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ABSTRACT: One important objective of building design is to provide a comfortable indoor environment. Air conditioning 

has become a requirement to achieve thermal comfort especially in warm and humid climates. Air conditioning systems 

are not designed considering aspects related to the interactive behavior of the occupants with their thermal environment, 

for that reason, occupants feel uncomfortable. In this context the main objective of this research was estimated the 

neutral temperature (Tn) and the thermal comfort range. Another objective was to identify the factors that affect thermal 

sensation. A correlation field study with adaptive approach was carried out in Colima City, Mexico. Two data collection 

methods were used: a questionnaire survey was used to obtain the occupants responses based on the subjective judgment 

scales and physical measurements were used to obtain weather data. A total of 414 questionnaires were collected during 

October 2010 to April 2011. The collected data was analyzed by Averages for Thermal Sensation Intervals Method 

(ATSI). The results showed that the neutral temperature in office buildings with air conditioning was 24.2 °C and the 

comfort range was 22.6 °C to 25.8 °C. Factors that influence thermal sensation were clothing insulation (clo) and 

increased use of air conditioning per day.  
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INTRODUCTION  

Ancient architecture was built according to local climatic 

conditions, humans made use of climate responsive 

architecture to achieve thermal comfort. First humans 

lived in caves to protect themselves against weather 

elements. Today most of the population live and make 

their activities in air-conditioned buildings to achieve a 

thermally comfortable environment. 

 

On average, people in industrialized nations spend 

about 90% of their time indoors [1]. Over the last couple 

of decades the use of air-conditioning has increased 

dramatically, especially in warm and humid climate. In 

office buildings, a person can work at least eight hours 

per day, therefore the use of air conditioned has become 

essential to create a thermally comfortable environment.  

 

Air conditioning equipments, are in general designed 

by criteria established by ASHRAE (American Society 

of Heating, Refrigerating and Air-Conditioning 

Engineers), which is based on the prediction model PMV 

(predicted mean vote), developed by Fanger in 1970. 

This model is based on thermoregulation and heat 

balance theories; according to these, human body 

employs physiological processes (e.g. sweating, 

shivering) in order to maintain a balance between the 

heat produced by metabolism and the heat lost from the 

body. 

 

 The air conditioning systems are not designed 

considering aspects related to the interactive behavior of 

the occupants with their thermal environment, therefore, 

in warm and humid climates, people express discomfort 

in cold conditions.  
 

Some researches showed that the Fanger’s equation is 

not universal. From contradictions of the use of PMV, 

researchers as Humphreys [2] in 1976, Auliciems [3] in 

1981 and de Dear, Brager and Cooper [4] in 1998, 

focused on adaptive models, derived from field studies, 

with the  purpose of discussing the real acceptability of 

thermal environment, which “strongly depends on the 

context, on the occupants' behaviour and on their 

expectations” [5]. Adaptive models are based on human 

opportunities to adapt themselves to the environment. 

Thermal comfort is defined as "that condition of mind 

which expresses satisfaction with the thermal 

environment" [6], and is an important criteria in thermal 

environment quality and a fundamental part in the 

building design process. According to Hernandez-

Chavez [7] thermal comfort is an essential condition for 

improve occupants satisfaction and workplace 

productivity. 
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De Dear, Brager and Cooper [4] mentions that the use 

of air conditioned in hot climates has become 

predominant in offices, homes and even cars. Andamon 

[8] notes that “air conditioning technology has 

transformed the concept of what a building is "normal", 

which plays an important role in providing desired 

thermal environments”.  

According to Nasrollahi, Knight and Jones [9], 

“improving thermal comfort conditions, better occupant 

satisfaction, and better occupant perceived performance 

can be achieved”. It is necessary that building design 

process and operating conditions will be 

established from local thermal comfort studies.  

 

The main objective of this research was to estimate 

a neutral temperature and thermal comfort range for air- 

conditioned offices located in the city of Colima, with 

hot and sub-humid climate, in order to 

provide thermally comfortable conditions for employees 

and occupants. 

 

 

ADAPTIVE MODELS 

Adaptive models are derived from field studies, and 

analyze the acceptability of thermal environment. 

Adaptive models are based on the human adaptive 

capacity and the variety of individual control of indoor 

environments. 

 

Gómez-Azpeitia, Bojórquez-Morales and Ruiz-Torres 

[10] mention that adaptive model involves complex 

systems: measurable variables like physical and 

biological aspects (climate, metabolism and clothing 

insulation) and some psychological variables (adaptation, 

tolerance, experience and expectation). 
 

Field studies are the basis of thermal adaptive studies 

due to their connections with real world settings, human 

interactions with environment and adaptive 

opportunities. Differences in human response between 

field studies and heat balance models are the strongest 

evidences for adaptation [11].  

 

In the Brager and de Dear’s model [12], thermal 

exposure and experience are proposed to be the key 

factors for physiological and psychological adaptation. In 

the Fanger and Toftum’s model [13], the expectation is 

the key adaptive factor. 

 

In field studies is important to consider the quality of 

data. A classification that considers the precision of 

instruments and procedures was used for monitoring 

data. ISO 7726:1998 (E) defined three types of data 

called "Class" [14]. Most of the studies were carried out 

with Class II data, which measure all physical 

environmental variables (air temperature, mean radiant 

temperature, wind speed, relative humidity, clothing, and 

metabolic rate). Table 1 shows studies of Class II and III. 

 
Table 1: Compilation of field studies published in journals or 

conferences. Made from Zhang, et. al. [11]. 
CLASS II CLASS III 

Author and 

Year 
Place 

Author 

and Year 
Description 

de Dear and Brager, 

1998 
ASHRAE 

RP-884 
project. Class 

II and I 

studies 

Humphreys 

1976 

First 

systematically 
collected 

thermal 

comfort field 
studies for 

adaptation. 

Those studies 
are mainly 

based on 

simple 

measurements 

of indoor 

temperature 
and possibly 

humidity at 

one height, 
which was 

labelled as 

Class III 

Karyono, 2000 Indonesia 
Heidari and 

Sharples 2001 
Iran 

Ealiwa, et al., 2001 Libya 
de Paula Xavier and 

Lamberts, 2001 
Brazil 

McCartney and 

Nicol, 2002 
5 European 

countries. 
Wong, et al., 2002 Singapore 
Wong and Khoo, 

2003 
Singapore 

Feriadi and Wong, 

2004 
Indonesia 

Brager, et al., 2004 USA 
Bouden and Ghrab, 

2005 
Tunis 

Wagner, et al., 2007 Germany 
Corgnati, et al., 

2007 
Italy 

Goto, et al., 2007 Japan 
Ogbonna and 

Harris, 2008 
Nigeria 

Dahlan, et al., 2008 Malaysia 
Moujalled, et al., 

2008 
France 

Buratti and 

Ricciardi,  2009; 

Corgnati, et al. 2009 

Italy 

Becker and Paciuk, 

2009 
Israel 

Al-ajmi and 

Loveday, 2010 
Kuwait 

Indraganti 2010; 

Indraganti and Rao, 

2010 

India 

 

 

METHOD 

The field study was performed in eleven air- conditioned 

office buildings located in Colima City, Mexico. Colima 

is a small city placed in the middle of the west coast of 

Mexico, is located at altitude 19° 12’ 30”  N and 

longitude 104° 40’ 30’’ W, at 433 metres of altitude.  
 

Colima is characterized by hot and sub-humid 

climate, bordering the Pacific Ocean. Colima has 

constant temperatures year round. The summers are 

hotter with temperatures ranging between 28°C to 34°C. 

Most of Colima’s rainfall occurs between June and 

October. The average rainfall during these months is 101 

centimetres (40 inches). 

Two data collection methods were used. A 

questionnaire survey was used to obtain the occupant 
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responses based on the subjective judgment scales of ISO 

10551:1995 (E) [15], and physical measurements were 

used to obtain weather data: dry bulb temperature, wet 

bulb temperature, globe temperature, relative humidity 

(class I) and air velocity (class II). The study was 

transversal field. A total of 414 questionnaires were 

collected during October 2010 and April 2011. Most of 

respondents were women (55%) and 45% were men. 

The subjects' age ranged between 18 and 65, the average 

age was 38years (Table 2).  
 
Table 2: Characteristics of study subjects. 
  QUANTITY PERCENTAGE 

GENDER 

Men 186 45% 

Women 228 55% 

AGE 

< 25 years 41 10% 

>25 y < 45 years 266 64% 

> 45 years 107 26% 

BODY MASS INDEX 

Underweight 15 4% 

Normal 113 27% 

Overweight 185 45% 

Obesity 101 24% 

TYPE OF CLOTHING 

Light 185 45% 

Normal 185 45% 

Warm 44 10% 

 

In order to obtain weather data we used the 

QUESTemp°36 (Fig. 1).  The QUESTemp°36 data 

logging area heat stress monitor measures four 

parameters: ambient or dry bulb temperature (DB), 

natural wet bulb temperature (WB), globe temperature 

(G), and relative humidity (RH), and for measures 

airflow we used the Quest’s Air Probe, the Air Probe 

uses an omni-directional anemometer sensor that 

measures air flow between 0 and 20 meters per second in 

0.1m/s increments. 
 

 
Figure 1: QUESTemp°36. 

 

To design the questionnaire, research realized by 

Stoops [16] in 2001, Nakano, Tanabe and Kimura [17] in 

2000, Budawi [18] in 2007, Goto, Mitamura, Yoshino, 

Tamura and Inomata [19] in 2007 and Ruiz-Torres [20] 

in 2007, were used as reference. The questionnaire was 

divided into six parts: general information, worker 

information, thermal perception, weather data and health 

information. The alternatives to answer were limited to a 

symmetrical 7-degree two-pole scale, as proposed by 

ASHRAE (2004). In fig. 2 showed the data collection 

process.  

 

 
Figure 2: Data collection in offices. 

 

Data sets were analyzed with the “Averages of 

Thermal Sensation Interval” (ATSI) Method [21], which 

was developed based on the proposal of Nicol in1993 for 

“asymmetric” climates (Fig. 3).  

 

 
Figure 3: Averages of Thermal Sensation Interval [22]. 

 

The purpose of this procedure is to determine the 

average value of temperature of all the responses of each 

level of perceived thermal sensation.  The objective of 

this method was calculate the average temperature of the 

persons that feel comfort, but also of those who 

expressed other thermal sensations. 

 

 

RESULTS 

According to the measurements of globe temperature 

(G), there are no significant differences between the dry 

bulb temperature (DB) and the operative temperature 

(OP). This fact can be explained by the building 

materials, based on common concrete blocks (0.12m 

thickness) for walls and concrete slabs (0.10m thickness) 

for roofs. Features of these kind of materials bring an 

important thermal inertia which reduces the emissions of 

infrared inside the living spaces. Consequently only the 
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measurements of DB were used in the data sets for the 

subsequent procedures. 

 

According to the results obtained during the field 

study, 30% of respondents were found in cold conditions. 

Thermal sensation responses in offices were in the range 

+1 (slightly warm) to -2 (cool).  
 

The neutral temperature and comfort ranges are 

presented with the total of observations. The results 

obtained  were: less than two standard deviations (-2 s) 

the temperature was 22.6 ° C with an R
2
 of 0.86, shows 

that the correlation is high,  with less than  one standard 

deviation (-1 s) the result was 23.4 ° C, with an R
2
 of 

0.94, the neutral temperature (average) in this 

case was 24.2 ° C, with an R
2
 of 0.98, with a standard 

deviation (+1 s), the temperature was 25.0 ° C with an R
2
 

of 0.99, an almost perfect correlation, with two standard 

deviations (+2 s), the result was 25.8 ° C with an R
2
 

of 0.98. So the extended range (± 2 s) obtained was 22.6 

° C to 25.8 ° C, with amplitude of 3.2 K, according to the 

results  the range would be of ± 1.6 K. The results are 

presented in figure 4. 
 

 
Figure 4: Correlation of DBT and Thermal Sensation. 

 

Neutral temperature and comfort range for body 

mass index (BMI).  

For this analysis, the information was classified on four 

groups of body mass index: underweight, 

normal, overweight and obesity. The most important 

results were of the obesity group. Obesity: corresponds to 

a BMI greater than 30. 101 observations were.  The 

answers were between slightly warm (+1) to cool (-2). 

 

The correlation of responses of thermal 

sensation and dry bulb temperature for the group with a 

BMI> 30 shows the values of R
2
 and Tn. The results 

obtained with ±1, 2 SD and the average shows that the 

correlation was high. The neutral temperature was 

24.1 °C with an R2 of 0.94, and the thermal comfort zone 

temperature with ±2 SD was identified to be within 
the range of 22.3 °C - 25.9 °C (Fig. 5). 
 

 
Figure 5: Neutral temperature and comfort range for BMI>30. 

 

In contrast to other BMI groups, the amplitude of 

the comfort range was 3.6°C. 0.6°C greater than 

the overall Tn. According to the results, the comfort 

range had a slight tendency towards lower temperatures 

in relation to the other groups. 

 

According to the analysis, BMI is not a factor that 

influence the occupants response of thermal sensation, 

perhaps this is because in some cases people with 

lower body mass index wear a higher level of clothing 

insulation. Wear more clothes tend to counteract the 

effects of temperature. 
 

Neutral temperature and comfort range for clothing 

insulation.  

A clothing insulation analysis was performed in offices.  

Three sets of clothing were identified: light (0.40 clo), 

normal (0.60 clo and 0.70 clo for women and men, 

respectively) and warm (1 clo for women, 1.10 clo for 

men). 

 

    45% of respondents used light clothes, another 

45% wore normal clothes and 10% wore warm clothes. It 

was estimated that those who wore warm clothing, said 

lower temperatures within the comfort range, due to a 

greater degree of isolation clothing. Below are the 

results of the group of warm clothing (Fig. 6).  

 

 
Figure 6: Neutral temperature and comfort range for warm 

clothing insulation. 

 

For this group, a total of 43 observations were 

analyzed. Figure 6, shows that the Tn  calculated  was 



PLEA2012 - 28th Conference, Opportunities, Limits & Needs Towards an environmentally responsible architecture Lima, Perú 7-9 November 2012 

 

23.8°C, with an R
2
 of 0.93, this value was lower by 

0.5°C relative to the Tn estimated from the different 

study seasons, an important point is those who wore 

warm clothing because they mention feel comfort (0) 

to cool (-2) de accord to the thermal sensation scale. The 

thermal comfort zone temperature was identified to be 

within the range of 22.3°C - 25.3°C, therefore the 

amplitude was 3°C.  

 

According to Tn obtained for each group of 

clothing, it was found that there was no significant 

difference for those who wear light clothing or 

normal type, in relation to the Tn general. Contrary to 

this who wore warm clothes tend to a comfortable 

temperature lower. The analysis confirms that thermal 

sensation was influenced by clothing insulation; at 

higher clothing insulation, lower preferred temperature. 

 

Neutral temperature and comfort range by use of air 

conditioning out of the office 

Concerning the use of air conditioning out of the office, 

15% of respondents have air conditioning at 

home. Figure 7 shows that the neutral temperature 

was 23.9 °C, slightly less than the Tn general. Although 

the sample was small seems to show that the effect 

of experience affects the thermal sensation. 

 

 
Figure 7: Neutral temperature and comfort range by use of air 

conditioning systems at home. 
 

 

CONCLUSION 

As a general conclusion in office buildings located in 

Colima City, exist some dissatisfaction with the thermal 

environment.  30% of those working in offices are in 

cold conditions, even if the use of air conditioning is not 

used a lot to achieve thermal comfort conditions.  

 

In some cases it was observed that those who 

expressed comfort at temperatures around 23 °C, resorted 

to actions of control, such as adjusting their clothing or 

closed the air-conditioning vents. This study validates the 

approach to adaptation. The results show that the 

temperature of comfort in an air conditioned office in 

Colima was 24.2°C and the comfort range was 22.6 °C - 

25.8 °C. 

 

Is clearly that result of clothing adjustment and the 

use of warm clothing puts in evidence the actions taken 

by humans to achieve thermal comfort conditions, and 

also show why respondents preferred  cold temperatures. 

 

This research is the basis for estimating the 

temperature of comfort in spaces that requires the use of 

air conditioning. The correct use of these values will 

improve thermal comfort and efficiency of air 

conditioning. 
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