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The use of IR detectors to steer the ventilation is in principle an attractive approach for 
optimising the ventilation according to the occupants needs. In order to evaluate the 
performances under real conditions, one of the BBRI office buildings in Limelette (some 31 
offices with in total 51 persons and a variable occupation load) was equipped with a 
mechanical supply ventilation system in which each terminal is controlled by an IR detector. 
During a two week period, the performances of the ventilation system were measured in detail 
(total air flow rate, functioning of each individual terminal, pressure control function, energy 
consumption, acoustical measurements,. .. ). 

The paper presents first the concept of the ventilation system and some of the measured 
performances at component level. The overall performance of the system is then discussed as 
well as the impact of the building and ductwork airtightness. Finally conclusions and 
recommendations for further improvements are given. 

1. Introduction 

Ventilation is a major energy consumer in office buildings and it is therefore interesting to 
control it so as to find a compromise between indoor air quality and energy consumption. 

Although research in the recent years has showed that occupants are not the only source of 
pollution in office building (but also building materials, furniture, etc.), it is clear that, up to 
the present, it is the only source upon which a realistic ventilation control can be based. 

The use of infrared detectors to steer the ventilation is a possible approach for optimising the 
ventilation as a function of the occupancy in the ventilated spaces. Other methods like people 
counting or carbon dioxide measurements can be appropriate as well. 

In order to evaluate its performances under real conditions, one of the BBRI office buildings 
was equipped with a mechanical supply system in which each terminal is controlled by an 
infrared sensor. 

After a description of the investigated system, this paper presents the results of the performed 
monitoring: evaluations at component level (pressure control, ductwork,. .. ) are first presented, 
secondly the overall system performances. Then comes a chapter that shows how the 
ductwork airtightness and the building airtightness impact on the performances of the system. 
Finally conclusions and recommendations are given. 
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2.1 General ' I 4) I> I 1! I ii(). fie' ·) 

The studied IR controlled ventilation system is installed in BBRI office building B which is 
situated in Limelette, 20 km South of Brussels, Belgium. It is·:·ai2.·-s'torey office building with 
a volume of 3000 m3

, counting 31 rooms with 1 to 4 working places each, or 51 working 
placesinfotal. '· ·r( 1· J1uu: · ' . ·· it: • )1 ' 1 r·fv .c;i."l':Jf, . 

The mec~ahi'c~lJ~ir'suppiy ·mmihi~tion is made of twq separatea syst'etns',' 6rl~jfur\~hch storey. 
riiby consists of a b~nstant' ~pdba fan, a 'fiuer }irovlcit g the pressure ~bi:hrol fill'Ict!fon,:r,i:-pre-
hea illg system ' dtict11 ;ari.& ' presen~e cdrt r6u~d: ehiilation tenliin~ls'.;·,, 'I ,I • 1 

•' I I '>• I' ' II ( ".I . ,JJ; l, f/!'' I( ii•[j: I ,.!•")11. < If' 

T~~ sys~~~,is designed to prqv~de 25 m3/h of ou:t8i1~ air. Pt?r workin? place in the r?oms that 
' ' ++. '' l • ·~ .. nn,., ".(f· ri · i. I "J..• ' • '.-1 i..· J.. ';:I ' 1 ·• fl arc C.1..1.CCtIVC.i)" OCCllpl C . "" u.en al1 t.i.iC rcoms·ill*v C-CC1....p~'-- u., t .. .1.lS prv"',/lu.CS a tcta.t 11

U.Ii." i.J.cv·v rate 
of 51 x 25 _= 1275_ m1/h fqr the .wh()le buih.ligg:_. E~t~a_cti_on is taking· plate in the toilets1 via the 
corridors. · ··· · · · · i.1 ·1 

The ventilation' ~ste& is operating from 6~00 AM·to 8:00·PM. · · 1··;1 r' f_T' 

. !··l ; ,> . j ~ '. ,I l. __ j ,\ ,•\ l ; 
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2.2 Supplyterminals . --, _ ·· ,· · . ~···-· ---· ·1r··- r- -- · ·1-.1 
Th 1 ·1 · · 1 · 11 d b · · · 1 1 1: • d r .J ~ ' : ,1 d · · 

1 lfj . v ventl atlon termma .1s contro e . Y'. a 'mofion sensor ~as: u1~on ·m~area etechoI\ .. : 
presence of occupants 1s detected m a room the ventilation is activated thanks to a 
electro/pneumatic device'. ,.,When. r!tl}.e occupants 'leave" the roo~, file' 'v'entilation remams' 
activated during 15 minutes before switching off. , · ' .: "''.' ;'., ·. "' · "' 

The termillal can be maiimilly sef in Tour different opening positions corresponding·with fourJ 
different air flow rates!iis;150: 75) and''lOO fri3/h~ :THis setting is madet6nce•fortalhfrfunctioil 

of the num~er of workh~g,plM.es i,ri":t;lw,yen!ilc:ity<;l.r~pactr? Ql].f-( ,wgrking pl~~,e. cp;rr ~pP,n~P. 
with a tate of 25~im3/h. , ,The; pre.&~'1f~l '.JJ th(( -duM~o~ ~ppuJ.d .~H-Y ~etween .Ji~r P&)}nd ' ~ 0 Pa to 
"ensure a proper Operation Of the terminals. :',!:. ' :;.:jl~ .::.:i·· : Ii .. • 

2.3 Autocontrolling filter 

2.3.1 Filtering and pressure control functions 

,.. '~ t I 

'.1 
J~)( ' 

nl,. _t.\r) ! 

Active fW~ring 
area 

•111 I • 

'W:\'/ I "UC . 
Besides the usual filtering 'function, this 
autocontrolling· filter is- design~p.· ·t9 
maintain the pressure in the ductwor~ 
between certain limits. This co1.itrol 
function is of cou se essential I or ~ 
ventilation system allowing the total air 
flow rate to vary with the deimµ1d. ' ; , 

, ' IV 1 ~ r-i f 

. r~:tl,~'Yitye.plte:ring :. The pressure control fup.ctiori · is 
., .1. obtained by moving an airtight plate 

which modifies the active filtering area 
Figure 1 ·Pressure contrci1il'unction of'thr! filter through which the air is passing (see 

II "I I ' ll 1 <I· .. ' '"I ~ . • I 
• " · • ' 11 1 

' sr~r:,figure) hence ;the::pressure drop thrqugh 
the fi.lter. Ttre pre'ssure in the' ductwotki iWmeasured and'·the positfon' of the movit:rgi·plat~'liS 
adjusted Iii ·order to kee~· thi~·pressure b'etween the chosen limits. '·j • ~ r.' · · 
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Furthermore, this equipment is designed to change auU:?yiatically the filter when the 
accumulated particulate matters provoke too high pressure iosses in the filter to 'ensure a 
normal operation of the ventilation system. 1 r:;·; ~, . 

)rLl ''! •!ir' .· ) L'·HI , l "'-" ?I if'.':l ia ·.~2 . . ro r 1~ I I 

3. i~1tMeasurement-set-up ,·~ r~i ":1 i fl• ; .• J. •• s~ 

' ._ :~ ;'.:)Jt.l.1 J ' ' · ' if"[ Ii. '.. I I'. . c. 'H' 

Various parameters were co~tinuously recorded during the m.onitoring of the .w4R.l,e, ,~ys~m : 
operatioi:i: .. ~eJpt~+, ~uRplx. ~ flo~ rates \~sin~ t~acer, gas t~r,~~~W.~, " 1.h~. ,~l!~;Side :.m!]:lpera~~;,~, 
the t~IPPtrl~J:'Mti~ a!lcri~ ·the pr'?-heawig u1.ir:~~~~«,Wf:Pr~~sure at fl~grepq ·of)P~i ?ucrn.:?\~, ~n~ J~.~1 
after the fan, the state (open, 0~rplose~)' o~~~~l.b0tJl9 .. v.1nYiatio~. f.~~m .. ~B~ th~ ~c;m:id flR~r 
system and the positiop. of tbe airtight movi.tig plate in the autocontrollillg filters. ' · ... · · · -· 

F~gur~ ~~. sho~s th~
1 

~~~p~tj~~~~~t~~ wJ.gt ~~:.~J.f~e~~nt ~onlp~~ent§~(\i~· the po~f!l_diii:i?l fB{ 
different meas~ement point,&. ... -i r1 1·· x . ., I I j ' . . r .. . 

I ~ !.' .l.I J t J .' _!!) \ . : 1Jl 11,1./11 ;; I \ (f! ~ ~ • .1 ' t . 
Ventilation network 

"End network 
pressure" 

h~J;i. ·.' · JG <:; t .. \...:: 

·.:t/ \~~er_~~~~e 
Tracer gas 

concentration 

)! 

.~l2 ~o i .mJ.r~.c~r.gas " " J'1 'Jmn: 'flt!rr! "n -;':t•" · 1 
tnJect10n . 

~;[!~'; :·,!1 .1 G " 1 i ':1 · , ... '.1'. f' J ~li . . rfiJ:i::O ): , 

041side air 
temperature 

L I .. 

£ · ' ~o <. · , I' 1 • ii Jr : 1 r 1 : • •• :·; ·.ti L. 1 m 1,. r, J : » r • 
Fig Ute1lli-11)11on itqrjn_g .of) t!J.~. yith~'~}~Y.S~,m :qpen~tio"1 ~ .M~a~Hr~m~~t ~()i~~~ _i i Jj I ; n Ir . ' ., . } ! 

St;ij6£ \tf~s\i?e'mehts of .the . ' over~ll<Jbuild'ing i airtigh'fu.es~, :the. _dlietW6Pk airtightness, th~ 
acoustica1 '1 gf~(l th'e I air ' floiV' . cllara6terlstics ''of i tertnrn!rs·1 J,atfd air : ffowl I rat~' at I ventilatioII 
terminals were also performed. . i r 

4. Evaluation at component level 
,. 

'' ( ' ;" t :. 
-.. '· .. ·-1 ! ' 

~r·,t I ' ~UI (:t~~r~-~ t : · J'' JJ ' ·'1·• .,.• <' 
· ~ • .-1 • .' .. i.J- JJ ~-:1 '·'_. l .h lH 1:1 JJ I 1" .") . 1< J( · . ---~·- ·-· ··- • • -

.....,.........,.._....._~-.-.---~,~~1 -.-+, - J -· - . -. , - .. -. - i.; --.----. !lPlgure 3, sp.,ows the results of the airtightness 
11 · .•.: . . . .. ., .. i .· : measure~ertts performed on the ductwork bf 

, 11 , , .r : , , ,., , .. ... w the firsf' tl.oor v~rt1ati011 system. They are 
. < '! lJ I •:) . f 11• .,lji presented) n tefm,.s orQ1p0 values, i.e. the air 

• (' , ; ':1 • , ~. . '.; ~ 1 :-:• - - - · flQ.w -·rafe"' flo~i ng I tpxough tl~e ductwbrk 
; .1; , !; leakages at a pressute"difference of 100 Pa, 

_, f which if the average, press'ure of the no~al 
,, ciass,E\ , · bperation range of tl~e ventil'~tion termin~ls 

I . .... ,. Clas~.A _ --· ( 7Q::J }O)>a). 

1.· .. ,
2
,1; 11. 

3 
, ~ .. 

4 
., ; , ,:. The EUROVENl'1212 standard, "Air lyakage 

FigUre 3 «:Puctwork ,._airtightness rate in sheet metal air distribution systems", 
mea&yr'1'."ents and EUROVENT.2/Z standard ; .PW.BQ~.ed 1tw,q1 :.,classe_,s,,.1u ~?f; · ~~~~ork 
classes 1 " aip:jghtness. r• The Q'!o09 . valuy~ acQo:r,diitg to 
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thi!!l standard are als.o shown. · , I . • • .. • 
1 i:·~,, · Ji: '.' , 1 1'~ r._1 i'-'. ?'">~!': .r· .,_,',if\ t • : ! 

As it can be seen, the initial QIOO value was aboufl6~Chn3/lI wfii6h 'rslfaJITltis~ ~qu~al to thd 
: nomillal ventilation iir flow· rate··.( 625 m37lif Under .these conditions, tlie-··system could rioi: 
operate normally. Several improvements were necessary to reach an acceptable value.~" rThe 
last test (n°5) gave a value slightly better th~ ~he class A of the EUROVENT 2/2 standard. 

•: 

:, ;,t;, I 

1 

~ I ,., ! 
• - (I 4.2 Autocontrolling filter 

I .. 
The. pr,essure contr~l function should allow in theory to maintain the pressure in the ductwork 
in the operating range of.the .ventilation terminal (70-130 Pa) 

·n 

' The following figure giv:es,. for the ground floor, the measured pressures Just after the fan and 
at-the· end of the ductwork as well·as the filter positionduring a typical day. The maximum 1 

filtering area corresponds with ·n1e fop of thei 'scale i(38 cm) and· the :rriinimurli filter' area with 

~11:9 ?~ttYIJt;~fthe S~,~le (0 fill).;' ,.,1J 1' -/' . ' I .. I ',,-, p•;. ·• -• ~.fi.' r1r:r:· . " ;,,;~J Ii .', 

; . 200 

I (I 

')I :'fl 

1·• 

,. 

0'4-.-.._,... ~- -- ~. -+--->-+-+-+---+-........i.+-~-"i'""+-o-I 0 
27.01.95 6:00 27.01.95 7:00 27.01.95 8:00 27.01.95 9:00 27.01.95 27.01 .95 27.01.95 

10:90 •. JI ,t1:~01. 'l.··· Hf..1 i. r; ,·;v 

' ., 

' I ' 

I [ 

' ~ .. . 
.• I 
o I 

Figurer~)~ ,~ilt~~-~!~~~~~~~ 1 .~~n,11~~~s1~~rri a~~'~il~";d ~H~~i~~ .~r:e~s~r~ :<gr~~,n,~.~100,r~ ·:;' 1 r '·, :'.N., • ; :· 

lJ1~f~l19;?{i~wre~mrrksc"i:i:~.Ylflla~e:;ii1nu,• \l.· .it uii'.: ,,J1, lf' ; . '1'(1 ;, 1·1 .:ii ;1 ·~1i 
•! ,Jn; the'. 1morning~ :w.hen ! rthe>ventilaticrmi demand I is ·zero: or: veryr low,[ l the.diltering 1 area is 

miriimad.; which '.Srumld poo:voke; a suffi~ie:nt: pressure drop 1 to decrea!?e the air cfl6w, rate 
through the fan so as to obtain a ductwork pressure b«J::tween 70)and 130 Pa.dHowev.er;~ the 
measured ductwork pressures are near lSO·Pa. -

• Since the pr~ss'Qre at all ventilation terminals is somewhere betw~en th~ two measured 
pressures, it isJik~)y that most of them function withit~ the operatlng ratlge (70-130 Pa). 
Ho':eve~, thei pressute at ~~ei,7nd' of the ductw,ork falls' ,und~r 70 P~ seve1al times. On this 
subject, 1t must be stressed that toQ low pressures prevent the termmal to close completely 
and some air can flow into unocc~pied rooms. " ;: ; 

i ......... ; '', ._,., (:~., 

• During high demand periods the pressure drop in the ductwork can reach1 values up to 70 
Pa. In this e~ent, it is normal that the end ductwork p~essure falls under .the working range 
since the control is based on the pressure measured at the beginning ,pf the ductwork. The 
problem cou~d be solved by using duct of larger diameter so as to reduce the pressure 
losses or, m'.ore simply ,put less ((nergy efficiently, by putting the control pressure 
measurement point at a more central plac.e: in the ductwork. 
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The following figures show the fan pressure as a function of the rfilter posiltion and: the filter 
p,psitioncas}:1.fH~q~~~n ,.ofthe1 ".,e1?it~~tiQ~(d~:giand . .. ,. ,ll ti .. Ti~-, ,, . !, , 

_llJ; · 1') '_.•;-. rll f~J L: r r~ n i . I r• rl '! '.fl : 1(• . ~ ,,_.,) _, f' 20?, •' 
35 

" .1 " ·.r,r rq. 't.. '< ,, 
30 

'J: ~ '• ' ! 1-1 1 
. , (iJ:: (i f ll'' .!!I ~: .. 

' ..... 
1 25 

180 
I " 160 ' . ' 

'" for . • : ; t .~ l• 

!!:. 
~ 

120 
:J 100 
~ 
5. 80 

., • :~.... ') ..._ ,J 

'r• i, 
I l I ( • .; I '. ~. : 

c 20 0 

"' ·~ 15 
c 

60 m 
"-

~ 

~ 
10 ~ ,,. .idi : .! 5 '>rL 

40 • • -1 : 
'r I ) f. i :.n I. "/; " ! · ~ • " )j 

1 l. ) : i I ' r~')"I' I' ! . 20 • . · •• ' -: • -: .. 1 :~ • : 
0 -t-HH-+++-...... -++-'-1-1->++--++H-•l-+-l+I +-;I lr-11-+l+-1-HI ..... :,., .... · ,+-!I,, [,;1·1lfb; .... ~Wi_,_ -1'" ·~!~ .• :~:.. • .:.:i:.ifr~~!~ . ;.1·: , I 

0 5 10 15 20 25 30 35 0 5 10 15 21 26 

.. : , .Ll :I r· / ~r:: ' ~1i1erP6Hlcihe(cm).j ; ;~;·IJJ.:, . .. 1 ('r'J , 1·on · ~ · .. ·.-x:. ,L ·1 ·veni11~1iondemanci I( 

\J ~ 1 • ~J, 

As it can be se~, !!!~ pres~~re ~!!:er _tJ:i~ .. f~ c~n. ~~ry_ :(rom 180 Pd to a~Qut 75 ~a ~h~tl 'th:~ 
active filtering area is the smallest possible (filter position= 0 cm). One can also observe that 
the active filteqng area of the filter remains quite small (not'more than 1 Lem over 38 cm). 

I 
The pressure cpntrol function of the filter operates only when the ventilation demand goes 
over 10 peoplei Bel9w this value, the active filtering area is mininwl and the pressure varies 
in function of the~air'flow rate, it is no more controlled by the filter and, as a consequence, the 
supplied air flow rate per occupant can strongly vary in the time. : •(·~ 

It is important to note that the filter'. was new ,and clean when the monitoring was performed. 
. . . ' . .. ! 

The dust accUl]llula~};o,h will certainly, increase· pie pressure drop the ~lter can provoke and 
therefore the pyrformance of the pressure control function at ·l<'>W' demand could be improved 
after a certain P,eriod of operation. !1\."~ ' • , " " , ~;~:~~~~ ,,

1
1:., _ · " 

.,, · . , A ' 

, -~·2 r \~; :1~ 1,,:: · 2·•;1· , c .:: .. : O \ ~ 1 _,, :n\\. :r·:1 r•:·' ' ' ·· · 1 . 1.:: I '· 

5. Over~!LJ?.~ryor~ances'" . _ .. ___ .. - · .. __ - · 

The overall perrbn;lkM2~~ri~\:Y~i~<;is-'i>l8~'8'6rfthe ' gi-6~ci flo~r m:ga~iire~Jrit~" {~61~iilce~). il•:' 
j • ( • ~ · I ' . I '"" · ·· t • ' ! l ~ ' f ,, ' ' • : . 

The next figure shows the air flow rate effectively supplied to ' tll'e· ground tlbor i:h ru'nchon' df 
the ventilation demand. as wel11 asJthe ·air ;fildwi rate: that• ;w.dniM be1 supplied by, a .p·er.fect ·system 
(25.;m3f.lflper person):d fhe .air; flpw rateJsuppli~d:;by ·'a1constant ait11flow1rate So/Stem ~hsfalied in 
the sIDlile'buifding, tlfalt is·126 x 25-m3/h, is1also sh0wm ':. . ;11 : .1. .u 

, Ventilation demand ; I 
,, . 

.I 1_, 

,. 
I · .. 

~' J f 

f . 

', II 

" . 

.,, 
~ .... I 

l'.:.: '• ' 

5 



Figure 6 -Air flow rate supplied in fu"ction of the vent~l~ion .. demand .. ~~surern.ents, perfect 
controlled system and constant air flow strategy · · · · · · · · ' - " ' 

One can observe that the total air flow rate is quite higher· tliarij: expected rfor the !Ow 

yentilatio:1r1~.~~-~a~~· (;<, 1~1 ,people).,, '.fWs ( il) 19n}he o,~e han4, ~VF. :to ~he• pgh ductwork P;f:e:~sures 
recor9.ed fm;.the low de:IP:~:rids . .and, 9Hi.tP..~,other hand, to the ductwork leakages. The situation 
coukl pro:w;~ss~v,~Jy ~~PJ;O\(e a;~}~ti filt~r ,is gett1ng dirtier.-

It must be: stressed that' th:e total .air ,flow rat~ shown on the previous •. figure represents ~he 
amount of air. SUJ!lp:lied b)'<·the: fan rand notJthe !amount of air' supplied' fd the 'occupied roofhs. 

• I f '. • 

Indeed, a part'ofthe air1ii.s·sup}!l'lied1th'r:ough.,th~ ductwork leakages to the corridor and another 
part is supplied·through the· closedJV.entihltion t~rminals to the unoccupied rooms. : 

1 

The 1previou.s figure gives a :Cbrrect' irri:~ge ·M t~e system performance from the energy ·point of 
view but we need to go further to evaluate:the system from an IAQ point of view. , 

r~ - l. IHI 

5.1 .. 
I 

- . " . . I 

'Split~up of the t'otal ·air 'flow rate : 
·:1 ;: J .'·· I ).: ··~! ! l"1·· lJ L LC ;> : 

" 
II 

The tQtal ai]j,.filow rate( supplied b,y:the !Ventilation system (groundl floor) ·~is· made of ·thiee 
components:ithe.aitr .flow rate supplied1to:oecupi¢ci1rd6ms througit·op~n tefui.ihals;· the··alr flow 
rate supplied :to unoccupied rooms through cldsed te1TI1inals; the ~h;.iflo* rille.!sri~p'ii~d tOi'tti~ 
corridor or the basement through ductwork leakages~-- -- - · ,. ; . . . r . : ; , . ; 

0n: the basis of the; air flow characteristics of_ithe ventilatiou. termin,als and Jh{j ductwo;rk 
:leakages, it has been po.ssible tb m<Ddel ~he hehaviout_of the ,yent;ilatjon system and, to spFt .th~ 
totaLair flow rate into itsi different oomponents., .This 'isr .shown on tlw .next figure ~s w,ell CilS 
the average air ·~ow rate·per person .. i!n occupied .and unoccupi(i)4: ropµi~. , , n, i . , : " 

700 
Ii', l •11 ·.1 •f ; 

600 

1000 :.:.:.y·< . -·. -.. .. ... . --.. .... .... . . 
;..:..:..:..;...:...;.=-:-.... 

0 10 15 

Ventilation demand 
25 

' - A•OtilgBlfow raie IOUOOC<?Jp\od pl""'O , 

! :'-M .,.ago 11ow;n1ia iO OC<Uplod '!1"11¥ , I i , 

Ventilation demand 

'l 
,. 

2G 

Figure 7 - Split"up of the:total air flow ra~e supplied to the ground floor,and:avei;age air flow rat.e 
per person. -, .l ~ ! ( { 

''As one can see, the air flow rate through the duetWork leakages varies from WO mljh tlior, the 
high demand up t6 i 3.0 • Jln.3 /h for the i low derriand ... 1Moreover, when the ventilation demand .is 
very low, the air flow: r.ate to the-unoccupiecl :rooms: is about.mp~ /k fo ,·, .' 1 :.: i, r 

The average· air:flowJ rate supplied to the.peopld (in.occupie.d;rooms)1 can.rwacy from,3:4 m3/h to 
about 20 m3 /h. These variations ate 'due; on l the: one hand; . to the high .pn.~ssures in the 

I q~ctwprk for,the: 19w, de,ljll;3;1(1.d an4, on t]J.~.othe,i;,hand, ,tp,*y,h~gh,~~CjwO~f !Pf,e~.~ur!e _loss~s fpr 
the hi,gh demand~o~~i:q~d ~itp_ ~h-~ PRS~fiop.-pfthe,c.~mtrol pre~~µ!yme~~m;~me~t poi~t. 

I. ... n ~ J, 
,I'• ), '( .. , 'Ir,;.· l I 

# '',i 
. ~ f. .... :")' l':r;:r; 'I' ! ,. .. 
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6.~:~,, lmpacf!'Of"ductwork~and !building airtightness· 
' : ;,;. .,'l ' 

6,.,1. . Buil~ing Airtigtitnessi(, " ,1,- - 1 . 1 ., :1;::: :!; . 

It ·Ts';dl'ear that the builtlin~ airli~tness ·}Slays 'a\~ery ifuportant rli>fe in/ th'e perfoiinanc:e Bf 
1 L!.' ~ ' '.' ' ' '•> ·. . '

0

•

1 
... ' ~~hfill~ti~h hi systems:··,:' . lnd~ed; ~ tne . air 

100% ' irifi1trati6ri' tesultSV' i':d1 an add'itforiai~· air flow 

;· )' 

40% 

3(}0/o . 

20% 

• • 1;· ~~rate-cwhivh 1is1;totailly •mncontrolled ·'and. thus 
;.-,. :, :·increase 1the enet.gyr. const'lmption; :Irnoase1of 
.,1 '.· dcontrolrled' "Ventilation systems,: 1 the hatural 

, , ' • , 1 .: ' iinfiltmation.has a direct impact· on .. the energy 
:: _.,,2 _ - 1 1 s1aying~i:that.:c~ be obtail}ed ~s . illustr5~ed 

! . ... • . / . J].~r(faft;er... . ! 'l " . J ·: .J, \i 
10% 

0
% The BBRI office building B has an average 

0% 10% 20% 30% 40~cc~:~·ncy60o/o 70% 80% 90% 100% ;: fi~ in~ltr~~jon. ,;?~ about 400 'm?h ( simpl~ 
evaluated from the Q50-value) · and the 

Eigllre- 8 - Energy -.$avingtin. ~<n:~1parison _w,itt.\ ~ . ' ventilation system does not induce ano/ ovef
C..~~sti;m~ l i ai~ sr·~lp'f'f ·. 5t);~~~y for :, ~!ff~r!'lrit · preSB:Ure;r i·in ., the .. ·building :which oould 

_b~ildinq;ai~i.~N?1~5~1Y~lu.~r-. ·.'.li;1~:: - _' r :;; '. :.·somehow .counteracL the 1 "air ·-infiltration 

through the envelope. ", ... · ,1.~: . . .. , '· 1 •·1·, 1. ·· ... :;.i ,: ' ·· 

Fi<gure•.S shows the ·energy~· savings 't'hat carl,be obtained thanks to an IR controlled ventilation 
:System in' comparisdil with a' 'constaht· air ·flow: strategy 'and for :3 'degrees :of airtightness. It 
was assumea :that the-pressure contrdl •·was perfect .(tlOO: Pa). Iri ; th~s case · study, the eriergy 
savings are related to the •heating ·ehergy ·c<i>n'sumption onfy since: no cooling system equips the 
building~ Savings ·could also oe obtained _on the- fafCelectricity consumption if the latter was 
equipped with a speed controller. 

0 

: As it can be seen, the ener~y saving· is-·about.34% for the present cli'ara,-C:t,~p~ti~~ of building B 
! (n50=2;8 h=1)·fer-the--averag·e measured occupancy (50%). A very good airtightness in such a 

building woµld be ~bq.ut, n50=0.5 h-1 which w,ould results in a gain of 42%. A very .bad 
, airtightness· ~n5•0=l'Oil'· 1 ' would give a gain of oftly 21 %. . 

6.2 Ductwork .. airtigl;ltness 
)_·. ' . 1 •, 

' ff ~ ~ ~ I!" '• . 

··'fhe· ductwork airtightness i~a critical aspect in all -ventilation -syst0ms. A comparison of its 
cimpact on the;perfdmrances of a:. constant ·airidlow system .and.of a ,_lR ·controlled system is 
made to illustrate that matter. · n1 

It wr:i.M he assi.lmed ;that the inst;tl.led fan. has been ch<?sen to~ provide a. maximal air flow rate 
whichntakes info accouht normal ductwork leakages (class A in EUROVENT 2/.Z,,stand~d) 
and 25 m3 /h for each working place.;_;1The; fan is strictly limited .to that maximal value.. , .. 

In this case; if1the;air.tightnessrof.the:ductw©'rk is worse than eX.pected,;·it wo,uld result in a too 
low operating.preSSUte .hence aifilflOW rate when the demand:is high. f(' 'L 

This' case":isjillustrafed"oi'i fhe'n!~t flgtrres.· Tfo~(first one 'represents the energy saving that dm 
be achieved in cotnefarison with a-Jdonsfant air flow strategy for tw& degrees· 6fa'irtightn'.ess. 

The ductwork airtightness of the "leaky ductwork" is taken equal to the first measured value 
in the BBRI building B, before any improvement and the ductwork airtightness of the "normal 

7 



•
1 
.~~c~ork" is take11i equal to the· last measured value in t4e BBR:l huild:ing B, after all the 

.,PRfformedtfpprovem~nts. 1: : ·1 .1 .1 ;;; •11 · 1 ,, · 

100% • ' ... , ' ' 

90% '•-
:2 BO% ~ ......... , 

i j 70% 

1 

,··· ···· ···- •• ~:.rm .... ~' l.1 du~1 ~ork :•; .§ : j I. ' 
~; 00% 

r18, 0 ,r._ 'I . -=~ .,~ •. 
I I .J.~N ·_ ~~% 

DJ~ 30% 

~8 

>I l 

~ 20% -
w 
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% Leaky ~uctwork 

. ! 

0% .,_..-+-~--+-'--.--t->--t-..-+-+-+-t--t--+-1 
0% 10% 20% 30% 40% 50% 60% 70% 

OCC1Jpanay ,., 60% 90% 100% 

I " ol ' ) 11 , .. 

~" 1 • r; ~-; . r 

.• _________ _._ ................ ,..,... ,_·· . .._,..··....,··--.... 
" ~ - ~ - ~ - ~ ~ 

I ' Occ~~~-cy : •"t ••. · •. 

Figure 9 - Energy saving obtained by IR controi in compei.r,iscm;::whhrai constant·,air·fioy.t strategy 

for two ~:~lu~s of 1ductwo~~1 a1i<rt·ightnes~ -;A~~~~g1e ~1ir flo~.~~~e ~~~:pers~n, 1 : 'F.: _,!;" ';;" : ! 

As it can be seen, the energy savings tha,.t: .~~· p~ ;111ade.ithanks· 1~0 1 an IR cotitrolled ,system are 

limited wp~~. th.~, d~ytwo~~i :airt~9~tp.ei~~ 1 }~ f e~ ;?~~:1 i In f~se 9~,le.~Yr,~~~~ork 1 ~~ :)1\'h,e1?- t~e 
occupancy is mote tnan 203, the ,energy consumgtion b~c<;np.e$ tP,e,s~e as for a .. ~ons~ap.t a1r 
f1Jw'system.:1d1,.,,,.:'.' ."~· ... 1. 1 .·.:· · .. 11;1;::::r1·,,,c:. :: 1,1,'1•·1 ... J: .. i, .1 ... .,.,~.' 

' .:~,I ) ! I '~ \ ! ~:· !'] [ ': :: ... ' J: ! u l I.: ! I _'~; ~-:.~. > L 

From the IAQ point of view, it can be observed that the average air flow rate per person is 
always higher with the IR controlled system. Indeed, using IR control the required working 
pressure in the ductwork can be obtained for the low demand. Witll lR:tontroithe ~~erage'air 
fl9w.rat11deliver~d1 ~0,1~a~ pccupieq qffi_ce r(f,d.uc.t~ ilfJh€1 t(i)ita~ oqcupancy:increases .. ·: ''.; r 

7. Conclusions 
~ : j :.~ ," '::~ I ,. :~ >"J .t.::~ 

The following conclusions can be drawn from the m.~asyr~m,5µ~s, ~~ .??~:1~~fi,R?,~ ~ade. . f 

Regarding the performances of the vent.iJation terminals: . , . 

• rh~ '1il <l~te~tio~· AihJtibii Jf the. v~~A1~tion' t~~i~a1 ·s~~in~' to-~~~k i~i ~~~~~r~ia~~pry way. 

• Observati9Di~ ~h~!'iG~41 that \l.1]-~~ .. nonnal po~diti9ns, ~-J~g;v~l89itiqs jn~PCS\lPi~d spaces 
are low enough 'to avoid draught complaints. -Furthennore, the J?.~i~~; lf1~~ls arf'. 1ac.~eptable .. 

Regarding the overall system performaµ.~es . . , 
1 

r • . . • , , .-•• r 
"" 11\ •. Hf •:1 ! I: ·,: . / : ri t; ·l! .,111·," •':i· :,,1 •. ) ·Jil:,!11J·. 

• The measmements have)1ighlighted the tremeh~o.us importanc:e ol ~he duct airtightness. In 
the investigated building ai1cf system: , th~ 1otigtllal. ~irtighirl.~~{w~s so r'poot that the IR 
control had little impact on the total air flow rate and as a consequence on the energy bill. 

• A lot of efforts were needed to improve the ducts airtightness so as to come near an 
acceptable value. It is a very labour intensive activity hence a high cost activity and, 
therefore, it is clear that the only realistic solution is to achieve a better airtightness from 
the beginning and clear performance requirements in the technical prescription. It seems 
sufficient to require ductwork leakage levels as given in the EUROVENT standard. 

• The pressure variation in the ductwork was considerable (from 60 to 180 Pa). The high 
pressures are due to a too small pressure drop in the autocontrolling filter which could 
improve as the filter gets older. The low pressures are due to high pressure losses in the 
ductwork for high demand and a bad position of the control pressure measurement point. 
This could be improved without changing the principle of the pressure control system. 
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• D.uring periods.,bfrnoh .. dccupatian of the building or periods of verY low ventilation 
demand, the noise coming from the ventilation system is not negligibfo'because of the hfgh 
pressure in the ductwork (up to 180 Pa). It seems-quite easy to solve this problem. . - ·-

Recommendations 
~JP ' 

• A specia:r· attention · should always be paid to the ductwork airtightness in veptilation 
syst.~111s. In th_~, ca_$e of_an IR controlled system, this aspect is very important if one wants 
to fully take advaritage

011 of the 'energy saving that can be obtain. We would suggest.-the 
following procedure: · ·' 

1. clearly specifying a mmnnum level for duct airtightness'c"' 'lli'. · the technical 
prescriptions. . ... , .. ,. . .. 

2. a systematic testing .of the. duct airtightness after the installaii~~~--- · 
. 3. performimprovements' ifneeded;:J ,; .:;/ . ;, v·:1 ' "' ' , .i:m , " .;; ~P "' ": ,. , 

... . -, . . . . : t ~· .b i ·· .. , • ·;_1.~~~r -.-. ~ ·\4 :\ . - ~·~ p= \ ~·~.!·~>·:, ..,.°"; 'i : • - .- r.:. \v1 r 
• In the investigated system die position of the pressure control measurement point was not 

appropriate. ; J:h:is sFiould'always "e:carefullyichecked. <, ·.~!: ''( .. ;,. ' . 
• The 'duct pressur'e·:ross~~ ifbr hign ·venfitafioo de'H1.illas

1·fu:i q~t~~ii~'(upc t~.'1d Pa). The 
·{il'.t~twork of a coftttblled vbfitil'~t1ori ' '~Y~t6iif sfi'ci'u'fa E~ ·-d~~igi1ecf so as to' dbt~in reaso1?able 
losses for the whole range of air flow rates. 

' j _l' :c.1 ! . 1 ) : : .J )5\ ·~dt ~l ( i:) : ; ' ,,,.. ,. i• 

.1 .. i ;i .;r .: ~·1;.:~ u !.., :.,:/· :1 ' . i ' (_: 1Ji' '. t l .! 
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