap 1.Occupant feedback is important information 
to include in optimizing HVAC operation

2.Solicited and unsolicited here-and-now 
feedback can be collected with OVS

3.OVS design and implementation is important 
for getting quality feedback data

4.Feedback data used by building operator, can 
identify control settings for improving energy 
consumption and occupant comfort

19

RambollRamboll

Thanks
Donya Sheikh Khan
dskh@ramboll.dk
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Bas Hasselaar bha@dgmr.nl 15-11-2022

Active House – Comfort Score
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9

Daylight

10

Daylight option 1 – daylight factor (standardized method)
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Daylight option 2 – daylight autonomy (dynamic calculations)

12

Thermal environment
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Thermal environment 

Maximum temperature

14

Thermal environment 

Minimum temperature
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Indoor air quality

16

Indoor air quality
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Acoustic quality

18

Acoustic quality
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