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20ste-eeuwse aanpak
• Eenvoudige berekeningen
• Ingewikkelde Installaties & bouwkundige details
• Hoe investeringen en desondanks toenemend 

energie gebruik
• Toenemend ‘comfort’ , afnemende gezondheid en 

concentratie vermogen

• ‘ Frisse’  school:
– > 1.100 €/m² installaties, 

onderhoud en afschrijving > 75 €/m².j
– Primair energie gebruik > 50% hoger dan in 1973
– Obesitas een van de grootste gezondheidsproblemen

niet ondanks 
maar dankzij 

‘frisse’ scholen norm









Isolatie
Installaties

Ruimte hoogte
m² p.p.



Prof. Dipl.-Ing. Thomas Auer | Chair of Building Technology 
and Climate Responsive Design | TUMunchen

Increased complexity →  
systems in more than 90% of the cases do not perform (as intended)

annual maintenance & reservation replacement over 5x higher
no or hardly any measured increased energy efficiency 



Hoe komt dit 
& 

kan het beter
?
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A static highly
controlled
environment is 
productive
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Assumption 1:



Then why do students fall
asleep in lecture rooms?
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because we’re telling 
their body to go to sleep
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for nearly 300.000 years
this is when our body is 
trained to be alert



A static
highly
controlled
environment 
isn’t
productive

Symbiotic Architecture: Connecting nature, technology and culture



A strictly
individually
control indoor 
climate is 
healthy
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Assumption 2:
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= +

Energy Intake = Labour x Metabolism



You :
“

Doctor 
I get really tired if I walk 
more then 10 minutes

” 

Doctor: 
“

then don’t leave the
couch for more then 5 

minutes
“

Discussion
a thermoneutral indoor climate
is like going to this doctor  
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Reduced metabolism since 1970’s
equals
average increase of 10 -15 kg of body mass
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Obesity increased with > 300%
approximately 30-40% of the increase can be

contributed to reduced metabolism

Indoor Air Temperature Changes

Average indoor temperature in winter
increased with over 3 ⁰C

‘simple’ mathematics:

1 ºC equates to ± 3 -5 kg 
body mass

worth of metabolism



Short term 
comfort 
isn’t
healthy
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decrease in life expectancy in the US, mostly due to:
stress & obese



Increasing
efficiency  is the
way to reduce
environmental
impact of the
build
environment?
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Assumption 3:



Jevons Paradox 
the rebound effect
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90% increased efficiency 1600 % decreased effectiveness

> >
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Source: cbs

resulting
increase > 75%

Domestic heating energy per person
(Netherlands 1950 to 2014)

real life increase due to
decreased effectiveness

expected saving based on 
increased efficiencydecrease > 90%



efficiency 
‘only’ 
isn’t

sustainable

Symbiotic Architecture: Connecting nature, technology and culture

‘if you do what you did, you’ll get what you got ‘
Albert Einstein

FOSSILE INDUSTRIAL ERA

RENEWABLE INDUSTRIAL ERA



Simple 
standardized
calculations are 
useful to design 
21st century
buildings
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Assumption 4:



-10 -5 0 5 10 15 20 25 30 35

De Bilt 2010
10,5 ºC

verwarmingssysteem

gemiddelde temperatuur conform NEN 660

koelsysteemsysteem

Met een gemiddeld bezettingsgraad
Met een gemiddelde windsnelheid (In het weiland)



-10 -5 0 5 10 15 20 25 30 35

De Bilt 2010
10,5 ºC

Rotterdam 2019
13,5 ºC

traditioneel ontwerp

bepalend voor energie gebruik



-10 -5 0 5 10 15 20 25 30 35

De Bilt 2010
10,5 ºC

Rotterdam 2019
13,5 ºC

DagNacht

90% van de tijd (de Bilt)

vakantie

werkelijke
gebruikstijden

Balans temperatuur schoollokaal ≈ 12,5 ºC zonder wtw

Balans temperatuur schoollokaal < 6,0 ºC met wtw
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13,5 °C

09:00 12:00 15:00 18:00

21,5 °C

400 PPM

1.200 PPM

800 PPM

GBS, VAV met 70% WTW, WP
Leraar, natuurlijke ventilatie, WP
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13,5 °C

09:00 12:00 15:00 18:00

21,5 °C

400 PPM

1.200 PPM

800 PPM

GBS, VAV met 70% WTW, WP Leraar, natuurlijke ventilatie, WP

12 Wh/ m².dag

koeling
41 Wh/ m².dag

ventilatie
93 Wh/m².dag

Elektra gebruik

Elektra gebruik

Onderhoud, 
afschrijving en 

energie

> 75 €/m² 56 Wh/ m².dag
Onderhoud, 

afschrijving en 
energie

< 30/m²

Niet conform wat je uit de BENG verwacht,

wel conform de onderzoeken  
uit Duitsland & UK 

&  logisch indien
je bereid bent niet na te denken 

maar voor te denken



Effect

The 20ste-eeuw gin 
alleen maar over 

(financiële) efficiëntie
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Effort Effectiveness Efficiency= x x



Cultural World

Natural World Technical World

defines the objective

that what happens naturally uses effort to change the outcome

Symbiotic Architecture: Connecting nature, technology and culture

Om Andere resultaten te krijgen zullen we op een 
Andere manier naar de wereld moeten kijken



Cultural World

Natural World Technical World

how we want to alter what naturally
happens

that what happens without human 
interference

human interference to alter the natural
world
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Symbiosis



> 200.000 years ± 10.000 years ± 2.000 years < 100years tomorrow

healthy people and society -
living outdoors together

self imposed limitations – unhealthy people, 
xenophobe society
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Recession Climate Change Biodiversity Collapse Quality of Life Discripancy

De 21ste eeuw gaat over robuustheid
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