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i THE RELATIONSHIP COMFORT - ENERGY - IAQ

E, de Oliveira Pernandes
Department of Mechanical Engineering, 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 véry brief for the building design. The
balance between energy use in-buildings and IAQ and comfort must be, _bcfdre 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. g -

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 example of the need for a better
understanding of the comfort issue under transient conditions. The energy use in those buildings calls
for a larger participation of the environmental energy in the building design, including the use of natural
ventilation. Then, the IAQ issue, when addressed, tends to have smaller relevance and, in any case, a
larger dependence on outdoor air quality than in the conventional air aondicioned buildings. -

New comfort information must be given to the designers, in particular for the case of free-rumming
buildings, both in cold climates, for the summer period, and in warm climates, for all seasons.

1. INTRODUCTION

The problem of the quality of the indoor environment has been addressed through several different
perspectives. The threshold limite values used for the industrial environments are orders of magnitude
higher than the concentration values issued as air quality guidelines by WHO (1). This seems to suggest
a clear separation among the situations where the indoor environment represents an occupational or an
hygiene and health problem from those where one is concerned with a problem of comfort. -

However, some standards, like ASHRAE ST-62 1981(2), bring together objective and subjective
criteria to define indoor air quality stating that acceptable indoor air quality is "air in which there are no
known contaminants at harmful concentrations and with which a substancial majority (usually 80%) of
the people do not express dissatisfaction”. It implies that a lower level of concentrations 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 HVAC systems themselves. The tightness of the




Comfort, particularly in the 60s and in the 70s,was majnly a thermal issue, (air. temperature, radiant

temperature humidity and. air velocny) but air qualql.y,,,hghtmg and background. a.mbleut noise also

gradual.ly became 1mportant issues. s
i “]t '

Comfort has been ia.rgely studied, particularly 5lunng the past.thirty years However one; must say that

this does not mean that comfort is a well known parameter and, that, what is known-on comfort hardly
covers all environmental conditions and responds to all personnal or, behavioural 5uuatlons

One could say that comfort has been mostly seen so far as a quasi-steady state issue, starting from the '
experience of colder reglons where spaces tended to be well insplated and sealed and.where people
were subjected to steady ermroments either under heating or coohng processes, for a-relatively long
period. But it was reported ‘that the owners of passwe solar buildings in the {USA, in the late 70s and
early 80s, accepted the co_ns:derable temge;@ture swings of the indoor air temperature quite well. That
raised the question of how comfort is much more than just a thermophysiologic process and how
comfort can be characterized under transient heating or cooling conditions. The case of the free-
running buildings is a common example where there is a lack of information coacerning comfort under ¢
transient conditions and consequently on how to deal ‘with the comfort issue in order to be able to
convey the appropriate information on comfort for designers of such buildings. . . -

doe e

2. ENERGY IN BUILDINGS. ; ¢ "
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_ Energy i is needed asa demswe cogtrnbuhon to fulﬁll sq);ne requxremengs for comfort namely thermal

(heating and coolmg) and hghtmg comfort. For some time, a great emphams was placed on thermal

~ comfort. Dayhghtmg only recently rega,med importance as a peculiar aspect of lighting comfort. This

does not mean any refusal of the benefits and potentialities, of artifitial lighting. On the:contrary, it

simply puts the accent on the specific benefits that  daylighting can provide, whenever.appheable,
bringing together both natural energy and visual comfort adva_ntage#. '} N,

But the experience of energy as a scarcg, resource. in, the, ‘World only seems to have been:understood

since the early 705 when some pohncal crises and gartel "games" called f.or more rauona.l attitudes

i towards energy use _ Ve
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3 r'.[‘he use of energg iin bulld.mgs became:a:problem of energy conservation uuder tWo | main pcrspecmes
.attenyation of energy.consumption-and divessification of the primary forms of energy “Iri the begmnmg,
economics, under: both, macro- and micro-.perspectives, supportéd the-rationale’ for energy opnons

bt “suqh as heat Pumpg | in France an electricity paradise, and in¢réasing levels of“cost-‘effecuve msulatzon
m’l the col@g_r regions, Nowadays, when the energy situation became somewhat more reiaxed, another {
crucial issue was raised: the environment. The use of fossil fuels is Being blamed for problcms refatmg
to global warming and some’ fluorcarbons used in refngeratmg eql.upment have been identified as
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:{‘he altepua_;lpn oﬂ J;he energy consumpnon has asked for the reduction of energy needs for healmg and
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The variation of recommended vennlauon rates has pointedly changed in clos_e response to changes in
energy prices. [AQ has been seen mainly as a consequence of energy use. In fact, IAQ has to do with
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v Bu&ldmg eitveldpes, as’ ‘Way of pfomoting energy economy, the use of some building materials and the

ai o lack of approﬁndte maintenance of the HVAC systems have gwen a parucular dxmenslon to the IAQ

problem. The recommended solutions are source control, avoiding or attenuatmg the emission of

contaminants,air cleaning, and, the midst common, the use of vcnnlauon Whllf: some sources of

! ‘contaminants, such as the occupants; cannot be avoided, othérs can bc chmmated or reduced, through

! approptiate choice of matkrials, and, in parncular the case of the systcms Lhcmsclves, through an
adequatd'maintenanice: © 7 e

' ‘What seems to be sémichow forgolten is that IAQ is not a fatallty for nc:ther the northern nor the

sgoss ¢ southern:latitudés, whchcvcr d:ffcrcnccs in chmanc coudmons and euergy stratagxes between those

% regions. The IAQ issuc must be addressed at’ the des:gn stage The pomt o make is that the IAQ

problem must not be approached under thc some perspectwe as, eg, the stablhty problem in

- -earthquake-prone areas In the latter case, noiﬁmg can help biit to be prepared for the fatality to

happen.For the IAQ problem, the same habpens w:th lhe cases 0f contammants that cannot be avoided,

such as the contaminants derived from occuﬂimcy or pamcular nccessary mdustrwl proccsses But in all

the othereases, there are many options to'prevent the comannnants An essencial role of the design

= process is to create the conditions to prcvent the contaminant’ sources bcfore addrcssmg the cleaning
strategy (filtering) and the dilution strategy (ventllatxon) ''''

That is why the current knowledge about IAQ should be lfmughTt %5 an essenicial feedback for the

design process from the very brief for the building design. The objectwcs of every building should be

1 0ict? analysed and the’ strateglcs for comdfort and for the use 8f HVAC systcms must be discussed from the

e earliest stage of the design process taking into account the different chmatolog:cal caractenst.ncs and the

47 o different energy options, namely thosé'elated with'the climaté.As stated in (1), "Several sources of air

. ar pollutants have-unique national components that aré best subject t6 ‘national control proccdurcs For

st~ cexample, indéor véntildition and heating systems. major determinants of indoor air pollutlon levels, are
heavily influenced by the gddgraphical lodation of the building’.

Wil T Ituis. out- of quesnon that the more ‘démianding the ﬁdoor ermronmental conditions are, the more
<l sophmticatcd thé system ‘Hfust be and, moreovér, the more accurate the controls and the mamtcnancc
routines ought to be. However, technological advances do not necessarily mesn that they sha]l be used
everywhere: it simply means that the designers have a larger spcctnlm of design options to con:ndcr Let
RSN congsideras an example the case of an-air conditiorting syste: in' a building in a region With a mild
PN chnatc As there are potentially longer periodsof intermittent functionning it is more ‘Bkcly to require
" 1 Wstnctcr ma.nptenancaof the HVAC systemfor obvious reasons,-because, if not in use;, it may be a source
poiglise - of contaminants that would notappear-in the building if that phr!lcu.lar type of systetm was fiot the one
o tQ be mstqlleqh;l'hcreforc, there a reason to we:ghb the’ pros’and thé cons of mstallmg some sort of
TTT dr@‘éﬁ? Sifesdis inthisgase s x " aa, T .7 e cavRene il Ly
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‘P ehnuatic: conditions may allow for naturally obtained comfortable- mdooi' envﬂdmﬁe'hﬁ .in_many
cases without any ‘auxilliary systems.Therefore, understanding comfort is necessary for a good or at
_Icast an adeguate choice of a-systemy.far.a given building.:That’ls why one could say that thc balance
beQWgen energy, use in buildings, IAQ and comfort is;*lmfirst place; a’comipromise bctwebn building
Ph951cs and energy for a particular climaté. - i R DR R
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3. BUILDING PHYSICS AND ENERGY

the quality of the outside air, but it is mostly related with the presence of internal sources of
contaminants in a rather closed*space. That'is why enérgy ¥onservation’ measures such’ds reduced
heating/cooling loads, low venti_lq‘tions?i'ates and minifnal outside’4it ‘ventilation have contributed to
iricreased IAE problems. Other coatribitions to IAQ-problemis tre'ébnsequences of other inovations in
building fabrics and btuldmg matértalsf <ueh hs the large diffusion of synthetic materials.

Te I vl

While aiming to reduce energy needs to minimum acceptable levels an bth€r way of conserving energy
is trying to diversy the energy sources; looking at more efficient energy systems and energy forms that
may be more friendlier to thé"énvironment, paymg more attention to the"climatic¢ ‘conditions, e.g.,

“through the use of solar efergy. FIEAES 1+ mfiray

The actual situation in most of the southern european countries is characterized by a dramatic growing
tate on the use of aif conditioning systems in response ‘to better commercial and living conditions.

‘Knowing that air conditioning systems are among the least efficient energetic systems and particularly

dependant on electricity, the consideration of the general problem of energy requires the creation 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 warrant a carefull treatment together with
consideration of comfort under transieat conditions (for both the héating ahid the cooling modes).

o r = gl : STy G P

A

In ge_ner__a_.l terms, comfort in !:guﬂ_plﬁngs_is mainly related gith many environutental parameters such as:

type of the building and i 1ts psycological relevance foy the occupants,
quahty of inside spaces: form, dimensions, openmgs, colours, etc.;
relation with the outside ‘environment: vtsual. thermal diode effect, ambient nmse, infiltration or
ventilation level;
behawour of the occupant, mcludmg Ievels of : actwtty amf clothmg and other behav:oural aspects,
: hyg;lene and health aspects
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So.. the comfort issue has very much to do unth the bu:ldmg physu:s, parttcularly with the building
envelc:.pe that bounds the indoor and outdoor spaces

24 ! £ i ol

'I‘akmg the envelope as a boundary thmugh Whlch heat losses, heat gams and air e:rculauon may take
place, the enveio;;e can play one of two mam ‘roles: etther a) a "defmzte bamer between the indoor and
l:he outdoor envnronments, avtndmg Iosses but also favounng the eventual solar gams, or b) an element

i that is an mtegral part of the dxalogue of the mtenor space - with the chmate, as 1t 1s the case of passive

solar bulldlngs
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The first type of buildings, is dominated by the internal loads caysed by lighting, Gquipment and

. Occupaats. Being well insulated and well sealed, the 1nflance of the outside climate parameters is less

unportant thﬁq the mternal 1oads In tlns case, energy conserVatlon strategies favour better insulation

; and reduced Ieveis of vennlatton Consequently, there are greater rtsks of. l'ugh levels of concentration of

unpleasant corttammants both gases and parttcles
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: Bu; the sccond type of bmldmgs is, mstead the so called "envelope-dominated" bmldmgs In this case,
the envelope must allow fo play with the geometry of the sun and the solar radiation in order to reduce
«:i; the needs for cenventional forms of energy, using,solar radjation for heating and keeping the radiation
away to redugenthe cooling load. In this case, eneigy.conservation also means instilation but; above all, it
means the adoption of the building as a truly "sun trap", collecting and managing the solar energy in
Y'f . :+<winter and rejectingit in summer, b 0 FERE o
P sl EheUR e Vi = ! i TN Ty g

llagnldmgsJ mpmatcd by internal loads represent the right qulicatlon for most of what is known and is
documented concerning comfort, i.e., steady-state comfort, and, what one will call, for the sake of some

clarification, the "technologlcal type of comfort. "

g onisr R T s

; ane .+ A famous architect; *VICIOI' Olgyay, al.l the way back in the 50's, motq,( a book called "Des:gnmg with

v guy - the: Climate”(3), where he proposed some sort of low energy architecture that was supported by
. » - thegrectieal evidence. Qlgyay, and his brother as well, while being Hungarians, were living .in the USA
P .« and were doing quite we]l. Their perception and concept of what should be done concerning building

-, design was somgthing much more fundamental than just conserving energy. Being attentive to the

ctrends, in the. building ;industry, Olgyay claimed, that a great deal regarding comfort and 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 the climatic conditions of a given place and to

evaluate the potentialities of the building design for rcachmg a'certain level of comfort.

;Deﬁnitclyl,' {o assumme that the optii:nuin thermal comfort ffl’e‘élillc;logicél comfort) is riot always required
or necessary is not a question of descnmmauoa or a muumah;t approach. Thcrc are many more
"nuances” in comfort which will allow for other design opuans It appears clear to somc authors that
what one' could call thc "technologlcal c:amfort" may be avo:ded in some cases and, on the contrary, it
seems that there is 0o réason to recommend s a must, the' gcncralzsed use of auxilliary equipment for
heating and partxcularly, for coqlmg It appears to be desirable the establishment of a hierarchy of
Gomfort condifions and thé dcﬁmnon of the envifonmental control” opuons accordmgly As an
illustration, it is interesting to mention the conclusions of "nordika" (45 conccnung the advantages of the
decentralization of the systems and, in partlcular t.he need for the systems to allow for the windows to
be openable “If the option of the scientific and pro’fessnonal people fanmlla:" ‘with buildings dominated by
the internal loads is such, how much furthér’ can the demgners of cnvelope-onented builldmgs go in
rcglon.s such as those of the sonthcrn europcan belt avmdmg or rcducmg the u.sc of atr conditionning
thrgugh l‘he mtc’hgenl" ﬂse “of ‘the envclope" 'l'he complenty of the problem m tl'us partxcnlar case is
tmdent not only is 1t lmportant to_ avoxd heat gams m summer, where the si sun i$ usually al:undant, but it
* also nccessar)f to enl‘nance heat gams in wmter to reducc the neccls for auxlhary encrgy ' Moreover,
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the “nitdséason penoﬂ' is very miich adverse’to the HVAC' des:gncrs becausc while the outdoor
temperature is around comfort levels, the solar gains lead quite easily to situations of overlleam:g due to
lhe geomctry of the sun rays,
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g conSndcraﬁon of Ltl:u*.z"bmldr.ng p'hys:cs as i pre-condmon 'for smaflcr q.nergy consumpuon ‘and, also, a
less :mportant TAQ problem has a strong sc1ent:l' c ‘and reallsnc lJacgrouncl Makmg a p)lea for a more
critical use of the HVAL s systems does not mean any type of rcﬁ:sal of the tcchnologlcal devclopmenl
but, well on the contrary, it suggests the neéd for a wiser use of the ava;lagle teclmologies '
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Assuming the very first priority for building physics, ¢.g., urban plamng, arch:tecture and constructlon

technologies, the systems are not necessarily to be clumnatcd ln any case they sﬁaﬂ' be more adéquate
4 2y

to the real needs, certam.ly smaller and, hopefully, s:mpler '

Itis offcn consxdercr that naturai vcnnlatmn should be avo:ded of the energy consumptson assomated
with it. Everything that has been said suggests that energy consumpuo:l wnh namral vennlanon cannot
be the unique criteria to decide about the convenience of its use. It must be balanced with other "costs”

such as those related with the IAQ. .,__:‘-‘:, ; ;g PO WL, R TR Y
An unsolved quesgon rempms however: how to pass on lhe mformanon needed by thc profcss:ona]s" Is
it available? O, the only solution is to copy what was studzed and compzled for other types of chmates,
needs and cultures? Without forgetting that, gven in the latter cases, therc have been several éhanges in
the building design strateg!es, in the last two decades it seems c]ear thcre is a need for a comprehensive
study of this issue.

+4. COMFORT AS A PREREQUISIT FOR DESIGN

o e

The nature of thermal comfort asa stansucal paramqter is sugb that, for all ~pratu:"al pu:poses? it is only
adequate in nonresidential buildings where conditions must be near the optzmum at all times so as'to
garantee that the, Jargest percentage of occupants may fegl comfgrs_ab,lc. ?__Slﬁlrgfnum of 80% accordmg
to ASHRAE (2) a;}d}§30 Stangards, S .
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understanding of IAQ and comfort condmons under such a fra:.'m*{w.wrt:rrl:1 Neverthelcss, tlus’ d:d not avoid

the phenomena of the sick buﬂdxng syndrome wh:ch _seems to-lead tha treatment of IAQ as an
unavoidable problem.

There are, howcvc:, many cases of quldlpgs in dlffeFent regmns that may. al]ow for, camfortab!e or

almost comfortable conditions by natural means most of the time. What seems to be segrettablc is to let

the market, every day more globalized, "impose" equipments and systemns that aré absolutelly necessary

in some regions - those where they have been conceived and produced -'to oﬂ;er.rcg;lons w&e‘rc they can

be avoided or used in a quite diferent way. The fact that comfort has been better undcrs'tood and

. +y: Characterized in the morg developped, regions has to do with the fact that t&ose rcgtons arg! both the
ok N coldest and the. pchr.st, There, heating was a necc;.sary condmon for suqul wh:lc coo'hng,resufted
- mau'ly from, the> high leyel of msulﬂuonand sealing of the cnvelppc and OF Lrnportant heat sources inside
ss o i5.casgs of hot and humid, Fhraate are typlgal for the use gf coolmg Thg nqeds for the deﬁmt:on of
i o] Eggndards WELE ,the natural‘_qunﬁegucme .of a balance, pepvcen thf. quect;vcs r;ga;d;ng thc indoor
. £pviroament and pcmnomlcu i
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The point to be made herc is that, rather than socio-ecdnbmical reé;'sbns, therc are comfort and [AQ

Fheg

the environmental trcatmc::t accordmg to the type of bmldlngs In remdentlal bmld:ngs, the indoor




', cmnronmcnta[ condxt:ons can 'be allqwed To fluctuate. Then, the tcchndloglcal comfort -¢onditions are
‘no longer fuﬂy app'hcab’]c Thc samc‘ may occur in the’tase of the envelbpe-dominated: buildings, i.e.,
buildings where the envelope plays a dedisive role in the"heating/cooling loads::Tn‘this case, as it
happens w1th remdeul:al bulldmgs, a large part of the environmental control may be reached by some
operatmg atmudes elther of the users or of-some "mt’ehgént systerhs" on the: envelope shadmg dcwccs,

; noctuma;l msulanon, g SEDIETE st etk '
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An even more complicated situation occurs when those spaces have some probability of being in open
contact with outside. In this case, some actions can be taken at the level of the urban planning itself and

£.70

| 5 landscapmg as a‘microclimate cohtrol ‘There appea.rs to be some roéfh for bther comfort approaches

: '_ _ than the tcchnologxcal one. ‘Authors as N.Baker (5) and’X. Bcrgcr'(G)"makc 4 more individual comfort
: _?;_‘__‘approach, talking of " personnal heatmg or "personal coolmg instead of space heating or space cooling.
3 " This approach does nof respond’to the situations where the technological comfort applies, but it will
:._ cover a large number of situations such as those of the free-running buildings or those with passive
E heating and 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, thérmal inertia and free cooling are examples of the sarhe type.

Of course, somet.hmg to be aware of is that, in such cases, IAQ is particularly dependent upon outside
%Eaﬁty since' thcrc w;ll be no fieans, such as ﬁlters to rcmoVe thc cbntarmnants
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#1916 day, one could dare to ti{'fo find a new definition for comfort in pai'all@f‘ with the WHO definition

for health: comfort is a state of complete physiological and psycBlogical-well-being and not mérely the

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

_w:th the prcsencc or absence of some contaminants. If ‘one clifid agree on such a definition; comfort

i would becomc. as it happcns for héalth, even moré "of an individual-‘affair. So, it becomes almost
mposmblc to generahzc comfort. Therefore, at first, biﬂfdmgs §hould be designed offering forms of
natural control that the ocupant can adjust to obtdin the inddot air of his preference.

. But one cannot, of course, take into aocounl the tcmpcraturc, air velocity, moisture levels and chemical
and particle eﬂ'ects w:ﬂiout 1gﬁ6rmg thé cffects of the behavioural aspects, cultural and personnal

habtts and actmty iR e R e
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o “;) “ The ob]ectwes to be satisf“ ed i m ‘Bulldmgs ha¥e been defined within the framework of the ‘Directive

; 39ﬁ06 (7) and 1f’s six’ csseﬁcnal ré’qu;rcni‘&nts Two OT those' deal wntﬁ. respecnvely, "hygiene, health and
énwronmént 'IME(EWé:‘ngl‘gSI économy 3hd heat  rétetitiof". O‘w:rcommg ‘the expression "heat
rétention”, whic!f appears in the éngli¢h version, 4nd clearly dETﬂortstrates “4'bias established by the
'trad’mfmét pracuéé i noftheds Eliniates it is cléar'that the'singié matket of consttuction matérials will
impose a broader perspective of energy use in buildings through standards and' regulations Based on a

framcwork of much more openess to different situations of climate, of culture, of building technologies,

etc.
g vk, si msd enoze
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Energy strategies in buildings are influencing the actual IAQ and the comfort situations.

A large share of buildings could avoid at all or at least have much smaller heating or cooling systems
if they were better designed according 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 form, selection of materials,
systems option.

In some buildings there is room to establish a hierarchy of comfort conditions and assure a
diversification aind a descentralization of energy sources and comfort systems.

In a free running building, the current concept of thermal comfort may need some adjustments.
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. pcrson
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 the information on comfort to be
passed on to designers must be much better studied and eclaborated.
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