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Abstract 

This paper reviews the results from a field survey of thermal comfort within two types of buildings; old (traditional) and new 
(contemporary), in Ghadames oasis in Libya. The survey was undertaken in the summer seasons 1997 and 1998, which were 
typical of the hot-dry climate of North Africa. It shows how the 237 residents responded to the environmental conditions. 
Questionnaires were collected from the residents of 51 buildings: 24 old buildings that employ natural ventilation systems with 
courtyards and 27 new buildings that employ air-conditioning systems. In addition the environmental parameters were measured 
in 11 buildings (5 old, 6 new) representing 50 subjects, to calculate the predicted mean vote value of the subject using Fanger's 
model as presented in ISO 7730 standard 1995. The survey has shown that the measurements of predicted mean vote (PMV) in 
new air-conditioned buildings provide satisfactory comfort conditions according to ISO 7730 and the occupants agree by 
indicating a satisfactory actual mean vote (AMY). The equivalent measurements and survey results in old traditional buildings 
indicated that although the,PMV, based on measurements and ISO 7730, implied discomfort (hot), the occupants expressed their 
thermal satisfaction with the indoor comfort conditions. The field study also investigated occupants' overall impression of the 
indoor thermal environments; the results suggest that people have an overall impression of higher standard of thermal comfort 
in old buildings than in new buildings. © 2000 Elsevier Science Ltd. All rights reserved. 
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1. Introduction 

This paper seeks to determine the extent to which 
existing research findings, and the ISO 7730 standard 
which is based on the Fanger model [I], could be 
applied when designing for thermal comfort in a hot­
dry climate. Since 1987, UNESCO has listed the old 
town of Ghadames oasis as a historic site in the World 
Heritage List. As such this makes Ghadames an im­
portant area and to be chosen as a case study in shap­
ing the values of traditional dwellings in Libyan towns 
and cities. Ghadames lies 630 km south-west of Tri­
poli, close to the border of Algeria and Tunisia (see 

• Corresponding author. 

Fig. 1). It is located in the Libyan Sahara Desert, and 
situated at an altitude of 350 m above sea level. 

It is nearly 82 ha in area with a total population of 
7000 in 1850, dropping to 1900 by 1952, due to emi­
gration to the biggest cities such as Tripoli and Ben­
ghazi, and sometimes to Algeria and Tunisia. 

However, the population by 1990 had increased to 
14,700 as a result of the improved economic condition 
of the country. The Ghadames soil is clay and stone, 
which is not suitable for agricultural use, but good use 
has been made of existing local materials, such as 
palm trees, clay and stones (i.e. limestone, gypsum, 
etc.) to construct the traditional buildings. The old 
town was originally protected from the drifting sand 

. and from the high air temperature of the surrounding 
desert by date palm trees. The desert climate of Gha­
dames is one of the most extreme climatic conditions 
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within the whole country. The climate is characterised 
by high air temperature, high solar .radiation, low rain­
fall, low humidity and many sandstorms. The weather 
in summer i hot throughout the day, the air tempera­
ture sometimes rising to more than 47°C, falling to 
30°C during the nights. In winter, the weather is cold 
at night falling to 0°C temperature in the night. The 
old town of Ghadames provides a unique opportunity 
to investigate the differences between traditi.onal and 
contemporary architecture. 

2. Overview of thermal comfort 

Thermal comfort has been defined by ASHRAE [21 
as "that condition of mind which expre e satisfaction 
with the thermal environment" and as uch will be 
influenced by personal differences in mood, culture 
and other individual, organisational and social factors. 
Thus thermal discomfort within building environments 
is a prevalent and ignificant issue throughout the 
developed and developing counLries. The thermal com­
fort standards prescribed by ISO 7730 [3] are the first 
that have been used on a world-wide ba is. They are 
based on Fanger work in climate chamber exper-

iments on young Danish students and to the PMV 
model. There have been extensive studies to measure 

the1mal comfort using test chamber ; e.g. Fanger [l] in 
Denmark, Tanabe et al. [4] in Japan, Chung and Tong 
[5] in Hong Kong. Other tudies in thermal comfort 
have used field rnrveys S1tch as Auliciems and De Dear 
[6), icol [7] in Pakistan and Karyono [8] in Indone­
sia. In addition, Mcintyre [9] presented a compa:ri on 
of Fanger's climate chamber work with field studies 
reviewed by Hwnphreys (10], suspecting that certain 
intervening variables that occw in the ' real" world 
might not be reproducible in the climatic chamber. 
Oseland [11] has reported on significant discrepancies 
occurring between predicted mean votes (PMV) and 
actual mean votes (AMY) values obtained in offices 
and homes a compared with climate chamber studies, 

ttributing the differences to contextual and adaptation 
effects. Thu , the field studie closer to the 'real" 
world may be preferable to climate chamber ones. A 
field tudy on thermal comfort of the above type has 
not previously been attempted in Libya _ pecifically or 
North Africa generally. The present paper di cusse 
the practical application of ISO 7730 Standard ba ed 
on field work carried out at Ghadames oa i in Libya. 

Fig. I. Location maps. 
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Fig. 2. Old type of buildings in Ghadames, 1997. 

It also presents human thermal sensation votes in both 
naturally ventilated and air-conditioned buildings. 

3. Field survey 

A thermal comfort field survey was carried out in 51 
buildings in the Ghadames oasis, Libya in summer 
1997. These buildings employ natural ventilation sys­
tems (old traditional buildings), and air conditioning 
systems (new contemporary buildings). Figs. 2 and 3 
show typical examples of these two types. It was im­
possible to cover all the buildings in Ghadames, due to 
the limited time, but the survey was planned to select 
buildings that represent:

'
(a) different locations in Gha­

dames; and (b) typical types and sizes (i.e. private and 
public, one story building, flats or two story building, 
etc. ). All 237 responding subjects (male and female), 
who lived in the buildings surveyed, were Ghadame­
sian tribe's people in age from 19 to 70 years, and 
with an average occupancy of 4.5 persons for an old 

building and 4.8 persons for a new building. The work 
was divided into two kinds of surveys: (i) subjective 
survey, which involved collecting data from a total of 
24 old buildings, effectively representing 108 (24 x 4.5) 
subjects and 27 new buildings representing 129 (27 x 

4.8) subjects, in order to represent the actual mean 
vote (AMV) of the resident in Ghadames. (ii) Subjec­
tive and objective survey, which involved measuring 
the environmental variables in 11 buildings, represent­
ing 22 (5 x 4.5) subjects in old buildings and 28 (6 x 

4.8 ) subjects in new buildings, in order to calculate the 
PMV of the subjects using Fanger's model as pre­
sented in ISO 7730 [3]. 

3 .1 . The equipment 

In order to calculate the PMV and predicted percen­
tage dissatisfied (PPD) values as presented in the ISO 
7730 standard, four basic environmental parameters 
were measured, and two personal parameters were esti­
mated. Air temperatures were recorded using radi­
ation-shielded thermocouples (Type T, copper/ 
constantan). These values were logged every 15 min 
and average values were calculated every hour. Air vel­
ocities were measured using an omni-directional anem­
ometer. The mean globe temperatures were measured, 
using a standard globe thermometer and mean radiant 
temperatures were then calculated. The equipment 
used in this study complied with the criteria given in 
ISO 7726 standard [12]. 

3.2. The questionnaire 

Subjects were asked to complete a questionnaire at 
the same time as the environmental variables (air tern-

Fig. 3. New type of buildings in Ghadames, 1997 . 
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perature, globe temperature, surface temperature, air 
velocity and relative humidity) were being recorded. 
Details of clothing and activities were noted for each 
subject. The subjective study involved collecting data 
using questionnaires. The questionnaire is based on six 
sections: background and personal information; social 
interaction; thermal environment and personal influ­
ences; occupants' perceptions of the environmental 
conditions in the whole building; occupants' thermal 
comfort; and people's general feeling and personal well 
being. For the purpose of this paper, only the personal 
information and occupants' thermal sensation data 
have been presented including data about the age and 
gender of the subjects and his/her family; hours/days 
spent inside the building including sleeping time; pre­
sence of air-conditioning units; etc. The occupants' 
thermal comfort has been tested using 7-point ASH­
RAE sensation scale, ranges from -3 as cold to + 3 as 
hot and 0 as neutral. In addition, preference and satis­
faction scales have been used. The questionnaire has 
been translated into the Arabic language and distribu­
ted among the residents in Ghadames oasis. The sub­
jects were selected randomly from different groups of 
people in Ghadames (i.e. Educated, Administrative, 
Architects and Elite groups) to represent typical range 
of samples. Care was taken to minimise the risks of 
mis-understandings arising from translations of the 
words describing the points on the various scales by 
interviewing the respondents and assisting them with 
completion of the questionnaires. 

4. Findings 

4.1. Subjective votes 

Questionnaires were collected from 51 buildings 
representing 237 subjects, from both old and new 
buildings, as mentioned earlier. Fig. 4 shows the over­
all thermal comfort sensation for a summer season of 
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Fig. 4. Comparison of the overall thermal comfort sensation for old 
buildings and new buildings. 

y 

the respondents in old naturally ventilated buildings 
and new air-conditioned buildings. These results con­
vey the occupants' overall impressions of the building 
types in terms of their comfort conditions. 

It illustrates that 54% of the respondents are feeling 
neutral (0) in the old buildings and only 15% of the 
respondents in new buildings are feeling neutral. In ad­
dition, 13% of people reported as being slightly cool 
( -1) in the old buildings compared with 0% in the 
new buildings, with 8% of them feeling hot (3) in the 
old buildings, and 33% feeling hot in new buildings. 
This results therefore suggest that the occupants have 
an overall impression of higher standards of thermal 
comfort in old buildings than in new buildings. 

Furthermore, the survey showed, from the prefer­
ence scale, that 62% of the residents in old buildings 
did not want a change in their indoor environment, 
while 38% wanted to be cooler. By comparison, only 
41 % of new building occupants voted for no change 
with 59% who wanted to be cooler. At the same time 
there were 96% who were generally satisfied with their 
environment of the old buildings, compared with 77% 
of occupants of the new buildings. 

4.2. Physical measurements 

In addition to the subjective study, an objective sur­
vey was carried out in 11 buildings (5 old, 6 new), 
representing 50 subjects. All subjects were sitting on 
the floor, and they were wearing their traditional uni­
form of 0.6 clo. The sensors to measure the four basic 
environmental parameters were placed at a height of 
0.3 m above the floor, representing the centre of grav­
ity of the subject. The measurements were made at the 
same time as the respondents were completing the 
questionnaires. A sample of the results of the measure­
ments of each type of building is illustrated in Table I. 
Only 11 buildings (5 old and 6 new) were involved in 
both the subjective and objective studies. The reasons 
for having only that number of buildings in this survey 
are due to the problems encountered in Libya, which 
can be categorised as: (i) access - due to the former 
sanctions and distance from England to Libya, (ii) 
time-scale - the study was undertaken in four weeks 
in each summer season, therefore it was only possible 
to survey 11 buildings, and (iii) nature of the research 
- had to make prior-arrangements with local auth-­
orities in Ghadames; introduce and interview residents, 
and finally_, select buildings whose residents agreed to 
participate in the survey. All of these issues together 
with the usual technical and logistic problems of site­
work limited the sample size. Nevertheless the sample 
was selected in such a way that a reasonable cross sec­
tion of house-holds was involved. 
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Table 1 
Sample of the measurement results of old and new buildings in Ghadames, 1997 

Building No. -Type lout (0C) la (0C) lg (°C) v0 (rn/s) Rh(%) lmr (°C) Activity" (Met) Rel" (clo) PMV AMY 

3-0ld 43.0 33.6 34 0.04 45.9 34.l I.I 0.6 2.9 0 
5-0ld 40.0 33.8 34 0.05 35.3 34.1 I.I 0.6 2.7 1 
7-New 36.2 28.0 29.0 0.20 20.0 30.0 I.I 0.6 0.7 0 
10-New 39. l 33.0 32.0 0.19 29.0 33.6 l.l 0.6 1.8 

a Values were taken from ISO 7730 standard to represent the thermal insulation of clothing and the activity. 1., Inside air temperature; lg, 
inside globe temperature; v., air velocity; Rh, relative humidity; lmn mean radiant temperature; lout> outside air temperature; Rel, thermal resist­
ance of the clothing. 

4.3. Applicability of ISO 7730 

The thermal comfort index PMY, is considered to 
be applicable in the Ghadames environment, for the 
following main reasons; (a) Fanger's work investigated 
about 1296 subjects, with wide range of environmental 
conditions, including conditions when air temperature 
> 30°C, and relative humidity up to 70% ;  and (b) a 
moderate thermal environment is deemed to have been 
achieved when PMY values range from -3 as cold to 
+ 3 as hot. Therefore, the Ghadames' environment is 
considered as a moderate thermal environment and the 
ISO 7730 standard is expected to be applicable in such 
environments. In the present survey 50 subjects in 
good health (22 residents from 5 old buildings and 28 
residents from 6 new buildings), in the age range 19-
70 years, were asked to 'f,omplete the questionnaire to 
determine the AMY. In the objective tests, measure­
ments of environmental "variables were used to calcu­
late the PMY of the subjects using Fanger's model as 
presented in ISO 7730 [3]. The thermal comfort pro­
gramme developed by Loveday et al. [13] has 6een 
used to calculate PMY values. The measurements in 
the new buildings were conducted with the air-con­
ditioning system operating, whilst the old buildings 
depended on natural ventilation. The metabolic rate 
was viewed to be 1.1 met (63.8 W/m2) to represent a 
sedentary activity, and clothing value, Rel, was esti­
mated to be 0 .85 m2K/W or 0.6 clo representing the 
thermal resistance of a traditional uniform. 

Figs. 5(a) and (b) show the comparison of PMY and 
AMY for both old buildings and new buildings. Each 
point in Fig. 5(a) and (b) represents an average vote of 
4.5 and 4.8 subjects respectively. Fig. 5(a) shows that 
the subjects were feeling neutral to slightly warm in 
old buildings, even when the indoor air-temperature 
ranged from 30 to 35°C. It can be seen that there are 
clear discrepancies between PMY and AMY for the 
old buildlngs. This shows that Fanger's model is inva­
lid for predictillg the thermal comfort in such environ­
ments. Adaptation effects could explain this. 

Fig. 5(b) shows -good agreement between the PMY 
values and the AMY of the occupants in new air-con­
ditioned buildings. It shows that 67% of subjects in 

four new buildings were feeling neutral, while 33% 
were feeling slightly warm. The occupants in the new 
constructed buildings relied more on air-conditioning 
being turned on, to achieve the indoor air temperature 
between 25-31°C. 

In addition to the physical measurements two per­
sonal parameters need to be estimated; clothing value 
and metabolic rate. For such estimation, it is import­
ant to take account of the uncertainties that are associ­
ated with these two parameters within the ranges 
normally found in the conditions of the field measure­
ment. Thus, clothing values between 0.6-0.7 clo would 
be normally found on the population in Ghadames, 
with metabolic rates between 1.0 and 1.2 met in the 
sedentary posture adopted during the survey. Thus, a 
recalculation of the PMY values was carried out for 
the additional values of clothing and metabolic rate. 
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Fig. 5. (a) Comparison of PMV and AMY at 18:45 p.m. in five old 
buildings, 1997. (b) Comparison of PMV and AMY at 18:45 p.m. in 
six new buildings, 1997 (air-conditioning systems turned on). 
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Table 2 
Effect of different Rel and met values on the PMV 

Building No. as example Rel values Metabolic rate 
(m2K/W) (W/m2) 
(clo) (met) 

Old building No. (5) 0.095 (0. 7) 63.8 (I.I) 
0.085 (0.6) 63.8 (1 . 1) 
0.08 (0.5) 63.8 (1.1) 

New building No. (11) 0.095 (0.7) 63.8 (1.1) 
0.085 (0.6) 63.8 (1.1) 
0.08 (0.5) 63.8 (1.1) 

These new values of PMY, as shown in Table 2, 
sugge ted that those possible different values of Rel 
and metabolic rates had no significant effect. Thermal 
resistance of the clothing is not important when the 
temperature differences between the body surface and 
air is small, and heat loss is mainly by evaporation 
because the climate is dry. 

It i concluded that the PMV values from ISO 7730 
till how disagreement with AMY values reported by 

the occupants in old buildings. However, if in new air­
conditioned buildings, PMY values would change by 
the maximum +0.4 scale value for all conditions. The 
new values of PMV still show agreement with the 
AMY values reported by the occupants in new build­
ings. 

5. Conclusions 

.. 

Full-scale measurements have been carried out invol­
ving environmental parnmeters and human thermal 
comfort responses from 51 bttildings in Ghadames 
Libya. These buildings are either natw·a1ly ventilated 
with courtyards or mechanically ventilated with air­
conditioning systems. This field smvey was conducted 
in tbe summer of 1997 representing a typical hot-dry 
climate in North Africa. It forms the fust stage of a 
research programme inve tigating the appropriate ther­
mal comfort requirement for such a climate. The fol­
lowing conclusions can be drawn: 

I. The PMV model in the form of ISO 7730 (3) cannot 
be used, without modifications, for predicting the 
overall thermal comfort of the occupants in old 
naturally ventilated buildings. However, the ISO 
7730 standard can be used to measure human ther­
mal comfort in new air-:-conditioned buildings with­
out modifications. 

2. The overall feeling of the occupants in Ghadames in 
the summer seasons, reported rhat they are more 
satisfied and thermally neutral in old naturaJly ven­
tilated buildings than in new air-conditioned build­
ings. In the old buildings, abeut 54% of the 

PMV value Metabolic rate Rel values PMV value 

2.7 
2.7 
2.7 
0.5 
0.4 
0.3 

(W/m2) (m2K/W) 
(met) (clo) 

58.15 (1.0) 0.085 (0.6) 2.8 
63.8 (I.I) 0.085 (0.6) 2.7 
70.0 (1.2) 0.085 (0.6) 2.7 
58.15 (1.0) 0.085 (0.6) 0.1 
63.8 (I.I) 0.085 (0.6) 0.4 
70.0 (1.2) 0.085 (0.6) 0.5 

occupants are feeling neutral and 8% are feeling 
hot compared to only 15% of the occupants feeling 
neutral and 33% feeling hot in the new air-con­
ditioned buildings. 

3. These modifications would have to address issues 
related to adaptive effects. 
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