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. Buildin�s _an� des�ned to suit climate in which they .are located .and the 
, tU;nctions for which they are intended. There is a unique relatiqnship between, 
· an · indlviAu�i. the environmen� and the buj1cting they inhabit. �veryda¥ 

experiences· tell us that there are a host of factors which are relevant to this 
concept. The difficulties of specifying the indoor climate of buildings arise 
from many causes. The obvious one is that there are many factors contributing 
towards the indoor environment and therefore the hurria'n response is difficult to 
assess in establishing design information for one. particular. variable, such as 

, 1 t�n:iper�hire or air �ovement. The effect of an' e�vironmel)t at any moment is 
' dependant eri ones past experiences and 'people are not passive recipients of 

· theit envfronment, b�t adapt physiologicallr ·and·, be�aviq�rially. The' au�hor 
propb'ses that coinfort should be viewed' more in.the context of well-being and 

'1r ' cl11·hence link the quality ;Qf the indoor environment with employee productivity. 
At present standards "highlight comfort as a neutral non-intrusive experience. 

'· This paper suggests a mbre original way would be t6 design using preferred 
, 1�nvironmental settings,, w4i�h would give stimulating, rather than neutral 
, \environments>.· Standard.s ·based on comfort criteria do 1not produce satisfactory 

environments. 
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1 · ·r· The body' has 'fiye basic senses J sight; he�ing., touch, smelJ· and taste. They 
.. ; .�ft; 'part of it phys1'ologica'l-psychdJ9'gic�[ ·�y�tem \Y)llch regulates the human 

.r ... ', ! . - . . 
: 

' • • - , � • • 
· response to environmental stimuli.· People react individually and any particular 

response may be a transient one or one that becomes a'l1 experience st0red in' the 
·longterm menior� :· The bu i lding · ?nd its :�hvl:rqnme��. ·the s'oci34 .. am6ience, t\Je 
wo:rk .and its �nage�e�t process , ap,,trig'gei; �e· resP.oiise system. The senses 
are to be enjoyed, but can also be employed to achieve· fulfilment in work. In 
order for this to happen the mind· ·needs "to reach a high level of concentration. 
. The quality of environment can make it easi6r for the senses , to be used 

... · t!ffediveiy and eajoY,ably. '.�or· �·xampl1e tht; v'i�uar:resporises depend not only 
on the level of light but also on the daylight wavelength content, vector-scalar 

.·.:,,; ratio; balance·:of shadow ,and light, colour and' the glare index. Brigptness, 
•! ·�. . I • / 1 � f ' I' 
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hue, . saturation andrchroma :are quality. factors. · Similarly./soumi'mUstibe at;:a· 
suitable level for hearing but the'.!,frequenoy content land! spatial 1respunse ·are 
evaluated too in the auditory system. In the case of .tire: 1thermal e:A!vi::-ommm�. 
air and radiant temperatures, air movement, solar radiation, moisture content 
and pollutants all affect the resp4·at9rY, and th�rm�:regulatory system .r� .

. �Jting 
in subjective feelings f fresnness" aiid gener!\( thermal acceptability. 1t is 
impossible and undes·r�ble to uicd�-p����e. �ll this fine d.etail into a standard,, 
which can only be a ·coarse baseJin.e- needing flexiblv and common-sense:' 

2 ' : J_ � interpretation 'by the designer. 
� 
.
, l ':, 

Standards aim to set acceptable·· c6nditions f�r various combinations of 
,-.�-rl"n""'C1f,'.u.,,-.01:1 Tho A1.f.f1ronli-1cu•• nf''l���·, 1tir1n�> �·..:.� 1n�nn..,. 1"'111'Yll'lta nf' h111lr11noC1 f 
""'.1..1.'-'U.l..l.lLJLU.J..l.\,,;\..;LJ • ..1..1.1\.,; U.1..1..1..l"'U.1.L.l""'LJ V.l. �.P.:�\..t . .l.A.J.1..1..1.6 L..U .. t' .1..1..1.':"'VV.1. W.l..LJ..1..1.U.L\.I V.I. UU..1..l.U.1..1..l.o� 

_aris_e_ from many_ causes. The obvious_ one is' that there .are many.. factors�; 
contributing :towards inqoor environment 2.nd therefore the human re�ponse: is' 
difficult to assess in establishing design information for one particular variable, 
such - as temperature or air movement, especially· as the response combiq.es 
phy�iological 1itnd psychological reactions to the environmtrnt. ' l J 1 

: ,, 
I 

A broader level of u�derstanding is m�eded when interpreting th€;·);WQrdi 
acceptable so as to reflect not only the scientific basis of environmental ' 1 
specification but also cultural and social aspects. The la:µguage ·of sust.ainab!�·· 

': ', hnil·r11i,.:,.n.-:i�1'·C'I nhnnt ,...J·1�.-:it1r ... :ilhr �;.c.:.nciftf.,r� Clf�n,...t-..,,.ia'-" ., .flOv,h111t·u t:lnrl t:l·rl�-n:fuk�l�t:; 
UU..1...1.U.J.J..1.f;.,,-, .1..,,-, U.UVUL '-'..l.Ll.l..lU.l..1.'-'U..1..1)' .,,-,"".1..1.,,-,,U,J. Y \..' t.3L.I. U.¥11,.U..1.""...,, .l..l."".i'lr..l.U.1..1..1.LJ U..1..1.U. u.u.u.pl.U.U.1..1..1.L.J o 

Often design standards are to� fixed. Criteria _cmlld �� mt>�e _malLeahle hut __ this 1• 
requires ... an approach "'f hich can focus upon cult1;1ral variability of \bu�l�fi�g 
occupants and upon their creative, multi-dimensional interaction with fhe hnilt 
environment; Patterns of energy consumption for-exampl� depend on·people!s. 
decisions which .are rooted in attitudes and actions. U1timately a series of ; l 11 i · : • 

I 
decisions, some of which become habits, constitute a lifestjyle. 

. . - ' . - . . - �-.--li 
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Standa�ds nee'd, to' be dumb le over time but presented in ! a flexible manne� ��ii 
� that they can be .updated as info :mation becomes� available .... It is also-,equal1y•: 

important that the standards should be user friendly and easily accessible for the 
designer. Algorithms for example are a good way 1Jf summarising decision­
making procedures and for testing alfeniative· soluKon:c; ; ' 'There 'al�o' rteed� 'to 'be· 
interactive links clearly indicated with other national or international standards. 
In the case of international documentation the regional variations need to be 
highlighted: The' I 1e:ga1:� ':implications'\; oif - using ; staridartls; ! 'cilways i1n.:eed' 
darificatihni 1 . •  .!(").,; .,. • ., : , · ' . . • , ., '· ·: ,, , , · 

.. ·, l, �· I \ • . . j j ·, ' ' ' I ' 1••;.-: fl 

To ,_demonstrate the: :diiffictilti'es of :wtiti'.tig •stana:Irds ; cdnsider • th�: cast of· fresh: 
afr 1ventilat'i6n :tatesi;in:single and landsedped'.offices. <-The·following t�ble' gives 



the : .. comparison ·across· s.everal countries ,and: ,it cm be seen that the variations 
will ·.,have. a !,significant.1:,effect · .:on .)1:<;:nergyd'and :comfort. International 
harmonisation i�v�ssentia'.ll. ···1 ·f:_. ,,, : .u;::. '.''.' _, , · · 
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Tab�e �;._;J\'.l�nim,�m fres.b. �ir,ye.:p.til�ti�n .. irate� .. : - · ·. ,, ; •. . ··: 
d r, ··· .. 
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If tl}iere. i.s1 world:;Wtide iµ�er�t iµ e1wironmeJi1��1. �ustaina,pility !here needs to �e, 
a coherent formulation about ventilation. The European guidelin,e.s,, are 
attempting to do this via CEN/TC/156/Working Group 6 and it has been 
prop,(J)sec,l tP.a.! tlJ.��e,._sijpu.W)J,�J��ftr�;�!�g.or��s to ccwttr:Je;vels .(o)f l� % 11140% and' 
�O.� peopJ� 4�s.,sati�fj.� i;espe�t�vely ·J ���Il,111�1:�'\�tr, o( �,singl�. of{ice. t�i$: ,woukl. 



mean having ventilation .rates of ? . 3 ,  1 . 1  and 0 .  8 1/ s m2 floor and ·for 
landscaped offices values of 2 .8 ,  1 .2 and 0.7 1/s m2 floor. In addition to this 
basic ventilation rate to dilute. the odours from occupants, there needs to be 
alloyvances for smo�ing and contamination py the building materials. ; ti, 

, ;· i ' , , : · i · � ; I . 1 l i ' . -

This particula� example:�_hows how the original.work of Yaglc,m in J936 nee9� 
to be changed as knowledge h�s increased, and .the use of a mucl1> 'Nid�r range 
of building materials has become common practice: Jhe�e . needs to b�.; a 
_conti�val updating of ventilation standards. The decision to, have sr�oking in, an 
establis�cnt is one that is taken by the client and will tefleC(t social .attitQ.c �s in 
society at a particular til¥e. The possibility of contami:g.aHon by tbe ·yentilatio;q. 
c·uct,::::a.m 1tci'3-lf f''ln h13i nrl3i'l7Ant,::Jr.r1 h..:r q n..-&a.u'3int�t1·u,::::a. 'f"n�1nt'3inf').nf'\o. n..-nn't"r:i'f"n'f"nt:Jr. u J �-""'-"..1...1.A. ..l.'-U'"'..1..1. "'":"... ..uv .P�·""'"' V..1..1.LA .... '-&- v J u. y.1. v y V.1..1.l.U.�f:"': ..,. � • ..1.�·�U..l..l..l.L':-'.l..l.�.l..l.'"'V. :',p·.1.·voA. V�.l..l.ll�.l.V� 

Knowledge about the emissions qf building m�teri�ls wHI r(!.pidly. jqcr�ase -�� 
measurement procedures become standarcl,ised }�nd aj�q: �Of{:f; s�nsitiv�)J.y. t4:; 
use ,of infra-red detection systems �:i;id ohrowatogp1pµ�h\-;\\i. )"·' . ..... ,\ ;1 .. ·. . •: 

, . 
. PRESENT STANDARDS 

. �l.•'}l.;l • ·' � ) f d f  �):';,(ii ��'1:r� 

We need to assess if a co:rtlfo:rt��le: ·tno�Qr, er.vir9rinJent : js a n��.essityJpr, :.�i 
occupants good health and high, prpduc;;tiv_ity. '¥r rµiiy need t9 r,e��fit;le cq111f0.rt 
in Lenus uf well-being ,. There _.ar�.; �li.ree., curnml slandanls providing guid�nt+ 
-fn .. th,. """"""""""t ,,.-f nr-�11 ... ..,nt r-nm-fnrt· A c;.'!UD AP .,t..,nrl..,rrl <::;<::;_O"l I A c;.'!UD AP 
.a.v.a. 1,..1..1.""' u.��.n.1�.:h.J.&..&..1."'J..t.L v.1. v""""'".1:'��.1.;'i :1-'Y, '1't'l.�Y� !•i•r ..t �\..l/.l.�·�� s..;1-:" �1-.u..1.�u.� . .1. u. � -{; """'-' t\� 1..µ.1...1.��;s..L.1, 
1992); ASHRAE �ta�dard .6��8?.jf\�f:IRAI;,) 98Q),; anq, TSO,Standar;�,.77,:�0 
(ISO, 1984) . ,They :an em,ph�sise .the�maLi;omfor+ ch<1�:9veraJ1 comf ·i:t. 
Based q� Fari'�er ·-� ·, P¥V /�P.'()u ;mode�,, . the 

. - '" _ I_ __··1erm(l l - co�fo�t 
standar9 ISO 7730, has been,.;t1pdated1:. but -' · - - -1 a8i �ii.� 11e�1 
p�e,�taf'�'1lrd pr J?NV 1752 1Vff!-(�latior:i, ,for Ji 1__,·�.: [>'Si" .;0 ;fJ1 :hl? 
lnrJoor.Envtronmerzt because iU� felqqat the�t )q_J; LWcl:i J;.,. y dqta,,.��t 
�a1s µ()t: .been fi:i!lYi, v��Wat�d .in the field .. 1 Tt, t'r:oposed . . · �t�1 - - - · 9n 

. 
iml�or; 

�l�ate, ��i .baseq, o,.n tµe \J'.O�k19,f F��gei\ ( 1970) .  :J.er;e �a�_, beep_ : ady , stf1?:;tW 
of notaQle labpr.c;t�o�y work .enw1'ating .fyom �i�. ,�bpr1�ory �irice ;.t �iWY" a_nd. 
thtt' key. references .to thi�, ar�, i:��I tl'.e .;18HRA E Ha�dilpo�, q�;f ·ffll - :,11:e1?f P,{S.:) 99? 
.Ch(l.p'1er8. ,· ,. ''!:!. I:'�) 1/' .,, � .. · - \- 1i. '.·,'/ •'l:j v''�;,>··Y· 
Healtqy bU;i_ldj1:1i.s:: requi�r: .. a9.�q��t� r. 94antitie� : .. of,, fres�,1. ?.ir,, · pl;iJ. the , pr�sise 
arµ9;um , of fre.sJii air is, ,�ifftcult tq, es�:V,n�ttr; fanger. :n 98,8), h?,s _,q9aJt��fied 1 a�r. 
pollut�ion sow;ses .by; �8mpari�g J�trµii1�i�1 �1'. sed�nta};Y. per�pn i� tl}��ll'.la.l 
��mfm:t. The olf is qefin�d,,�& rlh�11Fmis��Qlj1, rate;.,qt,allj poll�tant ,f;rptp,.,a, 
standard perscm. The �erce_mag.� 1of ,p�Q,Rle (l�SS?_tisfi.�:1 (P�D) \\'.i�,, ,th� 
emissi9R-s of one persqn, \n a -�(lbora;tory, .p��·m9er a;�,�. fup.ctiqn of -ft:�s�; ajr 
ventil<1( OR- ra�_e (q inl_f;s >�pl� caµ 1>,e,,a_ssess�4rf'.rq�:'.: 1 ; , ,. · , ; ,, ; i.:-:;;; 1 • ,,. , , '.}-· •• , : 



PPD == 395 exp (-'l.83q0·26) for q >' 0.332; D = 100 fdr qu< 0.322 ' . ., 
I ; •i I , 

A decipol scale has been derived where· the decipdl is the perceived· air 
pollution in a space with a pollution· source of one'olf ventilated.by fO l/s of 
unpolluted air. Steady state conditions and complete mixing are assumed. On 
this basis healthy buildings are defined as those whith have a decipol level of 
one and·,below; whereas sick buildings are defined' as those which have a 
decipol1value of trbout 8 to 10 or above. '·' 

A paneh>f]udg�s 'sample the" air in the environment. It may be that: we ·need to 
develdp;S1t5me'.fot1fr of analysis using 'gas chromatography as an objecti'Ve1"basis 
fol' i assessing· th� 'amount df ·fresh air required in a building. N evertlietess, 
attention Has been dra\vff'tojthd· fad that ·not only people, but building materials 
and· :-�ventilati�h systeins "thbmselves 'contribute 'towards . the pollutants in: an 
ertvironin�nf,n�ffact that i� tecognised' in the draft ASHRAE Standard 6'.2c.1989R 
Ventilation for AcceptabM'tndoorSA.iF Qudlity: The effect of smoking has been 
emphasised over the years, but the importance of building materials is a n�wer 
aspect that needs to be taken into account. With regard to the airflow 'sy�tem 
maintenance is vitally important. In drafting pr ENV 1752 across many 
5 ·op�an_·:c6untries, it 'becMne clear'thafthe' fre�h afr requirements· in different 
c&irttrles �ari�<i·consideral>1y'·arld als'othere''stilfremains much work to be done 
tO 'ascertain the 'corre6t amount of fr'esh ilii:hee'ded in' �paees which are naturally 
ventiiated, mechaniCally ventilatecf 'ot aircdn'ditioned :: · ·, . 

The steadfstateieilergy model tepresedtfug b{h�at excmilige between the body 
art8· 'its ·surroun�ih�s\ usnaHy �ssumes·1thatl.tfie1;b8d�1:1s\1ih a state of thermal 
equilibrium Witli�negligible1h'eat storage. ·various thermal excha:n1ges by sensible 
l1M._. ··;JJs from'.'1ttte'.'skill;''evapbrative heat lbs.s ·and respiratorf iosses re,sult in' a  
t'6t'. , '·'Skit!' heat 'loss. ahl. fr()m: '!ll�e some' assririiptions have to be m�e 1\Vit� 
ie�ect to '.�he' e!odlirig ! of tb'.� fiody covering. in<lst of the skinS'1 ·�urface .�1' Piirther 
a��tlhlptions 1 1hWe' 'fo:, be 'faade ''. lWlth regard �o metabo'lic h'eat · generation for 
vifibils 1ci�trvities:;· Hence ·it , r�· ·not·: surptising1 tiiat 'ili�re is so1tle coriSict\!i:aole 
v�riatioii beHveen"individuals �ith 'irespeet t6' 'Judgement of reiliperatiit�' ·since 
the' 1.baS1c1'·\1J'i1.ysidiogic£il ·''t'espbnse's< dfrfer Widely: for iricfrHauals. P�oples 
sensitivities vary con�iderably. Age, adaptation, sex, seasonal and icirc·�d.ian 
rhy�s. �'ocafthertnal''discdtnfort: factiant"Mymmetty, tempeta:nq-e gradi�nts, 
air quaiity, tl1ednal 'c'oi'iducnoh,posttl e,rali ·�aiy frorH bile ·ind'ivitlual to ari.bther. 
Wfi'ilst:' acceptmg · tb'at· ricV singtd 1 envfronmerit is' judged satisfactodly 'by 
evecybodY!:1�'bti ff they· are' wearihg"idehtic1al clothing rtnd petlf'orming the same 
activity, ·the 1corilfoft· zo'ne-:speci£it:id in' 'ASHAAE Sfandard 55-92 is b�sed on 
90%; ·acteptahee ·or 10 %' dis'satiSfied. ·� Fi\nger (1982) related' the predicted 
percentage dissatisfied (PPD) 't(j the }jrediCted iriean �ote (l>MV) as folld\\rs : -



,PPD =:;= 100 - 95 exp {-(0.0335311PMVi,-:h O:r2179,P�V2)] ·: , t:. 

i ' ' I ; ,f J ' � I I l' l ' ' ( ·, i r ' )i 

where, dissatisfied is definec;l as anybody not voting: either -:-l, Lor 0. A:·PPD of 
101% -to corresponds to th� PMV range of:+ 0.5,, - Q.5. and it,,should be noted 
that even with a PMV =0 about 5% ofthe;people1ar� dissatisfied . . 

The draft Europ�an standard (pr ENV1 1752) prescrib�s a· PPD for the1 human. 
body as a whole and does not asse�s loeal discomfort. :Thre.e quality:,categories 
are d,esc;rih.xl,. Category;,A:correspoods to'1ess than ,. 15% "PPD; category·1R for 
PPP less than. 1.0%· and quality: c�tegm'Y C for less than1 30% �s judged ._for the 
whqle,b_ody. Locd disqomfor:t criteria· z:rerthen defined for dr�ft, �emperaturn 
grn.dient, warm, or .. cold Jloors and· radiant: asymmetry:· 'Fhe difficultl�� be:m. �'." 
nT't.-f"\1"'a...,.+ l...canru'1na ;+ ;n "l7L"ll.1"'"lT. _...,,..,.l.,,lnr. ,..,,,...,,+;,.... for. + .... 'l:T o.ttrl- .-1.a.f'; ....... .o. nn. �nT"t"lJ: ..:r.n • lac-. ,;...,, 
q.pprA�-,Vl..1,l,' L!V\;/.UUi..')\.i -'·" J_i.,') Vl\.-..l ,, __ •J'.1. VU,l'-'.l;llCl�J,.\W 11..v; l.J. JI CUJ.U: ... l1 ..... J.U,L\..I dC\V .1.1.l�U,J' i fl','U.1.:.�h'.1.#¥U! ,1. •. L.l 

�m�b a! preci�� r, manner esp.e.cially in, . a naturally : ventilated , ,building; Jin 1; a 
�a�matory 1situat\on this; is·j :n�arly11 ,possible,, but reven:. then difficulties_. arise 
because of variations between subjects being tested. :: , '\'' · .  · ;• i ,,,_,,, ·. 
,Wha:t ki,n,ds of i � v,ariation �can,. 1 one., , expect ) :betw'-een,:. dield. tests anc;I, ', 1;'2:,.nger' s 
pr-edictiqn?, 1Measureme.nts1made in;·xariou� lecture JfOO:::tS! ;at th�t,UniNersitJ11of 
Reading 1 Bb9w that thelie,, is . a notable ,--,difference between judge�j 1ents 1madej11;;.t 
h�ad andi foot level,. :and the slope:s pfithe line between thermal sensation .<»id air 
temperature::d:iffec by: as much as· 2�C for the field tests a:d.d:,\he fab,o.ratv 
prediction (Crioome 19,92) . l'his i becomes more evident 1above 22°C. In a mi e 

Fanger 097,0� witht measur€d, · dait�· ,by Brager., (1992). tbat ! again therealff. 
signific;mt. --d,ifferences ]Jetw�en .the: Jield · and i lab.oratory, : data.- 1, The pr.a§f�(: 
f.f:�ec;.tSi:Of these differences 1are· thatev;en at 1°•C ·diff�rence, betw��n labcu� 1 
pr�,dictiop.�r·a,nd fit;�ld rp.easurement{) there is a p�tential en�rgy :Saving CU ::1 e .. 
6:«81 % ;,.,.witb a; 2 �C 1difference the £UJ;I.Qunt of enm;gy .saving, :rises . to: )e.t : .�f' 2 
and· �6,% ,:,Clo�hingr:vari�tions o:f 0.1 clc; can e5fect'4--:5.% .energy:.savinis. tt. . •"" 

Current comfort standaJids pr.es.c:dbe .ff static . "ic:ef!.W i 1temper:ature ;�ti er ;'l . 1. be. 
w��nt<.lir;.t;id uniforJnJy over _13pace (lr,d over tiro1t.; Thj& 1is unrealistic·!)' rl""ou kad 
t91 wasteful fuel .con.sµmption. ::n1e.,vxp�r·ience of an, env)r.o,mnen� .a:Yar ii.i.1 menu 
i� ,dep��dant QI). , ones; ·past -experienc0es ; aad s-o, 111, �time :�eq:uence,. .i;nalysis ds1 
img�rt�nt <.lS pepple, ,adtq)t pJ.).y,siQlQgi_c:,llly :�nd. behavioutall!Y,, in .acct>rr(flancei :with 
changes� expect��iq:ns 1@4 pli�[�ren,Ges., The,t� is gro--,viug diss'.lt,i,:sfaction .with thei 
static comfort temper�1;µres , pred,�c�erj: usiµ.g, , :. ·a�itiqnal · .model;; . basedJ · oin,, :heat. 
balance theory and laboratory data. This is coupled with concern about the 
increasing amounts of energy required for m�intair.ipK tbe. th��mal �f!Vironment 
in buildings and its attendant environmental impacts. Static indoor temperature 
st�nd��ds ,1 r.nco�ir1a�� ; . , t�e.,. 1us.r: .of ··, i Jl.igqT.,�T,l�!,gy .· ... : ei:iyif pnw�n,�al . 1 co��rQ.� 
strate(",���apd' �r:�l���··rPI:mp�s.: fPft:,·'n'R1sp , . t�mp�rn.tur9 i ,y11ww<:m,, IS,;';e��h�r 
inevitable or desirable, (e.g. many passive, energy-conserving solutions, or 



innovative mecliahical .enviroilni.entak �ontrol strategies). In comparison, an 
adaptable (or a variable) temperature standard that recommends temperatures 
which' reflect? the climate. :surrounding the'• building1. would reduce the indoor_:_ 
outdoor ' temperature :differential and J could be expected : to reduce energy 
requirements considei.Tably (AuliCiem�d9�).J� ,.,, · · ,, 

Humphreys .and.iNicol (1995) has .collatoo:;data\ from numerous field stutlies 
made. in sevetali !Countries which demoustrate that most of! the variation·, iil: the 
in.door temperatureltequired for eomforr:tan(befe:xplaine:d by.the changes·�in the 
monthly mean out� 'door. ::iCmperature. For'·· tbe> case· of . free.;ltunning ., btiildings, 
there is1a1strongrlin�ar correlation between trionthly mean outdoor. (emperttttlre 
311Id >the: indoor domforti ternperature; 11eceht wdl'k suggests that: the ex-pone'l'lt'iany 
weigh&d: ·;running 1meari .outdoon_ ·temperature may . improve , the··:coirrelation 
further:•1Ddi1Dear.•,an<!hAuliciems)r(1985) �nalysed a latge1'number of field 
surveys�; and :derived· another comteiFv•temper::rturei equation:, based on me/an 
outdo0r temperature. . . :! r� _._, -·.Ji ' ·  . 1.,:_ • {' ,._, , , . . :. ·::.;_:·i'.:r' 

The' atfaptive apptoachl; recognises ; tliat people , use· 1 numerous sfr·aitiegies! 1 ·t6 
achi'eve therrhall!comfortv' lfhty ate not :inert1 recipients of 1 the environment,) but 
interact\' with,1n to optrnmise �tllteir ,· cortditions, •The .adaptive;,' petiple-'�ntreci' ;way 
ofl;r��rding .th'trmat1 crbmfort suggests that :it vJould be advantageous to>�re­
formulatie ltemperature sfundards for buildings\ so.ithat they reflect-the enipiri.cal 
relation ;l}etween climate ahtl thermal ;comfort ana mttke due ··alfowances. for 
human'adaptability. ·w � .. ,; ·.'11 ·::·· , 1!:; · . , • .  1., ,1;· 

The ASHRA!E_:Standar�S.S 1has a rudin1enta'ty' all©wain.ce fot''dirriate; in1that it 
advocates -'tempetatures iWhicihf differf 1between sU:mrtler and �winter>·Adaptive 
results can· :b!f ·used·. to.J refine ·th.is · allowan'.ee< J by.; linking the indoor\· comfort 
tempeliature· -''tD ,, ,theu outdoor:1 temperatllre throughout • its · Seasonal and 
geographlic.l!lr variation;1 this W<'>uld resuWin: 1inctdased design .ftexibilit9'Nwith:Out 
reducing »;uSer:. satisfactii'.lif. 1-Iuccmld als'o lead'ito reducing. th'e capifcity:1of 
instaMed heating11and1·eooi�rig:·pi\mt,-and thus1(save·energy·. ::: �,. tr1 .r'::i .ii" ·,) 
Fot?l the: ciase:.;{jf free;.running · ba·ildings;• there1::is, a. strottg ttlirib:r correlation 
between <'moot1Hiyi1.·mean:r. outdoor,::tempera'tlire 11a>nd:' the' -indoor ··"comfdtt 
temperatliilte, �'Whererui fot; ;other;' buildings ithere :is a ·:faifly )strong cutVilinear 
11Hati01iship1 <Which1 catl• ;be: improied • .i'f die filearr daily Il!l::iximum ·temperature of 
thb hotteS1.I inorlthi is· iised·a��:ati <cidditfohal:pir�d1ictor3 !Sfatistital,ahalysis of1 the 
field data sh6wed '.that' :fdr· 'fteeltruJi.lniFJ.g: buildings -(Hump'hrey�, 1970): · 

:'1 Liodc �J".rj�'H(l.i ,,, ; / �!'..,1.'1 ( ,: � i' ' ,L .I' \(�C. ;C :(I t··q� 
' '.i"if!U!l0 n' �·:'ft.9 +i0.534 *'tff�;, �:Ii · .. Ji · '· · '� 

� 111�'.. l�:�;i :::'�!' _i;.o�-t Hti '·}� �.1;'', :-1:.1J-)tr1.1: 1J�� qr.I n·1� I .. .. . / · _:>-f-'�-: ·:;·'.I '.;�I 

� > ' l 

' 
� \ f I 

Wh'er�'0 � Nrtlie; ptedlcted .fi�tiira1' 1blhpeiature:'for. thermal ·cbmfort and 8 0 is 
the' mean outdbdr tempei,lriire"fot til�' ltionihs beinfconsidereCi;'. this reg�sslbn 

�.�, .�f ·�).f'1'L··.1���.:� ,l,.Ji�\:1 .. ·��.\( • .1,!��:-: .. ��,'v:.:.�·:; .. '.·f;'.�· ·: �·,� ·.'· .. �::r�\:\tt "':'l::L::�, .t-,, . � . ... r .�:.· .... ) ;,·· · �. , · ·  



equation has a coefficient of correlatio:tH:!qual to 0 .  97 and range of application 
is : :10 °C < eo < 33 \lo.: )' " , ,  

The indoor environment is affected by building' , construction· as well 1 as the 
services systems! Buildings have· an: · infiltration chamcteristic; ·' ·well · ·  insulated 
buildings usually have·· ·higher internal sutface temperatl!lres and· 1are. warmer·. 
Massive buildings are I usually cooler I than . '  ligb:ter� ,ones . Warm li moist 
atmospheres can directly contribttte toJ i sick building. syndrome but also 
indirectly, because they can encourage microbial -,, growth, · and � thus < !affect 
concentrations of air pollutants . Ait · imovc;iment : :has · , an effect ori1 · therirra1 
comfort, ·but it may have an independent effect · on ·some symptoms because: ' it 
effects heat , moisture and pollutant distributiom � :Irn;l(l)ot, • enviromnent1 ' 'is , a 
,.l , ,_ n_ : �  ��-t.:- n+: �- �,: -1.. •• n : � n l  �t.�-:�nl n � �:nl n - ..l t.: � l � �: �nl ,:n �+�-n uy uruun .. \,UU1u111auu11 u1 p11y C11\,a1, "'111;;1111"'a1 , ilU\,ta1, auu u1u1ue,1"'a1 1a\,LUt il ,  

which in total affect human health, well-being and comfort . Standards need to 
reflect these issues . 
Abdou and Lorsch (1994) conclude that temperatures which provide optimum 
comfort may not necessarily give rise to maximum efficiency in terms of work 
output . The difficulty here is that this may be true for relatively short periods 
of time, but if a person is feeling uncomfortable over a long period of time it 
may lead to a decrement in work performance. However, there is a need for 
more research in this area. It almost seems that for optimum work performance 
a keen sharp environment is needed which fluctuates between comfort and 
slight cool discomfOit. Abdou and Lorsch (1994) conclude that in many case 
studies occupants have been highly dissatisfied with their environment, even 
though measurements have indicated that current standards were being met. 
This highlights the need to review standards and the basis on which they are 
made. Exactly the same conclusion is made by Donnini et al ( 1994) . 

CONCLUSIONS 

Comfort should be viewed in the context of well-being and hence link the 
quality of the indoor environment with employee productivity . It is proposed 
that research is needed in the following areas : 

• The meaning of comfort and the differences between the terms comfortable, 
acceptable, preferable and tolerable thermal environments . 

• The link between productivity, well-being and comfort or discomfort. 
• The relationship between thermal comfort and other design requirements 

such as air quality, noise and light . 
• Assessment of the Analytic Hien:rchy Process (Li 1996) for studying the 

interaction of environment with productivity thus establishing the priority 
factors for the design process . 



• Opt��l · design and the : relationship. betw,een temperature, eeonomic;s , 
health, productivity, energy use and comfort withirn the overall context of 
the management andiprodu�tion pr,ocesses ; ·; t , , ,  ;-.. . · ' 1 (  · , . , · ,  

Therte �1'! ,a i need to, develo� :an ,empirical mode.I to en�ble. greater :understanding 
of . Jaulti-sensor;y weU�being 1· of .occupants under:i r6.tlli:Stic dynamic ;� working 
conditioru>� and to ·devdop: a .  oorrelatkm between _multi-sensory oc�upant 
comfort, ;  well,.tleing �nd1 .1 fp.roductiviey. Most work concentrates om tltermal 
comfort for groups ofipeople · and�Jthis is . unrealistic for . �  basis of environmcmtal 
design. This alternative holisti_a, ·apprnach will enable standards .to1 be evolved 
whichc,ane realistic .:and J1ecognise, the i .combiptd value of loW' energy, · health, 
eomfoFt· and. productiv,ity. :in v.at'ious sifuatrons .. . ,_ , ,; · ,, 1 · · · :-i · . . / 
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