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Preface 

International Energy Agency 

The Iraternadonal E n e r ~  Agency (mA) was established in I974 within the 
framework of the Organisation for Economic Co-operation md Development 
(OECD) to implement rn International Enera T)rs basic aim of the 
1- is to foster coeoperation mong the Mnq-one ~cigating Countries to 
increase enera semriq through energy conservation, development of alternative 
energy sourws and enera research de ent and demmtration (m&B). 
This is achieved in part throu& a prog of collaborative WD&D comis~ng of 
forq-Wo Implemnting Agreements, mntgning a total of over ei&ty separate 
energy RD&B projects. mis  publication f o m  one element of this pr 

Energy Conservation in Buildings and Community 
Systems 

The E A  sponsors research and development in a number of meas r e l a d  to 
energy. In one of these area, energy comervation in builditlgs, the IEA is 
sponsoring various exersises to predict m r e  acmrately the enerB use of buildings, 
including c o m p ~ s o n  of existing computer program, buildirrg moitoring, 
comparison of calculation methods, as well as air quality and studies of occupancycy 
Seventeen countries have elected to pafiidpate in this area and have desipated 
contracting parties to the 1mplemen6ng Agreement covering eouaboratke 
research in tbis area. The designation by governments of a number of private 
org~sations, as well as udversities md gove nt laboratol.ies, as mntracting 
paees, has provided a broader range of expel-tise to tacHe the projects is tfie 
diE~rent technoloa areas than would have been the case if pmicipation was 
restricted to goverments. The importance of associating industry with government 
spomored enera reseach a& developmart is recognized in the IEA, and evey 
effort is made to encourage this tend. 

The Executive Committee 

Qverdl control of the progra is maintained by an becutive Cs 
not only monitors elristiw projects but identifies new area where collaborative 
effort may be beneficial. The becutive Gomdttee ensures that all projects fit into 
a pre-determined strate@, without unnecessq overlap or duplication beat with 
eEective liaison and co nisation. The Executive Co ttee has iflitiated the 
folioing projects to date (completed projects are identified by "1: 

T h a d  Enera Detarrnination of Buildings* 
TI Elristia and Advanced Co nity Enera SystemB 
T IT  Enera Consenration in Residential Buildings* 
IV Glasgow Co ercial Building Monitoring* 



V Air %&ltration and Ventilation Centre 
W Eaaerm System and Design 
W Eocd Goverment Emra 
W1[r Ihabitmt Behdour with 
IX M i ~ m u m  Ventilation Rates* 
X Building WVM System Simulations 

Emera hditing* 
XI1 Whdsws a d  Fenestrations 
XI11 Eneru Mmagement in Hosgitdss 
XIV Condensation* 
W Enerm Eficiency in Schools* 
X W  BEMS - 1: Enera Mamgement Procedures 

1 BEMS - 2: El-uation and Emulation Techniques 
I1 Demmd Controlled Ventilahg System 

M X  h w  Slope Roof System 
X f i r  Flow P d t e m  *thin Buildings 

'Phermal Modelling 
Enerm Efficient Connmunities 
Multkoflc: Air Flow Modelling (COMIS) 
Heat Air and Moisture Transfer in Envelopes 
Red Time WEVAG Simdatim 

h n e x  V f i r  Infiltration and Ventilation Centre 

ghe E A  Eesutive C o d t t e e  (Building aad G o m u f l J ~  System) has 
hi&li&ted ape= where the level sf howledge is unsatisfactory and there was 

s a g r e e a n t  that inffltration was the area about which least was 
h o w .  An irrfil~ation group vvas fumed drawing eqerts from most propssive 
comtpies, their long term aim to encourage joint international research a-ad 
inmeme the world pool of howledge on infiltra~on md ventilation. Much 
vduable but sporadic and umordinated research was dmady talring place a d  
after s s ~ ~ l e  initial groundwork the exgeas group reco ended to their exemtive 
the fornation of an Air Infiltration and 'Ventila~oa Centre. This recomeadation 
was accepted and proposals far its establishment were invited internationdly, 

The dms of the Centre are the standa~disation sf techniques, the validation s f  
models, the catalspe and tramf~r of iltrfomartisn, and the encouragement of 
research. It is intended to be a review body for Gurrent world research, to emure 
fuU dissednatim of this research aaad based on a knowledge of work &ready 
done to give direction aad firm bais for future research in the Participating 
Countries. 

The Pilrticipaats in this t a k  are Belgium, Canada, Demak,  Germmy, Fidmd, 
Frme,  Italy, Netherlands, New Zealand, Norway, Sweden, Switzerland, Uflited 
mngdom and the Utsited States of he r i ca .  



Sammargr 

B Imfroducti on 

2 Ven~lation needs 

3 Natiomal Starndrrrds amd Systems 

3.1 Redew 

3.2 Discussion 

4 Ventilation Systems - Common and Advanced Approaches 

4.1 Review 

4.9, ClssEcation of O m o n  and Advanced System 

5 Discussion 

5.1 h c d  Intermittent Versus Continusus Ba~kgound VenGlation 

5.2 Separhlte Room Versus Central H)welling Ventilation 

5.3 Displsrcemnt How in &ellings 

5.4 Natural Versus Meehhcd Ventilation 

5.5 Heat n%ecovery or Nternative E n e r ~  Gain 

5.6 Addigond Ventila~sn 

6 Conclusions 29 

7 Recommemded Research and DcevePogment 31 

8 References 33 

Appendix G Redew dNatianal Standards and Desip Consideratioms 35 

Appemdk aS Redew of Gommo~l amd Advanced Vemtilartion Systems 49 

1 4 s  Movement Coratrol Systems 

I. 1 Spot How Control System 

1.2 Internal Roodow Control System 

1.3 Inter-room How Control S'ystems 

1.4 Dwelling in or Outflow Control Systems 

2 Flow aaanli@ Contra1 System 

2.1 Pultomatic Set-point Maintenance Systems 

2.2 htomatic Setpoint AdjustmeM System 



3 Ventilation Heat Recovery System 

4 Mternative Ventilation Ene;y Gdn System 

Agpendk C Classigcatiom of Ventilaticm Systems 

GI. Introduction 

a. Desdption of Ventilaion Provisions 

C3. Cthaacted-izalion of System Properties 

ategory 1: EficieIlt Application of VentJlation Air 

1.1 h c d  applicabiliv 

1-2 Howate Adjustabiliq 

1.3 Air Row Pattern 

Category 2: Effisient Eaerm Use 

2.1 q enera need 

2.2 Ventildion He& Demad 

Category 3: Costs 

Category 4: Reliabiliv 

Catf:gc1~ 5: Codad  

C4 Classification 



Inmeaed hedth stmdards md the need ts save enerw in colder dhates  cased 
residential buildings to advance to the modern airtiet md well-insulated 
dwellings we have today* In these dwellings ventilation has besome a dodnmt  
factor, both from an indoof air qudity md an enerm somewtian point of view. 

This sirnation mks for comciousness on the ga+t of applied venaation sqrstem. 
The repofi presents a review on present and advmmd system for basie 
ventilation awd notes possible trends. 

It fomses on residential venlation system for basic needs, regwding 
ventilation as a mw of removing hum= generated poilutan& to achieve 
acceptable iaadoor air qufity. 

It does not csmider ventilation as a me- of reducing the effects of hi$ly 
avoidable pollmtan&, nor does this report comider special ventilation appliances 
or dternative teckiques such as filtration or air d e  

Hence the report applies to dslwellings where: 

- b.llildhg mateids are used that have ennissiom already l i ~ t e d  at the 
produaion stage; 

- the floor is airtight and no extrerrre soil emittance of radotl, methane 
or vapow a p e a s ;  

- vayjlour b ~ e r s  are applied to prmnt  vapsur trampor2 from the 
building shell; 

- thermal bidges me avoided md remanable insulation levels aQgear to 
prevent mould growh; 

- no unvented combustion applianses are being used; 

- addi~ond ventilation me- are applied to deal with irrsidena high 
intewral heat loads, over ocmpaney, severe smokiag and polluting 
household or hobby activities. 

Mter a resume sf the demands for basis ventnation, a r e ~ e w  is given of the 
major desip considera~om for residential velrrtdlation system in each country: 

It considers the following topics: 

- vefltilation standards, 

- ventilation system requirements, 

dy applied ventihtion system, 

- building traditiom, 



-. specific ventilation problems. 

The staadmds retpTew shows a reaonable level of ageement w i ~  regad to 
human-generated impurities, allowiag the development of udfom ventaadon 
systems for habitable room, On the other hmd the standards show a lxge 
varia~on of flows for senrice rooms. Neverlheless, a general development of 
sourse-related local ventilation sy-stems for s e ~ m - r o o m  is somidered to be 
possible. 

The present ventdalion system of the di8erent countries a e  developed from a 
namral ventilation tradition. The dafninant faaor in the development is 
considered to be the cost-effectiverress of enera consewation measures. In 
severe climates the review shows the general agplicatioa of contollable 
m c h h c a l  ehaust system in existing dwellings, while new houses are pro~ded 
with m e c h ~ c d  suggly and efiarast system with heat-recovery. In moderate 
climates natmd ventilation system are still widely used, while mechanical 
exhaust system are also applied on a siaficmt scalle. Pa rPaild dimates namral 
ventilation is d o ~ n a a t .  A @nerd divergence of trends may be noticed. In 
mderate cfimates a fblflher development of advmced m b r d  ventilation system 
may be seen, while in severe climates an iqrovement of m e c h ~ c a l  systems is 
observed. 

To get an extended view of possible kmre developments, advanced ventgation 
system approaches are reviewed. 

m e  aclrrmced system are put into four catego~es, aamly: 

1, Air movenaent con&ol system, subdiGded into spot, room, inter-room aaad 
dwelling in or outflow matrol sptem; 

2. Flow guafllity control system, subdivided into automatic setpoint 
maintensnee arrd set-point adjustment system; 

3. Ventilation heat recotrev sytem; 

4. Alternative ventilation enera gain system. 

A short description is dven of each system and the main applicakiam, properties 
and 'benefits are hi&li@ted. The review shows a lot of system developments, 
whish enable aa increaed enere coaewatio% while maintaiing hi& indoor 
air quJity standards, given by recent hy~enic and health criteria. However, most 
advanced approaches foms on diEferent ventilation aspec&, merefore, the 

on ckaaeteristics of advmced system need a clasifieation to enable a 
csmpafison to be made. 



m e  classification is based on a questiomaire, The amwers to this questbmaire 
may express eaeh ven~lation system's qu Jities on: 

- efficient application of ventilation air, enabling Itligmum enerm 
~onsurngtion at high indoor dr qudity levels, 

It is suggesrt-ed that a ra~ng  system be developed bmed on this questio 
some r s u a  qualifi~atiom are aven to a number sf ventllatisn 
ll e d l e  a coqmison of system, resultifsg in s o m  major poh& 

of concern, from which, &er a dismssion, tke followirrg research and 
developmen& are su~ested: 

- optirruisatisn of local e-xtraaian system; 

- resemch on spatiotemporal ventilation; 
-- research srr the applicability of displacement ventilation 

- improvement of coatrolled namrd ventilation; 

- improvement of the efficiensy of hea  recsveq dedces md 
techgques; 

- research on additional ventilation md its impad on enerm 
consumption. 





In the early days men created building to provide shelter against did 
md udavourable weather conditions, such as r& strong dnds  a d  high 
sunloads. With the use of Ere this shelter expanded to m e  ldnd of indoor 
temperabre control md led aiso to the first domestic energy use. Wizk the 
invention of window glmingz the houses developed to more or less dosed 
stmctures, and men became aware of the need for ventilatioa 

For cenmries the chimey sund openable window provided this need, wcle 
mash aad gags supplied permanent natural ventilation for major baic needs. 
nough tEs may sugest that ventilation was quite satisfactory and that indoor air 
problem did m t  occur, the opposite was true. Ventilation related indoor air 
problem are probably as old as housing itself. An old example of this is in the 
third book of the Bible, @ ~ n g  sanitary measures for houses with mould g~oWh. 
The indoor air problems at that time were more related to the buildiq 
teehfliques a d  materids than to the vendlation systems. Since that time 
building techniques and building qualiv advanced, (e.g., the use of caviv was,  
crawlspaces, vapour barriers and sealings), firstly auenced by health 
improvement and, in the hst decades, by enera comervation, man has become 
more aware of the importance of better controlled ventilation in residential 
buildings. 

In colder climtes it led to the present sirnation of well-.hulated air~ght 
construction of houses in which ventilation has developed from a less siflficant 
factor into a emdal one, from the enera coslsewa~on point of view. At the 
same time however, increasing health cPiteEia may not he aBected by energy 
eonse~ng  ventilation systems. This situation asks for consciousness of present 
ventilation system, their hmre utility and possible new developments. 

mis  report presents a re-view of advanced residential ventilation system, desip 
cornideratiom and co n and advanced approaches, focused on colder 
climates. 

It bedns with a resume of ventilation needs in Chapter 2. In Chapter 3 it 
continues with a summary of official ventilation standards and system 
requirements on residedal buildings of several more advanced countries, a d  a 
review of the most co d y  used residential ventilation system awci the 
ventilation trends in countries. In Chapter 4 a literature based review 
focuses on present ventilation system (co n and advanced approaches) 
which may be applied in dwellings, topther with their benefits and restrictions. 
The majolrity of co a and advan~d systems are also classified in this chapter, 



lashg an overdl pcdormmce-index as an mbitrary rate. Chapter 5 discusses the 
new developments presenting* ~f course, the author's persond opilPjon. The 
objective of this discussion is to fulfill the function of a platform i n  which a more 
extended discussion about advmced ventilation system can take place. Findly, 
after the conclusions bra Chapter 6, reco enda~ons for hhre  research are 
deall, w i ~  in aapter '7, 



2 
WNILATIBN NEEDS 

Venlilation is a me= of extraaing or diluhg idos r  air gollutmts to levels. At 
certain levels these pollutm& can represent a sidficmt riisk to ocmpant health, 
wxle at. lower lewls they mrely cause levels of annoyance or reductiom 
in ocmpmt menity. Build ups of pollutmts can ~ R e n  =use structurd dmage, 
thus reducing pollutants to acceptable levels is of prime impoflance. 

Te~hnisal Note 26 [I], deals ~ t h  
acsurriag indoor air pollutm~ and their control strategy, md also suBests 
minimum ventilation rates. The basic needs for ventilation of dwellings, 
raaentioned in this work, are: 

- 8 dm3/s per person to avoid annoy- of human generated impurities. 

- 0.5 to 1-0 abr changes per hour in moderate climes to avoid 
condema~on and mould g r o ~ h  caused by high levels of huIllidiW? 
m i d y  produced by harman activities, such as cooHrmg, bathing, laundry 
d w g ,  etc. Apat-t from vefatiiation demamds, also buildhg 
requirements have to be hlfilled, as mentioned in the 
work. 

m e  basic ventilation provision fully provides for the oqgea needs of people and 
is sacient to reduce carbon dioide concentration. 

Tfaou& the basic ventilation provision in principle should exclude the foUoWing 
impupities, in practice ventilation air may contain any number of them: 

- tobacco smlst: from rrPild smgng  activities, 

- human indueed particulates a d  dust, 

- o r g e c  substams edtted from the building, 

- vapour, radon iiwa mthme emitted from the soil, 

- combustion gases from small cooking and domestic hot .water 
;applimces. 

In general this applies ts  dwellings where: 

- building materids are used that have erraissions already limited at the 
production stage, 

- thermal bridges are avoided and reaonable insulation levels appear, 

- the floor is airtight md no extreme soil emittanse appears, 

- a local kitchen efiaust hood is operating and effedively vented 
combustion appliances ars being used. 



hellings are supposed to have some kind of ventilation system to provide basic 
ventilation for most cirmfnsmces, without ce, Usually the verzrlila~on 
flow is artjustable to chan@ng incidental needs by a mmual cones1 system. 

In generd, dwelling also have openable dndows to sllpply additional ventilation 
taaces, such as: 

- mderate to severe smKng, 

- over ocmpanq (excessive bum= odour md heat production), 

- high intemd heat load situatiom (by solar radiation or heat producing 
app=ams), 

- high vapour loads due to recent building adi-vities, 
- pollutillg household or hobby aaivities, (deaning, painting, glrpeing, 

solderiq, etc,), 

Additiod ventilation may be suplied too by other local ventilation degces ipl 
case of: 

- sombustion (suysgly of ozmygen and ehaust of smells, gases, 
particulates and heat for extensive cookin& hot water boilers, heaters 
and open fireplaces), 

- hi& vapour loads (caused by raiafdl on hygoscogic, pemeable walls 
or by wet crawlspaces), 

- e;utrem sod ereittance (radon 6r methme). 

The mrrent ventila~on levels do not take into account the percentage of the 
population who are hsersemitive, such as those suffering from allergic bronchial 
reactiom. Colltrolled relative humidities and low dust soncentra~ons me of vital 
importanse to theq  a d  d ~ ~ z i n g  ventilation can directly sea their health. 
Tfierefore, an inaease in the basic ventilation levels of dwellings, together with 
additional components to the vedlatioam system such as filtration or 
dehuhdification, would be helpful to this wutno~w group, 



aclt R e ~ e w  
Advanced ventilation systems haw to c o p  vvlth cumnt ventilation standarrds In 
~ a ~ o u s  courmtpies, N w  systems aIss Lava ts a w t  to essting building, 
installation and behadoulral tmditions, The af this chapter is to give a 
rough redew of these limiting =pee&. 

The main sour~es utilized in this review are: 
- C %chdcal Note 30 concernitlg building dnigbtness and 

wntilation s t d a d s  121, 

- papers from the 's Bibbgaphic Database " ME'. 
In order to a c ~ e e  a representatk review, the follodng countries are 
represented: 

Austr Jia 
Belaurn 
l a  

Fidand 
France 
Germany 
Italy 
Japm 
m e  Netherlds 
New =dm8 
Norur;l)r 
Sweden 
Swiaerlancl 
Udted figBern 
U ~ t e d  States sf h e r i c a  

In Agpendh A each ~matpu's ventilation criteria are mentisned, toether d t h  
venglation system requirements. (For ml-e det~led  idormatian see Teck~cal 
Note 30 121). 

m e  ventilatim qs tem generally used slpe briefly described, a& relative 
weathr@e infa am, building traditiofls and specific ventila~on problem 
we detkled. 



A sor~lgarlssn of diEerent s tadads shows quite a vvide v~etgr .  Qverall 
ventilaiion omies from 0.4 ach to 1.5 ack. f i r  habitable room ventilation 
demands can even go up to 3.0 ach, m e  a a a l  flow vaiaticln, of course, depends 

B. dimemism of dwelling a+rd room in tke different countries. 
need for ventilation deperrdiq on buman generated impu~ties 

(Chapter 21, a corrrgbson of flows per person would be rnore logicd. 'F'he 
standards show a variation from 4.0 to 83 dm3/s per person for habitable rooms. 
The vaiation very much depen& sn the accepted idoar  air qu&Q 
couraty. Detded infomation of these l i e s  is @ven in the work of 
PI -  

In general, stmda~ds r e q ~ r e  ehaust ventilation in sefice room such as the 
Iritshen, bathroom md We. 

Tbe standards show a flow v&ation of: 

-- 10 to 50 b 3 / s  for the Idtslnen. 

- 4-2 to 30 d d s  far the ba th ro~~f~ ,  a d  
- 4.2 to 15 dm3/s far the WC. 

The basic indoor air criteria on which these Rows are based are relative h u d d Q  
md smells, The flows mainly rely on eqerienms with the dzferent drmanstaces 
per corntry. 

m e  differences per countq depend upon: 

-. local weather and enviromead conditions, 

- building comtmctiom w e  (e,g,, floor ti@tness, imlatioa a d  
abssrgticln properties), 

- overall ventilation of dwellings, 
-- eficieney of locd extraction provisiom, 

- local heating, 

mou& the veailation stafldafds of the seEvic%: roo- are very differeat, the 
pollutant sources show a great sirnilariQ. mis  allows service room system to be 
generalized a lac& system. 

Some pre l idnw conclusions concerning ventilation standards in relation to 
ventila~on systems may be: 



(i) m e  ventilation standwds of difesent countries &low the dlmlopment sf  
udform ventilation system for habitable room, if some vmiatiom in accepted 
indoor air qualiq levels is taken into arccount; 

(ii) A &nerd development of source related local ehaust ventilation system for 
sewice room is considered to he possible, 

Ventilation sfitem requiremen& sf digerent muntries may ~ s t o r t  these 
conclusions. However, since m s t  of the reqEliremen& are m t  mmd;atory, but 
maidy for p idace ,  the conclusiom dl1  still stmd. 

Some olher interesting item to dismss are: 

m a t  caused veatilartiontc systems to emerge amd vvhy did Ilhq deivelop the wagr 
they did? 

A camparison of building md ventilation ystem shows all countries Bevelaping 
from a natural ventilation tradition. S o m  countries currently have hardly m y  
standmds or system requirements, and vepltilation of their dwelEngs still relies on 
u~ntentiond natura1 flaws through an untight building envelope a d  sirnple 
fmtures s u h  as wall vents anaor openable windows. TFt.le need for further 
development is aften not that import=& because of relatively few ventilation 
rdated problem a d  ~ 1 d  weather conditiom which result in enerw 
comervation measures being hardly, or m t  at all cost effective. 

Other countfies have claltivated their naturd ventilation system to prevent 
indoor air problems in enera conserving, more insulated and tighter hcruses. It 
has led to the use of pro\risions such as buoyansy dominated ehaust ducts and 
conlfP.oZZable air-idets, In a particlala case even sorne kind of passive indoor air 
quality control cm the natural ventilation provisioas is gpplied sn a sigflificant 
scale. mis  maidy applies to countries with a maderate climate, 

Mechadcd efiillast system also are often used in moderate climtes as well its in 
the majority of countries vvith severe climates. mese sysknrrs a e  daimed to be 
less dependea on flwtuating weatker mnditiom, thus gidng a better control on 
the sgrstem velptilaticm md the udntentioml crack flow. 

In severe climates new airtight homes are being provided with mechawicd supply 
and ehaust system. h important reaan is the applicabili~ of heat recovery 
system. Sweden is believed to have the most progressive standards from an 
enerw consemirag point sf view, rewiring heat recovery if the ventilation eaaef.gy 
use exceeds a certdn vdue. MSB n~tiaable  on this poiflf is t h  USE of indoor air 
qudity standards by several countries, allowing an enerm effident operadon by 
demmd controlled ventiladon system. 



Severe climatic su r condi~ons have dso auenced ventilation system 
developmen&. Espedally in Noah Afneriq recirmlatiflg waechadcal ventilation 
system with air-cooling md heating are co 

Ssmetinaes spedfic indoor ;air problem m y  hteffere d~ a generd ventilation 
trend. Ba example of this is severe radon elrrission sf the soil, which does not 

ation of the house by a m e c h ~ d  ehaust system. Such 
htederence J s o  relies on ehting building tecEques, in this p d d a p  case the 
use of undedoor spaces md the possibility of sedhg them from the living space 
above. 

In generd, errisdng building traditions a e  beliexd to be of arinor iafluence on 
ventilation trends, because countries with different building traditiom but With 
corrrgarable climatic conditions, more or less display parallel ventilation trends, 
though the types of ventilation system may differ. On the other hand, it is 
sugested  at chmges in bdding techniques, espemdly enerp;y csmervirsg 
techrriques such as insulation and &rti@tening, have their influence on 
ventilation trends, 

Though countries may show similar general ventilation trends, e.g, advmFiag 
natural ventilation or applying mechanisal exhaust, their ventilation system and 
system componeflts xnay dEer patly. These sp tem aften are the result of 
different philosophies based on different combinatiom of design cornideratiom. 

m e  con~lusiorps to be dram ftom this dismssion are: 

(i) m e  developrneflt of velatilation system is caused by an interaction of: 

- climatic conditions, 
- the need to comeme enera, 

- the intention to mintain or even improve the indoor air quali.ty, 

- chmang building techniques. 

- ventilation philosophy. 

( i ime cost effectitveness of energ.Jr consewation measures is held to be a 
dorninm fador in the p a t  development of tventilation system. In the preserrt 
and fumre development also indoor air quality is evened to be of importance. 

(iii& general divergence may be noticed between the development of advmced 
natural ventilation sgrstem in moderilfe dimates and mechdcal syteans in 
severe dimates. 

'P$e conclusioras qply to the counlries considered in this chapter iand do not 
hclude a lmge gsup sf eEerm s o ~ l s u ~ n g  countries such as the Co 



of Independent States and Eastern Europeaurr countfies. m e  reason for this is a 
lack of idomation. 

From tbe little available idomation in AIRBASE, it is suggested that the 
majority of dwellings are nakrdly ventilated md thd advanced ventilation 
system me raat cs n, however, hi@ indolor air q u & ~  stadwds do exlst 
\rvithin these countries. This mam,  therefore, that ssibstantid additional 
information may be covered by tfiis redew. m e  fact that they are deding ~ t h  
the same problem ~ & t  be a good reaon for innprsving cooperation. 





4 
VENTILATION SYSTEMS - COMMON 

4,1 Redew 
m e  conclusions of Chapter 3 still do not mwer a major quesgorn, that is: 
luture developments ofventllation systems n n  to be rxpeetedl" 

It is eGdent that the present situagon is not a stams quo. As in the pmasf much of 
the development will depend sn eneru pGses. On the o ~ e r  band  ere seem to 
be an awaXe;e&g interest in indoor air quality. As usual much depends on the 
technical possibilities. For this reaon advanced approaches in ventilaGon 
design wlll be reGewed in tEs Chapter. 

m e  redew of advanced ventnation system is based on: 

.-. pagers from the atabase "MRBME", complete 
with the latest p X M  and XVIIIT; 

-- papers h m  the iIleloor eTfviromenM bibliogaphic databae, 
"BSEDEd"; 

- papers fPom world-wide paterrt literamre diatabase "BERWNT'; 

- s o m  other publications and repons. 

The re.ew show quite a few approirches t s  energy consefing ventilation 
systems. *Fhg are put into four main categories, with the adjacent sub categories: 

Gatego~y 1 ~r Movement Contrsl System 
1.1 Spot flow control system. 

1.1.1 h e a l  ehaust system. 
1.1.2 Jet How System, 
1-1.3 Enforced local ehaust systems. 
I. 1,4 bcalised wntilation system. 

1.2 Internal room flow control system. 
1,%,1 M ~ n g  ventilation room system. 
1.2.2 Displacement ventilation system. 
1.2.3 Forced vortex ventilation system. 

1.3 Inter-room Bow cofltrol systems. 
1.3.1 Natural exhaust duct system with controlled supply. 
1.33 Mechsrrzical exhaust controlled supply system. 



1.3.3 M e c h ~ d  supply system, 
1.3.4 Bdmced mechdcd venlation system 
1-33 eerflow v e n ~ l a ~ o n  system. 

f .4 WNelling in-or outflow conbol ystem. 
1.4.1 Radon or methme  tig gat ion system. 
1.4.2 Vaporrr htigation s ~ t e m .  
11.4.3 CorxabusdonC ventilation system, 

Category 2 Row Qlblmtiq eOntrol System 
2.1 automatic set poirmt maifltenance ystems. 

2.1.1 Temperature controlled namrd supply. 
2-12. Ressue diEerence controlled m h r d  supply. 
2.1.3 Ressure diEerenm controlled mechanical ventilation. 

2-2 Aromatic set point adjustment system. 
22.1 Praiseme dependant mecba&cd ventilation, 
2.2.2 C u b n  d i o i d e ~  an8 odour controlled ven~latian. 
2.2.4 Tlrexngerature controlled veailation 

Category 3 Ventilation Heat Recovery System 
3.1 Air to air heal recovery 
3.2 Air to heat pump system, 
3.3 Heat recoveq aJt supply wirlldows, 
3.4 m d c  wall heat recmty, 

Category 4 Alternative Vent3ation Enerm Gain Systems 
4.1 Son-heated or-cooled ventilation air. 
4,2 Salar heated ventilation air. 

7k these categofies a fifth enerw somewing category may be added, 
C l e ~ n g  and Recirctllatisn System". Althoua this is a realistic option for 
industrial application, at the present time it is not comidered to be so for 
households. This has to 80 with the relatively low soncentrations and types sf 
pollution, which make aifcleadng in dwellings very diffimlt and expensive, if not 
impossible, 9Flais does not exclude new developments to allow hture applications, 
However the subject, since it does not concern ventilation sp tem But ody 
ventilation rdated system, is comidered to be beymd the scope of this report, as 
are source reductive measures, and these are thercfere, net discussed brther. 

The four remai~ng cartqo~es coPltain systems to be highliated here. For each 
system the follodng properties are given: 

- n m e  
- objeaive 
- description 
- applications 



- properties 
- benefits 
- references 

4.2 Classification of Common and Advanced Systems 
The review of Chapter 4 shows s o m  interesting advanced approaches on 
ventila~on wstem or wmponents. Each of them iS fomsed on diE6erent 
ventilation a p e a s  wEch kave alrea* been eqressed by their division info 
different categofies, An interesting question is: 

"Row do the oliEerent develspments eorttlPibute to better venllilatio~, both fmm 
arm ene~w and an. indoer air qraarliv goimt of~e*" 

To mwer tMs question, the systems need to be classified in such a way that t h q  
can be compmed bath to each other and to an "ideal" ventilation syste- having 
all their separate features. Such a classification does not only give an insight into 
the irnportarrce of implementing advmced approaches into the present 
ventila~on system of dwelms, But also rrmight answer the question: 
develsptnerrt~ are stiZl to be done"? 

A proper classscation of ventilation systems preferably needs an objestive and 
me~urablr: rathg system. One such rating system would be 
the cost-eflectiveness of the system. However, this rate is difficult to apply to 
developing system, because the system costs ~ g h t  alter greatly d u h g  the 
different sacs from developmellt to implementation. Fufihemore, this type of 
rating does flot account far dEerences in indoor air quality. 

Eery rate behg used for the clmsifkation of developing system would be 
strongy ptedictive bemuse of the lack of experimental data. Therefore, the 
developnrent of a specid rating system has been suuested. It has to give a 
clasification of each ventilation system's main characteristics according to the 
five categopies listed below: 

1. Application of verztilation flows linking the location, the production and the 
flow pattern s f  pollutmts; 

2. Enera input or recovery; 

3. Cost of imtallation and operation; 

4. Reliabniq (clurability and chance of disorders); 

5. Effect on comfoft. 



If mcessq  the classification h a  to be differentiated to the Zyge of orrtside 
climate. The p r i m q  thou&t beMnd the rating system is to @ve the potentid . . ability of a ventilation system to use a m m  of e n e r ~  for getting an 
acceptable indoor air qudiv9 dthout moymce. 

Midmum ventilation rates form the best cobination for Pidding the indoor 
space of b a r d l  pollutmts and maintaihg most energJr effidenq (category 1). 
In the first place this needs the application of v~ntilation flow ody on polluted 
locations, this will in mrn reduce the "loss" of urnused vengla~on air In unpolluted 
areas. It will also restrict the dispersion of polluted air to large volumes of air, 
tkrrs preventing the exchmge of uslnecessary lage amounts of dr maor  the 
eqosure of umecessadlly lmge csncentrathns of pollutants, On the other h a d ,  
the optimum use of ventilation air m y  allow the supply s f  (pa~tly) polluted dr 
to locations with mother type of pollution, when the combined efEect of both 
pollutmB is less than the sum of the pollution. It is dso allowed when "me# 
ventilation air is supplied to a zone of direa local extritction of pollution. In this 
case, unacceptably high concentrations may ocmr in the exhaust air* but 
ocmpan& would not be eqssed to it. 

Secondly; the ventilatim now rates have ta be co murate with the v ~ a b l e  
production rate of pollutmts. The flowrates have to be indeperrdent of the 
v ~ a t i o n s  of the outdoor slimate, the operation of o&er control devises in the 
ventilation system and the occupants behaviour. 

nirdly, the flow pattern of the ventilation air has to provide an optimum 
coeffident of air chmge pePfomance by distributing fresh air to the oceugied 
zone axad eqelling polluted air from the occupied zone direct to the exlraust 
openings. 

Apart from optiminr,ing the use of ventilation air, rrrinimum errera use may also 
be reached by rtninihzing the auxiliq energ need for trmporting the dr, a d  
by the applimtion of heat-recovery or alternative enera gain on the veailation 
air (category 21, 

Reducing the enerB comumption is both mi ecological and an ecomrxbical 
matter. From the econorPllcd poia of view the system costs are of implortaurace. 
They are dealt with in the third category. 

Advanced ventilation system have a tendenq to he connplex. mis  may impir 
the syrstem' reliabilitgr arrd it proper use, thus leading to malhnctiodng. 
Categov 4 deals with these wpects. 

In addition to this, the last eategov deals with the user-friendliness and the 
ability to provide well-conditioned supply-air, leading to a minimurn fluctuation 



of the inside conditions, (temperature, velocity, air quality), resulting in 
m~raum codort. 

It must be mted that the rating system is bmed on the potentid abaities of 
ventilation system, In practice these gstelztids are often not reached for om or 
mare of the following reassm:- 

- design or installation fadts, 

- improper interaction bemeen system componen&, 

- the lack of codssioaing, 

- intefference by the occupants, etc. 

nough the ratings of Categoay 4 may give some indication of these points, much 
will depend on the good wsrhanship s f  the people involved, The clwsificatisn, 
however, sugests m optimam use of the system's abilities. 

A first approach for this clsassification system is presented in Apgendix C. 

Using the questismaire of Appendix C5 a rough, rather subjective classification 
has been carried out for a nurnber of co n and advanced ventilation systems. 

The results are shown in Table 1 of Appendix G. 

Comparing the ventilation system using the qualificatiom of Table 1 of 
Appendix C, the next csnclusiom may be draw: 

(i) Most ventilation system do have a poor abiliw to direct ventilation air to 
polluted areas sdy. 

(ii) In addition to this, the application of decentralized flowrate*control is rare. 

(iii) In most system no meaures have been taken to improve the coefficient sf 
air chmge gerhrmmce. 

(iv)Tf.re advmtage of mecbhcal ventilation systems is the applicability af he& 
recsvery or alternative enerB gain. 

(v) In generd the system costs a+e increwed by ventilartion or energy-efficienq 
memures. merefore the cost-egectiveness sf these masures has to be 
considered. 



(vi) The reliabiliq of ventilation system may be aEected significmtly by some 
mes of advanced control, 

(vii)me thermal conditions of decentadised supply systems need to be improved. 



DISCUSSION 
Tke purpose of discussiq the aspects of ventilation system, as highligfited in 
this report, is to recowise general treads an which steaded research a~ld  
development can be based. 

Tke discussion does not account for ventilation as a mems of redueing indoor air 
corrceatrdions of impurities from building matefials, the soil, etc., which may be 
avoided by careful buildillp, desip. Nor does the &sassion account for special 
ventilation applimces, e.g., on combustion appabams, 

5,P Local htemittent Versus Continasus 
Background Ventilation 
The basic needs for ventilation are: to m i d  armoymce from huma-generated 
impurities and to avoid condensation effects due to high vapour loads, mdnly 
caused by household activities, Accepting the different indoor air quali@ limits 
per country, the basic need for controlling human-generated iqurities seem to 
be less dismssable than the fluctuating basic needs for hufidity of the diEerent 
countries, Pbaa interesting point to add to this disassion is the fact that the basic 
need of 0.5 to 1.0 ach for controlling humidity, xnentioned in Chapter 2 
TX result), c a m m u r a t e s  with the basic need of 4 to 9 persons for controlling 
human-genented impurities, assuming a dwelling volume of 250 mJ and the 
highest indoor air qualiv stadard concerning human-generated impurities. 
nough  this ventiliation need does not have to be hlfilled under d l  
cirmmstances, the dofinating level shows the importance of a well established 
ventilation need for h u ~ d i t y  control. 

h o t h e r  important point is the fact that in well-corntrusted buildings the main 
vapour sources are very well located, contrary to the sources of hum- 
generated impurities, m i s  allows an improved locd extraction of vapour near the 
sources. It would mean a change fmm a low volume flow of continuous 
ventilation to a high volume interdttent flow-This chmge will lead to a 
reduction of the total ventilated air volume, thus saving eraera . The internzittent 
ventilation also restricts the heat loss from the building mass, due to the liIlnited 
heat diffusion of the stmcture, The mmimum savings are resticted by u;lpour 
absorbence and draughts of the ventilation flow, especially in the bathroom. m e  
vapour absorbance leads to a delayed emittance of vapour, so a certain amount 
of continuous ventilation will still be necessary. On the other hand vapour 
absorbance is very much dependent on the successful local extraction of vapour. 



Furthermore, the restristive use of hygroscopic building matelrids may be 
beneficid. 

The ocmramce of drau@ts depends on a proper dist~bution of ventilarion air 
md the regulm t q e r a t u r e  of the air. The latter is dependent on the heating 
system used to heat ~e supply air. A successful locd ventilation will put e&ra 
demmds on the local controllability of the heating system. A (preferably 
arutomatic) source related control of local fan(s) or local t e d n d  dedces of a 
cntral ventilation system is suggested to apply the right flow rate to the right 
location. Exmples of such a control, which have yet to be realised , are 
hu~diq-sensor control of a coolcing hood or a bathroom eaaust. Apmt from 
this local system a cePtain mntinuous overall ventilation for production of 
impurities by moving occupants is still necessq. 

merefore, the aim of a developrrrent of local vapour eaaust system rnay Be the 
reduction of the basic demand for contimsus ventilation from the present range 
of 0.5 to 1.0 ach, to a range of 0.2 to 0.5 ach, matching the basic occupant needs. 

As a comequene of this development, humidity would become a less d o d n m t  
impuPity in the control of basic ventilation. The preferred control of the basic 
ventilation system would be on cmbon dioide or human odours. 

h o t h e r  interesting subject of this development may be the combined use sf the 
local velltilation system for other intehttent  additional ventilation needs, A 
restPistion for the developmeM of local i n t e ~ t t e n t  ventilation may be the 
increae of imtallation costs due to higher flow quantities, while the operation 
time of the system is reduced, An integration of the ventilation system in the 
building s t m a r e ,  for instance by usirag hollow cores in the walls for ductillg, may 
be comidered. 

5.2 Separate - Room Versus Central Dwelling - 

Vent ilatiaa 
h improved local control of vapour sources focllses the basic ventilariorr needs 
on hum=-generated impurities. 

As ocwpmts ape moving freely within the dwelling, a sentrd ventilation system 
for the whole rlwelling seem to be the most practical solution. aS a comequence 
a high air exchange bemeen rooms is preferred, to apply or supply all ventilation 
air to occllgied places and to avoid the waste of fresh air, of unoccupied places, 
by efiausting it without being used. This air exchmge may easily be achieved by 
opening doors. However, h e n  doors are dosed the air exchange is considered 
to be imufficient. m i s  situation may occur, for instance, in sleeping rooms during 
the night. Other disadvmtages of &r exshmge via open dssrs are the lack of 



privaq, the impossibility of aeating difirent temperatrue zones, espe~ally in 
the well-insulated house, md the unfavourable spread of odours and impdties. 

By using acoustically dmpened overflow pravisium h internal walls or by ushg 
a n r r ech~cd  recirculation-systems a few of these problem may be solved. 
However, the spread of impu~ties md the equalisation of indoor temperatures 
will still ocmr. 

The spread of impuPities may conwadist local smdards. The equalisation of 
indoor temperatures may reduce the themal comfort and inmeme energy losses. 

The solution to these problem wodd be to &ect the mdn ddows  to the major 
habitable room, with the supply of fresh d r  to the ligng room dufing the 
daytime, chm@ng it to supply the bedroom during the night. The best wary to 
fulfil this purgose is the app1ic;ation of a local demand controlled ventilation 
system in each room or in dwelling zones instead of the central dwelling system. 
This system would be more reliable than a manually controlled one md also has 
the advantage of adjusting the ventilation flows to the actual number of 
sccupmts with their produc~on of pollutants. 

Furthernrore, avoiding the local. excess of an dlowable concentration does not 
need a lowered set-point of the sensor system to ded with unpredictable 
differences in room concentratism, as with a central demand controlled 
ventilation system. This may lead to a deaesed  energy demand. The same goes 
for the abiliv of the system to react quickly on spatis temporal emissiogs of 
pollutmh, \nrhich allom it to slet more or less like a locd ehaust system. 
Adjusting the ventilation flows to local demands would need local sensing a d  
controllable vents in each room. h c a l  sensing would need a sensor in each room 
or om semor on a sc ng-system to alternatively sense the concentration in 
each room or its exfiaust duct. 

Comequently the coqlexiy  a d  the totd system costs would show a sigI.lificant 
increme coqared  with a central controlled ventilation system bmed on the 
present costs of the components. A hture development of low-cost sensors and 
cantPel systems however, may allow the application of demand sentrolled 
ventilation per room or alternatively per dwelling zone. 

5.3 Displacement Flow in Dwellings 
The application of displacemnt ventilation in dwellings is veq rare, though in 
gerreral the conditiom in dwellings are not contriadictosy . Howevelr, the flrrw 
rates mentioned by most researchers, ta operate the system - properly - me about 3 
or 4 t ims  the basic demands of dwellings. This meam high recirsulation flows 
haw to be aggllied, turning the system into a so-called low velodtgt ventil~tion 



system. The disadvantage is that the displacement flow will be impaired. 
s However, ventilation eEdelpcy may still be better than with complete 

h r  this reason the development of low velodq ventilation may be of interest for 
the application in dwellings. 

5.4 Natnsal Versus Mechmical Ventilation 
Qne of the conclusios of the review of venilation stmdxds and system of 
di%lerent countries (Chapter 3) concerns the divergence crf system developmats 
between severe and mderate or mild clhates, 

In severe climates mechecd ventilation is grefemed because of its ability to 
control flaws better a d  to a~lpIy heat recovery. 

In moderate and mild dhates  heat recovery is hardly cost-eEeetive, 
csasequeafly the simpler and cheaper natural ventildion system sr  mechanical 
efiaust system are still preferred. 

The major BisadvanQge s f  the mural ventilation system is its dependence on the 
mather conditions. It makes both the ventilation flow directions and the flow 
rates difficult to control. The latest develqments however, show that hi@ly 
eontrollable namrd v e n ~ d i o n  is not impossible. m e n  natural vents me 
properly dimemioned, basic ventilation rates can even be reached when nahral 
forces are low. By automatically controlling the vents' opening aeas the 
iafluence of chaagng weather conelitions on flow rates may be compemated. By 
c o m b ~ n g  the system ~ t h  sbck-dominated vertical ehaust duds, the flow 
direc~om may also be highly controllable, Apart from a proper dimensioning, 
the i ~ a g o ~ m t  faetor in this system is the development of automatically controlled 
stapplpnts. 

An optimal functioning of these vrents could be be reached when the follovving 
feamres are added: 

- the possibiliq of adjusting the control characteristic inorder to 
compensate the idilaation flow. 

- the possibiliq of operating sn different flow rates, prefesrably 
automatically set by an indoor air quality sensing device. 

A nalural ventilation system with these feamres may proGde ventilation rates for 
habitable room according to local demands of ocmpants, ~ t h s u t  enerm 
consurtring overshoot due to urnontrollable infiltration flows. In moderate 
climtes the system is dss  ciapable of prodding uheated sue~ply aidows up to 
bmic demands, witbout causiq draughts. 



The disadvantage of the system is the mmrd eAaust, where large ehaust ducts 
are necessw to control ventilation flow dirediom. Still the eharust flow are 
eveseed to be too smdl to dlow high interwritrfent flows for effe~tive local 
ehaust. 

A compro~se may be to use an adliasy fan to: 

- p r o ~ d e  high interonittent local eIrbaust flows, 
- reduce the dimmiom of eltlaaust ducts, 
- ensure conect now direetiom under unfavaurable cenditiorrs, 
- allow the application of heat p u q  heat recovery, 

For a proper functioIling of the local exhaust system dss, a control an t e P n d  
exhaust devices md an adjwtment of the local supply is preferrable (see Chapter 
5.1). 

In this set-up the basic needs are still provided with a mtural ventilation system 
while m auxiliary m e c h ~ c d  eAaust system is operated intermittently for local 
extradion of vapotar. The main question sf this set-up concern the cost 
eBectiveaess of the a ~ l i q  system. 

The application of m a ~ E q  m e c h ~ c d  system will slese the gap between 
natural and m e c h ~ c a l  ventilation system. 

Tbis can m&e people decide to apply a rnechanlcal edaust system as well for 
baic venglation. 

Two points of concern from this choice are: 

(i) the system still needs proper supply provisiom to the right loczltions, 

(ii) the demands for a basic ventilation system are different from the demands 
for a local edaust system. 

The supply in mecha~cd exlraust systems is very m c h  dependent on the 
distribution of the air leakage of the building. mis  may lead ta highly under 
ventilated room, whae the man ventilation of the dwelldrags is sufficient. 
merefore, this system requires a cealain level of airtightness of the stmcture in 
order ta work effideatly; Pnlso, controllable supply-provisiom are preferred to 
prevent over ventilation art higher \nrind velocities. n e  demmds on this type of 
supply provision are very similar to the demands on the natural supply 
provisions. nerefore, a combined developmnt is staaested. 

The second remark on the mechadcaX exhaust system concerm the differences 
between con~nuous md tezmporary flow rates. hesent standwds already show a 
ratio of 1 to 4. For a proper locd extract even higher ratios we expected, md this 



is hard to Eulfd efficiently with one sy~tem, It me= that the mechanical exbawst 
system   lay dso end up with a d l i q  pro~siom for mechanicd local extraction, 
the s a m  as the natural ventilation system. This dso accourrts for mechdcd 
supply and exlnaust system, The advmtage of this system is the possibiliw of 
dist~buting ventilation air efficiently and to apply air-to-air heat remveq. On the 
ather had ,  this system puts the Bighest demmds on the airtighmess sf the 
building to reduce infiltration enera losses. Fufihermora, the present system 
barely allow vwiatism of flows to separate room to adjust the venglation to 
Iscal needs. This mdifieation would need adjusrfirble termind devices, 
automatically campensating pressure fluctuatioaas in the system, which occur by 
the fan control aad the adjustment of other te devices. The preferred 
adjustment of the termbid devices would be local demand controllers, 

5.5 Heat Recovery or Alternative Energy Gain 
The application of air-to-air beat reeoverJf or air-to-heat pump system is 
profitable in severe climates. However, haher improvement in the efficiency of 
these devices could promte their use in mderate climates. An advsmtaage of 
severd types is the ability to conkol humidity up to a certain level. Their vapour 
rejection at low tepnperatures m y  speciEcally be beltleficial in severe climates to 
prewnt low relative hurPlidities, whilst dehumidification d higPlelr temperamres 
still ocan.  

From the other types of heat-recovery, the d p i c  wall may deserve more 
atteneon. The d p d c  wall application needs no umealistis shmges of building 
techiques, while it uses co n building matel.ials. 

Its advatages we: 

= restriction of the insulation level, 

-. preheating of ventilation air up to 80% of the outside- inside 
terageraare difference, 

- improved distribution of ventilation air within the building shell, 
reducing cross-ventilation and increming the controllability of 
vedlation. 

m e  disadvantage of the system is that ventilation air pathways are hardly 
accessible for cleaning and impection. Furthermore, the system's contrihtion to 
total heat-recovery is small because heat loss through insulated parts is small 
compwed to dndows and ventilation. Aso, large surface areas of dyrr.8dc wall 
are needed for relatively s d I  dadlow. merefore, the development of this 
system will foms on a buildhg integated desip thd does not need sewicing. 

m e  alternative energy gdn system show hardly any pef.speetives at present. 
Future developments sf, for illstawe, sola collectsr systems may change this. 



However, the present work in tfiis field does not p&icularly indicde the use of 
sela  applications on ventilation dr. 

5,6 Additional Vizntilatioa 
The present developments of ventilation system merely apply to the basic 
ventilation systems. Yet resulfS of on-site tests gemrally show ventilaticm levels, 
significantly exceediq basic levels, due to the ocmpma hehaGour. This d g h t  
indicate a large need for additisnd ventilation. As a consequence the ventilation 
enera comurnption may be very much dependent on the level and efficiency of 
additional ventilation. Little is h o r n  about this field. Tests on the relation of 
ventilation an8 ocmpmts' beha~our show a manual control on h a m a  seasor 
signals like visible coftdematic)~~, hotbld, draughts and odours, Apart from 
sensing odours the human seming system is not a very acclrrate one. Hence aver 
or under ventiladon and large hysteresis eEects s c m .  

The tests also show a seducing of arclditional ventilation with decreasing outside 
temperatures. Cold md draught sematiom are responsible for this. Its advantage 
may be a restfiction sf the enerm comumptisn by additional ventilation. 
However, the indoor air qualiq may be impaired by this eifiect. 

Research on the impoPtance, the needs and the mechaflism of dditiond 
ventilation are recommended. This research may lead to the development of 
improved additiond ventilation system. 





CONCLUSIONS 
*DiHerent national ventilation standards show a vmieq of habitable venglation 
demands of u.o to 8.3 dmJ/§ per person. The variation mainly depends on 
diBerences in accepted indoor air quality levels, 

*Different satisad ventilation standards show a variatisn sf seNice room 
ventilation of: 

- 10 to 50 dma/s for kitchens 

- 4.2 to 30 dm3/s for bathroom 

- 4.2 to 15 dm3/s for wc's 

m e  va~able demands maidy rely an local expexiences with the different 
cirmmstances per counm. Nevertheless, the different ventilation deraaads are 
based aa very sidlar  pollutmt sources. 

*The primary reasons for the development of the present ventilation system are: 

- the climatic conditions 

- the need to comerve energ 

- the intention to optirnise indoor air quality 

- the presence of specific gollutaat sources 

- improvirrg building te~hraiques 

- ventilation philossphy 

* A general trend to be noticed is the development from nallurd ventilation 
system into mecharricd efiaust sptems in moderate climates or into m e c h ~ c d  
supply and exhaust systems in severe dimates. 

At the same time, there appears to Be an awakening interest in advanced nabral 
trentilation systems, epecially in mder;lte climates. In rnild dimates natural 
ventilation system are still widely used and hardly any trend appears. 

* In general, present residential ventilation systems show poor re la~om betweerr 
the ventilation flows and the production rates, periods and locations of pollutant 
sources, 



Even in modern, demamd controlled ventilation systems an iqrovement on 
these relations is comidered to be possible. 

Hence, ventilation air may be applied m r e  effidently, lea&ng to energy sa~ngs  
and improvements of indoor air quali$ 

* The si~laPity of habitable ventilation stmdmds allows a closer international 
cooperation in the development of habitable ventilation system, especially 
between countdes ~6th comensurating climates. This needs ageemnt on an 
intema~ond ventilation philosophy. 

* As a second field of internatisnd moperation the development of source 
related local exhaust ventilation systems for service rooms is su~ested. 



The trends in ven~lation system rroticed in this report focus on some new fields 
that require the follodng extended resem~h and development, 

7.1 Optimisation of Local Extraction Systems for 
Main Sources, Such as Cooking and Bathing, 
Concerning: 
- optimm hood design (shape and location), 
- opthum exhaust flow rate, 
- minimurn vapour absorbence sf the room, 
- midmum ener$y comrngtion, 
-. draugkat free supply provisiom, 
- additional h e a t h  demands, 
- demazld conwol (e.g, humidity control). 

Also the use of these provisions for general additional veratilation may be 
investigated. 

7.2 Research on the Effects of Spatiotemporal 
Controlled Ventilation (Suppb - and Exhaust Directed 
to Occupied Rooms Only): 
- energy comemation potential, 
- effect of occupants beha~sur  (movement, opening doors), 
- consequences on the ventilation system (local supply and exhaust provisions), 
- automatic control system (locations scanning sensor system, adjustment of 
ventilation terminal deices and fans). 

7.3 Research into the Applicability of Displacement 
or Low-velocity Ventilation in Dwellings: 
- enera  conservation, 
- effects of occllpants' behaviour, 
- efiects on the indoor d r  qudiv, espeddly from par~mlar sources like tobacco 
smoke, 
- consequences of the choice of the ventilation system, the shape and location of 
ventilation t e r ~ n d  devices, etc. 



7.4 Improvement of Both Flow Direction and Flow 
Rate Control in Natural Supply Systems by: 
- development of self-regulating, drau&t-free supply vents .urith demand-control 
and compensation of infileation flews, 
- opddsation of natural or mechanical exhaust pr~vislom. 

7.5 Research on and Development of Building 
Integrated Dynamic Insulation. 

7.6 Improvement of the Energy Efficiency of Heat 
Recovery Devices. 

7.7 Research on the Need for Additional Ventilatioq 
with its Impact on Enera - Consumption Depending 
on the Occupants Behaviour. 
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Australia 
V~~~~~~~~QBBBBBBBBBBBBBBBBBB~ Standaerl: 
- 
System Requirements: 
Fixed ventilation in "wet aem". Until recently, fixed ventila~on in all habimble 
rO81flS. 

Cammsm Systems: 
Ceiling vents in laund~y, ba~room a d  kitchen. One or m r e  fixed wall vents of 
about O.O1mz per habitable room. 

Weatherme: 
Mild climate in the majority of populated area, mainly on the Bast Coast. Mean 
wind velocity = 3.4 m/s. 

Cummsm Dwellings: 
Detached, single-storey timber framed with plasterboard inside and brickwork 
ou&ide, Concrete slab-owgroud or suspended timber floor. Mean air leakage 
26 ach at 50 Fa, sf which 40% by fixed wall vents. 

Vmtilatiom ProMems: 
Radon problems in earth-wall and dugout dwellings. 

-- 

Ventilation Standard: 
Pa preparation. (NEN D56-601) 

Sys tern Requirements: 
Fresh air supply to bedroom; design value imf/s per m2 Boor area. 
Fresh air supply or overflow of bedroom air to living room. 
Exhaust in sewice room. 

C~)mmom Systgms: 
Openable windows. 
m e  use of small ventilation devices, ventilation ducts or mechanical ventilation 
is still rae, 



Weathe-e: 
Moderate. Temperahreg down to about -8 "C. 
Average heatiq season termperahre 5 to 8 " 6. 
Mcm wind velaeity 4-0 m/s. 

Gsmlnsa he1lirrgs: 
Low-rise, detached as well as rows. BricIrwork, 
Mem leakage 310 a& at SO Pa. 

Verrfilation P~oblems: 
Condematioa, odours aad radon. 

Ventilation Standark 
Nabral ventilation opening area: 
- kitchen and habitable roam 0.28m2 
- bathroom and 'VVC 0.09m2 
M e c h ~ c a l  ventilation up to 1,0 ash. 

System Requirements: 
requisemaats for the installation of mechanical ventilation systems 

are aven. 
M& hi&ligI$& are: 
- rninimurn aidow 5 dm3/s to habitable room, 
- md 28 dm3/s to baement and mmter bedroom. 
- additional ven~lation sf 25 dm%. - local extract 30 dmvs in kitchens, 
- and 19 dm3/s in bathroom, 

common Systems: 
In old houses (roughly before 1945) natural ventilation through cracks and vents 
in the building envelope. - Meckadcal exhausts with supply through cracks or 
b d m ~ e d  vendlation in newer houses. 

Weathertylpe: 
Severe climate, with tennperatures dom t~ about -35 '6 in popdated are=. 

Common hellings: 
Detached bungdow or two-storey vvith basement. High-rise apartment building 
in suburbm areas. 
Me= air leakage: 
- 18 ach at 50 Fa, befare 1945. 
- 5 ach at 50 Bsl, between 1945-1969, 
- 4 ach at 50 Pq between 1960-1989. 
- 2 ach at 50 Pa, recent airtight houses. 



Ventilation ProUems; 
Radon, condensation, formaldehyde md combustion gases (backdrau@ting of 
fuel b u d n g  agpliances). 

Ventilation Standard: 
During at least 45% of the heating semon a miElimum air shmge rate of 0.Sach. 
Kitchen 15-20 dm3/s(meeh.) or 1.5-2dmZ (nat.). 

15dm?s(mech.) or 1.5dm2(nat). 

System Requirements: 
The combinaticm of (dtzcted) ceiling ventilators and wall-vents must assure the 
ventilation demand. The distribution of wall-vents must assure sufficient supply 
airflows to all room. 

eomrn~m System: 
Natural ventilation throu@ about two verticd ducts and at least four wall-vents 
for low-~se buildings. M e c h ~ c d  exhaust or efiaust and supply for high-rise 
buildings. 

Weathwtylpe; 
Moderate dimate. Rragerature duing 84% of the time over -6 "C. Mean wind 
velodw 4-6 mls. 

Common DweIIinr$s: 
1 or %-storey housing ud& to high-rise apatment b1~cks. 
Mddy brickwork. 
Most airtight houses 3 ach at 50 Pa, which leads to an estimated mean air leakage 
of roualy 12 ach at 58 Pa. 

Ventilation Problems; 

Ve~ltllation Standard: 
&@ations give binding vdues for indoor air concentrations, ventilation rates 
are @yen as design piclarace, but in practice almost always applied. mey  are: 
- bedrooms 4 dm3/s.person or 0.7 dm3/s/mz floor area. 
- living room 0.5 dm3/s.m2 floor area. 
- kitchen eAaust flow 20 dm3/s, 
- bathroom ezchaust Row 15 dm3/s 
- toilet exbaast flow 19 dma/s 
m e  exhaust flows may be reduced if the room are not in use, prodded the 
whole dvvelling ventilation is above 0,4 arck. 



System Regairemetlts: 
There ape rules to get a m e  approvd for camponen& such as fresh ds int&e 
devices, supply and exhaust devices, ducts, filters and heat recovery equipment. 
Replations me given to restrict noise from m e c h ~ c d  ventilation system. 
Some ghlidmce is given on meam to control hudd iq  and on the control system 
of both m e c h ~ c a l  a d  namrd ventilation to t&e into account enera  savirrgs. 
Furthermre, pidance is dven on aspects of air distribution, air pressures, 
outdoor air i n t a e  and exlsaust with mubud distmce. k&age  of the m e c h ~ c a l  
ventiladon system is l i ~ t e d  ta 6% of the total flow rate. Finallyg replatiom also 
apply to the documntation, testing, maintenance, safety and user instmctiom of 
ventilaion systems. 

Common Systems: 
Mecharaical exhaust systems becam co on during the last decades (e.g. 60% 
of the present apxtment buildings). Older buildings have natural ventilation. 

Weartherme: 
Severe climate. Temperatures down to about -30 "C. 

Common Dwe11iags: 
Both high-rise and low-rise buildings presentb with a mncrete comtmction and 
low air leakage values (indication about 3 ach at 50 Pa). 

Vemtilation Problems: 
Condemation, stuffiness, spreading of odours bemeets flats and drau&t. 

Ventilation Standard: 
Efiaust Born, depending on number of habitable rooms (number in brackeb): 
- ldtchen 21(1), 25(2), 29(3), 34(4) or 38 dm3/s (51, 
- first bathroom 4.2 dm3/s( ) or 8.4 dm3/s(3), 
- first WC. 4.2 dm3/s( ) or 8.4 dm3/s(4), 
- evety second bathroom or W.C. 4.2 dmJ/s. Supply through all habitable room. 

System Requirements: 
Air supply in all hhitable room through special devices directly from the 
outside. M a u s t  from service rooms through vertical ducts. If the kitchen has 
mecharai~d extract in collective buildings, all senrice rooms must have 
mechaaaicd extract. M o M a t i ~ n  of aiflows according to tempsraty needs is 
allowed, 

Common systems: 
90% of flats and 70% of individual elvvellings have a mechanical exhaust system. 
Huanidity-controlled systems have now become of some significance. 

Weatherme: 
Mild climate, except for Ballpine regions. 



Common hellimgs: 
Both hi&-fise - and low-Pise buildings, mainly with a brick or concrete 
c o f l s ~ ~ i o n ~  

Ventnation Problems: 
Radoa, draught &om inlets, incorred operation of vents because of fouling. 

Ventflation StrrmdarB: 
Habitable rooms 1.0 to 1.5 ach (based on 5.5 to 8.3 dm3/s.person) Bathroom and 
toilets 6 ache 
Waus t  flows: 
- kitchen 33 dma/s 
- internal bathroom 16.7 dm3/s 
- internal toilet 8.3 drn3/s 

System Requirements: 
- 
Common Systems: 
Mainly natural wntilation via openable windows of the turn/chu& type. h new 
houses dso smdl wall-vents. In old flats e&aust ducts of the shunt m e  (nat 
allowed mpgre ) .  

Wearthertyge: 
Moderate to severe dimate. Average temperalux during heslting season -2 "6. 

Clommam Me11img~: 
Detached low-rise buildings. In suburban areas also high-rise buildings. Mlainly 
brislr or concrete consmdion Hi@ airti&tness - of windows. No drtightness 
valms of dwelliflgs available. 

Ventilation Problems: 
Dsau&ts from inlets. 

Vemtilatisn Starrrdarsd: 
Habitable room 4.2 dm3/s.person. or M 2  dm3/s.m2 floor area. 
Etchen l ach 
Bathroom 2 a& 
hte-ba&room 1, ach 
Entranse halls 2.8 elm3/s times the number of accessable rooms. 

System Reguiremmts: 
Size and type of natural velats can be calculated using prsvided aquatiom* 
Openable window area of habitable room and the kitchen at least 1/8th of the 



floor wea. 
Bahroom must be proGded with an external opening or mecbadcal ventilation. 
m e r e  natural ventila.tion is urrlilrely to be satisfactofy, mechhcal ventilation 
should be provided in Etchens, bathroom, etc. 

Common Systems: 
Namrd ventilation. 

Wearthertyase: 
Mild climate to moderate in nofihern re@m. Average temperamre duping the 
heating seson approsmately I0 to 5 'C. 

Cs~~lnan Wlliags: 
Hi&=fise buadhgs and detached low-rise buildiqs. Bfick and concrete 
construction. 

Ventilation Problems: 
- 

'Vemtilation Standard; 
5.5 dm3/s.person. 
Ehaust for combustion appaams: 
- flue-less 40 x theoretical combustion production. 
- with b o d  20 x theoretical combustion produdion. 
- exPlaust dad 2 x heoredeal combustion prorfuction. 

System Reqmirements: 
- 
Camman Systems: 
Natural ventilation via cracks, openable windows and supply ducts. 
Bresently extended with local exhaust fms in service rooms. 

Commen Fhvellings: 
Conventional detarcked ~ m b e r  framed wooden houses. In suburban meas 
high-rise apsrrtment buildings of steel reidorced concrete. 
Mem air leakage value approximately 13 acb at 50 Pa. 

Ventilation Problems: 
Radon md combusion gases of open firs local heaters and kitchen applianes. 



The Netherlands 
Ventilation Standard: 
7.0 dm3/s.person: restricted total for living room behueen 21 and 42 dm3/s. 
Desip value for bedrooms 1 dmf/s.m2 floor area 
m a u s t  aows: 
- kitchen 21 - 28 dm3/s 
- ba~roorn 14 dm3/s 
- MC. 4 dm3/s 

System ReqalmrtaenEs: 
Waust  by vertical ducts to the roof, Supply by wall or Wipldow vents in habitale 
room, situated at least 1.8 m, above floor level, adjustable to teraporafgr 
demmds. Fresh air intake of bedroom may be used as s~lpply air to the living 
room and from there to the exhausts. Buildillgs hi&er than 131x1 require 
mechanical ventilation. The design value for natural ventilation openings is lmJ/s 

2 per rn ope&ng area. 

Common Systems: 
Nabrd ventildion by srnall window vents or Miles in combination d t h  veaicd 
E1IIcfs. In buildhgs above 131x1 high and in new dwellin@ mechanical exhaust. 

Weatheme: 
Moderate climate d t h  temperatures down to -1% "6 and an average of 5 "C for 
the heating season. Average wind velociq 5 mls. 
Common hellings: 
Rows of woestorey buildiw. In suburban areas also high-rise apmtment 
buildings. Mean air leaage value 9 ach at 50 Pa. 

Ventilation Problems: 
Codensation, draught from inlets and possible backdraught in ducts. 

New Zealand 
Ventilation Standark 

System Requirmewts: - 

Minimum area of openable windows 5% of Boor area in each room. 

Commsn Systems: 

Weathertype: 
Mild climate in populated areas, 

Commcle Dwtellings: 
NB iElforaraation about dwellings Zyges, Mean air leakage 10 ash at 59 1Pa. 



Ventilation Problems: 
Condemation problem, 

Ventflatian Standard: 

System Requirements: 
Habitable room and the kitchen must have openable windows or wdlvents of 
3&m2 each room. 
The bathroom must have an opening above or below the door of 100 cmZ. 
Warus& (mecbarrical resp ,na~d) :  
- kitchen 22 dm3/s or 200 cmg' duct. 
- bathroom 17 dm3/s or 150 m2 duct. 

Camman Systems: 
Natural sur~ply throtllgh wall vents in habitable room. Natural or mechanical 
exhaust ducts in s e ~ c e  room. 

Weatherme: 
Severe climate. Average teqerature durirrg the heating season -2 to -8 "C. 

Commsrm hellings: 
Conveatiorral low-rise wrclodemr houses. High-rise apartment buildings. 
Mem air le&age vdues respectively 5 and 1 ach art 50 Pa. 

Ventilation Problems: 
Draught from idets. I m n e c t  operation because of fouling, 

Sweden 
Ventilation Standard: 
0.35 dm3/s.m2 of floor area for the whole dwelling. 
Bedroom 4.0 dm3/s for each sleeping place. 
Ktchen 10.0 d d s ,  
Service rooms like bathroom, toilet, laundry room etc. 10.0 dm3fs each, 
increased with 1.0 dm3/s for each mZ floor area exceeding 5m2. 
Bathroom without an openable window 30 or 15 dm3/& 

System Reqlyf - rememts: 
The kitchen must have a local mecbanicd ventilation system that captures at 
least 75% of the cooking gases. Bathrooms without an openable window must 
have raechallicd ventilation. Temporq occllpied rooms should have an air 
exchmge rate which prevena health risks or building damage, Heat recovery is 
required for ventilation system with enesrlSy demands exceeding 2 MWyear. 
Heat exchangers in a heat recovev system must have a 60% tbermd efficiency, A 



heat pump should at lemt give the s m e  e m r u  reduction or the energy demmd 
for domestic hot water. 

Csmmsn Systems: 
Tire traditional systems have wall-inlets and namral or mechanical ventilated 
eAaust duds. The comrraon system in new homes and multi-storey building is 
m e c h ~ c d  supply aad edaust often with air heating and recirculation of air. 

Weatherme: 
Severe climate with temperahres d o m  to -36 "C. 

Gammon hellings: 
Both low-rise rina high-rise buildings. Conventional buildings of wood. Modern 
brtildings of concrete. 
M ~ n  air leakage: 
-12 ach at 50 Pa, before 1929 
- 8 ach at 50 Pq between 1921-1940 
- 6 ach at 50 Pa, between 1941-1960 
- 5 ach at 50 Pa, between 1961-1975 
- 4 ach at 50 Pa, after 1976 

Ventilation Problems: 
Condensation in or on the building envelope. 
Radon. 

Switzerland 
Ventilation Standard: 
Tirere are no federal standards for dwellings, although local authorities may have 
their own standards. 
German standards are often used for pidance. 

System Requf sements: 
In buildings with an aif.ti@tness below defined values and with window 
ventilation, provisions are required to parantee the necessary basic ventilation. 
In brrildinp with edaust ventilation appropriate inlet opellings are required to 
ventilate all mcessaq qnes. 

Gammon Systems: 
Naturally ventilation, often with additiond mechanical f n s  in service room. In 
older houses natural rrentilated ducts are also used. 

Weatherme: 
Moderate climate to severe climate in Alpine regions, Wind exposure very 
dependent on location. 

Common Dwtelli ngs: 
W o d  constructions in AZpine regions, often with concrete basement, Concrete 
ar brick comtructiom in suburban aeas. 



Ventilation Problems: 
Some condensation problem. 
Combustion gases frsm hebing apflinces. 

Ventilation Standard: 
1 ach in habitable room md 3 ach in seGce room (meshaElisal ventilation) or 
each room an opening mea for natural ventilation of 5% of the floor area? plus a 
4 0 d  controllable vent. 
Deviating Scottish standads me: 
- 3ach in habitable room and the WG., sr  opedng a e a  1130th of the floor area 
plus 40cm2 trickle ventilators in the habitable room and kitchen, 
- 64 din3/€ mechadcd =tract in the kitchen, 
- 28 m e c h ~ c a l  extras in the bathroom. 

System Rqoirements: 
Some g a t  of ventilation opening must be at least 1.75rn above floor level. 
Bstthroom ventilation may be intermittent hut should run for at least IS arinutes 
dter the use of the room stops. 

.vem for background ventilation should be controllable and secure 
md located so as to avoid undue draugha. 
The Scottish standard rewires an ahiliq for f a  of habitable room and fitcbem 
to conthuously operate at low speed. 
Other UF; requiremats apply to roof ventilation to prevent condemation and to 
ventilation for combustion apparatus. 

Gommom systems: 
Namrd ventilation through openable windows. In kitcherrs e&aust duas m y  be 
awlied. 

Weathertype: 
Moderate climate in the main populated area. 

Common hellllrags: 
Detached low-rise brick hildiflgs, High-rise qartmnts and row of houses in 
suburban aeas, 
Mean air le&age value 14 ach at $0 Pa. 

Ventilation Problems: 
Codemation, Draughts from air idets. 



Ventilation Strrrrdsrd: 
Habitable rooms 7.5 dm3/s per person. Kitchen 50 dm3/s intermittent or 12 dm3/s 
continuous. Bathroom a d  WC. 25 dm3/s inte-ttent s r  10 dm3/s continuous, 
An alternative ach is provided using restaicting indssr air e~ncentratiom of 
all b o r n  cent of concern, 

Sys tern R_equirements: 
The first bedroom is supposed to be ocwgied by at least 2 persom and addidonal 
bedroom by 1 person. 

Common Systems: 
Namral ventilation through openable windows a d  stacks of wood budng 
appliances, assisted by intermittently operatirag local exhaust fans in service 
room. Mechdcal exhsrust and balanced sptem in new houses md hie-rise 
buildinp* 

Weathgrmg: 
lMild to severe dimate ima the main populated apeas. Average temperamre during 
the heating season 10 "C to -5 "C. Meaa d n d  velociv about 4ds .  

Common Dwe1lings: 
Detached single or mo~storey houses. Timber $ a m  coastmctiom with b ~ c k  or 
concrete underslab or basement, Hi&-rise apartmene and rows sf homes in 
suburban areas, usually brick or cmcrete. 
Mem air leakage value about 11 aeh at 50 Pa far csnventiond houses and 6 ash 
at 50 Fa for enera efficient houses. 

Vemtflation Prob1ems; 
Radon, fomddehyde, combustion gases sf unvented appliances and 
eondemation in the building stmcture, 





Appendix B: Review of Common and Advanced 
Ventilation Systems 

Categosry 1: Mr Movernmt Caatral Syst~ms 
1.1 spot ~ Q W  CQI[Z~FO~ Systeta~ 

1.1.1 h c d  Waust  System 
11.1.2 Jet How Systems 
1.1.3 Enforged Lscd m a u s t  System 
1.1.4 healised Ventilation Systems 

1.2 Internd Roodow Control System 
Ventilation Room Slystems 

1.2.2 Displacement Ventilation System 
1.2.3 Forced ViDrtex Ventilation System 

1.3 mer-Room Flow Control System 
1.3.2, Nahral Etfiaust h a  System with Controlled Supply 
1.3.2 MecB~cal  MausuControlled Supply Systems 
1.3.3 Mechanical Supply System 
1.3.4 M e s h ~ c d  Supply and Exfaaust Systems 
1.3.5 Overflow ventilation Systems 

1.4 Welling in or htflow Control System 
1.4.1 Radon s r  Methane Mitigation System 
1.4.2 Vagour Mtgation Systems 
11.4.3 Combusdon Ventilation System 

C z r t ~ p ~ y  2: P~QW QlzaatiQ CoatroI Systems 
2,1 Arutomatic Set-Point MaiBtenance -tern 

2.1.1 Temperature gfontrolled Natural Supply Sy-stem 
2.1.2 Ressure Digereace Contmlled Natural Supply System 
2.1.3 Pressure Difference Controlled Mechanical Ventilation 

2,2 automatic Sepoint Adjustanent Systems 
2.2.1 Resence Dependent Mechanical Ventilation 
2.22 Carbon Diogde and Odour Controlled Ventilalion 
2.2.3 Eiumidiq Controlled Ventilation 
2.2.4 Temperature Controlled Ventilation 

Gategoy 3: Veatilation Heat Rgcovery Systems 
3.1 Air-to-air Heat Recovepy 
3.2 Air to Neat W l q  Systems 
3-3 Heat Recovery &r Supply Windows 
3.4 mdc Wail1 Heat Recovery 

Categaq 4: APtematPve Vemtlllation E n e w  Gain Systems 
4.1 Soil-Heated or Cooled Ventilation ~r 
4.2 Sslu Hearled Ventilation Air 





BPPENDLX B 
OF COMMON 

WWILATION =STEMS 

Category 1: Air Movement Control Systems 

Objective: 
Biredion aad capture of pollution flew the source. 

DessPigtion: 
A flow is direckd into the exhaust system using either or both (Fig.1): 

- a well-shaped exhaust hood placed down stream of the freely flowing pouutant, 

- a velociw field created by the errhast flow dominating the local pohtmt  flm, 

To capture all pollutants the exhaust flow has to be as large as the pollutant 
produdion increased with the induced airflow. 

The exhaust system duds the polluted air straight to the outside or via air 
c l e ~ n g  devices to the outside or back into the room 

Captive 

field 

flow 



Applf catiams: 
glooEng equipment and combustion applimces in dwelling, Wdely used in 
industrial processes. 

Propert-iies: 
* The capture efficiency of the system is very mueh restricted to the location of 

the efiaust opeltling. m i s  does not allow moveable sources of polludon, 
unless moveable errkaust deices are used. 

* The capture efficien~ of the sqrstem is also easily dfected by vaiatiom of the 
production s r  flow direstion of gollutmts, as well as by zaccidentd air 
movemen& mused by mving people, open indows, supply Miles, etc. 
Hence correction of these effects needs a large over-dimmiofling of the 
exhaust flow. 

* Imediate  local errkaust of high productive intermittent sources needs 
relatively large temporary flows coanpared ta the conthuous flow of a dilution 
ventilation system. This is due to the lack of m air buffer to accumulate tbe 
temporq production of the pollutmt, Tbe advantage is that the totd volume 
of replaced air with the local exhaust may be an order of magnitude lower 
than with the dilution ven.tilation system. This allows enera  comemation. 
However, the disadvmtage may be in the temporary high supply flows 
possibly causing draughts. To prevent this problem special supfrly prodsiorms 
and the use of preheated supply air may be advisable. This may incresse the 
compleAQ and the cost of the system. Mso the correct d i m e n s i o ~ g  of the 
supply flow is important to prevent depressurization effects. 

The residential ;application of different local exkausts means decenwalized 
ventilation ducts, whish hinders the application of central pro\risiorms such as 
heat recovey and air clealling. 

Berrefits: 
* Lscal eshaust high concentations, low air volumes cause a sigdficant 

reduction of the total exchanged air volume compared to dilution ventilation 
(low cornemrations due to exposure, high air volumes), Reduaions may 
easily be by a factor of 10 or more, thus allovving corrmgarable reductiorms of 
the errergy denaand. At the same time the indoor air quality is improved. 

* h c d  ventilation dlows an optimd arljustment to local demmds, This 
prevents uxanecessq ventilation of aunpolluted rooms when ventilating 
polluted room comected ts the same cetltrdized system. 

* h c a l  ventilation system can be applied in combination with ather system 
such as displacement ventilation systems. 



* The principle extraction of high concentrations in low air volume flm 
mwers a basic condition for high efieenq air slearri~.lg. 

Objective: 
Direction of pollutmt flows md separation of inter-room zones. 

Description: 
Air is supplied to a room via nozzles or slits in a specified direction, thereby 
inducing a controlled local movement of the room air (Fig.2). The system is often 
used in combination with a local ehaust lsated doa t ream of the majar 
aiflow. 

Primary f law 

Conditioned zone blnccrndi tioned zone 

Applications: 
1; industrial processes and utility buildings to direct a pollutant flow into the 
exhaust (e,g., open surface solvent baths), ta separate a conditioned md 
unconditioned zone. 



Prapertf es: 
* Needs awriliw ehaust to capture a direaed pollutant flow. 

* Critical desim in general, e p e ~ m e n t d  while m desip rules are available. 

Interadion with obstcles and heat sources. 

* b a t e s  brbulence which causes some & exchmge between conditioned md 
unsoditioned zone. 

* Hi& pslittlary supply velacities can cause locd discornfo~ and noise. 

Benefits: 
* Good control of flow directions ~ t h  relatively small air volume flows (jet 

flows of approbately - - 5% of the ehaust flows), 

References: 
- 

Objgetive: 
Improved direction and capture of pollutam near the source. 

Besc~nigtiom: 
The system are in pfin~ple combinations of local ehaust (1.1.1) and jet flow 
system (1.1.2), d t h  the distinction that they are integated in one device. They 
meate vortices near the exharust deformating the ehaust veloci~ field from a 
unidirectional global one into an edarged siqle directional one (m.3). A spiral 
shaped exhaust velocity field shows the best results. 

Appli~ti~rrs: 
S o m  industdal processes. 

Braperties: 
See 1.1.1, local eAaust systems, except for the capture efficienq being less 
restricted to the locirtion of the eAaust. 

Benefits: 
See Z.T,l, 

B~feremces: 
NRBME Nr.2212,2750, and 3493. 



Exhaust 

Exhaust velocity 
field 

OBj estive: 
Local ventilation of a room zone. 

Deseriptisa: 
Conditioned ventilation air is supplied directly to an ocapied zone of a partially 
unconditioned or different conditioned room (Figtl over). The supply devices 
ulfiforPaly distribute the air into the ocmpied zone, to create an acceptable local 
air q d i v  andlor climate. Waust  of air m y  be in or out of the ocwpkd zone, 
both central or locd. In general the supply in each zone is operated at occupancy, 
whilst the exhaust flow is balanced to the total supply flow, 

Applica tioas: 
Large office room, theatres, industrial environments controversial to occupants' 
meds (e.g., m a t  processing platlts), hospitals (operating room zone 
eliwatisation). 

Praperties: 
* Air supply directly to oceugied zones needs a groper distribution md 

preheating of supply air t~-~revent  discomfort. 



Separate local supply provisions hrther the conrplexity of the systeq 
espedadly when automabcally ocmpmq csntrolled. 

Ben@Piits: 
* Rastrict;ion of ventilation a&r air conditioning to ossupied zones only, 

reduces enerm demands. 

* Esc&zed ventilation enables digereat enGroments in one room dowing 
optirnd conditions for both processes md occupants. 

Referemces: 
BME Nr.3219. 

Papers to the 11th AIVC Conference by E A k e n s  et d., Lawrence Berkeley 
Univ., California. 
BBRWNT, access Nr.86-33M84. 



Objective: 
Dilution of polluted room air by clean air. 

Besc~ption: 
Pollutaxlts are mhed within the room air and kept at an acceptable level by 

'ng them with clean air. M ~ n g  is gemrated by all kinds of air movements 
caused not ody by supplied clean air, but also by the psllutmt soure, marring 
objects, local telrnperature differences, etc. (Fig.5). It does not need defined flow 
dipestions md velocities. This mems ng ventilation can occur with practically 

* .  all Ends of ventilation devices. How does depend on: 
- the distribution of ventilation air, 
- the interastion of supplied airflclws with room d f l m s ,  
- the location s f  ehausts relative to supply-openings (possible shofi eirmiting). 
Because of the possibility of mirring ventilation vvith more or less undefined 
supply and eAaust properties, uncolltrolled or mama1 controlled naturd and 
mechdcd  ven~lagon are widely applied. In general these system do not fit in 
this ategory because the flom are not restricted to one room (central systems), 
though some K d  of flow quantity control per room may be applied (see 
Catego7 2). 

Glean air supply Exhaust of 
polluted air 

Pollutant 
sau rce 

Fipre 5: MiUing Entiiatbn 1s Caused By Internal Air Movemen&. 

A few pagers refer to room ventilation units (decentral system). These units 
pgoV1ide a controllable mechanical supply and exhaust per room, d t h  or slvithout 
air to air beat recovery (Fig. 6). 



Heat 

I I Exhaust 

Fiere 6: Unit For Room Enh'Iation 

Applisatisms: 
Decentrd systerns ape applied in industrial premises as well as in German 
dwellings, the latter cornbined with cooling. 

Propepties: 
* Air supply dhectly to occupied rooms needs a proper distribution rand 

grefer;r$ly preheating to prevent discomfQrt. 

* Good sound insulation required to prevent noise during operation. 

* BossibiliQ sf short circraiting of ventilation air when combined supply and 
exIraust units are *lied. 

* TFstd costs of x room uni& are eqeded to be higher than one central 
ventilation system per dwellhg. 

Benefits: 
* Independent ventilation per rsom is possible with optimal acajustment to local 

needs and no umecessary operation in unoccupied room. 

" h c d  room ventilatiun allows the quick removal of pollutants from a 
source-room, before they mix up with the air in other rooms as might happen 
with centrd dwelling ventilation, mis  reduces the total ventilation &r volume 



and the related enerB comuqtion, as well as the total doses of eqosure to 
pollutmts. 

* Control per room allows easy and optimal compematian for local 
disturbmces by wind, Qcmpants, etc 

* Wall-mounted local ventilation units do not need my ducting dthin the 
dwelling and me suitable for retrofit use. 

Referemees: 
PalIIUBME Nr. 14M. 
BERWNT access ms.82-B0559E md 84-248427. 

Obj ective: 
Create mixing ventilation with a tendenq to unidirectional flow of pollut;mts 
away from occupmts. 

Descrlptioa: 
Buoy- effects of human sources and other warm sources cause most 
pollutants to rise. If this stratification is allowed to continue, rather than be 
impaired by the ventilation system, the ventilation egciency of polluted or 
occlgied zones cm be i w e a e d  without insreasing overall ventilation (Fipre 7). 

In general this means a low-velocity, fresh air supply near the Boor into the 
ocsupied zone, with temperatures slightly below the local air temperatures, 
Thou& vertical flow through the floor is possible, horizontal supply through wall 
diflsers, using filter clothing or pe~orated panels, is found to be mast practical. 
m e  eAaust gro~siom u e  located mar the ceiling9 preferably close to pollutmt 

Cool 
low-veloci ty 
supply 



 application^; 
Offices md hdustrid pwfnises - d t h  heat sources (as yet on a liPaited scale, But 
rapidly gowing). 

PropeAies: 
* Creating a displacement flow needs a good dis~bution of cool supply air (up 

to 5K below room temperature) with low supply velocities (below the upper 
c o d o a  lirzlit), 

" The displacement efkct, expressed in the ventilation efficienqp decreaes 
with the distmce from the supply open in^. In pradice the efaect is restricted 
in height. 

* Displacement flow does not alter geatly over a wide range of supply drflow 
rates. Generally the ventilation effisieney is inaeasing with tbe aMow, but so 
is local discswrfsfi. 

* Upward displacement flow can only be maintained with supply temperatures 
below the teflfgeramre of the room air. The ventilation effisienq as well a 
local discomfort are increasing with the temperature difference. 

* Stratification in displ;lcewat Bow leads to relatively high exhaust . 
tennperamres, compared to ventilaticm. In summer the cooling 
capacitgr of ventilation air therefore is relatively higher. However, in winter a 
Mgher enerm loss is caused by this, reducing the adlvantage of a higher 
ventilation efficiency. Nevertheless, the overall temperature effldency in a 
well designed displacemeaat system will still be better. 

* According to most researchers, displacement ventilation needs relatively high 
flow rates of up to 3 or 4 times the basic demand (about 1.4 dm3/s.mz floor 
we& without recirculation is an indicative rate). A way to mdntdn 
displacement flow at low ventilation demands is to eject large flows of room 
air into the primary ventilation air. Generally this will smooth out 
temperature differemes, thereby decreasing both local discomfrsrt and 
ventilatian efficiency, mis  is also known as "law velosiQ ventilatiori". 

* The restricted proporlions of displacemnt ventilation make the system less 
suitable for the removal of large heat loads. The ability to remve heat 
increases with the height of the supply openings, but also the costs. 

* Convective flow, induced by local solar radiation or panel heaters, i r n g ~ r  
stratification causing reduced ventilation efficiency, 

" Persons moving around, occasionally opeming doors, only appear to have a 
small effect on ventilation eEiciency, On the other hand hi@ ocmprunsy load 



of non-moving persons inaemes ventilation eiFficiensy. T'he ventilation 
efficiency sf p a ~ l y  ocmpied room vepy much depends on the location of 
066upants. 

* The interaaion of the displacement system with interior sudaces of dift'erent 
temperamres sugests the application in well-insulakd buildings with a 
udform heat distribution. Combined heating and ventilation system are not 
suitable. 

* The desip prosedue sf a displacement ventilation system has t s  accsunt for 
obstacles md the main corata flow and heat flows to create the most 
favourable flow pattern. It meam the s~terrm tppiglnt be less suitable for flegble 
room applieatiom. 

* Tbe creation md maintenance of a stratifkd flow m & ~ s  the displacemeprt 
wntilation sptem less suitable for highly elyndc sittaatiom, 

* hssible pick up sf contdnmts from the floor, 

Benefits: 
* hprovemnt of the ventilation efficierrcy cogltaared to tlg ventilation 

system, resulting in a supePisr air quality maor  enera csnse~vatisn up to 
about 20% in praaical applications. 

* Both the displacement flow md the properties of the supply provisiom allow 
a wide v~iation sf the supply flow rate. 'This m&s the sysem suitable far 
demmd control. 

Refere~ws: 
BASE Nr's BS5,1626,2121,2227,2236,2302,2472,2610,2611,2612,2M9, 

2845,3120,3219,3525,3523,3529,3577,3612 and 3719. 
D E R W m  access Nt's 82-D4665E and 85-056882, 

ObJeetiv@: 
Create dominating vortex flows to control pollutant flows and to provide clem 
air, 

Blescdptioin: 
Ve~laation air is supplied g a  vertid grills s n  the same side sf e a ~ h  wdl, n e a  
the comers of a rmm. 'pgle high supply velsdties induce a main wrtex-shaped 
aclw of room dr, dodnating nomally e~sting natural roam air flow, lstn 
errllaust oge~sag is instdled in the cent= sf the ceiling. me mmbimtian sf the 



vortex aPra the cerrttd eh;rust tbrattles the used air into the eIchaust (Fiwre 8) . 
The v e ~ e x  highly reduces the dispersisn af s e n t ~ n a n t s  EPom the room to 
sumoumding places. 

Vertical 
" ~ P P ~ Y  
Ceiling\ 

Figzsr~ 8: Em&b of A Forced V o ~ a  Kntikdiapt System 

Applisations: 
Airloch at building entrances, 

Brqe~lies: 
* Dominating nahlrd room news rather than using them suggests high energy 

demmds. 

" P][igb contra1 velaci~es h tbe vortex may caruse draughts, 

* System pe~amaince impaired by obstacles. 

Benents: 
* hevents the dispersion of cant nants beyend the vortex boundq. 

* System perfemace hardly irafluenced by the heating system in te rd  heat 
loads, variatiom of supply and room temperature, opening of doors, etc. 



Obj eclive: 
Create a main Bow from outside into habitable room which overflow to senrice 
room before behg ehausted, 

Desc~ptfara: 
kr t icd  ducts, applied to sesvice room, create exhaust flows, based on the 
stask-eEect osmring during the energy comuhflg beating season, m e  air is 
supplied thlrmgh vents in the walls of habitable room on diEerent oriewtations. 
Normally the leeward-side wdl vents turn into eAausts by occurrjng 
cross-ventilation at higher w i d  velocities. 941e system is based on preventing this 
cros~ventilation under most conditions, thus maintaining supply t i  habitable 
room, overflowing to senrice room to be exhausted. This needs: 

(i) location of the outlets of exhaust ducts in the centre of the roof (loca~on 
with lowest wind pressures); 

(ii) grtight buildings, having air leakage values under 5 ach at 50Ba; 

(iii) a, rel&kely large o p e h g  mea of h e  errhaust ducts compmed to h e  
nn~munn opening s e a  of the supply ven&; 

(iv) control of supply-vents to restrict the an~anuaaa flow rate per vent, especidly 
concedng the vvindward side supply vents (see also Categopgr 2.1). 

2% get an oveflow of air &om supply room to e ~ a u s t  rooms a certain level of 
air le&age for imide-walls is necessq. The operping areas of these ovePEIow 
provisions have to be restricted. The inter-room Rows c ot be conBolled with 
large openings like open doors. mey uill exchange air flow rates per door in the 
order of ma@tude of 10 or more t h e s  the total basic flow. Hence, inter-room 
control of basis flows requires closed iaaer doors. 

Gppliieatiaras: 
Bwellings, schools, small oEse buildings , admd shelters, 

PrapePai es: 
* Both the inter-room flow dirediozas and quantities are dependent on the 

weather csditioas, Control of the supply provisiom can strongly reduce this 
dependanq but not completely eliminate it. Only a continuous automatic 



control is &ought to be suscient, due to the mmplex relatiom involved. 
mat 's  m r e ,  this control is strandy hhdered by wind fluctuations. 

Inter-room flow control stron@y depends on the occupanBY behaGous 
concedng fie use sf doors md additiond ventaation proGsions. 

* VeHicaJ, exhaust ducts, especially with large opetling meas as in natural 
ventila~on system me a lihting hctor in the building desip. 

m e  decentrd supply afld exhaust does not dlow the appliation s f  heat 
recovery. The low system pressures do not even allow the use of a heat p u q  
reewering heat fpsm the exPlaust air. 

Bmefits: 
@ m e  namrad ventilation system can operate without auxiliaq energy. 

* The bmic proGsions of the natural ventilation system w y  bs shple, 

99ne baic system bas m noise generating parts. 

* The system fits into present traditions, h i g h  eases the introduction of 
advmced versions. 

References: 
E m's 2588,3m4, afld 9441. 

Report Nr W881049 of m-m6, Hallad. 

ObJ ective: 
See 1.3.1 

Bessigtion: 
The system is a vapie~ of the natural one (1.3.1). It is less dependent on the stack 
effect md less critical an vvind-conditions by using a mechanical exfiaust fan. 
However, because a large depressurization of the dwelling is not desirable, the 
flows per room with f ~ e d  wJ1-vents ape still not coqletely dosarinated by the: 
fan. Partimlarly leewmd-side room may be strcmndy under ventilated, To prevent 
this the control of the: mdmum supply flow per wall-vent is still required (see 
Catego7 2.1). m e n  using one central exZlaust fan for a number of ehausts in 
one or m r e  dwellings, the eAaust per room dgh t  diger from tbe set-points in 
other room comected to the system. In this case also a flow contaol on the 
e&aust ~ & t  be desirable (see dso Categov 2.1). 



Properties: 
* A con~nuous automa~c control of the supply venrs is needed to ensure 

ardequate Bows of outside air that would stheNvise vaq according to the 
prevfisg weather conditions, 

* Inter-room flow control strr~nglly depends on the occllpmb' behaGour 
the use of doors and additiod ventilation provisiom. 

@ Vertical exhaust duGts, although often small in a mechaaid spte~a,  srmifit be 
a li&ting factor in the building design. 

* m e  deeentral supply does not allow the application of an air-to-air heat 
recovefy system. 

* m e  system needs a d h q  energy fur fans. 

* m e  system ~ & t  generate noise. 

BemeBts: 
* The sgrstem fits into present traditiom wlkich eases the introduction s f  

advanced versions. k Bow v~a; t isns  are net so criticd as with a natupal 
ventilation system arad rhe application of a heat pump recovey system on rke 
efiaust air is an option, mis  system can be used in retrofiting. 

Refe~eaces: 
MMASE Nr's 464 md B19. 
PP3SEDEX Nr. 8198788. 
Itiefercnces of Category 1.3.1 md 2.1. 

objectiv@ 
See 1.3.1. 

BescPiptiam 
Local fans or terminal devices of a ducting system with a central fan supply fresh 

re of fresh air md redrmlated air to habitable room, the supplied 
;lir is dlovved to overflow aa  inner walls the service room, to be exhausted 
naturdly , 



Applications 
Not applied in dwellings. 

Pr~pelrtles 
* The supply to habitable room will not ody crede an ovedtsw on h e r  walls, 

but also errfiltration Wsu& the outside wdls. This causes a high 
csndensa~on risk in outside walls. 

Benefits 
* T$e system is able to meate ovePpresswe in the dweMag thus preventing 

unwanted infiltration, e.g. Elf air cotltdning radon &am the soil, 

References - 

Q)Bj estive: 
See 1.3.1. 

Beshptiam: 
a t s i d e  air is supplied to habitable room by a fan and a duct prsvided with 
supply terminals, Used air is ehausted from service room by efiaust @lls ~a a 
duct a d  a f m  to the outside. 

next varieties of the system may occur as follows: 

(i) Uhalaaced Hows. Usudly the supply is about 86% of the edaust flow to 
allow a better mratfol of the camplementasy infiltration, gZn special 
occasions the opposite system (extraust 80% of supply) may be applied, e-g, 
in dwellings ~ t b  radon problems, dthou@ this system has an increased 
condensation I.isk by ediltrating hdoor air; 

(li) Heat Recovery. Air-to-aip heat recovery bemeen edaust and supply air may 
be used, both tts reduce tbe ventilation enere;y demand and to preheat the 
supply air, seducing draughts; 

(iii) k r  $I[%ating. Bemuse of the generd system applimce in airtight, 
well-insulated dwellings the heating demands are reduced. This allows the 
combination of air hea~ng and ventiliation, thus reducing totd system cosls. 

(iv) Recirculation. Supply air may be a mixture of clean outside air a d  
recirculated indoor air, either to increase the tat& airflow for heat trmsport. 
Often the fm can be operated at vafsring speeds to provide adjustment to 



different ventilation or heating demmds, However, flow control for separate 
room is not co 

Applieatioas; 
hel lhgs,  offices, schools. 

Properties: 
* Even with pmtly unbdansed flow the id t radsn  losses are not reduced 

si@6afltly, so the building has to be aiaiat. 

n i s  type of system noranally does not have independmt room Bow control. 

* Recirculation causes the spread of pollutmts out of room, where the 
recirculated air has been extracted, threu* the whole house. On the other 
h d  it causes tbe leivelliPlg of mom concentrations, using the totd anaount of 
ventilation air. 

* ow rates demmded for heat trmpert differ from the vedldio1.1 flew 
rates, Wi&out high recirmlatisn rates this may cause over or under 
ventilated room. 

+ The ssmbination witb aJs beating does not allow the combination ~ t h  
displacement ventilation. 

* The balm= of supply atls eAaust Bcrw is aHected by varying temperamre 
diEeremes hemeih imide md ou&ide. 

* The system needs auxiliary energgt for the fans. 

Benefits: 
* m e  mecha%licd supply and edarust allow a good control of the flows towads 

md betvveen room, the latter m&dy with doors closed. 

* aJle system dlows the use of air-to-air heat recowv. 

* TGhe system might he combined with air bea~ng, &us redlaPdng totd 
iastallation cosB a d  the demands on the supply-provisiom. 

RgPerences: 
AZRlSASE Nr.2309 a d  3129 
D B R W m  access nr.86-106696. 



Objective: 
Create deEned flow disectiogs between room, even with open doors or 
urrfavourable weather conditiom, 

De~cApti@m: 
Room are proviaeel with either or both m e c h h d  supply or mechadd 
exhaust. The flows per room are established in a way that s hierarchical 
pressure-order is reached, creating the highest pressures in the cleanest rooms 
irnd the lowest pressures in the most polluted sekce-room. The flow 
differences per room are allowed ta overflow firom dean room via room e& 
lower pressures to the polluted room by restriaed openings in indoor walls. 
mou& the flow quantities rnSght be arlFfie&ed by opening doors or by flustuathg 
iafilQation, the flow directism will be mdntdid .  The qstew dim m o m  to be 
p d y  or totally ventilated vvith wasted air from room with a higher pressure 
level. 

AppIieartisrrs: 
~ o s ~ i t a l s ,  clean room, and restaurants. 

Properties: 
* The system needs total ventilation Bows very much exceeding basic 

ventilation needs for ocmpm&. 

Benefits: 
* The system is Ale to control the flow-directions between rooms in a wide 

range of eirwmtan~es, thus preventing unfsv~urab~e pollutmts-&mpom* 

* The total airflow throu* a building with an oveflow ventilation system is a 
few times smaller than the total airflow in a traditionill system with paaUel 
Bows. 

Wefere~ces: 
-- 

BASE Nr.1254. 



[Note: Because this ategory of systems deals with additional ventilation needs 
which are not the su$jea of this smdyr the system are not eaemively descdbed] 

Objective: 
Rerluee a radon or methm contdning ~ d o w  from the soil to the dwelling, 

Dcesc~~iom: 
In wfiain are= severe methane or radon and radon progeny emittmce $om the 
soil to the building may scar.  Air leakage of the house, in pmimlaf of the Boor, 
with the stack-effect as a dritting force are the important faders in the transpsfi, 
also irrfluenmd by the ventilation system. Sealing measures may reduce indoor 
suncentratiom up to 65%. Depressurktion of a gavel bed beyond the slab, via 
suction pipes, an exhaust fm anst ducting to the outside, shows a redudim sf 
sibout 90%- The performance of this system is impaired by its increue of the soil 
e ~ s s i s n  up to ten times. Because the opposite occurs with subslab 
pressufization, this system in combination with a sealed f b ~ r  may show 
cornparable reductions of indser concentrations, when applied to permeqble 
soils. 

Applications: 
b e l l i n g  on soils w i ~  high mthme or radon errmittace. 

Properties: 
* Subslab depressurization s lay increase the infiltration of the dwelling. Sealhg 

memures may reduce the infiltration. Subslab pressurization would not d e s t  
the i&ltra_tion energ losses too m c h  when using the ehaust air sf the 
dwelling. 

Benefits: 
* Reduction of indoor air concentrations of radonv radon progeny or mtharae. 

References: 
NJRTEZASE Nrs.273, $39,1173,1630,1865,2067,2290,2792,3252, 3426,3431, 
3568,3695 and 3"14. 



[Note: In colder climates, udavourable vapour t rmgoas  through the building 
envelope are generdly sufficiently reduced by comtPUctive measures like 
airtightdng, application of vapour bafiers, a coxrerere subslab constmction, etc. 
Complemntq  depressurization by the ven~latiorr system m y  be faveurhle. 
One paper is found dealing wirh the applimtion of a natural exbaust duct on a 

BME Nr.332813 

the s~zpply of combustion air is often 
dealt with in specid requirements. In most countries the application of large 
open fire combustion apparatus writhin occupied spaces is grohibikd. In dapm 
where local combustion applimces in occupied spaces we co n, ven~lation 
requirements are based on it, The general trend is to put combustion apparahs 
in separated, specially ventilated room, or to use combustion appaams with its 
o m  closed ventilation cirmit. 
In the first case interactions with the ventilation system of the dwelling s d l  may 
appeaf, such a backdraughting when a mechanical edaust only system in m 
airtight dwelling is applied. Cornideration may also be given to the possibiliv of 
heat recovery from combustion gasses to ventilation air,] 



Category 2: Flow Quantity Control Systems 

Objective: 
ProGde a constant supply Bow at araPying outside temperatures in thermal 
buoyanq d o ~ n a t e d  ventna~on systems. 

Bescriptism: 
In cold climates evecially in high rise buildings with vertical exhaust ducts, the 
ventilation flows are very muck dfested by the v q i n g  thermal tsuoyanq eEects. 
Even wi& mechanical efiaust a flow iflcrease of 50% is not rare. This caused the 
development of a system, compensating for the variation of the themaI driving 
forces, by decreming the opening meas of the supply vents with decreasing 
outside temperature. Therefore each supply vent is provided with a restricling 
valve, operated by a bimetalPic spsing, pPimarily eexlposed to the cold i n c o ~ n g  
airflow and to some extent to the Indoor air (Fig.9 over). The restricted 
sensibiliq to indoor air causes the sontml mechadsm also to rea& on v&atiom 
of the rate of incorning air, thus compensating for some wind val.iations. 

Applicatisns: 
Xncidentdly in dwellings in cold climates, ~ t h  natural supply. 

Properties: 
* me system does not control ventilation in rrrild weather conditiam. Since the 

stack-eEect reduces with higher outside temperaluses, this may lead to an 
under ventilated dwelling during the periods G~ the kigihest vagour loads 
(spring a d  a u ~ m ) .  T$$is may be corslpensated by the traditional behagour 
sf increased ~ n d c l w  o g e ~ n g  in mild weather conditions as by zm a d l i q  
low-pressure e ~ a u s t  fan. 

* system is still wind dependant. me Iugest flow variation is to be 
epected per separate soom rather than on the whole dwelling, due to 
v ~ a t i o n  of the \wind direction. Since the largest flow-variations will ocmr 
during higher outside temperatures, the energetic consequence ~ l l  be 
moderate. The wind-dependenq still may cause draughts neaP the inlets, also 
because of a lirraited wind fluctuations damping Eumtion. 



* The vents are not pre-adjustable to differences in wind-attack per location, to 
diEeremes in dr leaage of the building or to diEerences in stack-eff%ct w i ~  
diEerent hei&ts of tbe ehaust durn. 

* m e  ven& ape not adjusthle to different venghtion demmds. 

Benefits: 
* The terngerature c~ntroI dirrnirriskes overshoat of the ventilation flaw* thus 

sa$ng enerm and redudng draughts near the air inlets. 

* 'Fliae flow directions me better controlled because of the reduction of 
reversing flows due to cross-ven~lation. 

" The system clperates i t h  low-cost provisions. 

" The ystem Is suitable for rer~afit-use, 

Referenses: 
NRBME Nr.764 asld Z88, 
BSEBEX access ms 8180786. 

Moles for outside 

Flashing piece 
with insect netting, 

Bimetallic spring 



Qbjecgve: 
Provide a comtmt natural slxpply flow, independent of ~ n d  aand outside 
temperaare v&ations. 

Descdptf~n: 
V ~ a d o n s  of the wind and the outside temperahare are h o w  to have a luge 
hpact on the ventilation flows. m e  flm t h s u a  il fixed i d e t o g e ~ g  may show 
a. lwge v&ation and even reversioq espeddy in natural venaation system, but 
also to some extent in mechdcd efiaust system, It makes system umeliable 
md difimlt to con@sl by the ocsupmts, By automatically adjusting the 
idet-opening to the v 10cd pressure diEeren~e a constant Bow ean be 
re&sed (Fig.10). It appems that by controlling the supply flows, even 
flow-reve~isn due to cross-ventilatisa at diEerent wind direeions may be 
restrided to exceptioraall weather conditisas ( see also Categs~?~ 1,3.1). 'FRe 
control m e c h ~ s m  of the supply-vents is alllowed to operate writhout auxiliq 
enerw? using the v~;1Piom of the pressure diflerence m r  the area of the flow 
restricting valve as an adjusting force. In its most advanced version the supply 
vents are able to compensate f ~ r  infiltration losses by decreasing their supply 
Bow d t h  increasing pressure diEerences. 
The vents me also openable, closeable and adjustable to different basic 
ventilation demands. 

Fimre IOa: Wptckl~ of wtomatic supply co@trnl- P~c1em'ngp~13ssure digerences 
allow movemmt of valve ('3]$ restn'cting the ~peai~g m a  A 



Basic need of 

- one person 

Figure 10b: n e  thme bait positiom of the flow adjustmeat poabn. 

Applie-atiom: 
&ellings \nrith natural supply. 

PropeHies: 
* Central ef namral supply ope~ngs  needs vely sensitive devices able to 

operate at very low pressure differences, ranging from about 0.5 to 50 Pa. This 
asks for protrisiorrs wlth a lage controlling valve, low friaion losses sf 
moveable parts and a good deanabiliq to prevent disfunstion. Hence, the 
device needs a damping mechanism to prevent clacking of the eontrol valve 
due to fluctuating pressure differences, 

Bemefits: 
* Bro~des  constmt ventilation, independent of vmiable weather senditiom 

alss improving the control of the flow directions. 

* Pre-srcljustsrlsle to cowensate irrfiltration in dwellinm with different 
airtightness. 

* Reproduceable and reliable setpoints, adjustable from closed to different 
basis ventilation demands. 

* No auxiliary enerB demands for the operation of the system. 



References: 
MRBME Nr. 984 and 374 1. 

ercial dommentation of 
md AEVIERICm-AEBES-USA. 

Objective: 
Provide a constant m e c h ~ c d  ventilation independent of vaiable system 
pressures. 

BescAptisn: 
The flow throu& grilles or clucts of a mechaaticd ventilation system may vary due 
to : 

(i) wind or stack-effects and opedng ~ n d o w s  and doors; 

(ii) control meaures on sther system comested proGsions; 

(iii) h l i n g  of grilles; 

(iv) improper pre-adjustment of the sptem components, 

Using pressure-difkrences corrlrolled sllpply tehnals, exhaust te 
valves constat flows will occur independent of the pressure virriations in the 
system 

In general the controlled pro~siorrs do have a moveable portion mnnected to a 
static p a t  via a metallic spring, a silicone bulb, bellows or cor~lpa~able p&s. The 
moveable portion is actuated by a variation of the local pressure-differene, 
allowing it to reach a new equilibrium s t a ~  thus adjusting the flow rest-riding 
operzing area (Fig, 1 1). This type of flow adjustanent needs no a ~ l i a r y  enere. 

n pressure-ranges are beween 20 and 250 Pa for comtant flows bemeen 
5 and 120 d d / s .  

Application: 
Mecha~cd ventilation system of flats and oBices. 

Brape&ies; 
* In principal the system does not d o w  Bow adjustment to different demands. 

HigMow fafl control ~ l l  be (partly) compemated, depending on the control 
range of the provisions. Just a fcw provisions do have a highflow adjustment 
of their own. This ~ 1 1  weed a continurns high speed farn operation, possibly 
li&ecl, with high noise levels. 



Benefits: 
* Provides a corntat mechecd  flow, independent of disttlrbmces. 

* Needs no pre-adjustmeal to building afld system properties, whieh mans a 
short installation duration. 

* Mows &ever ducwork in high-rise building, apslkd to a higher number 
of storeys, at the s m e  time using a f a  wjth a lower total static pressure and 
avoiding bigb tePraiaal pressure diBerences. 

* Suitable far retrofit-use. 

Control flow 

Moving part (actuator 



Objectiw: 
Operate the ven~lation system only at occupm~y, 

DescPiption: 
Interrmittently used room, like toile& and bathroom have polluted sources that 
are strongly related to the presence of persom. Z[f these room me windowless, 
the fan of the ventildion system may be operated by the light setch, thus 
relatirg ventilation and occupancy. milet ventilation may also be controlled by 
the seat ooperdion. For the replacement of the polluted air r e m d ~ n g  after 
ocsuganq* often a delayed switch-off h applied, Another appearance of a 
presence dependent ventilation system is a school ventilation system operated on 
the main doorlock. This system may be provided with a secondq mmudy 
operated control to cornea for underocmpan~y during staff meetirags, c l e ~ n g  
activities etc. li.1 situations such as a school where a more or less fixed relation 
between time and occupanq ocmrs, the system also may be operated by a timer. 
A control system may be applied to not only a f a q  but also to valves on supply or 
exhaust t e d n d s ,  thus allowing a msre deceatral control to coqemate for IoaI 
vasiations in ocmparacy. An example of this is the local ventilation in a f1xt3d seat 
auditorium via supply-slots h the seat-basks controlled by the seat operation. In 
all these different cases the control type is odoff, 

Applisatisns: 
Intermittently used seats, room or buildings. 

Properties: 
" The contrsl system are often baed on fhed relatiom bemeera ventilation 

(time) ocmpanq with igaormce of the number of occupmts, the vasiation of 
the emission per occuparnt and the absorption arrd delayed desorgtion of 
pollutmts. 

* The control system is often applied to the total ventilation system which may 
cause unnecessargr ventilation of system csmected room. 

* Most control system have lianited applimtions, e,g. the light switch control is 
not applicable to day-ligl.lted room, 



Benefits: " The operation of tke ventilation system is restricted to expected polluting 
pekds  thus dlovving enerH comervation md an extended life-qcle of the 
system. 

Refere~ce: 
NRBASE Nr.2319 and 3219. 
DERMNT access nr. 87-008853,89-036671 a d  89366901. 

3*2*2 Carbon Dioxide and Odour Controlled Ventilatio~ 

Objective: 
Rovide ventilation rates co emurating the streqth of human-orianating 
sources. 

Description; 
Most ventilation standards assum levels suEicient to remove those pollutmts 
generated by mazl, i.e. human odours and vapour.lthis can be superseded hy the 

s for tobacco smoke, if smoking is involved. Detection of these pollutants 
will give a represefltative sipal for ventilation control. 
'1[7ne w e s  of sensors used for detedon of humaa-originating pellut;la& are: (i) 
cabon dicrxide semors, (ii) mirred gas semolps. 
71he carbon dioxide sensors are based on the assumption that human generated 
carbon diosde is representatbe for the human odour production. 

d gas sensors rely on the cornbustabiliQ of a number of human 
generated gases such as hydrocmbons, esters and water vapsur. The semsrs' 
sellsibiliq to non-oidised gasses cause it also to react on tobacco smoke. The 
carbon dioxide sensors are based on the principle of absoaption of selected 
infrared radiation by the gas. The absorbed enera is converted into an electric 
signd. Accuraey of the measured cmbon dioxide concentration is between 10 and 
100 pgm and response times are about three I-ninutes. 

d gas sensors are based sn mo principles: - the semrpi-conductor m e ,  
where the conductivity changes due to the reanion of gases with the omen on a 
metall ogde sudace; and - the catalytic type, where the heat ernission of sr heated 
Wire is aBected by the exstfierde reaction of the gas with a catalytic acting metal 
sudace around the wire. 

Most properties of these still developing b e d  gas sensor m e s  are yet uhovvra, 
or unsatisfactsry for their use in the long term. 

me sensor signals em be used to control different tyges of ventilation system. 
Becase of the present cssts of serrsor control systems, they are only applied on 



whole building or dwelling ventilalion system rather than controllillg: the 
ventilation per room. This meam the sensor will be Issated in the central exkaaust 
duct of each dwelling. 

941e controlled pa t s  may be: 
- supply and/or efiaust f m ;  
- valves in the mah su~lply and/or exhaust duct; 
- senro-controlled supply vents in walls or vvindows. 

mese components may be paPt sf a mnecb~sal egxkaust or a mechadeal supply 
and exkaust system for either each belling or a block of flats, The control %ype 
may vary from a stage control (low/wediumi@) to a FIB-control. m e  
eEectiveness of the ventilation system may be sigrrificantly improved by adding a 
(mmud) control on local terminal de+ces, e.g. from a Eritclnen or bathroom. n e  
aim of this is to inmease the local ventilation of a room by adjusting the 
distribution ofvea~lation air bemeen rooms rather than increaiag the tot4 
ventilation of the dwelling. 

Because of the variation sf h m a a  po1lutan~-production the ventilation demaads 
are also variable. In pradice a flow rate vmiation in a ratio of about 1 to 4 is 
eqeriemed. This variation of supply ~ o w s  may cause draughts espedally 
when the supply air is unheated or cooled. 'So prevent draughts (i) preheating, (ii) 
slot adjustment s f  the supply terminals, or (iii) ng of ventilsltisn air with 
room- air ta a smaller ternperamre difference and a more constant flow may be 
advishle (Fig. 12). Each solution d l 1  put extra demands on the venilation 
system. 

Exhaust 

Contiralr~ analyzer 
logger 

Figure 12: SSchemcltic ofventiI&'om control system with mixing ~frecircuIdioz~ air to 
pmvie r? comtmtfl~w. 



Other demmds due to the flow vsrria~on concern: 
- The duct design. Bath duct has to be desiped for its masrimurn flow to prevent 
high pressure l~sscs a d  dse-generation; 

The heating system, A variable ventilation flw causes a vaaiation of the he;rting 
demand. To prevent room temperame flumatiom an adjustment sf the rssm 
heating system or the ventilation air heating system is preferable. The desired 
speed of adjustment may put extra demaflds cm the c prqerties af the 
Iseating a d  heating cslatrol system. 

Applications: 
Dwelling, hndonal and indusu;id buildings. 

Propedies: 
" The control, only on human-oridnating pollutants, is ledrag to ventilation 

flows, which are occasionally superceded by the ventilation need for vapsur 
sCIUrces. 

* Creating a constant maximum allowable eoncenwation sf indssr air 
pollutants still may be questionable from a health point of view, bowing that 
some beala eEe&s rraimt be unknown. This is one reason why most system 
operate sa seQoints well belaw the m m allowable level. 

* The sensor signal does not have to be representative for human exgosure, 
because sf diEerenses in location and seflsi t i i~.  

* The sensor w e s  regafded are not selective to human o~@nating pallutmts. 
For instmce, they also react on carbon diogde for combustion appliances as 
being representative of humm odours. 

* m e  costs of the present system do not glow individual room control bough 
this may alter due to future developments s f  sensor techniques and s s m e r  
system, 

* A conibined control of both supply - - and ehaust provisions is recornended ts 
prevent udavsurable (de)pressurizatioa eBects, 

* R e  average duct dimemiom will be increased due to the design on peak 
loads rather than sn average loads. This accounts especidly for large room 
with an intermittent use, 

* Tfae flow control of indi~dud apxtments in a central block ventilation 
system IplIgbt iplfluence the flaws in sther apartments. Reduction of these 
effects puts demands on the system design, e.g, a high percentage of the total 



pressure loss on the terminal de-vices a d  a smdl eEea of pressure v ~ a t i o m  
an the flow rate of the fm. 

Beraefits; 
* mefiences i~ the s y s m  show a ventila~on enel@ somewation goten~al 

of 8 to 40% compared \Tfith traditional system. 

* m e  ventila~on bas a @;ood apeement vvitb the individual needs. 

* The system  lay automatically campemate for vkable infil&a~on losses and 
system distwbances due to weather changes, air leakage of the building and 
other control measures, long as they do not exceed the inddentd 
ven~lation need. 

* The control system may dsa be applied for safev, maintenmse or 
automation puvoses, 

DEWWW access m.08-082328. 
Paper to the 11th NVC Coaference by M, homa, Tech~cal Resemch Centre, 
Espoo, Finlmd. 

rdal documentation af 

ObJectiwe: 
Provide ventilation sates comensuratiag the indoor vapaur loads, 

Besedptiola: 
In convast to the carbon dioxide or odour controlled ventilation systems (see 
Category 2.2.2), the humidity controlled ventilation system are based on vapour 
loads, being the sther main coarapsnent for basic ventilation. The ~mt ro l  system 
always assumes a lower absolute humidity outdoors thiln indoors. By controlling 
the ventilation, dependent on the iradoor relative Ihu~dity, building damage due 
to condensartion as well as asauld gowth me to be prevelsted. 

The wr?s of sensors used far detection are: 



(1) Hygroscopic materials like hair or pol~lethylene, changing their lengtb with 
variation of the relative h u ~ d i w *  

(ii) Capacitive materials chandng their eledrical capaciv ~ t h  relative humidity. 

(iii) Conductive hygroscopic paterids changing their conductivity with relative 
humidilty. 

(iv) H-Jthium Chloride semors in which the samration temperature is d e t e r ~ n e d  
by heating the lithium ch1oPide solution unta water absoption stops. 

The length ckangiq m a t e ~ d s  do not have a long-tern reliabiliv due to 
pemment length changes by strain and cbangislg elaticiq. 

Capacitive semors me semitiye to contaminations of the air. 

The lithium chloride sensors have a long response-time and are unsuitable for 
highly dynadc conditions, 

%he conductive semors appear to be the m s t  suitable ones with a high amracy, 
short response times md no need for recalibration. 

The sensor signds may be used to control different m e s  of ventilation system, 
generally after conversion of the sensor signal into an electric control signal. The 
control system may be applied to the same types of ventilation system or 
ventilation parts as mentioned for carbon dioxide or odour control (see Category 
2,2.2), These systems may be completed with a passive h u ~ d i q  controlled 
wdl-vea using the changing length of a plastic hygroscopic strip to directly adjust 
the ventilation opening area (see fig. 13), Tkis lowcost dedce is applicable to 
both nahral and mechhcal exhaust ody ventilation systems. 

The long term reliabiiiq of the sensors is as of yet unknown as data regarding this 
is not available. A remmk is to be made on the long-term reliability because of 
the sensor principle applied. Data on this aspect is not available. 

Nso noticeable is the availabiliq of integrated parts, such as local 
ventilaion-units consisting of an ebaust fan with humidity sensor and contrd 
system sometimes extended with a manual or light switch control and delayed 
switch off. 
The control m e  may var)r from an on/sff to a BID-control. Several suppliers 
consider a differential control tyge favourable because of its abiliq to react 
quiclrly to sudden chmges. Most systems do have a vvide cotlrrol rmge which 
often is aetjustable by the ~ceupmts. 
IFfie occurring flow variation, due to changes in vapour production, is in the same 
ratio as for the carbon diogde or odhlur controlled systems. Tkis mems the s m e  



remarks canoedng flow variation m valid (see Categoq 2.22). 

AppZkatlons; 
he l l in@ and industrial precesses, 

;3 - 

F i w r ~  1.3: A pmsive humidity-contr~lled air inlet 

IPropeHies: 
* Tbe relative hurplidity in dwellings is vev  much dependent s n  outside 

conditions. m i l e  ventilation in autum may be mum it may get d n i m d  
in wrinter, though household vapour production and occupmsy are 
unchanged. This means that indoor humidiv sensors are unsuitable to control 
ventilation when ocmgancy related pollution sources are do~rmating, 



* EEective hunridity control needs i diate local eAaust new the vapour 
sources with suEicieny hi& flow rates to seon@y prevent ilispersion to the 
elwelling. In generd, comedy used ventilation systems bmely meet this 
requirement, thus li9liting the po ten~d  of he hpsglidity conQ6l system. 
kcegt  for hi&er h w  rates, improvement would need load detection to 
establish not ody the source-strensh but &o the source-location. This would 
allow con&ol of ]local exhaust t e d h  to apply the main flow to the swrce 
loation, mese system adjustments will inmeme the irrstdlation costs, while 
the total operation time will be decreased, 

dity controlled ventila~on system do not compensate for higher 
outside hurnidip levels. 

* Just like the carbon dioxide controlled veratilation system, hurnidiq con&ol 
has system-hplicatiom on: 

- combined control of supply a d  exhaust provisions, 
- inaease of duct dhensions, and 
- pressure losses m t e r ~ n a l  ddevices and fan properties (see Category 2.22). 

Benefits: 
* The sptem has a ventilation enera cornenration potentid of 8 to 40%, 

compared with traditional system. The potential is even expecded to rise with 
ianproved local source control, whish is possible with the system. 

* Tkae ventilation has a good ageement with the vagour loads, 'Ibis. 
automatically coneas for reduced ventilation needs in winter, thus reducing 
both enerw demands and possible dismHlfort due to incodag air. 

* The system may automatically compensate for variable infiltration losses and 
system disturbances, 

Referemces: 
MRBME Nrs,84223,369,59 1,680,1213,1293, 
1318,1611,1651,1675,179Q1829,1935,%111, 
2132,;?9 14,238252441,2497,255B,259592694, 
270~,2949,3003,300&,3009,3013,3021,3027, 
3028,3030,3 1443 161,3 176,3233,3243,3328,3548,3622 iand 374 1. 
ZBSEDEX Nr.8700102 
DERWEm Nr.88-222092, Papers to the 11th MVC Conference fmm: R.Nem, 
Bept of Builditlg Physics, huven, Belgium, (final reports 
ii~6ndensation and Energy"); 
M. Szerman el al, Fraullhofer Z Building +sics, Stuttgart, Germany; 
Comer~ ia l  domrprerrtation of RWNT, Holland; 



Objective: 
Provide ventilation rates co mlarate WTth indoor heat loads. 

Descpiptioa: 
In certain cases with cool outdoor conditions, the heat load may be the 
dominathg ventilation need. S o m  exmpZes are: 

- cowsheds, 
- electric J power stations, 
- industrid processes. 

Different types of co on temperature semors may be used for ventila~osr 
control, qqle control may be either abive, using an electdcal output s i p d  of the 
temperature sensor to activate fa or cont~ol valves, or passive, using, for 
instance, a bimetallic spring to adjust a vent. An advanced application c a n e m  a 
mmially ventilated dairy barn. In this paaiculw m e  the temperare semors are 
m t  only used ta dmla te  the required ventilation rate. The computer also 
calculates the optimal adjustment of the diEerent vents to reach a18 distpiZlute 
the required flow. It uses not only the temperature-signal, but also addition& 
wind  orm mat ion anel takes into account restrictism concerniing possible 
draughts of supplied air. 

Applisations: 
~grieularal and indusvial buildings with high heatloads. Properties: 

a Not applicable t s  heated room because the system interacts with the heahg 
sytem. 

* Only applicable if the ventilation need for heat removal exceeds other basic 
ventilation needs. 

Bemsffts: 
" htomatic ~ o r r e c ~ s n  sf vaiable indoor heat-loads, vmiable outside 

conditions and heat accumulation by the building. 

" Mlows optimum indoor climate. 



Category 3: Ventilation Heat Recovery Systems 

OM ective: 
Recovery of heat losses from exlhausted dr, to preheat $supply dr. 

Desc~ptism: - 

m e n  ventilation heat-lasses become high, recovery of heat from exhausted 
ven~lation or combustion air to preheat supply air may become favourable, 
There are different types of air-to-air heat recovery system (Figure 14). Their 
basic prindple is to efiaust air through a heat exchanger, from which the 
recovered heat is trampofled to the supply air in a reverse way. In this process 
ehaust air decreases in temperakre, thus releasing beat, If this cooliplg-dom is 
continued the air m y  reach its saturation point. 

This means it is not sapable my more of contairring its vapour load, so 
condensation occuls. At this stage extra heat is relemed which is necessq to 
keep the water evaporated, A drain is needed to remove the condensation. There 
is a risk at this stage of the condensation freezing against a cold heat-exchmger 
surface, thus restricting or closing down the aifgath. 

A way to increase the tot$ heat recovered, is by not only decreasing the 
temperature (sensible heat) sf the exhaust air, but also decreming the heat load 
for moisture-contaiment (latent heat), even before condensation occurs. The 
efiaust air is in contact with a hygroscopic materid or a sdt solutioq which 
absorbs water vapour md relemes it a g ~ n  when in contact with the supply air. 

Apart from heat recovery in diEerent varieties the heat exchangers may also be 
able to recover moisture, or the cooli- load of the air, 

aZle different m e s  of heat exchmgers for heat recoveq are mentioned with the& 
r n ~  features in Figure 14, m e  most co on one for dwellings is the Plate type. 
It uses the cross or counterflow of eXllaust md supply air through fked surfaces 
of mate~als like metal, plastic, fibre ar paper to ex~hange the heat. Frost control 
ocsurs by chmging or bygassing the airstream, 



Sensible and latent heat recovery 
Minimal cross contamination 
Purge section requi red 
Mechanical d r i ve r  requi red 
Frost  control  availabre 

COlL LOOP RUNAROUND 

Sensible heal  recovery 
No cross contamination 

Frost  control available 
Flexibi l i ty  o f  exhaust and supply 

Sensible and latent recovery 
No cross contamination 
Pump requi red 

FIexibi l i ty o f  Exhaust and supply 

HEAT PIPE 

Sensible heal  recovery 
No cross contamination 
No pumps o r  dr ives requi red 
Frost  cantrol available 

Sensible heat recovery 
No cross conlaminetion 
No pumps o r  dr ives requi red 
Frost  cantrol available 
Close proximity o f  supply  
and exhaust 

Figure 14: Vpes ~f E ~ e w  Recovery Devices 
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TlPe Rotary type is also co only used. It consists of a mechanical revolving 
sylinder, composed of air-pemeable aid often &o hygoscopic materid. The 
sediom of the wheel are alternately heated by efiaust air and ceoled by supply 

tation. Exhaust air remaitlirrg in the wheel may cause some 
on of supply air, Frosting is contrdled by the speed of the 

wheel, 

type somists of Wo fimebhbe watercoils in the 
heat is exsPlmged by &e;uIating a fluid from one coil 

to the other. Frosting is prevented by bypassing the fluid over a threemy control 
valve. 

The m e  alternately cantacts the airstreams wi& a hygroscopic 
liquid (salt solution), to transpert both heat and misture. It has no frosting 
problem. 

m e  contaim a fluid which evaporates at the exhaust air side, thus 
g&ning heat which codemes at the sllpply side, thus delivering heat. The 
eondemed h i d  is transported tfiroua the beat pipe section by capillaq action. 
Frost control may be accomplished by tilting the pipe or b~,ass$g the air. 

A vuieq of the heat pipe is the It operates in the same way as the 
heat pipe but the fluid retslrns by graity. 

Applications: 
hellings, hnctisnd md iraduseal buildings. 

Properties: 
* fir-to-aiP beat recovery is ody appliable to mechanical supply aid erHaust 

system. It needs nearly balanced flows to get the highest effidency. In 
practise, however, some overdimensioning of the exhaust flow may be 
favourable to avoid moisture damage t s  the building envelope, to provide the 

est supply air and to reduce won-recoverable infiltration heat losses. 

* Frosting up problem in air-to-air heat recovery units need defrost 
m e c h ~ s m s  which reduce efficiency and increase the costs. From this point 
of view, the rotasy and the open nan around type of heat recovesy may be 
advmtageous because of their vapour absorbtion and recovery properties. 
Mat's m r e  their increased moisture recovery during cold climatic periods 
may be favourable for the indoor climate, without creating vapour risks. 
However, moisture tramfer may dfect the indoor air quafiv, 

* &r-to-dr heat recovey system proved to be hardly cost effective in 
modisrate dimates. A rxaitlimum of 3500 m u a l  heating rfegee days is 



indicated ars a limit for economic use, Incclrpora~on of heat recovery from 
combustion products may positively dter t i s  limit. 

a Most dr-to-air heat exchangers need the dose prodmity of supply and 
efiaust. f i r  intake neas'by the ehaust opening may inmease the risk of short 
drmitirag the ehaust air. 

Benefits: 
" fi-to-& he& exchangers me capable obresovePing 50 to 80% of the heat 

loss of the passing air which in practice will be 30 to 60% of the totd 
ventilation heat loss, 

* Ar-to-air heat recovery bas proven to be cost eEestive in cold climates. 

* Heat recove~y systems with moismre-exchmge may improve the indoor 
climate concering the relative h u ~ d i w  in cold period, thus avoiding the use 
of enerw comurning hufidifiers. At the same time they do not affect the 
desired moisture removal chaacteristics of the ventilation system in Hlild 
weather conditiom. 

* High egiciency heat recovery in moderate dirnates is capable of preventkg 
drau@ts from incoming air Without auxiliq heating. 

* Heat recovery reduces the size of the heating equiprneflt. 

References: 
BME Nrs,641,498,892,941,972,10331 

lI8l,1190,1208,1231,1682,1703,21790,1865,2625,2924,31)27 and 3593. 
IBSEDEX Nrs.76005 128,39WZ92,29Q08268, 
79906136,84001296,839069~988009412 &891)88320. 

D E R m m  mr,86-20533 1. 
Paper to the 11th MVC Coflference of J.Li11y9 British Gas, London, UK. 
Fu'blication of J.Cauberg in "Bouwwereld'85", Holland. Commercial 
dosumentation of MR GER, Mississauga, Ontario, Canada. 

Objecthe: 
Recover heat %ram exhaust air. 

Descriptisrr: 
The heat puanp has a dosed circuit contdning a fluid. The fluid is dlrlvved ts 
evaporate freely, while evading  in the low pressure section of the drcuit, 
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App1,llcatl~~s: 
&ellings functional and industrial buildings. 

Properlies: 
The usabiliw of heat pump system is restdaed by the availabilie of a m r e  
or less corntat heat source \with a l idted d d m u m  temperamre to extract 
heat, It also needs a medium with a l ~ t e d  maximum temperature, to supply 
hs beat to. This rest~Cfs the possible - applications. 

* Me% the use of arrr additional heating system is still necessary due to 
oc ' g terslperature variations of the heat c~llestion and the heat receiving 
medium & due to the restriaed ouwut tenrperahre of the heat pump. 
'P$ou& the heat p u q  wright generate a sie;Bifieaaal part of the total beat 
demanrl, often the mmiprsurn power demand of the addidonal heating system 
is just slightly reduced. This means the total costs of bath system ape 
relatiwly high compared to a conventiond system. 

Most heat p u q s  operate on electrical enerm. Sime this is the m s t  
eqensive energy type in a lot sf csuntdes, the ecsnsmy sf the system is 
impaired by this. 

Benefits: 
* Heat pumps have the ability to recover heat from a low temperamre source, 

for use in a higher temperature medium. m i s  allows the appUca~on of heat 
recoveq on exhaust s d y  system, 

* Heat p u q s  are able to recover 20 to 40% of the ventilation ener$y of 
exhaust only system, in combination with heatitlg of domestic hot water. Up 
to 95% of the heating dernand for hot water m y  be covered while baclr-up 
may be economically provided by an elgetsic resistance heater. 

* The heat pump system may be applied on different enerB somces, including 
its o m  electric power Iosses, 

* Tbe heat p m p  is also applichle for cooling puposes, such as food 
refrigeration and space cooling. A combined purpose system may improve the 
economy of the system. 

" m e  heat pump can be used for dehumidification sf indssr air, thus reducing 
the ventilation need, 

Refereaces: 
r(i BASE Nrs.8Q591,599,665,705,847,930, 

1926,21. 1.8,2~2,23611,297213029t3325134651 35 15 and 3696. 
IBSEDEX N~s.82005820,84001236~87087128 a d  88889412. 



Objective: 
Preheating supply air by remvered, ssnduc~ve beat losses of a window. 

Description: 
m e  conhctive heat losses of vvindows are a relatively lwge part of the total 
conducdve losses of ;a dwelling especially in well-imulated bdldhp. Whde 
windows are often used to supply venllation air* heat exchange from the 
conductive outflow, possibly edmged by solar gdn, to the crossing cold air may 
be otsvious, The inner surfases of the ow p a e  are used to exchmge both 
heat fluxes (Figury 16). The fresh air inlet is sihlated dorm the outer pane and 
the outlet up the imer pane, to dillow the generation sf a low-velocity stack flow, 
enfsrced by the natural or mechanical exhaust system. me st@ effect &o 
reduces backdraughting. 

sealed window 

Path sf sir flow 

screen a t  inlet 



Arr alternative to this system is to draw the supply air hrou@ the parapet behind 
the radiator to recover the eralmged local conductive heat losses due to the Plot 
radiator, as well as to reduce draughts of incoming cold air. 

Applicartiolrs: 
Lhnrellings aad functional buildings, 

Properties: 
Tbe Bow veloci~ bemeen the window panes must be kept low to preveflt a 
significant increase of the window condudive heat loss as well as an inaeased 
condensation risk on the inside pane, inmeased cold radiation and indoor air 
dowadraughts. This means large window areas are needed to preheat d l  
ventilation air . This leads to high investments. 

* Not hlfilling the codition of a low flow velocity may look favourable, leading 
to a siaficaat teqerature rise of i n c o ~ n g  air, hut the increase of 
canductive heat loss reduces the overall emrgetic benefit. 

* Tfie total energetic benefit is still questionable compared to the effect sf a 
closed extra imlating layer on the conductive heat loss. 

Benefits: 
* The system, when properly comtmcted, leads to both an energetic benefit 

and higher supply air temperatures, the latter improving thermal comfort 
compared to a non-heated air supply, 

Referegees: 
NRIIBSE N~s.2147.3579~3674 and 3741. 

Objective: 
Recovey of conductie heat losses of the walls, using it to preheat ventnation 
supply - - dr. 

Desc~ption: 
Just like the heat recoveq ~ n d o w  (Categoq 3.3), the elynarnic wdl principle is 
baed on exchanging outflowing conductive heat with incorning cold vetlfilation 
air. Only this case concerns conductive heat recovey $om the walls. Since it is 
well knom that the properties of imulation depend on the enclosure of still d r  
or some other gas, the flow sf supply air through it may look contradictofgr . 
However, there appeas to be a cfi~cal velocig, beyond which the internal 
molemlar mtions become dorninarnt for the heat transport. This critical velodtgr 
is about 0.2 . this means that each 100m2 of wall surface is capable of 



drawing in 20 dm3/s, without affecting the insulation properties. These rates meet 
both the dimensions of most one-fdly houses as well as a siMficant part of 
their basic ventilatim needs, espesially if one accounts for a certain 
complimentary idiltration. A cpiticd p m  in ~e dpaaaaic w d  comtmction is the 
dflm control m e h r m e  that has to t&e m e  of a proper distribution of the 
airllow through the imulatioa layer. In a testhawe a spunbonded polyslefi~ air 
and vapour permeable membrane, f ~ e d  on fibregass baud was used for this 
pu~lpose (Fiwre 17). Joints around door d h d o w  frmes, the Boor m d  ceiling 
were sealed vvith a specidly selected tape. The d r  was dram in due to 
depressurkation of the house by the m e c h d d  ehaarst system and distributed 
via spedal colleaorlsupply provisions to the room. 

58PO faced rigid 38mm 
f ibreglass board  w ind  b a r r i e r  

W-7 b a t t  insu lat isn 

0.15mm polyethy lene 
a i r  b a r r i e r l v a p o u r  re ta iner  

Can t rac  tor 's  38x89 weed s t u d  frame wall 
w i t h  R - f  1 ba t t  insulat ion 

. . . . . . . . . . 
. . . .  . . . . .  

Duc t  behind b a s e b a r d  t o  cal lect 
a i r  f rom 'dynamic wall' 

ced rigid 38mm 
f ibreglass board 

Q.05mm polyethylene 

12.5mm d r y  wall 

25mm hole to  allow 
e n t r y  o f  'dynamic a i r '  

Caulk ing for flssr . sheathing a i r  barr ier  

( \I Rubble wall 

Fipre I 2  Cross-section of a 4 n m i c  wall 



A varieq of this direct-flow clynamic wall system is an indirect-Bow system. m i s  
system redrmlates air over the wall-in insulation, recovering conductive 
heat-losses with the resirmlation air to a heat-pmp. The heat-pump supplies the 
heat to the fresh incomjng air. 

Applisatioms: 
E ~ e d m s l t a l  houses asld h%actional buildinp. 

Properties: 
* A proper aidow control membrane is needed to m i d  reduced insulation 

properties srnd wind cooling by air entering the caviw but not penetrating it. 

* nough  some additional ventilation by infiltration is allowed, the v t e m  
requires the buildiaag to have a rariirnum airtightness in order that a 
significant part of the ventilation air can recover heat through the d p  
wall. 

* Elrfilrpation through the air and vapour pemeable wall has to be avoided to 
prevent moisture dmage of the wall. This puts de ds on the mechanical 
efiaust system and also on the airti@tness of the building. 

* The ventilation needs of a room do not have to comemurate the room's 
outer wall surface area, merefore, a distribution system for the supplied air is 
preferable. 

* Ventilation air pmsing through the diEerent building layers may show 
inmeased concentratiom of contaainmts from the building mate~als. m i s  
can be avoided by using an indirect heat-gunrp system, 

Benefits: 
* m e  p w  of the ventilation air supplied through the d y n e c  wall may be 

heated up to 80% of the temperature difference bemeen outside and iaide, 
without affecting the imulation properties. 'This amunt  can even be 
increased by solar gain, 

* Is capable sf both heating supply-air in winter and csaling it in the su 

* The supplied air does not have to be heated by an additional system t s  
prevent drau&ts of incoming air. 

* It reduces the need to apply massive thermal imulation by recovering most of 
efae conductive hea-loss above a certain insulation level. 

* Needs no unrealistic csmtmction facilities. 

* 1s complementaq t s  co n mechanical e&aust systems. 



* Is capable of d m g  the wall thus reducing vapaur damage, 



Category - 4: Alternative Ventilation Enerw Gain 
Systems 

4,l Soil-heated or Cooled Ventilation &r 

Qbj ecave: 
Use the enera content s f  the soil to preheat sr  gre-essl ventilation supply air. 

Bescfiptiam: 
The supply air to a dwelling is t h n  in via a gound pipe or over the surface of 
the era\lllspaee to exehmge heat either the soil. The principle is baed on the fact 
that the annual temperature Gurve of the soil, shows a delayed and smoothened 
reaction on the mean m u d  sutside temperature - curve. This effect is caused by 
acmmlation and restricted heat diffusion s f  the soil. Both the delay period and 
the ssnoo.efiesling-out efiect increase ~ t h  the depth in the soil (Figure 18). They 
depend on the soil structure, 

- 5 
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Properties: 
* Both the soil temperature mmes and the enera  exchmge v v i ~  the soil are 

very much dependent on the m e  of soil and the humidity of the soil, n e s e  
properties can show large local vdations, which makes the system difficult to 
desip. 

* To gain a significant enerw load rather large pipelengths at a sufficient depth 
have to be applied. m i s  leads to high system costs, d t h  long pay back periods 
of over 9 years for individual dwelliw, 

* The system supplies only preheating of supply air in the winter and precooling 
in s u m e r ,  This means addition4 systems ape still necessasy. 

* The cheaper application of leadiq supply air over the pound surface sf the 
=awlspace needs a vapour and air barrier to prevent ed t tmce  of impurities 
from the soil. 

Benefits: 
* Possible energ  saGngs of 16 to 23% on ventilation enera  demarads. 

* Smooth cooling-effect in summer. 

* One system applicable for both heating and cooling. 

References: 
ATRBME Nr.3197, 
ZBSEDEX Nrs.86000552 and 88013'660. 

4.2 Solar Heated Ventilation Air 

Objective: 
Use the solar enera  gain of buildiflg integrated compsnents to preheat 
ventilation air. 

Desc~gtioaa: 
Not only speGially desigfaed solar collectors have the ability to gain solar errera. 
In principle each eqosed surlFace of a building material is capable of doing so. 'lb 
irrrgrove the effidenq of a sol= csallesting surface, a cambination d t h  a @us  
layer is to be re ed. It allows sola+ radiation to pass, but once ~ o n v e ~ e d  
into heat it is captured and only allowed to escape by conduaion 
(greenhouse-egest), 



Ezlch solar collecting sudace has the highest enerm gain when directed to the 
sun. This mans  that to distebute the solar heat to energy wmuplaing places, a 
tramporting medium h a  t s  be used. Ventilation d r  is a highly suitable medium 
for this purpose, since it is easy to transport and also needs disaibution over the 
dwelling. Especially the use of cold supply air is reco nded because of its 
ability to gain the highest energy loads from a collestsr, by m & t ~ d n g  - a Iow 
collector temperature, thus reducing eondustive enerw losses. 

Combined velltilatiodsolar gain system may have diEerent appearances. The 
use of atl atrium or comewatov is a simple one. In this cme preheated 
velltitation air may be supplied just by naturd vents in both the dazing of the 
consewatory or a ~ u m  aad the separating wall, either in combination with 

n natural or mechanid exhaust. The conservatory or atrium may also 
provide preheated air for a mechanical supply and edaust system. OIher types of 
ventdatiodsolm gain system may use special wall or roof comtmctions s r  
~ o m e r ~ a l l y  av~lable colleaors to gain solar enera. To store solar heat the 
mass of the s m e  or other building parts may be used. The advantage of heat 
storage is an extended use of the system during short non-sumy periods or at 
night. In these system o&en reversable Rows are used to load and udoad the 
themal accumulator, 

711e trmporting aiflows may be generated by thermal buoyanq (passive 
systems) or by faas (active system), 

Applicatiom: 
Dwellings. 

Properties: 
" la general so la  gains are not pxdlel with heat demands. This m e w  an 

auxiliary heating system is still rrecessary. A combination with solar heat 
storage, u s iq  the building mass, may improve the sappliczabiliq of solm gain 
system, but bas lwge implisatiom an building design and system desip. The 
most promising: system is supposed to be a hybrid system of a sol= collector 
with direct storage and mainly natural ventilation, integrated in the hilding 
design. m e  cost eEectivemss of such a system is yet to be proved. 

* Enera  gaiin with atria and consematories needs a controlled one-directional 
flow sf supply dr to the dwelling. In practice the enera  gain of atria and 
c~nsewatsries is highly reduced or even changed into enera  loss, by using 
them as additional rooms. This type of use leads to a highly increased air 
exchange with the adjacent well-insulated rooms and even to the apglicagon 
of additional heating in the a ~ i u m  or conservatory. 



Atria md comemtories need their o m  additional ventilation provisions or a 
bflms for the supply air to the elwelling to prevent overheating of vefalilation 
air in the sumer .  

* Atria and conservatories habdly @ve a ~ l y  reduction of the ~ondudve beat 
losses of the adjacent wdk, with present imulation levels. 

* Atria md comervatories prefer massive wdl md floor sup-faces to prevent 
large daily temperaare fluauations of supgly air, 

Bg~eflts: 
* Cdmlations on advmced solar collector system predict a potential c n e r ~  

comervation up to 50% of the total demand for present space heating. 

* The combination of ventilation and solar gain is advantageous, because of the 
a h i l i ~  of ventilation air to tramport and dist~bute the solar heat. What is 
more, the cold supply air allows a high efficiensy of the solar collector. 
Iln combination with air to air heat recoveq* solar heat may be used to deffost 
the heat exchmger. 

* n e  basic cansqt of a t h m  and conservatory is capable of redusing the 
ventilation enerB d e m d .  It also inaeaed the amerrity of an o t h e ~ s e  
open court. 

Rcfe~enses: 
BME IVrs. 147,794,15 29,% 18,320 and 2587. 

IBSEDEX Nrs.79005784 and 83014408. BEWWNT Nrs.87-09$802,88-097412 
d 88-20493 1. 
Repsrt Nr.R%(8/397 of MfT-::'ET60, Holland. 



PIPPENDIX C 
CLASSImCATION OF W W I U T I O N  SYSTEMS 

The dmsification of ventiaation system nee& a proper description of each 
systerrr, followed by a valida~on of its mdn properties, m e  propedes of the 
syst%m m y  be established using a number of questions. By g qualificatiorrs 
or ratirrgs to the arrswers to tfaese questions the chwaaeristics of each 
velltilation system may be classified qualitatively or nu me rid^ mis  appenh  
suges& a first approach to such a system for the dassificatim of ventilation 
system. To opti&c the clasifimtion system it is sugested to use a calculation 
model for ventilation and concentratism to generate objective rain@. mese 
ratins way be cawpIeted with the meafl subjective opidon of a teama of eveas.  

C 2 Description of Ventilation Provisions 
For representative r ~ o m  the ventilation proVisiom for baic ventilation nee& 
are characterised by the following code: 

Room ventilation type: 

Room ventilation provisions for supp1yIexhaust: 

1. No spedal provisions/caacks afld gaps 

2. QickLe vefllilator(s)If~ed vent(s) 

3, Openable casement ~ndrsw(s) 

4. Openable wall - or dndlow grille(s)/smdl top hung window(s) 

5. Local fm(s) 

6, Connection(s) on cefltfal dud system 

7, @ernow provision(s) in internal wail(s) 



Using this code the ventilation grodsiom of a dwelhg may be ehuaeterised for 
imtance l ik:  

- habitable rooms: 
l i d g  room md bedroom NS3/4, NE-4 

- sewice room: 
bathaom aaad WC NMD, ME6 
Etchen NS3/417, m5/6 

- o&er room 
hall NS7, m3 

In this exmple the habitable room ape provided v v i ~  ogemble cmement 
ow gilles which are basically meant for air supply9 whilst 

oveflow by specid opedngs under the doors to the mechanical exhaust d;llGt in 
the sewice room will provide exhaust. 'The service room are also prodded with 

dow MUes for air supply, athe Etchen cant rn additional openable 
casemexlt window for air supply md a cooks hood with exhaust fan, directly 
ducted to the outside. 

Other appeapirag combinations sf ventilation provisions are mapked in Fipre C.1. 



HAT URAL 4 
SUPPLY 

5 

3 
MECHANICAL 
SUPPLY 4 

NATURAL EXHAUST MECHANICAL EXHAUST 

I f a 4 s 6 7 1 2 3 4 5 6 7  

Common system combination 

Possible, but not common system 

1 = No special prsvisionslcracks and gaps 

2 = Trickle vent i lat~u(sl  /fixed ventts) 

3 = openable casement window[s) 

4 = Openable gril l[s) /small top-hung window[s) 

5 = Local fan[s l  

6 = Gonnecticrn(s1 on central heating duct system 

7 = Overflow provision(s1 in internal wali [ s l  



C 3 Characterisation of System Properties 

The ability of the ventilagon system to distribute the ventildiom air especidly to 
the locations with ventilation needs may be expressed by the Bnswers to the next 
questiom, 

AU All Craty ow One No 
b m s  Wabitabie I Babl(abla Service EemtPal h t l a m  

a @ N . b ~  b m  ~ H O Q  

5.1 - air supply trsm ather room or 
spaces? 

5 2  - air exhaust to other rooms or 
spaces? 

6.0 If there are any sigificmt pro~sions that cause air exchmge beween 
room or spaces (see Question 5), are the main sources of pollution in these 
roo&spases coqarable? 

7.0 m a t  is the chance of flow-reversion through ventilation prottisions due to?: 

7.1 - weather chmges? (None/ Rae/ R ~ p l z /  Often) 

7.2 - measures on other grovisiorasl (None/ Rare/ ReplW Often) 

8.0 h e  the m ~ n  ventila~on prsvisiom for: 

8.1 - fresh outside supply? (Yes/ Partly/ No) 



8.2 - direct d a m t  to the outside? (Yes/ Partly/ No) 

to be operated sepaately per room? 

m e  ability sf b e  vent:iIa~~n system to adjust tSle flawate t~ ~e variable 
demands per room, may be eqressed by the a w e r s  to the next questions: 

9,0 k e  the ventilation provisiom 'iles Ns 
desiped t s  prsdde baic flawrates 
according to national standards? 

Pleme give the specific (rmge of) design 
vdues m a o r  heiP  reference(^): 

Habitable Reams 

Kitchen 

Bathmom 

10.0 m a t  type(s) of cont~ol hashave been used ts adjust the setpoint af 
vefltila~srr grsvisiales to ehaunging ventilation needs? 

1, no control ( = fked setpoint) 
2, manud exlntral 
3, timer confro1 
4. indoor temperature control 
5. fiuddiy control 
6. CO2 or odours control 
7. others, nmely .... 

11.0 Using the numben 1 to 4 from question PO, mark which ccantrol type has 
been used on the fol'ollodng codinations of provisions and locations. 



12.0 n e  flow through ventilation proisions may alter at unchanged setpoint due 
to wea&er chmges or control memures on o&er progsions. M a t  type of 
coqematisn has been used? 

coqensa~on ,  sensing: 
- outdoor temperamre 

velocity a d  direcion 
- pressure diEerence 
- flow rate 

By g i ~ n g  rates to the mwew sf the preiaus questions, and by c ~ m b i ~ g  these 
rates, a total. rate m y  be found eqress iq  the flowrate adjustability ta Iacd 
variations of the source s&ength. 

Optimum flowpate adjustabiliq may s c a r  when each normal vmizltisn sf source 
strength in every room vrrill lead i diately to a reaction of the ventilation 
system. In this w;ay the indoor d r  qualiq remaim at the s m e  (set) aceegtable 
level wIthslat aest ing the ven~latisn flows sf other rooms, aad is (highly) 
independent of the weather chmges and the use of ventilation gro~sions in other 
room. 



C 3,13 As Flaw Pattern 

m e  most eEdent appliation of ventilation air vcpithin a room will ocmr when 
the Eresh air is introduced directly into the occupied zone, and when rhe aiflosrv 
q e l s  d1 contaabinanB from the room ~ t h  a dnimrn of dispersion. 

This propeq of a ventilation system may be expressed as "ventilation-effiieiencgrfi 
or ~e "coeffident of air chmge pedomara~e". 

Essential fadors are: 

- the locations h;mB directiom of air supply, compared to the occupants md 
ssurses; 
- the velocity and turbulence of supplied air; 
- local exhaust nea  sources. 

m e  aifflow pattern aaay be characterised in the system desip. 

13.0 Is the ventildon sptem of the next room desigmd for: 

HaMtable Utehen Bathroom WC Others 
&oms Namely 

hevention of 
c o n t a ~ n m t  dispersion 
by local eAaust 

Displacement Ventilation 

Low Velociw Supply 

Mlrrlng Ventilation 

14,0 In the case of twro or m r e  fl es \rvithin one room, can my inte+ference 
of a superior fl e by an irrferior orre be ezrgected? 

YES b I 
substantially [ 1 
sli&fly 1 1  
110 E I 



15.0 %at is the total installed (electric) p o w  demmd for trmsporting (fans) 
a d  controlling (vdves, servomotors, etc.,) the ventilation ~ r ?  

16.0 On wbich flawate is this power demmd applied :! (see also question 9) 

3 "..."...m Is 

By di~dlng the power demmd to the flowate an e~ression will be found fsr the 
8 d l i q  enePH need. 

Some correstion per climatic zone may be useful to sompemate for the dBerent 
acquired minimum pressured differences to prevent disturbance by the weather. 

C 3.2.2 Ventilation Heat Demand 
The ventilation heating (or cooling demand) may be generatid with different 
tyges of heaters (coolers). nough the t o d  vepltilatioa heat demmd depends on 
the dimate 6.e. the number of degreedays) the essential faetor is considered to 
be the effiGienq of the heating and transporting system, related to pximary 
energy=need, It is considered to be out of the scope of this report to @ve a 
dasifisation of the heating vstem. Nevefiheless the possibilities of g a i ~ n g  heat 
from alternative sources, or by ventilation heat recovery devices may be direetly 
related to the ventilation system applied. 

m e  next questions deal with these possibilties, 

17.0 b the me of ventila~on he& exchanger capable of gaidag its heat from 
(alternative) low-temperature sources? 

18.0 If yes, whiclfi p a t  of the total yearly ventilation heat demand is gdned from 
free altem;ative sources? 

Estimate: 



19.0 VVbich pwt of the ventilation he& losss is recovered from the exhausted 
&r? 

61 3.3 costs 

20.0 m a t  are the estimated costs of the ventilation system ~ompunents and ~ e i r  
h tda t ion?  

- distribution mil trmportation of air =.**. 

- extra nnem for preheating the air **em- 

- control devices *.... 
- dtemative e n e r ~  gain deAces .***, 

- heat recovery degces .s,ge 

[Note: In case of a (building) integated desip (e.g, a dynamic wall heat 
recovepy) ody the estimated extra cssts, compaed to a starrdard design, have to 
be considered 1. 

21.0 m a t  are the estimated y e ~ l y  costs for operating the ventilation system? 

- awriliary energly ...... 
(totd installed power (question 14) 
X operation ti= 19 specific enera costs) 

- primary ventilation heat demmd ...... 
(mean flowate (question 8) X operation 
time X mean temperamre difference dudng 
heating season X spedfic heat coefficient 
of air X specific enerB costs 
- percentage of alternative energy gain and 
heat recovery (questions 18 & 19). 

22.1) m a t  are the estimated life-qdes of the ventilation system's main 
components? 



To produce a representative expression for the total costs of the ventilation 
sptem k is sugested that the following be stmdafdised: 

- ventilation heating costs to dirnatic classes (i.e. the number of 
Begee-days); 

- the htalla.tjon costs to a standard life-qcle; 

- the resultbg total costs to the nowate, 

To elassib vea~lation system as to their reliabiliq will be very diffislih, Each 
rate or qualification to be generated has to be based on eqerience and d l l  be 
very predictive. 

Same possible questism are: 

Be@ m a t  is the number of system componetlrs (system complexity)? 

24.0 m a t  tyges of coqomnts or combinatiom of components have been used 
(detection of criticd mechanical, eledronical or other components or 
cl-iricd combinations)? 

25,@ Does the system need any comrPrissioaing, r e ~ l a r  verification or sewicing? 
If so, on what specific parts of the system? 

26.0 h e  the operating iastmctiom sirngle? 

29.0 m a t  ape the chmces of malfunctioning due to: 

- wong operation (wrong system settirmgs, mechanical force), 
- electromagrredc fields, 
- ter~lgerakre vaplatioms, 
- pressure fluctuations. 

Will it cause teqerary or permanent disorder, partly or completely? 



The comfort of a ventilatio~ systern depends on the condition of the supplied air, 
the sian~ol of &e aia qu&Q and the possibilities of interaction with the 
inhabitmts. 

28.0 Is the air qudiy coneolled? 

29,0 1s there my conditioning of tbe su~rply air? 

- (de) huraidific;arlorr, 
- pre heating/woling, 
- rest~ction of supply ve1aci:ity fluctuations. 

30.0 Is the supply air well distributed over the room? Is the ventilation air 
supplied directly ta the o c q i e d  zrme(s)? 

31.0 Is the control system user-ffiendly? 

- understandable, 
- cay to manipulate, 
- setpaint adjustable to individual needs, 
- seqoint reprodudble. 

Using the questionn&re of appendix C, a mu@, rather subjective clasificatim 
has been emied out for a number of co on and advanced ventilation sptem. 

m e  results are shown in the follodng table. 

me table is divided into four categories: 

(i) naturd ventilation system, 
(ii) namral slrgply, mechaz%ical exkaust system, 
(iii) m c h ~ c a l  supplyp natural e&aust, 
(iv) mech&cd supply a d  ehaust. 

The last category is divided into mechanical ventilation for the whole dwelGng, 
per sepatate room or per room zone. 

'Pke ventilation d e ~ c e s  of the system me mentioned in the next colu 
followed by the control typ~. The control system is applied to the ventilation 
devices marked "%I. 








