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Abstract: Problem statement: The government of Malaysia has raised their carecéowards the
issue of workers comfort and workspace quality ioav Energy Office (LEO) building. New energy
efficient building concepts and technologies regudr revision of comfort standards, to create a
suitable thermal condition in avoiding occupansdissfaction, adverse effect on their productieiby
overall building performanceApproach: Assessment was conducted using Babuc-A (Portable a
quality monitor) and sets of questionnaire adajtech ASHRAE-2004 were 99 respondents selected
using a stratified random samplinesults: This study shows that the thermal comfort zone
temperature was identified to be within the ran§@b6-23.6°C and relative humidity of 42-54%.
Conclusion: The results suggested that the thermal conditias w the acceptable range of ISO7730
and a lower room temperature was preferred by M#&ayin an office environment compared with the
temperature criteria cited in ASHRAE-55. To createoptimum comfortable workplace, temperature
between 20-26°C and relative humidity between 4%-6@ust be maintained. Adequate ventilation
must be provided at the minimum rate of 10 I/sresh air per person for general office space oryeve
10 nf of floor space.
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INTRODUCTION employees complaining of thermal discomfort (HSE,
2008).

British Standard BS EN I1SO 7730 (ISO 7730, Furthermore, the ‘feeling comfortable’ was very
1994) defines the term ‘Thermal comfort’ as: ‘that subjective in nature and cannot be defined objeltiv
condition of mind which expresses satisfaction it  Frequent changes in arrangement in office space and
thermal environment.’ the huge amount of the cables brought about by the

Thermal comfort was defined by the Americanextensive use of computers make the implementafion
Society of Heating, Refrigeration and Air-Condifiog  air conditioning office a necessity (Wan and Chao,
Engineers (ASHRAE) as that state of mind which2002). Naturally ventilated building designs can
expresses satisfaction with the thermal environmenperform efficiently in a hot climate country like
(ASHRAE, 2009). Though it is difficult to satisfy Malaysia because of their low evaporation rateglon
everyone in a space due to physiological anchours of sunshine, high relative humidity and very
psychological variation from person to person, ittiedr  overcast cloud cover. As a country that is progness
comfort is still one of the most significant fagor towards an energy consumption conscious target,
affecting environmental satisfaction (Nazargh al., buildings are designed to enable natural ventiatio
2008). According to Ched al. (2006), there are seven (Dahlanet al., 2008). Results of a study in Germany,
major factors which are, dry bulb temperature, watewhich was conducted on workplace occupant
vapor pressure, air velocity, radiant temperaturesatisfaction in 16 office buildings revealed thaet
virtually all the Heating, Ventilating and Air- occupants’ control of the indoor climate and moexov
Conditioning (HVAC) system, metabolic rate, clothin the perceived effect of their intervention strongly
and the length of time exposure (Sherman, 1985)influences their satisfaction with the thermal indo
Thermal comfort was measured by the number ofjuality (Wagneet al., 2007).
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To enable a researcher to improve the thermaPhysical quantities instruments: Physical quantities
comfort in the workplace, the six parametersinstruments were an objective approach in data
contributing to thermal comfort were measured anccollection. This approach involves the use of
calculated using Fanger (1970) comfort model. Thismechanical devices in collecting data. Four
model which was based on Predicted Mean Voteenvironmental parameters were measured using
(PMV) and Predicted Percentage Dissatisfied peopl@hysical quantities instruments (Babuc A) which aver
(PPD) index and used of BS EN ISO 7730 and BSIry bulb temperature, relative humidity, radiant
EN ISO 10551 British standards are recommendedemperature and air velocity (Wagretral., 2007). The
(HSE, 2008). data gathered from this equipment were processed

Overall, the study on thermal comfort emphasizeusing LSI programs. Physical measurements weratake
the importance of thermal comfort for office atthe height of 1.1 meters (Daghighal., 2009) above
occupants and highlight that achieving thermalthe floor, which represents the height of the ceruiat
comfort in offices not only delivers more satisfaot  seated level. The sample was recorded in everye80 s
for the occupants, but also improves their perforoea interval for 1 h. Having measured the environmental

(Nazaninet al., 2008). parameters, metabolic rate and clothing insulatiere
estimated in accordance with 1ISO 7730 and ASHRAE
MATERIALS AND METHODS Standard-55. In this study, the metabolic rate seido

be 1.2 met which are sedentary activities (office,

Location: The location of this study was conducted in adwelling, school and laboratory) and the Clo-values
Low Energy Office (LEO) Buowning, own by the Were calculated to be 0.87.

Ministry of Energy, Green Technology and Water, . ) o

Malaysia. This LEO building is the first government Workers' satisfaction survey: Subjective thermal

building of its kind to be built with integrated engy =~ comfort data were recorded using a questionnaire
efficient design. adapted from ASHRAE (2004). A questionnaire survey

that is simple and designed to seek occupant ifgout
Selection of respondents: A stratified random the level, the frequency and the time of the thérma
sampling was used for respondents’ selection of thicomfort problem as well as the general conditiohs o
study and it was estimated that 80% of occupants dfe thermal environment can greatly help in definin
each sampling location involve in this study. the pattern of complaints and distribution in terofs
Respondents were selected based on the inclusidine and space (Budaiwi, 2007).
criteria which workers at each location worked iloa
and high-occupancy, larger open plan rooms in théata analysis: All the physical measurements of the
building, including both male and female within thge  environment under studied were analyzed using
of 20-40 years old (young adults), having normal IBM InfoGap v.2.0.6 and Microsoft Excel v. 2007 whereas
and currently in healthy status and doing a desletta data from the surveys was analyzed using Statistica
job (Khalil and Husin, 2009). Because the humanybod package for Social Science (SPSS) ver. 15. Anafgsis

has its own temperature regulating responses (€.4pjs researched was divided into four sections:
sweating, vasodilatation/constriction, shiveringdn

occupants’ response to (and hence sensation of) the
environment will be a strong function of his/her ,
physical condition and a young, healthy body receve
more quickly and therefore can respond to changes i

Results of the questionnaire survey
Results of the physical measurements
Comparison between questionnaire and physical

thermal stress more quickly than can an older, ill- geasT_rement ith ASHRAE (2004 d 1SO 7730
conditioned one (Sherman, 1985). (I%rgg)lance Wi ( ) an

Sampling methods:Numbers of 99 respondents, which
are the staffs in the Ministry of Energy, Green
Technology and Water, Malaysia, were selected based _
on the location with the high numbers of workersInstrument results: There were five days of where the
located to be involved in the survey. Two types ofmeasurement took its place and in each day, three
approaches were conducted in collecting the datatwh sampling points were selected which ends up to %e 1
are the physical quantities instruments and workerssampling points for this total study. The resultsndoor
satisfaction survey. temperatures during the study period were givarabie 1.
1038
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Table 1: Result of indoor thermal measurement

TeAIR TeWET BULB  TeDRY BULB TeGLOBE Rel HUM AlRel *MRT.

(9] ¢S ¢S ¢S (%) (m/s) ¢S

Floor 1 Point 1 23.15 15.61 22.02 22.89 49.18 0.018 2281
Point 2 23.52 15.83 22.57 23.30 47.63 0.070 23.16
Point 3 23.61 15.76 22.59 22.59 47.01 0.030 22.17

Floor 2 Point 1 21.75 15.30 20.80 21.52 54.31 0.022 21.44
Point 2 22.82 14.38 21.76 22.41 42.09 0.006 22.33
Point 3 22.11 14.18 21.34 21.73 42.96 0.021 21.60

Floor 3 Point 1 22.45 14.46 21.70 22.10 42.92 0.019 21.98
Point 2 22.34 14.58 21.62 22.03 44.18 0.011 21.95
Point 3 22.36 14.43 21.49 21.92 44.76 0.015 21.79

Floor 4 Point 1 23.11 15.71 22.04 22.87 49.79 0.013  22.80
Point 2 23.2 15.67 22.10 22.95 49.16 0.010 22.89
Point 3 23.13 15.58 22.11 22.96 48.41 0.025 22.90

Floor 5 Point 1 22.01 15.41 21.01 21.75 53.81 0.024 21.65
Point 2 21.68 15.07 20.67 21.36 53.38 0.012 21.28
Point 3 21.63 15.14 20.68 21.35 53.89 0.026 21.24

* MRT = Mean Radiant Temperature

Table 2: Results of calculating operative tempegatBMV and PPD Human thermal comfort is influenced by

values psychological as well as physiological factors. Sal/

------------ Locations------------- PMV PPD g

FLOOR 1 Pomni 1 02 zg comfort indices, sqch_ as PMV and PPD have been
Point 2 0.3 6.9 developed. These indices attempt to correlate human
Point 3 0.2 58  thermal comfort with environmental conditions. The

FLOOR 2 Fl’DOOi:’]rltZJ. (901 5502 PMV index predicts the mean response of a largamro
Point 3 01 5o  of people exposed to a certain environment follgwia

FLOOR 3 Point 1 0.0 50 point thermal sensation scale according to the
Point 2 0.0 50 ASHRAE. PMV was established from the physics of
Point 3 0.0 5.0 . . g .

FLOOR 4 Point 1 0.2 5g heat t_ransfer combined _W|th an empirical fit to
Point 2 0.2 5.8  sensation and thermal strain based on steady{state

FLOOR 5 Fl;o'_”ti %21 5;82 transfer between the body and the environment and
P()Oi:’lrltZ -0.'1 5, assigns a comfort vote to that amount of strain
Point 3 0.2 5.8 (ASHRAE, 2009). PPD is the predicted percent of

dissatisfied people at each PMV. As PMV changes

Based he table. th q way from zero in either the positive or negative
ased on the table, the parameters measured were irection, PPD increase.

bulb, wet bulb, globe temperature, relative hurgidit The calculation of the PMV and PPD in Table 2
and air velocity as the main parameters needed inas done by using a software program named
calculating the thermal comforts PMV and PPD ValueSPMVcalc version 2.0, which was modified by
The air temperature recorded in the MEasuremegeran jyayan Nilsson from the 'Department of Technology
between 23.61°C_as the highest re"?‘d'f‘g to t_he boofes and Built Environment, Laboratory of Ventilation
21.63°C. The radiant temperature inside this taide and Air Quality University of Gavle as well as

calculated based on the given equation by M‘]KKPMicrosoft Excel (Fig. 1). PMV and PPD were

(2005): calculated based on the combined results of phlysica
measurement and observation of the type of activity
Ta =Ts +c\/ﬁ(-rg -Ta) and clothing.
Thermal response vote: Figure 2 showed the
Where: distribution of thermal sensation votes, most oficlh
Tme = Mean radiant temperature range from -1 (Slightly cool) to 1 (slightly warrand
K, Tq = Globe temperature 63.6% of the respondents perceive thermal sensaon
K, Ta = Ambient air temperature, K neutral. It indicates that most of the occupanfsisidd
\Y = Air velocity, m/s for the climatic variation and remained satisfiedhw
C = 0.24%10° the indoor thermal environment.
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Fig. 2: Thermal Sensation Votes (TSV) results

Figure 3 showed the A 7-points humidity sensationlevel in the building was too low or motionlesszexro
namely called ‘Humidity Perception Vote (HPV)' (v8ry  vote means that the respondents felt that theeddrcity
dry, -2 dry, -1- slightly dry, 0 just right, 1 shily humid, 2  was just right. A small portion of 4% out of all
humid, 3 very humid) similar to the ASHRAE standardrespondents in this study perceived that the ag tva
55, ASHRAE Thermal Sensation Scale. The humiditysteady or motionless while a large portion of 9686 o
level inside this LEO building owned by the Minjsiof  respondents accepted the air velocity was just kigth
Energy, Green Technology and Water, Malaysia did noall the votes centered between -1 to 1.
exceed the humidity level of between 40-60% praVio
the Department of Occupational, Safety and HealtfiThermal preference: Thermal preference votes
(DOSH) Malaysia, in the Guidelines on Occupationalindicate what the respondents preferred to be gawin
Safety and Health in the Office handbook. their working office environment. Table 3 showee th

Figure 4 showed the Indoor Draft Perception Voteassociation between the thermal sensation and the
(DPV) results with a vote of -3 indicates the attocity ~ preference responses from the respondents ofubg. st
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Fig. 3: Indoor Humidity Perception Votes (HPV)
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Fig. 4: Indoor Draft Perception Votes (DPV)

Table 3: Association of thermal sensation and peefee responses
Thermal sensation scale

Thermal preference

parameters -2 -1 0 1 2
Air temperature 0 17 (17.2%) 54 (54.5%) 28 (28.3%) 0
Relative humidity 0 3 (3%) 57 (57.6%) 39 (39.4%) 0
Air velocity 4 (4.0%) 24 (24.2%) 69 (69.7%) 2 (2%) 0

For the indoor air temperature, the thermal seoisati be drier and 2 indicates the humidity level to beren
scale indicates the value of -2 as more warmeepred  humid and for air velocity, the thermal sensaticals
to the value of 2 as more cool preferred by theof -2 indicate more air movement preferred and 2emo
respondents. Value of -2 indicates the humiditelda  less air movement preferred by the studied respuade
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Fig. 5: Occupants perceived general satisfactidh thie indoor temperature

Table 4: Association between perceived thermal odmfand selected for this study with the portion of malerkers
calculated PMV towards female workers was 20.2% to 79.8%. The

Occupants’ satisfaction

perceived thermal selection of respondents was conducted randomigtbas
comfort -value pvalue  On work location of the workers who did the clefica
Thermal sensation 82.31 *0.001 and secretarial task in an open arrangement working
Humidity perception 130.36 *0.001 area. The reason was that when the population in a
Velocity perception 134.31 *0.001

certain location was high, the acceptability ané th
perception towards the working environments wouwdd b
Occupants’ perceived thermal satisfaction:Figure 5  (ifferent although they were exposed to the same
showed the satisfaction level of all the responglémt  contributing factors. According to previous studi®s
LEO building towards the indoor temperature ana als Daghigh et al. (2009), the selection of open
to compare the results studied with the ASHRAEarrangement area would make the occupants in g ar
Standard 55 thermal comfort condition (80% or mafre for having the same thermal condition as compafed i
the occupants are satisfied with the temperatdrels  an occupant working in a closed area (room) because
studied showed, out of all the respondents, only#0 the level of velocity, temperature and humidity dev
were positively satisfied with the condition, 11.1% between places are different.
stated their positively dissatisfied and 48.5% @ered From the survey, 83.8% of the respondents were
the condition inside the building was just right. aged between early 20-30 years old and 15.2% aged

Table 4 showed the statistical results inbetween 30-50 years old. The other 1% aged above 30
determining the association between perceived thermyears old. From this percentage it shows that the
comfort that was voted by respondents and thenajority the studied respondents were at young aged
calculated PMV values based on the measureduring the study was conducted. It has been sait th
temperature in LEO’s Building. This proved that thehuman in a group of early adulthood can adapt faste
perceived thermal comfort parameters can influghee the thermal environment compared to those who were
workers’ satisfaction in LEO building. at already in the late stage of adulthood. Thitestant

was proved by Sherman (1985).
DISCUSSION
The association between perceived thermal comforts
Socio demographic: For the purpose of the study, with perceived occupants’ satisfaction: Due to the
selection of respondents is important. Ninety-ninelocation of this country which is close to the Barequator,
respondents out of the whole building occupantsewerthe temperature range is between 25-35°C all treeydar.
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Fig. 6: A comparison of average monitored data fedihpoints in the buildings with ASHRAE Standard 5

The mean temperature is approximately 27°C. The In determining the association between the
relative humidity level can raise exceeding 809m@d  perceived thermal comforts with perceived occupants
et al., 2009). In the effort of knowing the indoor satisfaction using a statistical test, a chi-squesé was
thermal problems inside the LEO building, theused. From the test, it shows that all the perckive
occupants must be viewed as important contributorshermal comfort parameters which are Thermal
throughout the assessment process as they are tBensation Votes (TSV), indoor Humidity Perception
source complaints and a potential source of usefuotes (HPV) and Draft Perception Votes (DPV) shows
information that can help in assessing the extétihe a significant association with the occupants * pared
problem and identifying solutions (Budaiwi, 2007). thermal comfort votes with the p-value <0.001

Thermal comfort is one of the most significant
factors affecting the occupants’ environmentalCompliance with ASHRAE Standard-55 and 1SO
satisfaction (Croome and Baizhan, 2000), thougis it 7730: The calculated psychometric chart for the LEO
difficult to satisfy everyone in a space due toldmical  office building studied was shown in Fig. 6, alomigh
variation and perception from person to persorthe bounds of the ASHRAE Standard 55 comfort zone
(ASHRAE, 2004). The studied in a LEO building show range. From the figure below, it shows that nonéhef
that 40.4% of the respondent satisfied with theanir studied samples were in compliance with the Stahdar
condition and another 48.5% out of all respondéeits The entire location sample studied resulted witihie
that the condition in the building has been jughti  acceptable range of relative humidity which was
The 11.1% of the respondents felt dissatisfied wittbetween 30-60%. However, the temperature was a bit
current condition in the building. Therefore it ®aps lower than the recommended temperature of between
that the occupant perceived satisfaction with the?3-36°C for the air conditioning office. This resul
temperature is not in compliance with the acceptablshows that the building occupants felt that theremtr
thermal satisfaction range within ASHRAE Standasd 5 outdoor temperature was too high which they had to
(80% or more of the occupants are satisfied with th decrease the indoor temperature to achieve
temperature). comfortability.
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The calculation of the PMV and PPD using limited, more study need to be conducts to prow th
Fanger's equation shows that the current conditibn indoor temperature can have a significant effect of
LEO building was in the comfort range based on 1SGacute and chronic health symptoms.

7730. All the fifteen sampling location shows the
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