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ABSTRACT: In Uruguay since 2005, the government has implemented a Program of Energetic Efficiency focused on 

improving the use of energy for the final users of all economic sectors. For this purpose, the thermal comfort in public 

buildings has been studied in order to set a range of comfort temperatures according to the type of building and moderate 

climate conditions. The article proposes an approach of thermal comfort in public buildings with variable occupation. 

Four buildings have been studied in two cities: two with artificially conditioning environments and two under free 

running conditions, as well as occupants’ responses about ambient temperature conditions, preferences and actions to 

achieve comfort, through surveys. The environmental data is linked with the response of people based on adaptive thermal 

comfort. Two different range of comfort temperature are settled for each city. The annual ranges proposed for 

Montevideo (18.8 to 27.2ºC) and Salto (19.2 to 28.1ºC) have an amplitude of at least 7ºC while for ASHRAE the range is 

19 to 25ºC. The operative temperature presents meaningful correlations with the response of “neither cold nor hot” in 

naturally conditioned buildings so this could be used as an index of thermal satisfaction in this kind of buildings. 
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INTRODUCTION 

Man keeps the thermal equilibrium with its environment 

through processes that allow it to adapt to indoor and 

outdoor climates, defined as behavior settings (clothing, 

windows, and ventilators), physiological adaptation 

(acclimation) and psychological adjustments 

(expectations). Several field studies in naturally 

conditioned buildings [1, 2, 3, 4] established a strong 

statistical dependence of the thermal neutralities (Tn) to 

the average levels of outdoor air temperature. Also report 

that in warm climates people prefer to be something 

cooler than neutral, whereas in colder climates prefer to 

feel a bit warmer than neutral. For people in air-

conditioned buildings this relationship is more complex 

because the indoor climate is dissociated from the 

outside. Then, for the adaptive approach the range of 

conditions considered comfortable is modified by site 

characteristics, building and adaptation opportunities. 

The importance of this approach lies in the opportunity to 

attend simultaneously to occupant comfort and reducing 

energy consumption by defining varying levels of indoor 

temperature [3, 5]. In that sense it is discussed whether it 

is reasonable to have a comfort range so narrow [6].  
 

 In Uruguay, the Ministry of Industry, Energy and 

Mining has implemented since 2005 an Energy 

Efficiency Program aimed at improving national energy 

use for end users of all economic sectors. This program, 

among other actions, has completed the process of 

adopting energy efficiency standards through the 

Uruguayan Institute of Technical Standards (UNIT) and 

a new thermal regulation for new housing in the 

Municipality of Montevideo (IM). All these actions must 

be accompanied by research that provides information 

and understanding of the issues involved in the efficient 

use of energy in the building. To this end began to study 

the thermal comfort in public buildings to move towards 

the definition of comfort temperatures appropriate for the 

type of building and temperate conditions [7].  

 

 

OBJECTIVE 

The purpose of this paper is to present and discuss some 

of the results of the research [7] which proposes a first 

approach to the issue of thermal comfort in public 

buildings with non-continuous use for teaching and 

offices in two cities in Uruguay with two different 

climatic zones. The aim is to contribute to the 

understanding of the relationship between dry bulb 

temperature (at which users say they are in thermal 

comfort), indoor temperature and outdoor temperature. It 

also discusses the zones of thermal comfort for naturally 

conditioned buildings according to the fundamentals of 

adaptive approach and from field studies carried out on 

comfort. 

 

 

METHODOLOGY  

It is necessary to specify the terms. In this paper we call 

air-conditioned building to building with central facilities 

building HVAC and naturally conditioned to that which 

has no central air conditioning installations. This means 
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the difference between both types of buildings is the way 

of thermal conditioning and it is not about the function of 

the building. 

 

Four public buildings are studied: two centrally air-

conditioned office buildings and minimal adaptive 

opportunity (‘June 19’ Branch Bank of the Republic - 

BROU in Montevideo and the Mortgage Bank Branch - 

BHU in Salto) and two school buildings (Faculty of 

Architecture-FARQ in Montevideo and North Regional 

Building -RN in Salto, both from the University of the 

Republic). The first school building, is naturally 

conditioned all year and the RN naturally conditioned in 

winter and air conditioned in summer with local controls 

(the occupants can open / close windows or other control 

devices). In the office buildings (BROU and BHU), 

internal loads for equipment and employment are higher 

and more concentrated in a restricted schedule. 
 

The RN building, built in 2000, covered area of 

24000 m2, divided into 3 sections: atrium, classrooms 

and offices to the north and assembly hall, canteen and 

library to the south. Its main facades are large glass 

surfaces: double glazed glass sealed to the south and 

simple exterior with solar protection to the North. The 

concrete mezzanines provide thermal mass. The operable 

windows are located on all over the north facade, while 

in the South are located only in the basement and level 1. 

The atrium does not have high openings that allow the 

stack effect. The BHU building was built in 1940 -1950 

and recycling in 2000. It has an open plan, the ratio of 

hollow area and opaque surface in façade is less than 

25% and the thermal mass predominates. The FARQ 

building was built in 1945 and enlarged in 1980 and 

2000, has an area of 11500 m2 with 3 zones (hall, 

canteen and conference hall; library and offices; 

classrooms) around a green center space. It is a large 

thermal mass building with glass facades with simple 

glazing (U = 6 W/m
2
K). The BROU building was opened 

in 1976 with a total area of 20,000 m2 and it represents 

the international style with double skin façades (heat-

absorbing glass). The building is divided into three 

volumes: two office towers and a lower volume for the 

access. The floors of the towers were designed as open 

plan and later divided by walls and furniture.  

 

Climatic characteristics  

According to the norm [8], Montevideo (latitude -34 ° 50 

', altitude 16 m,) belongs to the cool temperate zone and 

Salto (latitude -31 º 38', altitude 33 m) to the hot zone. 

Table 1 presents data from both towns as normal weather 

conditions in Uruguay [9]. 

 

 

 

 

 

Table 1. Mean temperatures of Montevideo and Salto ( data 

source DNM, 1996) 
city Annual

tm ºC Am ºC tm jan tm ºC Am ºC tm jul tm ºC

Montevideo 21,8 9,7 22,8 14 8,5 10,8 16,6

Salto 22,1 12 25 14,1 10,9 11,7 18,1

Montevideo

Salto

A= amplitude 

m= average

Warm period Cold period

december-march april-november

november-april may-october  
 

The field work took place in warm months and cold 

months because of the clear seasonality of climate. Data 

of indoor climate variables (air temperature, relative 

humidity, air velocity and surface temperature) were 

recorded in the center of the room and next to each user 

respondent, at 1.10m. Simultaneously, the outdoor 

weather conditions (air temperature, relative humidity 

and air velocity) were also recorded. At the same time 

the response from people about environmental thermal 

conditions, preferences and the actions they take to 

achieve comfort, were asked through surveys. Each 

registration lasts 10 minutes per respondent. The 

questionnaire was divided into two parts: 1. Personal 

history, context and psychological factors and 2. thermal 

evaluation of people about their immediate environment, 

such as thermal sensation in the ASHRAE 7-point scale, 

the thermal preference on a scale of 3 points and the 

perception of control (yes or no). Clothing, activity and 

metabolic rate were estimated according to ASHRAE 55-

92 [6] and ISO 7730 [10] according to the answers. The 

design of the database structure and coding conventions 

are based on sources De Dear’s project [11]. Also the 

levels of comfort were determined: neutral temperature 

(Tn) by Aluciems and Operating Temperature (Top), 

with software from ASHRAE Comfort (Wincomf). 

Finally, 124 surveys were conducted in the warm period 

and 43 in the cold period, with an average error of 15% 

for a 85% confidence. Data files are broken down for 

each building to perform the statistical summary of key 

variables. For the statistical treatment of data was used 

free software PAST: Paleontological Statistics Software 

Package for Education and Data Analysis (Hammer,  

Harper, DAT, and PD Ryan, 2001). The first thing was 

performing the Lilliefors and Levene's test for normality 

and homogeneity of variances of environmental data and 

responses. Due to the large intrinsic variability existing 

was necessary in some cases to use the transforming 

"row length normalize" that converts the data to a scale 

of 0 to 1. The linear regression analysis was used in this 

case to determine whether or not statistically significant 

relationship between the following variables: thermal 

sensation of absolute comfort in respondents vs. 

temperature of thermal neutrality; thermal sensation of 

absolute comfort vs. operating temperatures and thermal 

sensation vs. outside temperature. The term "absolute 

thermal comfort" refers to those who say they feel 

'neither cold nor hot' and also prefer not to change this. It 

should be noted that some of the sample sizes within 

individual buildings were too small to allow such models 
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to reach statistical significance. However, the file 

contains a reasonable quantity, quality and diversity of 

data applicable to the proposal stage adaptation model.  

 

 

RESULTS 

Indoor climate and thermal comfort.  

Initially, we analyzed the thermal neutrality in space, 

which is used to express how the users perceive the 

environment physical, psychological and physiologically. 

This thermal neutrality is perceived as pleasant, i.e. they 

do not feel cold or hot in a given space [12]. 

Subsequently these responses of neutrality are linked to 

the ones of preference of remain in the conditions that 

the environment has, since these data are complementary. 

This vote of preference allows us to find a number of 

users who are unsatisfied or in accordance with the 

environment, in percentage terms. The total thermal 

comfort would be one that has a thermal neutrality and 

preference of remaining so.  

 
The highest percentage of people who answer that 

they feel neither hot nor cold and also would like to stay 

in these conditions is 67% for the cold period in Salto 

and is obtained in a building with air conditioning. For 

the buildings naturally conditioned is the RN which has 

the highest percentages and it occurs in winter.  

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Percentages of thermal comfort registered.  

 

From the application of linear regression statistical 

temperature data are linked with thermal satisfaction. 

First, it was examined whether a correlation exists 

between the subjective responses of occupants with the 

calculated operating temperature. Table 2 shows that 

there is significant correlation in naturally conditioned 

buildings, both in Montevideo and Salto in both periods, 

cold and hot. For the air-conditioned buildings is given 

just a case of correlation, in Salto in the cold period, but 

for a low number of responses 

 

External environmental conditions and comfort.  
It has been argued that using only the outside 

temperature to calculate the temperature of comfort is to 

ignore other factors such as humidity and air movement, 

because the temperature of comfort is a function that 

involves more than the outside temperature: it depends 

on the insulation clothing of the people [3], the use of 

building controls [13], metabolism by the activity taking 

place [14]. However, as this study is a first approach to 

the determination of comfort zones it can be a parameter 

is discussed. Because with the outside mean temperature 

data could not be obtained variance, another criterion 

was taken. For total comfort responses was found the 

temperature of neutrality and was linked with the outside 

temperature recorded at the time of the survey. The 

analysis for all buildings together found a low correlation 

(only one case was r2 = 0.8, the others being 0.48, 0.05 

and 0.005). Table 2 shows the correlation obtained with 

this criterion (Tn vs. Te) for naturally conditioned 

buildings, where there data show significance.  

  
Table 2. Correlation temperature of neutrality and outside 

temperature recorded 

 

Statistics used and number of valid responses 

Naturally 

condicioned 

buildings 

Number of buildings in warm period 2 

Number of buildings in cold period 
2 

r2 regressions of thermal neutrality temperature of 

of Auliciems and outside temperature warm period 

in Montevideo for 95% significance. N = 8 0.72 

r2 regressions of thermal neutrality temperature of 

Auliciems and outside temperature warm period in 

Salto period for 95% significance. N = 12 
0.95 

r2 regressions of thermal neutrality temperature of 

Auliciems and outside temperature cold period in 

Montevideo for 95% significance. N = 6 
0.86 

r2 regressions of thermal neutrality temperature of 

Auliciems and outside temperature cold period in 

Salto for 95% significance. N=11 0.27 

 

Application of standard ASHRAE 55:2004  

The studies allow to know the degree of conformity 

thermal that the users have about their workspace. The 

information collected in the field work shows that 

temperatures related to the overall comfort responses 

move among the ranges shown in Table 3. For 

Montevideo, colder city, people respond to a tighter 

range, but in the warm period the responses show much 

dispersion. Conversely happens in Salto, warmer city, 

where the greatest range of responses is given in the cold 

period. These situations would be recognizing that 

thermal perception is significantly modified by the 

experiences and expectations of their own, among which 

is the acclimatization. 
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Table 3.Temperatures of comfort range recorded 

 Cold period Warm period 

Range   Temp by 

frecuency 

Range  Temp by 

frecuency  

Montevideo 19 – 

21 ºC 

20 ºC 20.5 – 

27 ºC 

24.5 

Salto 16 – 

22 ºC 

19 ºC 23.5 – 

28 ºC 

25.5ºC 

 

These ranges are evidence of thermal acceptance by 

users and allow us to propose ranges of 90% thermal 

acceptance. The proposed variable zone of comfort of the 

ASHRAE 55:2004 and the data from table 1 were taken  

to establish as reference, the range of operative 

temperatures for Montevideo and Salto in naturally 

conditioned buildings (see figure 2). Considering the 

mean temperature of the coldest month in Montevideo, 

the comfort range would be from 18.8 to 23.5 °C 

approximately, however in Salto the range for the cold 

period would vary from 19.2 to 24.0 °C. If the mean 

temperature of the warmest month is considered, in 

Montevideo the range would go from 22.2 to 27.2 °C and 

in Salto, from 23.2 to 28.1 °C. This way, the ranges 

proposed for the entire year in Montevideo (18.8 to 27.2 

°C) and Salto (19.2 to 28.1 °C) would have an amplitude 

above 8 °C, while the traditional school proposes a range 

of 19 to 25 ° C.  

 

 

 

 

 

 

 

 

 

 

 
 

Figure 2. Ranges of acceptable operative temperature for 

naturally conditioned buildings in Salto and Montevideo. 

Source: modified from ASHRAE, 2004 

 

Van Hoof et al. [15] argues that the adaptation model 

is applicable only during the months of September to 

April in moderate climates in the southern hemisphere, 

while in winter would not be applicable due to low 

temperatures (below 10 ° C). In our study, the discussion 

is given in the cold period, but for the city of Salto, 

where the model is applicable as the winter mean 

temperature is above 10 º C and higher than in 

Montevideo. The proposed ranges are also a potential 

energy saving of the building, allowing altering the set-

point temperature of the air conditioning. Assuming that 

in the service sector the buildings are responsible for the 

8% of energy consumption just for cooling, if the set 

point temperature of the equipment will vary by +1 °C it 

could be saved 2 kWh/m2 in refrigeration. 

 

 

CONCLUSIONS.  

Field studies showed low percentages of thermal comfort 

in public buildings analyzed. The age of construction and 

embedded technologies do not collaborate with a better 

perception of comfort by the users. As expressed by 

Nicol and Humphreys (2002) unfortunately comfort 

surveys do not produce data that are statistically 

consistent enough to work, because of the complexity of 

the variables and their relationships. 
 

The operating temperature has significant correlations 

with the responses of “nor cold or hot” expressed in the 

naturally conditioned buildings in Montevideo and Salto, 

so it can be used as an index of thermal satisfaction with 

the environment to evaluate or design these types of 

buildings.  
 

It was also found reasonable correlation between 

outdoor temperature and total comfort responses 

(satisfaction + preference) – this latter index is more 

demanding than the simple answer of “neither cold nor 

hot”. This implies that the design decisions that link the 

building with the local climate will impact on user 

comfort and energy consumption.  

 

The results of these correlations show the opportunity 

of the implementation of the ASHRAE 55:2004 in these 

two cities, for naturally conditioned buildings. However, 

it is discussed the validity of the comfort range for the 

cold period in Salto because the values of minimum and 

maximum temperature seem high. In this study and 

others conducted for residential buildings in Salto, the 

results show a dispersion in temperature preferences for 

the cold period but with a tendency to prefer and accept 

lower temperature values than those proposed.  
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