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ABSTRACT

During a field study of the therinal comfort of workers in natura] ventilated office buildings in Oxford and
Aberdeen, UK, were carried out which included infornation about use of building controls. The data was
analysed to explore the effect the outdoor temperature has on the indoor temperature and how this is effected by
occupants’ use of environmental controls during the peak summer (June, July and August).. The proportion of
subjects using a control was related to indoor and outdoor temperatures to demonstrate the size of the effect.
The results suggest that the use of controls is also related to thermal sensation and their appropriate use is a
significant part of adaptive behaviour to modify the indoor thermal conditions.
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INTRODUCTION

The ability of building occupants to control their intemal environment is usually available. The importance of
control in reducing the need for high-energy solutions has become increasingly clear [Leaman & Bordass 1997,
Baker and Standeven 1995]. In natural ventilated buildings, greater control over thermal environment and
ventilation could be obtained by using common means of control.

Longitudinal and transverse surveys were carried out during a field study of the thermal comfort of workers in
natural ventilated office buildings in Oxford and Aberdeen, UK. The surveys were spread over a period of one
year. Openable windows and blinds are available in all buildings. Some individuals also have electric fans. The
use of these controls was noted as part of the larger comfort study in buildings. The data was analysed to
explore the use of environmental controls during summer.

The analysis shows that the use of controls plays a significant role in modifying the indoor thermal conditions.
The proportion of ‘open window’ increases with the increase in outdoor or indoor temperature. The regression
analysis of the each control on outdoor and indoor temperatures was used to demonstrate the size of the effect.
Allowing cross ventilation (window and door both open) was found to lower the indoor temperature. The effect
of the availability of controls is demonstrated. Occupants closer to the windows reported less discomfort than
those away from the windows. Analysis of the change of use of each control was also carried out at different
indoor and outdoor instantaneous temperatures and comfort votes. The results of the analysis are presented in

this paper.

THE SURVEY.

Thermal comfort field surveys were conducted in Oxford, southern England, and in Aberdeen, on the north-
east coast of Scotland, over a period of one year during 1996-97. Fifteen buildings were surveyed, nine in
Oxfordshire and six in Aberdeen, 10 buildings natural ventilated and five air-conditioned. The study involved
909 subjects, 219 taking part in both longitudinal as well as wansverse surveys, about two thirds of them in
naturally ventilated (N'V) buildings. Basic inforination about the NV buildings and number of subjects in them
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who were involved in;the survey is given in Table 1. The buildings were a lnlx of heavyy/elght (HW) and
llghtwelght (LW) old and newly constructed, in the private §ector and 1 in the pubhc sector.

oy

TABLE 1. Naturally ventilated buildings surveyed w1th detalls of the subjects takmg part

Building Location @ HW/LW Total  Longitudinal Transverse Longitudinal

code (NV only) subjects subjects TESPONSES responses
1 Oxford HW 66 13 514 4,181
2 Oxford HW 33 5 196 735
4 Oxford HW 53 10 402 1,971
6 Oxford LW 17 5 143 505
7 Oxford LW.. 34 9 L 242 1,263
8 Oxford LW 2 iy I s 188 1,626
9 Oxford HW H 5 ST sl 5,540
11 Aberdeen - 83 X Gage - 3891, . . +4,150
13 Aberdeen LW 75 Yt 23 394.33° 4,255
14 Aberdeen IR LI ) 34055 4 1,672
Totals 557 146 .45 3§78 <Q25898
RV Bl CoEMY o
Longitudinal Survey. ¥ e

The longitudinal survey obtained infornation from the subjects every day allowing assessment of changes in
the building’s environment and occupants’ response to these changes Each subject was asked to fill a
questionnaire three to four times a day recordmg his thennal sensation and preference, clothing, activity and
use of controls. The positions of the subjects relative to doors and windows were also noted. The thermal
environment close to each subject was monitored, recording the temperature, at an interval of 15 minutes.

Transverse Survey.

The transverse survey enables assessinent of occupants’ response to particular environmental conditions in the
building with the participation of a larger population. The survey is usually completed in one day. The subjects
in each building were visited once a month and a questionnaire was filled for each available subject. The
questionnaire, carried more details than the one used in longltudmal survey. The additional questions were
related 19 their perception about air movément, hulmdny, light and‘noise level. The questionnaires were
administered at the respondents desk with smuhaneous recording of the environmental variables. During the
interview the questions were presented to subjects on flashcards and the responses recorded by the researcher.
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Climatic Data.” =~ ™ ek ARC s o . . i

The outdoor weather data for Oxford for the period of survey was obtained from the Radcliffe Meteorological
Station of Oxford- University-and frowm a local meteorologlcaLobserVatofy in Aberdeen. The Oxford data was
recorded every 15 minutes, the Aberdeen data on an hourly basis. At some buildings outdoor temperature was
also recorded locally. However for the analysis, the outdodr temperatures recorded at-the Meteorological
Stations were used.

INDOOR THERMAL CONDITIONS AND OUTDOOR TEMPERATURE RS R PR

The mﬂuence of the outdoor chmate on mdoor thermal envirotiient is. shown in' Table 2 and. figure 1. . These
are constructed using th data for the summer months- Juné, Julyand!August whenithe buildings will be, free-
running. 'In Britain the heaung sedson ¢an extend Over sevéti:months'of the Ayear, from -about Ocmbex*,untq
April. There may be with periods of heating in May and September and occasional breaks:insheating:-in. March
and November, In. this paper v we are. concerned with the use of controls which do not mvolve the use of energy,
when xhe bu.lldmg is free—runnmg Foid TADETG Wi » ta

i =) gy W PTE G-V |
T R U el g 8T o I b P Rk iRl
The stq‘usncs m the table are calculated fromt sithilltaneous indoor ahd outdoor ‘temperatunemfor mnee at which

votes were cast The tabulatéd résults Show- thiit indoor and outdoorvtemperatures. are. well correlated,
The vﬁues of the regression ‘slopes‘suggest that' the o¢cupants-are eontrolling the iridoor conditions; so. that. the

change in indoor temperature is about one third of that dutdoors: The use of: controlsiis.an ‘impartant fagtor in
explaining how thernal comfort indoors wmight be related to outdoor climate. Though the rate of change of
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_ indoor temperature With outdoor témperature is coilsistent between buildings, there is a noticeable difference in
the mean indoor temperaturés.'Tn"Oxford' the lightweight buildings 7 and 8 have the" ‘highest mean indoor
temperatures but building 6 where the controls were fully used is an exception. Indoor temperatures in
Aberdeen are not cotnparable because the mnean outdoor temperature at 15.8°C is 4.5K cooler than Oxford.
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FIGURE 1. Showing the variation of indoor temperature with outdoor temperature for the summer months.
The regression lines show that heavyweight (HW) buildings are generally cooler than liglitweight (LW)
buildings.
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TABLE-2: Correlation’ r’ and regression slope 'b" between instantdneous indoor temperature T; ‘and concurrent
omdoor temperature T, in naturally ventilated buildings in summer. Results from the longxtudmal and the *
: ..transverse surveys are shown separately ; 1 0

ST . y
e N L Y i ‘

Building 1 2 4 6 7 8 9 11 13 14
Long | Correlation(r) [0.63 065 062 059 057 0.65 059 029 061 041
© | Reg.Slepe(d) | 037 029, ,030..041 . 030 035 029 0.16 041 024
5 |'Mean'T, -, |248 . 243 238 237 253 253 230 " 23.7 '‘234 ‘235
Trans- | Correlation () | 0.66 ,0.16 079 090 0.63 073 075 042 080 * 0.62"
u 5| Reg.Slope (b) .| 045 Q13- 067 , 0.84 03§ 021 042 012 ‘038" 048

USE OF CONTROLS. AT e gy 2 SR el L wed 3 T P — PO
e BEL TR SR . SR ™
A separate study [Nicol and Raja 1998] has shown thatin NV buildings in summer the propomon of people
recording - discomfort is :s rongly .correlated. with the, number of people who use lhe fans or' wmdows and
patticularly: (r = 0:80) if the-two.are used together. ThlS lmgpee that the comrols are used n response o
uncomfortable condmons GHOWE ) SOt Ly 3 3 . ;
AT ER B T i — R e MET 6ol
The indoor climate, the outdoor climate or a mlxture of the two may dnve the use of contmls ‘i’ naturally
ventilated buildings [de Dear and Brager 1998, Nicol and Raja 1998]. In naturally ventilated” buildings the
usual controls: available to occupants;in sumnmer; are doors, openable, windows, blinds and cunams, fans and
lights. Opening of doors. or:windows. enhancgs-natural ventilation and together these allow cross ventllatfbn and
midy“cool the -building if:the outdoor temperature. is lower. tl;xan the, mdoor Fans provxde forced coﬂvecﬂve
coolmg Bhnds and curtains reducerdn'ect solar, heatu;g and glare '

L et Bat P
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Frequency of Use.

The use of available controls in various buildings is given in Table 3. The table is constructed with summer
data collected from natural ventilated buildings during the longitudinal surveys. If any individual has not used
a control over. the period under consideration (June — August).it.is assumed that no control is available.

-rn

TABLE 3: Discomfort and the frequency of the use of available controls in NV buildings during peak summer
months.

Building  Discomfort Doors Windows  Fans  Fans+ Blinds/  Lights

(%) windows Curtains
1 30 0.59 0.75 0.22 0.97 0.19.7  0.40
2 11 - 0.81 0.17 0.98 0.86 0.43
4 35 - 0.70 0.67 1.37 0.06 - .0.55
6 10 0.67 0.40 0.18 0.58 0.40 0.76
7 51 0.60 0.66 0.61 1.27 0.05 0.69
8 33 ; 0.75 0.71 0.40 1.11 0.28 0.83
9 21 0.76 0.79 0.17 0.96 0.07 0:98 -
11 16 0.60 0.71 0.08 0.79 0.19 0.78
13 23 0.75 0.54 0.23 0.77 0.26 0.85
14 19 0.76 0.11 0.80 0..91 0.06 0.79

Air Movement.

In warnin or hot weather, the rate of air mnovement is one .of the best means of improving lhermal comfort. In
surniner to open ox.close'a door or window or to switch a M o0 or off is a common reaction to an environment
that is either too warm or too cool. Natural ventilation can play an itnportant role in conlrollmg the indoor air
quality and temperature in summer, preventing overheating by adopting adequate ventilation strategy.

Door Open: 5

The doors bear poor correlanon with indoor and outdoor temperature. This suggests that an open door has
little impact on thermal sensation and its use is not much influenced by indoor or outdoor temperatures.
There are factors other than thernal comfort which influence the opening and closing of the doors.

Window Open:

Open windows aid air movement and inay help to-cool the building in summer. Of all available controls,
windows have the biggest effect on indoor climate. On average 62% of the total responses reported open
windows, ranging from as high as 81% in building 2 (Oxford) to as low as 11% in building 14 (Aberdeen),
Table 3. The open, window is closely related with thermal sensation, indoor and outdoor temperatures as
shown in Figure 2. The proportion of windows open also increases as the subjects feels hottér on the comfort
vote from I (= much too cool) to 7 (= much too warm). The graphs are plotted are for Oxford subjects only,
but similar relationships are found to apply in Aberdeen. Reasons given for closed; windows are “others
want them shut”, “to prevent draught”, “to keep the noise level low”, mterference wmh bhnd”

In ‘an earlier study, based on the data ﬁom Qne bm!dmg 1, Raja & N1c01 [L998} shbwed that cross
ventilation (i.e. both-door and window open) was*tﬁtfect;vem neducmg the indoor tempe}amres

Use of Fans: il
In naturally ventilated buildings, fans play a 51gn1ﬁcant role in' reducing the heat stress. Use of fans
modifies the indoor climate by regulatmg and increasing air movement. Figure 3 shows that the propertion
using fans bear a strong correlation with mdoor ahd Outdoor temperatures and-thermal sensation.:The
the average,,mostly below 30%) ‘as shown in Table:3s D&pxte the mcrease in ‘fan usage"wnh the increase
in three paramcters, the small proportion of people using fans suggests either that fans-are not available or
that the pther ineans of ventilation are sufﬁcxent to achieve indoor thennal comfon

i, ) ., A 3.
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Figure 2: ’{'he proportion of windows open related to indoor temperature, outdoor temperature and comfort vote.
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Figure'3: The proportion of fans running related to indoor.lemperature, outdoor temperatyre and comfort vote, .,
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Figure 4: The proportion of blinds down or curtains closed related to indoor temperature, outdoor temperature and comfort vote’
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Heat Gains.

Heat gains may be internal or external. Intemal heat gain is due to the use of energy consuming equipment and
occupancy. Artificial light is a significant source that can be avoided when the day-lighting is enough. External
gain is mainly the solar. The controls used to limit the direct solar radiation are blinds or curtains.

Use of Blinds or Curtains:

One function of blinds and curtains is to intercept the direct solar radiation entering the building. They are
used by all subjects where appropriate with “glare reduction on VDUSs” and “reduction of direct sunlight”
given as reasons. The use of curtain/blinds is usually less than 20%, being drawn in about 24% of responses
overall (Table 3). The use of blinds/curtains varies from building to building and within a building from
person to person with seating position [Raja & Nicol 1998]. People near to the window use blinds most
extensively. The ‘blind/curtain usage’ increases with the increase in indoor and outdoor temperatures and
thermal sensation, (Figure 4) but the rate of change is small compared to windows and fans probably
because the reason for using blinds is to avoid glare rather than heat.

Use of artificial light:

In UK climatic conditions lights are more extensively used in winter than in summer. Regression analysis of
light with therinal sensation, indoor and outdoor temperatures resulted in a very low correlation. However,
on sunny days in suminer people tend to switch off the lights. In open plan offices individual users have less
control over general lights. Therefore despite adequate daylighting the lights have beep found on in many
places. Switching on the light in early morning often means that it stays on throughout the day.

CONCLUSIONS

Availability of controls and their appropriate use is key to better performance of the building and for improving
occupant satisfaction. The analysis of the data collected during the present study show that building mass and
the use of various controls plays a significant role in modifying the indoor thermal conditions.

Among various controls the opening of windows and drawing of blinds or curtains are the most extensively
used. The proportion of windows open and blinds/curtains drawn increased with an increase in indoor or
outdoor instantaneous temperatures.

The use of fans also showed a similar trend as for windows and blinds. However, the proportion using fans is
relatively very high in buildings where proportion of open window is less. The incidence of discomfort is
strongly correlated with the use of windows and fans suggesting that these controls are used in response to
discomfort, in accordance with adaptive theory. Allowing cross ventilation also helps to lower the indoor
temperature.

There are therefore, significant opportunities for adaptation by simply operating local controls: windows, doors
and blinds/curtains. In buildings where more control is needed, fans can be used to increase air movement.

Occupants who have greater access to controls (e.g. those close to a window) report less discomfort than those
who have less access (e.g. away from the window).
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