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RSQUIRE!ENT3 ON INSTALLATION PERFORMANCE 

ABSTRACT 

The ~lPtr deals with two main items: 

~ Important parts of the installation in the Pr9;1ss ot Design, Contrac
ting, "Commissioning", Use and !1aintenance of tht Installa.tion1 in the 
building. 

* Social Factors in the Process. The Suilt Environment in the Commercial 
Market. Parties involved, and their power. A proper balance of quality and 
price? 

The paper will conclude into white spots in the knowledge which could bring 
us to a specification of future research in the field of the built environ
ment. 
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l. INTRODUCTION 

Indoor Air Quali~y and t~e Management ' of it; is certainly an important part 
of the complicated and :lii.tch wider Q1;13:li~y of the Indoor EnviroD.11ent. This 
indoor en7iron~snt is th~ · r~~11lt c~ ·a ~O~pt~x int~raction betw~~? the 
Building i tsel!, the InstallatiOns and the User a'lrd its specif i'c qualities. 
The User (human.beings, an industrial ~recess or both) ·d~ter~ines the 
specification of the Building-and-its-Installations as .one single .unity. 

The results can be judged by factor~ as ~hermal Comfort . [ambient 
temperature, (mean) radiant t~mperature, mean value of the air velocity ~ and 
degree. of turbulency, (relative) air humidity], Sci~nd a~~ ~ Nois.~, Daylight 
and A;"~ificial Lightning, and Indoor Air Quality. '.: · :.;.• · · .. . , . 

. · pµr ing this workshop we will fo~4s ob ~ridoor :Air Quality J!anagement, 
.J:>ut : we ""'will have to realize that 0 t AQ ts riot a:n effect on i~~elf but al.so 
the~ result of a complex of factors. And in this presentation there will .be 

<.: an emphasis on the Installation and its R~quirement!; \n: a ~lose relation to 
all~other factQ~$ involved. ·· = · 

. : ' " ,; • . , ··• , .·. LC: ... 

2. CLEAN AIR . '. ti ..: ... 

A good Indoor Air' QtialiiY b~gins with a good Outdoor Air Quality. The b~it 
we ·can have is good outdoor air, generally spokan • . If ~he outdooz:: envirbn
ment is totally s~tisfying , A we . have no pr9blej at .all ~or th~ lQ~ition df 
the ~lr intake i?~ the buildind~ If th~ .otitdo~r ~iris tiot petf-~t;'we,cart 

"P,ave -0-aseous and' pary~C:-ula.'te " pollutants ; .and . odQ1.1rs. The poll~tants ca~ 
cause ''only" comf ot t _ prob l ems (harmless odqurs l, . or we ~ Call have . pollu~ a(l.ts 

_ )-~Using possipl~ health. risks. cThe remQVal "of ~articula~e polluta~~s · ~~gm 
th~ Qµ~door· ait"may pe ~ot t o· c?mplicat~d, _ but ~he ~ removal of ' gaseo~s ··: _ 
pollu~ants and ; odoµr~ ca~ be V~fY complicat ~4 · ~~d · ~~stly, . specially - if : 
ther.~ is · a s~~:ei~ . b.e~Uli, _tisk.: Normally spo~e11: ·· t~~ ~i tuation of . a build~ng 
in such a risky env1ronmen't should be avoided : . Except i6na1 cases · can be · . 
covered by closing the building fully air tight and gits the air a special 
procassin~: In militar~ applications, . ,BC~filt?£s (Nulear, Bactereological, 
Chemical) are used; airpo·rt buildings"are' protected by processing of the ·· 
out.s ··!i1.e .a.i .o.v,e ·. actil.e c,oal. fil~ei:s t:9 ~voiP, . ~ j:!er9sine , small i n ttie 

. 1J;ido,o':t air .. ·aut -upder~ norinai' c'ondttions9 tp.is ~s an· ~mpossi>:>i e bpti oo. ti::9¥1 
-· an· op~ra,tto.n~.l . {!.p.a~ au ec"onoiiiiJ:'~l • .Ppinc: o .. .,iew : r :·· ·· ·· ... · .. , · _: ·:· 

• ." IC . h~re. are·. d1~f.1:!,;'imce( .ih: .. t)le level, qt: air .. pollu"t:i,on around - ~b~ ·~ 
l:lui1ain9' ~ · we~ c:in--optil:ii~'e "'tne si'tuafioh' o'f the"" al.r intake~ ·- rn·· a built .. '. . . 
envii;on111~n; , t h,,e aj,,t .. at g.ro,u.nd_ leye.l ( ~~f pa~k!) can be m ~h l)lora poil~ted 

~ th;-in···a f" "i::p~t 'l.e'ye,l . : 'E·v,en: ·a. 's tas;k' 'fg:i"' ~be. int~~e: 9f ~ fresh~ ;ij.r · S: .. an. option . 
· .. · · ~ :. r:r-om"'the-... \.1 no.' s, th·e, ais:Cussi'oil: Pt ~h~ q'u~l~. tY .. 9t· ~he · tn~99t"°'euvfron

rne'P.·t: 9o~t .~n emph.a.si.s ·t"o . .fh~~ Sic"Jt B_µ1ld_i.ti0'. -s· ndr'om~· · I n. ' h~s'e days, ·tJle 
: .re;;e'i(r-cJ\ t-'?~ :this' ff::.e:w · 5~;:i_n_)a:~ .. .Pri~of.~ ~l · b11r f ~pm 19.~8 l'le._, s~~ t_c~~d: o\fer·· ~.o a 
:: !?'·~E e . pos;. ti v~~ . a.P~~o~.ch, . a_n$~- s. ar~ed . to .. talJc_ f po~i . ~7a.nny ~uild.i~g~/ t'.fJ .~ng 

to get practlcal solutions for our probl ems . C e r t~1n~y ~b~ I!Q ~s . pne_ ot 
•·• • · ~ -• I . . ..... .,,;. _ ..... 

'~ ,. .·.: : . . 7.:.. J bi .:. :: :. :-:~·· ~ : -:. ; .. ~ '. ., .;. ·- ... ..... ,.. . ~ .• ' 

• ..• · ! .. . ·:· . l 
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che ~ain items of tha Healthy Su~lding, but we ~ust be aware that Ha· 
quality s ~uch ~ere complicated''tha~ IAQ alone. aut there is a strong 
inter1ct on. 

3. THE BUILDING AND TH~ :JSE~f 
,'. . ~~ . 

Other contributions in thi's· workshop will cert.iinly report in detail about 
the building and the user, but some basic remarks have to be made now, to 
provide a. background for the discussion of Requirements on Installation 
Performance. 

If we lqok , a~ ~he Building 3.nd focus to a;i occupied area.a room, we 
wi,11 f:i,a~ ~~ . ~i i;- . vq,lurae ~ sep_~:-atad . fr9rn. .. the surrou{ldings. By a · number of 
fact9~~ ; ""t'bi~·yolumf·of ... _ ~~r · witl b~ tot . ac · 1ea~t·9~.n be) polluted. All 
building ' matei;ials; giv~nq· the. ro.d:u its part:tUon·, can show an emission ·of 
~ollu~ant~ ~ i~ . ~~l i f~r~ ' dt paif;ca~s. ~a~~s and 6~6~~~ Also paint, wall 
pape.r:: ·an;. ~ apestr::Y' must 'be ·::i,crctced·: . . a • : , . . ·: . 

~ ~ .. The . Us~tvof' th-t ~:1.fil din<1 ~ip . briiiq ot~e.r · e;te~en~s in the room, such 
l:r~as furn1~ur~, ' eq~i,':Pll!erit,:. animal~, p~a:nt~ a~fdOJ?.'t forget: themselves! All 

~q~se ,alem~nf:~ c~~~e . tl).eir specif~c.:pollut t;C!n : : - . .. 
~ .... ,. The HVA.C-IiistallU'i9n .as : a · third .. ~a~ii :pa~ain~~er · i~ · · supp<?sed ~? 

Sf.Fi.s~X.:·P~~ .. onl¥ the . theru;al : spec;~e~cation~ .b~t ·: a~so ~ to -- ~~;n~ain _ , the l~Je1 
o~ _ IAQ . wi;tOJ:n · giv~r;i ~~s~r;ct.10~~. ·t~t~:r;~ctin~ w~th ' the _ Bu1~·d1ng · a~d th~ , · 
us·~r . The ven~·ilat'iort ·('i.e. the supply of "''new" ·· air to the occupi.~d · spat~) 
~~\119. \ b~ ·u~$.g . ~o; diJ,ute . the ~~ollu t ion, . a~(( wii~ '.· be ~ · ~n man¥ : ~ases, b~ t lt -is 

. bE?tt'er - fo thini of .. the ' la.bO'r-·hygienic philo~ophy · in'· whiclt we · first try to 
avoid a pollution, then restrict it, further attack.the ~ource of the ~ -· 
pollution directly, before giving the pqllution a free way to the ambient 
air so that dilution is the only way to go. 

Some pollutions may be so dangerous tnat even a strong ~ate of · 
- ~~lution i~ not toler~~le~ some .odou;s _(even.if not risky to the health) 
· ~~uld ~e :-~ : ~t~ong . th~t d~l~~~bn ii . ~f~~ticallf .n9t _ po~s~pl~ from techn~cal 
c;i;.. ·eco·~?.~~c::arp·o~I}ts - o+ '{ie~:··· . ~·: ~· .. .. c ... -~. ~ ~~ ~-_:·· :··~ · - · · ;,' , 

~,. - ~-.Ap~t~ .• ~r~m ' t,~e -h?'gienj.·~J~havio~ .. o~~ p.~ople · and ~~·e< developme~t of ·· 
so~~sil lia~i ~s"·· ii:i thj.§ f ~·e!q,~ 't~e '' o~o~r .. c.a~~ad. :P1: ~~~~?'J>~~ngs · i~ · a ' ?:i.ven 

~ \a~tt i~ .'ca~ -~o~ . ~e. avQided ~ nO':t: · ;-estric~e~ ~ · ~~ · C:~h"' t5hl¥~ bl! ·_ diiut~d: So ~!le 
" ~&v~st ~ ~O$,~ible · ~i:pfl~1(· f. ~t ' t:pis dHl:l~ion wU~ ' b~ deteFtninin11. for the " ~ .. 
Vetit~Iati¢fi ; It ~s ~-preferable ·not eo - j,ncrease this·· flow .. m6·re··'thah necessa-
ry, ~iil~ ~ioo~ ::.f<?r .. ~l ~~r.n~~l ~e :?'~~~ : f~~ ~lie~~ ~~pplY;. pf'!te~t" ot - ~old . ~~~~ by~ 

\> ~qe .air ~ a:~9.n~~ ... '!'he : i~pro~emEn.r q; suc~r.me~ns_ ~~- up.g.er:iae~~l~~!ne~t·~ . stip~tY 
· ·by:~ a~~~t~~~ ~·~~~o;- ~ ?-~~y~ctig~ .. - ?~~t · ~fa~~.~~ ~ ' . l~~;;:,f,~?~~~r ~;J): :: ··:.:. ' .l • 

· ~ . - , .. :. : r : ~ .. ,. . (" ·.. · ~ · .. ~ :: ~ · 

~r: ~NATURA£=' vtNTit..i 1roN v t- :s us -MECHANICAL = vENTILATr.oN~ • ~ : · -. ·. ' " .'. · '· r..; :. ; ~ · 
·~ . ?. · . . ··: .. . ·~~'.:·-:·,·'.·~· . .. .,·;. ~·',!~·:'$~~-: ... ,_ ~i. ... ... ;· ... :.:.~:- ~· :;::;~7· ._;~: ~;·:~~ ... ~·~.i: {: .-:'.;Z.!-t ~ : 

t. .,. ,. ~ • • • • •"" #. ·~ -" c. • .," • ) ~ .., • • • •. • • t • '- 4 "-, · ·.. - ""I .t.. • , , , 9 • ~ • • • • • • r 

!l~~ll tl}1{, ~P.Pli~~~igi)'" of : iia~\lt~l yep!il~ti~p.: w~ ~ ~.~~~l:f ·a: ·~it~c·t l!?Cch·a!l~~r ?~ 
~lt • fI'olfl - out siae "' th~"-~undi4f .~n~. a1~·: ~!o·m; :J.~~1i'de: :~h.~~ 'b~~ ld~~g;. ·: The~~: 'f~ ~ no 
:i.n~Hf~;-~~!=e ~r9l!l . an 1-n~t~ll9-h?n~ 'lfh~~§o~"l~r:~~ 19Jll~ :il~\ . a)>e1=n(t·e. :in~ ~h~' . £ 

f a~~!ie -9r ~be'' 1H1pd~~g J,s l' n~~c;ie9. . tei,. Pt~v~{:a..,e~ th·f .P~rs~ibj.Jl~r, o~· : th~~ air r 

- ~~chan ··e :- r:. . . :; .• F--:· · , I.. "' - · · -~ ·· :~ - ,, . ,, .... J.,., ... ,,,,,. \ .... ..... L-
.~~. - ~· ! _ ·')~u' ~?r~ed~ i:lia F tfi·e~ OU t 'slde ai~ i];".:.!>"f"' i!i't/d~ ~uai'' .tr. ~ Wl!"' ha.v~ \~-h: uhii~l. 
: ~~~. H ~ef y~ ~ ~ ~i~~~ t{l~ ~ -~~~h~~~e:~ o~ · ·i ~e~b:_ .a).:;~ . ." !t l ~*d~~- ·1s; ~~'t~~~Y o'P~n~d, 
th~ .. y!;!lo~i~f "p~~ ·~~e '. exc.t\l~g~, is · ~~!)lps·~; ·un. :~!i\'i.t~f· V.e- .c'a:~, 'provid~ · ~ -~\A~~~!l 

; .e~ f~ ~-~ o~ . ~f~~~fless ·.- .· T.~1 s~J'.§-- a v ~ry' l>oti. ~"iye: _fat;t9:.r . on:~ }l-U:ma·!l. experi~:-rt~ .: ~ 
·, :: : . : : · '!'p: ~·9n ~ rol t: _b~ ; n .atu·~~J · ·-lab't ~la. t i.O.n~ ·: -~h.~. <w.i·n:d·o!'_ c:aJ1_}Je·· ~~~o'.ie$· r:lo~e; _or 
~ -i~~!i :. ~u'f tb.e~~'l9tv··· ~:~"{,~p t~lat_i2n "" i~" prog:ess~ ~~ly ·_?,eJ>:e11a~11_t"' bn· t:var.ia~~e 

wl'hd .. 'force \a'na d1rec1:Tcfii". · ... ... .. ... · ·· · • · ' ' . .. .... · - ~ J? ·:: • • · · • • (-(1) l 
It is an old proposition that natu:t"a.l ventilahon in a multi-s.tory 

building is only acceptable up to a certain height of th~ building. A li~it 
of 4 to 15 stories is of ten state~. Recent studies give a contrary opini
on. [l] 
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rhe control of the indoor :emperature is difficult. rh~ temperature 
dif ~•rence outside-inside can easily be more than 30 K, so a li~ited flow 
can cause ·ln ::<treme thermal lo.id, positi·;a or negati ,1e. :::'lle :ni:.-ing .'Jf c:old 
and war~ air can b~ difficult; therefore inacceptabl: dif!~rences in indoor 
air temperarure can dccur. The mixing process .is poor. ~:. 

The haturai ex~hanqe of cold and war~ a~p makes : i ~ impossible t~ 
~x~h3nge h~at between cha two iir flows. So :he the'~~l efficiency of the 
heating system will ~e extre~ely low. .. 

The wind force on :he facade can causa an important pressura-diff~
rence over two opposite facades of the building. Sc an u~acceptable ai: 
flow through the building can o~cur. If the ~indow is open, the door to the 
corridor must be clos~d. It is impossible to operat~ a ; l~rlds~a~e office. · 

· '!he size of the building, perpcendicular to the fat:ad'<?; ·i -s. restrict ea 
with natural ventilation. Often a depth of 6 :neters for an··occup.ied space 
is st~ted as ~ ma~tmum_ 

Natur~l ventilation shows ~any positi7e features, as simplicity, low 
cost level and direct accessability fer inhabitants, but the possibilities 
for application are rath~r restiicted. But in ~oderate cli~ates ic will be 
possible to open the windows when the outside conditions are near the 
preferred inside conditions. Slightly lowered outside temperatures. can 
provide cooling in case of excess sun radiation . 

. The application of mechanical ventilation shows other advantages. The 
;-.system provides the possibility fer a perfect control of air flow, thermal 
.conditions and IAQ conditions of the ambient air. 

. If the outside air conditions are poor or causa health risk, and the 
~;windows must be kept closed, the air can be processed in the installation 
.before the supply into the interior. If the acoustical conditions outside 
·are unacceptable, the windows can also be kept closed. 

Apart from health risk, other than chemical properties of the air can 
be controlled by mechanical ~entilation, and can't by natural ventilation. 
That applies to the filtering of dust and the control of the humidity. The 

. HVAC installation can raise or reduce the humidity level to satisfy any 
specification. ( (2)), ( (3)) 

Only with mechanical ·1entilation, the level of ther:nal comfort can be 
assured. at any level of .heat load' ;or heat gain of the office. With the 
present (high) level gf specifications for indoor climate and use of 
buildings {i.e. a ~igh · density of people and machines, reduced story height 
~nd -~ design of extended building!), mechanical ~entiiation gives enlarge~ 
possibilities iii the design ._. -But this statement does not give ' the way free 
to unlimited variation ·of par::a::neters. Only if· there is a. proper balance 
between the building, th_!'! usa·:""'ind the installation, a rf'ally satisfyinq 
indoor climate and good- IAQ can be realized. 

Mechanical ventilation will also have its negative consequences. The 
total investigation for a HVAC installation can be as high as 40% to 50% of 
the cost level of the project. And th~ life cycle of the technical instal
lations is normally.much shorter (15 to 20 years) than .the life cycie of 
the building. The HVAC installation with its duct system takes an important 
part of the volume of the building, which also increases the total cost of 
the project. 

As to the IAQ, there can als~~e a . ne~ative effect from the ait 
handling pa~t of the in~tallation. Caused ~Y a wrong selection of materials . 
or 'parts, :or a, lack of ~ain~e~~nce, the insf~llation itself can produce a 
certain level of pollution or odour. 

. :J 
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S. THE SVAC INSTALLATION ...... ... --... .. 
7he choice of tb' elements of the HVAC installat~OQ ind cheir interaction 
d.::.:r:nine c:ie qµaii.tY of ch.: indcor .::limac.:. and ~~pecially the .. Indoor Air 
QuaEty i·ri i:he building. Fig . .:. shows i:he .nain P'.1r'a6et;;rs o( the building 
anl ch~ installation. 

•I 
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5.1 Elements of the HVAC;InstallatioQ 
, .. ~ .- . : 

. .... ' 

A traditional '-HVAC · inst.alla~ion :will no:x:r.ia],iy content ·the ".follow.irig · . . ~ .... 

elements (see fig.2): 
* registers for outs~de air and return air 
" :nixing box 
* pra-filter 
* fine filter 
" fin~pipe heat exchanger for heating 
* fi~-pipe heat exchanger tor cooling and de-humidifying 
* humidifier 
* ventilator 



~ souad attdnuator 
'It :i~ct sys~ar: 

- 7al7e, consc~nt:7a:iable 7olu~e ~ox 
x ~:r distribution device (grille, air terminal) 
~ dev ce for radiativ~/convec:i7a heating or ~coling 
x dev ce f o: heat ratov~ry 

--- FRESH (?) OUTSIDE AIR 

REGISTERS 

RECIRCULATED AIR 

PRE- and FINE FILTERS 

PRE-HEATING 

HUMIDIFICATION 

© COOLING and . 
DE - HUMIDIFICATION 

FINAL HEATING 

VENTILATOR 

<:f:, .. · ._optional:SECOND FINE FILTER 

.~ ~ SOUND ATTENUATOR 

0- PROCESSED AIR TO 
DUCT SYSTEM 

. 

Fig. 2_. Eieri'l~nts .. :of a traditional air-proc~ssing 
- · · · installation 
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.. - .. ' ·. Tlies·e: eJ.e.rnents '\hJms1fl.:v~s coul,d }:ie · a ·. source . of p~llution. ( { 4)) Porous 
· ma:t:er1at~· _<;a~'._. e.a-s;ly . e~i.( .o,dou'ts from tlieir (own) .material or .ahsorb/ads2rb . 
='.:i1i.d de!·sot'b gaseous -pollut:arits or odou'r ·s. ' Th).s "niechani!iim applies for filter 
mat·~~iai ; . ·fo r the b~f;l.e~ in _a ,so\}rid aft.em\·ator ~ -for the · thermal .. isoiatl;9n 
i;lside ~ducts tbet ter don, ' 't us~ -internal" i:i l · tio.n}; for the .·heat recovery 
•rwh.etil" eS'in~d.aUy :if porous .ll\~. te.rid rs···usad fcfr tne ·~l atent" recoller.y:· .. 
( S) )·' } <?,,r mai):y .~ ~Hher _a4~men t'~ ftsl}ee t me t~l ~is .. use-d : !'.hiring- -- ~ he. p~~ce~sin~ . O>f 
tl!i s s:h.(!'et - ~e;'al in ~s. P-e·qia1·· ::i c:k.b.~n·~s add'f~i c$·,na1 .materials _ are . of~e:~ us.c:d ~ 
for :r nstanC'e "oily fltfi.ds\· ; adhi::i:Iies or plastic raattifials. for. . tiglttening of 
s.::ai:s. thi~ kpplf.:.s specially fer lin pip·~ h~at ex·diang'ers • . : - ..; ' .. 

.. c • • 

.. . -~ .·· '"" . r: . .· .. . ,.. ~. ·: ' ' ' 
• ....... L-, .... 



Hu~idifier devices can someti~es use water with special additives for the 
prevention of corrosicn er biologicilly a~tive sub~tinces. These substances 
c3n be odourous or chemicil icti1e. · . 

The elements of the bs~allition shou:d. !Je pr·evented for being 
pollutdd. The chain 0f dlements should stare not ~n11·~ith a pre-filter but 
also with a fine filter. And, to be sura of preventing che duct system from 
pollut~oc, ~noth~r fip~ filt~r ~hould be ~rovid~d at the beginning of :he 
duct system (the pare of the syst~:n "befor·2" the-7en'tilator is at a lower 
pressure th~n the su:rounding 3C could ~a pollutad !:om outside) . 

Filte:s can b.e a source: cf :;;ollutici1'~ For i.iistance, · when :noisture 
plays a role, the collected dusc ~ould :3rr1 substances which are biologi-. 
cally acti-;e, and pass the filt;;r. If ~ould growth o«:curs 'on the filter, 
the spores can penetrate the filter, ind stimulate. ~ould growth on other 
places if these placas arc: (temporary) · :noist. ((6)) 

Humidifiers, it not in a ?tate of perfect ~aintenance, will .be a 
source of polluticn. Specially i! liquid wat'er plays a role, pollution is 
hardl:t· to avoid: "natural" ¥ater will d;;~;elop biologically ·acti~:e su.bstan
ces after some ti~e and bring them iri the ventilating system, or when the 
water is processed for· the prevention of these affects, the chemicals which 
are diluted in the water will disperse i~.the system. If humidification is 
an absolute necessity, steam is the best alternative~ 

Heat exchangers of the fin pipe type could also be dependent of 
regular maintenance. This applies strongly for batteries with a cooling and 
de-humidifying task. For de-humidifying the batterie needs many rows of 
pipes (6 to 10 rows) to attend a dew poi~t low enough for our purpose and 
of course condensation will occur. These temporarily ~.et .surfaces deep 
inside the device have a pollution risk .• So these batteries must be 
perfectly accessible for maintenance. 

Air distribution devices, as grilles, are ,in direct contact with 
potentially polluted room air. Thes• grilles introduce processed air in the 
room by means of a mixing process, called . inductiqn~ .. S.Q .room .air can 
penetrate the grill(-box) and dause the coll~~tion of dust jn the device. 
Even if the primary air is absolutely clean, supply grilles must be in 
regular maintenance anyhow. ((7)) 

In general, machine rooms and comparable spaces should have dimensi
ons that allow a sufficient . accessibility for repair and maintenance, and 
all the components must have a possibility for easy"excharig"e. 

5.2 Systems for HVAC 

Generally spoken, the building·, the use _and . the installation mu.st . be in 
good balance ' fo·· the design· process. But we must s:t.art wl.tp a go.od ' definiti
on of the use, and avoid to translate ou.r dou.bts "fot spe'c'ifications that 
double or even triple any normal level. The second step is a provisional 
building design in which we try to satisfy the specifications from the user 
as good as possible, within certain limit'ations. ae.re .'lie deal jfi~h- .. fu.nda-

t. t:mc:ntal decis:Lons -abour ~· tii~ -- &uhd'ixf~ ti :·a:· e'he rma:l ;l ~ecificafl.Qns :and .other 
• ' I 1 • "' 1 ~ ( '"' fL - r' ' \,. " '" ' C, 1 

• <I' • ,. ,~ r ' ~ . .... , To ' - • ' l ' I 
1 

• • O 

._ :crec~~ions ·!~ · t~; , f i;~ld: ·,, ~~·.-·~u~~4,ing p).~1~.S'ics r:· · o~i;~~ng· ··tqi~. ·p·~ .oy~s~q~~~} t"a.~e 
. in-t·he ·building '" deS'fgn ~ :f'1ln"d<fm~n tat "d1scus"sions" abo,l,lt in~tallat1ons .mus.t'. _ 
-~!-C:art~ ·from ··H1i·s mallietit =on -:~e : ~·houtcf ai~\iie J.·ttr~ J5<fraitde; se··twe·e·n l:h:iilQ.frig." 
:fo~~ ~~s~~fi~ ~ ~-0~:7 '• :i~9,~.i~q'~a (_ ·~~ .. daii~a~~q~n~ :?f . e:~e:r.:_m~:i:. ~ ~ri-~ ~~-~er ~pe'~-~'f i-
cat icnk · against; ·an tln~ o'tltet ·n:·a.:i.d, the· tof.~'l ~c; ·o.~·t: ·1evel· .O"f - ~.!).~ ~pr91ect -:. 

·t~.r~· ~~~E~~iili· ~~ ~ ~ .. ~~~.tc:~_idi -- 12.r:o:c.e.ss. ~i ~~~·~e1~~. ·:~ili
1

P.~~as/s· 'oll ; ~r~i-~g.: to : :·: 
.. a.v6~~ . ~l!~~~p~tic:-:s~ . I?-.~( ', ~n ·e~~~re;~~ ne~):a~.~-.,,~;f, . bul}?;'1,~g --P..h~p~~ .. ~wl}:~:h ci:n 
· £.:ii:te - Cl:ie · bo.idrn~ to<? .. ~~-~~nqel'i~ · rf.' ~ ns t .a:lla rion'S)

4 
,lf,lFt :i;ead y,s ~o a well , 

balanced design ; - · .• F . ••••. • 1 "" ·· ~, · . ... ~ J - •• • "' • 

Focussing again on Indoor Air Quality, a number of us~ful statamants 
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~n ;¥stern design can be ~ada. 
!t saems useful or av~n desirJ.ble to assura chu ?Ossi~ li:y cf 

windows that can be opened, and give the inhabitants che cpt on !or nacural 
gantilation if ch~y like ic. A!so :ha opcioc Jf ~o=binln; i HV~~ instJl!J
ticn aad wi~dcws co open, must be ccnsider~d with certain restrictions. 
Und~r cer~ :1in lt::ospheric conditions i: .:.::; J.l! Htracti11e al::~rJ.l~~ti•Je, .lnd 
i:: gives ;eople the cha~ca :o escape from t~e giv~n indoor cli~ate. But we 
~ill hava co assure ::hat che $YStara ~i:: ~erk ~van if che wirid force 
cha~g~s t~e air ~ressure in ::he room. Dramatic chances fer ~~!functioning 
~ccur. Return gri:les can alter co Juppl7 grill~s i~ che :~e side of the 
building. ( (3) l . 

In tradi~ional ~ystam dasign che principl~ )f air recirculation is 
of~n used. In the ~acbina rooc a large per:ent~ge of the return air frora 
cha occupied spaces is ~ixed with 1 relatively small percentage of outside 
(;recessed) ai= ind ~upplied to the building agaln. ((9) I 

Leaking at the dnargy consumption -chare is an ad7antage: · The quantity 
o= cutsid~ air Co ba processed is far lass (20% c~ 40%) a~d specially 
during winter conditions we avoid :he naed for heating th2 air over a span 
of 30K. The same applies for the latent load. The humidifiGation during 
winter or the de-humidification under 3ummer conditions takes a lot of 
energy. 

Using recirculation, there is much more air-circulation in the 
building than ventilation (air rate, expressed in airchanges per hour). If 
the air flow for ventilation is used in a traditional mixing system this 
air quantity can be too low to assure a good aif ~i~trihutian i~ the room, 
and a sufficient supply of fresh air and/or a good temperature disti:ibution 
through the occupied space is not realised. Furthermore the enlarged· a-ir 
quantit~ using recircul~t ion can be a necessity if the .ai~ is the only 
means of transport of energy for. heating or cooling (all air systems) . 

The transportation of ~uch more air than we . need for ventiiaxion has 
severe disadvantages. All air h~ndling devices will be :nu.ch larger, an.d 
this does not only apply to tpe·machine room, but ~ven worse to the duct 
system in the building. The 'installation will cost more, . and ~he enla.r~,ed 
space need is co.stly in building volume. Besides that, the ert~rgy use and 
cbst fat air transport (the ventilator} can cover . a high petc~n~age of the 
total running cost for the ' installation.. (up to1 40%). The redu·c·d.on of t·he 
ai~ volume to the ventilation -rate onli "will" c~us~ a. severa redu~tion ~I 
anergy use ,and c.os t fo r . this transport . . It will depend on the c!e'tai 1s 9!
tbg spec:if.I:c. "ii)s'tallation, in which direct~on .. t he energy saving will ~ome 
ou.t . . · - · . - . - . 

\. • .. ~ , ' .. • • ~ .... - l 

. l3ut,, tne clai~· Q<.isadvantag~ ' of r ec" r~ulat l.o rL ts fhe mixing . of poll \.l-
tants~ thro'ugJ;i. _t,P..e -pi,iil.di ng as , a whole •. Tne recuculated.- ~ir i s aga~.n . ; ·' -
fil ,te]." e(f from" .d\is t, - and· humi \:ii ty ana temperature will be cit a- co;:r e.c-t_ level 
again·,· 'b.ut gase'ous pol1ut;urt~ . and odoµr s will. remain. I µ. this way· iI).hab i~ 
Cants_ O.f t ,he" bt,.t.ildih.g _a re· oblidgea ~O pr e:al: he 'the tobacco SlllO~.~ Of thei r 
neigliboor, . ojf i t - in. a.· Ci l.1 ut eti _ cond~ t io!l: . Air t ecirculat i on .·shod a be 
for'bi~.d_er(, _ a,:f - leas 't 1n" of 'fi ce. bµi ,L dings and_ comparable .. pro) ects : ,. - . .. -

. r;( ·w:e ~.ow .r educe t h.e air yp luine "to the: ventila.tl6nr rate alone. we ···. 
intod)lca:, ·as· ~·i'.d bef'Qte . .. ~!iP problems. The f ~r~.f pr oblem· o~ the ·ene rgy_. 
t ~aµsp·orJ"'i s ·ea .sy, J:P. Spl·.re.! if . we ~ke ' ff ate;t:: fo r t he energy trans port~ this 
liqu i d i~s 2:oo:o· .nr.i:e,s · b'et tat: chaii· aiF: . l ooki ng at t he'..-Jo uma ~ d.c , hea t "tr~Iis
pott' ca'paci t y, a· . normal t e i'npa ~ .5 tur e· <3Ht~.l;'_ep~c$. this ~;g'U:neht: moves . . 
~g?in~ t th.e-_ al'.:> !1,i.& sys t~ms . . ·: : .. ~ ~-- - ... . · ~, · _· .. 
. •. 'The "S.?COnd 'pr ,o):i, era' wa s the ;ilr quahfi ,t'.{ f.Or 1 -.- ~n .t i la .t i on being t o p 
s ina).1 o ehs.u::e a gpi',;d r.d.xbg and· d'i s tribufion. ThE:!r e:' ar~ . t wo poss ible . 
SO ufion·s. T1:1,e ~i rst , '; J.n . the .. dJ.S cipiine of.' t he traditional oi;.:i nq S¥Stems, 
~ S tt;'e: ·wall. kn~o

1

.l"lf i.tld'u~.tlon unit: ,(S c <! f ig~~ )).' _ . 
.:.·... . . ... ... . ~. -" .. . .. - . - -. - .... 

. . . .. : ~ 



induction ratio = 1 - 5 

.... ' . 1+i parts 

, / 

• CHILLED 
• WATER 

. ~ 

1 part i parts 

HEATING BY-PASS· COOLING 

- . ' 
_· . ·Fig ~3. Iliducti'on unit (damper operatfitd) . 

< ' 

: : . c 
. . 

A re-£1Uced volume of "1entilation air ( "pr;mary air") from the duct system 
mixes' \lP with rooni air ("secundairy air") .;· ~nd th~ mixed quan.tit_y ciculates 
iri th~J~oom. The ~ecundairy air passes ; a heat exchahger in the same device, r .. . . . . . ~ . 

providing·h~at or cold transport to the room. In this concept, only ·• · 
or.fginal room air circulates through the, :r;oqm; '" there is no ~i:dnq or 
~e.tirculation through the building. ' · · · ·. · · · ··· . . . . · ( (10) 

·· A se.conq pbS!sible solution fo~ a reduced air ;:tuanti'ty is .tli·e ?YSte!ll 
of displace·meiit ·ventilation. Fresh· air for ·ventilation is Ciispersed· with 
lo~ ~elocif~ ~t ·floor l~vel·a~d with a ~am~~~at~r~ 2K or 3K below room. 
tempe:r;atura:·~ A· "1.ake" of 'fresh; air.{on· the floor ftotks as a· rese'r·-1oir, and 
the dr:l:1ing forc;e for th~ air t;an~port is· the proa~ctici'~~ 9f''.h~~~: pY. people 
6t'. ·machines. So · the heat production· d'etermines the q\l'antit"Y- o?· "trahspo~~?d 
a~r. :~ .. hui_nan b~ix,ig is s~p,e~~?~ ~<J. 4~~pla~e py convectio~ a.n . ~~:f .\tJtin.til:yc 
sufflc1en~ f<?r .. h1s ·. ventl~~q.on· ~eea-~say· 40 ' ~3/h.}. ·1h·e .. :poJ~u~·1op,_ (pdour) . 
and ~~e ~ ~xcess ~ ~ea~ do~s · not mix: Up : ~~d· is directl~~ tran~ppr~(eli: t:~. _s:eiling 

' lev~i: " As . there·: i~ · no mixing ; a.ii en~atged ventil~tion ef'fi"ci~ncy ~aha· a . 
b:tt-ei:: h ~emJ?erature · eff~ciency-is . clailnefl !:o:n: the syst?:n. Thi:~ ~s, a : . "' ' 
contribti~i~n . to an ~mproved , I?i.Q'. 'ioel; wH~· f ;-r::duced' air . ·quj'fit'i.~y' t!l~"· same 
l~vel of " IAq· c~n }le r~~lize4 .~ · rh~ · ~h~~:nal . cafl~city~ no·t'.1iths]:"andi;i..9 : tqe_ 
i:np~oved . tem~e~at~r~ . ~f~~~i~nc;y i~' ~~~1 ·,r~~t7i~t~d· ~· s~·'. ~h.I? ,·~-Y~,t·e~: nas 'to 
ba·: ~o111plH~~ · ~l t~ : s~:n~ .: lqtid. of ·]·- 101(· \tall?9 ty~. tli~rgi~.l .. :sys i .e.m; . ,a cp.l~ . .J • • 

c7iiinq~ is " clai~·~~ ~ ~o .· !1! ~e :~n ~ :!:ttf a ~. ~~erm~~ cap~ci tt .~Y :ra;lia't}on· __ a:~1a - ~ .. : ~ 
··: nat~ral · CO!l~~~ 1tlon•: ·( ('.1.1~) .)t . ~~~in~ th~~ - t~~~ S:f:"~?m P~9.Y~~es., goo.~ pospl,n

·Ut1es for · adequate sol !.ltibns'. Bu't thGte iS1' not ·' rnuch eXp~rfen·c~e 'a·nd hardly 
any iabbra tot~" ta~eareh t 8 · ~rb~~ : th~ claiin~~ :-- ; ; . .. :::•; . ··: r- - ~ . 

If we reject the air recirculation as an .. bption fcfr eher~gy sa\ri n·g"\n 
the syst~I:I :, at~· o'ther: l'tl.cti16d "6an be '"founa 1titb:.. heat r·ecovery / b'y 'which the 
.:~a~~Y ·content ~of the · r~turrt'. ~j~.: is {p :art ~ ~~iyl :.: tr~ns'{er"r!'!d_.'. ;s..o 'tli:e· 9ut'!;'tde 

' ·ur t0 bi: · processed (sd~ fig.; 41:. SevcrJ.1 ·: ~)·~ t~~;;· · :c~ .l · be~. :U.~~d : . direct .. 
tr at.sf er via a plate he: at exchat~\;r, " liquiCi'- ~ysUfu"§~ ::,'f:th' · 't'lflo h"'eat e~cba11;.. 
gcrs or haat pipes. The he.1t recovery by r..cans of a slowly rotating "wheel'' . 
could be r is}:~·. 

r • • 
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dtj._ _ ___.· 1 DIRECT HEAT 
'-· . , . EXCHANGE 

. ... . '. . 

are in int~rmic:anc cc~ca~c wic~ 
.;lo=an rnd pollutad cU!'; tl~ere 

could ba ~n adsotpt!cn effect. :f 
ch~ wha~: ilso racovers ch~ la-

' . 

c~n: lead ihumidi:y ~, cha ~acer:-
Jl )t ~b~ vhJ~l is ~f ' 1 p6rous 
~atur~. Th~ .r:sk .qi ~xcha~qe of 
gasaqu~ ,o~iucants ~r odours lS 
~;H;a.::dii!ci .-

HEAT PUMP 
. i 

~- THE BUILDING PROCESS ~ND :TS 
.. · scc:ETl~ F~CTCRS 

T·he :-aal:sat.J.on of a buildin; 
• ' . ! . 

with ::s i.::s:allations and oth~: 
~quipraent is 3n · e~t:d~ely ccmpli

RECUPERATION cated precess. It is :uuch ;nore 
WHEEL tban :he addiciqn of technical _ 

specifications. The procass . assg7 
mes the co~perat~~n of_c?nc~~~~ ' 
and ather business units ~nd_fin-

. ·- - · ally ·the ~ooperation of p~o~le. 
· · The main parties in ·the ... 

· · · · · building pt'ocess . are: ~h~. princi- . 

=
==~==' =-·J I TWO FIN-PIPE ~al (the emplpY,~~· : ~h~ o~ner~£;~~ 

- · . : E)CCH~~~E-~S investor) , the .. circhitact1 J.the 
~· -:=· _( · -· .. : · .. ::. : .. : consultants, the contractors,· the 

. · . . ' · . . . . . commissioner and th~ ul::im~.tc · .. 
"".-... --r-.----"· ·· -. · use!-" .· . There:· is also,, a maint'enanC:e 

...... .... .,,. . .. ... .. ... .. responsability with . the~ .owner 
and/ or £he . user. . ~ ... 

C' -; • . ~ . 
All the-se parties hava their ras
·ponsa,bili~ies- . 

and 'thefr authority. The . ulti.:-~ 
mate power, in our society, i-s"J ··· 
reserved to the mo-

ney. The :.parties imrolved all .try ~o· lteep their P~1;.l,:tion in the market~_,. 
work fo:r., ;their, re.w.ard and ,.satisf:v .... ~he .giv:en spec.i~;ic._a;ions, . w;it_hin. the_ir 
respon::>ability and their span of pow~t. 

· " < .. :i''It ·~is ~ .abv:ious · t:h:at ~thi:s :pro~.ess and its man.ag.ement-.:."is far frdIU ".~ 
p.erfect . .: r·b;e .. t-a<=hnical '.kno,W•hdge O:f.teP,: plays ·a ,:mino:r role, °bet~e<:n .authorl:ty 
a·nif.mon:ey ;,. . 1'..n c'" a majo~ity •. <-Pf CilSes _t_.~~ resul_t,s;:of the :proj_e.ct.do . not~: ~ ,:·::, 
.satisfy the given demands, and the total cost~ -exceed the originally giv.en. 
budget .• If w.e .reaJ:J:t- .:don';t: . loQ.:k t<;>:r: the.:. .ba,s.i.c: . ~~a.sons ·of these · failures, ~1ta 
will ne.ve-i .:fulii'lr.:t ·he . '9'1:.Y.~n ·( te,ch.n-ic,o:l L.·:requirein~nt:s, . an~: will .: ~"~ ·· 
pr·operly use the collected technical J;.\lP'ttle_d_ge. ... · - . . . . . . . . .. . :, 

.' .. ·: .. M ··we;i:accept· the ... ,11ltimat_tt .PQ.w:e.r: (~~ t~~ ~o,n~y,. .·:~lii~h · i~ :~1:1.~der.: : cont~oi 
of the principal, the principal .111ust, in his turn, accept his ultimate .". . 
r.espoasa·hili ty.~far _the .~ p.roj ect .::-.~'l'h-e · fltl:l: , _(\eleg~t.ion -of ·. thl.s responsabfi~ty 
uu~st , he impossible_ L . -~ ·" ~ :·., .· . .. . : · : ~.- •. : - ~~-.:~ . . : : 

In our cutrant ?racti-ce, t:ha 1.1 lt iinat:~ go~l . GJL, the -: .e.r:oj.<:cL(~ ,,gC:<?~ : . 
buil:cib1g} will .. be : traASlated i~ split ·res-po_!ls abi~i.~ia~,-focdiffe~_ ~1.1 t . . 
disciplines. Based on th~se responsabiliti~s, che tasks ara speci!i~d; and 
::<:!.:rad t.o .-ccst :l:::Vlfls..;:Jthat .. has tq 'bt; ... chq,_hg<:d, : is~- ~1_1~~~~11 p~~ti.: s ~ · ' 
in-.;ob~d :::ust not restrict th;;::selvas ot1ly to tl~<1 ir -);~~~!U. :: . ::a.s~ . ~ut . ::i~st 
ove.tloGk -thi;: tota.L .. ai::: o! : the.:prqjc:ct. .·. ~": ·' .. ~: . _: . . , . . , ......... 

. I ':'.~ ;.:. .' : : - , • .:. .. .- { ;_ "' ! • 



Startdard~'J.Bd-·rules, ~nd contracts :oo, are us~i~- :n :he pravant~~n 
.• - · · • .. ~ · ·-:: ..::.~ --: ~ · ··..;. . . • , - .... "~ ,. i ,.. . . ~ · .... ..... . . ~-.. .... • • ~,~~ ' """'.;. ........ . . · · cf ~lS.~Ac~~-OUt-&~c 1 ·.~1~ ~o~ rcp~a~~ ~~c ~~~- rcsponsaD.~·~Y -~ ~ar~lcS ln 

.1 ~r:;J-~'.:7:~ ~ rh2·j.i:i$,~1c..;:::icn ~: :~.l.::s .:!a not :;arant>.;: ::~~ ~er.:::ct :.:su:~. 
r::.-: · .;~cc::i,~· · :ii::·:~:i· 'lip.me~l~ Jf -th:: ';~~:~r;nan::~ spt:!cit:caticn" in Contracting 
.,;:.~ ·1ot ~1·· .... , "n" ·"' J.·"";;;,,;~ ... -0.1."ut;~n· ; • . 'r· 1 ·.1· '"">' -:.·n:~ ~;n. ~l .. :•s-c"'"'J...,,l,~·· - •-- • ~ r·- '-• ·- -•-••4'•- ~ _"""' • -1.. ..1•_., .uv1-.;J 1.. .._ .-..- ""' ..._.._ l' ••• ~.- -1..1 

~- · ··· ·" '' "'s·,. pa·,.,.-y:,..; ... t1..: .. ~ .... c·-ss """' - .... ·1t'"J.•'t ...... ..,..J """'"c ~~,... i;. .. • '- ••~ •• ,c; r•...., c: , ........ ~ """-.J• • '- -• • 
-i.L . fot _i_ns...t.J.n,;_a_,c:_~.i•Li:npor: an: :.:os i: : a:d.u;: ti on in :h;; ;:ro j ec:: ::o:n<:s :n 

::~; dis.:us.sicn, all part·l·1:1.S ~n:.is~ ~a';.: t=:.: pcsslbi::..i~1 · -c.:i repcrt :h.: 
,negativa) ~ons~qu~nc~.s ~f cha: ~easura ::n ch~~r discipline) with~uc beirlg 
_-:::j~ :=:·: .l. ri~~d, iL~ !l~~ t~:!~, _th .. pri.~1i:ipa: illUSt ask fer thasa consaquanccs 
ll • .::. :ik.: a.is·:rl.Sp;~fls.lhi1iti~; ~'!'hi: .lndii;at.;d proc~dura will only ba possi;:i1~ . 
::..: c:~c wor:: i.s =fo: • .i "i~:i.. .. tlii · qrganisati.:;11 ,;f u open .teaJQ.....in which all · 
i~Ecr~acion is fraely ~~chan;ed~ :rhe prlncipal J;ain has che tisk organi:a 
:rii~ ~pan tdaQ; i~ whi:~ a thorough bas.: af ~u:ual confidence must be 

.. ·; -. · . .:n ·th·.: !ic:.l.J: ot .quality control ... ·lI~ .:.:f o:c~i 7e commissioning .:;f th~ 
-o::oj'dct. is · essadial ; · A.11 · pa:: ties in"Jolved will ,=:<: ccnvi:lc~d abcut"their .. 
~ualitt le1al, but ic ~oa··~ ~~ik if parti~s ~uit'.:hack cheir own work. This 
stat::m<int ~ def inicaly .applias· ; too for the consul tanc. The cominissioner must 
be<:-.iE.solutely. ind.eipendent, and .only hava a diract r:=pcnsa.bilHy to the · 
P·%:'i11Gfpa·1~ .. : .. •.":>.-. ··- :- - . " . . . .. . 

. ': ··1~ ·-Iri many : ~asas; : the architect plays a dominant role. The principle 
:nust.".ccnvbcoi 'hi-;n to -·play·.a serving rols, as the other parties do. It must 
nc.it .. /aiFthe·~artistic · i:raation in· first order to demonstrate·;- but to sarve 
lit!.Jii.an .r~;~·Ui_r-emen.ts··.and '·measures;~., . :~ ·.· · · .... -- - -

;.; .The ·:eonsui tan't : can only· be eff ec t.i:·le if he can st a.y really inae-p·an
d.an H~-spa.c:UllY independent . from the ar.chitect. The principle will ha·1e. to 
;:.rcvid:a.pr-otection for the consultant in this rela'tion. · · · ~_;,~:=;:; 

·• ·· ~ .: ·~Also the· contractor needs protection. Normaliy his .. Tntarest depends 
on the answer.to·the dema·nds '. of the consultant or the architect, while he 
uses to ha.vi: the fin al· rasporisibili ty fer the perfor.mance and costs of the . 
installation . . ,.<-..• : :. · . · ·n:·. !·· ... :"'P <:<r, ··.. . · 1"1 · ···1. ·~ .- ~. 

Again, only ths -o-j>en-.. project team provides the· possibility for this 
app;oach •. : :.:_ . . <:.c. . . . ~"-. · ~ .- · : .:.:·.· 

\ .. ~ :. :.:J.. . ·£,,&. : .f... . :. $ :- s-
: .,_ ~ · ' . 

7. PROPOSITior,(s; .i>ROPO.S:A-LS fO.R': .FUTURE '· RESEARCH . i ·,. " ... . :.. . !.. '' = .... ' (_ "'" ,, t 
'·fthe follo:Wing .. items:. a~-e · :referredc to ·in the.t~xt .as ':(i.(-J.).) ,J(·2Jj ,~:e-tc~ . ) :;,,.. 

~ ~ : ~- ~- .: ; . ~ ~-· .. · ·~ .. 

r~e following . itam.s;: ~ de .rii''iiid from .·tha pres·en:t .i<:.cntrib.utio.rr,.:·.ara prop·osed 
·~'.~':~icussion: ::in ~11 '.-"t. C ·~· : ·P.rog-ramme f Q!"r::. f u'ture .:r.es~:arch< ·in Jte:ai thy Building::
j)~va.lopmen t / speciallf.':iiitect'ed· ·t~ I.~<:lorc 'Air- Qu:al .; ty v The prcposals ·mH· ., 
fij'~.is mainly. on "inst'1ll'at-ions·.:·r.· . ; ,~i .r ,.:. . ;':' .~ ! . . . . ::.~. ~ . :<7.It ... . "!~ ·: - ~. 

"'·({1)::) ~ : Controbof natural<:. :~V<e-Q..C:-J:1:a-t -ion wit th a~ . .open ·wind.a.w ••. ; : ~. ~ : ~ . J :-: ~ •!: 
( (,2)). Wb.ich .. ·t·ype- ·:of ffne>·•'fi-lta·r · :do w:e- .i'.fee~ ·:to :.a:J"o..i;d 'POilutiah :Of>:the.~ -.:. • 
installat1on, SP.eci~lly the ·du"C-t- -wo.r-~? •.. -~ . .:.1::. :,~:: .:. .r: ~ .-.: c< ... ;:..: ;;. ;:~ ,, ., ; -~· ·· -=~ · ~ . ::··-~ 
(r (·1F~•;..: Is .·'~cl-n'tro"l :·"":o'i : .ii!\ · urn·Mi~tiY: a. ;nEfc-es:si t:1';-~sup.posed the ·-:indoor a·ir is 
d·eafi' ·~ eonodqf.? ~)."' -~ (<; ::. ,. :. £. . k-: : ;; -; ;.: : J ::,~ , ::;.:J-::. ·' .:-: :' .:.i: •. ~-. c ::i J.J.~ . ~1 - - :.~. "': i;.~. ~ : ·'.· 

':i.f.;rH .:. f.Q'lilhtt~or}· ~e:if ec ts Cf-r0ci'~1na-~ed~.:its ~u'sed .::i:n· :ai~,cond'.i tioning .equipinent<>.1 
{(5} ) . Pollution risks of a heat recovery wheel, sp~cialli .~timade far : ~~n 
i 't ... n t ' \'h~"' t ,:,, . .,~ qrJA ""Y ·~ ( h 1~·n1' d. i.-1£\i•) . ~ • · . .. ., -, <:, '" .. ,. " ' .. ' .. 
-~ "- . •• ~ ~ c.; . .,.. ~ .a. • • "'' • •t;r J • • • ,.. .. . .... ~ . ~ . +#- .... • .. ..... ... ;, • -

( (6)). -'H!alth ,tisx ' of..:.h~midifi-ai'.; .~eetfons: , . spec,ially:~i'L :·operated with .. f.l.uid 
w-a:t t.r :- .. ~ :-- -'!"' \ ,:~r ;:. ;;. · - :· · .. . .. : . ,>: ... . .. ,. c : -·- .• : .:·: .!: .. - ~. :.~ ~ 
( (7) l . : D~si-gn proc~~uiaS.-for iri'st-allations;..lookti:-ng ~at :the facilities/pos-
sHiilit':i:cs ·· for··maint&ilanee~- · -;..·· :.. :."· ~ ··'~ :·. :.: : . ..: _: .... ~ ·" 
~ (3i 1. Dasigri ~p<:;.i~:!,qations fqr i:1stalht.:i:.cms 1rhc:!n wiridO.ws : c:i.n.be . .Q~~rl';;d..:· 
Influence of pressurization of the building by wind fcrce. 
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; ll i. ;i: ricir:ul~c:on ~boulJ ~e for~~dden ln Jffi~i ~uildings. 1hich 
i :c:=1~:;~s ~~ ~~ ~a;~ fc: •n~rgy ~on1ir7aci~n. ;~at ~ill =~ en~ :c~t 

. : .:. :: ~ , . :) :. ~., ~ :i c.: ~ ~;i c I• : 4, i: n i: • ~ .i t iv n :. .; ..1 ho p ~ t u ~ .J ~ ~~- ~ i u pm;: u t .. au t : h ~ r ~· i .:i 
~t:i: ~ l~ ; ~.- :i~:: .t ~n~~:~~;c ~s d~s:;~ diJ~. ~ th~rough ~'~o:~c:ry 
;~~~lt~~ ~~ ~ ~~~~~3~!1 :~ ~~ ~u~~~sfu~ i~ :h~ ~~~~~~ltiou, 1nJ ~i?~ t~d 
~ :rs;:: .: J. ::::.~ · --~. 

~ : _ 1 1: .. : . .:..iiJ ·J,~C ~ Cl ~ .-.; .;;.: .t::b ~:! :.:UJ. =~ :; .: .:ll~~ :o !.:.~·~ . ..;~~~ ::he:: l.'Jj_ t;=.;:~~Jll 
! ~ : - h~ JS= ~ ~ ~u :~ : ~il i~gs ' ' l J a~ ~dj:c~QU~~ ~quipg•n: wi:b J!s~l~:emeat 
:Qut : ~~ c:c~ . ~~ p~c~~r dpa~ 1ti c l~:~n~ Jnd ~:nsaqu~nc~s :Qr ~omf~r~. :bj 
-- .- · .. · ... l- · ... u• - ~· d' " "' ~ ,.- . . ., ._, .. . .. . ~,.; 1 l'"~ ·-··' -os"· ~~ 1 .. •r·~:.. 1 ... . " ·1• •b ''"'lO,_l.· tv• ..,.. ...,i _ • ..,,.,.. • ._ _ _ ,... """ \."' • • •If~~:-._ ~ ... ~ ._ .. ~ ,c; ... "" ""'• · 1.. .-....,u, i' ,,,_..., .. ~ ,... ...,.,.~.u~ . •'-" Wq ._ • • 

~c~ ~~~~~c1 c ~ = ~ 1~J:.~;u c l~ n . 
. . .:.~ . .' . ft~,: .l Od ;.. : ; ~r -; ; ~ ;;; •; c; n 1;l,: :>n ot ~n ' ',;~ell LJ.COj<::Ct tdm" shoulci be 
c ;.;;urc i.:;hl ~· 'i ... ·;~.l...: p~i.i. ::i ~s scciet a!. pr:ibla1n shcu~.:i ~•ot {onlyi be tr•at;;d 
~U ~n;.:.:i.ii.i~rl .J: c;.;du••·~ l ,;,, .s c :.: 1~~~ .. ~,;;. 
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