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REHVA

REHVA is:

• Federation of European Heating, Ventilation and Air Conditioning 
Associations 

• representing network of > 100.000 engineers from 27 countries

REHVA’s mission is:

• to develop and disseminate economical, energy efficient and 
healthy technology for mechanical services of building

• to serve its members and the field of building engineering 
(heating, ventilation and air conditioning) by facilitating 
knowledge exchange, supporting the development of related EU 
policies and their national level implementation.

For more information, see: www.rehva.eu



My roots



Back in 1999…

‘Indoor Air Quality in 

Schools is bad, we 

should invest in better

ventilation systems!’
‘CRAZY GUY! 

NOBODY WANTS TO

INVEST IN THAT!!’



What triggered our politicians…

• Hundreds of studies about Sick 
Building Syndrome in offices 
and no-one is paying attention 
to Indoor Air Quality at 
school??

• Air Quality in prisons is way 
better than Air Quality in 
prisons, can somebody explain
that??

• Voters don’t care about
children, health and learning
performance??

Schools    Offices    Prisons



NL / EU situation



• Around 2005: Insufficient ventilation in > 80% of Dutch schools

• Improvement in last 10 years!

CO2-concentrations in schools

Van Dijken (TU/e), 2004
BNA survey newly built schools

i.s.m. BBA Binnenmilieu, 2010
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Why is good IAQ@school so important?

Direct effect:

• discomfort (for example odor, health) 

• headache, tiredness and drowsiness

• mucosa irritation (‘dry air’)

• transmission of infectious diseases

Resulting in:

• olfactory discomfort

• absenteeism students & teachers

• poorer learning performance

• hidden costs



Ventilation & olfactory comfort

Source: Fanger & Berg-Munch, 1983

More fresh air means 

better smelling air



Ventilation, infectious diseases

& absenteeism

More fresh air means 

less kids ill at home

Source: Milton et al., 1999



Some field study results

Kolarik et al., 2015:

• 635 children in 20 Danish daycare centers 

• decrease of absenteeism with 12% when 

ventilation rate is increased by a.e.r of 1.

Shendell et al., 2004:

• 434 classrooms in 22 American schools

• in classrooms with CO2-concentration                 

>1000 ppm above outside concentration               

-> 10 to 20% more absenteeism of students



Ventilation & learning performance effects

TNO (De Gids, 2006):

• Comparison between learning performances in classroom with

sufficient ventilation (CO2-controlled) & classroom with ‘standard’ 

ventilation (CO2 concentration 1600 vs 800 ppm)

• Effect on learning performances strongest for MATH TESTS

• At 800 ppm 6% less mistakes on language tests and 23% less

mistakes for math testst

800 ppm 1600 ppm

More fresh air means 

better learning!



Good news: it is improving!

New NL classrooms have substantial higher ventilation rates:
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India situation



Context quite different e.g. 

Outdoor Air Quality

..



Fine particles (PM2.5)

1616

Source: Delhi Pollution Control Committee (four monitors); U.S. Embassy in Beijing                         
(one monitor); Joshua S. Apte, University of Texas at Austin



Field study TUe / Jill Vervoort 

IEQ 5 schools in Delhi (with Santrupti)

Jill Vervoort, TU/e



CO2 concentrations (avg. 2 hrs)
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PM2.5 concentrations

(indoors & outdoors)
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Conclusions field study

• IAQ in Indian schools totally DIFFERENT than IAQ in European 
schools

• Often NO WINDOWS (just shutters, bars etc) – therefore indoor 
fine particle concentration = momentary outdoor concentration

• High PM 2.5 concentrations (> 10 times WHO limit) therefore 
serious health risk! And possibly learning performance effect too

• CO2 concentrations generally LOWER than in Europe

• Limited use of mechanical systems (apart from ceiling fans)

• Thermal comfort esp overheating risk needs attention too

• Need for improved ventilation / facade systems that keep 
‘bad’ outdoor air out – huge OPPORTUNITY for HVAC sector



What’s next?

• ISHRAE-REHVA cooperation

• Kickoff: this seminar

• Concept paper

• New, joint version of school 
guidebook

• Coordinated action to create
awareness at the political, 
schoolboard, community side

• ….



REHVA-ISHRAE concept paper

2222



Just a dream?

"You have to dream

before your dreams

can come true.“

Abdul Kalam



Let’s do this. Thank you.


