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Introduction 

Today most of us live indoors a large portion of our lives - as a good estimate it 

is around 90%, which we try to shape as comfortable as possible. Thus the in-

door environment is a crucial factor for our future development towards a 

healthy society reaching from childhood to the oldest old. 

As we try to shape our indoor environment as comfortable as possible we are 

using resources – mostly energy: for heating, ventilating, cooling, lighting. In 

the recent years against the background of climate change and energy savings 

the focus of research and building regulations has been laid primarily on energy 

efficiency. This has eclipsed the main purpose of indoor environments. A 

healthy environment contributes much to our societal development: the way 

we live, learn, work and relax; with all the consequent socio-economic effects 

on our education, health care and productive working life. 

This paper pinpoints key findings from a large literature screening of research 

on the European indoor environments’ impact on health and performance in 

homes and schools. The aim is to analyse the relations of indoor environmental 

effects in homes and schools to health and performance aspects. This serves as 

basis for a detailed study of the socio-economic impact of the indoor environ-

ment as the next step.  

Indoor climate in European homes and schools 

With the variety of occupants and the many different types of dwellings also 

the indoor climate in European homes covers a wide range. One of the major 

problems in dwellings in Europe is the occurrence of dampness, which is likely 

to lead to mould growth and other associated structural damages. The share of 

population living in such dwellings differs quite between European countries, 

on average around 16% of the population was affected in recent years [1]. Pro-

jected onto the total population statistics (January 1st, 2013 [1]) of the Europe-

an Union plus Iceland, Norway and Switzerland this affects an overall number 

of about 80,4 million people. 

There is evidence that the occurrence of mould and dampness is associated 

with several respiratory or allergic health effects. Amongst others it promotes 

the development of asthma and upper respiratory tract symptoms. For example 

the overall risk for developing asthma is approximately twice as high as if no 

mould or dampness is detectable in a home [3].  
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Figure 1: Share of total population in European countries living in a dwelling with a leaking 

roof, damp walls, floors or foundation, or rot in window frames of floor – data of 2013, 

2012 for Ireland [1]. 

 

 

Figure 2: Total population (in millions) in European countries living in a dwelling with a leak-

ing roof, damp walls, floors or foundation, or rot in window frames of floor – data of 2013, 

2012 for Ireland, population statistics for January 1st [1]. 

 

Closely related to the humidity inside homes, but also to the energy consump-

tion required to maintain a comfortable and healthy indoor environment is the 

ventilation rate. Frequently used in National standards in European countries 

are values between 0.35 and 0.5 air changes per hour. The Nordic countries are 

reported to be below their target value in ca. 40-60% of the dwellings [4]. 
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Low ventilation rates in buildings are associated with an increased risk for res-

piratory infections, especially when mould is additionally detected inside the 

buildings. No explicit relation of the type of ventilation system (mechanical or 

natural ventilation) to maintaining or increasing the health status of occupants 

could be identified. The ventilation rate itself can have a significant effect on 

health symptoms, e.g. at low ventilation rates the risk for symptoms like 

wheezing and dry cough is approximately twice as high as with recommended 

ventilation rates [5]. Low ventilation rates are also associated with an approxi-

mate one and a half times higher risk for developing allergy symptoms [3].  

The indoor environment in schools is typically dominated by poor ventilation 

rates, while 8 l/s per person is the recommended standard. Lower ventilation 

rates are reported frequently, e.g. the study in [6] found 87% of the investigat-

ed classrooms being below this standard. As classrooms are densely occupied 

spaces high CO2-levels can be reached quite quickly with insufficient ventilation 

– reported values are frequently higher than 2100 ppm and up to 4000 ppm, 

which are beyond typically recommended values of around 1500 ppm. Every 

increase of ventilation by 1 l/s per person leads to a considerable increase in 

perceived air quality and mental performance of pupils [6]. Beyond that [8] re-

ports that performance increases of up to 14.8% are possible depending on 

task. Moreover, poor air quality is not only associated with reduced perfor-

mance but also with an increasing absence rate [9]. Both consequences are ad-

verse conditions for a good academic achievement of pupils.  

Daylight has a fundamental influence on human physiology and behaviour. As 

it influences our hormone and vitamin balance and determines the circadian 

rhythm including our sleep/wake-cycles, it is recommended to experience sun-

light for a dedicated time of the day [10]. Additionally, it is known that low lev-

els of daylight illumination may have negative effects on mental health and it 

seems that higher levels of daylight could shorten the stay in hospitals due to 

its influence on healing [11].  

A good sleep is known to be important for good health and a good next-day 

performance, so the indoor environment in bedrooms should not hinder resti-

tution during sleep. Ambient room temperature is associated with the sleep 

quality of occupants. Increased room temperatures decrease the duration of 

slow wave sleep (important for physical restoring) by ca. 15% per a 5°C in-

crease. Analogous the REM sleep phases (relevant for mental relaxation) are re-

duced and wakefulness increases [12]. The situation in cold environments 

shows similar effects.  

High temperatures due to overheating during heat waves have been found to 

be associated with an increase in mortality and affect especially those at poor 

health. If the apparent temperature during a heat wave rises 5°C above a re-

gional threshold it can be estimated that between 9% and 15% of natural 

mortality can be linked to these untypically high apparent temperatures [13]. 

Especially the incidence of respiratory diseases is linked to heat waves and peo-

ple suffering of them have a higher risk of mortality. 
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Conclusion 

The results of this first screening of reviewed scientific literature show that the 

indoor environments in European homes and schools have a significant impact 

on public health and learning, and that the indoor environmental conditions of 

the current European housing building stock has substantial shortcomings. This 

calls for further action to improve the indoor climate where people live and 

learn, and it should also be reflected in National building codes and European 

building legislation.  

Methodology 

The literature screening for this white paper used a search of scientific, tech-

nical and medical databases, specific peer-reviewed journals as well as inde-

pendent scientific reviews. This screening lead to the following number of stud-

ies of which only those matching predefined quality criteria, such as statistical 

information, complete description of study design etc., were included (number 

given in brackets): mould and dampness: 438 (174), ventilation: 90 (55), day-

light: 55 (8), sleep quality: 41 (26), overheating: 30( 23). 

  



 

 

Fraunhofer-Institut für Bauphysik IBP 6 

References 

[1] Eurostat: EU Statistics on Income and Living Conditions, 2009-2013. 

[2] European Commission: Report on the implementation of the Council Recommendation of 

30 November 2009 on Smoke-free Environments (2009/C 296/02), SWD(2013) 56 final/2.. 

[3] Mendell, M.J., Mirer, A.G., Cheung, K., Tong, M., Douwes, J.: Respiratory and allergic 

health effects of dampness, mold and dampness-related agents: a review of the epidemio-

logic evidence. Environmental Health Perspectives, 119 (2011), p. 748-756. 

[4] Dimitroulopoulou, C.: Ventilation in European dwellings: A review. In: Building and Envi-

ronment 47 (2012) 109-125. 

[5] Sun, Y., Zhang, Y., Bao, L., Fan, Z., Sundell, J.: Ventilation and dampness in dorms and their 

associations with allergy among college students in China: a case-control study. Indoor Air, 

21 (2011), p. 277-283. 

[6] Haverinen-Shaughnessy, U., Moschandreas, D.J., Shaughnessy, R.J.: Association between 

substandard classroom ventilation rates and students' academic achievement. Indoor Air, 21 

(2011), p. 121-131. 

[7] Hägerhed-Engman, L., Sigsgaard, S., Samuelson, I., Sundell, J., Janson, S., Bornehag, C.G.: 

Low home ventilation rate in combination with moldy odor from the buildung structure in-

crease the risk for allergic symptoms in children. Indoor Air, 19 (2009), p. 184-192. 

[8] Bako-Biro, Z., Clements-Croome, D.J., Kochhar, N., Awbi, H.B., Williams, M.J.: Ventilation 

rates and pupils' performance. Building and Environment, 48 (2012), p. 215-223. 

[9] Mendell, M.J., Eliseeva, E.A., Davies, M.M., Spears, M., Lobscheid, A., Fisk, W.J., Apte, 

M.G.: Association of classroom ventilation with reduced illness absence: a prospective study 

in California elementary schools. Indoor Air, 23 (2013), p. 515-528. 

[10] Gilchrest, BA: Sun exposure and vitamin D sufficiency. In: The American Journal of Clinical 

Nutrition, 88 (August 2008), p. 570S-577S. 

[11] Joarder, A.R., Price, A.D.F.: Impact of daylight illumination on reducing patient length of 

stay in hospital after coronary artery bypass graft surgery. Lighting Research and Techno-

logy, 45 (2013), p. 435-449. 

[12] Haskell, E.H., Palca, J.W., Walker, J.M., Berger, R.J., Heller, H.C.: The effects of high and low 

ambient temperatures on human sleep stages. Electroencephalography and Clinical Neuro-

physiology, 51 (1981a), p. 494-501. 

[13] Baccini, M., Biggeri, A., Accetta, G., Kosatsky, T., Katsouyanni, K., Analitis, A., Anderson, 

H.R., Bisanti, L., D'Ippoliti, D., Danova, J., Forsberg, B., Medina, S., Paldy, A., Rabczenko, D., 

Schindler, C., Michelozzi, P.: Heat effects on mortality in 15 European cities. Epidemiology, 

19 (2008), p. 711-719. 

Acknowledgement 

The authors express their gratitude to the graduate program “People Inside” at the Chair of 

Building Physics, University Stuttgart, Germany and Velux A/S, Denmark for a fruitful cooperation 

and support of this study. This work is benefitting from the research project Building I conducted 

at the Energy Campus Nuremberg, funded by the Bavarian State Government. The authors are 

responsible for the content of this publication. 


