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OCCUPANT INTERACTION WITH A MIXED MEDIA THERMAL CLIMATE CONTROL SYSTEM
IMPROVFES COMFORT AND SAVES ENERGY.

D. M. Rowe, B. Forwood, C. T. Dinh and W. (i, Jutian
Department of Architectural and Design Science
The University of Sydney. New South Wales 2006, Australia

Occupants of a suile of seven offices intervene 1o adjust their thermal environments by manipulation of
ventilation throngh doors and windows and by operation of supplementary cooling and leating equipmient when
considered necessary, Itervention actions, space temperatures and eneigy constmption have been monitored
continumnby (e twelve months, Energy simulation aexdels have been used to compare the encrgy conswinplion
with an estinate of what might be eapected with o conventionl ductest an conditioning system or the sanwe
space. 1is reported that the recorded energy consunipticn is appeosimately one gnarter of that estimated tor the
alternative system. Oceupants rate the space highly for satistaction with the thermal envicanment aod air quality

1.0 Introduction

Sydney, Ausiralin, enjsys aomild clinsie with benign winters. snifed spring and autimn weathee and winm to
hot stmmwers, B is possible (o be thermatly condotable indoors for mnch of the year withoul resorting to
mechanical intervention when biildings are desigmed for passive control of encrgy Hows amd wingdows wond chens
¢ be operated to i vonditivns s scgnired, More or less stimitae conditions prevail in the heavily popnlated
regioms it Austration s de Dear el 01 has deamonstrated that this is so For some seasons in many other parts of
the world In st places, however, there will be occisions when intdoor conditions will move above or helow
scecphitble contlon lomits unless they can be sadilicd by the operation ol some Torm of supplementary cooling
and hesting equipanem

Desptie the trequent availability of Favourabhle ouldoor conditions it bas beeoie costamery in iy parts of
the warkd over the st thiny yewrs or so o enclose buildings with fixed windows amd to rely an mechanical
cooling, heatimg and ventilanon year tound 1o maintain habitable eotditions imdoors, This is made possible by the
expenditure of Luge gquamities of cheap coergy tooihe extent that about balt the envigy consumed in a typical
allive building is vsed by the clintie contral systens.

Tis new becoming evident, however, that these arrangements do not sabisty @ substantial pamt of the
ocenpant population, Dully rel(2) has suggested that "The obeious preference for the natral cnvivonmens, and
the hatred of air conditaming, 15 inereasing and i even beginning 10 be clearly seci in North America. He goes
on o say “The Noridy American idea that the building is sepacated from naiee, hermetically comtrotled and
engineered i snch o way that it provides a stable intesnal enviromment, is not o sustaiable ide.”

Rowe rel.03) has presented scones for thennal combort in twelve suiles ol offices which were studdied in the
pesiad from 1992 to 1995, The sample iucluded o in e or less Tree oming spaces. cight that are e
conditioned and twa i aee ventilsted through doors ivd windows and have aceupant controlled, on-dennd
supplementiny eonling and hemting, As indicated in Fig. | the best scores for thermal confort were achieved in
the latter two suites (onbers | and 1)
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| D Naturally ventitaled with on-demand cooling and beating | | Nat. ventifated with fans and portable heaters

D Natwrally ventilated with supplementy cooling . Air conditioned, fixed windows

Fig. 1. Thermal comfott scores in twelve buildings. Rowe ref.(3)
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This paper presents the results of continuously monitoring occupant interactions with control elements in the
suite identified as number L in Fig. | over the period of twelve months from 1 August 1995 1o 31 July 1996. 1tis
reported that energy consumption is approximately a quarter of what would be expecied it climate control were
providad o the same space by ducted air conditioning with fixed windows. [t iv concluded that this very
considerable saving is due to the intermittent use of the supplementary caoling and heating equipment. 1t seems
probable that a large proportion ol the occupants use passive controls by preference o maintain their comftort
condition and only resort 1o mechanical intervention when this is not successlul.

As reported in the Sydney Morning Herald sel.(4) Australia has secently come under intemational criticisin
for its reluctance to accept tirm targets o the reduction ol greenhouse gas emissions, Ina world whete opinion is
moving steadily toward an understanding of the need for a the more sustainable relationship with the
envitomnent, a mixed media strategy for indoor climate contro) such as this paper describes represents o

reasonable compromise between sustainability and comfort in buildings.

2.0 About the Project
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Fig. 2. The project site.
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Twelve peaple oceupy a suite of seven rooms used as offices in the architecture building at Sydney
University. Total arca is 210 m?, The rouns are ventilated through windows and daors which can be adjusted as
required by the occupants. The roams have been equipped with reverse cycle relrigerated fancoil units which are
available for supplementary cooling and heating under ditect occupant control. Temperature set point, fan speed
and direction of air supply are independently adjustable in ecach room. Background heating is available during the
three winter moaths ol June, July and August {rom the original installation of hot water panel radiators. also under
direct controt of occupants. The area under investigation is shown in Fig. 2.

I will be observed that all spaces are located in perimeter zones ad are subject o direct influeace of
outdoor conditions. Main orientation is to the west with lesser exposures o notth and cast. External sunshades
give some protection from solar heat gains. Ceilings at 3,500 mm. above the loor allow warm air to rise above
the occupied zone. Heavy weight masonry construction provides thermal inertia to damp ouldoor temperature
swings.

Sensars on windows. external doors, fancoil units and panel heaters and temperature sensoes in cach room
were manitared continuously 1o recend status theanghaw a year ol operation from 31 July 1995 1t 1 August 1990.
Energy cansumed by the refrigeration system hag been reeorded from kWh meters on the supply at weekly
intervals throughout the period. For comparison the energy that would be consumed by a ducted air conditioning
sysiem for the same suite ol rooms was estinmisted using the energy simulation package ESPI ref.(3). The madel
operated an air cooled packaged unit with variable volume air distribution and an outdoor air economiser cycle on
an hour by hour (ile of Sydney weather data for the est reference yewr 1981, As a check a simulation using the
same weather data was runindepwnddently using the American simulation package DOLE-2. Occupants were asked
o indicate their satisfaction with thermal comlort aver time on four occasions in April 1994, July 1994, August
1995 and T'chruary 1996 and the sesulls were reported previously by Rowe rel.(3) as illustrated in Fig, 1.




3.0 Results

NMean indoor emperature was maintained o working days thronghont the year in the range trom 20 to
250C, During this period outdoor temperatures varied between a low of 12°C in winter and a high ol 379C in
sumimier: A stiong tendeney was observed towasd selection of indoor temperatores that were higher on warm days
and Tower un cool days, Temperatures in individual ooms iegulacly showed variations up to 2°C on either side ol
the mean The daily temperiture vange at 3 pnvis illoststed in Fig. 3.
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Use ol the Tancail nnits s ibustrated in ligare 4 which indicates the number of units in eperation an cach

work dJay at 3 pmowith the concurrent cutdoor temperature, 1tis observed that on 72 o 236 days (31 percent) no

units were i operation al s tme ol day and on anether 74 days (also 31 pereenti oaly one was i use. Figire 4

showe that all unite were in use at this time ol day on only (wo days in mid January with four ar more units used

on 26 days (11 perceni) in the period between early: November and the end of March, This patiemn ssigpests g

tendencey 1o turn units on only whew inis necessary to madily casditions that are considered unsatistactory
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Fig_ 4 Number of fancoil units operating it 3 piv on work days hetween | Augost 1995 and 31ty 19906,




Uise of windows aud extermsl diors gl the e e of diy s illasteited o Fige S Five of the ooims hive
e operable windows with one it each ol the rensaining 1wo. 1Cis noted e moce i hait of the windows it
apenedd on ey tour oeeasinns during the yein. The relarionship between antdoor wepperatune sid number of apen
windows is not as distinet ax that ehserved with Gaenid ity shihongh here is o diseersible tendengy for niote
wiswdows @ be apen on e nnlder dis, These romns are provided with sudjusGibde plass Jowevres abos e [he gain
winduw sets and infiltetion i sutlicient Jor sdeguate vemibivion even when botly windises and lonvies are closed,
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Fig. S, Number of windows open at 2 pivon cach work day hetween | August 1995 and 31 July 1990
Atotal of HES KWh of energy was conswned by the supplementay ielapgeration system in the year Sonie
e eycle mode o angineat the
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al actual enerpy constuption and a eorgpatison with estinged mosthly causumption: by the packaged i

comditioning ¢« vérem as simulaed by the ESPH soltware maodel
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4.0 Discussion

The thermal comfort satislaction seore Tor this group of Tour men and cight women, although high, is nol
perfect. This is probably due. atleast in part, to the shined ocenpancy of two jooms by thiee peeple in each aned
another by two with resultant comprommises that are not necessary when a room has a sole occupant. A perlieet
score may never be achieved even without these compromises. Nevertheless scores Tor thermal comtoit in this
building are higher than those found in cight conventionally air conditioned and two free junning naturally
ventilated buildings.

The results are the more exciting in the light of the very low consumiption of energy in comparison with what
would be expected Trom a conventional air conditioning system, No doubt this result is to some extent Jue t the
passive design ol the building with exicrnal shading. high ceilings and heavyweight constrection. However most
buildings would provide occupants with opportunity for passive thermal control tor part ol the annual weather
cycle There is also little doubt that high comfort scores would ot be recorded withont the availability of
supplementary mechanical control elements for use when the need is pesceived.

The results reported above accowd well with the lindings of Bordass. Bromley and Leaman rel.eo) that
building occupants are better satislied with the iidoor environment, and use less energy o achieve the desired
result, when adequate control options are available to them and they can take action to rapidly cotrect a condition
thatis perceived as unsatislactory,

3.0 Conclusions

The need o use energy in o more sustainable way and o sedoce gicenhouse gas enissions s being
recognised widely around the world as it becomes more certain that global warming is a teality. Concurrently
many people are realising that the antificial clinvates provided by air conditioning in modein commercial buildings
are Jess than completely satisfactory.

This study of a mixed media office envitomment has shown that the occupants can achieve high levels ol
theunal comtort by manipulation ol passive conteal elements with mechanical supplementation whew necessay.
Indoor tempetores were maintained within the range ftom 19 i0 269C. while outdoot temperatures ranged
annually between 12 and 379C. ‘This was accomplished by opening windows and doors whea conditions were
judged to be favourables or by the use of aelrigemted cooling and teverse cycle heating when they were
considered necessary. The tesult was achieved with an annual encigy consumption estimated to be about a guanter
ol what would have been used by a well designed conventionat air conditioning system

Although the scale ol this experiment is small and the building construction favours passive climate contiol
the results suggest that a wider application of mixed media technelogy is likely to produce a more satislacton
theymal envitonment for the expenditue ol @ tuaction of the energy used for full scale an conditioning. at Jeast in
the many small scale buildings that make up a farge part of the urban cominereial huilding stock and which tend
to be the most wastetful ol energy and the least comlortable.

It is even possible to suggestihat the techaigee wight be applied to tall buildings il those concerned could e
persiaded to take a dilterent approach to design. Mention of the idea that occupants ol these stiuctures might e
allowed 10 open windows commaonly  diaws negative 1tesponses. Yet early all buildings @ the end ol the
nineteenth century were natially ventilated. And in the last Tew years a nuinber ol former tall office huildings in
Sydney have heen converted o residential use and, guess what! they now have operable windows and doors onto
halconies because, one suspeets, buyers would reject a sealed envelope

Much 15 said these cays aboat “the intelligent building”, In this example sophisticated intelligence in the
reftigeration equipmient permits operation over o wide range ol loads. Thus individuals can use their intelligence
1o cstablish conditions to their Bking. I personal liking is lor a gentle biceze thiough au open window then so
much the better for petsonal comtort and the good of the envitanment.
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