
-· --·------------

THE REI..i\TIONSHIP COMFORT· ENERGY· IAQ 

E. de OliVcira Fernandes 

Department of Mechanical !ngineering, University of Porto, 4099 Porto Codex 

ABSTRACT. This paper starts'from the point that indoor air quality problems are not a fatality. Much 

can be done in order to prevent IAQ problems starting from the very brief for the building desip. The 

balance between energy use in · buildings and ~Q and comfort must be, bef~re all, a compromise 

between building physics and energy. There may be a . need for systems with growing level of 

sophistication, but it is . up to the designer to select the most appropriate means for the required 

objectives. 

Comfort is considered under a broader perspective than just thermal comfort. The case of the free­

running buildings, as it is common in many regions, is taken as an e~ple of th.c need .for a better 

understanding of the comfort issue under transient conditions. The energy u5c in those buildings calls 
for a larger participation of the environmental energy in the building design, includiag the use of natural 

ventilation. Then. the IAQ issue, when addressed, tends to have smaller relevance ~ in my case, a 

larger dependence on outdoor air quality than ~ the co~ventional air mndicioned buildings. 

New comfort information must be given to the designers, in particular ·for -the cas~ of free-rwminii 

buildings, both in cold cl.i.IQates., for the summer perio4 and in~ climates; for ali'seasons. 

1. INTRODUCTION 

The problem of the quality of the indoor environment has been addressed through several ~ 

perspectives. The threshold lim.ite values used for the industrial enviro~ents are orders of 1ilapitude 
higher than the concentration values issued as air qWility g\iidelines by WHO (i). This sec11:15 to sagest 
a clear separation among the.situations where the indoor environm~nt represents an occupatiou.1 or an 

hygiene and health problem from those where on~ is concerned With a ~~oblem of. comfort. .. 

However, some standards, like ASHRAE ST-64 1981(2), -bring together objective and subjecti'IC 

criteria to d~_f~~ iJldoor air quality stating that acceptable indoor air quality is "air in which there are ao 

known ci>ntaminants at harmful concentrations and with which a substancial majority (\l.\ually 80%) of 

the people do not express dissatisfaction". It implies that a lower level of CQncenttations of 

contaminants, not necessarily harmful for the health, may have some consequences upon comfort. 

The contamination of indoor air is due to a large variety of sources such as the occupants, fabrics and 

other building materials, the outdoor air and even the HV AC systems themselves. The tightness of the 
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Com.fo~t, particularly in the 60s and in,,try~ 70~1't'.as W.~~,q~y a thc:nµ~ i.ss.µel:!\Aif..J<!inperat~re, radiant 

temperature, huajdity ~!14 .. air ve,lo~ity) but ru.r:qu~l~ty1 , lighting and ba~k.~9µ.~d~ ambi.ent n~ise also 
gradG~lly became i1!1portant issues. · · · ·'r· ,;;~ · ·. · · · · · · 

,.., ' :,,..;· .: :, ~; .,'.iflt j, 

Comfor~· ~~s .been;fargely .~tudied, particularly ~uring tl}e P.asc;thitrY. .y~ars. However.,Q.r,..ej,,~ust say that 
11' ' ' • I • .• . 

thiS 'does not mean that comfort is a wej known paramf;!ter ,anc,t;,that,;.vhat is· knowq10rt«~.<?mfort hardly 
~· ..... , • • ' ~ • I • • •• f < 

covers all environm'ental conditions and responds to all personnal or, pe);iavio1Jral si~uations. 

One could say 1~ac ,~?mf...?,~t ~as been mostl>: si::en so .far as a qµ~sb~~e;idy state issu~, start.ing from the 

experience· of coi~e~ r~gions .}¥.here spaces ~ended t~ be. well i%~a.led <mP. sealed and .. where PC:,?Pl~ 
were subject~d ·f o steady epvjro~ents, either under heating o~ cociling processes, for a-::r.elatively ion~ 

' ~ ) • - ~....ii .. .· ' .·i . • ·., 

period: But it wa~ ~ep?rted "that th~ 0~1ers 9f:passive solar buildings in the1USA, in the late 70s and 

e~ly 80s, accep~ed ~~ co
1
nsiderable temP,~ ,ature swings of the iDdo.or air .temperature quite well. That 

raised the question of how comfort is illuch more than just . a the~ophysiologic process and how 

comfort can be cb~racterized Hiider tr~iep~ 4eating o~ cooling conditions. The case of the free­

running bµildings is a common example i,y,here Ii.ere is l!- lack of informati9n col;tcen.iing comfort under 
transient conditions and consequently on -how to deal 'with · the comfort issue in order to be able to 

• t ~l ; . ~ 

convey the appropriate information on comfort for designe~s of such buildings. ; : · 

2. ENERGY IN BUILDINGS. ,; ' i 
.·r! -. 

' . ~ ·· •. -~ . ' . ,. . : • "<(' : 
. • f ,... . ,. , ..... 

. ' \ ";'. '. . . , . •' . .. . . p' ' "' . - . . . . . ~ . ~ . ' . ' . ; ; . 
. Energy is· needed ~s a de.cisive £Cfttribul:ion to ,fulfi~. :Sqpie requireme~t!l ·fq_r comfort, namely th~.rmal 

(heating and co_oling) and H~~~g:. comfort; For so~~ ~~e, a great emphasis wa~ . placed on thermal 

· .. comt:ort. Daylighting only _~ec~y reg inf:c.i impor~anc:e .~ .~ .. ee~uliar. a,.spect of lightin,g comfort. This 
'i does not mean any refusaf o( i.he benetits and potentialitie~ . ,of aitifitiaJ --ijghting. on: ~e~contrarr: it ' . . . . ,. \ ' . . .. ,. . 
si?iply puts the accen_t on • the specifi~ benefi,ts tba~ : .dayligh!i,O~ . Can ~rovidc:. Whe;leV<;~ ; applicable, 

bringing together both natural energy,.,nd visual eqmfort ad~a,n{ages. 1 t . 1u1i.:.. 

But the experience of energy as~ ~. m:p~S: res~~~f!:Cj%~~~ ·:Y'f orld Q~Y see~s. to . have b~~·' unde!stood 

S~ce, .th~ e,ar!r .iq~, y.th_e.n ~0Il:1~ ~political ~e~, ~d yar~.el ;gam~" ciµed: (0r ~0~~ ffl~!JDal attitudes 
't6waids enerlZV use. ' . o'J;'>'.Jll 'J! . :l h,r;,2 "' n i' :Ti:.~t· "~-~· ., i ·.1· . .. .. 1·... .. .)_.: ._,., .. , · 

;r11r. .. r j. ·~vrv1 j\1 ~ • 
... e! ;<:t:c::., ,. .-.~1 ·· ,1,j :n:·";J . .-u . ~1-~,._- -.. ~r .. ~. ·'. · .. ~~~ ... 

fr'J'he use of energy,;}I.l buildin,gs.be~~e1a·pi:9t:>lerµ. ,of\ ent;rgy. cops~rya't1pn w1qer ·tw~· .tnain ~~rs~~c~yes: 
; . . ;_ , ,atte~?ation· <M· e~J::g¥,,-(;9,DSllmptien ·~de diVCislfication of the prirpa.ry ~Q~ Of ~~fgy.:.~~ 1f~~ b~~.nry/?g, 
.~;,"El.i CC~DOffiiCS, Under> bo~hi.~!lCrl;)- ,l)Jlc;J: .miCr.0· ,.pe~S~CtlVCS, S~ppOr:t~ci'the!- rati9naJC1 for ep:e~~ '.<?iifi,?ns 

.~ ;'. ~,ri ii.~~9h'a5)~eat pu~pr.iqJfr~~·)lx:t :ele~city· paradise, ,8:Jl'd inere~ing levels lo: cgs~-:.1erre'ttive,_ ins~~tiron 
.. w ~;J.1l. . the.; col~~~r regio~s. ~pwa~ayi;, when the en~~gY, si~at~on be.~ine se~~what mdre /er~~~ ;~~'ther 

crucial issue was 'raised: the environment. Th~ use o( fossil fu~ls. is 't>eing B!~ed· tor prpt>i.~m5 refuting 

to global ·,warming and some' fluor.carbons µsed ,in .refrigerating eqJ.!.ipn:ient have been i~entifieci' as 
"harml11l:f9rthe.ow,nelayer, ,:.

1 
.. , . • :., r·;L :r · .L w · .' n. .,. · ;r~ ·.'i · i;U; ·• ... . :ri:~ .. :n:' 

.;r~J.rr: n .2I~~~r.~)~ .. ·1.~ · ' · · · ..... ··· ' ~, - ·· '· I 
rl • .,'.. , .I' i ~ I ' ~·•Zf :.t ~ ... , ..,. ~ - ;, ,.., •"1':" '\ . -;- '.1: ·. !'.11 ·- :,~~·)t";,, J .?..T':~;; · 

J, ic; ::oo'!""" j 'H'• . ... :,c.c;.. ·-··· ... · - · · ~ •· · · · • :· _ ... 
• H!1u!:G :i'J'liq.:~lt~P.UaJpn o~~he _energy cpnsumptian has· as~e-r;Honhe i:eductio of el)e~&Y,'neetm for ~~ating and 

, ~ '. ·( .... Jer coolin&,;J~~~\n&;ttQ,~ lG,Pe.s- b~tei insulated .~nd bett~r sealed for r~Cip~lilg "the ~~ntila.cion rates. 
" The variation of ·recommended yentilacion races has p0focedly changed in close: respoi'i~se to changes in 

energy prices. IAQ has been seen mainly as a consequence of energy use. In fact, IAQ has to do with 
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'l' building 'en\ielripes; as:.rway of pfom;oting,.energt'. economy, 'the use of ~ome building ~acerials and the 

. >I lack of ap~topri8:te mainte~ance of~he HVAC system·s have gii~ri a partic~lar . dim~~sion to the IAQ ·.1.; 

. i 

.. 

. . l ' 
problem. The recommended solutions are source control; avoidll:ig or attenuating the emission of 
contaminants,air cleaning, and, the niost common che use of ventil~tion. While: some · sources of 

:;.c0nr..aminants, such as tlltfoccupant~· can~ot be avoided, othe~s: 6aiib~ ~~ltminated br red~ced, through 
l • a~tbpnate clroice of mat'erials, ~il; . in ~articutttr,the case of th~"systems the~s~'ives;, through an 

• • ~ ... I , ' · ~p • • ~ I •' ~ 

adequaraimaintenance! ' ·· ·1 - ·• .. ' • .~~ · · • · 

. What seems to be somehow" forgotten is th~"t IAo'' is not a 
1f~cairly "¥or ritither the northern nor the 

sauthern:latitud&-, whicl1ever diffe;ence~ in . ~lim.atic · condit1~& arid Jn~·r~ ~t~crt~gies between those 
·' ' . . - . . i ...... ' -.r- ~ ., ' ' . . ' l" ' J ' t 1,, 

regions. The IAQ issue mtist be addressed at'the design sfage.Tlie point co make)s tliat the IAQ 
, , . . . · · · " , - " , 1vc· · ·, a ! · 

problem must : not be 'approached under the some per~pective ·as, e.g.', the· stability problem in 
.; :... · earthquake-prone ... ar~is. In the 'latte~ · c~se, · ~bHling ~ah help b·ii'c tcir bi · prepared for t.he fatality to 

happen.For the. IA:Q pr~blem, the ~aine h~Ype~ witli th·~ ~es of'contamioants th~t cID:m~t be avoided, 
. ' "'· . • ··'· .. 'L . ·" . ... • . .., . ..,, ,. 

such as the contaminants derived from o~cu~~.q ~r par.ti~~~~. ri~.c~~sary.in~1:1:5tri~ pr?ce~ses. But in all 
the other-i~es, '~here are ma.Dy options to "'prevent the' contaminants. An esseO:cial role of the design 
ptocdss is to create the co~diti~ns to p~event' the contami~a~t' sources b'~f~re 'addrhssing the cleaning 
strategy (filtering) and the dilution ~tr~tegy (ventilaiiori)'. ·: -.;· .; .. :,,. ·' · " "' 1 

,...: 

That is why the current knowledge about IAQ should be lfrbu·ght J~ ~ esse~~ial feedback for the 

design process from the very brief for the building design. The objectives of ev~ry building should be 
h;n. ·> analysed" a"iid the" s~ategies for coDifort and for the ~e BfHVAC systems must hi discus~ed from the 
i 1 , earliest stage of the design proeess faxing into account the W.iI~rent climatological, cai'aderistics and the 

d .I" different energy opt·iolis, namely tbo$eq.elated wfrH'Jlie dimalli . .;~ stated in (1), "Se":eral ~ourccs of air 
•\ ·; .1r. p~llutaiits bave~que riatio'nal compone~ts 'that ar8'besl ~ubj~ct. to '~a.tional' eontroi ptoc~dures. For 

.'ii' · ·· .. example, indtlior venti!lition,.and heating systbmi,' major d~te~inants of indoor air pollution levels, are 
heavily influenced by the; gt!tigr~phical loaiifon of th~building'1 • • 

Ju,,,;;,~ ·· ltcis. out of question thadhe more·1deirianding tliC'1Iti:tooi ·environmenfij conditions are, the more 
s~phisticated the system '!rlust be and, moreoVir,' the mori ·acctlrate the c0ntrols aiid the 'mainte~ance 
routines ought to be. However, technological advances do not necessarily ai°ehlt

1
lhat th~~·~~~ be used 

everywhere: it simply means that the designers have a larger spectrum of design options to consider. Let 
· us:c,on~ .. ·der""as an ... exa~le the case ·of·an"air conditioning systcwt·in: a build'iiig'in a region,~th a mild 

.L!~'/~l::>· , 

-WL"' :• '1.HIP~~e~ * therp ·ii.lfe po~entially longer perioc:f&.of'.mtennittent func6ohliiilg it i.S-more 'likely· to require 
:·i- , 1,

1 
· '-'!:Stf~cter maj~~eq~c~qf tb~ :av AC system4br obvioos fea&ons;·because,• if not in use-;:it m~y be a source 

Il .. ~,: l~W ,-. ./·bf cq?ta!J!inan~~ •that w~µl~ ·not rappear-,;n .the buildin-g· ir l[h;it pllffic~~ fype bf sysre'fu" w~;;riot the one 

·~·ri •o:n ·.}.B-.... 1?S ~~t¥le'!JJ,t~r¥Kor~; there a reason tp weight· tnec pros 'and -.the 'cons of iirstallliig 'some sort of 
. ·: ij~O~feJi}isia'this.l}ase• , . ·n. ~ .·· . ·-..; nr·.n:i:~ .. .:.l./H ·· J' · ; ~; . , · · ;:.i.;: · 

'.:wt:;;,;r. __ ~<.:;> .s>- i~~mc•w~ ~'·-:.~.';~;:.,::~ .. - J).~'<.: .· ·T;:'.;·:·;uf'. .• m!L' .. · ... .. ~;·;; .: ~c~ · ~ . 
The climatic conditions may allow for naturally obtained comfortaf>le·iiidcior . ·e't!l.51foH~¥,~., in. many 
cases without any ;auxilliary systems.Therefore, undei:standing comfoiit i.s .• necessary fo_r a _go_od or at 

.}f7~:st, ~ -~~e.qu~~~ qhoice of a ·sy.stell]()df:a given building."'fh'at~''.\Yhy. -.one'coultf'say.1r'1iat ht: __ balance 

· ,(, be:~w~e~ ~~er~:~Ae in -buildings,':IAQ .and comfort is; ln.iifirSt \S'laC'e:; a_;.'Contj5roinise betw~~!1 building 
ph~si~,an<;l energy for a: :pai;.ti.c1:il:ar"climate. " . " ' i.• !1. 1! . _:., · , •' .. · :0 '1;J ~ • n ci . · · 

.rl 1 ... ; ..• . . 11:~:. . . ·" rl -. :.. . ,.. "" · 

~I 
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the quality of the outside air, but it is mostly related with the pres~n~~ of internal sources of 
contaminants in a rather closed~spac~: That '.is why enbr~· l!onservatibrl''rri~asures such·;as reduced 

heatin~cooling loads, low ventiJ~tiop{rates and m!nihial'o'utside'filf'ventila:tfon have contributed to 
increased IAG problems. Other c~ntrib!.itions to IAQproblenis are1cbnsequetices of other inovations in 

building fabrics and buildirtg mateii~W~ui;Was the large diffusion of synthetic materials. 

While aiming to red-µ~~ energy needs to minimum acceptable levels ·an other wa'y of conserving enersr 
is trying to diver-sy the energy sources; loolQng at more efficient energy systems an4 energy forms that 

may be more friendlier 'to th~'1environni~nt; paying more attention to tlle':c'ijmatie''conditions, e.g., 
:;through the use of solar, etter~. 1 ci;;, : : • j · ·" ;~ 1" 

The actual situation in most of the southern european coun,tries is characterized by a dramatic growing 
rale on the use of aij conditioning systems in response ·fo better commercial and living conffi.~iOflS: 

· Knowing that air conditioning systems are among the least efficient energetic systems and particuhu:ly 

Jepen"dant on eiectiicity, the consideration of the. general problem :qf energy requires th'.e crC?ation of 

conditions for a more rational' use of the codling systems; That'is·why passive cooling must become a 

strategic issue and that IAQ in the warm season should warranf a carefup treatment together with 

consideration of comfort under transient c~nditions (for bo~ the h~~tingarld'the cooling modes). 
:- ~.:;. ~ (. :··~~ '! .~-;v.r; ~~ 

• :J~ ' _r. -,: ~-. ' ~ ' \ 
3. BUILDING PHYSICS AND ENERGY 

:;, { '., • .L. ~ ',( 

In genera.J terms, comfort in !lqf!p~ngs is mainly r~lated ~th many eriviro~C?ntal parameters such as: 
,' .v ',• ,. - ··, ' , - ' :· . - . _,,... .. :··· , ·- '• i ·. 

•' ~ · I · "l 
lYI?.~. of the building and. ~ts psycological reJevanc~ fqi the o.ccupants_; 
quality of inside spaces: f p~fj dimensions, o~~~ngs, ~?lours etc.; ) ") ,, -

relation with the outside eµyironment: visµitl, thermal diJ:Cfe effect, ambient noise, infiltration or 
., .. • ., A. .,, ' ._, ~,.,. .. '\ 

ventilation level; .. · · ·· 

beh~yiour o~,t~e occ~p~nt, includ~g levels of'~~tiVity:aiid~ ~i~tft_ing ancf fmf~ oehavioura1 lisp~cts; 
hygiene and health aspects. 

. ..r·:~~. ; ~ ,iCr: r·n1., .. 

~. · Jf: .., ~E . .• ~'f· < _h·:~ •;"'I, .~. J :~.f· .. :. ,~ . . , ' . .~\:· 

·::; ~!:J!~o , the comfort .~~~eh~ very m,t,ich tp do1.wiJP.ct~;builF1g~physics, p~1~i<ful~}Y with the building 

m_ wm~J;l.velop~/~,l~·t b~~,?:5 .r.?e in~oor ~d outdopr:.s~~~e~k ~ '.·1:' ·~,r ~ ' ' :.~ 
i;!'H ~j!J ti "" ':" !l ~\ ~ ~' }!! . ·:,~.: . 4

• ""'• ~J15d '1 . f ~I ~: ... 0 •' :-. 1 .. • 

:> ., _ }~8 ~~ .c~velolf~ .. ~ ~ ~oundary}q~yug~;iwl!J9~ he.~V~~.s~~,)~~~· g~w1 .~d ~f :~r~_t11aq~i;a may take 
.-:i· ~~i~e. the ~HY~~9P;f. It~ ~f~Y.1qne ~~~~ ~.~ .~9l~s: ~i~h~~ .. ~) ~ !:~~{~~}~e-~ ·?,a_rri~r. !>q~e~h',~e_ i.qgoor and 

... tlie outdoor ei:iyifonmep.t~" av?j'1ing los~e~ .l?ut also fayou!i!:tg *e eve~t_y.~- ~ol~ g<!:if!S" or'b) an ~l~ment 
J ,,iJv . , . ,;t., . r , .,1, ~·J ,1 - tJ ., • , • • . , :'.)f:, .• J , ... . .L , 

... ;.; II '· .~·at_ i~ . ~f.1 i~t.egr~:P~~,oI~~: clj~lo~e 9! -~e, ~~erior L!i~a;_e,;vi~~;Jie .£J_~~~I ~ ~r~r.~l· ~s~ Qf e~s&ive 
. solar building5. ·· · · · -

r:. .. ':i :ll.l£~'n· 1; ·i •1.1 ~ • .J~ · :;.' ' ';(' , ·~ .,: .. , . '"'rH : ~ .... . t'l'"·"~ ·':1·-~ , !••--:1 ··:1 !'} .. ·~'.·~'1!fl: 

.• ~.~·_,:.'. ;_L;; :;.;:.i~ .. ,, ., • ... ~'") o:.;,. ~ ' 
The firs~ type qf buildings, ~ dominat~ci by the intent~ lo~q$ :~~qs~d by lig~ting, equjp~~~t and 

._, • 0 ., ,i. ,n·~·?~cur~f~;.. ,~~~if!.8 ~~!1 ~~~l~t_e~.~~ we~ .. ~~~~cE1 .. ~~e ~~~P~f..P~f iP~;f,~~. quts~P,~ ~~PJ~~~ .. ~~~wet~r~ is l~ss 

.. 1,)rr . o·t1r~~rtant1 t,h_,¥} ~~~; 1W~75f::1 t?~~.':.I°:_.Ws_ F~if~.i~~~~~. !>f>~~~a~1?~ 1~~~es,i~s fa-.:~,i+,. _petter insulation 
, ':1f)J (' • .,.~d .r~1du~e~rf~~!*8f ve~!-H~~i-~~: <;~~s~.9~C~f.~~!~_hqr~ ~r~:gre.~~er ~is_~s of .. ~~~ :levels of cpncentration of 

unpr~~~~.~~JCJ.i:itaipigffl~· bpftj sn~s ~~~.Pf.V.c1es. .. .. .:'u ,. . • 



- ... . ... ·-- -~- -----------

~~I L.~!-·;_ ·,;~:;rt~) .. ,JI 

'( 

• ·: '. - ~iiphe s~qP,p.,qJY,p,c:;. p( buildings is;jnstead, the ~o cal~ed .~envelope-dominated" buildings. In this case, 

. .- '' · ~li¢ :envc;lope wust allo~;to J?.lay w}tfiJ~e geometry-of t~e, ~.¥P.. :'lnd the solar radiation in order to reduce 
·.; · : ii ·; . the needs for ·S'il:E!ventional f~rnis df energy; using1solar raq;ation for heating an.ct. keeping ,gw radiation 

away to redu~he cooling.loaq. In this case, ene~gy:SoN~rvat,\pn ~o means insl.ila.tion but, a_bove all, it 
means the adoption of the building as a truly "sun trap", collecting and managing the solar energy in 

·~· L,: . I i. 

1L ~rn1t) ; .:_~_·;:.!-.~: :.;n 'r>.f::._ ·. 1.r~"'.. '" ~ ~ - l:A'(1;.". .. · . .. Vf ~ :\·11 • 1r 
. j~yildin~,.~~w_~n~~ed by. internal loads repres~t th,~ · right w_pli~ati~n for most of 'Yhat is known and is 
docuinented concerning comfort, i.e., steady-state comfort, and/what one will call, for the sake of some 
clarification, the "technological" type of comfort. · 

··~g .:); !/ ;:· .1 " . , ~ ·:; 1.i {;· ,. • : ~ .. r ~ · q 

.wi , , ~ A famous architect~ Nicto,r Olgyay; ~all the way back in the 50's, wrot~.a book ca~ed "Designing with 

v. -,1.-:· ti:... ·• .• thC?: Climate"(3), where ~e proposed some sort of low energy ·archjt,ecture that was supported by 
J;. ,. ;_ ; the~rei;:.tieal e:vi~ence. Qlgyay, an,d ~is brother as well, while being Hungarians, werei~~v;ing.in the USA 
r . i: a,9~ were doing .•quite we}.l.}'~eit perception Cllll;i concept of what should be done conc~ming building 

-· desi~. was SOn\ct;t)llng mus_h more fundamental than just conserving energy. Being attentive to the 

j. m: 

• ; trend_s, in the .~ bHH?i:Pg ;~d~try1 __ .0lgy~y claimec;t~th~t- a great deal regarding comfort ~d energy 
conservation could be done working out better urban planning and architectural solutions. That is why 

he proposed the bioclimatic chart as a tool to express ,~.~ climatic: _conditions of a giyen pl'ce and to 
.evaluate the potentialities of the building design for reaching- a~certain level of comfort. ' -• 

;.· . "h "'~) i. !JP'<:'ll ' . . •. /. . •, :·· ' .• r- 'c. ,. r . ; • . ,• '· ! ~: .. ; • 

Definitely, fo assume that the optimum thermal comfort (tecl:ino1ogical comfort) is iiot always required 

or necessary is not a qu~s~i~n of ~~s~ation or ~ m~ali?c app~oach. _ Ther~ 
1 
~e many more 

"nuances" in comfort which will allow for 'other design options. It appyarS clear to some authors that 
.r '°T ,.. '·• , I' ... ,("3 ~ • J, 4 i 

what one· could call the "tecl:inological conlfort" may b~ avoiaed'in some cases and, on the contrary, it 
seems that there is rib r~ilsgJ'to reco~endLas ~/must, the1g~heralised use of auxilliary equipment for 

,. -. ~9~~ing ~.~~ :l'.~rti~ularly, for coq~ipg. It a_epeai:s to be d~sirable tlie establishme~t of. a _ hierarchy of 
1

' · comfort coiidition~ · and the 0 &efinition d't the enviionmental cci~t:rol ~ oP,tions a~ordingly. As an 

illustration, it is ~tcr~sting to mention the conclusions of "nordika"(4Y concghting thi·advantages of the 

decentralization of the systems and, in parti~ular, the need for .the systems to allow for the windows to 
~: 1 

iLi. · be openabie'.:Yr \1l·e option ·of tfig~scientifi~ cilia pio~e~~ionai people fafum~.ewiµi bUndings. d'&hunated by 

the internal loads is such; how much fuitn~~:, c~ the de~~goers of invelope-orlent~·a buil'dmgs go in 

:.. . . .. .re~.o?-5 suc.11 as t~~~e ~f the. so~~~.rn ~ur<?p~~ belt, avoiding or re~u~~~. t.9~,,. use. of air,, conditionning 
• ~ ' ... thr9ugh 't'he '~ini~)jgen;t~ Js~ ·o(fiie·· edvelopi?· fh~ ~6'nfplexity of the pfoblent iii"tliis pfii.ticular case is 
:ld t. :• ··>_ e~aehi: l~df'ori1y isCf~ irli{or'ccll)c'to 'a.~oid'heat s~1n' sunime~. ·~lisfg ffi~· slin i& ri$.b~y ~15Widant, but it 
) .. .. ~ . .. • •• 1· \. • l"L' J."' " , ·· -' • ";L-' · • · • • • •r 1 • 1• l' '"I .. · • 11 ·'l 
• ... . .v_ ,sis als"o necessary to 'en~anceV·heafgairis in wii:iter"°.tQ iedq~~· tile ri~ei:iSJof_' aWciiia.ry '~nergy.' Moreover, 
., ·};: .. ,,c: '' lli~::-~dse~o~ p::.dffJa~is":Jeij"m:ue:-h adv~rse·' t:ci 1.:tfi~ tiv Ac-' adsiSrie}~ · ti~~~iise :While "th~ outdoor 

temperature is around comforr levels, the solar gains lead quite easily to situation~ 'of 6~e;6~flting due to 
the geometrn>f t~e sun rays. 

t;!;J .. 1n~: ~; ' ... cr t-:,•"·· .~·-- ::-1! ·~; .,.- ~--~f'.LJi~~ r!1r.:-t ,. i1 ... r. ... · .,.r~ 1 ..,r; .: .. ;. rf i·:!-Jtaii-~(J~; f~ ·(µ. -~~ ~~~-· l(; :-- :v. J?1iJ 'J :· "T 

~:::; · : - ':; 1 :fHe~o1i~i~if~fidil-ai1Iie~~il&i~~:J,11;~rns~JJk a p~€~io~ditioA_'tqr'.)~~ali~r :~~~rgy ~n/uriip~ion ~nd, also, a 

.. '~.J'.1 ?.,: · . iess1lnp16~fan(0·o'Wt~bl~:~; ii.fs"}'1~~&f~.~ciintifi~~:~pc( r~~-ftshc ~~~#.~u8t ~~ki~g a :~ e~1for a more 
' r,. -- '· '' ethical use of the ·f'.:r\; At systJ~s· does hofine'aJ.r "any cype of r~lu~~ pf ilie'tech'iiological 

1

development 

but, well on the contrary, it suggests the neeCils; ·~::.;..gJ~ ~ie~rth'e( a.Yiiiiam~ te~hrioiciSies '. c' 1 
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.A~su.~ing tf,te vct_ry first p,(,iority fpr building physics, e.g.!. ~W:gF. ~~ani~~ ·:~[C~~~~~ttire ~~. , ~nstruction 
technologies che syste;:ns are noc necessarily to be eliminated, In any case, they shalJ'be inore adequate 

.. - _. • .-:- ·nJ · : 1t · . . : .. 1: ·u• " . tic· 
to the·reaLnet:<ds, cert~ smaU~r an~ hopefully, sin:ipler. · -.: · -· 

\. • :.. ' - ' • ' ' • ' • ,; , I ~ ..... , 
0 1 

, , I • f 

It is offen conside,rer that nat~u-al ventjlation should be avoided of the energy c9nsumption associated 
. ·,._, . .. . ' c ' ' . f ' .. ·1:.. ): • ' • . . .( t • { ~ 

with it. Everything that has been said suggests that energy consumption ~~ 11~atural v~ntil1a~!on cannot 
be the unique criteria to decide about the convenience of its use. It must be oafanced with otlier "costs" 

such as those related wit.h.the IAQ. . . ,, . . _. 
. -~ -'.' . . • • ' ~··-'"' J • •• LJ ~ , . • n.i '., 'r: ;f ~~: r. 

, : ;.. ~"' : ~· . • ~' ·. ~ .. , • ' "'•(1 . :}~ • • . J! ,": I ':-.. 1., ·)· 
An unsolved qU9,.~!fpn te~~ns bo~ever: ho.w to P!iSS on the,~~rm~on · neede? by th~ professi.onals? Is 
it available? Ofifhe only solution is to copy ·~hat ·~as st9~e~1and compile~ 'io·r other types '1.(~limates, 
ne~ds and cult~res? )V~thout forgetting that,,~ren in the lauer ~c;~ the.~c have been several c~anges in 
t~e bui~~ing design str~,egies, jn the last two de~~f1e"s i~ s~ems 1c~e!U" f ~~r~ is a need for a compr~bensive 
s~wfy of .this issue. ,. , .. ,_: ,, 

:r ., 
... . M ~·· 

'. ' ... • .. :J ;• 

· '.l 4 ... COMFORT AS A J>REREQUISIT FOR DESIGN J: .. . .. 
~· . ' 

. . ~ . ' 
· · - - · - · , ~ , :: . _, • ~ ''i ~ 11° - l'J ·· • \ it L • · , ~-; L J _ · 

The nature of thermal C<Omfor:t as a ~~atistical par~.~t.~r is s~~ th;it, fo~ ~ lP.r~tical.J>ur.p:~~~~.it is only 
adequate in nonresidential buildings where conditions must be near the optimum at all tunes ·so as · to 

garan.tee that tl\rJ~geSf,percentage of occupants may feel comf~rt~b~e: j.'.~itg?1um of~·~ ~ccording 
to ASHRAE (2) ~~1!SO Sta:qpiµ-~~ ... - . · · · '; . . · 

11 
;J;:,. · . 

~ f; ,.;..;.,};• .;•J; • • : , •:1 .. .-; .._ •• I ~ .e; 
Two facts must be taken .for g;,~~~d: t~~;":'P.Q_le fr~rwo~k x:egarqin~ cqmfor~.~~~:R~?CS~:by 1the above 
mentionned standards;. i: ~sl:. , hth~ . ,(!r9p~~ .that b~s been re~.ched. on ,ifie ~ asses .. ~m_:'.!1t, and the 

understandi.ng of IAQ and corqffil~ 1'J? gition~- un~_er ~~ch fl fi:~~~ork1 Nev~r.~~1"-?f .,t~J~~~J:iot avoid 
the phenomena of -the sick buifdplg syndro,i:n..e ~~ic~ -~eems tp · lead :!PP1. re'atme,1,1f .c)t IAQ as an 
unavoidable problem. 

•·. i :-, ~'n , J '- . , J1i! "1 .. ""J..t . • . r, ,; _ 
There are, howe~e~•.; :°la~~ case.~ ;R~ ~ ~~gs -~ . ~ff~~=n~ . ~~~q,~s .. W,~t ~~r_~gw for, cottq?,rt~ble or 
alruost comfortable conditions by natur~ ·means most of th~ tIDte. Wha~ see~~J~.1~:e ~egre~~~b~7 1.s to let 
the market, every day more globalized, "impose" eqtilPmei:its and ·systems 'that ·are absolutelly 'nec«~ssary 

in some regions - those where they have been conceived and producccl:. ·to_9t,hel'.~egipnp,-'f&;e~e tlfey cail 

be avoided or used in a quite difercnt way. The fact that comfort ·has been better ~dersfood ~d 
.. i.;:1: •. ob~ac.~erized in th,e WPrr:.de.~loJ?p~~l regi~ns. ljas t~,.~9..mthih·e Ja~L~~p~~s~~ .r~JW:q~ ~'t~~:~ .. t~e 
:: r , , cc~l~f'.st and ~~ -Ti~~c, -~er.f?, h~~t~~ w;~ ,a n~~ ~ . ~~\:~ _qi tip~ J~~ ~u~v ~ ~-~ile«cOJ>'tl~~."\r-es~1~~d 

. ~ ... · · "lP*·~Y. frotDr th1.1Hsll Je~l, 0f. !n.suj~~iaji_, an~. sea!iQg of t.h~ · · ~~el~:Re'-:11d f!f, ~mpg~tant ;~~~~f?~r~~s ~de 
,,, ,• .•. ; 3. oas ~N q~ h<?~ .a~,d r.~~mj£!1pijffi~t~ a~~ ~~&al:rf9r th: :.~~:::?f ~o:~~g·~-.J:~~ ~~9~df . for J~?"r~9pni~ion .of 

r; iv. dJ;r-S~9ar~:, ~~~' ~h~ n_a.t~,~~ c._p~~~9.~F,n~9 r!o~ i;~ ;~ala!}~~:: ~~~h'.'!~e?1 f PR. ~:b~~cJ~V.~t fr,gw;~. P.~. ~h.~ mdoor 
1~, etiV)ro~ent ar1cl erononu~. . . . . . . . . . . . · 
.. : .... ~~ l- , -. ·H . ... .~ r ·: ._ .. ,,. . .. .. . . ~q. JJ(n =t. '?; ~ :! • ,.... .. :.."" • ._. :.n ~ ~ ar· ..- ... -~ :>q : · :t__ i :.~:-· H " ,_ :·.;.:. ~~ ril : 

The point to be made here is that, rather than socio-economical reiisrins; there are comfort ai:id IAQ 

reasons for differentiati~ the ~·~J>~.iflg~. :?~ di~ferent regioqs,;is, ~~11 ~;J~.er1(W:~ reasons,to q~(ferenciate 
the environmental treatment acc.ording to the type of buildings. In residential buildings, the indoor 

' i 

~ 

l: 

' j 
f 



: · enVi~bnlnent~r ~c;~diti~nss d~ri'1ti~ .aUQ~ed ·to··fluctuate. Then, the techriO'logical · comfor~ cohditions are 

• :; no l~,~t 'ftitiY'a pplf~ablcCTh~:~~ci~:!ril·ay\>ccur in thefdse of the envelope-don\ina'ted buildings, i.e., 

buildings where the envelope ~l~ys .a de~isive role in tlfctneatin:gtco'bfing ·l0ads•• ·fn '1this case, as it 

happens with residential buildings, a large part of the environmental control may be .reached by some 

"op~r~tittg 1~ttit~ae~;- either:'of the hsers or of-soine ;,inreligent systems• 0n"the:'eiwelope: shading devices; 
.... ;;. :. " : . . ,.. . ( 

nocturnal insulation"e'tc. ·· ,) ' .~ · · : ·~ · ·. · , · " -· -., '; rn· ~· .. 1 , .t ,~: · ,, ::- -:: ~u~ . . ·: .· J\'·· :1t· .. ·. !..: • • ~,, , •• '_; !''•. 

An even more complicated situation occurs when ~hose spaces have &'!)me probability of being in open 

, contact with outsi~e. In this case, some actions can be taken at the leyel of the urban planning itself and 
•• f \ 1(1 ~ J · ' "-1 " • ' 'r · ' • I ' I ' 'IV' 'i 

landscaping a's a!i:nicroclim'ate·cohtrol. There appears to bC some re<'1Hi'1or tither comfort approaches 

:· •;, . "~~~· fhe technologica! one. 'Autho"r~· ~s
1

~.Baker (5) a.nd1X.Bergeri(6);make a ~ore individual comfort 

• '" a'pproach, talklng of "personnaCbeating" or "per'sonal"cooliilg" instead ot's'pace heating or space cooling. 
:,, 'i:G';iThis ·approach does net ~esp~)nd"to th~; slh~ah.ons'.where the technologfo~· comfort applies, bUt it will 

cover a)arge number of situations such as those of the free-running buildings or those .with passive 

heating a,nd cooling systems. The experiences conducted at the EXPO 92 site in Seville are very good 

examples of outdoor climatic control approached under this perspective. Many experiences of passive 

buildings relying on natural ventilation, thermal 'inertia ·arid free cooHng are eXaiiiples of the saibe type. 

Of course, somethjng to be aware of is that, .in such cases, IAQ is particularly dependent upon outside 
'H air· qtiliitfy ~in~ei' fh6re: will be n~ hleans, sii'cii as filters, to remove the' ci>iltairiinarits'. · · 

fl] OJ._:- ~_)( , , '.· rrr . ' 11 '·' ' I ' ). r; .J( : , :;., t i : ij :Ji 

~m11 w~t~d'ay, one couUflffu'e to tfy1fo find a new definition for comfort iii patallcif'with the WHO definition 

for health: comfort is a state of complete physiological and ~syct:Uogical· well-being and not merely the 

·-
.rj ... 

effect .of some parameters related with thermodynamics, fluid. mechanics and heat and mass transfer, or 

.)~th th~ - prJlb~c~~r absence of some contaminants::1r'one dillld ·agree on suph a definition; comfort 

. wo~Clb~om~,'.J'5 it happens
5
for w.tlth, even ~~re.1t>t an indiVidu~·"affair. So,' it becomes almost 

im~c5ssib1e rci' 1geA~ralize c·omfJh: Therefore, at first,•billfdings;Y'houid be designed offering forms of 

nat~ral centn:;f'.li{at he ocupant can adjustfo obtAin the inddot:air of his preference'. 

But one cannot, of course, take \nto account the temperature, air velocity, moisture levels and chemical 
":( ~ ; (' . ·aJ~~ particle . effects ' wit'liout'~f~gting th~1 effects· of ihe behavioural aspectsi cultural and personnal 

~~bi.ts- an:d ac'tmtY:rr.:• · · · · J .. :.:~m · ,: ·~ 1.r1 r: :ll9 J, ·1uir 
-. ;': .at.f.....t ·, , • • ;~. , •. ~" 'l : • = · tt .,.i ·Jn --:Jn .. .. t:J!l' :l: ~ C'_, ~ · · 4 

·~ : s. 1Cbl'fcr:.uS10N's· -i: ~ .. 
;nc j .. , • Hl ... !l~ . ..r 1~ .... .:. ~ ~~ ~~...: ;.;er. :-....,u·. - .. l. . . 
• ·' ' · ... ,, 'l." · • · :.,.., ,. •r d · • ·, · ~ 1 r" ·· · ' ·r. • ' 
~~.JJ~~:!'.. 1:~e ; ,~o)~~~~~~ lo

1 
~7: ·.~a_~rt;d /~ ·~~-il~·~.~~--hilve· b~eif ~tfin~d · ·~~~~ t?~ l'r-~_mework ~f ~e ·Directive 

891i06 '(7) and lfs siX ·esseric1~ r~qtlltem~nt~. Two o'f th'os-e1 lieal Witfi. resp'ecnvely, "hygiene, 'health and 
:.L r.> f' · (!};. • J<li(( i · ~1 r • • m • r;i U,(;1. !>alJ, """ l .: ~f' .1 '" !l • I , ,. ., , • r .. · • · · · '. . 

. . -envrron,ue11t". ·:and· wic.n enei.~y - economy and ·he·at : retention". · O\/ercommg the expre5s1on "beat 

' ·' J ~ ! ··rei~~~n~, wh1.eii1?~a~6t~rs in ·a;ch Jtigll~h .version,'_liitd · clearl1 :d~'Htoristra1tes ~j;{i bias dt~blished by the 

' " ·~ i ~?~diti~~M: ptacff~b~tif'noin\b/ti · ~1irlf~ief,ft is ci~altbat'rciiH hl~f diaHtet of coristfuctf6h·mat~rials will 
•• ~ ' •• h ... ... .• 

impos~ a broa~er per~pective of energy use in buildings through sta'.ndh:H:i~ an<f regulatio'ns 'Based on a 

fra1"pwork of m~ch more openess to different s~tuations of climate, of culture, of building technologies, 
etc. 

nrq~. q·_. i:h- ,. ~;~: . ?~ .~~: ,f!no~c · .r ":10:1_ ·· 1 ; i •.. ~~, r'. . . :. . ·· : : .. ,··i • "!!· i :n~-: I .,,. ''· l (l ;· 
., 

; ' '· 'Ffbm the-C1iscu~itofi; abb'.Je the f~ilbWing concliisions caii·tJe>iptapose\l: ' ; • 
• • ,J """:. • ' 1: ~ .Jh! "· ' ... · ' ·H.. . .; . ... \ ·.,,· . ! ... ; i.,. I ,· .. :nr r1 ,r 1 r. '. .. 1 ~ 
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Energy strategies in buildings aro influencing the actual IAQ and the comfort aituatiou. 

A large share of buildings could avoid at all or at leasi have much smaller heatinii or cooliq systems 

if they were better designed accordina to climate condition. 

IAQ conditions can be controled by several different ways other thaa just ventilation rates. Design 

according to the type of utilization has much to do with it: architectural fonn, selccti~ of materials, 
systems option. 

In $0me buildings there is room to establish a hierarchy of comfort conditions and assure a 

divetsifi<:ation aud a desr.~ntralization of energy 1,1ources and comfort systems. 

In a free running building, the current concept of thermal comfort may need some ~djustments. 
Comfort, which depends on IAQ and energy parameters, may require much more study and 

research to deal with less objective conditions and non-steady environmental situations (e.g. person 
heating or person cooling rather than space heating or space cooling). 

Energy strategies in buildings may reinforce the need for a specific energy conservation strategy that 

stresses the advantages of designing with the climate. In this case th~ information on comfort to be 
. pa_ssed on to designers mw;t be much better studied and elaborated. 
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