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Vorführender
Präsentationsnotizen
Dear Indoor Air enthusiast,
My previous speakers were talking about energy efficient buildings and technology.  As a retired physician I am going to address now two topics of “health” related to buildings.

I will address one comfort aspect: the radiation asymmetry 
and 
one health aspect: the relative humidity

Building “2226” is different from all other buildings in my personal knowledge. I became interested in analyzing the differences and their possible consequences for occupant health. 

In 25 years of family practice I realized the seriousness of the interactions between indoor climate, indoor air contaminants and the health of my patients. Especially the dra indoor climate in winter seamed harmful as a major driver for respiratory tract infections and air pollution.

 














Vorführender
Präsentationsnotizen
Radiation asymmetry is a widely underestimated feature in room comfort. Interestingly the standards have been progressively reduced in the last 50 years. Occupants didn’t change ! – the standards were adapted to the different type of building construction, resulting in less mass and therefore less storage capacity for heat.
Here’s the slide you have seen before. The first two weeks are magnifyed, so you can better see the amazingly small temperature difference between air temperature (black), ceiling temperature (red) and the four walls.
In the whole measured period, none of the surface temperatures showed a difference higher than two degree centigrade to the air temperature!




Permitted limits for radiant temperature asymmetries, DIN EN ISO 7730

Lustenau be «2226»             < 0.3                       < 2

Few other buildings have a similarly low radiant asymmetry

Consequence: 
Combined with the outstanding temperature stability 

this results in excellent thermal comfort

Vorführender
Präsentationsnotizen
This table shows current standards for radiant temperature asymmetries according to DIN EN ISO 7730 for category A, B and C houses.
For category A houses the limit between room air and warmer ceilings is less than 5 degrees centigrade, between cooler walls and room air it is less than 10 degrees centigrade.

***The building Lustenau be «2226» respectively shows differences of 0.3 and less than 2 ⁰C. 

*** Few other buildings have a similarly low radiant asymmetry

Consequence: 
Combined with the outstanding temperature stability this results in excellent thermal comfort







Physiology in Dwellings
Basics of Health in the Built Environment, published 1972

Quote, page 202:
«The temperature differences between air and the enclosed surfaces 
should by no means exceed 2 to 3 degree centigrade»

Prof. Etienne Grandjean

Chair of the Institute for 
Hygiene and Occupational 
Physiology 
Swiss Federal Inst. of  
Technology, Zurich 

Physician and engineer
1950-1983

Vorführender
Präsentationsnotizen
A look back to the 70ies and 80ies of last century shows, that these standards were higher at that time.

1972 Prof. Etienne Grandjean published a book with the title: «Physiology in Dwellings», Basics of Healthy in the Built Environment.

He stated, quote: «The temperature differences between room air and the enclosed surfaces should by no means exceed 2 to 3 degree centigrade»




Vorführender
Präsentationsnotizen
You have already seen this slide that displays internal surface temperatures over six weeks in spring.
It illustrates another feature related to health: available daylight.
The three red arrows mark the three occasions, where the light had to be turned on and consequently heated up the ceiling. 
The optimized building geometry guarantees a maximum of available daylight despite the low percentage of glazing. Therefore additional lighting is rarely needed during office hours. 




Vorführender
Präsentationsnotizen
I now move to my second topic: humidity and health.
The graph illustrates relative humidity in one of the offices over two and a half years. 
Highlighted in dark olive is the relative humidity range from 40 to 60 percent, light olive the range down to 35 percent. 
You see, that even with below-average occupancy per square meter, compared to other office buildings, the median relative humidity never falls lower than around 35 percent. 
This is an astonishingly healthy relative humidity, compared to standard office buildings. 
We compared the indoor relative humidity with the absolute humidity measured at the nearby airport Altenrhein.
If you compare the slope of falling humidity outside and inside, you recognize a delay of around two months.

This most probably is the effect of exchangeable water storage capacity by the massive brick walls.

Is indoor humidity important for health: my answer is a clear yes, very important, but widely disregarded.
Building industry makes great efforts to please most comfort demands of buildings occupants but ignores one: dryness complaints in winter! In hundreds of surveys worldwide between 30 up to 60 percent of occupants complain about dryness in wintertime, especially in energy efficient buildings.
There exists a fundamental, yet unaddressed conflict between «building needs» and «occupant needs» with regard to humidity.
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Vorführender
Präsentationsnotizen
Where is the optimum humidity level?
**Buildings don’t care about low humidity! «The dryer – the better», occupants need optimal humidity of 40 to 60%! 

*** There is a conflict of interests between «Building – Protection» by keeping indoor humidity levels between “20 to 40%”
*** and «Health – Protection» by keeping humidity levels between “40 to 60%”

This largely “hidden conflict” has to do with the heritage of badly insulated buildings of the post-war booming years and the fact that moisture damage in temperate and tropical climates is a major threat to the value of buildings, especially when they are of bad quality.



 










Vorführender
Präsentationsnotizen
These conflicting interests have drastically distorted our management of indoor climate.

Looking back in the history of building climatology, astonishing facts can be discovered ….
Back then, standards for indoor climate and humidity were based on human physiology and health concerns.

In 1968 WHO published this document on «The Physiologic Basis of Health Standards for Dwellings»
I quote: 
The modern home should not only provide protection from unfavourable atmospheric conditions, but also prevent the spread of  contagious disease and ensure physical and mental comfort, rest or creative activity and the maintenance of human health in the wider sense.
In the same paper a minimum relative humidity of 30 to 60 percent is claimed.



Structured interviews

Answers

Building type
Single 
family 
house

(n= 615)

Apartment
house

(n= 223)

Office 
building
(n= 92)

Far to dry 9 % 16 % 18 %

slightly to 
dry 44 % 49 % 32 %

Telephone survey

Building type

Minergie® 
(n=738) MuKEn2

(n=302)

12 % 3 %

44 % 33 %

1 Source: Erfolgskontrolle Gebäudeenergiestandards 2014-2015, Schlussbericht, 9.3.2016
2 in accordance to the energy efficiency rules of the different cantonal authorities

Question: «how to you perceive indoor humidity in winter?»

Representative survey among occupants of energy efficient buildings 
conducted by an independent market research institute in behalf of

Swiss Federal Office of Energy, published March 20161

Vorführender
Präsentationsnotizen
Je vous présente les résultats d’une enquête indépendante, représentative et actuelle, des habitants de bâtiments économes en énergie. 
Plus que neuf cent personnes ont été demandées : « Comment percevez-vous l’humidité de l’air ambiant en hiver ? »
Voici les résultats des interviews structurées et d’une enquête en ligne.
Entre trois et dix-huit pourcents ont dit « beaucoup trop sec «  et entre 32 et 49 pourcent ont dit « légèrement sec «.

Est-ce que les perceptions de toutes ses gens peuvent être considérées comme fictions ?









Arundel AV, Sterling EM et al, Indirect Health Effects of Relative Humidity in Indoor 
Environment, Environmental Health Perspectives Vol. 65, 351-61, 1986

Vorführender
Präsentationsnotizen
In the last 50 years we have more and more treated indoor climate and especially humidity as a comfort issue. 
This was not the case in the 60ies, 70ies and 80ies of last century. 

This is the original Figure in the publication of Arundel and Sterling 1986. 
*** They did not define a «comfort» range. They defined a «optimum zone or range” for «minimizing adverse health effects»
*** Health effects stands for bacterial, viral and fungal disease, respiratory infections, allergic rhinitis and Asthma, mite and chemical interactions.
The publication was based on a total of nine studies on the preventive effect of humidification in schools and working places. 



We reduced indoor relative humidity in winter by 20 percent, without evidence that this is 
not harmful - a blind flight (with the whole population on board) towards desert climate

Today’s
reality

- 25 %

Vorführender
Präsentationsnotizen
We reduced indoor relative humidity in winter by around 20 percent - without providing evidence that this is not harmful
- a blind flight (with the whole population on board) towards desert climate …  
When we measure in a building relative humidity between 10 and 30 % this corresponds to the values you can find in the desert, when the temperature is between 20 and 24 centigrade.
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Vorführender
Präsentationsnotizen
These are the nine prospective studies on the preventive effect of humidification in winter. 
They are mostly forgotten and never referenced. 




Arundel AV, Sterling EM et al, Indirect Health Effects of Relative Humidity in Indoor 
Environment, Environmental Health Perspectives Vol. 65, 351-61, 1986

• Reduction of respiratory tract infections in winter: 
adults 25 percent 
children 50 percent 

• Absolute reduction of sick days from Dec. to 
March: 20 percent

• Improved productivity and reduced sick days with 
humidification could save approximately 0.9 
percent of annual wages (extrapolation of 
the presenter)

Vorführender
Präsentationsnotizen
Here are the summarized results for the beneficial effects of humidification in the dominant working or school areas of the study population: 
Reduction of respiratory tract infections in winter: 
            adults 25 percent 
            children 50 percent 
Absolute reduction of sick days from December to March: 20 percent.
Improved productivity and reduced sick days with humidification could save approximately 0.9 percent of annual wages (extrapolation of the presenter)




Arundel AV, Sterling EM et al, Indirect Health Effects of Relative Humidity in Indoor 
Environment, Environmental Health Perspectives Vol. 65, 351-61, 1986

Todays
reality

Optimal Humidity  Range 
changed

from  «Health»   issue  
to    «Comfort»   issue

Vorführender
Präsentationsnotizen
We distorted the health issue of «optimal humidity range» to a comfort issue of «recommendation»
Virtually hundreds of studies have investigated comfort issues, answering the question: 
“Are low humidity ranges acceptable and bearable? The answer was always: yes, it is bearable”.
However no clinical trial after 1985 addressed the question of health related consequences of this huge shift in indoor humidity. 
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Vorführender
Präsentationsnotizen
The influence of humidity on indoor air contaminants is still a blind spot in our research picture!
From all basic physical quantities humidity is most often overlooked, misunderstood and undervalued.

The centre circle shows aerosol concentration in air.
The four outer circles list basic physical processes in aerosols,  all influenced by humidity. 
We know the effects of humidity on these processes from controlled settings in basic research. But we have not systematically investigated them in the context of buildings in use!
*** Lowering humidity probably increases overall aerosol concentrations in air – but no systematic investigation has been done 
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Vorführender
Präsentationsnotizen
Basic research and everyday experiences tell us that healthy humidity levels lower aerosol concentrations.
Unfortunately this has not been investigated systematically to date.





Buildings without
HVAC-Technology 

can be 
Comfortable
Energy-Saving 

and 
Healthy

doctor’s  opinion

Vorführender
Präsentationsnotizen
My conclusion:
Buildings without HVAC-Technology can be 
Comfortable
Energy-Saving 
and 
Healthy
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