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ABSTRACT

This work presents the results of a study on uséabiour and building systems in an office
building in Kosovo. The main objective of the pcoj@as to observe and analyze indoor climate
conditions as well as occupant’s behaviour at wpdces, and to find measures to enhance the
building’s thermal performance and efficiency. hetstudy of the thermal performance of the
office building, indoor data loggers were used tonmor events and states in seven offices over
a period of six months (from December 2008 to JAA69). Events and states such as
occupancy, temperature, relative humidity, illunmpoa and status of electrical fixtures were
recorded every 15 minutes. The recorded data weoeessed and analysed. Based on the
results from the research, the interaction betweecupants and building systems was found to
affect thermal comfort and energy use of buildingserefore, it is necessary to have accurate
information about user control behaviour in offitelildings in order to improve building
performance and energy consumption. These behali@atterns can be used to develop a
basis for evaluating the influence of occupancybwilding energy consumptions, building
simulation programs and intelligent system congtohtegies.

Keywords: thermal comfort, user control actions, behaviourallels, efficient systems.

INTRODUCTION

With most of the urban population spending manyrso office buildings [1], it is imperative
to provide a good indoor climate and efficient bunf systems. The use of intelligent occupancy
systems, daylight responsive lighting devices amtrols have been found to save about 70% of
electrical energy used in office buildings [2 afd 3

Another factor related to the high energy use dicefbuildings is the provision of thermal
comfort. Thermal comfort is defined as the statehef mind which expresses satisfaction with
the surrounding environment [4]. Thermal comfortivewer requires a subjective evaluation [5].
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The factors affecting thermal comfort depend onrfanvironmental and two personal
parameters. The environmental parameters are dpoyteonperature, mean radiant temperature,
relative humidity and air velocity whereas the peed parameters are clothing-insulation and
physical activity. The evaluation of satisfactioh w&orkspaces makes use of the above

parameters to calculate the Predicted Mean VoteM(Plhd the Predicted Percentage of
Dissatisfied (PPD).

Studies on user behaviour and interaction with dig systems for comfort reasons have
increased the knowledge and understanding of mgjiderformance. For instance, researchers [6
and 7] observed that the switching on or off ohtgyeither happened when building occupants
arrived or left their workspaces. Electrical liglase known to generally use 20 to 30% of a
building’s total energy. Besides, behavioural patehave resulted in the effective prediction of
energy performance of office buildings. These bndd are generally responsible for a

considerable share of the total energy use andnédger part of the use takes place after the
production.

The study of user behaviour regarding switchingoastin office buildings was first conducted
by [7]. The conclusion was that all luminaries meaoom were usually switched on or off at the
same time. Other researchers found a close retdiptetween illuminance in the working area
on arrival and switching the lights on by the ocmis [8 and 9], (Fig 1)
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Fig 1 The probability of switching the lights on umn arrival by office occupants (Hunt and Reinhart)

o

Other researchers also monitored blinds and maimmdiols of electric lighting [10]. They tried
to find out if manually controlled electrical lighyy systems and automatically controlled blinds
with manual impact were operated in relation orejpehdent to each other. The study showed

that there was an increasing probability of lighésng switched on if illuminance was less than
100 Ix [10].

Recommendations are given on the switching off ightt when offices are empty as a
sustainable measure to save energy [11]. Furth@cjeat building performance is mainly
related to the design of installed systems andntieeaction with these systems by the occupants.
Further, the conclusion that there are four maatoigd which should be considered in efficient
building performance is propagated [11]:

Building technology; Installation technology; Smantrols of installation; and Interaction
between behavioural aspects and energy savingdkgn
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The prime aim of other studies [12] is to createv hechnical and socio-economic solutions to
make energy efficiency easy for end-users in exgstind new office buildings. However,

efficiency alone would fall short of sustainablenpiples if the behaviour of occupants is
neglected. Other researchers found out that irdimgis with efficient installed systems, negative
behaviour of the occupants contributed to high gnese [1].

Notwithstanding the complex nature of thermal camfieesearchers are undertaking projects to
better understand the production of heat and tlecested responses by human beings,
conscious feelings about the environment, and tbegsses of heat transfer between man and
his surroundings [13]. Furthermore, they [13] foumdat that building occupants interact with
available building systems in order to create @aasmdoor conditions.

In addition, studies conducted in air-conditionadidings show that the occupants are not
satisfied with the indoor climate during the wintard summer months. Even in buildings with
sophisticated thermal controls, dissatisfactiorhwite indoor climate prevailed. Occupants tend
to report on issues relating to overheating andetiedoling during the winter and summer
months.

Against the background of high energy use of ardttioned buildings as compared to naturally
ventilated types, studies into user behaviour,alled systems and interaction with thermal
control devices are paramount. In this context piiesented research deals with the study of user
behaviour and installed systems towards the impnave of building performance and thermal
comfort of office buildings in Prishtina, Kosovo.

MATERIALS AND METHODS
The main focus of the study is the OSCE (The Osgdrn for Security and Co-operation in
Europe) building which is a representative of pnédagh-rise and curtain walled facilities in

Prishtina, Kosova. Henceforth, the case study mglavill be referred to as “HQ".

The HQ building (see Fig 2) is curtain walled (eetied glazing) with a total of sixteen floors.

Fig 2 View of the HQ building at Prishtina, Kosovo

The seven observed offices are on the first, secoedzanine, seventh and eighth floors with
different orientations.
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The offices and occupants

Seven offices of different sizes and orientatiorsemmonitored during the observation period
(December 2008 to June 2009). For instance, thglesioccupancy offices were about 16mz2,
triple occupancy 16m2 and other multiple occupaoifices ranged between 30 to about 45mz2.
The mezzanine is an open office landscape with @fkevs. The monitored office spaces are
located on the first, second, seventh, eighth andhe mezzanine floors of the HQ building.
Typically, the workspaces are carpeted whereasdh@lors are of granite stones. The walls are
painted in white and the ceilings are suspendep3shows sample plans and orientations of the
offices.

Fig 3 View of floor plan of multiple occupancy offce on the second (left image) and on the eight (higimage) floor

Building systems

The installed lighting systems are fluorescent sulpe8 and 36 watts) with two manually
controlled switches located near the entrance. ddwrally controlled heaters (radiators) are
located under the windows. Due to the inefficienéythe central heating and cooling system,
window air-conditioners have been installed in dffeces to support comfort at the workspaces.
The central heating, ventilation and air-conditrap{HVAC) systems are operated from 07:00 to
18:30. The cooling system is used from May to Septr whereas heating is provided from
October to April. Also, there are internal shaddsclv are manually controlled.

Data collection

From December 2008 to June 2009, data was collettedffectively study the thermal
conditions and user behaviour in the offices. M@s made possible through the use of sensors
to monitor the indoor environment and occupant’sraponal activities. The data was recorded
every 15 minutes and downloaded every 30 days uSiegnline software. The software was
also used to launch the sensors.

Indoor climate parameters (temperature, light isitgnand relative humidity, presence of users
and state of artificial lighting) were measuredngsiwo different types of data loggers (Hobo
U12-012 and IT-200). The data loggers were mountadker the light fixtures and around the
workspaces. When mounting the data loggers, dgegclight was avoided and occupants were
instructed not to deposit any items on the senddrs.sensors were named using a 12 digit code
comprising the room number, sensor ID and instaliatlate. For example, "103_201_081224"
meant: room number 103, sensor ID 201 and instaltethe. Fig 4 shows a sensor mounted at a
workspace.
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Fig 4 Sensor mounted at a workspace on the secorddr

To monitor the presence of office workers at treations, 1T-200 loggers were used to log
occupancy and the state of artificial lighting @f). The sensor (IT-200) utilizes passive
infrared technology to detect and record occupamy lighting status. Luminance is observed
through a plastic pipe to determine if lights aneas off [14]. The loggers were installed in the
immediate proximity of the luminaries and protecteghinst direct sunlight. Also, the loggers
were mounted in such a way that a clear view ofwibekspaces could be maintained. Every 30
days, the recorded data was downloaded using aplappmputer with ITProSoft (IT-200)
software. The sensors were also named using agitZzdde which comprised the room number,
sensor ID and installation date. The sensor IDITe200 loggers starts with “1”, for instance
"103 101 081224" means: room number 103, sensofldD and installed on the 24th of
December 2008.

At the end of the observation period, the buildiagupants were interviewed on their views and

perception towards their indoor climate. In all,dgple responded to the interviews which were

held through a set of questions. The questionvea® structured in sections, with various parts

dealing with personal and general information (ggnege, etc) of the occupants, issues related
to indoor climate, the operation and accessibiitythe occupants to the installed systems and
system controls, etc.

Data processing

Over a period of six months (24th December 20080t June 2009), calibrated data loggers
were installed in the offices to record indoor temgture, relative humidity, illuminance,
occupancy, and light switching (on/off) states éwven offices. The extensive data collected was
structured in MS Excel sheets and analysed. Theepsed data was further used to analyze
thermal comfort [15] conditions in the offices. Byuemperature, relative humidity values and
metabolic rates were computed to calculate theigietimean vote and the predicted percentage
of dissatisfied. Also, psychrometric charts weraagated to study the indoor thermal conditions
in the building.

To efficiently analyse the data, SenSelect appticatvas used to structure and synchronize the
recorded values in 15 minutes time intervals. Tdpplication was based on Mathlab [16].
Further, a Notepad ++ application was used to adrihie structured data from SenSelect and
saved as CSV files. For the CSV files, MS Excel \iaally used to import the data for a
detailed analysis.

RESULTS

The results of the study are presented in sectidmsy are split into occupancy, lighting, thermal
comfort and interviews.

52
Pelagia Research Library



Albana Dibra et al Adv. Appl. Sci. Res., 2011, 2 (5):48-63

Occupancy

Fig 5 illustrates the mean occupancy level anddstahdeviation over the course of a reference
day for all monitored workstations (six in totallhe diagram reflects the presence of the
occupants at their workspaces and does not talke dohsideration when occupants are
somewhere else within the building.
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Fig 5 Mean occupancy level (%) over the course ofraference day (8-20hrs, averaged over all workst@ns observed)

Lighting

Similar to [7], the probability of switching theghts on upon arrival in relation to the working
plane illuminance has been explored. Fig 6 dematestrthe probability of an occupant
switching the lights on upon arrival in his/her ioff as a function of the prevailing task
illuminance level immediately before the arrivaheTilluminance range has been divided into
bins of 100 Ix. For each bin category, the totahber of “switching on” events upon arrival has
been divided by the total number of events “entgtime office” (“switch on” + “remain off”
events), expressed in percentage. Thus, the rdsultsach bin (“switch on” probability) have
been calculated in percentages with “n” being theitth on” actions.

The calculated total number of switch-on actions1@8) is very low as compared to the
observation period of 6 months. This could be eeldb the occupancy results obtained (30 to
35%) within the study period.
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Fig. 6: Probability of switching the lights on uponarrival in the office as a function of the prevaiing task
illuminance level
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Fig 7 shows the probability of the occupants intdliary switching the lights on (15 minutes
before and after the switch action) and as a fanatif the prevailing task illuminance level. In
all, 41 switch-on actions could be observed.
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Fig 7 Probability of intermediary switching the lights-on in the offices as a function of the prevaitig task
illuminance level

Fig 8 shows the probabilities of switch-on actiaip®n arrival and before leaving the offices. In
all, there are 243 switch-on actions by the occtpéibs minutes before and after the switch
actions) upon arrival and before leaving the office
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Fig 8 Probability of intermediary switching the lights on upon arrival in the offices as a function othe
prevailing task illuminance level

Thermal comfort

To calculate the thermal sensation in the officaceg, the predicted mean vote (PMV) and the
predicted percentage of dissatisfied (PPD) approah used. Here, a scale of <-2 to >+2 was
applied. The implication of the values are: -3 ¢eRicool,-1 slightly cool, O neutral, 1 slightly
warm, 2 warm, and 3 hot. Other values used forajy@roach are: Metabolic rate = 1.2 met;
Clothing = 1.0 clo (suits, dresses typical for besis people) and Air velocity = 0.15 m/s.

The following illustrations (Fig 9 and Table 1) shthe results of the approach. Fig 9 shows the
calculated PMV during the months of December, Jgnueebruary and March as well as April,
May and June. The diagram shows that the monthm #@ril to June are rather warm as

54
Pelagia Research Library



Albana Dibra et al Adv. Appl. Sci. Res., 2011, 2 (5):48-63

compared to the other months. Consequently, themhajof the offices could be said to be
performing well since the PMV values are mostlyngn the -1, 0 and +1 bin.

100%
a0, = Apr, May, Jun
20% - m Dec, Jan, Feb, Mar
70%
60%
50%
40%
30%
20% +

10%

0% -
<-2 1-2,-1) -1.0) {0,1) (1,2) =2

Fig 9 Mean distribution of calculated PPD (%) and BV in all the offices

Table 1 shows the monthly predicted percentageissfatisfied for each observed office. The
office numbers 6, 7, and 8 show higher PPD valuemd the warmer months. PPD values in the
offices 1, 1a, 3, and 4 are lower.

Table 1- Predicted Percentage of Dissatisfied — PHEX]

Offices and Orientation

Months 1 la 3 4 5 6 7 8 Average

N-E N-E E E S S-E N-W W

December 11,8 12,8 20,1 185 40,1 94 14,7 181 2 18,
Janvary 119 11,4 115 108 18,8 12,0 12,0 129 7 12,
Febrvary 87 73 83 74 156 279 142 113 12,6

March 98 81 88 90 121 154 16,1 129 115
April 82 82 82 82 128 202 26,2 21,8 14,2
May 12,8 128 128 128 16,7 40,1 384 219 21,0

June 72 71 72 72 19,4 429 414 29,7 20,3

Psychrometric charts

The tabulated mean hourly values (during the waykiaurs, 8:00 to 17:00) of the measured data
were plotted in psychrometric charts. First, thenfat zone for Kosova needed to be derived (in
relation to the neutral temperature) and plottedhenpsychrometric chart. Here, a method based
on the aforementioned neutral temperature wasepph]. The neutral temperature is known to

be the temperature at which a person should nefdetrtoo hot nor too cold. The range of
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comfort temperature for 90% acceptability is sadbe 2.5°C below and above the neutral
temperature, which depends on the mean monthlyoouteémperature (see Equation. 1).

Tn=17.6 +0.31 x To.av (Eq. 1)
Tn is the neutral temperature
To.av is the mean monthly outdoor temperature

Further, the boundaries of the derived comfort gofstandard effective temperature boundary
lines) give the implication that at higher humidiéyels, temperature acceptance is reduced [5].
Eventually, the monthly comfort zones (Decembeduoe) was calculated and the measured
temperature and relative humidity values were etbtbn the charts. Fig.10 and Table 2 show
that the number of working hour observations wittiie comfort zone is considerably low
during the month of June. However, the month ofilAprcomfortable (all points represented in
the comfort zone). In the month of May, temperataties of less than 20°C were recorded.
This was due to the use of installed environmettaatrol systems, orientation of the workspaces
and the low occupancy with associated low senshmat output. Indoor environmental
conditions during the winter months showed very loglative humidity values (ca. 20%)
compared to comfort scale recommendations.
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Fig 10 Hourly indoor temperature and relative humidty values in office nr.4 at the second floor durig the
months: April, May, June (8:00 — 17:00)

Table 2- Percentage of hours within the comfort zam [%] (warmer months of the year)

Months Average

April 100,0| 100,0{ 100,0 100,0 1000 100,0 10D,0 ,@00 100,0

May 64,8 | 64,8| 63,00 650 64,

Y

659 498 651 62|8

June 48,01 48,0 51, 51,0 469 483 483 44,0 48,2

Average| 70,9/ 70,9 71,3 720 7014 714 66,0 6D,7
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Interviews

Fig 11 shows the percentage of occupants and rdoglitng of the perceived air quality. Most of
the occupants had a positive view of the air qualit

70%
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Percentage of occupants

50%

40%

30%

20%

10%

0%

Very bad It's ok Good Very good
Fig 11 Assessment of air quality in the office

Fig 12 shows the percentage of occupants and Hagisfaction with available ventilation
possibilities. Furthermore, the vote on perceptibtemperature during the winter and summer
seasons is illustrated in Fig 13, and Fig 14 shdves levels of satisfaction with the air-

conditioning system.
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Fig 12 Satisfaction with the possibilities to venléte the office
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Fig 13 Assessment of the average temperature in tloffices in winter and summer
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Fig 14 Satisfaction with the air-conditioning systen in the offices

The percentage of occupants who were annoyed lctdgunlight and reflections on their
computer screens are plotted in Fig 15. The pkd ahows the frequency of annoyance in the
offices.

80% K .
W Direct sunlight
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70% | Reflection on the screen
60% -
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10% -

0%
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Fig 15 Occurrence of direct sunlight and reflectioron the computer screen

Fig 16 shows occupants’ assertion on the importatteehed to the operation of windows. Most
occupants were of the view that it is importanbhawe the possibility to operate the windows.
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Fig 16 Importance attached to the possibility of oprating the windows
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A better air quality was seen as the most importaeasure needing attention. This gives an
indication of dissatisfaction with the air quallty most of the interviewees (see Fig 17).
60% -
50% -
40%

30%

Occupants

20%

] . I
0%
Bigger office Better air quality Replacmentof  Quietness and

carpet privacy

Fig 17 Votes on urgent improvement measures by tfaccupants

DISCUSSION

The results of the study are discussed and presentections. They are mainly the behavioural
patterns of the occupants in interaction with théding systems, interviews resulting from the
guestionnaire and the thermal comfort analysis (Pavist PPD).

Behaviour

The occupancy pattern derived from the observadimta shows that the offices were not fully
used during the working time (8:00 to 17:00 houFsy. 5 demonstrates that the mean occupied
hours in the monitored workspaces was 30%. The dowupancy pattern in the OSCE (The
Organization for Security and Co-operation in E@opuilding could be linked to the
background of the occupants (mostly internationdh wmited contracts). Also, some of the
occupants had field missions resulting in the lawspnce at the workspaces. The occupancy
value of 30% is in contrast to the result of thedgt of office buildings in Vienna (mean
occupancy of 60%, see [2]). Since the measurenatritee observed offices showed occupancy
of 30 % during the working time, it is not (econeally) imperative that the thermal
improvement of the building is the first measuremiance its energy efficiency.

Atrtificial lighting

The behaviour of occupants with regards to the aipmr of artificial lighting is presented. The
main concern was the frequency of switching-ontigithe observations regarding the operation
of the light switches upon arrival showed that mtiluminance level of 100 Ix, the occupants
were more likely to switch on the lights (see Figgand 7). However, at an illuminance level
beyond 700 Ix, the probability of occupants swibchon the lights increased. An illuminance
level of 700 Ix would have been more than enough desktop activities (recommended
illuminance for office work is 500 Ix). The behauioof the occupants in relation to the use of
artificial lighting could be said to be not enempnscious.

The reason for this negative behaviour could batedl to direct and reflected solar radiation
triggering the operation of shades. For instanbeut30% of the workers interviewed were of
the opinion that there was too much daylight atirtiveorkspaces. Once the shades were
deployed, the occupants resorted to the use dicaatilighting to increase illuminance at the

workspaces. Furthermore, partly deployed shadasgteesin poor contrast at the workspaces.
This visual discomfort could have led the workerswitch on the lights. Generally, the absolute
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numbers of switching actions were low and this ddug related to the low occupancy levels in
the offices (30%) (Figs 7 and 8).

Interviews

The number of respondents to the interviews comduetas eighteen. The general information
received showed that most of the occupants wergdeet the ages of 25 and 35 years. Based on
self assessment, most of the working time was sjpettie offices. However, occupancy data
retrieved at the observed workstations contraditsabove assertion.

On the perception of the interviewees on the phenpair quality in the offices, most of the
occupants were of the view that the quality wasdg(s®e Fig 11). But when asked about the
most important measure needing improvement, 38%eitvorkers voted for the air quality (Fig
12). A detailed analysis of the data showed thgh Hdissatisfaction was reported by those
occupants who could not operate the windows (fiostr windows were not operable). The rest
of the floors had operable windows and the occugametre more satisfied with the possibility to
ventilate the offices.

Fig 13 illustrates the satisfaction with temperataluring the winter months. Most people
interviewed had a positive notion of thermal cormfétbout 50% had a positive view on comfort
(cool/cold) during the summer months. Generallg thajority of workers were satisfied with
the heating and air-conditioning system (see Fig 14

Asked on the perception of lighting, about 31% loé wworkers voted for “too much/a bit too

much” daylight and the majority were satisfied watttificial lighting. The outcome on issues in
relation to daylight (reflections on computer sa®ecould be due to the orientation of the
workspaces, the glazing quality and distance tovimelows (Fig 15). In addition, a positive

view (100% of the occupants) was expressed withpthesibility to operate the windows (Fig

16). This result correlates to other studies orupaats in air-conditioned buildings (especially
when windows are not operable).

Most of the workers who answered the set of questigere in multiple occupancy offices and
about 50% were satisfied with independently opegathe building systems (windows, shades,
lights, etc) without negotiations. The majority wbrkers were of the opinion that the light
switches were easily accessible.

Moreover, about 50% of the interviewees were ndficsently informed, knew nothing about
training programmes in the building and were distar about the operation of the ventilation
system. This was more evident on the first flooevehthe windows were not operable.

On questions related to energy conscious behawuotire operation of building systems, about
38% said that they were aware that control actiomsld influence energy consumption and
about 50% considered energy use when operatingingtalled systems. The assertion of
influence on building energy use through the openadf installed systems relates to the results
of studies done in office buildings in Ghana andsta [see 17, 18, 19 and 20] respectively.
Unfortunately, most occupants in the OSCE buildmgre not well informed on behavioural
factors to save energy. These could be linked ¢catie and educational levels of the occupants
since the two factors are known to affect environtakawareness [21].
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The most urgent measure needing attention in theeefwas air quality (Fig 17). This was
followed by quietness and privacy. This could béatezl to the predominantly multiple
occupancy nature of the offices in the OSCE bugdin

About 25% wished for the carpet to be replaced ggance by dust). Other disturbances were on
health issues (eyestrain or burning, backache,dob@&dand general fatigue) which seem to be
frequently reported in office buildings [22]. Thesues on health complaints are mostly linked to
poor air quality, pollution from building materiadsnd visual discomfort through glare [23, 24,

25 and 26]. The measured relative humidity valuesewow and this could have lead to about
31% of the occupants having eyestrain or burning&@ons. Respiratory problems and nasal
irritations were less frequently reported.

Thermal comfort

To derive and analyse the thermal conditions phengin the offices, psychometric charts were
used. Relative humidity in the offices was very IV to 18%). The reason could be linked to
the inefficient central heating system (winter pdji The occupants also used the installed air-
conditioners to heat the workspaces during theewintonths. The very low relative humidity
values could be related to the 31% of the occupais had frequent eyestrains as health
complaint. In addition, the adaptive comfort theany which the comfort zones are based
suggests a minimum temperature of 21.5°C as coatftfiert The poor performance of the offices
during the winter months was a surprise. Nevertisglthe month of April was satisfactory while
the month of May and June were remarkably comftetéBig 9). In Table 2, the percentage of
working hours represented in the comfort zonelusstitated. Satisfactory values were tabulated
for the month of April, May and less satisfactorglues for the month of June (higher
temperature values were recorded for the montimé)J

Using the approach after [15], the Predicted Meate\(PMV) and the Predicted Percentage of
Dissatisfied (PPD) were calculated. Considered mpsions were for normal office work
(metabolic rate and clothing values). Generallye tbsults show that the monitored offices
performed quite well. The offices at the mezzarane second floors (offices 3 and 4) were
thermally better than those at the first and uioers.

Conditions recorded for the months of April, Maydadune showed higher PMV values,
especially in the office numbers 6, 7 and 8. Thedfees also showed higher PPD values during
the months of April, May and June (see Table 1)k Tdason for this result is — in the case of
office 7 — most probably the fact that the officasaunoccupied most of the time. The reason for
this circumstance in offices 6 and 8 is less cl8aoradic observations indicate however that the
occupants of the latter offices operated (closéa)rtshades less frequently. This may have
resulted in higher solar gains and thus higher RidMes.

The results of the interviews indicated that theupants perceived (retrospectively) the winter
months as warmer (see Fig 13). However, PMV resuitgyest a slight shift to higher values in
the summer (see Fig 9). This discrepancy might dréighy the result of the assumed versus
actual clo-values of the occupants. In PMV calcatet, a constant clo-value was assumed. In
reality, the summer time clo — values could haventdewer.
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CONCLUSION

Over a period of 6 months, indoor environmentalapseters and occupant’s behaviour were
monitored in the OSCE building in Prishtina, Kosovde empirical study had the aim of
contributing to the understanding of user behavand thermal performance in office buildings.

The study showed that the workers in the buildireyernot always at their workspaces (30%
mean occupancy recorded). This was different frbeirtassertion with regards to presence at
workstations. One reason for the low occupancy tasshort term employment contracts and
field trips of some of the occupants.

With regards to the probability of switching onHtg, only 153 actions were recorded during the
study period. This was rather low and could be wuthe nature of work of the occupants and
the resulting low occupancy level.

The study also showed that the thermal conditiortbe offices were not fully satisfactory. With
the exception of April, all the winter months’ gdodn the psychrometric charts were outside the
comfort zone. The relative humidity values recoraeate very low (ca. 20%). This may have
negatively affected the occupants, as indicatetheynterview results.

In addition, the interview outcome revealed that tlecupants were not well informed regarding
available building systems and training possiletiti Moreover, 62% of the workers did not

know whether they could influence building energnsumption through their actions whereas
about 50% thought about energy saving aspects wherating the installed systems. Finally,

94% were of the view that the air quality was gdd that the most urgent measure needing
improvement was the air quality.

Based on the results of the study which also cateslwith most of the outcome of the thermal
performance (behavioural, comfort, satisfaction andrgy issues) of office buildings in Ghana,
the following is recommended:

= There is the urgent need for facility managersnform and train occupants on building
systems and their operation.

= The outcome of the occupancy pattern (30%) indécatpoor usage of the building’s spatial
resources (mostly observed in offices with fieldrkjo

= The very low relative humidity values during thent@r months indicate that some
humidification may be necessary (the month of Jgnaad February records low humidity
values of 20 to 30% in southern Ghana (recommendeinum to be over 30%)).

= The actual building occupancy and use patterns atlevsignificantly from typical
assumptions in simulation studies.

= The building’'s performance and its energy efficienould benefit from an intelligent system
control strategy (shades, lights, ventilation).
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