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Abstract

As office workers will usually have a slightly elted metabolic rate when arriving at work, they mpesfer a room
temperature below the comfort range for sedentetiyity in the morning. This possibility was studie an
experiment with 25 young people, male and femadposed to four different conditions. Each conditommsisted of
two sessions, the simulated commute (activity esjeivt to walking to work) and the office sessioack office session
had a different starting room temperature, nam8l$’C, 20°C, 21.5°C or 23°C, followed by an inciegs
temperature “ramp” of 1.5K every 30 minutes. Durihg last 30 minutes the temperature remained aong®hysical
measurements were continuously recorded and sivgjestaluation questionnaires were completed e88rgninutes.
It was observed that, upon arrival at the offide-la room temperature of 20°C provided a thermairenment with
neutral thermal sensation (0.23), low thermal disection (8.6%) and a high level of thermal corbfor the whole
body (3.3). It was concluded that, in the coolirgson, to improve the thermal sensation of occgparibwer
temperature than is suggested by the existing atdedhould be maintained in the early office hoans that this will
lead to a lower maximum room temperature duringdidng which would result in less demand for cooliluging the

summer period.
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1. Introduction

According to ISO Standard 7730 [1], thermal comfsrithe condition of mind that expresses satisferctvith the
thermal environment”. Warm or cold discomfort o tivhole body, or unwanted heating or cooling ofieman body
part, can cause dissatisfaction and lead to theromalitions being judged unacceptable. Severalesduthve correlated
thermal discomfort with low productivity in schomhd office working environments [2]—-[4]. In additicaccording to
Wyon and Wargocki [5], thermal discomfort also eaudistraction, generates complaints and incrabsdatensity of
Sick Building Syndrome (SBS) symptoms. SBS symptorokide headache, nose irritation (stuffy, runijngitated
throat, fatigue, dry eyes, difficulty in conceningf, a lack of alertness etc. The literature shthasincreased room air
temperature resulted in increasing the intensityyofptoms of fatigue, headache and difficulty incentrating [6],

[7]. A field study conducted in an office buildingfowed that lower temperature, even within thefoarnange,

reduced the intensity of SBS symptoms [8].



Due to fluctuations in solar heat gains, occupdaegl and equipment, steady-state conditions asdyrabserved in
practice. Nevertheless, the majority of human stitg&periments examining thermal comfort have mmucted
under steady-state conditions and in a thermalifptm environment [7], [9]-[16] or in a non-uniforbut constant
thermal environment [8], [17]-[22]. Only a few stesl have been conducted under transient uniforrditons.
Kolarik et al. examined different temperature rarapd observed a linear relationship between meamtll sensation
and operative temperature [7]. In another studyremimg thermal sensation under transient conditionsedentary
unclothed men, it was found that when the tempegatias increasing, the rate of rise of skin tempeeacaused a
sensation that reduced the discomfort caused blpther skin temperature [15]. Griffiths and Mclntyexamined
steady state and 3 levels of temperature rampl,iboteasing and decreasing, and developed a méihedtimating
the degree of dissatisfaction produced by temperatiianges [23]. Goto et al. investigated the impédifferent
activity intensity and duration on thermal sengatiod concluded that participants’ thermal sensatias more
sensitive to changes in core temperature causedeguction in activity than by increased actiyg]. Mcintyre and
Gonzalez examined the impact of clothing insulatiod activity level on men'’s thermal sensitivityrithg rapid
temperature drops and found that for resting stjéltermal sensitivity was not affected by clothinsulation or
season [25]. A literature review study of thermainfort in transient conditions showed that rampsvben 0.5 K/h
and 1.5 K/h have no impact on the range of the odrabne [26]. In all of these studies, either plagticipants had
been acclimatized for a period of time in an envinent similar to that of the experiment, to negatg effect of
previous activities, or no information was providdabut their previous metabolic rate. No study feasd that

correlated thermal sensation in an office envirommeéth previous activity, e.g. commuting on foatticycling.

Adaptive thermal comfort has attracted the attentibthe thermal comfort community and has beeriempented in
ASHRAE and CEN standards [27], [28]. The principfehe adaptive approach is that occupants havpdbsibility to
adjust their clothing level, open or close the wawd, draw the curtains to reduce solar heat galesMoujalled et al.
conducted a field study in four office buildingssautheast France during Summer-Autumn and foueuck e
subjects’ vote was in close agreement with the tagapontrol for naturally ventilated buildings [R9n another study,
a survey was conducted in nine schools in Austdiligng summer and it was found that the more tladlynsensitive
group of students originated from naturally vemgithschools than air-conditioned schools [30]. Caingit al.
conducted a field study in 13 office buildings iralysia, Indonesia, Singapore and Japan runnitigée different
modes (heating, cooling and free-running mode)fandd that the results for the free-running modey vaostly
within the comfort range of EN 15251 [27]. Theyaatibserved that the most frequent personal adapgikaviour

varied among the four countries, namely, turningt@air-condition in Malaysia, or drinking coldvagages in



Indonesia and Japan [31]. Liu et el. introducedethd to quantify the physiological, behaviourad gxsychological
portions of the adaptation process and concludattiie physiological adaptation was the dominactofain the
creation of an acceptable thermal environment [BZhould be stated though, that the adaptiveaar incorporated
in standards is used for the evaluation of buildingnere no mechanical system is in use for theitonaf the indoor

temperature, and the occupants have the freedopeto or close the windows and adjust their clothévegl.

Most offices need cooling even in temperate climéitee Denmark due to more airtight building enyale. Several
papers and studies show the benefits of using mighling combined with the active use of thermassia the
building [33]-[37]. These benefits are mainly dodransferring some of the cooling from day-timenight-time and
reduction of the peak load. During night-time pwgential for using free cooling (evaporative cogliincreased
ventilation with cooler outside temperatures) dmeluse of lower electricity rates, will result igrsficant energy
benefits. During the day the temperature drifts ajgls due to solar heat gains and the internal lfsads occupants
and equipment. It is however important that thegterature drift within the comfort zone [27], [28he study by
Kolarik et.al showed that a drift even up to 4.8 K/as acceptable as long as the room temperatayedsin the

comfort range [7].

In the existing standards [27], [28], there i®asonal effect on both the adaptive model and khé-PPD approach
mainly due to change in clothing level from wintersummer. The effect of a change in metabolic (@tévity level)

during the day on the acceptable room tempera@asenbt been studied in detail. Most people willehaw increased
activity (higher than sedentary) coming to workisTimay result in a feeling of warmth arriving in affice controlled
for sedentary comfort. A little lower temperatunar the comfort range may improve the comfort wleiving in the
office and at the same time increase the potamsilof night-cooling. The present study investigdteat issue,

focusing on the conditions in office buildings tlean exploit the possibility of night-cooling.

The aim of this study was to examine the impadhafeased metabolic rate on thermal sensation whearing an
office room that has a lower temperature thandsmemended by European Standard 15251 [27]. Theeuth
conducted a human subject experiment in which tleeteof commuting to work on foot (estimated ardrmed to be
2 met on average) was taken into consideration wineparticipants were asked to evaluate thernmeagon,

acceptability and comfort when entering a climdtaraber simulating an office space.

2. Experimental methods

The experiment was carried out in the climatic chara of the International Centre for Indoor Enviremt and

Energy (ICIEE) at the Technical University of Demkn@DTU) in the period mid of April to beginning dlay. Based



on the Koppen-Geiger climate classification, Coayen is classified as category Cfb, namely, tentp@eeanic
climate, fully humid with a warm summer. Chambew&s constructed to accurately control the thermairenment
[38]. Its dimensions are 5 m x 6 m x 2.5 m andwhadls are made of two layers of porous vinyl sheiiswas
supplied to the chamber through the floor (equaibyributed), and by penetrating the vinyl wall-stge This
construction ensured identical room air and mediard temperature, and consequently an operativpdeature equal
to air temperature. Prior to the experiment, thians took air speed measurements in several totatnside the
room, using heat dummies in the positions to beipied by the subjects, to simulate the conditiontthe heat gains
of the actual experiment. This pre-test study efdfstributed physical room conditions was condiitteensure that
the office-lab had the standardized acceptable rommditions without causing any draft, thermal diséort or air
movement discomfort. The anemometers were instalted vertical stand at 0.1 m, 0.3 m, 0.6 m, 0.9./4yn, 1.4 m,
1.7 m, and 2 m above the floor to examine the e@r8tratification. The highest air speed measwasi 0.09 m/s,
which was considered unlikely to affect the therow@hfort of the participants. Figure 1 shows theuhs of the air

speed measurements, while the location of the poihtneasurement are shown in Figure 2.
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Figure 1: Air speed measurements at different hsighd locations in Chamber 3

Initially, 30 DTU students were recruited and a#iterd randomly to groups of five. Their age variehf 22 to 27
years old, they were healthy and physically fit &mely all had a normal Body Mass Index (BMI), nayrtettween 18.5
and 25 kg/m2. BMI is obtained by dividing a persoweight (in kg) by the square of his/her heightr(ietres). The
participants were requested to wear light sumnahirig and this resulted in an effective clo-vabi®.5 when the

insulation of an office chair was included (ASHRS&Eandard 55 Table 5.2.2.2C [28]). Each subjecigipated in four



different sessions, experiencing each sessionardg. Two sessions were executed per day, onagtatt8:30 and
one starting 13:00. To minimize possible bias cdumethe order of exposure, the four sessions geread randomly
during the three weeks of the experiment, and & &r@sured that no participant would come twicehensime day or
on consecutive days. By the end of the experintany, 25 subjects had participated in all four sssj so only their
responses were processed. Due to absence, the mohgiagticipants in each session varied from thoelve, as is
common in an open-office work situation. Table dwh the anthropometric information for the 25 ramraj

participants.

Table 1: Anthropometric data of the experiment jggrants

Height, Weight, BMI,
Genre Age
cm kg kg/mz

Female 25+1.4 1.67+0.07 61.2+6.7 21.9+¥2.4

Male 25%1.6 1.81+0.07 75.9#5.8 23.2+0.8

Both 2515 1.74+0.1 68.5#9.7 22.5+1.8

Each session consisted of two phases: the comrhagepwhich simulated commuting to work on foot] tre office
phase. This climatic chamber was furnished to sprea five-person landscape office: each partitipas provided
with a desk, a chair, and a laptop connected tintkenet. Upon arrival, all participants wereddtwith a heart rate
sensor. In addition, four iButton skin temperatseasors (accuracy £0.5°C) were placed on eactcipantit, on the
forehead, the right palm, the right scapula andititg shin, so that local skin temperature an@éstimate of the area-
weighted mean skin temperature could be recordeel |&vel of skin temperature can cause both lawédiehole body
thermal discomfort. Therefore, the authors recoittiedparticipants’ skin temperature to examine Wwheany
extremely low or high skin temperature values wewdrded. Heart rate and skin temperature wereuneas

throughout each session.

The first part of the experiment was conducted kVa&AC controlled office room with a view of the ghan outside. In
this room the average outdoor air temperature fothérn European summer weather conditions atytiieal working
day commuting time, from 07:00 to 09:00, was maired (18°C). For this commute session, three trééslamnd two

steps were installed on which the subjects exatdimel5 minutes at an average activity level &f thet. In order for



all participants to have equivalent activity levele subjects switched positions so that theycsed for a total of 9

minutes on the treadmill and 6 minutes on the steps

After the commuting session, the participants wal@ectly into the conditioned office room and datvn at their
assigned desk (second experimental session). Fgsinews a graphical representation of the conditicoffice room,
the location of the five desks and the locationgnstthe air speed measurements shown in Figureeltalen. The
star in the centre of figure shows the locatiothefstand with the air and operative sensors cllingahe conditions
in the chamber. The distance between the subjetsowe meter, to ensure that any effect of conxecti radiative

heat exchange with adjacent subjects was negligible
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Figure 2: Graphical representation of the conditamhoffice room, the location of the five desksaihepeed measurements and the
stand with the control air and operative temperatseasors

At the beginning and end of each session and ati@Qte intervals throughout the session, the ppgits were
requested to complete an online questionnairdhdmieantime, participants played various simpleegaom the
computer (e.g. Sudoku) to replicate a normal oféictvity level. In the questionnaires, the papioits reported
thermal sensation, thermal comfort, the acceptslwfithe thermal conditions at that specific momemd the intensity
of any SBS symptoms. The SBS symptoms includeddémuestionnaires were headache, nose irritattaffy(s
running), irritated throat, fatigue, dry eyes, iiffity in concentrating and sleepiness. When cotidg@ human subject
experiment, the questionnaire should include moestjons than those necessary for the particuldysto have a
complete knowledge of the indoor environment qudlEEQ) parameters of the built offices” environrhand to ensure
that the participants will work blind of the aimetinvestigation to avoid bias. In the present ctmeauthors had
included questions about air quality, noise lelighting intensity etc. Figure 3 shows some of gloestions included in

the questionnaires.



How do you feel your overall (whole body) thermal sensation AT
THIS MOMENT?

Hot Warm  Slightly Warm Neutral ~ Slightly Cool  Cool Cold

And, How acceptabile is it (your whole body thermal sensation) AT
THIS MOMENT for you?

Clearly Unacceptable Just Unacceptable Just Acceptable Clearly Acceptable

How do you FEEL your overall thermal sensation at this precise
moment?

Very U fortable U fortable Slightly Uncomfortable Comfortable
How do you rate the air quality?

Clearly Unacceptabl Just Unacceptable Just Acceptabl Clearly Aceeptable
AT THIS MOMENT, are you experiencing:
Headache

VES ‘—l g
Nose irritation (stuffy, running)

—

Figure 3: Some of the questions included in thestjoenaires

During this phase of the experiment, the air terafppge was increased by 1.5°C every 30 minutestlakept
constant during the last 30 minutes. According 8HRAE Standard 55 [28], the room temperature iregeethin 30
minutes should be no more than 1.7 K, so the teatper ramp complied with the suggested limits. fihative
humidity was kept constant around 50%. Table 2 shitnve temperature schedule for the four differess®ns

examined, whose duration varied.

Table 2: Temperature schedule for the 4 sessions

Time of
00:00 00:30 01:00 01:30 02:00 02:30 03:00
change

Casel 185C 20°C 21.5C 23C 245C 245C

Case2 20°C 215C 23C 245C 26C 275C 275C

Case3 215C 23C 245C 26C 26°C

Case4 23°C 245C 26C 275C 275C

3. Results

3.1. Gender comparison

Random- and mixed-effects models were used to eathie significance of differences between tempeeatfor all
three thermal comfort questions (sensation, acbépyeand comfort). Quantile-quantile plots (QQefd) were used to

test whether the residuals were normally distriduiéhe P-level for significance was set to 0.0%naes similar study



[7]. Table 3 shows the p-values for the respon$éisesmal sensation, thermal acceptability andrtiicomfort
between the male and female participants. No saamif gender difference was found, so in the rétiethermal
comfort analysis their responses were pooled. Wenbining the two gender results (as no significhfierence was
observed), the results were very close to beingnably distributed. Therefore, it was decided to omssan values and

standard deviation to describe them.

Table 3: p-values for a gender difference in resggsnto the thermal comfort questions

Whole body  Thermal sensation Thermal

thermal sensation  acceptability = sensation comfort

Case 1 0.78 0.74 0.87
Case 2 0.70 0.57 0.91
Case 3 0.66 0.71 0.70
Case 4 0.58 0.33 0.28

3.2.Skin temperature

As for the responses to the thermal comfort questit was first determined whether there was aifsggint difference
between the responses of male and female partisipable 4 shows the p-values for the skin tentpeza
measurements. No significant differences were eleskfor the sensors placed on the right hand amdbtiehead of the
participants, namely the two sensors that were segbdirectly to room air. On the other hand, ferttvo sensors that
were covered by the participants’ clothing, sigrafit differences were observed between the respafiske two
genders. The cells highlighted in bold were theesas which a significant difference was found. Béarparticipants
had higher skin temperature on the right scaputanguihe whole session, while male participants higdier skin

temperature on their right shin throughout the ets@ssion.

Table 4: p values for a gender difference in skmperatures

Right Right Right
Forehead
hand scapula shin
Case 1 0.51 0.53 0.01 0.41
Case 2 0.52 0.47 0.02 0.15

Case 3 0.38 0.36 0.14 0.03



Case 4 0.48 0.83 0.98 0.01

Figure 4 shows the average skin temperature giaticipants on the forehead, the right palm, thketrscapula and the
right shin, for each case separately. The vertilzadk dashed line separates the figures into teecese phase on the
left side of the line and the office phase on fghtrside of the line. At the end of the exerciseigd, all four cases had
almost the same skin temperature in all four leceimeasured, since the PV Lab maintained a cdnstaperature
throughout the experiment. The temperature diffegermeasured in the four cases on the scapuldarstin were not
significant, since these two sensors were coveydtidparticipants’ clothing. A similar trend was@observed on the
forehead, although this sensor was exposed anideict dontact with room air. On the other hand,tdraperature
differences measured on the palm sensor differeladly between cases. At thermal neutrality, skmperature is
around 33°C and the flow of energy to and fromgkie determines a person’s sense of hot and calceXtreme

values were recorded, that could have caused ¢twaghole-body thermal discomfort.
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Figure 4: Average skin temperature for each case

3.3. Whole body thermal sensation
Figure 5 shows the whole body thermal sensationtarsfandard deviation as a function of the roemgerature. At

the starting temperature of 18.5°C, the subjedti@sest to neutral when they entered the chaptmenpared to the
other three cases. The effect of exercising quidkigreased, and subjects reported feeling sligloty in the second
guestionnaire of Case 1. This indicates that &ifran hour, the results are largely dependernbemoom
temperature, and unaffected by any preceding &gctiVhe responses were close to neutral againwhgn the room
temperature was at least 23°C. This correspondé#b was proposed by European Standard 15251427].
temperature range of 23-24.5°C was proposed awdlsé neutral. When the participants entered thenblea at the
room temperatures of 21.5°C and 23°C (Cases 3 aespéctively), they reported slightly warm thersahsations.
Figure 5 confirms that 24.5°C was the most netgnaperature. When the temperature remained coret2i@t5°C
(the last 30 minutes of Cases 2 and 4), the subgkpted to it even though it is above the uppet éf Category I
of the Standard 15251, namely 27°C [27]. Furtheanalthough the starting temperature of Cases 2 atiffered by 3
K, after 26°C the participants’ responses were atritentical. The starting point of each sessiws thad no influence
at the end of each session. By calculating the amdar each curve, it was found that the casedinadtited the least

from the neutral point was Case 3. This was dubddact that after the initial 30 minutes, themromperature was



23 K and therefore remained for most of the timegoewithin the neutral range of Category Il of &dard 15251,
namely 23°C — 26°C [27].

Kolarik et al. [7] reported whole body thermal satien of approximately -0.5 when the starting roaimtemperature
was 22°C, the clo-value 0.5 and the metabolic tI&emet. In the present study, the closest staroom air
temperature was 21.5°C (Case 3) for which the mdate-body thermal sensation was 1.06. Althougthépresent
study the room air temperature was 0.5 K lower, lednmdy thermal sensation was significantly higiveen entering

the chamber. This difference is attributed to tiffecent metabolic rate values in the two experitaen

#Case1 +Case2 +Case 3 =Case4
3 Hot

2 Warm

Slightly
* Warm

4 Neutral
27.5 29.0

Sligthly
Cool

Whole-body thermal sensation
=

29 Cool

3 Temperature (°C) Cold

Figure 5: Whole-body thermal sensation as a fumctibthe room air temperature. Whiskers show thedsted deviation for each
guestionnaire

Figure 6 shows the whole-body thermal sensatidioiplots, separately for male and female partidgédor the first
guestionnaire. In all four cases, the responses &ach gender were quite similar. In Cases 1 ahd thedian and the
+25% of the responses were around neutral, whi@ases 3 and 4 they reached a slightly warm vatu€ases 3 and
4 the box indicating the central 50% of responsesraller, which indicates less variation betwéenrésponses of
different subjects. This figure also supports thevpus conclusion that the differences betweereraatl female

subjects were small.
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Figure 6: Whole-body thermal sensation for thetfirgestionnaire of each case separately

3.4. Whole-body ther mal acceptability

Figure 7 shows the mean values of the whole-boesnihl acceptability as a function of the room terapge. As
before, the lower the room temperature at the lméiginof the session, the higher the acceptabiltpse 1 was the
only case that returned a lower acceptability valtne second questionnaire compared to thediimst meaning that
once the participants’ metabolic rate droppedalae typical of office work, a room air temperataf 20°C proved
to be too low. On the other hand, Case 2, wittagisg temperature of 20°C followed by the 1.5Klf0r&mp, had the
highest acceptability value before it exceeded 26ftch is the upper limit of Category Il of Stamdd 5251 [27].
Case 2 yielded the highest acceptability: from 268@6°C the thermal acceptability remained almwsthanged. The

lowest acceptability was recorded in the initiabgtionnaire of Case 4, when the room temperatuse282C.



Although this is the lower limit of Category Il 8&tandard 15251, it was considered as just acceptdbk to the
decrease in the subjects’ metabolic rate, the @#se@ room temperature at the second questionnageeported as

more acceptable. A similar trend was also obseivé&thse 3, but with slightly higher values of thatracceptability.
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Figure 7: Whole-body thermal acceptability as adiion of the room temperature. Whiskers show thedstal deviation for each

guestionnaire

3.5. Whole body ther mal comfort

Figure 8 shows whole-body thermal comfort as ationocof room temperature. As before, the lowertstgrroom
temperature of the first two experimental caseklgigtthe highest values of thermal comfort at thgitining of each
session, although this time the differences werallem For all the experimental cases, whole-bd#yrmal comfort
was always above the “slightly uncomfortable” lew&hen the room temperature exceeded 26°C (Caaed 2), the
room temperature was evaluated as less comfortabdd. four cases, when the room temperature neathconstant at
the end of the sessions, participants felt slightbre comfortable after being exposed to the samgerature for 30
minutes. The most comfortable temperature range28&S — 26°C. Case 1 was the only case in whiclpéntcipants
felt less comfortable at the second questionnhaa &t the first questionnaire. Overall, Case 2 seensidered the most

comfortable.
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Figure 8: Whole-body thermal comfort as a functigrthe room temperature. Whiskers show the standevihtion for each

guestionnaire

3.6. Percentage dissatisfied

Figure 9 shows the percentage of the subjectstidiied with the thermal environment as a functigrihe mean
thermal sensation, for each case separately. Haighed percentage dissatisfied (PPD) curve derfreed Fanger’s
model is also included in these figures for comgmari[39]. For every questionnaire, the thermal ams was the
average value of the thermal sensation responsabthg participants. Cases 1, 2 and 4 follow Feaisgcurve quite
closely, while Case 3 does not. Figure 10 showthaltesults combined in order to plot the treralhmore accurately.
Although the conditions in this experiment werasiant (temperature ramp of 1.5K/0.5h), the resaoltee neutral
zone follow Fanger’'s model quite closely, althoitghas developed from data obtained in steady-statdies. Kolarik
et al. [7] made a similar observation in their stufihese are strong indications that Fanger’s mbdgla broader range

of application and this should be further invediggto well outside the limits of a steady-statediton.
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Figure 9: Percentage of subjects dissatisfied withthermal Figure 10: Combined results of percentage of subjec
environment, for each case separately dissatisfied with the thermal environment

3.7. Sick building syndrome (SBS) symptoms
Table 5 summarizes the results of the subjectpomeses to questions about their sick building symar symptoms.

An arrow pointing downwards means that there wsigjificant deterioration in that symptom as rodntemperature
increased, while NS means that there was no sigmifichange, either positive or negative. In mases a
deterioration was observed in the general sympi{datigue, lack of concentration, sleepiness) asd t&ten in the
specific symptoms (headache, nose irritation, €id@ cause of the deterioration of the generalggms could be the

quality of the artificial light in the climatic clnaber or the fact that this chamber has no windows.

Table 5: Intensity of SBS Symptoms

Nose Throat Eyes
Headache Fatigue  Concentration Sleepiness
Irritation Irritation Irritation

Case 1 NS NS NS NS ! ! NS
Case 2 NS NS NS ! NS ! NS
Case 3 ! NS NS NS ! ! NS
Case 4 ! NS NS NS ! ! !

Figure 11 shows examples of the evolution of therisity of a specific symptom (throat irritatiomjdaa general
symptom (difficulty in concentrating). A symptontémsity of 100 means that the subject felt noatidn, while 0
mean severe irritation. For throat irritation, aedlimration was observed in all cases, but theceffias small. For
example, in Case 1, the maximum value was 97 (decbat the first questionnaire), while the loweasW0 (recorded

at the last questionnaire). On the other handyémyecase the ability to concentrate showed thet sigsificant



deterioration. For example, in Case 1, the maximalae was 92 (first questionnaire), while the Istwealue recorded

was 74 (penultimate questionnaire). RegardlesBeo$ymptom, in most cases an improvement was aibeviien the

temperature was kept constant during the last 3ites. A deterioration of the SBS symptoms obsewieidan

increase in room air temperature is consistent ofitier findings in the literature [6]-[8].
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Figure 11: Examples of development of sick buildipgdrome symptoms for each case examined

4. Discussion

The significant differences observed between thie éxperimental cases in Figure 5 were not reftestesimilar

differences in Figure 7 or Figure 8. Whole-bodyrthal sensation varied from slightly cool to slightvarm, thermal

acceptability was always better than “just accdptabhile whole-body thermal comfort was alwaystbethan

“slightly uncomfortable”. The course of the cunafghermal acceptability and thermal comfort shawfigure 7 and

Figure 8 are almost identical, although the quedtiat was used to report thermal comfort was dimoous scale

while for thermal acceptability it was not, as simaw Figure 3.

There are certain limitations in the present stilndy should be taken into consideration. Thesdditoins are related to

the experimental factors that were restricted $pecific value or range of values, to avoid possiliis. These factors



include the clo-value of the participants and théneopometric parameters of the subjects. Thevaloe was limited
to 0.5, the subjects’ age was in a narrow range2{2gears old) and only subjects with normal bodssindex were
accepted. In other words, underweight, overweiglthese people were excluded from this study. Mtexior of the
climate chamber used for the experiment was dedigmseimulate a landscape office. The dimensiorth®tlimate
chamber could not be changed however, so not rhare3 participants at the same time could be ptesen
Nevertheless, the findings of the study would reaffected whether the authors had simulated astaped or a
cellular office room. When selecting the temperamatte of change, the limitation of 1.7 K/0.5h badbe taken into
consideration, based on ASHRAE Standard 55 [28hrAfrom that restriction, the choice was arbitrariye ramp of
1.5K/0.5h used in this study is close to the maxmallowed. Increasing the ramp to 1.7K/0.5h mosbpbly would
not cause significant differences since 0.2 Kvey small temperature difference and unlikely ¢operceived.
Reducing the slope of the ramp to e.g. 1K/0.5h dioesult in increased thermal discomfort afterfitet 30 minutes,
as Figure 5, Figure 7 and Figure 8 show, becauws#l inke more time to reach the comfort rang8§26°C for
sedentary activity. The authors therefore beliéat ho useful findings would be obtained by exangndifferent
ramps in relation to the purpose of the presemtystho extensive study of typical office temperatiim Denmark in
summer was found and using one-building cases wuoeilo risky due to the high degree of variabiliyilding
orientation, construction properties, occupanceglestc.). Nevertheless, the Danish building caddch is based on
ISO 7730 [1], recommends that office buildings dbdmperate in the range of 20-24°C during winteat 288-26°C
during summer. Therefore, most buildings may bemssl to operate in this interval.

After having exercised for 15 minutes the partioigepreferred a lower room air temperature thauggested by the
standards, so in countries where most people coeorufoot or on a bicycle, at the beginning ofdkeupancy period
the office room temperature should be lower thatC22\Ithough 18.5°C as a starting temperature hachtghest
thermal acceptability and comfort value, it musitbasidered as too low, as it took longer to rahehrange of 23°C —
26°C, because the maximum allowed room temperatarease in 30 minutes is 1.7 K [28]. We therefuggest that
the starting room temperature should be 20°C —Zlahd that room temperature should then incretaide aate of
1.5K/0.5h to reach the comfort range of 23°C — 26f6hould be taken into consideration thought ihdandscape
offices not all occupants commute the same waydfeicar, public transportation, bicycle or on jaotd they do not
all arrive at the office at the same time. This ngethat any given room temperature control mightisoideal for all
occupants. However, it would be more appropriatedincational and public service buildings, wheeealrival times

of all building occupants are identical.



Rijal et al. investigated 11 office buildings irpda for more than a year and developed an equiatidiuildings in
heating, cooling and free-run mode[40]. Figure h@ves the comparison between the results from tdwgiation for the
cooling mode with the current experimental datee Tdsponses for the first questionnaire are predesgtparately
because the participants had higher metabolicatateat time. It can be seen that the experimeasgonses of the
second questionnaire and onwards are very clogetresults extracted from equation developed gl Bi al., while
the responses of the first questionnaire diffeistauttially. Therefore, when the metabolic ratehef tesponses from the
current experiment was similar to that of the fielddy, the two sets of subjects’ responses alowstide, in spite the
difference of the season (summer during the firldyscompare to spring during the current expertndrhis shows
that the dominant factor that affected the subgeittermal perception was not the season or thewouttbnditions

during the experiment execution, but the high maialvate that the subjects had while filling thestf questionnaire.
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Figure 12: Thermal sensation comparison betweenenirstudy results with field study results

While there is a seasonal effect on the preferedirtemperature level, the relative effect of amréased activity in
the morning on the decrease preferred room temperat the morning is minor. There is some effecthee acceptable
change in room temperature for an increased actanel will depend on the clothing level. At a leiclothing
insulation, the acceptable decrease in room ternperéor an increased activity level will be lekan for a heavier
clothing. In the present study the authors focusedne level of clothing (0.5 clo) considered tgbifor summer
clothing in a temperate climate.

The temperature ranges suggested by the Europmathasti EN 15251 [27] for office buildings assumaetabolic rate

of 1.2 met, which is typical for sedentary activitihe authors believe that similar findings wouéddbserved for a



person with elevated metabolic rate entering aic®fiuilding, independent of the season, the gganeal location or
climate conditions, due to the difference in theabelic rate. This naturally requires further ingstion.

For Figure 9 and Figure 10, the PMV — PPD valuae®walculated based on the program designated pggix B of
ASHRAE Standard 55 [28]. For the metabolic rate, O Standard 8996 (ISO 2004) was applied, usiadheart rate
measured during the experiment. In some casesyitekess connection between the sensor and théseedailed,
resulting in unrealistic values of heart rate. Fegi3 shows an example of such a session, wherestirerate of
Participant 1 exceeded 160 heart beats at a tine® Wie subject was sitting at a desk performing@ffvork. This
resulted in a metabolic rate of five or six metidgrthe walking phase and up to three met durieg ttay in the
office-chamber. In those cases, the metabolicwateset by the authors to 2 met during the walkimgse and when
responding to the first questionnaire, and to 1 doeing the rest of their stay in the chamber. Ehedues of metabolic

rate were taken from Table A.2 of the ISO Stan@&2@6 [41].
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Figure 13: Example of heart rate measured duringeaperimental session

5. Conclusions

The present study examined whether building occispaith slightly elevated metabolic rate due to amrting on foot
may accept a room temperature below the comfogador sedentary activity in the morning. This w#gdied in an
experiment with 25 young people, male and femadposed to four different conditions. It was con@ddhat
* No significant differences were observed betweerstibjective responses of male and female pantitipa
« Due to the increased metabolic rate from walkiogidr room temperature than are suggested by ENi&tdn
15251 were reported as acceptable at the begimitig occupancy period.

e The impact of the physical exercise had disappeaited approximately 30 minutes



Although the conditions in this experiment werensiant (an increasing temperature ramp of 1.5K)0 tble
results in the neutral zone followed Fanger’'s mapléie closely, although his model was developedhfdata
obtained in steady-state exposures

In countries where most people commute on footydrike, the room air temperature at the beginnifige
occupancy period could be 20°C — 21.5°C, namelyelawan EN Standard 15251 suggests. It should then

increase steadily at a rate of 1.5K/0.5h to rehetcomfort range of 23°C — 26°C.

These results could be used by researchers exanthrenmal comfort or energy use in office buildirsgel could be

taken into consideration in international standdodshe indoor environment or the operation of HY Aquipment.
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Highlights

e No significant differences between the responses of male and female participants

e Lower room temperature than what suggested by standards reported as acceptable

e The impact of the physical exercise had disappeared after approximately 30 minutes
e  The results in the neutral zone followed Fanger’s model quite closely

e The room temperature at the beginning of the occupancy period could be 20°C-21.5°C



