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ABSlRACl

Incidence of building occupanÈ health and confort complaints (tight building syn-
drooe) have been linked cã .tr".iy efficienc, oechanically environmentally controlled
;;;i;â building technology and iysteog nor¡ characteristic to oost office, comercial
and public buiiaings. eiior co rhe refineoent of oechanical control technology and

rhe àvailability oi abundant aod inexpensive fuel resources, archiÈecÈural systeos
were the prinary oeans of controlling che inÈerior environoent. llowever, nechanical
systef¡s do present real advantages to environ¡enÈ control. The proposed design stra-
tlgy, energy and environment opcimizaÈion, integrates architecture and oechanical
c"ãítttot ogy-ior optinum environment control efficiency as required for occuPanÈ comfor!
and effiãieût energy use. A building design 3ÈEaÈegy for achieving opcimal use of
energy fesources có'provide healthy and comfortable building environments is defined.

INTRODUCTIO¡ DESIGN AND ENVIRONMENTAL QUALITY

Energy and Environnent 0pËinization re-
fers Èo efficienc ,use of energy resources co

."¡liErie accepEabLe environoental condicions in
buildirgs. Efficient use of energy and pro-
vision of comfortable and heatthy environ¡ental
condiEions ate basic PrecePts of contemporary
building environmenÈal control cheory. Eotr

Spengler and Sexton, 1983; Scerling eÈ al'
tÓe¡; srerting ec al, 1983a; Sterling and

Scerling, 1985) Also, critical evaluacion of
sealed building envi.ronmenÈaI conÈroL cheory
and practic has peroítted identification of:

I. Key design issues related Èo environmental
quaIiEy.

2. .{ negative relationship becween environ-
mencat qualicy and application of energy
conservation Eeåsures .

Inherently inefficient use of energy re-
90urces.

These issues gente as che basis for de-
finicion of a ner¡ approach co building design
permicting both energy and environoent oPci-
miza cion.

Evaluation of over 200 recorded building
illness investigacions has indicated that
buildiog design is a significanÈ faccor re-
lated co iucidence of healch and comfort prob-
lens in sealed buildings. (ccAlA, 1984; Scer-
Líag, L977; Scerting and Kobayashi' 1977;
SÈer1iog, 1979; Scerling eÈ aI, 1983, Sterling
and Sterling, 1984) Key design facÈors may

be:

LocaÈion of vents and exhausts. Fresh
air supply venls can inÈroduce outdoor con-
Eaminants into buildings. For exanple, suppl-;
vents locaf.ed overlooking a busy sÈreeÈ or
EransiÈ stop are often the source of entry
for auto and diesel exhaust. Also, poor
placeoent of supply and exhaus! venÈs can
prevent exhaust from escaping and instead
cause iÈ to be reintroduced direccly back in-
Èo che building air supply.

Location of ventilation diffusers. Boch
inlet ánd exhaust diffusers are comoniy lo-
cated in the ceiling. this often creaÈes
stratification and short circuicing of supply
air aÈ ceiling level, which oay resulE in
pockeEs of dead air and poor circulation aÈ

desk height.

Lack of indivídual concrol over environ-
oental condiÊions. All people åre noE equally
coofortable. in rhe s¿une env i.ronnenE. The
general praccice of concrolling environnencal
conditions over large areas by single concrols
can contribuÈe Eo discoofort, stress and minor
heal th prob lens .
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Cons truc Èion and finishi fna cer s.
Svnthe c c r!¡r Èer ls used nbu d conSÈruc-

cion and maincenance oaY generaÈe oany irri-
Ea E rng and sooetilDes Èox ic fuoes and dustst

inc Iud ing foroaldehYde' hydrocarbons, anines,
ozone and resPirable Par ticulates.

Inco tlon of a nuober differ
occu as ebu
fEu bu s concaur Sarages '
access Èo public
Eaurancs, health
acion facilicies
amounÈs of combu
carbon oonoxide,
dioxide and dies
vironment.

cransPortec ion systemgr reg-
clubs and Iaundry and recre-

These oaY adtl substnatial
sÈion bYProduc ts includiog
oxides of nitrogen, carbon

eL exhaust Èo Ehe indoor en-

dards 55-74 and 55-66 (ASHRAE' 198la'1974'
1966). Standard 55-81 expanded acceptable
relative huoidicy in occupied sPeces on a year
round bagis froo Èhe 20-602 range defined by

SÈanderd 55-6ó to between 20 and 902, a net
increase of 3QZ relaÈive huoidity. SÈandard

55-81 atso éxpanded the accePÈable ÈenperaÈure
range froo 73-77o8 to 67-81oF, effectively
tripling the peroicted range of temperacure
f1uctualio.," it an occupieà sp".". Ihe changer

incorporated into the Ner¡ Effeccive Teopera-
ture Scale are not based on new EhernFI con-
fort research. In facE, ASHRAE acknowledges
EhaÈ Èhe changes in allowable ÈenperaÈure
range are Ehe resulÈ of an increasing need Eo

conaerve energy as tråndated by the Uniced
Scates GovernmenË (ASIIRAE, 198lb) '

The attenpt Ëo achieve Eore energy ef-
ficient buildings has also bèen a oajor faccor
in the trend :tovarde reliance on artificial
lighting as Èhe prinary light source in sealed
uulrain[s. rt is nore energy efficient in
sealed buildings Èo iucrease as ur¡ch as Pos-
sible che ratio of in¡erior volu'e to exÈerior
wa1l, as the walls ere the oajor source of
heat loss or gain in Èhe building' As a re-
sult, Ehe evolutionary Procegs of sealed
builáing design has nicnesaed a gradual shift
froo th-in rectaogularly shaped buildings ucili
zing natural daylight as lig-ht source Eo 

.

"q"ä" 
buildings with deep floor plans Prt-

oarily dependant on artificial lighting for
i1 luoination.

Thus, attenPts Eo achieve inproved energy

efficiency síchin che terns of reference of
ittã r".r"ã building nodel of indoor environ-
úent concrol has cãnfronced desígners wich a

dile¡ma: reductíon of energy consurnPtion Ín
sealed buildings has been associated wich re-
ducÈion of environmental quality'

ENERGY EFFICIENCY AND SEALED BUILDINGS

control.

SeaIed buildings r¡ith oechanically con-

crolled environmenEt ""t" 
first proposed by

aiã i,rt"p".n architec! Corbusier over 50 year

c p

ENVTRONMENTAL QUALITT AND ENERGA CONSERVÀTION

function effectivelY.
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ago. To Corbusier building environoents which
nere conÈrolled by nechanical system!¡ rePre-
sented a úeans of overcooing the probleos as-
sociated with archítecturally defined indoor
environoents. ExaoP1ee include:

LocaÊional variaciou in indoor environ¡ent
condiÈions (within che building icself and
from place to place).

Seasonel vârietion in indoor envirorilDenÈ
conditions.

DraughÈs and ioconsistenÈ Ehertral condi-
Èions caused by tetrperiog of air after en-
Èry Èo the building.

Inability Èo achieve precisely and at all
ri¡oes use-defined environmenE conditions.

In addition co inproved cheroal coodi-
Eions, and in conjunction r¡ith che possibili-
Èies offered by new steel and concrete con-
struction technology Corbusier and his con-
E.eoporaries foresas the possibiticy of opening
up building interiors to daylighË.

However, fhe fact Èhat che exÈernal en-
vironmenÈ would continue co inceracÈ wich the
building aod exert so¡ne influence on indoor
environoent condiEiona e¡as not coosidered by
chese early designers of sealed buildings.
A case in point was Corbr¡siers Cite de Refuge.
The Cite de Refuge rras an environmental failure
because Èhe mechanical systen could not coun-
EeracE che effect of che exÈernal environnent
on Ehe building. (Banhasr, 1969) The concepts
of Corbusier and his fellows achieved effective
Éorm only after oechanical control systeos de-
signed rrot only Èo control Ehe interior en-
vironmenE. but t.o overcotre Ehe effecEs of the
exÈernaI environmenÈ were designed. The in-
herenE energy intensity of sealed buildings as

coopared Èo traditional buildings wirh archi-
lecturally modified environoencs is revealed
by che need for a mechanical systeo Eo over-
cone !nefficiency of Èhe building encloeure Èo

provide a comfortable incerior environmenc.
In sealed buildings energy úr¡sc be used for
environment oodificacion work which had been
achieved using nonenergy consumíng oeans in
cradicional non-sealed buildings.

DISCUSS ION

Inadequacies of sealed as well as Era-
dicional buildings in ¿he energy efficient
provision of accePcable coofort and environ-
ment.al conditions for hunan occuPancy presents
archirecEs and engineers wich a dilem¡a' A

desígn approach r¡hich conbines che inherenE
energy efficiency of Èhe architectural oodel
and Èhe ability of the cechnological model co

provide a precisely defined environoent in-
dependent of external conditions nay provide
a soluÈion to Èhe ditema and achieve energy
and environment opÈimization.

Figure t is a typical floor plan illus-
Èrating a deeign solution for an office
building r¡hich coobines the poeicive feaÈures
of both Èhe architectural and Eechnological
<lesign approaches. The building was designed
for a sice in che downtor¡n core of Vancouver,
British Coluobia, Canada, where che clioace
is Èeuperate oceanic with an average EerD-

perature range 0-20oC and heawy rainfall.

Ventilation. To avoid Ehe problems as-
sociaÈed r¿ith a sealed bu itding envelope,
chis solucion incorporates a permeable
building envelope allowing air flow in,
lhrcugh and out of che sPace. Operable air
venÈs or ttr¿indosg" are used as a oeans of
supplying fresh air. This type of vencila-
cion requires careful design of che floor
plan Eo oiní¡ize Èhe incerrupÈion of air flow
by walls and particions. The removal of che
core from rithin che building volune eIi¡oin-
ates one ob8tacle uo air flow. The design of
nalrort section floor areas oinioizes Èhe pos-
sibility of occupant supplied partitioning
internrpcing air flow PaEterns. ÞluIti point
access Èo each floor area decreases che likli-
hood of Èotal Partitioning across the air flow
PaEh.

Thermal EnvironmenÈal Concrol. Particu-
e rDaJ or uncEron ol

3

4

lar ly lno J.C e Eowers
an air condifioning system is Co counteracÈ
che trenendous heat generaced by lighci.ng and

equipnent as r¿el1 as che activity of building
occupants. In northern clinaÈes, fresh air
vencilacion alone would probably provide coo-
fortable conditions oost of che cine. How-
ever, for reasonable occupanE comfort, air
condicioning is often necessary. Heating,
cooling and hunidity controJ. of the air is
handled by unics incegraÈed wíchin the r'¡indow
or buildíng envelope itself. Ttre venEilaEion
raÈe and air t.enperaÈure is cont¡o¡.led in
Dart by the occupantsr use of adjustable
louvres, keyed Èo a central coEPuÈerized con-
Erol sysÈeD. Incorporation oi Eherroal creaÈ-
nent of fresh air at Ehe point at r¡hich it
penetrates the building envelope elininaces
uncoofortable draughcs and EenperaËure varia-
tions r¿i chin Ehe space.

f

the widrh of che
l2 [0etres ensures
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e Utilization. As duch as 257 of the

tocal vo ume of a cyPrca I sealed office build-
rng is unoccupied sPace above the occuPied

floor for housing of duct r¿ork serving che

l,'en-cila!ion and air cond icioning sysÈeE. ff'
thåÈ duct work were elinina ced ruch of chis
SP ace couLd be recovered as usable, renÈable
floor space. In a ÈYP ical mechaoicallY ser-
viced office building che floor co Eloor height
is lO feec. In chis architechnological design

Iy 8 feet.
ical sealed
renÈable sPace

CONCLUSION

che €1oor co floor height is on

Therefore, four floors of a tYP

building becooes five floors of
in che archi.cectural building'
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Figure 1: Typical office building floor plan
designed for energy and environmenE
opÈiEizaÈion
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