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Abstract

The issue of comfort and workplace environmenis$adtion within office buildings is fast becomingportant
and has gain interest by a lot of researchers.eSimadern day office building designs (in Ghana)ehasorted
to the use of extensive glazing which contributéhadverse indoor climate.

This paper presents the results of a study of foufti-storey office buildings in Ghana with regarts
occupants’ evaluation of their indoor environmentainditions. The buildings comprise of one natyrall
ventilated (World Trade Centre) and three mechdlgigentilated office blocks (Ridge Towers, Herieagjowers
and Premier Towers). Occupants in each buildihgdfiin a questionnaire to document their perceptgarding
indoor environment while some thermal and acoustiaeameters were measured. Furthermore, the rdsptm
expressed their feelings on the 7-point ASHRAE rti@rsensation scale, to determine their Actual Méates
(AMV). Altogether, 195 occupants’ filled the questhaire. The data and responses were analysedpdiesty
with MS Excel. The outcomes amongst others showatih the naturally ventilated office, a good agnent
could be seen with adaptive comfort models whiteshie air-conditioned offices, 97.1% of the occupdsilt
that their offices were cool. Again, only one ofittte four office buildings met the standard ci#efor lighting
which is 500 lux. The sound levels measured alggested that one building was not comfortable imseof
acoustic comfort. Both lighting and acoustic ing#hcy may affect productivity.

Attention to user perceptions and behaviour couolgrove the quality of the indoor environment iniagf
buildings
Keywords: Occupants’, Indoor environment, Naturally ventithtAir-conditioned, Actual Mean Vote.

1. Introduction

It is common knowledge that the presence and atidrbuilding occupants have a significant impacttioe
performance of buildings (Mahdavi and Proglhdf 20@8 they affect and gets affected by their indoor
environments. Thermal controls in office buildireyg used to modify the climate for comfort and achieved
through manipulation of the environmental contrg$tems, such as air- conditioners, windows, shagles,
(Nicol and Roaf, 2005). According to Pino et al012), many modern buildings have taken advantaggast
transparency in their design to create a clear wethie outside. When using a high window-to-watlo (WWR,;
ratio of the glazed area with respect to the tatah of the exposed envelope), occupants commoigliyt fieel
thermal and/or visual discomfort and they will apfieir own strategies to mitigate this problemn@arsely,
Heschong, (2002) reported that WWR play an impadrtahe in natural lighting which can improve job
performance of workers. Occupants in office buid@i dress in standardized clothing and show ugheir t
offices to carry out activities that have beengssil to them by their superiors. In their quedutfilling these
tasks, they are often disrupted by the way theynta#ly, visually, as well as acoustically feel witithe work
place such that the tasks assigned them may bgedela

To this end, technological and cultural pressutasiding design, dress codes, heating and coolmgtrol
systems) are in danger of producing convergence wery limited range of temperatures that are peedeas
‘comfortable’, particularly in public buildings shi@s offices (Shove 2003), which implies both iasexd indoor
temperature control and increased energy use. Rbsdwms demonstrated that the quality of the indoor
environment has considerable impact on human hesitss, productivity and wellbeing (Agnieszka afats,
2013). The authors (Agnieszka and Mats, 2013) aigggested in their study in Sweden that individaradi
building characteristics contribute significantly bow occupants perceive their indoor comforthigirtresearch,
air quality was ranked first to have a great impactoccupant satisfaction followed by thermal coinénd
sound (acoustic) comfort. Although the data useaties certain subjectivity, the subjective ratifgeved to
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predict overall comfort better than objective iratrs (Fransson and Vastfjall, 2007).

Frontczak and Wargocki (2011) in their literatusevey conducted showed that thermal, visual, atoasid air
quality is the main indoor environmental parametemstributing to satisfactory indoor environmentoiitczak

et al. (2012) used panel data collected by the &efior Built Environment (CBE) through post-occupgn
surveys sent to office buildings to investigate abhindoor environment quality (IEQ) parameters etffe
occupants’ satisfaction most. The results suggeat the three most important parameters for ocdupan
satisfaction were space available for individualrkyanoise level and visual privacy. The impact loé tmain
indoor environment parameters, i.e. thermal, visaabustic and air quality, on office occupantgisfaction
was as follows: noise level, sound privacy, tempea amount of light and air quality.

Kim and de Dear (2012) used the Kano Model to cbfiiate between IEQ factors that impact overall
satisfaction in negative, positive or in both diiess. They concluded that ‘temperature’ and ‘noisad
predominantly negative impact on occupants’ ovesatisfaction when expectations were not met.

On the other hand, a study conducted on commespades in Hong Kong by Lai and Yik (2009, 2007 )vead
fairly different results, indicating that thermabrofort had the highest impact on overall IEQ acaepe,
followed by air, noise and visual quality. An intigation conducted in China also suggests thantakcomfort
has the highest impact on overall satisfaction (€aal., 2012).

However, studies based on indoor environment etialuaf occupants living in Hong Kong apartmentdioate
that thermal comfort has the highest important ichpean overall IEQ (Lai et al., 2009; Lai and Yik)@). This
was followed by noise and air quality.

Choi et al. (2009); Astolfi and Pellerey (2008) iaNestigated the importance of environmental coods only
in terms of the subjective evaluations of buildirgers. They examined the importance of indoor enwirental
conditions for comfort by asking the building uséssrank the parameters according to their impagahe
results of these studies show that thermal comfag ranked to have slightly higher importance thaoustic
comfort and satisfaction with air quality, and cidlesably higher importance compared with visual famtn

According to Pino et al. (2012), thermal comforhdze defined as physical and psychological wellressn
individual when temperature, humidity, and air mmesit conditions are favorable for the activity thas to be
developed. Whiles visual comfort is defined asuhjsctive condition of visual well-being induced e visual
environment” (EN, 2002). Visual conditions are @werized by such parameters as luminance distilyut
illuminance and its uniformity, glare, colour ofjfit, colour rendering, flicker rate and amount ayldjht (EN,
2002). Navai and Veitch (2003) defined acoustic fortras “a state of contentment with acoustic ctods”.
The acoustic environment is influenced by such [@aysoom properties as sound insulation, absonpéind
reverberation time (Cowan, 1994).

The recommendations of most agreed standards asels aaf practice for office lighting criteria is 906k
(Burberry, 1997). A study conducted by Yufan arassim (2011) on the comparison of occupant conifiost
conventional high-rise office block and a contengpprenvironmentally concerned building showed that
although more than half of the illuminance recordase figures less than 500Lux (54.3%), which méaase
working stations did not meet the lower limit oéthisual requirement, only 26.5% (N - 34) cleatipwed that
they felt darkness from ‘little’ to ‘fairly’. Howesr, the occupants’ perception of their visual emwinent also
depends upon the illuminance they are accustoméirégenza and Leo, 1998).

The recommended criteria and suggested valuesefoergl office space sound is less than 45 dB agested
by Reid (1984) in Yufan and Hassim (2011).

The neutral sound pressure level for aural conifotypical air-conditioned offices was found to lbetween 45
dB and 70 dB, with a mean of 57.5 dB (Mui and Waz{@)6).

Studies have showed that physical environmentamaters are all interrelated, and the feeling ofifoot is a
composite state involving an occupant’s sensatifradl these factors (Naganoa and Horikoshib, 2@fjardo
et al., 2004).

As cited by Huang et al. (2012), the Chinese caddhe design of sound insulation of civil buildinguggests
that the noise level in offices should not be highan 55 dB. In their survey however, when thesadével was
below 49.6 dB, subjects felt satisfied with the st environment. When the noise level increasem/a this
threshold, subjects felt increasingly uncomfortable

According to Huang et al. (2012), in relation tonferature and humidity, the thermal environmenec$
occupants’ sensation of “warm” or “cool” and “hurhmt “dry”, and is considered to be the environnafactor
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to which people pay the most attention.

Again, comparative risk studies performed by thdté¢h States Environmental Protection Agency (USEPA)
ranked Indoor Air Quality (IAQ) as one of the tapef environmental risks to public health (Lai et 2009).

Buildings with poor adaptive opportunities oftenoguace intolerable indoor conditions within (Bakerda
Standevan, 1996) and eventually become power gsz@ikcol and Humphreys, 2004). The mere existarice
control system cannot improve the adaptive oppdstium a building (Nicol and Humphreys, 2002).

This paper assesses occupants’ views about thddioinenvironmental conditions in four multi-storeffice
buildings in Ghana where as a result of the emegeaf the ‘glass box’ almost all high rise commatci
buildings have been fully glazed. It also formstpEra long term (12 months) monitoring, measurensd
observational study of the thermal performancéefdffice buildings.

2.0 Methodology
2.1 Selection of buildings

The four office buildings selected for the studg atl located in Accra, within the central busindssrict. The
buildings are a representative of the many existmti-storey office buildings with multiple funcms. The
buildings are Premier Towers (P.T), Ridge TowersT|RHeritage Towers (H.T) and the World Trade @ent
(W.T.C). Key information concerning these buildingsummarized in Table 1.

2.2 Questionnaire

One hundred and ninety five occupants in the abmyillings who showed interest in the researchdilée
comprehensive questionnaire on their indoor climatinditions (thermal, visual and acoustic). Thesgions
were structured based on:

a. Personal profiles

b. Perception and evaluation of indoor climate andewssyurced from a similar study (Koranteng, 2010)
as well as the ASHRAE RP-921 project protocol (Tand Love, 2008). The questions were not
directed on momentary feelings but rather, the oedpnts were asked to provide retrospective (long
term aggregate) views of their indoor environment.

Table 1: General overview of selected buildings

Code Fl. area(m?) Location Orientation Floors Thermal Shades Windows Use
(No. of floors) monitored controls
P.T. 10, 263 Accra, CBD | East-West "Band & Air- Internal, Fixed Multi-
(13) conditioned Manually curtain wall | purpose
controlled
R.T. 14,355.68 Accra, South-East %and & Air- Internal, Limited Multi-
(15) Ridge conditioned Manually Operability | purpose
controlled
H.T. 9,340.86 Accra, East-West 16, 11" | Air- Internal, Fixed Multi-
(15) Ridge and 13 conditioned Manually curtain wall | purpose
controlled
W.T.C. 14,556.78 Accra. South-East 1Mand 18 Naturally Internal, Operable Multi-
(15) Ridge ventilated Manually purpose
controlled

2.3 Data Acquisition

Within the framework of the related research, thdobr environmental conditions within the officegeres
monitored for a period of 13 months (May, 2012 —-yM2013). Whiles air temperature and relative hutyid
values were measured inside a number of offices andide the building with data loggers, on-sitetsp
measurement of the lighting and sound levels wise t@ken with hand-held instruments. The hobo dogg
measured temperature in the range of -20 to 7@%).whiles the relative humidity was in a range&adb 95%
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+ 3%. The digital illuminance meter and the sougxkl meter were used to record the lighting andhddevel
repeatedly in the offices. The light meter meastneithe range of + 5% rdg +10d (< 10,000Lux) / +1084 +
10d (> 10,000Lux). Additionally, the sound levelterehad an accuracy of 1.4dB.

2.4 Data Analysis

Descriptive statistics was used for the analysighef results. The data was processed with MS Eandl
Greenline and Hoboware pro softwares. Greenline wsasl to download the file from the data loggerdeasgh
the downloaded files (temperature and humidity @g)uvere screened for points to be exported to M&IE
with the Hoboware pro. In MS Excel, the text filwgre screened and built into monthly data tableseE
formulae sheets had to be generated to produce hwaly values since the data recorded was invaterf 10

minutes. The outcome of the questionnaire baseith@subjective opinion of the occupants was albaltaed

for mean and percentage values and graphs drawg M Excel.

3. Results
3.1 Occupants

Together, 195 occupants from across the buildiegpanded to the survey. Out this number, 54 wemna .T
whiles 42 were from R.T. The R.T. building had marale (87.7%) respondents than females (14.3%)teThe
was a similar trend in the W.T.C. building where288 of the respondents were males and 30.8% fenthes
P.T. building however, had equal percentage of snaled females answering the questionnaire withHAe
building having more females (58.3%) than malesA%d).

On age distribution, it was realized that most e bccupants were within the ages of 25-45 yeasllithe
buildings. 7.1% of the respondents were below 25§4s3% between 25-35yrs, 14.3% between 36-45 w/hile
occupants within the ages of 46-55 and above 5& wet% each in the R.T. building. In the P.T. bnoig
88.9% of the respondents were below 45years witiegemaining 11.1% were above 46 years. H.T. ingld
had 8.3% of its respondents below 25 years witB%8and 8.3 % between 25-35 and 36-45 years regphcti
The remaining 26% were above 46 years. H.T. coalddid to have a mixture of all age groups withreagpr
percentage within the ages of 25-35 years.

The educational background of the respondents Vgassalicited. 50% of the respondents have unddtgiz
degrees and the other half with a postgraduateedegtr the H.T. building. This may be due to theaaded
nature of works carried out within this building.the W.T.C. building, 84.7% of the respondentsspesed both
graduate and post graduate degrees with the remaith.3% being S.H.S and O-level certificate hader
Altogether, there was a distribution of higher levef educational background of the respondents temite
their ability to answer the questionnaire rightlighnlittle interpretation.

3.2 General views and complaints

Figs. 1 and 2 show occupants’ general feeling cameg temperature and humidity. Whiles Fig. 3 shibne
percentage of occupants who have concern for thguality in their offices, that of Fig. 4 illusteaventilation.
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Figure 1: General feeling concerning Temperature Figure 2: General feeling concerning
humidity
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Occupants’ Actual Mean Votes (AMV) on the 7 poinBKARAE thermal sensation scale is shown (Fig.5).
Additionally, Fig.6 addresses occupants’ thermalfgnence on the same sensation scale. Specifittadlyows
the percentage of occupants who feel neutral (Qhéir offices as against those who believe thpaices are
cool, slightly cool and cold (-1, - 2, -3) as wa#l those who think otherwise (warm, slightly wamad &ot: 1, 2,
and 3
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Table 3: On-site measurements

R.T. P.T. H.T. W.T.C.
Lighting levels 640 480 350 220
(Lux)
Sound levels 54 55 59 55
(dB)

4. Discussion
From the data presented in the result sectionyi@beu of patterns emerge as well as some remarkaipids. A
number of related observations are discussed below.

4.1 Thermal perception

More that 50% of occupants in building R.T. and Rk temperature in their offices was cool. Timay be due
to the use of air-conditioners with comparativelyltemperatures set points (18°C). Mean temperatalues
measured within these buildings was 24.3°C and°Z4rgspectively. Although H.T. is also an air-cdiudied
building, only 51% of the occupants felt their teargture condition was cool. One of the reasonsdcbealH.T.
‘s Wall to Window Ratio, (WWR) which is about 90%s a result, there is direct solar radiation irte bffice
spaces, making the indoor warm. The aforesaid coeldttributed to the orientation of the buildirggt-west)
with its unprotected glazing: confirming the aseeriof a number of studies that heat gain throunghexterior
window accounts for 25-28% of the total heat gaithiw a space (Al-Najem, 2010 and Yu et al., 2008).
similar finding was reported by Pino et al. (201#) buildings with high WWR. East-west orientatioh o
buildings in the tropics with exposed windows isowm to cause discomfort within the internal spaces
(Koranteng et al., 2011). All the occupants in YW&.C. building felt their temperature was cool asidy: a
situation which was plausible because, their glazimdows were operable and shaded with a balctiamgahe
glazed facades and also 85% of the occupants werefdahe office during the hot afternoons with thigh
outdoor temperature values. Again because occupattie W.T.C. could open a window (adaptive opputy),
they felt comfortable even with a mean temperatdir28.4°C. This comfort sensation is in conformitith the
studies of (Nicol and Humphreys, 2004:; Baker armh&tvan, 1996).

Air quality evaluation followed similar trend asathof temperature where satisfaction was expressed
occupants in the R.T. and P.T. buildings due to tbéance on air-conditioners to create an exchkisiv
environment (Hawkes, 1996).

The votes on occupants’ thermal sensation are giselnject to the operative temperature within tfeeas.
These are retrospective subjective judgments. hénraturally ventilated building (W.T.C.), occupmanbtes
ranges from cool (-2) to hot (3). Whiles 23 % of thccupants felt that their spaces were warm, 1€86rted
their spaces to be hot. In the study of Germandoergy office buildings, Wagner et al. (2007) fouftd of
their respondents voting ‘very warm’ to their spaeenen the temperature was between 25°C to 30°theln
current study if ‘very warm’ is equivalent to ‘hothen the results are similar. Once more, theaiditioned
buildings have greater number of occupants who deetfortable: slightly cool to slightly warm (ASHRA
2004). 47.6% of the occupants in the R.T. buildiglg that their offices were cool (-2), a conditiainich have
been created by the low set point of the air-camgitrs (16°C to 18°C). This behavior could havaugehtoll on
the energy usage of the building. Occupants in Ibhigding were always in suits for work which gasa
indication of how cool/cold they felt rather thaonk policy.

On their preferences, all the occupants withingineonditioned buildings wanted to feel cool torma(-2 to 2).
This was so because of the seasonal difference=ierped in Ghana: the wet season where outsidditzons
are cool (low temperatures) and the dry seasonemanditions are dry and warm (high humidity).

Occupants in the W.T.C. building had a more forlmgpmattitude in relation to indoor thermal condito
compared with the occupants in the air conditiobeidings. They accepted higher indoor temperaturgbe
dry season and lower temperatures in the wet seasahthey also accepted wider temperature rarayes;
observation which is tantamount to Frontczak andgéfki (2011) who found similar results in their nko

4.2 Visual and Acoustic environment

The satisfaction with the availability of daylighhd electric lighting in the office was generallighh (about
60%). However, 58.3% of the occupants in the Huilding felt that their daylight amount could be mapan
expression which some explained as daylight reteasess and daylight is refreshing. Similar figdiwas
reported by Galasiu and Veitch (2006). By obseoratthe H.T. offices though with a high WWR laclextbugh
daylight because of the internal partitions blogkotay light from reaching the core of the buildinggain,
occupants in the H.T. building deployed their intdrblinds in an attempt to mitigate the directasahdiation
into their offices thereby compromising on daylightom Table 3, though buildings P.T., H.T. and \W.Tare all
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below the standard illuminance level of 500Lux (Bemry, 1997), less than 50% reported that theicepavere
dark. This finding agrees with the study by Tregemnd Leo (1998) who concluded that the occupants’
perception of their visual environment also depamut the illuminance they are accustomed to.

In terms of the sound levels (acoustic tendendijha offices were within the mean of 57.5 dB (Murid Wong,
2006). Buildings R.T., P.T. and W.T.C. recorded B5485dB and 55dB respectively; a reading similathe
Chinese code for the design of sound insulatiomiaf buildings which suggests that noise leveldffices
should not be higher than 55 dB (Huang et al., 2082en the H.T. building’s sound level was jusBlhigher
than the suggested values which could be due textegnal factors (one major road too close tdothiding).
Moreover, all occupants cumulatively reported tha¢ir working environment were conducive by voting
somewhat, agreeable and very agreeable to theajgrezception of the working environment.

5. Conclusion

Occupants’ responsiveness in four multi-storeyceffuildings suggests considerable levels of satisin with
certain aspects of their indoor environmental ctbow$. Whiles about 96% of the occupants in the air
conditioned buildings found their indoor thermahsation levels to be from cold (-3) to slightly wa(2), they
actually would prefer slightly cool (-2) to slightivarm (2). Due to the orientation and lack of shgdbuilding
H.T, an air-conditioned building experienced uncortg#ble conditions internally.

Even though occupants in the W.T.C always werdngilto leave their offices in the afternoons beeanfsthe
negative indoor conditions, they wish for an ainditioned office environment or a mixed mode.

Although building R.T appears to be over cooled;upants would not want any condition otherwisegssting
that they would rather feel cold than to feel warm.

The desire for better air quality and thermal camfaere considered essential for occupants’ higher
performance and productivity.
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