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Abstract

A study on office building occupants’ evaluationtbé operation, functionality of building contrgtlstems and
energy implications of their behaviour towards tingprovement of building designs was conducted. A
questionnaire was administered to 195 occupants’ inulti-storey office buildings. The buildings amorld
Trade Centre ( naturally ventilated), Ridge Towd?semier Towers and Heritage Towers (all mechalyical
ventilated). The data and responses from the octsipgere expressed using descriptive statistics.rébults of
the 12 months monitoring and survey of the buildisjowed that most occupants’ behaviour led teas® use
of energy during office hours. Not ventilating theiffices before using the air-conditioners, liglgtisystems
operating till close of work, setting air-condititemperature points lower than usual (18-20°C)sarae of the
occupant behaviours. Furthermore, since the opearfinggndows involved a collective decision makirigywas
hardly ever opened to ventilate the spaces. Octsiz the Heritage Towers felt that, they wereifiigently
informed about how their ventilation and air coiaditng system, lighting and blinds operated. Alfass the
buildings, 70% of the respondents reported that theught about energy conservation when they apérieir
control systems. Fifty-two percent of the occupantshe air-conditioned offices did not switch dfffeir air-
conditioners when they were out of their offices fonger periods of time. Attention should be p#id
occupants’ behaviour with potential increase inghergy use of office buildings.

Keywords: Control systems, Occupants’, Energy, System opera®ffice buildings.

1. Introduction

Thermal controls in office buildings are used todifypthe indoor environment for comfort. During ic# hours,
occupants’ who feel distressed with their environmgould only want to apply a control system or tiedeel
alright. Building occupants apply available contpmssibilities (operation of heating and coolingsteyns,
windows, lights, etc.) in order to bring preferabidoor conditions (Nicol and Roaf, 2005). Howewgiven the
relevant technical properties of any buildings’ieonmental systems (flexibility, responsivenesseeaf use and
zonal resolution), user interactions with thesdesys do not necessarily lead to desired conditjbofiness et
al.,, 1995). Becker and Paciuk (2009) affirmed ttiedrmal adaptation and perception of comfort may b
impacted by contextual variables, such as localaté.

A study of educational and office buildings in K and in India (Steemers and Manchanda, 2010) stidhat
occupants’ overall satisfaction varies dependingtlen ventilation mode applied in the buildings. Eaver,
dwelling quality, size and design were also denmmatstl to have significant impact on residents’ssagtion
(Lee et al., 2012; Dekker et al., 2011; and Mohdle 2010).

Cuttle (1983) as averred by Galasiu and Veitch §2@@ministered questionnaires in England and Nealahd
to investigate the perceived attributes of window$e sample of participants consisted of 471 effiorkers
who were asked whether they considered windowsetarbimportant feature of a workplace and, if smyh
important that was to them and why. Almost all mxgents (99%) thought that offices should have wive]

and 86% considered day lighting to be their prefésource of lighting.

A study in Denmark showed that people did not teeifident in regulating the heating systems inrtheimes
and felt that they needed more information (Gramgdan, 2010). Kempton et al. (1992) and Lutzenl{i@92)
as alluded to in Frontczak et al. (2012) reportet people experience difficulties in using othgstems, e.g.
room air-conditioners, as shown in studies in th8.A and Japan where they only used a limited nurbe
features of the air conditioners (Fujii and Lutziseh 1992). On the contrary, Finnish occupants deite
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confident about their knowledge of heating and N&iin systems in their homes (Karjalainen, 200B)e
above results show that understanding how peoptaveeindoors and how they operate the systems for
controlling the indoor environment demand an inttldmowledge which is crucial for developing syssetinat
provide comfort for building occupants (Frontczalak, 2012).

Frontczak et al. (2012) in their study asserted thspondents valued natural ventilation highly @ndas very
important for them that they could open windows.office buildings, the situation was quiet diffetess
occupants seating close to windows did not appietiee thermal comfort that was provided withinitlspaces.
This is confirmed in Charles (2005): Occupants exatext to windows tend to be less satisfied whigrral
conditions. Though workstations located next to dews benefit from natural lighting and a view, thei
occupants often experience a wider range of teriypesabecause of the warm or cool radiant tempersifitom
the windows. Blinds, perimeter heating, coolingulated windows can help minimize these problenta(les,
2005).

According to Price and Sherman (2006), people deite confident regarding their knowledge on how a
ventilation system works and how to operate it prbp However, the authors concluded that respoisderre
not familiar enough with mechanical ventilationteyss to meaningfully respond to questions abouhthe

Other studies have also showed that people lack&ratahding of how to use systems properly for adlitig the
indoor environment and experience problems whemnadipg them (Gill et al., 2010; Xu et al., 2009ddPeeters
et al., 2008).

Energy is the most important engine to improve uff@nquality of life and fight poverty. Given thiay 2020
almost 70% of the world population will be living tities, 60% will be energy poor (Serageldim andvi,

1995). Thus for the next decade, thousands of metgswef new electrical capacity have to be add&ebr-

Petrossian (1999) state that developing couniniag avoid spending $ 1.7 trillion on oil refinerie®al mines
and new power plants by spending for the next 3s/8 10 billion annually to improve energy effisdy and
conservation.

Lighting represents a major energy-user in comraéheiildings (around 15%), and large amounts ofggnean

be saved by using well designed lighting contrbl tan take advantage of the natural light avigléBalasiu

and Veitch, 2006). In the UK, lighting account foetween 13% and 16% of energy use and 18% and 25% o
CO2 emissions in a typical office building (Ener@pnsumption Guide, 2000). An office building study
performed in London showed benefits in energy usenmwindow size, solar protection, and internahgavere
optimized (Kolokotroni et al., 2006) whiles Barl@md Fiala (2007) substantiate that the conventimsgonse

of installing air conditioning into existing offiseto maintain comfort conditions results in inciegdevels of
energy, CO2 emissions and pollution.

Though occupant perception of so-called ‘sealedtrably air-conditioned buildings with open plandlr layouts
that provide minimal adaptive opportunity’, with nption for opening windows, is negative (Hoeslgt2009),
that seems to be the case in recently built Gharaffece structures.

In the building sector, the increased use of amdétioners, inefficient curtain walls and slidingndows, and
the lack of sustainable design principles, esplgcialoffice buildings have contributed to the epesituation
(Koranteng, 2010). In Ghana the growth in demamcdef@rgy is amongst other factors caused by theermums
air-conditioned commercial buildings being constedc especially in the metropolitan areas of Accna a
Kumasi. Since demand far outweigh the supply, pawgrloading shedding etc., have become commattipea
Occupants’ behaviour in these multi storey officéldings have always been to abate thermal discanifbese
behaviours have an eventual effect on energy. Hewdlve exact effect is insufficiently investigatado
especially in developing countries like Ghana.

The current paper presents the results of a stdguo multi-storey office buildings in Ghana witlegard to
occupants’ evaluation of system control options awdreness of the functionality of these systerhs. urpose
of the study is to document occupants’

e Operation and accessibility of the systems ancegysiontrols.
e Awareness of the functionality of the building carhtsystems.
* Awareness of the energy implications of user cadrictions.

Attention to building control systems, user pergap could improve design, quality, and energy qranfance of
office buildings.
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2. Materials and Methods

Questionnaires, interviews, observation, and largnt(12 months) monitoring of indoor thermal partare
were used in studying four multi-storey office lolifigs in Accra, Ghana. These buildings are diffene sizes,
number of storey and accommodate different orgéinizs, thus representing a broad spectrum of offjpes
and functions. All four buildings are given speaalles which are the initials of their names is fraper: R.T.
(Ridge Towers), P.T. (Premier Towers), H.T. (Hey#taTowers) and W.T.C. (World Trade Centre). Key
information concerning these buildings is summatireTable 1.

Table 1: General overview of selected buildings

Code | Fl. Location Orientation | Floors Thermal Shades Windows Use
area(m?) monitored controls
(No. of
floors)
P.T. 10, 263.00| Accra, East-West | Band & Air- Internal, | Fixed curtain| Multi-
(13) CBD conditioned | Manually 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 | 19, 11" and Air- Internal, | Fixed curtain| Multi-
(15) Ridge 12" conditioned | Manually wall purpose
controlled
14,556.78 | Accra, South-East| 1%and 1%’ Naturally Internal, Operable Multi-
(15) Ridge ventilated Manually purpose
W.T.C. controlled

2.1 Monitored environmental data

Room temperature and relative humidity values weeasured both inside (in a number of office spaaed)
outside the buildings over a period of 12 monthsiyM2012 —April, 2013). The measurements were disiteg
Hobo Sensors. The gathered environmental data s@eened and processed in MS Excel application. The
accuracy of the data loggers is presented in Table

Table 2:Measuring equipment (Hobo sensors) technical data.

Parameter Measuring Accuracy
Range
Air temperature (T) -20to 70 °C +0.4°C
Relative humidity 510 95 % +3%
(R.H)
Air velocity (A.V) 0.1 to 25.0m/s + 5% + 0.1m/g

2.2 Interviews

One hundred and ninety —five out of a total of fwmdred and twenty occupants from the four buildingre
randomly selected and interviewed. The intervievewioled a basis on which the questionnaires westgillited.
The respondents completed questionnaires on pénsaiée, building control systems (operation, assibility)

and energy implications of their operation. Thedrqeptions were based on long term aggregate oponcthe
aforesaid parameters.

2.3 Data Analysis

For further analysis, data from occupants’ desimgptotes was logged into an Excel spreadsheeuaimg) the
Excel ‘data analysis tools’ a series of mean, nre@diad mode values were calculated and graphs dfawn
interpretation. Data files downloaded from the leggwere also exported, screened and monthly taloéasgn
from them using MS Excel.
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3. Results and Discussion
3.1 Occupants

Together, 195 occupants from across the buildiegpanded to the survey. Out this number, 54 wema .T
whiles 42 were from R.T. The R.T. building had manele (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% feniEes
P.T. building however, had equal percentage of snaled females answering the questionnaire withHlfie
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 unddigiz
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 remgailth.3% being S.H.S and O-level certificate halder
Altogether, there was a fair distribution of héghevels of education by the respondents and hémeteability
to answer the questionnaire rightly with littleanpretation.

In the R.T. building, more than 60% of work doneamy working day was performed on the computer eghiih
the P.T., 88.9% of work was done on the computeildihg H.T. had 99% of its daily activities exeedton the
computers likewise W.T.C. with 69% of work carriedt on the computer. The aforementioned self agssds
gives an indication that occupants’ in the R.TT,,Rand the H.T. spent long hours behind their asteys and at
their workstations and therefore would apply anyntoa system available to feel comfortable and work
satisfactorily.

3.2 Operation and accessibility of the systems and system controls

Control systems within the offices included ope#itasing of windows, use of the air-conditionerse wf the
blinds, lighting and the switches. Occupants’ expegl various degree of satisfaction on all of theva systems.
Fig. 1 shows occupants ability to open their offidedows if necessary whiles Fig. 2 illustrates ifi@ortance
of the possibility of occupants to open their cdfiwindows.
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Figure 1: Ability of occupants to open their Figure 2: Importance of the possibility of occuizato
office windows if necessary. open their office windows.

Documentation on the decision of occupants to apeseé their office windows and satisfaction leval the
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possibility to ventilate their offices is shown filgs. 3 and 4. Fig. 5 addresses the importancehatthto the
possibility to operate curtains/blinds. Accessipibf thermostat, decision making in the operatibthermostat
and the satisfaction levels of the position ofcinditioners in the office spaces is pointed olEigs 6, 7 and 8.
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Figure 5: Importance attached to the
possibility to operate curtains/blinds. Figure.6: Accessibility of thermostat.

The H.T. is the only building with fixed glazing thout the possibility of opening at all. Perhapsodution
against infiltration and ex-filtration as reportéd E-Source (2005). But with the east-west oriéatat no
external shading of the building (H.T.), frequentyer cut and load shedding, fixed glazing was angrchoice.
Even though all the other buildings had operabledaivs; it was hardly opened as has been presantéid.i 1.
The reason for this trend includes the collectiezision making to open the windows (Fig.3). Not takk
occupants’ showed enthusiasm when it came to ogesfinvindows especially those whose workstationsewe
close to them (windows). They complained that opgnif the windows distracted them a lot. They again
reported that their workstations was uncomfortatrd they felt opening the windows will make theauaiiton
worse. This report affirms Al-Najem’s study (201@hen he concluded that heat gain through the exteri
window accounts for 25-28% of the total heat g&ime heat gain is what these occupants’ feel. Thesepants’
(who sat along the windows and the glazed aread}tsay were constrained to pull over the blindfiédp in the
reduction of the direct solar radiation (Charlealet2005) all the time. Fewer than 40% of theupamts in the
R.T. building did not at all open their windows Vs in the P.T. building, 72.2% of the occupantsrmbt. Apart
from them being insufficiently informed about thesftive effects the operation of windows has oridiog
occupants (Koranteng and Mahdavi, 2010: Rijal et2il07: Mahdavi et al., 2007; and Herkel et @03, the
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high dependency on the air-conditioner (AC) alsooaat for this trend. The occupants across theet#€
buildings however expressed the importance of thaiding having windows/large glazed portions vwhaid in

clear vision to the outside to catch a glimpse batwvas going on.
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Figure 7: Decision making in the operation of
thermostat.
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Figure 8: Satisfaction levels of the positio
of air-conditioners in the office spaces.

All the occupants’ in the three AC buildings didt ventilate their offices in the mornings beforengsthe air-
conditioners. H.T. occupants’ could not do thatreifethey wanted to. This observation is in congmae with
Simons et al. (2012). The poor satisfaction levethe AC in the P.T. building (Fig.8) could be dieemulti-
occupancy office with large numbers. In the P.Thiles only 4 workers had enclosed office spaces, th

remaining 50 occupants’ were allocated open plarkstations measuring a total of 50.4mz

In the W.T

building, 56.8% of the occupants could easily offeir windows and did that in the mornings whenytbame
to work. Occupants in the H.T building were vergdiitisfied about the fact that they could not offweir
windows at all and wished they could do that somes; especially when there were power failuress algrees
with the study about occupants having negative g@ien about AC buildings with no option for opegin
windows (Hoes et al., 2009). 25% of occupants acadisbuildings felt that it was not at all impantao open
their office windows and relied solely on the ACK¥hen asked whether they knew the importance ofigtay
on their wellbeing? 46% of the occupants acrosshthikelings said they did not and even if they ditty are
always bound to deploy their internal blinds. Oamitg’ in the W.T.C building did enjoy daylight aglas open
views so much since their windows were protecteti wibalcony. The work of Mahdavi et al. (2007hfaons
the above results with regards to the behaviowcotipants. Satisfaction with the building conty@tems in the
AC buildings was however higher than in the natyraéntilated building. Though occupants in theunally
ventilated building (W.T.C) had a range of adaptiygportunities, more than 50% preferred workinguamAC
office. But the heavy reliance on artificial lighg in the office spaces could have a negative effacenergy
usage since lighting represents a major energyiasgmmmercial buildings (Galasiu and Veitch, 2006)

3.3 Awareness of the functionality of the building control systems

Occupants responded on how informed they are athmit building control systems. Table 4 shows the
summary of the responses to the question ‘are yiiciently informed about how the following systenwork
in your office: Ventilation, air-conditioning, liging and blind protection?

Ventilation
Very well informed  It's ok Insufficiently inform ed
R.T. 35.7% 42.9% 21.4%
P.T. 27.8% 44.4%  27.8%
H.T. 10% 16.7% 73.3%
W.T.C. 15.4% 46.1%  38.5%
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Air-conditioning

Very well It's ok Insufficiently
informed informed
R.T. 50% 42.9% 7.1%
P.T. 33.3% 33.3% 33.4%
H.T. 0% 58.3% 41.7
Lighting
Very well  It's ok Insufficiently
informed informed
R.T. 50% 42.9% 7.1%
P.T. 33.3% 44.4% 22.2%
H.T. 8.3% 50% 41.7%
W.T.C. 30.8% 46.1% 23.1%
Blind protection
Very well  It's ok Insufficiently
informed informed
R.T. 28.6% 57.1% 21.4%
P.T. 33.3% 33.4% 33.3%
H.T. 8.3% 50% 41.7%
W.T.C. 7.7% 61.5% 30.8%

Ninety percent of occupants’ in the H.T. buildingdhvery little idea on how ventilation in their ic# was
achieved and therefore voted ‘its okay’ and insigfitly informed. Due to the fact that the desidgntheir
building had no adaptive opportunity coupled witle teast-west orientation, occupants solely reliedAQs
which also proved so technical to them and asatresed only some few settings as also reporyelujii and
Lutzenhiser (1992). There is also a convergenck thi¢ study of Price and Sherman (2006). With iightind
blind protection, H.T. occupants again felt thatyttwere not sufficiently informed about their opema and
were willing to attend workshops on how to opetatse systems effectively. Building R.T. and Pd&upants’
felt more confident and were well informed whenytloperated their lighting, air-condition systemsrjilainen
(2009), concluded on a similar finding in his studg the P.T., as much as those who were informeict also
not sufficiently conversant with both their AC'sdalighting systems. Occupants in R.T. and P.T.ddgs were
more interested in controlling their systems thathe H.T. and W.T.C. buildings. Most occupants%9from
all the buildings also indicated that in case adlpems concerning the systems, the property masagere
referred to. Few offices consulted their mainteeaumaits for faster solutions to such problems.
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3.4 Energy implications of user control actions

Due to the fact that nearly 50% of all occupantdl wesufficiently informed on the functionality ofertain
control systems, misuse of it (controls) leadindnigh energy usage and poor performance duringatiperis
frequent. Figs. 9 and 10 show occupants opiniomfinence of energy consumption and thought aboetgy
when operating building systems whiles Figs. 11 aBdndicates temperature setting of air-conditienend
operation of air condition system in the buildings.
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Figure 9: Occupants opinion on their

influence on building energy consumption Figure 10: Thought about energy when

operating building systems

On average, 70% (Fig.10) of all occupants’ in thi@ldings did think about energy conservation wheayt
operated their building systems. Yet their actibad a negative impact on energy usage: a resuttmdauld be
caused by both direct and reflected solar radidgtitmthe office spaces (Dibra et al., 2011). Aganore energy
is used up since just 50% of the occupants did kaffecient knowledge on how to operate some ofdtwetrol
systems. Also within some offices, though the oecuip knew about the implication of system contaoisthe
energy usage, they just did not really care so nmsinbhe the company will have to pay for the exa@nit
electricity bills.
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Figure 11: Temperature setting of air-conditioners

Oftfice Buildings

Figure 12: Operation of air-conditioning

systems.

All the air-conditioned (AC) buildings had theirtgmints between 18-20°C. These set points shoveffieet of
user behaviour on energy consumption of builditg$he R.T. building, nearly 80% of the occuparmis ¢old (-
3) to slightly cool (-1) on thermal sensation scal®hen asked of their preference less than 8% euata feel
cold (-3). There is therefore a good indicationt thehigher set point (up to 26°C) could still pr&icomfort
within the spaces. P.T. on the other hand operditedow set point probably due to heat absorptigriiz
excessive glazing and the large number of occupantthe open plan workstations. Building H.T. opauts’
had their set points that low since they felt vangomfortable and thought their AC systems weréigient.

There is also a plausible chance that the glaznmmpti as fixed as it should be and therefore rafilbn could be
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the cause. Additionally, the type of glazing usedld also cause direct heat transfers through tiadiand
conduction. Radiation and conduction heat trank@re been reported in E-Source (2005). A sigmitica
percentage of occupants (52%) did not switch dadfrthir conditioners when they were out of thefiaefs even
for as long as between 30 to 45 minutes. While% 4® the occupants thought they could influencdding
energy consumption in the way they operated theilding systems, 42% thought otherwise, explainiingt
they did not really care much about how energyoissamed other than to feel comfortable. This olztem
could also be as a result of the occupants unchelisig into the subject area of energy conservatiothe H.T.
building, 74.6% of the offices operated the airditinners at a constant temperature which is cytoperated,
whiles the rest had split systems. This could aotdor why they could not switch it (AC) off whever they
were out of their offices on short notices. In Bd. building, 57.1% of the offices regulated th&{L's with a
thermostat but in the open plan workstations, pesion needed to be sought from all the occuparitsdene
could change the settings. Sometimes, this prdmessmes cumbersome and in most cases proves Diigeto
the above, the AC setting is hardly changed thagghe occupants feel too cold (uncomfortable) incinerse
of working hours.

4. Conclusion

Occupants’ behaviour was monitored and evaluategfdiin multi-storey office buildings in Accra, Gharighe
empirical study had the aim of documenting occugaspteration and accessibility of the systems arsdesn
controls, awareness of the functionality of thelding control systems as well as occupants’ awa®é the
energy implications of user control actions.

The study showed that windows/glazing were morecfear views to the outside than it was for vetitlain
the AC buildings and as such, either hardly opdifed. and P.T.) or not operable at all (H.T. builgh. Again,
since the opening of windows was only possibler&teryone had agreed, it was never possible to thgam.

In addition, it was found that most occupants’ weog well informed regarding the available consgétems as
well as how they functioned.

41.7% of the occupants’ in the H.T. building félat they were insufficiently informed on how thkghting and
internal shading systems operated and will be mgllto attend workshops on it. Due to the operatiod
maintenance section which was available in alllbbigdings, the occupants’ did not really pay ati@mtto the
control systems and how they operated.

70% of all occupants’ in the buildings did thinkoalb energy when they operated their building systeviet
their ‘| don’t care’ attitude and actions had a abge impact on energy usage.

All the AC buildings had their set points betwee8:2D°C when a higher set point could be appropifiatet
least the R.T. and the P.T. buildings. A significaprcentage of occupants (52%) did not switchtlodir air
conditioners when they were out of their officegevor as long as between 30 to 45 minutes beoafuges
centralized way of operating the AC's.

In effect, frequent workshops needs to be organimedhcility managers in conjunction with the maimance
department of each building to educate occupantherffect of their actions on building controksms and
energy usage in the Ghanaian office building.
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