THERMAL COMEFORT, INDOOR AIR QUALITY AND ENERGY CONSUMPTION
STUDIES IN 12 OFEFICE BUILDINGS

Cariborz Haehighat and Giovanna Doouini

Centre for Building Studics, Concordia University, Moatreal, Canada
ADN Lac. Montreal, Canada

ABSTRACT:

The indoor air quality and theumal comfort were investizated in twelve mechanically ventilated
buildings. Measured paramcters concerning the quality of indoor air included ventilation rate,
concentration o TVOC. CO, CO, RUL and Tormaldehyde. The theomal combort parameters included
roon air, mean radiant. plance radiant asynmmetry, and dew point temperatures. as welt asairvelocity
and trbulence intensity. cte. Monthly encrgy consumption data was also gathered for cach building

Ventilation performiginee. i terms ol air Tow rate and indoor air quality, was compared with
the Standard. The measwred and calentated thermal environment results were also compared sith the
Standard and the Guideline

L_INTRODUCTION

The quality of indvor air has become a major coneern ever since efforts (o reduce ventilation
rates in buildings started. 10 has long been recognized that the gnality ol indoor air shoutd not be
improved al the expense of higher encergy consumption.  However. good indoor aic quality and
energy conservalion practices can he compatible. To achieve a good indoor environmentat minimum
cost. iLis necessary o detenmine where TAQL ventilation, and eneigy conservation are naturally i
campetition and where they can work topether.

The ANSUASHRAL Stmdard 55-92 T hermal environmental conditions for human oceupaney™
(ASHIRAL, 1992) is used extensively in Canadal as a relerence fur comfort levels. As mare and
mote studies of Canadian buildings in (he cold climate are emerging, it is apparent that the measured
parameters satishy the comfbort imits as set out by ASTIRATEL yet it is found that less than 8044 off
the accupants are satisfied (Haghighat etal. 1992). ANSYASHRAL Standard 35-92 s hased ahiost
entirely on data from climate chamber studies performied in temperate climates, This perhaps
expliaing the discrepancies between occupant satistaction in g cold climate and satistaction o warkers
o lemperate chimate

L

= OUTDOOR AWEATHER CONDITIONS AND BUILDING CHARACTERISTICS

Measurcments were carricd out at several workstations of 12 mechanicalls ventilated buiidings
Lhe micasurements were pertarmed during normal occupancey. The nvestigated baildings vins greatly
N ‘.nfl:u'r arca (2000 (o 68 000 |n‘_]. in number of loors (2 1o 25 storeys). in date of construction
IS 10 1992, 4y e of TIVAC system (lree cooling CAVL double duct VAV), and in tvpe of
fenant (palice station. cowt house. private company).
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The weasirements included plivsical and chemical monitoring, and assessment ol the pereeives|
indoor aiv quality. thermal comlort. ete. The chemieal ieasurements inchuded concentration ol
TVOC, Tormaldehyde. COL and COL The physieal measurements consisted i operative teniperature,
air temperature, relative humidity, air veloeity and ventilation rate, 'The monthly energy consumption
ol the building and the daily weather conditions were also recorded.

The mebile system collected concurrent physical data: air temipertine, dew-point wmperate,
vapour pressure, globe tempernure. radiont asymmeny. aiv velocity, turbulence. wemperature of air
supply, air return, snd room. illuminance. carbon monoxide, carbon dioxide. formaldehyde. volatile
organic compounds, and fracer gas decay. The transdueers and measnrement points were placed o
represent the inediate envivonment of the seated subjects.

3. RESULTS AND CONCLUSION

3.0 VENTILATION PERFORMANCIE

Ouidoat fresh air is needed (o maintain aceeptable indoor air quality. The autdoor teesh wir
Tow rate weas measured using the deeny tracer gas technigue. The ventilation rate felt within 5
listperson. in building #5. and 93 I/person in building #4. Results also indicines that the ventilation
rate in the majority of the buildings is much higher than the minimum 10 V&/person recommended
by the ASHRAE Standard 62-T089R,

3.2 INDOOR AIR CONTAMINANTS

The concentration of the Tollowing contaminanis was measured during the heating and cooling
scasons: CO,, formaldehyde. TVOUC, and CO. The level of €O, concentration was lower than (he
masimum permited in the ASHRAT Standard, and was mainly between 450 and 650 ppin.in both
seasons. In the investicared buildings. the CO, coneentration was not a function of the ventilation
rate: it s assumed that almost all the butldings were ventilated much higher than the ASHRAR
Stambard recommended,

The formaldehyde concentration in these buililings viied between 74 ug/m® in a large majorny
ol buildings and 2100 ug/m’ in one bhuilding (during both cooling and hewting seasonsy.  The
comeentrition levels were signilicantly dilferent during the heating and  cooling seasons, Nuo
relationship was found between the vemilation tate and Tormaldehyde coneentration dunng, the
cooling season, - A clationship hetween these pamcters wink observed during the heating season:
the OO concentration deereased as the ventifation ale inereased.

The TVOU concentration level deviated between 36 ugim' in building #6 in simmer w0 2590
ug/in’ in the siame building in winter, respeetively. In some huildings. the vawiation of TVOU from
o

one workstation 1o another was more than 100%. 1n gencral. no cosrelation was found hetween the
ventilation rate and TVOC concentration.

The CO concentration level was almost the same as the outdoor CO coneentration within all
workstations and in all buildings.
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23 THERNMAL COMIFORT

Detailed measurements of thermal comlon paramelers were camied out at the exact physical
position ol the occupant in the worksttion. The air and glohe emperatines, as sell as ain velocin
dew point iempetatire wd

vapour pressure were measured at one height (60 cm). Radiant asymnietry v alzo measured, This

and turbulence. were measured at theee heighits (10, 60 110 ¢im). The

data was used 1o calealate the environmental and comlort indices:  operative emperatuie. mean
radiant temperatuce. effective temperature. predicted mean vote (PMV). predicted perecsitage ol
dissatistied (MD). and predicted pereent dizzatisficd due o draft (P, Table | shows the statistical

stnnmiarics ol the indoor climate measurements during the coolime and heating seazons, respectively,

Mean aic and radiant temperatures, avetaged across the thiee heights, geacratly fell within 21
and 28°C for the cooling scason, and within 20 and 28°C for the heating season. Fhe variation in
cach tndividual building was very low; the standard deviation being less than 1°CL 1O was only Trom
one building o the next that a large difference was seen. Vertical air lemperature gradients were. on
average, about 0.67°C/m in the occupicd zones whieh is within the Stndand, - Average relative
humidities Tell within 30 and 62%. in the cooling season, and within 10 and 3974, 10 the heating
season. Mean air speeds. averaged over the theee heights, were quite Tow: they averaged 0.09 /s and
tanged from 0.04 to 0.24 /s during the cooling scason, and averaged 0.08 mes sond ranged from 0.03
o 0.29 m/s during the heating season, Similac variations were also observed fram one workstation
0 another, within the same butlding. The maximum average air specd in the occupied zone is
specified by the ASTHIRAE Stundard 55-1992 as 0.13 m/s in heaiing scason and 0,25 més in cooling
season. Uhis indicates that during (hie heating scason, the air specd in some waorlstations exceeded
the ASHRATE it The turbulence intensities felt within 9 and 39% during the conling season, and

28

6 and 6% during the heating scason (average 32-33% for hoth seasons)

The ASHRALY Standard 35-1992 uses the operative temperatuee as the eny romuental patameter
lfor evaluating giobal (hevmal comfbort, “The Standard then detines a range ol operative temperatures
and homidities that ate acceptable to 80% ot more of the occupants, | his range s mainly applicable
to it sedentary activity. 1.2 met with normal winter clothing, O.8-1.2 ¢la. or sumier elothing., 0.0-0.8
clos The measured paraneters were used @ caleulime the operative temperature using Chapter 13 of
the ARTIRAL 1993 Fundammentals (ASHTRAL 1993), and the results swere superingposed onto the
Stmdind™s comfort psychometrie charts Tor both the heating and cooling scasons.

Data shows that only 63.4% of the measurements fall within the Standard’s summer comtart
sonte (cooling scason), The remaining 33.3% Tall to the left ol the camlort zone (within coaler
tempetaties). These pereentiges are based on the total amount sampled. and therefore is not an
averape values This mieans that in some huildings, there is fess than 63.4% of the occupants that are
happy witli licir envirampent, Datr Also indicates that duving the heating seasen, only 26.9% of the
meianements Tell within the winter comtort zone (heating), The vemaining 73.1% el below the
SV dewpoing level indicting the difficulty in humidifying buildings in the cold climate. Again,
these pereentiees are based on the total amount sampled. so one might expect worse nunnbers in
~oine huildings

Pable 2 shove astatistical sunmmeny ol the thermal comlort indices Tar both seasons. On
Averes operative temperatures BT and SET vadues felf within the 22 o 24°C vange. The PMV
vl tell within the -.02 10 -.03 vange: indicating marginatly cooler-than-neutral conditions— The
conresponding PP mged from 1301 (00 13.6%,




Inevaluation of the operative temperatuie and defming the ASTHRALE comlort zone for indoor
air studics, two assumptions e made:  activity level and clothing value. To verily the validity of
the assumptions, the oconpants were asked Lo wdentify their activity level up to one hour prior to
Nlling the questionnaire. On average. the activity level of 1.2 et was aceeptable in both heating and
cooling scasons, The clathing insulation ol the occupant was evalualed using the garment valucs
published in ASHRAL Standard §5-1992. "Uhe intrinsic clothing value averaged 0.62 clo (males) and
0.53 c¢lo (females) in the summer (about 16% higher than the 0.5 clo assumed in the Standard),
averaged 0.93 clo (males) and 0.81 clo (female) in the winter (about 3% lower than the 0.9 clo
assumed in the Standard).

The garment clo values of the occupants were then correeted by adding the chair clo values.
The carrcetion value was proportional to the amount of chair surface arca in contact with the body
(chair type).  This maodification increased the average level by 0.22 clo {(mmales) and 0.09 clo
(females) in the summer and 0.20 clo (males) and 0.14 clo (females) in the winter; increasing the
insulation values a .84 clo (males) and 0.02 clo (lemales) in the summer and 119 clo (males) and
0.95 ¢lo {femaics) in the winter. The clothing insulation vilues were much higher (about 0.11 clo)
for the maleshan for the Temales, in both scasons. This difterence was even greater when the effect
of chairs was included (about 0.23 clo).

Some ol (he thermal environmental and comtort indices were re-evaluated by including the
chaiv insutation values to the clothing values. The new indices are shown as the Jast Tour 1ows of
Table 2. This translates into a 1.2 to 1.3"C increase in SE1. and a 0.2 to 0.3% increase in PMV
index. that corresponds o a 2.0 10 2.4% decrease in PPD index.

34 ENERGY PERFORMANCE

In mechanically ventilated buildings. the encrgy required o heal, cool. condition, and move the
air amounts to from 30% up to SO% ol the tolal building energy conswuption. 1t is therefore. a
cammon pereeption that energy saving will result in deterioration of indoor air. Data shows that
enerpy cost varies [rom building to building. The overage total energy cost per gross air- conditioned
arca fell between 0,92 10 6.4 $/m™year. Data also indicales no apparent correlation between the
ventilation rate and total enerpy cost. There are many reasons for this incoherent resull.

The encrey required for ventilation is only part ol the (otal energy consumption: the other
consumptions include conduction losses through the building envelope. tighting, clevators, olfice
equipment (computers. fax nachines. cle). The investigated buildings also nsed a wide variety of
HVAC system types. and encigy conservation measures such as heat recovery systeins. As well. they
used a variety of cnergy sources:  electricity, pas. oil, ele. 10 was nol possible o differentiate the

actual amount ol encrgy used solely tor the ventilation from the rest of the consumption.
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Measured indcoor air parameters
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Statistical sumnary of calculated indoor climatic and thermal camfort
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