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OCCUPANT INTERACTION WITH A MIXED l\IEDIA THERMAL CLl!\IATE CONTROL SYSTEM 

IMPROVES COMf'OIH AND SAVES ENEIH.;Y. 

D. M. Rowe, B. Forwood, C. T. Dinh and \V. (i Julian 
Department of Architectural nm! Ocsig11 Sdcnec 
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Occupant. of a �uhe 1>f s..:vcn nlficcs intervene to adjust their th..r111al environments by manlpulntion or 
vc111ilati1>11 th11>11gh dnnr;; and '�i11dmv� null hy operation or supplcnw1ttilf)' •<>nlin!,! ond heating equlptm:nt when 
n111sidc11•d nn·css�1ry l11tl·1 v,•t1tip11 a11ti<111�. 'Pill'· temperatures :md 1·1w1gy cnns11111pti•>n hn\'c been 111011iturcd 
1:011ti11uc11"I� t111 twd\'.; n1011ihs En1·1�y. im11l:itiu11 111<1( 1 ·I< h:" 1· hccn u.,1·tl to o.:rnnpnrc the energy consumrti1m 
with an C'lim.11<: nf ""'" 1nil,!l11 Ill' c�p<!l'tcd whh a l'Pll c11tit111:1t 1h11·tcd air rnntlitiuning y h:an for the �nmc 
sp�11·c. 11 ;, rq1orted lhHt the re1·111lkd e11crg) co11,un1p1iu11 i� :1pp<n�i11111t1·ly nllc q11:1rtcr 11r th�I cstim;ucd for the 
alll'l na1i1 e '� '1e111. ( lcn11';111ts rate the Sf':tl'l' highly f11r s111i,fo1•1i11n with 1h1• th1•r111al c11vi1011mc11t �nd �irq11;1lity 

1.0 Introduction 

Sydnc·y. 1\11<1rali11. 1·11.ir•y< :i lllild dim:llc wi th hcnrgn wi111c•1s. mild sprln� 1md m111111ltl 1wath1·r and wa11111n 
lint >lllltllll'l>. II is I'" s1hlc !11 he lhcrnmlly c'<unrrn h1hk i11d11or• r111· much t•I th� )'C:tr wlthuut n:SUl ting tu 
lllcl'11Unil·;t) i11ta1· 'llli!>ll Wftl'll h11iflfi1tg..• ;ire dcsiglll'lf ft•I p:l<SiVc l'<lllll'Of ol CllCf¥)' nows �nd l'lll\)\•WS :tlUI clt><•I� 
t·:111 h" 1•1w1111<:d t11 t1 i111 '"'nditi1111s ns 1eq11ircd. f\' lt11\· nr kss �i111il:1r c1111di1io11s p11'\'ail in tlw hc;1\'ily pc1p11h111:ll 
r1•giu11' 111 1\11s1rnfi:1 and 1k lkar 11�f.( I) has 01'111l111stralcd 1h;11 this is u liu· snmc �cas1.111s in many utlwr parts uf 
the wodd. 111 11u"' places, huwcvcr. there will he vcca>iOns whl'n i11\11111r comli1i11ns will 111111c ahovc or hclnw 
acc1·rtal>k C'<'1t1fn11 l11ni1� unless !lwy �1111 he modinctl hy 1hc •IP ·1atin11ur.111nc 1<11111 uf suppk111l'nt:irr c1111li11g 
and hc;<lill!( c<1<1i)'111c·111. 

lk,pitc the f1cq11c111 :1vail:thlllly or fovoun1hk llulduM c1111ditillllS ii'"" hcc11111c c11�t<1111:irr In 111:111y l'llr1� nf 
the ""''kl ll\'\:r tin• l;i�I thlrt )·t'ars 111' so hi cm·lo"c huihlings wilh lixcd wimluws .1ml Ill 1'dy 1111 111cd11111ical 
c11Pli11g. hcming anti 11·ntlh11i 111 year ruuod 111 111�i11111i11 huhilnhk t'11mli1i1 11s i11d1•1•1�. This i<: mat.le possible hy the 
l'.�Jl•.'llditun: ,,r ilngc q11a111i•i•·s nf dw:ip energy 111 1he extent thal about h:1lf the c11crl;(y l'11nsu111c1I in a ty1'ical 
nl lkc l>uihtl11g i� n'"" hy the c·li111111c c11111r1•l .•ystc111. 

It i. 111""' h1•1'11mi11g n·idc111. hown·cr. that thc. c arrnngc111c11ts do not 'ati.'>fy n suhs1n111ial part of' the 
11ccupn11t p11pul:iti1•11. t>ntly 1'ct'.(2} has sugi,:cst•·cl that '7711• 11/ll•i.•11.� /Jf�/l!r!'t1<'1' fi•r 1/t,, 1111111r.1/ 1•111·i1·1111111!'llt. 1111</ 
tit<'/,,,,,.,,,,<•/ 11i1 c·1111di11•11d11g. 1.r '"""""·'i".� 11111/ i.< n·1'11 /w.11/1111i1111 IJJ be• clet1rly '"""'' i11 /llortlt A11wl'ic11. fl• gcics 
on 111 �;1y "Tll<' N.wrlt A11wrin111 i1'('11 1/101 rlr<' /111i/,Ji11� is .ft'f"""''"" /rnm ""'""''· /1emwtia1/ly 1·011tl't•ll1'<I m11/ 
1·11.�i'111·nrtl 111 ,\1tl'li 1111·11y1lt111it111,n·idi:.1· 11. 111/11<' i1111•1111tl ""'fr111111111111. ;_, 1101 t1.rns111i1111/J/C' idr'll," 

R11w<: rel'.(.1J ha l'rt:scmcd scn1cs for tlll'nllal c1•111t'or1 in twcl\'C suit ·s uf vfficcs which wen: stmliccl in till' 
1v,•1 l 1<f J'rn111 190.1 111 1995. ·1 h1• sun1plc i11d111kd I �" in 11111rc or less free running spaces. cigh1 thi\l urc r1ir 
cu111liti11m1d :111\l '"'" th:n arc vc111il:ttl·d 1l1111urih clnm� and wimlvws und h:i1•c 1icc11p11111 cc1mrolkd. 1>0-dcnrnn!l 
•11ppk111cntar: c11nli11g aml heating. As im.lkall'll in Fiµ. I the hcst score for thermal ClHnfort wcrc nchicrcd in 
1hc l:•lll'• twu <uitcs l1111t11hcr.� I aml I I;. 
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This paper presents ihc rcsulls of continuous l y monitoring occupant interactions with co111rol clements in the 
suite identified as nu 111bcr I I in Fig_ I over the period of twelve months from I August 1995 to 31 July 19%, fl is 

reported that energy consmnrtion is arrrnxinwtcly a quoncr or what would he cxpl.!ctcll if climate rnntwl were 

prm•id1..\l in the san1c sp11cc by ducted air cllnditioning with fixed "'indows. 11 is c1111duded that thi� 1•cry 
considc:rahlc savini; is due lo the in1ern1illt'll\ use of the suppfc111cnta1·y t:uoliug und hc;lling equipment. It seems 
prnhnhle that a large propmtion or the <>ccupm11s use pa�sin: cuntrol« h)' prckrcm:c HI maintain their cn1111'ur1 
condition and only resort lo 111cchnnical intcrl'cnlion whL·n this is not successful. 

As rq1rnted in the Sydney Mo1ning llcrald rcl'.(41 Australia has rCCL'lllly Ctlllll' under in1e1naci"11al c1i1icis111 

for its reluctance'" ai:cepl firm t;ugcls f"' the redurlion of greenhouse gas Clllissiuns, In a wu1 Id whe1c 11pinio11 is 
moving steadily toward un umferstanding nl' the need ror a the lllore sustai1wbk rcl:llionship with the 
cn l'itomnent. a rnixcd 11wdia s1ra1egy for i11do11r climate control such <tS this papl'r tic'sciihe� 1q'1L'St'llh a 
rcasonahlt· colllprPmi'c h,·twcen sustai11abili1y a11d co1111'orl in buildings. 

2.0 ,\hout Che Project 

Fig. 2. The project site. 

Twelve pct1plc necupy a suite ur sel'en rno1ns u:-cd ns nfficcs in the architecture building at S)dney 
University. T!ltal area is 210 n12. The rooms arc vcnti f:1led lhn1<1gh windows and doors which can he :1djusted as 
required hy the occupants. The ronms have bc"'n equipped with 1evc1sc· cycle 1e frige r a1cd rancoil units whiL-h arc 
nv:1ilablc for supplcn1cnta1y cooling and hc:ning under di1ecl occupant conlwl. Tcmpc1«llurc sci point, fan speed 
and di1ccti11n or air supply are independently adjustable in each room. Oackgronnd heating is availahl� tluring the 

three winter months l'r June. Jnly and August from the original installation Pf hol water p:mcl radiators. also under 
direct rnntrol of 11ccupanls. The a1ea under investigation is shown in l'ig. 2. 

It will he Phscrvcd !hat all spaces arc localed in perimeter zones and arc subject to direct inlluc11ce of 

outdn"r conrlitio11s. ;\fain orientation is to the west with lesser exposures to north and casl. Extcrn:1I sunshades 
give sorne p1'111ection lrnm solar heat gains. Ceilings al �.500 111111. above the 11oor allow warm air tn rise above 

the occupied zone. lkavy weight Jllasonry comlruction provides thcr111al inertia to damp outdoor tc111pcrature 
swings. 

Scns'1rs on windows. cxtcrnnl Jnor�. fancoil 11ni1. and panel hcntcrs and tempcrnturc sc11sms in each mom 

wen' mnnil«rcd cunlinuuusly to 1cconl �t :Jtus 1hr11ughnu1 a )'<�Ur of opc1mion fwm 31 July 1995 till I August 1996. 
Energ)' cnnsumcd hy the refrig .. ·r:11iun systc111 Im� hccn recorded from kWh mct<.·rs on the supply al weekly 
in1crvals throughout the period. for con1paris1•11 the energy thal would he consu1n�d by a ducted air condi1ioning 
sys1em for the same sui1e or rooms was estimated using the energy s i 111ulation package ESP!I rcr.(5). The Jllodcl 

operated an air roofed p:ickagcd unit with variahk volun1c air distrihulinn and an ouluoor ai1• economiser cycle nn 

an hour by hour rile 111' Sydney wcalha data fur the 1cs1 rcferctll'C yea1 1981. As a check a simul :ll iun using !he 
.-.1mc wcalher uata was nm indcpendcnlly using ihc American si111ulation rad;agc DOE-2. Occupants were asked 
to indicate their sa1isractiL111 with the11nal cornro1t ovc1 1i111e on four uccasions in April 1994. July IY\1-1. August 
19\15 and Fch1u:ir) 19% :ind the 1 csulis were rcpo1icd prel'iously hy Rowe rel.(_�) as illuslralcd in Fig. I. 
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3.0 Rcsull., 

f\h:;m indon1 lt.'lll(1l'f�lll11l' was 1nainl:iirn:d Pll wrnking day:-;. 1hro11gJ11111t llil· �C•ll i11 thL· range from 20 to 
2'i11(.'. I luring this pt•ri<>d nutdonr t<·111pc1atu1es \arkd i>L'l\H'l'll a low ol 1211(' in 11i11tc1 and a high ol 171'C in 
Slllllllll'I J\ StlllllJ! tendcm:y was observed [Jl\\U:d 'l'il'l:lit11l ol' illdlllll' telllpl'r<ltllll'S that WCl'C hi11hcr Oil warrn days 
and lowl'r till cool days. Tl'111pc1alu11 .. ·s in indi\&idual llHl\llS 1cg.ula1ly �hov.·cd \:11iatit1ll\ up Ln 2°(' 1111 cith(:r "'idl' ur 
the 111ca11 'lirl' daily rc111pc1a1u1 c  ""'!'<'at .I p111 is ilhrslr:ilt:d in Fig . .\. 
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U"· "' the ra11c"il 1111its i' illustnrtcd in li!!llll' ·I '.llriL'h i11dira1es lire 11u111hc1 "'unit' in "!'<'ration "'1 cal'11 
\\111k .la� al :i prn 11i1h !he t'n11t·1111L'llt mrtdnnr te11111c1al111<' It is 11l"cr\'L'd that 1111 ' .'. ol �,\(1 d;11·s Ul pl'1ccnl) II<' 
unib "·l·r·_· i11 opl'ra1io11 :.1l tlti� 1hne ti!" da) ;111d 011 a1111!her 74 d;1)·S (;,1...:o 31 pl'ITl'IH i 11!il_v Olll' \\<IS i11 use. Fig11n· -' 
�hu''"' 1lw1. all 1111iP' Wl'IC i11 ll"il' at 1his 1.i111t.:: Pl £.li1y nn ouly l\\·n clays in 111id January wi1h hmr t•r 11w1e unils llSl'd 
011 :6 dal' 1.11 l'""·c1111 in tht• pcriPd hel\\et·11 l'illly N111e1nhcr :111d the e11d ''' l\·la1ch. Thi' l'<tlll'lll '"�!'est·: :1 
ll'11de11L·� IP turn unit:-; tlll only \\ht'll ii is 11r1..·1,,:S'ii.ll) In 11111dil) r�1nditi<i11s !hill :11c 1.·p11�ide11..·d uns:Hi'\f;1l'lt11y 
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l,l.<i: (1f 11intlu11s :111d 1.!�lnn:il •h·•"' .11 1hc <11111c 1i111c uf day i� ilh1.,11111cd iu rig . .'\. 171-.· 11f the 1t•11ll1' h:l'c 

1111, .,r1·rnhlc winll11w� wHh 1111c i11 t·ach "I' 1h1· 1cni:1111i11!! '"'''· h i� 11Pt1·d 1ha1 "" "� 1ha11 linll 11f lhl! window< :ht' 
,,1,,.uc. I "" 1111ly lt>ur 111:c:1si1111' .l11ri11!! 1h.: y1:;11. Thl: 1d:o1i111ish1p hcl\vc1·111111t.IC'1>1 1 ·111pt•1aturc :u11l 1111111hcr 11f <•p1·11 
11;11.r,,ws i< nl>I :1� dbtin1·1 Jr' that 1•hst·r1·1·d with fan,·nit units alll11111gh 1h�rc i. a tlbi;:,·111ihk tcntl ·n�r 1'11r 111111<• 

11.;111tp11·� 10 111· 1•11•·11 on tlu: 111ildc1 tl:1:•<. Thc<.r 1'1111111' un: 111·0"11kd wilh 111li11�111hlc >?In'� l"'""c' 11h111 .- lh · main 
\\'iwh•w sci< �ud i11m1t�li<•!l i< ,;ullidc111 !or ml ·q11a11· 1c111ila1i11111·1·l'll wht:u ho1h 1 ·iridl' wand ln111·1c· .111· \"lu,cd. 
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f'ig. '.'. N11111hcr nf wi11thl11 s npen al .1 p111 011 each \\'Of'k <h1y hctwcc·n I t\ugusl I 'J'.15 :11ul ·'I July I '!'Iii . 

..\ r.nlal 111' 4115 k\\'h ol 1·11c·tg) wa<; cn11su11wd hy lhc· suppl1·1111·111:11y 11•lrit!1'rati1·11.�ystc111 i111hi: :c•:rr :;'""'" 

.,/ 1hi< 1111 11'1·11 1lu1 111g wiilh·r 11111n1h� wh •11 111,· �ys1c111 w:1s 111><:niti:il in n:,·c"'" ryd1· 11w1k 111 :111l!11w11t ihc 
lu·a1ini: 11nl\·11kd by 111,· h111wa1c1 11a11•I111di:1h1rs. U111·..-11·11111pmi�n11 with 1'11· c ·1i111a1cd l1•1.1I cnc·r ') 1·1111<111111•1i1111 
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"'"1ld ""' lie is11la11·d. 111111w11s:11ln11 f11: 1his w�<; 111trn<l11c ·ll I)' ;11:l·1111111l:UlnJ! 11111) t:1111li11!! 1·ni·1!!) iu th1• c11 ·q:) 
s111111lnti1111<;. The l'i111ul:111P11 wirh 1!1,· pad:t!(C l:Sl'll i11dit':1lcd :111 l'.�p1·c1cd m111u:ol C••11\11111r1i1111 11•1 •:u\•lil!J! nl 
I �5 l1J k\\"h Thi• Dfll�-2 si11111l111i1111 yicltlctl a111">li1:1;111· ••I 15.76!1 l:Wh. l'igur1· ''''"'""'th· 1111•1Hlrl) d11.1til1111io11 
nl llt"lll:tl 1'l11"rl!) CHllSlll11plin11 11111 :o l"l!llllHll i<on wllil t·�lilit:flt•<l 1111111\hl) llll"lllll(lli1111 lw tl11. p:u l .• IJ!t'1I air 
,·.,11.tirit•11i11i; 'o)•�t1•rn :r� 'i111ul:111·t1 hy tht• ESl'll �nl"lw:1n· 111"d�I 
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4.0 Discussion 

The lhc1 111al L'C•l11f'o1l ..;a1islaL·tio11 Sl'OIC lrn lliis �roup 1.J r11u1 lllCll :111d L'ighl \\pJl1�·11. :.dtlwugh hiµh. is lltll 
perfect. This is pinhahly dul'. at lt-ast in pail, t11 thl' sh;ucd .,,·,·11pancy 11r tw11 IO<'"" h) 1h1cc l'l''"Plt• in •.:ach :ind 
;11101her hy 1wo wilh resul1a111 C<>111p1 n111ises lhal arc 11111 11t-cessa1y when n 1011111 h;1; a S••k ocrnpanl. J\ perkd 
score nrny 11cve1 he :ichicved t'l'L'll wi1houl th,·se c11111p10111isl's. Ncl'l'1theless scnll'S lqr lht·1111al t·o1111'1111 in 1his 
huildin� are highn lh:tn those ro11nd in cighl co111L·ntin11ally air rn11di1i11n<:d a11d tw11 rice 1ur111ing nai.urally 
\ entilalcd h11ildi11gs. 

Tin' results a1c the 11111re cxciti11g i11 1he light,,; lhe 'cry low ct•ns11111p1i11n of en•:1gy in n•rnpa1ison with \\hill 
would be cxpcelcu fr11111 a c11nvcnlional air c11nditit1ning sysll'lll. N11 douhl this 1t'st1lt is In so1111' cx1cnt Ju,· Ill the 
passi\'c desi.�11 or the huilding with t'Xit'1 nal shading. high ct•ilings and heavyweight ,·11nslrul':ion. Howc\'er 111\•sl 
buildings would fl'"' ide 1x·rnpan1s \\'ith opportuni1y fur passil'e thermal c11111r11I frn p;11 t ol lhc ann11al weal her 
cycle There is nlso lilllc douhl 1ha1 high co111!'01 I srnrcs ll'oulrl '"'' he 1 ccmded willh1111 111<: ill'ailahilily "' 
s11pplc111c111a1) mecltanical c<11llrnl elc111e111s !'or use when the 11c"d is pe1e<'i1cd. 

The resulls rcp011ed ahl1\'C acc111d well with the findi11!!S or Burdass. Bro111ky ;11111 Lca111an rcl°.tli.l lhal 
building L1L'l'U]la111s arc helter salislicd wilh the i11do11r envirn11n1c111. and use less energy 111 Khicvc the dcsi1nl 
1·csuli. when adequate contrnl options nn.: available to lhcrn and tlll'y rnn lake aclion 111 rapidly ctll ll'CI � n111di1ion 
tlrnl is pc1n:ivcd as u11salis!';ictrny. 

5.0 Conclusion.s 

The lll'\:tl lo use 1.:111..·rg.y in a 11H11l' su'\tainahk 1.\ay and to 1cdUt .. 'l' g1ccnholl�l� gas c1ni'\�inns is hl'lllt! 
1ccPgniscd widely around tile world as ii hel·nrnc�·. more certain rhal !!lohal Wi1nni11g is a n:alily. C'11m:urn:111ly 
many peopk' a1c 1calisi11g th<ll lhl: a1tilkial rli111a1es p1ovidcd hy ai1 co11di!it>11i11g in 111ndt·:n .:n111111c1,·i;il huildin;:s 
arc less than co111ple1.ely sati\!'act1.1ry. 

This sludy or a 111ixed media 111 lil'e envi1011111L'lll h;i, shn>.111 lhal lhe uccupa111S can achieve high level:; 111' 
1he1111al en111fo11 by ntanipulaliPn 1>1 pa-:sil'c co111ri•l t·k11w111s t\"ith 1m:elia11ical supplcrncnlalion whc1111eccssa1�. 
l11d1111r IL'lllpe1:llu1es we1e rnninlaim:d within the r;inge !'1!Jl11 l'J io 2(>11C. while ou11lt>111 tcmpcra1u1t'' 1ang1·J 
11111111ally he11>.c1:11 12 and 17l1C 'I his \\'ns iltT<'lll['lishctl hy 11pc11i11g wi11d(IWS a11d dP1•1s wlwn condilio11s wc1L' 
iutlgctl lo he i':ll'ourablc: "' liy lhc use ot 1er1 igci:tlcd t:nnling and 1cvcisc l') l'ie healing when they we1c 
cunsidt'll'd neccssa1y. The 1csul1 was achieved wilh an annual enc1gy co11su111p1inn L'>li111a1cd Ill he about a qua1tcr 
of'\\ hat would have hccn used hy a well designed c·r11n•e11lit11rnl air n111ditioning sysle111. 

J\ \lliuugh lhL' srn le or I his ex pcri 111c111 is s111;ill and the hu i ldi ng rn11sl1 uct it >11 l'n\'Otll s J"i.ss i ve cl i 111;1te cn11t1 ul 
lhc rcsulls sug,l!csl lhat a wider applic;ition nf' 111ixcd nwdia technulngy is likl'ly Ill i''"'h1n· a 1111•1e sa1islac·to1i 
1her111al c11vi11i11111cnt for the ··xpc11di1u1e or a 1'1m:1io11 ll!' the cnc1gy 11st·d '"' f'nll srnlc ai1 cnnditiPni11g. al lt-ast i11 

lhc 11w11y small sr:ak h11iltlings that rnake up a la1g1� pa1t 11!' 1hc urhan c1<11111w1ci;il huildi11.� stllc·k ;incl \\'hic'h ''""I 
Ill he the 111osl \Vi1'!d°ul Ill' cnl'rgy mid the least cnrn!'orlabl<:. 

II is even po.ssil:ile In suggc:,t thal lhe tccl111iqu•: 111igh1 b•! aprlicd to 1:111 building' i!'th11se ct111ccmed l'llUld l•c 
pc1s11adcd to lake a dil"krcnl approach In design. /vk111iu11 or the idea thal 11ccupa111s o!' 1hcsc s11uclt111·s 111ii,:l11 ""' 
allt•wcd tn llf'Cll wi11dll\\"S cn111111011ly d1aws negative 1cspo11scs. Ycl early '''" b11ildi11g,; a1 the eml ,.i· tl•c 
11ine1ee11lh et•ntury were 11;11111allv \'t'lllilmed. And in lhe last few ycais a 1n11nher ol' f'l111ne1 tall Pi'lict' huiltlings i11 

Sydney have h,·cn t·on1·c11,·d 111 1t'sidc111ial use· n11tl, guess wha11 lht•y now hal'e Ppe1 able wintl1m s ;ind tfo<>IS tlltl•> 
haknnics because. one suspt"l'l'i, hu)crs would rt'jcrt a sealed envelope. 

Much is said these da\'' aho111 "1hc i111ellig,•n1 huildi11g". In 1his l'Xa111ple �11phislil'ated intdligt>ui:c in lht' 
1e!'iigera1io11 equip111en1 pc1 mils 11pt·1·;11inn ovc1 ;1 \\'idc rnnge or l11ads. Thus individuals urn use 1hei1 intclligt•Jl,·e 
to cswblish conditions lo their liki11g. II' persnnal liking is lor a ge!ltlc h1,·ue through ;111 "pen ll'indt11� then sn 
much the hetlt'r for pt·isonal cn111!'orl and lhc gt1od 111'1he t•1ni1<1n111c111. 
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