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Abs t n 1c t 

A large proJeCt '"as conduc ed in f"lnlan d to eva luate the presen indoor 
air q uali y , c limate and ventilation a nd ·o establish new criteria for 
ven ilat:ion and indoo r climate. Great diffe r e nces were round our. in t:he 
ve n tilatlon r.;l es a nd oper ation of HVAC-systems. In gr.'neral indoor air 
qual 1 ty "·as good. More problems ""ere found ou i n the the rmal c llmar . In 
many cases he HVAC-system didn't s;11. lsfy t h<' vnriauoro of the• lor•1ds uf lhe 
rooms . As a result of the projec:; some r ecommt>udot.lons for· good indoor air 
quality •.ias given. The mosl impor tan o f those we re t·he upl.lmu'!l lt>mpt?rature 
21 - 22 °C and maxi mum air speed 0.1 m/s dur ing he h<.'nting .-ieason. The 
ven ti l ation rares s hould de pend on occupnncy bei ng '/ - 8 litr1:s/s p 1· 

pe r son , howeve r , he minimum ven ila ion raLe shoul d no he less than O.il 
ai r changes per hour . 

Introduc t ion 

Ven ila ion a nd air inn l Lrat.ion w1 l l use a pp. 40 % o the a l J energy 
consumed by buil d ings i n f"inland. Due Lo Lhe ~·rong en .. rgy const'rvp r.i on 
measures the vent i l a on rates have been reduced oo much .n ma ny cases . 
This ha s been pa rtly due o improved al r · ght ness o f building enveJ opt> 
par ly due to '"'rong operation of ven 1Jat.ion system and too Jow des i g n air 
rlow rates. At. the same time new building materials have been introduced 
a nd people have become more sensi ive for air pollutan s . Ven ilation has 
become a very 1mportan na tional ssue in respect of energy consump Ion a nd 
public health. A ques tion has arisen i n many counr.r i es . ~ilso in F'rnland. 
'Nha is he relation he-cween v en ila ion a nd heal Lh a nd what are t.he 
app r opriate design values for ven·t ilation and other parame ers of i ndoor 
climate? 

A l arge research projec was eslablished to study t he s1tua1: ion in 
f'lnlanll a nd to answe r ques t i o n above. Ultimate goals were the d es i gn values 
bu · lot of other goals such as n eed ror sys em and product deve lopme n t , 
esting methods , design t ools e tc . were established . Jnterdiciplinary. 

na ture of research and need of coordination o n the national level as 
understood n the beginning. Helsink i University or Techonology accep ed 
the role of the coordinator. Twelve research units worked toge her in the 
project. Their expertise c overed areas such as: 

- medical s c iences, particularly public health 
- fine particle physics 
- radon problems 
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- micro organism 
- air cleaning 
- building materia l s 
- pa r icle boards 
- ven i l ation a nd air d istribution 

des gn of res i dent i al and commercia l ventila ion systems . 
The project lasted fou r yea rs. Total cost was equivalent o 1 million USO . 
The resear ch me thods selected according o the subtasks. A survey on air 
quality and operation o f ventilation systems was done with coopera tion of 
several research ins i tu tes. L.abora ory tests were made to s udy ven -1-
la ti on e f fectiveness and air distribution . Computer prC1grams were writ Len 
and verified wi th measuremen s. The performance of various equipmen were 
tested in laborat ory . Heal th el'rects o f ventilation and i ndoor climate were 
s udied with field tests and large ques ionnaires. Ex st.i ng measuri ng 
methods were tes ted and new developed. 

Results 

Over 40 r eports were printed ( in Finni s h) . Some of the ma jor results are 
described in the following. Severa l more detailed pap e r s are printed in the 
proceedings of the 4th International Conferenc e on Indoor Ai r Quality ond 
Climate . 

Air pollutants 

Because of indi v idual diffe ren c es the effects of indoor c limate o n huma n 
being may vary cons iderably . The number of allergi c pe opl e i s large . Their 
wellfare can be essenti a lly improved wi t h good indoor CJir quality . Thi s c on 
be achieved with v e ntila l ion. source contro l of p o lJuL;Jnt. s a nd air 
cleaning. 

Absolutely safe I imi t s of th e po llutant concentra ti ons 'Jre no t known. 
The effect of pollutant s are t!lso individual. Th e simuJ t ;meo11s e ffec t.s o f 
various indoor climate vari a bles on human be ing are no t e i t.her known. 
Inspi te of difficulti e s th e pro j ec t hCis ended up t. o c ertain recn mm e nde d 
values on some indoor ai r po lluta r1t s nnd o th e r indoor ;Jir· p;1 r·~me tern . 

Thermal climate 

The effect of thermal c limate wa s f ound l o ll e even gre ;i t e r I h;in assumed . 
The temperature had not onl y an e ffec t o n thermal s ens at i on but a ls o on the 
sensation of air quality, dryn e ss and amount of vari ous symptoms . The tem­
perature has not only ;rn effe c t o n comfort. but. ;i l s o o n lw:i J t.h. The r erorn­
mended temperature for s e de nta ry ac ti vl t y i s 2 1 - 22 ° C. If 1.lw 1. e rnpcr ;i t ur e 
is much abo v e this th e prev a lence of symptoms incr· e .-1::-;! ~ S rnpid l y a nd if the 
temperature is mu c h bel o w th e prev n l e nc e of dr ;rnght. complaint>; will in­
crease. Individua l tempe rature control o f t wo degre es C is recommended . 

The selection of air humidity is a c ompli c ::i t.ed que st. i on. It loo ks like 
relative humidity of 40 t o 60 pe rce nt i s ideal in r e s p ect. o f he a l th, 
however, the lower relati ve humidity has not proven t o be hazardous t o the 
healthy persons. Although in the fi e ld studies up to JO% o f offi c e workers 
complained of dryness o f a i r during winter month s / ! / . 
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The recenl studies have shown that people ore more sensitive for dr,iughl 
than what was earlier anticipated. Thermal radif1t.ion and t.empera.ture hHs 
strong effect on draught sensation in addi t.ion to the mea n ve locity of the 
air. The mean velocity of the air should be under 0. 1 m/s during the 

heating season and under 0.15 m/s during the summer. 

Control of ventilation 

The concentrat ion of indoor a ir pol luLant.s depends not only on v1~nt i la­
tion but also on many other factors such as: sorpt.ion, general hygiene " nd 
human activities. The calculation of c oncentration of indoor air pollul~nls 
is possible only in some simple cases. The greatest difficulty is to find 

out the strength of the pollutant sources and sinks. 

The actual ventilation a ir flow s in bu il dings <Jre in many cases not 
based on venti J at ion requirements. Some bui !dings have too large venti 1 a­
t ion rates and some too small. The measured ventilation rates in resi­
dential building varied from 0.1 1.6 m

3 
/h m

3
• The vent.i 1<.'' ion was 

especially low in bedrooms. Due to low ventilation the cerbondioxide 

concentrations up to 3000 ppm were measured. 

The ventilation effectiveness was studied also in the project. The air 
exchange efficiency and ventilation effectiveness which are part of venti­
lation effectiveness have a great influence on he air quality energy 
ec onomy of ventilation. In many cases the vent i latjon effectiveness could 
be i mproved by nvo iding short circuiting flow pllll••rn . Vf'nt.il;ition effpc­
t.iveness is often l ow in residences. The d1!ipl ot;;;e ine n t ("low pa t.l.cr· n sct>mS to 

provide the same air quality as mixing flow pn ce1 ·n '•' i th lowt'l' "ir flows 

/2/. 

The feedback control of air flows based on air qunl i ty seems Lo be 
possible at least with carbondioxide concentration. The sys tem is par\ i­
cu larly applicaple Lo the spaces with variable occupancy. Expect e d savings 
in the e nergy cont>umption for venti:.1ation ore 20 - 30 %. Commercial air 
quality sensors were tested simultaneously with co 2 and particle measure­
ments. It was found out that their output was unpredictable in real 

buildings /3/. 

Air filtration has some effect on air quality. Par icutarly Lhe concen­
t.ration of par icles originating from outdoors is lower in the buildings 
with mechanical venti lation wi "th good filtration than with natural ven ti-
1 at ion. Sources of par icles were traced with elemen analysis of collected 
dust. Concentration of elemen s such as S, Pb, K, Ca, Cl were measured/~/. 

Air circulation and filtration will reduce t".he concentration of fine 
particles (d < 1. 7 µm). The concentration of coarse particles (d > l. 7 µ m) 
will not be so much influenced by the circulation and filtration. The out­
door air rates can not be reduced due to increased use of return air, 
however, there seem not to be any measurable reasons why the return air 

couldn't be used for temperature control of the spaces /5/. 

Outdoor air and return air filters should meet at least the requirements 
of Eurovent's class EU 6 and have adequate dust holding capacity. 

Most of portable filter units in the market proved to operate unsatis-
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factorily in respect of cleaning properties and noise generation. 

Chemical air cleaning seems to be able to remove some compounds from the 
air, however, its dynamic performance and health effects are not known. 

The operation of HVAC systems and equipment 

The performance of heating systems proved to be usually good. The 
greatest n ee d for improvements may be in too large temperature differences 
between the rooms. This is often due to the variation in the thermal per­
formance of the exterior envelope and internal loads. 

There seemed to be 1 ot to improve in the design, ins tal 1 at ion, and 
operation of ven 1lation and a1r conditioning systems . The in eraction 
between a1r conditioning system and indoor climate is not al.,.ays under­
s ood. The requi remen s are o rt,en not we 11 enough es abl l shed and bad 
perCormance is too of en accepted by uilding owner . The design do not 
always correspond the vse of he spaces. The ins"talla ion does not always 
fol 1 ow he design and 1.he use of the spaces di ff er f'rom wha o r iginally 

de s igned. 

The operation of natural ventilation was studied with measurements and 
theoretical models. It seems to be possible to obtain adequate ventilation 
rates also with natural ventilation, however, the ventilation rate will 
vary more han Jn a mechanical system . This and he difficulties in heat 
recovery w1ll usually lead o worse nergy economy than in the mechanical 
ventiJa1,1on systems. The in Juenc of wind on air flows can no · be elimi­
nated with presen 1cchnology. The na ural ven ilar.!on will no opera e 
properly In on" fl oor d taclrnd houses generally . Kitc hen range hoods wi h 
fan s w l 1 I ens 1 y rcv<'1 ·se the air fl ow in o her e xhaos t. due ts . !'luring ·he 
warm weather n;.itur:,I v•:nl. l Jal. ori has Lo be combined w .h window opern ion. 

VenLil~tiun rilt:c~; 

Ventilation rates shou ld be defined based on the r.umber of persons 
because the genera ti on of many pollutants depend on that, too. In respect 
of human odors 7.5 l/s per person seem to be an acceptable air flow rate. 
With sedentary activity this will increase the carbondioxide concentration 
up to 0.1 %. These val ues are in agreement with the latest international 
recommendations /6/. If this air flow rate will not decrease the concen­
trations of other pollutants to the acceptable level the source control is 
usually be tter strategy for indoor qua! i ty control than the increase of 

ventilation rates. 

The minimum air exchange rate is 0.4 times per hour which means the time 
constant of ventilation in complete mixing is 2.5 hours. It will take 5 

hours to replace all room air. 

Pollutant sources 

The measurement of emissions from building materials and furniture 
showed that other sources of formaldehyde except particle board exist. The 
glues and various pl ast ic materials seemed to emit organ ic gases. The 
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~·mi~;; si o r1 r·;Jtt~s depend not only on the material but also on environment, 
lo;,ding :md ventil:.ltion. This makes the calculation of the concentration of 
pol lutnnl. uncertain. The emission is strongest in the new buildings. This 
giv'·" " r<.•cison t o ventilnte the new buildings more than the old ones. 

Tile ventilation and air conditioning systems studied were not in general 
t lh- sources of bioaerosols. The concentration of bacteria was much lower in 
the supply air than in room air eventhough return air was used. However, 
the duct system may be a source of spores when it becomes wet for example 
due 10 improper constr•Jction. This was found in two of 32 investigated 
dpt ;,clleci houses •1 i th warm air heating system. 

Discussion 

Tht~ p!~ojec t s I arted lot. of research activities in the area of indoor 
q11 . ' I it y <1nd c I i ma t.e. Al though many problems became solved lot of new 
qt l1' :"l ion~; .:ll'ose. As D resu1 t from the project a better understanding of 
indoor .iir· c li1111de w~1 s achieved. A criteria for good indoor air climate was 
c,;I :1 \i l ish<•,J. The r psul ts of the project had influence on the revision of 
Fi nnish ll tti I ding code in the area of ventilation. Numerous projects for new 
p1·nd11cts h :1vt-~ sLirtc~d :ilso as a result of the project. Very important was 
.1!:w Lo rind out. how fnr the every day building industry is from the 
r't·~;11l !:1 uf tht• r·e~;t ! arch. Much hjgher satisfaction on indoor air climate and 

q11:il i ly crnild b<' a c hiev<•d if the all known indoor air criterias would be 
f'11l lfil led. Unfor·tunately the pra c ticai questions in building industry seem 
I<> rise Ds A major obstacle for better indoor air quality and climate. 

References 

I . Jncikko l:1 , J .K., Heinonen, O.P., Seppanen, o. Mech <micaJ ventilation in 
''° o ffice hui Jding and sick building syndrome. A short-term trial. The 
~lh lnter na l ional Conference on Indoor Air Quality and Climate, Berlin 
l ~HI. 

,>, Ma janen, A., Helenius, T ., Seppanen, o. Air Quality and Ventilation 
Efficiency in Residential and Office Buildings. The 4th International 
Con fere nce on Indoor air Quality and Climate, Berlin 1987. 

I . Surnni, II., St•ppiinen, O. Field Measurement of Air Quality Controlled 
Ve nLil : i1 ion. International Symposium on Recent Advances in the Control 
8nd Operation of Building HVAC-Systems, CIB's Working Commission W-79, 
1985 . 

•l. H;11111ern1111, T., Kl1 lm;.da, M., Sa ari, H., Olin, M. Outdoor Air Influence on 

I ndooo· Ail'. Tile model of Aerosol Behavior. 2th International Aerosol 
Conference. 1986. Pergamon Press Oxford 1986. 

5 . Ktllmnla. M. , Snnri, M., Raunemaa , T . , Olin, M. Indoor Air Aerosols: 
011tdoor Air Influence on Indoor Air. 4th International Aerosol Confer­
ence. 1986. Pergamon Press Oxford 1986. 

G. Intern 3 tional Energy Agency. Energy Conservation and Community Systems 
Programme, Annex IX Minimum Ventilation Rates, to be published in 1987. 

157 

MINIMUM VENTILATION RATES ANO VENTILATION STRATEGIES 

Lutz Trepte 
Dornier System GmbH, Friedrichshafen, Federal Republic of Germany 

Andre Le Marie 
Project M~~agement for Biology, Ecology and Energy (PBE) 
in KFA Juelich GmbH, Juelich, Federal Republic of Germany 

Abstract 

The ventilation of dwellings is essential for the removal of chemical 
contaminants, indoor pollutants as carbon dioxide, body odour, and water 
vapour but at the same time it effects comfort and energy consumption for 
space heating. The main sources of contaminants giving rise to health ef ­
fects in d~1e 11 i ngs were found to be tobacco smoke, some building materi a 1 s 
and under certain conditions, combustion appliances . For indoor pollutants 
being most important within the wor k of International Energy Agency's Annex 
IX "Minimum Ventilation Rates" air exchange rates have been defined whi ch 
prevent ll damage to the health of occupants, 2) annoyance or reduction in 
amenity, 3) damage to the building fabr ic. Technical solutions which can 
meet the controverse requirements for good indoor air quality and energy 
conservation have to integrate the fol lowing aspects : ll tight building's 
envelop, 2) mechanical ventilation with the possibility to adapt outdoor 
air supply to demand, 3) inhabitants behaviour fitting these requirements 
and acceptance of the technology by the inhabitants, 4) heat recovery, and 
5) an important key to economical solutions: design and realization of ven­
tilation systems of high efficiency. 

l . Introduction 

The earliest reco11111endations for ventilation rates were based on the carbon 
dioxide level or more or less weak definitions of a comfortable and healthy 
indoor air atmosphere. More than 100 years ago Pettenkofer (1) expressed 
his view that carbon dioxide may be a good indicator for indoor air qual i­
ty . The Pettenkofer numbe r of O, l % carbon dioxide content as the highest 
acceptable level is still applied in many national ventilation standards. 
Tredgold (2) reconvnended an air exchange of 4 cubic feet per minute and 
person which corresponds with l,9 l / s per person, to prevent stuffiness . 
Others as e.g. Carnelly et al. (3) refferred to microorganism in the indoor 
envi ronment and suggested that a concentrati on of 20 organisms per liter 
should not be exceeded for healthy conditions in schools and dwellings. 

The experts cooperating in rnternational Energy Agency's Annex IX "Minimum 
Ventilation Rates" tried to summari z.e the different approaches and the 
available knowledge in the fields of indoor air quality to come to a more 
homogenous picture. The aim was to define ventilation rates which prevent 
that concentration of the main pollutants will not exceed levels which may 
give rise to one or more of the following categories: 


