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Until now, there is no widely accepted way to express any index for this purpose and taking 
into account the large variety of possible pollutants. Things can be simplified if the aim is to 
compare different systems and strategies rather than to give an absolute value of quality. 
For the study of a pollutant source, the main important point for comparison is the pattern of 
its production, whatever this pollutant is. The detailed data for each inhabitant is the curve of 
the number of hours above a pollutant level concentration Ci : Nh (Ci). A condensed one is 
calculated as the cumulated value above a threshold limit Cimax. This is the basis for the 
results presented here. Other parameters are also calculated as pressure difference between 
outdoor and indoor, room related parameters (humidity, condensation hazards), and energy 
parameters (heat needs and fan energy). 
This methodology was defined and used in the framework of IEA annex 27 "domestic 
ventilation". 
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INTRODUCTION 

A methodology to compare the performances of ventilation systems has been defined within 
the IEA annex 27 project. After a presentation of the different parameters taken into account, 
we describe the methodology and we compare the results given by the codes COMIS and 
SIREN95. 

THE STUDIED PARAMETERS 

In the IEA annex 27 project ventilation systems are study : nine dwellings (3 plans and 3 
airthightness), three occupancy (spacious, average, crowded), three climates (cold, mild, 
warm). Results are given in term of indoor air quality (pollutant exposure for each inhabitant) 
condensation risks and energy. 

Dwellings: three four rooms dwellings have been considered : two flats (D4A,D4B) situated 
on gound and top floor of a four-storey building and a single family house D4C 
The climates are related to meteorological data : cold : Ottawa (Canada), mild : London 
(United Kingdom), warm: Nice (France). 
Four ventilation systems are designed : natural airing, passive stack, mechanical exhaust, 
mechanical exhaust and supply. Dimensioning makes use of inlets or outlets size and airflows 
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(extract and supply). For each system an alternative consists ·in additionaJ fans m kitchen and 
bathroom, opening windows in bedrOOD1S, ·'.: L L ·· •. i .. , ·: 

. Indoor air quality for people " :· ;; .1 : j 1 / �;:; .r.rr · '::JL 
For human feeling and health we based the comparisons.on five.main generic pollutants: 
• Plt l : constant emission related to jhe room area. ..... _____ ..... __ 

• Plt2 : human metaboli.sm. It is b_�ed on th� CO:?_p��9uction. 
• Plt3 : cooking activiti�s,. It is based to the .. wat�r ev�porated during cooking and could be 
related to odours prodµction, as to GO ,.9r N:Ox_productioµ in case of gas appliance. 
• Plt4 : passive smoldng . 'It is basetUm _a_production gf pollutarlt for the hours and place 
when and where people. are smoking. 1:; · :,., 
• Indoor humidity : this. one is here only rel�ted to the dryness feeling. 

A weekly schedule of .the dwelling occupaIJ.cy has b��n defined by IEA annex 27 [1] 
including the production .of pollu�!S by occupfil!.� metabolism. For each inhabitant we give 
the curve of the number qf hou!'s -�})ove a pollutant le�el concentration Ci : Nh (Ci). These 
results are also given in a<conderrsed· form based on the:calculation of the cumulated value 
above a threshold limit;·-· 

The energy needS mtist be split into heat needs and electrical needs for fan. The heat needs 
is calculated kribwing ·the airflows to the outdoor and the temperature difference between 
outdoor and .indoor; We calculate heat needs equivalent air flow rate and air change rate 
which are the constant airflow (or air change rate) which would lead to the same heat needs as 
the·ones calculated. The electrical needs are calculated on the whole year. 

THE COMPUTER CODECOMIS 

COMist=s a multi-zone flow model developed within Annex: 23. The FORTRAN code was 
originall� developed at the Lawrence Berkeley Laboratory in-the fr-amework of the COMIS 
one-yearwor:tcshop: Significant further �evelopment of.. the model has.taken. place since that 

.. �o.rkshop._CO¥JS is P!.Og!!1Jllllle.� in.FORTRAN 77. �ser interfaces for .. i.n µ� apd output 
processing are available for PC (for both DOS and MS-:-WJNDOWS). ·' .,' . . - �1 
This program allbws· f'Or ·. ·:sophiS,tiCated multi.,.zone airflOW •-and. -COiltal'ninant I 'tranSpOft 

. simg}atiQ��� .A.J.r flow. COIDJ>.9°'ileli! l<>,r natural as well as mechanic� ventilation systems Can be 
mQdelle�. V ariOUS schedules :'catl, be defined f Or the outdoor climate;-. indoor fOOIDS 

. · -temperatures,-pollutants sources arid sinks, and ajrfl.9w component op.�ra�pn ,;chedule. Tpe 
· ... time evolutio�;. �f 'flows¥ and'boncentrations as yvyll as int�grated ;(llld m�� valu.<?.� for the 

" - whole·simulatea· time· period· can be detei'mined. , , .·. . . . r 1 
:,T�.�CP����Q�ESIREN95 .� '. '

·
. <JA -� i. , .. 

. �:··tl·· �-·.r!��(_,, .• -:il .:.:•·r '--.!. .. r , ·,. , 

.�..
.. ; 

�_... . r.� ·' 'tC � .. 
The computer code SIRE,N,95 is .im. evolution'.SIREN·'(''Slmulation :.du ·.RENouv,ellement 
d'air") developed in C.S.'fJf'(:t]. The 'code uses hourly meteorofogical .. mataz (temperature, 
relative humidity, wind speed and 01;:ien�tion).; ,PCG:qpanc.;r, '11Q poll�tants prodµqtiP.Jf.,(�02 
H20 . .. ) are defined with a half an 'horu"slep ; four p61lutaiit:S, plus wate. var.>"obr c7an be 

:J�e.� �.!}f�;\��p9unJ:,_;� f?Fr·'Y���r. V:f.P.9�r )}ygr�s,c9��9 ,in:�rti��!J9e., adj,u_���d:r�f�!�.}.��: jllld 
hunud1ty concentrations are assumed uniform m each room. 

.
� 

. ... ·-�.: .
. . . 

'
· 

" ' ,.J • L..I. • '. _.' • -. J. � � 

k1 §�ff��.,�tyfP�. pre,ssll�e,s.-r�e ���e� it hy���?�?1!i,9/ir��a?· th�- -���d� t��Rer.asur� is 
·; c_on�14�f.ed c?��� m,�Jt9.r¥,;��tiµ1.:p�w.,e .(qn!� ".�rJ:lp� .sr;a.d��p.t : 1 1���, yff�ct l�� t�en mto 
�-,ac.c?unt).pac_q co�po,Q.ep.J <�-�e�, ouileys, cr,aq��.}�:,_ 1 • iu<1G>.��· ... · ··}J�.:.�9�ar�r9t�?�e? J:>.�}ts 

flow rate curve as a functlon of the pressure difference and also wlien . �elevaJ!� of. t;he 
temperature, pollutant concentration or relative humiditySIREN95 is writilin · 1n· FORTRAN 
77; it runs an entire heating season in roughly four minutes (PC Pentium 150 MHz or more) 
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COMPARISON: C01\:fIS.& SIREN95 ·' . ,),\ 1 ... ' "• •L 

We compare co:rvrrs and SIREN95 on the results Of 174 simulations with changes m 
dwellings, ventilation system, climates, occupancy, .... 

'/': 
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Results of equivalent,air change are in good accordance: for natural,�ng-, SIREN95,,(which 
don't take into account pressure losses due to.internal doors) gives a higher level than .. <JO:rvITS 

co2 base 700 ppm ci'yness ;, 
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·Four cases cdrrC'Sponding to naforal · ., o •• 1 -c· 

Window st ' airifig and . . � J?assive · sta'ck. · ·, •J• :i:c0 !µ): > �· z1<XXl • r 1��� ·1 ...1 � ·:i iWil·: 

ventilation systems are quite different ·· · ·· · . • . . . . . 
(values calculated with SIREN95 above A ,. 'h .. l<·V' _';J'"'' . w� ,, ,,. 'r·i:-:-. . . Althbugh'C01v11� use 'tl. post .. proces!1:1r to 6000 ppm.hj.�or mechanical ven�atton calculate \n.door h,um.idity the results are ·Lsystems (eihaustLonly--and balanced results;<;,_.;.;!(· 1 ;,ii1 

. la ",q : ; , ·.; . · . .  '1, ·-' ·: fT 
.:'a!lieingood acc.drdance. > .<';., · ··· <> , ·.c ·L;:.���·�Y fe t�: .. . : ··.J j ;:�.:.,,k.,":f. L .. 

:: ��:eJ&)l�cli§ bP:���rr(.ri.. ·A::fi'dN s ···smMS ; '. '''f•CJ. L -�· '{JiC• ,.til.' �'. J'lJl:':, 
1 · :L .· �!L·;,. .. . _·J L .' ,:er ��tiiLfi�. : :..: · . • . ;:::i1: ·: . ; '·�"i c rfcN J:E.d::b ;1c · . . .  U·'·2 

h.WitiTFs!R'.EN95·:·��-'fla�e:<iu�9o ·:Siiinilati'dnrVAth cli1fuges Jn· dw1eniD.g�;rvBimailob._ �y�ni 
· - • 1T · 1 ,·. "· ··J �' r;1·.:; " r.,r1• ., ... "" - .. � ·r" r ., .,, '... •r ... ·- "' and climates. ·1 _.' · ., " ·· .i -'· ,., - ·- · ' · " " "1 �- • )• • ., 1"·�.J-i , • • • -· • • ·· . : 
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Results are·gl��tl iii'tab1es as follow ::· 
• indoor air quality : we calculated for each case the - - to ++'�elasses for C02, ·cooking 
pr6ducts, :and passive smoking,; the final re.sult is the �or� value .. · '.l};� . • '. 
• condensation: we calculated'for each case the - - ·to,# classes for the :Pabitable rooms and 
the wet rooms ; the final result is tile worst value. t, 
• energy (equivalent air change rate). 

dwellin� 
D4a 

top 
D4a 

·� • .' 1 � ,lndo_or. air q�ality 
_,i ' nat. -w1oq. amng .i p. S,'!8CK ,11;, mecnal'\•C?�• exnaust , balancea 

airina -> no ves no 1!U"' '' � '"· ' 'it'lo Alt"'' 11i'll', ·-1� �1.11r. Jf:j� �:r.- �� 
suoolv-> O 4 10 0 4 10 0 400 0 100.,. '" , .ii· ;�.., "' 

fJqw,rate �> I (''�i'J\, ii ';',, J�· ,� k J 1:·::� mr 15 30 45 15 30 45 15 30 45 
add fan -> no 1e1 no i/e� no •ei no · e1 no 1e1 nc 1e1 nc 1e: no 1e1 nl:: 1e1 no e1 no •ei no vei no 1$� llto 1e� no 1es 

n so �% 'k� f.:'S,. '''Wti:rt: :ff' Ht' fr) Pl ff� Wj: Pi !W '.H rt'f� !f:W fo� :�B tf �� &f Wm rnH tl :/.@ F� §H! H: ;J 
1 - • - - - 0 - - - • - 0 - - - - 0 0 - - • 0 - + 0 - - 0 0 + + - - 0 + + +i 

2.5 - 0 - - - - 0 - - 0 + - - 0 _... + 0 - - 0 0 + + 0 0 0 + + +� 

; <" 5 - + ": . . .. , ,..... + 0 0 0 +i 0 0 0 0 ,.+ . * 0 0 0 +. + +, 0 + 0 +i + +� 

, - • •  - - 0 • - • • • 0 - - - - 0 + - - • 0 - + !o. - - 0 0 + + - - .o + + +i 

2.5 - o - - • - o - - + +-+ - - o - + ·cf - - o o +'. '-F o o o + + +-+ 
": ground 

D4c 
! 5 f · .;• i+ • I'• � • + +1 

'
+ ·t +i ,Q· ,0 Q ,,o; + + 0 0 0 + + + 0 + Q +i + +i 

1 - - - - 0 0 - • - - 0 0 - - - - + + ., - - 0 -.- + - - - 0 - + 0 - - 0 + + +� 

I. 

2.5 - - - - 0 + - - - - 0 + - - + +i - - 0 - + 0 - - 0 - + 0 0 0 0 + + +� 

; 5 ' 0 + - : - 0 + -• :'S' + +i 1 • - 0 - + 0 0 0 0 0 + o. 0 0 + +i + +i 
1 O case a o + + ++ o + + +-+ + + + +-+ o · + + + + + + +-+ + ++ + + + +i + +-+ + +-+ 

1 0 case b - - + + - - + + - - + +-+ - - - - o o o o o o o o + +� + +� 

Heat needs .: J.:. 

nat. wma. ainng p. stack mecnarucai �ust ,...,..._ �-

airing -> no yes no , t. .Ji: . .., ·· · rn.. ..�.ii � '.' � ��ll::J:1�4111:'l -
SUOolv-> .. ·er '410 Q '41(} 1 • Q 40() lL Q . ; 100 ' ' ;'r� 'if''1J.,ij Ji " ---

f)QW rate·> :�r.ii,�, + . I ":!fl 1 .. �:: r : �1; !f' 15,. "30 45- 15 30 ;;,45:· 1s ,(30 45 
dwe. ·11· . add fsoan -> �-�-�� �: ,�,°, .�� .�� ;: ,,,� �.� �,� �� �1-�� i �, '.� -�� �; -�� �: �,; �: ,�, �;, ��. �;.s In� n m ' ,!! k::'. ht rL;tfil M fM�·�:? i iJ '' .':«ill :w:, f.H � � ,,,;_l ffil ;;:::<�ff:����: �:g: ?'!i :w�.1: u:,:� �d' n:. 

D4a 1 I++++ + o ++I++ + o +.t + • .:. . ++ + · + o ··- - ++ + + o - 1'- • -
+ !++ + 

2.5 l++l+f + o +fl++ + o + o - --I++ + + o - ·I++ + + o - - +f :f-,l+t + + o 
.,. , , .,_.t!'". O._P r--+ __ .s_._·.l+t .. -..,.of::,.._O.,_-.. l+f...,_+.,_o.,_-.. o�""'- .. ---.. ---... +.....,o....,o..._0,....-.....,--1-i-+.....,o..,o...,-.,._-..,_-

· 
.. -,.... +f-+.._-+.....,o..._o....,o.,. 

� 1 l+-tl+f + o :t-tl+-! + o + -� ·� - - -1++ + + ·a · - ·1+1 + 14- · o - · .-.. · + ++ + :._,f ·�"U'::e.-----1--t--it ...... -t'�'!'!'t---t-'"!'l'--+--t-...t-+-ot-.._...,._�...-..i ........ ��_.. ........ _.., .......... _..,_.., .... 2.5 I++ I++ + o +:i 1-H + · ·a o - - .; .; • I++ + + 'b �-� - ++ !'; + ·+· o· · -. - +.1 + 1-H + + o 
ground 

D4c 
5 I++ + 0 - +t + 0 - -·- - .; .. .: :. · + 4! ·o· b - - '':f", 6 b ·- :r, • • .+t + + 0 + 0 
1 l+-t I++ + 0 +f l+I + 0 + 0 • • ' ' + 0 0 - +I �-ti + ,Q ·O ._ + !+-f + 

2.5 l+t l+f O O l+t I++ o - + o -• - • I++ + + o o - + + + o - - +t :+ l+t + + o 
5 l+t + 0 - l+t + - - - • - • - - ·+ 'o 0 - - ..:· 1.f. 'O' ti - - - - + + + 0 0 0 

'-1o:case·1ah- · ·�--- �,�mi ·- ·-·-· ---·._-:_ � -� .. - -
... 
-�·-��---·--· -·

w
·· - ---- -·-- -· 

_;£ ." . • .-_ ...... ,,__..._1_o_ cas __ e ... p ..... i- o..._ .. _....r-_-:.._-_-.....,o.,.....� ... ---... ·--..,-.. �� --"....,.- -�-.-�·o ...... -_,_-_,_--_,_- _,- _-_,- .,----""'"'· -_.· i..· ... -i..---...,---... o-..._-..._-_,_- .. ---..... -.. • 

\., .., � • • -· I . • , · i • ., . 
evaluation of indoor air quality and.heats needs vs. ventilation system. 

and dwelling characteristics for Ottawa climate 

These app���l�§J��X��x�pJ�s 9f '£��aj�J9r�s>J.i:��,1�,r:.;�-8���,m_d �98;t, nf-<t<1� .�nf Y; 
�,. r :•:In,1�eiJ;iQJJ·i��;·$� :t+·:.7�:,ap_P.fQach r��t7d.:-t�1 �����i.?����r� 8f ��£,1 �-o��e���?n and 

e�ergy:. :r�9µ1tiol;lal PM���Ff�t 3}f A1l.�-. y�tb: yt3.f¥.W�.:'��:·J�!1 �.P��ss fe�\iil&•, 11�ressure 
differe),lce and Indoor hunudity (house dust Illlte). ·� ·· � 

;:;, ·:ft·t '. .:.;,�) '.:' , • ...... ? . . ... ·· 
•• r!·'·d� .. ,, !t •_r .. r J_ � • .,l �L !: • I\ 

The input parameters of the table are as follows : 
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• Dwellings (D4A top, D4A ground, D4C) and n 50 valu�.·(1; t·,��'tiJ5;� lP)-¥� described in 
.othe studied, par��ters, 

�, .,_ .; . .l, . ![' 2�" .(, ,- ·i , 
• The ventilation systems are identified by four· base system,s. Those systems eian lb�n be 

combined With locat fans in bathroom/toilet and/or kitchen and window opening,I?�ttems 
(closed, or climate depending). Complete m.i�g jsJ\�sum.ed in each room. 

1. windows opening (airing) 
r Bedroom wind0ws can b�opened during .w eekday�. from 8 h tP 12 o'clock, depending on the 

... -,6- weather co1:1.Qi..tjons . T����·ases of
. 
purp'os.e J?!�vided _o�e�gs .�e. taken into acco�t: :0 cm2 

"---'. - and 41�.cm2-�80 cm2 m:&ch hab11aQ� oo}2l:i ... �O.cn:if m �a!!E,:§! !!1� .. !.�"itet�-bath!_�tchen) 
- -... j ;;''r' t; • • 

- � 

1 2 passive stack�:·· · -· - · --· T ·· ·-·-,--
. 

· --' ·:- - ·: ....... -- -� 
J •• 

• ' ; ·- �·""..., - -·-:-• -. ••-•"''._.,._ ...,_4_ ,�2-. t r-, ... j :..l ll. s: - · 

� T'!�,cases .fg .p�rpose provfuea openings-ar�.taken �f!S'afop£��q�m2 �d: .. �2 (80 cm2 
,. in' each b�d!oq,m and 160 cm2 in the living3oom) - � .. -_J�-.... ; r-· · ·:-:-: �· : .:.. c 
>-;_. i;, �· _,,,_ W•N•r t ... � • --.,,_. ,___l-;... 
!-_-:.. The passi.Ve stack exhaust sy_st�m is as follow�·:· ! _.._ :. :.;_..:' 0 ..:. • .:.. --- ... � . .r • 

� .... _ ··- .. � f J.. t.,.• r • - 1 

f7f. Le�gth <tf::th� ducts: '!'-M;��i;l-r building. �ding-:�� '� the t6�.09fc§ing � \5m; 
$:{0-gle � houses +2:�� m-. ·· ·- ,_ ·- - ----1: �...-. -·- ·�·-· _ ._ 

-

.. ,__ ·-- .... � J . - . y I . I - I • • '.) ' ·L . . 

Ducts are:circular sheet1 m"�iai �Wlth tl-�����150 niib."Jiath·:-a:na toilet, �2ou·mm kitchen. 
The friction factor of the duc�i:S *:::::D'.O�L- !· ·-

"'i'� · �::;_· .. ,_. 

... .. . 
The equf-�alent area of the exha: t.d���·-;1filli�"), (Ga.;=0.0�. is 70� .o! tlrn cross area of 

the duct- . .  ': · ·.. ..·..... 
· 

,).-:; -· 1"" 

Kitchen: 200 cm.2 -� 

...... ·-·...-i:·.-
Bathroom and toilet: 125 cm2 Jj;f�; .. ''! 

· ·ri;e 'ciri'tp�f p��d��1 cir€tlie bl�'ses'ls.'aesCB6eaYn IB�;petfomtmces; para:graph:-�r :;·;, 

'. ':. ·�1Th��; + f r�fu\ hldiel'i{ili.3!FtH�' e5Uit. is J+'.:;+'1tii tlie!:C02;·co-oldng.1ra.na 1passt:V· · �making 
'-• .>_-.i•.,. f .) I I,�, ,) •) .; ...,·;··[ l .... } - � L�( ·� . J: ·1 . pollU:tarilS'.-A. ·:..<-::: · ·�alue 'llidibtteS' m t' iii least" one1 c>fthls p1911u1�tr1eaos tty ,1 . .. :va:luo� ... ;.r• 

1.�1:. ··.:
.
J·:;; 'l!' ur1 1·� l•ut.c:' _.. ·; ·<; i 

A - - value for energy indicates that the equivalent air change rate is higher than 1.0 a.c./h ; a 
+ + that it is less than 0.4 a.c./h 
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These tables makes it possible to evaluate the efficiency of a given ventilation system 
depending on the use of airing and additional fan in relationship with the dwelling 
characteristics (type of dwelling, situation, airtightness). 
Some comments can be made regarding the produced values for Ottawa climate : 

• it appears that a ventilation system can't be ++ both in air quality and energy needs. That 
is particularly true with natural windows airing and passive stack, 

• For mechanical systems and providing that the dwelling is airtight enough, systems can be 
good (+) for IAQ and very good (++), especially for balanced system with heat recovery, 

• For mechanical exhaust system with no air inlets, the presence of an additional fan 
decrease the IAQ index if the dwelling is airtight : this is due to the fact that air enter 
through the fan hole when the fan is not running, which reduce the amount of air entering 
the habitable rooms, 

• The location of unknown air leak.ages can have a strong impact on air quality for all 
systems but the balanced ones: this can be seen for the house D4c case a (equally split air 
leak.ages) and case b (half of air leakages in the hall). In this case, air is poorly entering 
through the habitable rooms, which leads to both high heat needs and low air quality. 
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