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Abstract

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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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*@2-storey: office building with
a volume of 3000 m’, counting 31 rooms w1th 1 to 4 working places each, or 51 working
placesmtotal Ll Teadi Gty 2Lt o S N R = Ty T 18

The mechanlcal air ‘supply” mstallatlon is made of two separated systems oﬂe’f()r &hich storey
They oons:sts of a constant speed fan, a filter prov1d1ng the pressure control funct‘lon apre-
heating system, ducts and presence controlled vcntllatlon termméls‘ N I

The system is E&gmmm;imlh of outside alr per workmg place in the rooms that
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of 51 x 25 = 1275 m’/h for the whole building. Ex(raclion is takmg plaee n the loﬂets via the

corridors. i 7

The ventilation $ystéfh is opefating from 6:00 AM'to 8:00 PM. e o
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2.2 Supply terminals ' ' Ll - 17 f - ‘

The ventilation terminal is controlled by &' mnnon sensor based upon' mtrare‘d detectlnn If
presence of occupants is detected in a room, the ventllatlon is activated thanks to at
electro/pneumatlc device. . When the occupants ‘leave’ the room, theé ventilation remains’
activated dunng 15 mlnutes before switching off. YRR kol
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The terminal can be manually set in four different openirig positions corresponding with four
different air flow rates!'25%50; 75 and 100 t’/H. "This sétting is made'énce fortall:in-furiction
of the number of working places in, the ventilated space, one working place correspondmg
with a gate of 25:m*/h. - Theipressure; in the dugtwork should sfay between 79 Pa and 130 Pa to
‘ensure a proper operation of the terminals. P
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2.3 Autocontrolling filter .
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2.3.1 Filtering and pressure control functions
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= Besides the usual filtering function, this
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4 PSR A plate & autocontrolling- filter is—designed--to
il i HERY BN U A maintain the pressure in the ductwork
{ between certain limits. This control
o function is of course essential for a

: o ! ventilation system allowing the total ai

i flow rate to vary with the demand. - :
= Active fsltenng _I‘ ! \ I;aqtlye, ﬁltenng ; The. pressure eontrol f.u‘;}ctior‘i' is
area . prea . obtained by moving an airtight plate
T which modifies the active filtering area
Figure 1 - Préssura contrel function of the filter through which the air is pz—issing (see
S e Ve Wt ot figure) hence the pressure drop threpgh
the filter. The pr6$sure in the ductwotk: is'measured and'the position' of the moving plateiis
adjustéd in order to keep this pressure bétween the chosen limits. szash .



Furthermore, this equipment is designed to change automatlcally the filter when the
accumulated particulate matters provoke too high pressure losses in the filter to ensure a

normal operation of the ventilation system. Tap
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Various parameters were continuously recorded during the momtormg of the whole. system
operation: the. fotal supply air flow rates usmg tracer gas tephruque the outside temperature
the tempgeraturgs after the pre-heating upits, tl?e pressure at tlrlelend of the ductwork and Just
after the fan, the state (open or, plosed) of qaph)pPTO ventllation termmal of the ground ﬂoor

system and the strtlon of the airtight movlmg plate in the autoeontrollmg tl fers* ' "
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Figure 2 shows the ventllatxon system with its. dlfferent components and the posrtronl_s( of 1?heI
dlfferent measurement points. T
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Spot ﬁllaa‘su?emehts of tife ovéfall Tbuilding alrtightness thie. diuctWork airtightness, the
acoustrca& lélfel the' air' flow  cHaradteristics 'of teﬂ‘n'lfral‘s“aﬁd air flow!\rates’ at: ventilation

terminals were also performed. oo ¢ THaN
4. Evaluation at component level s s £
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4.1  Ductwork, : '
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“ov g boerdt WL e measurements performed on the ductwork bf
4 1108 o ot | the fifsf floor veitilation system. They are
3 SHANY RIS i de presented in terms 0fQyg0 values, i.e. the air
ig A% Bl ol an . ) |7 flow " Tate” flowmg through the ductwork
§ wofyr gt L e o leakages at a pressure difference of 100 Pa,
5 200, i which i§ the average pressure of the normal
»1;00 o l- Z:::::' bperatron range of the ventilation terminals
ol -l—o—=ﬁ—=ﬂ.~rl*u -_, ~~|.(70-130'Pa). ,

The EUROVENT, 2/2 standard, “Air lgakage
Eig"u’re ;‘; . Ductwork " alrtlghtness rate in sheet metal air distribution systems”,
meaSyrements and EUROVENT. 2/2 standard|. proposed twg, , classes,  for ductwork
classes ; . airtightness. , The Qyqp. values according to
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this standard are also shown. .. ;.. .- CLmePRem fE fmbe W odB RO W

As it can be seen, the initial Q,,, value was about’ 690 m*h whléh 1s' [alnios't équal to thd

i nominal ventilation air flow rate (625 m3/h) “Under these conditions, the system could not '
operate normally. Several improvements were necessary to reach an acceptable Value The
last test (n°5) gave a value slightly better than the class A of the EUROVENT 2/2 standard
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4.2 Autocontrolling filter
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The pressure control function should allow in theory to maintain the pressure in the ductwork
in the operating range of: the ventilation terminal (70 130 Pa)

' The following figure glves for the ground floor, the measured pressures just after the fan and
at-the-end of the ductwork as well-as the filter position during a typical day. The maximum '
filtering area corresponds with ‘the top of thei scalé (38 cm) and the miinimurn filter area with
the bojiom, of the scale (0 gm). ;,
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The followmg relﬁarks canbelmade af ey ST TS T RS B SRV R RO S T |
e.- In, the:morning, whenuthe,:ventllatmn demand;i‘s 'zero! or: very lowy:the filtering 'area is
minimal ; which should provoke: a sufficient:pressure: dropito decrease the air:flow: rate
through the fan so as to obtain a ductwork pressure between 70, 1and 130 Pa.iiHowevery the

measured ductwork pressures are near 180 Pa. -

e Since the pressure at all ventilation terminals is somewhere between th'e two measured
pressures, it is llkely that most of them function within the operatlng range (70-130 Pa).
However, the pressute at the ‘end of the ductwork falls lunde,r 70 Pa several times. On this
subject, it must be stressed that too low pressures prevent the terminal to close completely
and some air can flow into unoccup1ed rooms. ; \

e During high demand periods the pressure drop in the ductwork can reachl values up to 70
Pa. In this eVent it is normal that the end ductwork pressure falls under the working range
since the control is based on the pressure measured at the beginning of the ductwork. The
problem could be solved by using duct of larger diameter so as to reduce the pressure
losses or, more simply but less energy cfficiently, by putting the control pressure
measurement point at a more central place in the ductwork.



The following figures show the fan pressure as a function of the filter position: and: the filter
position as a function of the ventilation demand.
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Figure 5~ Operatlon of the pressure control function of the'fllter " v, o

As it can be seen, _tlle_ pressure after the fan can vary from 180 Pa to about 75 Pa Wher the

active filtering area is the smallest possible (filter position =0 cm) One can also observe that
the active filtering area of the filter remains quite small (not'more than 11.cm over 38 cm).
|

The pressure control function of the filter operates only when the ventilation demand goes
over 10 peoplex Below this value, the active filtering area is minimal 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 Tate per occupant can strongly vary in the time. . it

It is important to note that the filter, was new and clean when the momtonng was performed.
The dust accur,nulatlon will certamly increase’ ‘the pressure drop the filter can provoke and
therefore the performance of the pressure control functlon at low: demand could be improved
after a certain perrod of operatron i bl A
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5. Overall Eerformances“
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The overall perforr}{ari?(’:cl’,J gna)l}{fs“ls’ is based ori the ground floot measurements (26 placeé)

The next figure shows the air flow rate effectively supphed to'tlte’ ground floor in finction of
the ventilation demand. as well- asithe air flow ratei that would be'supplied by .a perfect:system
(25:m*Mper person):::The air: flow ratessuppliedsby ‘aiconstant ait flow rate system installed in
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the same building, that is26 x 25m’¥h, isialso shewni = . 0.1 o
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Figure 6 -Air flow rate supplied in function of the ventilation-demand - Measurements, perfect
controlled system and constant air flow strategy

One can observe that the total air flow rate is quite higher -than’ expécted’ for the low

ventilation. demanld (<15 people)., This is on the one hand due |

to the high ductwork

pressures

recorded for, the low demands and o, the other hand, to the ductwork leakages. The situation
eould progresbwely improve as the filter is gelling dirtier: Co s e

It must bé: stressed that; the total .air flow rate shown on the prev1ous figure represents the
amount of air. supplied by; the: fan-and not.the 'amount of air supphed to the 'occupied rooms.
Indeed, a part of the airias 'suppliedithrough, the ductwork leakages to the corndor and another
part is supplied-through the: closed.ventilation termmals to the unoccupied rooms.

|

The 'previous figlire gives a Correct 1mage of thle system performance from the energy. pomt of
view but we need to go further to evaluate'the system from an TAQ point of view.
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Spllt up of the totai a:r fiow réte
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The total air. flow rate supphed by ‘the Ventllati‘on‘ system (g’roundt floor) 'is' made of three
components::the. ait flow raté supplied to:occupied rooms througlhc open tefrmhals the'4ir flow
rate supplied to unoccupied rooms through closed terminals; the alr ﬂow rate supphed tgme
corridor or the basement through ductwork leakages S

On:the basis of the air flow characteristics ofithe ventilation termmals and thq ductwork
leakages, it has been possible to model the behaviour, of the ventilation system and,to.split ,the
total-air flow rate into itsdifferent components., This'is;shown on the next figure as well.as

the average air flow rate per person in occupied and unoccupied.rooms. |
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Figure 7 - Spllt -up of the total air flow rate supplled to the ground floor and averagé air flow rate
per person.
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2As one can sée¢, the ait flow rate through the duetwork leakages varies from 100 m?h for, the
high demand up to 130'm’/h for the'low demand.. Moreover, when the ventilation demand is

very low, the air flow rate to the unoccupied rooms is about.100°/h. |
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The average air: flow rate supplied t6 the peoplé (in.occupied rooms), camvary from: 34 m*/h to
about 20 m’/h. These variations are due, onitheione hand; to the high pressures in the

« ductwork for the low. demand and, on the.other hand, tp the

¢ high ductwork pressure losses for

the high demand combmed with the position of the control pressure. measurement pomt
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6.2 Impact'-’bf”-ductwork*and-'building‘dairt?i_ghtnes-s‘

6.1, Building Alrtlghtnesslf,
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It is’ ol_ea; tliat the buillhng alrtightness 1blays a \}ery u’nportant fole m the performance of
e : ' Véhti'lét‘ion Digysterns!”” - Indeed,’ the " air

oo% ' infiltration results’ i an additional-air flow
PR L - : ggeégdg'dcebdp%m'yg' . ‘2 |rratecwhieh ‘is totallyuncontrolted ‘and. thus
) 80% 4 = RI,office buildin: . ; i .
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m The BBRI office building B has an average

0% 10% 20% 30% AOgccj:aaAncySO% 70% 80% eov% 12)0% ' all; 1nﬁ1trat on Of about 400 m3 /h (81mp1y
evaluated from ‘the QSO—Value) and the
Figure 8 - Energy savingiin. comparison with a| - yentildtion system. does not induce any ovet-
constant.;aln . flow . strategy for  different|. yressuresriin + the . building 'which could
building: alrtgghiness values - : .

: st . L somehow .counteract . the: .air -infiltration
through the envelope. SHULBL L T L s gt '

Fifgure :8-shows the energy:savings that can be obtained thanks to an IR controlled Ventllat1on
system ih comparisoh with 4 ‘constaht air flow! strategy ‘and for 3 idegrees of airtightness. It
was ‘assumed that the pressure controlwas perfect. (100: Pa). In‘this case study, the energy
savings are related to th'é'heatin‘g eh’ergy cdm’sumpt;ion onlly since'no cooling system equips the

equlpped with a speed controller N

As it can be seen, the energy saving is about 34% for the present charaéteristics of building B

(n50—2 8 h')-for the average measured occupancy (50%). A very good a1rt1ghtness in such a

building would be about, n;,=0.5 h™ which would results in a gain of 42%. A very bad
 airtightness (ng=10-h") would give a gain of only 21%. :

6.2 Ductwork airtightness

“Fhe ductwork airtighlness' is-a critical -aspect in all -ventilation systems. A comparison of its
timpact on thesperforntances of a.constant ‘airiflow system'and.of a:IR -controlled system is
made to illustrate that matter. 1y

It.will be assimed-that the installed fan has been chosen to, provide a maximal air flow rate
whichitakes into account normal ductwerk leakages (class A in EUROVENT 2/2standard)
and 25 m’/h for each working place..-The fan is strictly limited to that maximal value.,

In this case; if'the; airtightness of the ductwork is worse than expected, it would result in a too

low operating.pressure hence diriflow rate when the demand:is high. i 0L

This case! J111ustratted o1 the niext figures. The first one ‘représents the enérgy saving that ¢an

be achieved in comparison with a'constant air flow strategy for twd degrees of ‘airtightnéss.

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



ductwork” is taken equal to the last measured value in the BBRI buildihg ‘B, after all the

pe1founed improvements. , : Col TRETE- T CR
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Figure Y - Energy saving obtained by IR control in comparison:with a constant air fiow strategy
for two values of ductwork alrtlghtness Average air flow rate Rer person
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As it can be seen the energy savings that, can. be, made;thanks foran IR cetitrolled, system are
limited when the ductwork a1rt1ghtness is very. bad] In case of: leaky ductvyork ,and when the

Vo B A

occupancy 1s more than 20%, fche energy consumptlon becomes the -same as for a.constant air
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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 requlred worklng
pressure in the ductwork can be obtained for the low demand. With IR Eontrol the aVerage air

r

flow rate delivered;to gach occupied office reduces if the, totaL oqcupancy angcreases. 3
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7. Conclusions
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The following conclusions can be drawn from the measurements and obsell'\ga}}l})m made .
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Regardlng the Performances of the ventllatlon te‘rmmalsL : :
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o The IR deféction hmctlon of the ventilation terminal seems to work in g satlsfactpry way.

] Observathns showed that upder ILo_unaJ_c_Qudm_Qn_s the a1r ve}ocltles n occupied spaces
are low enough to avoid draught complaints. Furthennore the n01se legels arg a acceptable

Regarding the overall system perlormances
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* The measurements have hi ghhghted the tlencndous 1mportance of the duct a1rt1ghtness In
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the investigated bulldmg and Systetn, the oﬁgmal a1rt1ghfness Was §0 poor that the IR
control had little impact on the total air flow rate and as a consequence on the energy bill.

o 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.

e 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.




Recommendations

During periods..of rnon-0ccupation of the building or periods of Very low ventildtion
demand, the noise coming from the ventilation system is not negligible because of'the ht igh
pressure in the ductwork (up to 180 Pa). It seems quite easy to solve this problem.

A special“attention should always be paid to the ductwork airtightness in ventilation
systems. In the case of an IR controlled system, this aspect is very important if one wants
to fully take advantage of the energy saving that can be obtain. We would suggest ‘the
following procedure:

1. clearly specifying a minimum level for duct airtightness in  the techmcal
prescriptions. S e

2. a systematic testing of the. duct airtightness after the 1nstallat10n - - o e

- 3. perform 1mprovements rfneeded0 P LI T R s [ SR LI S -!-:; e;,-,:
it (RN TR R : owl ot

In the 1nvest1gated system the pos1t10n of the pressure control measurement pomt was not

appropriate. - This sl‘rould always be carefully ‘checked.  « 7 % 2

The duct pressure losses ‘for high ventllatlon demands are qultp hlgl;l (up to, 70 Pa) The
ductwork of a cotitfolléd ventilation system ‘should be de51gned S0 as to obtam reasonable
losses for the whole range of air flow rates.

s W Tada draw A B ' gy v e o L
' sugy Lagh t o oo S dasht o Ml @ o
Acknowledgements e i ot o il bletde ¥ S ¥

This research project was partly finaticed by thé IRSIA}’I'WONL (contract"n°767 1f090) ‘The
authors would like to express their gratitude to the sponsoring organisation.

ERL S 8

References

1.

o SRR T IR ¢ B Tl T G B RO

'BUCARME, B. and WOUTERS P

‘Evaluation of an mfrared controlled yentrlatlon system)(x}lil‘{E‘CO/ALDE/S”) 1rl ;1;1 ‘
odcupied‘office burldmg . v |
. Conﬁdentral report Belglarl Bulldlng Research Inst1tute Brussels 1995
 RAATSCHEN, W.” 7"
‘Demand Controlled Ventrlat1on State of the Art Rev1ew

bR i

IEA Annex 18 Demand controlled yentllatmg systerns, Flnal report 1990

Ao 2 WA,

LS el ¥ tEs el b, T ke i )+ 210



