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Abstract

This work shows the results of a field study abindbor thermal comfort, based on investigations in
Portuguese secondary schools’ classrooms. Theysunezein presented were carried out in a school in
Beja, in the South-East of Portugal.

The field study was conducted by physical pararseternitoring and survey questionnaires. Both field
monitoring and subjective surveys were performeiti@same time during the regular class periotigeit
the end or at the beginning of the class). The oreagent campaign consisted in measuring the
environmental parameters — air temperatugg @ir relative humidity (RH), COconcentrations. Outdoor
air temperature values were registered hourlyeht#arest climatological station. Through these,ddong
with the actual people clothing and metabolic g know, both Fanger’s comfort indices were
calculated (predicted mean vote and predicted ptage of dissatisfied people).

The subjective survey investigated the thermal gtetlity, the thermal sensation and the thermal
preference.

The judgments about the thermal environment wengpeoed with the results of the field measurements.
Draught preference votes, air stiffness and glabajuality votes were also collected.

The results show that the students found tempera&unge beyond the comfort zone acceptable, and
revealed the occupants’ accommodation tg €@osure, confirming the results obtained in otedies.
Moreover, it was verified that running on naturalntilation mode, CO2 concentration limits werghty

exceeded.
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1. Introduction

Indoor Environment Comfort results on the combimratf four major environmental factors, such
as Thermal Comfort (TC), Indoor Air Quality (IAQ)coustic Comfort (AC) and Visual Comfort
(VC) [1]. Thermal comfort in schools (classroomaghately been receiving more research
attention [2], [3], [4], [5]. Either because indaamvironmental quality (IEQ) has a repercussion on
buildings’ energy use [3] but also because thishinggndition students and teachers performance
[6], [7], [8].[9], [10], [11], [12]. On the latestase some research has been developed but most
studies are not very conclusive or show limitedlenice, recalling further investigation [6], [8],
[13].

Assessing occupants’ satisfaction about the indagironment has been common practice for
evaluating thermal comfort (TC) and indoor air aiyallAQ) perception [14], [15], [16]. In this
context, an empirical study has been driven inr@ugaese school focusing on these two factors:
TC and IAQ. Monitoring parameters were faced ughwierceived TC and IAQ responses.

Field research, or «the analysis of “real-world3} i important to test the validity of the PMV
(Predicted Mean Vote), that provides the basi®iefmain thermal comfort standards [17], [18].
Several field studies have been investigating lteemhal sensation votes (TSV) regarding the indoor
thermal environment (ITE). In various cases it basn found that people in naturally ventilated
indoor environments are comfortable within a langerge of values than in fully conditioned
environments. In warm climate it has even been shibnat people can achieve comfort at higher
temperatures, compared to the recommendations baseV calculation [19].

The work herein presentedins at evaluating TC and IAQ in a recently refsingdd school running
in free running conditions / natural ventilation @eoduring the mid-season. In this study, the
comparison between the subjective votes (TSV) madicted votes, deriving from the objective
monitoring of some environmental parameters RH and CQ concentrations), allows the test in

field both in the “traditional” approach and in tadaptive one. Although adaptive opportunities in



classrooms are relatively strait, in the Portugymsgsic schools, there is no obligatory uniform, fo
which students may add or remove layers of clothiddgaptive actions to control microclimate
conditions also include windows opening or closshading device manipulation, etc. In many
situations these depend on teacher’s actions, tharestudents’[20]. Lesson breaks are good
opportunity moments for air renewal.

The field campaign was performed during spring fifoetwo weeks during lesson periods and
weekends. Although provided of HVAC systems, nana@yhandling units (AHU), during the

monitoring period classrooms were in “free runnieghditions.

2. Methods

2.1 Object of the study

The study was conducted in the continental Portsgterritory, in a secondary school in the
southern part of the country. This study is par @fider research project [21], covering a total of
eight-school selection distributed over the Parsg mainland territory.

The school currently under study is located 85komfthe oceanic line coast, 255m above the sea
level, in the climatic zone W1S3 (Winter 1, Sumr@gf the number of heating degree days
(HHD) are 1290 (according to the climatic zonestha heating and cooling seasons, [21]), as

indicated inFig. 1.



Fig. 1. Map of Portugal highlighting the 8 schools’ seleat(CCD' location). The dotted circle signs the municipalit
of the school presented in this work.

Field measurements and questionnaires were caitduring the mid season, for a two-week
period from the end of April until mid May 2013.|Alata were collected inside two classrooms
inside the main teaching building. The methodolsgyased both on objective and subjective
survey — questionnaires were administrated totilesits occupying the classrooms under study

while the microclimate parameters were recorded.

2.2 The weather of Beja

The city of Beja is placed in a region charactetibg its Mediterranean climate. This is illustrated
by dry summers and moderate winters. Average myptehhperatures are sometimes quite high,
over 35°C in the summer, and in winter, averagennb@aperatures normally do not go under 10°C.
The annual thermal amplitude is moderate. In tesfwainfall, the total annual value is low and it

occurs mostly in winter.

1 CCD - Census County Divison
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Fig. 2 Beja’s Average Monthly Maximum (AMMax), Mean (AMMe), and Minimum (AMMin) Temperatures (°C),
a); Beja's AMMean temperature plotted against Ager Monthly Rainfall (AMR), b).

Given the regular school year period, Septembane/July, and through the observation of the
climatological normal data (for the interval 19700D) presented iRig. 2, the school in Beja is

expected to have greater cooling than heating needs

2.3 Case-study description

Inaugurated in 1960, this secondary school in Beja recently refurbished - from Octobé&r2008
until September the 82009. The intervention included the refurbishmafrexisting facilities
(buildings A,B,C) - as well as the connecting gadle between these, the construction of a new
building for laboratories (G) and a new sheltenedrts area (F)ig. 3 a)shows a simplified layout

plan of the building blocks and respective orgatmireaccording to the current deployment.
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Fig. 3— Escola Secundaria de D.Manuel | — Site map (mbstvention), a);
Classrooms Al and A2 location in the school — Ldvplan, b) [SourceParque EscolarEPE (2012)]

The studied population was constituted by high etbtudents, with uniform gender distribution.
Some studies on IEQ found no statistical signifteadifferences between genders ([20]n [22],
or in ASHRAE 2009 [23tit in [24], where it is expressed that «the thermal dardpreferred by
the elderly and females do not differ from thosef@mred by younger adults and males»), while
others advocate the contrary (that female tenddfephigher temperatures under non-uniform
conditions[24], e.g. «for females, the extremifies) had a significant influence on whole-body
thermal sensation»). In 2002, Parsons stated femegalifferences for neutral and warm

conditions, still indicating that «females tendo®cooler than males in cool conditions» [25],a<at



PMV value of -2.0 (cool)». According to [26], indaratory experiments, gender differences are not
universally consistent and TC different sexes rasps have been attributed to different clothing
insulation ( [27] and [28¢it in [26]) . Although the clothing insulation value mien and women
garments’ does vary [29] (especially in an officieonment), in the present study male and
female teenagers in school environment tend to enégrgjr outfits — no substantial differences were
found (sectiorR.5.2and2.5.3. This observation is in agreement with previdusies [3], [30],

[31], where the mean clothing insulation betweeternaad female children is small.

The two classrooms under study are located in e olassroom building (A). Each one of the
classrooms is provided of an AHU. Although, scheabk working on “free-running” conditions and
only natural ventilation strategies were used tatia the T, and IAQ. The characteristics of the

analyzed classrooms are presentelign3 b) andTable 1

Table 1
Classroom#\1 & A2 characteristics and windows dimension (north andtsoriented, respectively).
Room Area (mz) Ceiling Volume (m3) Number of occupants Occupancy density Window to
(m) (during class period) (pupil / m?) floor Ratio
Al 46,38 3,36 155,85 26 (median) 0,57 (median) 0,19
A2 46,21 3,36 155,25 26 (median) 0,57 (median) 0,19
Height (m)  Width (m) Area (M) Total Area () | ( N° units )
Al  Window 1,8 1.2 2,16 8,64 (4)
52 Window (opening) 1,24 0,60 0,74 2,98(4)

Note: Only the sliding windows were considered amaw opening because it was verified that the leopp
window was always obstructed by the blinding system

2.4 IEQ analysis — monitored data

The IAQ and TC factors were analyzed by meansetd fineasurements of the following
parameters: air temperaturg),Tair relative humidity (RH) and concentrationcaibon dioxide
(COy,). The recorded values of these parameters aremnegsnext (sectiob.4.1and2.4.29.

Before the monitoring campaign took place, mearmrdademperature and air temperature were

analyzed for a period of 24hours. It was verifiedttthe thermal amplitude was lower than 1°C (this



was due to either the buildings’ strong inertiarigioally built in the 1960’s, either to the periofl
the year the campaign was driven, mid-season). @twirthis condition and to the fact that a
continuous monitoring campaign was to be driveraftonger period (including weekends), it was
decided to use a datalogger of smaller dimensiopractical reasons, e.g. security of the
equipment itself and classes normal operation. SID&00 Datalogger bigxtechwas used to
monitor all the parameters. The monitoring wasgrened for two weeks long, from Monday April
29" until Monday May 1% 2013.

Data were registered every 60 sec for the totalitoing period. Because of regular class action,
and considering students behaviour (recommendétom the school responsible), the
measurements could not be registered totally inr@ance with ISO 7726 [32] - the equipment
had to be “disguised” and integrated in the roomifure, at a height of circa 0.6 m above the floor
(near the breathing height for seated people) anttiaot be placed in the middle of the room. In
Table 2is presented a synthesis of the record valuesgltine entire monitoring period.

The occupation periods in both classrooms werédéuinvestigated. For each of the monitored
class days, an occupation period was defined aicaptd the classroom occupation schedule,
which varied daily. Along a regular day class, eatthese classrooms was occupied by different

classes, with a varying number of students, okdgit ages and different school years.

Table 2
Synthesis table of all the recorded values.
Parameter Lowest record Highest record Average St. deviation Reference value
Al A2 Al A2 Al A2 Al A2
Room temperature (°C)  16,1*  17,3** 23,1 25,9 195 720 1,64 1,85 20— 24 [3318]
Relative Humidity (%) 36,6 26,9 68,8 65,9 49,9 47,2 4,71 5,21 30-70
Carbon dioxide (ppm) 325  391%**  §223 7645 684 780 635 712 <1000 [34]

Note*: value registered at 06:07am 30/04/2013 —agupied period
Note**: value registered at 00:04am 10/05/2013 -ececupied period
Note***: value registered at 06:23am 02/05/2013roacupied period
Note****; value registered at 10:44pm 01/05/2013roccupied period

10



The results of the percentage of compliance of ehtihe parameters evaluated, according with the
reference values ([18] — Cat. B, [34] , [33] — GBt.are presented imable 3, for classrooms Al

and A2, respectively. It is noteworthy that the pemature reference values presentetiable 2

refer to operative temperature. The monitored teatpee in the classrooms was air temperature
(T). The comparison herein presented was possilsieuise the monitoring campaign was driven
during the mid-season, when temperature differeheeseen air and mean radiant temperatures

are not so significant.

Table 3
The percentage of compliance for the occupatioigsinClassrooms Al & A2
Occupation Period Percentage of compliance Al Percentage of compliance A2
Room Al Temp RH CO, Room A2 Temp RH CO,
| 30/04/201: [08:15 - 17:45] 33,5% 100% 4,2% [10:00 — 16:15B9,0% 100% 0%
Il 01/05/201: [08:15 - 13:30] 0,0% 100% 100% [08:15 — 16:15] 0,0% 100% 100%
1 02/05/201: [08:15-17:45] 16,1% 100% 27,2% [08:15 — 16:15p3,5% 100% 4,8%
IV 03/05/2013 [08:15 - 16:15] 67,7% 100% 24,8% [08:15 — 13:30]76,8% 100% 30,2%
\Y 06/05/201: [08:15 - 16:15] 96,3% 100% 7,1% [08:15 — 17:35]100% 98,6% 48,6%
VI 07/05/2013 [08:15 - 17:45] 100% 100% 57,5% [10:00 — 16:15]100% 100% 4,5%
VIl 08/05/201: [08:15-13:30] 100% 100% 42,2% [08:15 — 16:15]100% 100% 74,4%
VIII  09/05/201: [08:15 - 17:45] 100% 100% 100% [08:15 — 16:15] 00% 100% 100%
IX  10/05/201: [08:15 - 16:15] 100% 100% 36,3% [08:15 — 13:30] 100% 100% 37,1%
X 13/05/2013 [08:15 — 16:15] 100% 100% 44,4% [08:15-17:35] 76,3% 100% 73,7%

Outdoor temperature can significantly impact ind@onperature. For this reason, Table 4,
temperature values of each of the classrooms AlA2néhacing north and south, respectively, were
plotted in parallel with outdoor temperature. Ois ttase again, the average values presented recall
the occupation periods presented able 3. Mean external temperatures were calculated duhieg
daily occupational perio®:15 — 17:45. All the meteorological informatioged in this study, were

obtained from www.ipma.pt (Beja weather station).

Table 4

11



Average and maximum values over the occupatiorogerf the indoor air temperature and,@0ncentration in
Rooms Al & A2

_ Room Al Room A2 Ext
i Temp (°C) CO, (ppm) Temp (°C) CO, (ppm) Temp (°C)
average max average max average max average max mean
i 185 196 2222 3719 204 221 3103 7645 144
I 170 172 396 443 179 181 463 502 15,9
m 180 195 1742 3301 192 202 2000 3008 20,2
v 194 210 2016 5043 201 213 2119 4347 22,4
v 212 226 2235 6223 226 239 1376 5251 23,3
Vi 29 230 917 2237 235 245 2222 4312 25,6
Vil 221 230 1331 3298 231 245 1102 7465 21,5
vill 208 209 387 446 223 230 458 488 24,0
IX 21,5 230 1248 2427 228 240 1346 2529 22,6
X 21,9 230 1116 2200 240 259 1136 5298 25,3

The recorded values of air temperature and coretemtrof carbon dioxide in roon#sl andA2 are
presented next oRig. 4 - 7. Occupancy periods are represented by the greysletareas. RH
values are not graphically presented because padlgtall the recorded values fitted the norms (see

RH percentage of complianceTable 3).

12



2.4.1Classroom Al | Graphical representation of the oeded values
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Fig. 4 Temperature values in room Al betweef 8@ril - 13"May (the shadowed areas correspond to the ten ationgperiods, as defined Trable 3.
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Fig. 5.CO, concentration values in room Al betweeff 2Qril - 13"May (the shadowed areas correspond to the ten ationgperiods, as defined frable 3).
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2.4.2 Classroom A2 | Graphical representation of the oeded values
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Fig. 6. Temperature values in room A2 betweelf 3@ril - 13"May (the shadowed areas correspond to the ten ationperiods, as defined Trable 3).
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Fig. 7. CO, concentration values in room A2 betweeff 2Qril - 13"May (the shadowed areas correspond to the ten ationgperiods, as defined frable 3).
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2.4.3 Time evolutions of C@and temperature values inside the classrooms

The time evolution of air temperatures in classrd@lrand A2 during the ten occupation periods
(previously shown) are depictedkig. 4 andFig.6. Attending to the fact that the monitoring
campaign proceeded in parallel in both rooms, anediate deduction comes to sight: indoor air
temperatures () are lower in Al, the classroom facing north, tiranlassroom A2, facing south.
Moreover, in classroom Al, during the occupationqus | — 1V, all the mean indoor, Values

were out of the reference interval (20 — 24°C) aRed) these same periods, in classroom A2, only
during periods Il and Ill, the mean indooyvialues were out of the reference interval. The
percentage of compliance of this parameiab(e 3) also reveals this “disability”. During all the
other occupation periods, indoos Vialues in both classrooms generally comply withréference
interval values. The time evolution of indogyvialues goes along with outdoor temperature
evolution. This can be verified bothkig. 4 andFig.6.

The time evolution of carbon dioxide (g)0dn classroom Al and A2 during the ten occupation
periods (previously defined) are depictedrig. 5 andFig.7. Based on these figures ahable 3,
looking at the lower compliance of G@oncentration values, it is deductable that IAQapaeters

are not being full field. In most cases, peak,€@nhcentration values overcome 3000 ppm and some
situation even 5000 ppm. Nevertheless, looking eegyo data, it was verified that during the
occupation periods, mean @@lues are not so high: varying between 384-217 3ppth459-
2773ppm in classroom Al and A2, respectively. Shik maximum mean values are in both cases
more than the double of the recommend value — pPOO[34]. As expected, the lowest values in

both classrooms were recorded during night timenioccupied periods.

2.5 IEQ guestionnaire - subjective assessment
Auditing indoor climate quality (ICQ) in buildingduring the occupation period, is an important

action [35]. Foreseeing a more complete TC studylgective assessment was driven within the

15



two monitored classrooms (Al and A2) in this schdble questionnaire was specially set-up for
the assessment of environmental quality in schadsguarantees the respondents’ anonymity. A
previous version of the final outline of the questiaire was formerly applied in an academic
campus [22] and presented in [5].
Among the general information (age, gender, heighight), it was asked the students to mark
what they were wearing by means of a clothing chistk so that the actual clothing level could be
calculated [18]. This information was used to chtaithe PPD and PMV indices presented in
section 3.1 Students were also asked on personal habitsasusimoking or respiratory history
illness, such as asthma or chronicle bronchitistddeer, their position inside the classroom was
also questioned (relative position to windows/dimbefior walls). The other questions concerned
Thermal Comfort (TC), Indoor Air Quality (IAQ), Acstic Comfort (AC) and Visual Comfort
(VC). The guestionnaire was previously explaingdh research team members, before being
applied to 45 students with an age between 16-asyend school levels varied between 18-11
grade, no special doubts in the terminology cantdeng. the “thermal sensation”). A total of 45
individuals answered the survey. Neverthelesstgbearch team members answered promptly
when any information was questioned.
For the present, only TC and IAQ questions areistud he questionnaire ended with a question on
global evaluation of the room environment condision
Students gave a judgment on thermal acceptaliiigrmal sensation and thermal preference,
answering questions such as:

a) Do you consider the thermal environment conditioceptable?

b) How do you feel in this moment?

¢) How would you like to feel?

16



Question a) was asked on a discrete two-point gaateeptable/not acceptable; yes/no); b) and c)
were asked using a continuous scale with qualéatidications, latter converted to quantitative
votes, as previously explained by de Carvahal.2013, [5].

They were also questioned about draughts and yaieds, as well as on their preference on indoor
air temperature: «If you could control indoor &miperature, would you prefer: a) It varied in
accordance with the external climate conditions|t tvas almost the same all year despite the
external climate». For the indoor air quality vdtes adopted parameters were Aestiffnessand

the Air smellvotes followed byAir quality (Global assessment).

2.5.1 Classroom Al conditions

The questionnaire in room Al was driven duringl#s occupation period (X) defined Trable 3,

on Monday, 15 May 2013. According to the responsible teacheomenendations’, the
guestionnaire was distributed and explained testhdents at 12:00, a few minutes after the
beginning of the class at 11:45 (after a smallrirebetween classes). At that time, students had
been inside the room for circa 15min. During thegjionnaire (that lasted for circa 10 minutes),
the classroom conditions were; F22,1°C, RH = 55,2 % and GO 924 ppm. Outdoor
temperature was 25,8°C.

2.5.2Classrooms Al - answers from the questionnaires

The class answering the questionnaire in room Ad faieam the 11 grade. Because three of the
students were missing, only 26 answers were olitakFrem these, 46% were girls and 54% were
boys. The average age and height of the class &dg and 1,71m, respectively (the average BMI
was 21,1 kg/rf). The average clothing insulation value (cal@daaccording to Table C.i [18])
was 0,46 £ 0,07 (Clgue= 0,46 = 0,09; Cl@mae= 0,46 £ 0,05) . The wooden chair insulation 10,0

clo according to Table C.8 [18]) was not considered.
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The answers to the first TC questioRoe you consider the thermal environment condition
acceptable? were overwhelming: 96,2% of the students ansW€EeS Only 3,8 % disagreed
(these votes corresponding to a TS\skightly coo). Students’ answers to the questionnaire
relating TC and IAQ are presentedriy. 8 andFig.9, respectively.

In terms of TC, 69% of the students stated feehiegtral (all these TSV considered the thermal
environment condition acceptable), 8% vo&ghtly warm(also considered the thermal
environment condition acceptable) and 23% statelihigSlightly cool(of which 83% considered
the thermal environment condition acceptable).

In Fig. 8the thermal preference is plotted along TSV. Mben 80% of students votétb change
although 8% of these stated feeli@lightly warm No preference votes were countedvunch
cooleror A bit cooler In fact, despite J= 21,1 °C, 12% of the students votetit warmer— these

students have expressed their TS\élaghtly coolandneutral.

Muchwarmer mAbitwarmer mNochange = Abitcooler mMuch cooler

100%
90%
80%
70%
60%
50%
40%
30%

8%

54%

20% 4%
10% 19%
0, 0,
0% ‘ . 2 B
-3 Cold -2 Cool -1 Slightly 0 Neutral +1 Slightly +2Warm  +3 Hot
cool warm

Fig. 8. TSV plotted with thermal preference votes (answehe questiontiow would you like to feg)?

Concerning draughts and preference, almost 70%dstaeling draughts, but only 17% of these
stated feeling discomfort with thiBig. 9 a)andFig.9 b) show the subjective answersAo
StiffnesgClean Air /Polluted Air) andir quality (Global assessment). RelatiAg Stiffness circa

60% of the students voted betwedlightly goodandExceptional 12% voted neutrallySlightly
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good — Slightly badand 27% gave voted negative§lightly bad, no one votedador worse. The
Air smellvotes were just a bit different — 28% of negatiotes (varying betweeBadandSlightly
bad), 15% of neutral votes and around 55% of poskives (betweeBlightly goodand
Exceptiona). Regarding the global air quality assessmentpaim0% of the students did not
express a defined votdiidefined, 50% voted positively - votes varied betwé&sood with
negative aspeciandGood with positive aspecfa vote closer to Exceptional), and 10% voted

negatively (votes betweddad andBad with positive aspects)

45%

40%

30%

35%

25% -

30%

20% -

25%

15% - 20%

15% -

10%
10%

5%
5% -

0% - 0%

slightly bad

S.bad S. gooc

Slightly good

S. good- Gooc

Good

Good- Exceptiona
Exceptiona

Bad

Bad W/ Pos. Aspects
Undefined

Good W/ Neg. aspects
Good

Good W/ Pos. aspects

a) b)
Fig. 9. Classroom Al. Air stiffness vote€lean Air/Polluted Ai), a); General air quality votes, b).

Relating indoor air temperature fluctuation, 92%@f students expressed preference for an
environment in which temperature varied in accocganith the external climate conditions, rather
than a “fixed temperature” independently of theeexal climate (questions were previously

presented irsection 2.9.
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2.5.3 Classroom A2 conditions

The questionnaire in room A2 was driven duringl#s occupation period (X) defined Trable 3,

on Monday, 15 May 2013. According to the responsible teacheomenendations’, the
guestionnaire was distributed and explained testhdents at 15:50, a few minutes before the end
of the class initiated at 15:15. At that time, €ni$ had been inside the room for more than 30min.
According to the room’s schedule, on Mondays, «tiwen’s lunch break» occurred between 13:30
and 14:30.

During the questionnaire (that lasted for circanfiiutes), the classroom conditions were:
Ta=25,2°C, RH =41,4 % and GO 753 ppm. Outdoor temperature was 28,1°C.
2.5.4Classroom A2 - answers from the questionnaires

The class answering the questionnaire in room A2 fneam the 18 grade. Because two of the
students were missing, only 19 answers were oltalFrem these, 68% were girls and 32% were
boys. The average age and height of the class Wwéyg &and 1,64m, respectively (the average BMI
was 21,7 kg/ff). The average clothing insulation valuas not much different from the one
calculated for the class occupying room Al. Hef@im value = 0,45 + 0,04 (Cl@ie= 0,44;

Clotemae= 0,45 + 0,05) .

The answers to the first TC questioRoe you consider the thermal environment condition
acceptable? were overwhelming: 94,7% of the students ansaW¥EeS Only 5,3 % disagreed.
Students’ answers to the questionnaire relatin@i€IAQ are presented Hig. 10andFig.11,
respectively.

Despite indoor T= 25,2 °C, 58% of the students stated fedhiegtral (of which 5% curiously
stated not accepting the condition) and more th& 8f the students who stated feelBlgghtly
warmsaid they accepted their condition. The same fweabe 5% that stated feeliyarm In Fig.
10the thermal preference is plotted along TSV. Despi= 25,2 °C, no student stated preferring a

Much coolerenvironment. A big majority of the students, 848&ted forNo changealthough 32%
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of these stated feelirglightly warm Only 10% stated preferring bit cooler half of these stated
feelingNeutraland other half stated feeli®lightly warm The votes foA bit warmer surprise
because correspondWarmTSV. Even if eliminating these votes, due to itshaguity, the global

picture of the TC questionnaire in this classrooauld not significantly change.

Muchwarme ®Abitwarmel ®No chang Abit cooler ®Much coole

100%
90%
80%
70%
60%
50%
40%

30% 53%
20% 32%
10%
0% : ; 5% 5% ‘ ‘
-3 Cold -2 Cool -1 Slightly 0 Neutral +1 Slightly +2Warm  + 3 Hot
cool warm

Fig. 10.TSV plotted with thermal preference votes (ansteehe questionHow would you like to fee)?

Concerning draughts and preference, a bit more4bé& stated feeling draughts, but only 13% of
these stated feeling discomfort with tHi#g. 11 a)andFig.11 b)show the subjective answers to

Air StiffnesqClean Air /Polluted Air) andir quality (Global assessment). RelatiAg Stiffness

more than 60% of the students voted betw®ligghtly goodandGood — Exceptionakirca 15%

voted neutrally $lightly good — Slightly bgdand around 20% gave voted negativ&gdand

Slightly bad. TheAir smellvotes did not differ much from th&r StiffnessRegarding the global
guality air assessment, although almost a quaftigrecstudents did not express a defined vote, the
results are rather positive - almost 70% of thesaetaried betweeBood with negative aspeasd
Good with positive aspecfa vote closer to Exceptional), and only 5% ohtlrere clearly negative

—Bad with positive aspects
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a) b)
Fig. 11.Classroom A2. Air stiffness vote€lgan Air/Polluted Ai), a); General air quality votes, b)

Relating indoor air temperature fluctuation, 79%@f students expressed preference for an
environment in which temperature varied in accocganith the external climate conditions, rather
than a “fixed temperature” independently of theeexal climate. Relating answers obtained in

classroom Al, this class revealed a higher preteréor air-conditioned spaces.

3. Results and discussion

3.1 PPD & PMV indices. Simulation results: Estimationnocomfort indices

The recorded data were elaborated in order to at@kanger’s thermal comfort indices, PMV and
PPD, according to ISO 7730 [18]. The procedureldgss previously exposed [4]. Based on a
simulation tool developed by Gameiro da Silva [387], TC indices were calculated. In the
presented case-study, data input relating to enwiemtal conditions were: air temperature
(monitored value), mean radiant temperature (estichdased on Ta + 1°C), air velocity (estimated
in accordance to [18]) and RH (monitored valuenstead of partial vapour pressure. The other

parameters are clothing insulation (which were iolethfrom the questionnaires and calculated
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based on [18]), the metabolic rate (that was camei1,2 met - sedentary actiyignd mechanical

power.

Aiming at comparing PMV and PPD indices, with thsults obtained from the questionnaire on
May 15", the considered values for each of the variedrpeters are presentedTable 5, from

which were obtained six results (three simulatisese performed for each classroém)

Table 5
Summarizing table of the obtained results in tlesBnulations

Simulation classroom Al Simulation classroom A2
Parameters

I Il Il \Y] \% \|
M (met) 1,2 1,2 1,2 1,2 1,2 1,2
W (met) 0 0 0 0 0 0
lel (clo) 0,44 0,44 0,44 0,44 0,44 0,44
T. (°C) 22,1 22,1 22,1 25,2 25,2 25,2
HR (%) 55,2 55,2 55,2 41,4 41,4 41,4
T, (°C) 22,1 21,1 23,1 25,2 24,2 26,2
Vg (M/s) 0,1 0,1 0,1 0,1 0,1 0,1
PMV -0,36 -0,53 -0,20 0,63 0,46 0,80
PPD 7,8 10,9 5,8 13,4 9,4 18,6

3.2 Indoor air quality analysis based on CO2 concentaat values

In classroom A1, during the questionnaire, metereztage indoor C£concentratiorvalue was
924 ppm. Plotting this same value in the expresBib(?0) = 395*EXP (-15,15*¢x"-0,25) [38],
where the PD is expressed in terms of, Cahcentration values in excess to outside air (ppm)
circa 17% of the individuals would be dissatisfwithin those conditions, what represents PMV
0,7 [18]. Outdoor Ceroncentration values were not measured, an estinvatae of 380ppm was
considered for this estimation.

During the questionnaire in classroom A2, meteradtage indoor C@concentratiorvalue was

753 ppm. Plotting this same value in the expresBiD(o) = 395*EXP (-15,15*¢x-0,25) [38],

2 Graphical interface of the simulation tool is Eetd in the Appendix (Graphical interface of thenputational tool after
simulation I).
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where the PD is expressed in terms of, Cahcentration values in excess to outside air (ppm)
circa 13% of the individuals would be dissatisfwithin those conditions.
In Fig. 12 the percentage of dissatisfied (PD) with IAQ ettbclassrooms during the
guestionnaires and the preceding moments it isguldogether with PD derived from the
guestionnaires. It is worth noticing that PD votdisven from the global Assessment question on
Air Quality, just like TC votes (previously presented in setR.5), were given in a continuous
scale with qualitative indications, latter convdrte quantitative votes (-500 to 500), [5]. The PD
values corresponded to negatives votes with anaiesealue higher than 100.
In other words, considering this pollutant concatibn levels (especially during the questionnaire
period in Al), it would be expected a higher vabfi€®D. This study confirms other studies where
the subjective assessment is made by “outside’hahby the actual occupants, whose vote was
more “sensitive”, i.e. not accommodated [39].
PD (%)
100 ~
90 +
80 +
70 +
60 -
50 +

40 -
30 -

A e T

0

o o o o o o

™ ™ 1) 1) 1) 1)

—i & 3] < T} &)

- — - - = -
—PD ——PD Al -&-PD A2

Fig. 12.Percentage of dissatisfied estimated on €@centration excess in relation to outside aR (@52-1998)
plotted together with PD values from the questidrena

3.3 Discussion
According toEN 15251:200733] (Table 1: Description of the applicability thife categories used )
when analyzing this case-study in Beja, we shoaltbbking atCategory I[I[(Normal level of

expectation and should be used for new buildingsranovations)Based on this santeN
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15251:2007 for Category lithe recommended values for PPD should be <1@d should
vary between = 0.5 (table A.1, Annex A). The refexvalues presented for this thermal
environment category are the same in ISO 773Q [18]

The values herein presented in sec8dhfor classroom A2 do not respect the conditions
recommended by the norms. This PPD estimationdtisse3.2 is higher than the PPD estimation
resulting from the simulations (secti8ril - major differences were found for simulationgoom
Al).

TSV in both rooms “accompany” indoog. Tn classroom Al (= 22,1 °C), questionnaires answers
were expressed in the interval [-1; +1], while lassroom A2 (T = 25,2 °C), the TSV varied
between [0; 2]. IrFig. 13is presented a summary of the thermal conditidriseoclassrooms Al
and A2 during the questionnaires’ period. Indog@(°C) is plotted with TSV - mean and standard

deviation votes.

T.(°C) TSV
28,0 3
26,3 2
24,6 _ﬂ_,_ﬂ-;'—’_’;ﬁ'" 1
23,0 JNWL—«"'N_\‘ B} 0
21,3 -1
19,7 -2
18,0 -3

() o o () () ()

® ® ® ® ® ®

— (qV] (40} < 0o ©

i — — — — —

—TaRoon --TSV A1l -B-TSV A2

Fig. 13.Air temperature values plotted against TSV (meathstandard deviation)

From the observation ¢fig.12 andFig.13it can be observed that although subjective afectize
variables have different scales, their variatiomsansistent.
Nevertheless, in both cases thermal acceptabibity elose to 95%. TSV in classroom Al have a

distribution, close to the expected, while TSV lassroom A2 do surprise. Although Was higher
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than 25°C, more than 80% of the students vblead¢hangeeven if a significant part of those stated
feeling warm. The results confirm that people fe@hfortable under a wider range of temperature
than those recommended by the norms and also re@fioat «people living in warm climates can
more easily accept and work longer in hot environintlean people from colder climates» [35].
Other studies in classrooms have confirmed thgplpda naturally ventilated indoor environments
are comfortable within a range of microclimate eswhat is larger than in a fully conditioned
environments [40], «occupants seem capable of expiat a broader range of conditions (...) than
predicted by ISO7730» [4Z]tin [42].

IAQ subjective assessment did not differ much ithlmbassroomsAir stiffnessvotes were rather
distributed in both classroomSeneral air qualityvotes varied less in classroom A2. Moreover
students in this classroom were able to bettenddfieir votes (circa 25% of the votdsdefined.

In Fig. 14, the subjective evaluation of the thermal envirentris plotted along with the PMV
values calculated for each of the classroom (agqusly presented imable 5). Both votes,
perceived and estimated, varied betwBéghtly coolandSlightly warm Attempting separately the
mean values for each of the classrooms, it careée that in classroom Al, students perceived the
thermal environment more comfortably than it wolbddexpected from the calculated PMV - they
did not perceive the environmentsmol. The same reasoning can be drawn in classroonb2,
from the opposite perspective — in this case, stisd@ SV mean vote) did not perceive the

environment s&arm

<

-3 -2 -1 0 1 2 3
—--TSVAl1 -®SIMULATIONSAl -TSVA2 -e-SIMULATIONSAZ2

Fig. 14.Subjective responses (TSV) and PMV calculatedsv/gtean and standard deviation votes)
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Moreover it was verified that the distribution betvotes tended to narrow with a decrease in the
temperature (TSY; =-0,15 £ 0,54 and TS¥. = 0,47 £ 0,61). This finding is divergent from to
the one of H. Yuret al (2014), [31}- by the time of the questionnaire & Taa1 — which may

be explained by the smalleg difference in our case studies (~ 3°C) in compari® a bigger
Operative Temperature difference in [31] (~ 8°Chwpthe differences of the sample size.
Furthermore, in their study, H. Ywet al (2014) found thakthe distribution of votes was wider for
boys than for girls» In our study this is an half-truth: this conditiwas found in room A2, where
TSV girls = 0,46 £ 0,52 and TSV boys = 0,50 + 0,84t the contrary was verified in room Al,
where TSV girls =-0,25 + 0,62 and TSV boys = -0407,47. From these values we can
additionally state that girls’ TSV was in both sitions relatively lower than boys, but a
consciously analysis should be withdrawn of sucha (a total of 45 individuals answered the

survey). Further investigation on this subjectuggested confirming this hint.
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4. Conclusions

In this work, the results of a field study investigns on TC and IAQ in Portuguese secondary
classrooms located in Beja (south-east of Portwegalshown. The investigation was carried out
during the mid season in free running conditiorsKIYAC systems were active during the study).
The environmental parameters influencing TC and i#&pe measured, while parallel subjective
assessments of the occupants were collected.
The study allowed a comparison between TC indicedigtions (calculated with the monitored
data) and a subjective perspective observed frengtiestionnaires. Furthermore, it reinforced
findings from previous researches conducted insotemsns — students in secondary schools in
Mediterranean climate under free running conditionsid-season:

» stated accepting indoop, Tp to 25,2 °C;

» expressed TSV famo change

» confirmed thathermal neutralityis not the preferred state.
On the basis of these results, a trend was founthéthermal preference fro8lightly warm
environments in the mid season: higher temperaturges are accepted than those presented in the
norms.
Concerning indoor air quality, focusing on £€dncentration levels, the perceived votes reveal
students’ adaptation to the environment exposugebver, it was found that IAQ regulations are
not being full field. The concentration of this jpvént frequently exceeds the national and

international reference limits.
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Appendix

Model for the calculation of PMVY and PPD {ISO 7730 - Fanger's Method) - Data of Temp/Humidity/Mean Rad Temp/Air Vel

Input Data Intermediate
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Fig.A.1l. Graphical interface of the computational tooka&imulation |
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Highlights

* We conducted a field study on TC and IAQPortuguese secondary classrooms.
= The investigation was carried out during the migssa in free running conditions.
» Thestudy compares TC indices and subjective votes ffoestionnaires.

= Students in Mediterranean climate accepted indgapTo 25,2 °C.

Higher temperature ranges are accepted than tmesernged in the norms.
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