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ABSTRACT: in the last years, there has been growing concerns on the impact of the conditions of comfort, 

on the performance of the students in educational buildings. Research has provided evidence that when the 

quality of indoor environment increases, there are positive impacts on productivity and reducing of 

absenteeism, among others benefits for the students and teachers. The quality of indoor environment 

depends, to a great extent, on the thermal behavior of the building. This behavior is determined, in turn, by 

the constructive characteristics. However, there is a lack of Chilean regulations to determine how more 

than 12,000 educational buildings should perform with regards to constructive characteristics in order to 

guarantee suitable quality indoor environment and comfort to their users. This study is based on the 

measurements performed, during winter and summer, to a school located in the Chilean Patagonia. At this 

school, the U-value and the air infiltrations of the envelope were experimentally measured. The thermal 

comfort was measured, according to the methodology proposed by Fanger. With this data, the theoretical 

energy consumption necessary to reach suitable levels of comfort were determined by means of a simplified 

method. Later, using the simplified method the power consumption, in other 3 climatic zones of the country 

was determined. The work concludes with recommendations of minimum standards for the educational 

dwellings with regards to their constructive characteristics which guarantee a suitable comfort of their 

users for the 4 climatic zones of Chile. 
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INTRODUCTION  

In the last years, there has been an increasing 

concern on the impact of comfort conditions in 

the performance of students in educative 

buildings because adverse effects on students’ 

learning and attainment at schools could have 

consequences both in the very short-term and 

throughout the life of students and the society. 

The investigation has provided tests evidencing 

that when indoor environment quality increases, 

there are positive impacts in productivity, 

reduction of absenteeism and health among 

other benefits for students and teachers [1]. In 

sum, studies have shown that student attainment 

is altered - among other factors – by 

temperature changes [2] and on this respect, it is 

suggested to achieve optimal performance in 

classrooms with moderate humidity levels 

(between 40% and 70%) and temperatures 

within a range of 20°C and 23.5°C [3]. 

Reaching adequate levels of thermal comfort in 

schools in current worldwide conditions 

requires an efficient utilization of energy 

resources that allow ensuring an adequate 

supply of energy in the long term to support the 

economic development of the country; to supply 

a healthy environment and free of pollution to 

the society, and contributes to the mitigation of 

the global climatic change.  

Both objectives require a suitable regulation that 

regulates the construction of educational 

buildings; however, in Chile the regulation is 

poor with respect to the quality of the indoor 

environment experienced by 3.700.000 students 

in more than 12.000 schools distributed in 9 

climatic zones. 

 

In Chile, the regulation related to the 

educational infrastructure is insufficient. 

Although currently, the Supreme Decree 594, 

that constitute the Regulation on Health 

Conditions at Work Places, and that includes 

minimum values for acoustic, thermal and 

luminous conditions, is in force, it only 

considers educational spaces in a superficial 

manner making special reference to work places 

for adult people, which characteristics such as 

clothing and activity, among others, differ from 

that of a student, and which central axle is not 

aimed at comfort, but rather to avoid risk 

situations and prevent diseases as a result of the 

bad labor conditions. 

 

On the other hand, the General Ordinance of 

Housing and Urbanism (Ordenanza General de 

Vivienda y Urbanismo), presents minimum 

requirements with respect to educational 

buildings for ventilation and lighting, making 
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reference to minimum surfaces of openings to 

ensure suitable levels of natural lighting and 

ventilation, while Supreme Decree of Education 

No. 560, sets forth standards for physical 

characteristics of educational establishments, 

where minimum conditions of lighting, 

ventilation, humidity and temperature are 

mostly mentioned. This latter specifies only that 

in classrooms of the 5 cooler climatic zones 

indoor temperature should not be lower than 

12°C. [4]. 

 

With regard to requirements directly related to 

Energy Efficiency, we find Thermal Regulation, 

which establishes maximum coefficient values 

of maximum thermal transmission for housing 

in 7 thermal zones and which is also 

recommended to buildings of other 

characteristics such as the case of educational 

establishments. However, this regulation is 

based on thermal zones not considering other 

important climatological variables such as wind, 

humidity, among others; it does not establish 

Air-tightness standards to air that have a direct 

influence on the indoor comfort of users [5] and 

its determination does not consider the behavior 

and peculiarities of educational buildings. 

 

In turn, NCh 1079-2008 standard sets forth the 

housing climatic zoning for Chile and 

recommendations for the architectonic design 

[6], however as part of the standard 

recommendations of general character are 

provided and for informative purposes only, 

standards more consistent to energy efficiency 

are provided. Nonetheless, said 

recommendations are not considered as part of 

the standard and its determination does consider 

the behavior and peculiarities of residential 

sector, which differ in educational buildings. 

 

The most significant development on this issue 

corresponds to the “Guides of Design of 

Educational Spaces” elaborated by the 

Dirección de Arquitectura del Ministerio de 

Obras Públicas (Department of Architecture of 

the Public Works Ministry) of Chile, which 

comprise from physical-environmental 

requirements defined to each of the 9 climatic 

zone of the country to management 

methodologies for the use of facilities and 

furniture of the establishment [7]. It is a 

document that provides recommendations to 

architects and teachers at the time of designing 

and operating educational spaces, but which 

does not requires a legally binding condition in 

its fulfillment. Recommended constructive 

standards have a general character and their 

estimation does not consider energy efficiency 

standards. 

By facing this situation, this paper proposes 

maximum values of U-value both for walls and 

roofing of educational buildings sited in the 

most unfavorable climatic zones of Chile with 

respect to the use of heating. Namely: Littoral 

South, Interior South, Extreme South and 

Andean.  

 

A school located in the Chilean Patagonia was 

evaluated thereto during winter and summer 

measuring the U-value and air infiltrations of 

the envelope in an experimental manner. The 

perception of thermal comfort was determined 

in accordance with the methodology proposed 

by Fanger [8]. With those data, its behavior was 

simulated and the consumption of theoretical 

energy required to reach suitable levels of 

comfort in the 4 most extreme climatic zones of 

Chile was obtained. Then, standards of U-value 

for the envelope and roofing of said climatic 

zones were determined, so that from the point of 

view of indoor comfort suitable levels of 

thermal comfort are obtained and that ensure an 

adequate learning, and at an energy efficiency 

level theoretical consumption of energy 

decrease to 40% with respect to the current 

situation. 

 

 

METHOD 

In order to determine the recommendation of 

standards of U-value of the envelope and 

roofing of the 4 most extreme climatic zones it 

was proceeded to evaluate a type facility. The 

building selected corresponds to the Teniente 

Merino School located in the Region of Aysén, 

in the extreme south of Chile, whose typology is 

recurrent in the study areas. Its latitude is 

47°115’11’’S, length of 72°34’29’’O and 

elevation of 148m. Its selection is based on that 

fact that its site corresponds to the Extreme 

South climatic zone being one of the most 

unfavorable of the 4 zones under in analysis [6]. 

 

In order to analyze the building behavior subject 

to evaluation, it was determined to take as 

reference the measurements conducted to a 

particular facility thereof. The criterion used to 

determine the selection of the facility to be 

evaluated was mainly based on the existence of 

important peculiarities to be consider in the 

study such as the location with respect to the 

boiler and the capacity of the facility to fully 

represent the energy behavior of the building in 

general. The facility under evaluation 

corresponds to the Classroom A1 of the 

establishment, located in the east sector of the 

first level. The classroom has a surface of 

53,7m² and a volume of 155,7m
3
. Its capacity is 

for 45 students. 
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In the facility selected, the feeling of thermal 

comfort of students was determined following 

the methodology described in UNE-EN 

Standard ISO 7730:1996 [8] that establishes the 

concept of Predicted Mean Vote, or PMV, to 

evaluate the thermal comfort, the PMV relates 

to the Predicted Percentage Dissatisfied (PPD). 

The UNE-EN ISO 7730:1996 Standard defines 

thermally acceptable facilities as those facilities 

where the PPD is lower than 10% and the PMV 

is in the range of -0.5<PMV<+0.5. 

 

For this purpose, during the period of one week 

indoor and outdoor temperature, indoor and 

outdoor relative humidity, both in winter and 

summer were registered; and influence of 

clothing and activity of students was determined 

through polls.  

 

Likewise, the level of air infiltrations was 

registered through the pressurization as 

described in the UNE-EN 13829 standard [9]. 

The method consists of generating a constant 

pressure difference between the indoor and 

outdoor spaces of the building through a 

standardized measurement device called 

“Blower Door”. This consists of a mechanical 

fan with a flow reduction diaphragm, flow 

meters, air differential pressure and temperature, 

control devices and data processing software. 

The fan is disposed on a frame-door which 

replaces one of the doors of the facility at the 

time of conducting the tests. 

 

Jointly the U-value weighted was registered 

through the Heat Flux and Temperature 

technique as described in the ASTM C1046 (1) 

Standard [10]. 

 

With the data obtained, it was proceeded to 

determine the theoretical energy consumption of 

the facility in order to reach suitable levels of 

comfort by using the Belgian regulation [11] 

considering the lack of an official media in 

Chile for that purpose. Later, school 

characteristics in other 3 extreme climatic zones 

of the country were evaluated in order to 

achieve recommendations of standards of U-

value both of the envelope and roofing, so that 

from a point of view of indoor comfort suitable 

levels of thermal comfort are obtained that 

ensure an adequate learning. And from the point 

of view of health, problems of superficial 

condensation in walls and ceilings are 

eliminated, and at an energy efficiency level, 

theoretical consumption of energy decrease to 

40% with respect to the current theoretical 

situation. 

 

RESULTS 

In order to determine envelope characteristics of 

the Teniente Merino School of Cochrane its 

weighted U-value was determined through the 

technique of thermal flow meter as described in 

the ASTM C1046(1) Standard [9] obtaining a 

value of 1.13 W/m
2
°K for perimeter walls, a 

value that triples the recommendation of the 

NCh 1079 standard “Architecture and 

Construction. Climatic- housing zoning for 

Chile and recommendations for architectonic 

design” [6] and which moves away from 

suitable energy efficiency standards. 

 

Likewise, air-tightness level of the envelope 

was determined through the pressurization 

technique as described in the UNE-EN 13829 

standard [9]. Results show that the air 

infiltration rates at 50Pa correspond to 4,15 h
-1

, 

equivalent to an infiltrations volume at 50Pa of 

646,16 m3/h.  

 

Deficient characteristics of the envelope are 

consistent with the levels reached for comfort 

inside the establishment. The results obtained 

(Figure 1 and 2) show that both in winter and in 

summer no suitable comfort level is achieved by 

Fanger’s method [8]  

 
Figure 1: Curve PPD v/s PMV in winter 

 
Figure 2: Curve PPD v/s PMV in summer 

 
 

During the winter period the main factor that 

has an incidence on the low thermal comfort in 

the low indoor temperature of the facility 

throughout the entire measurement period. 20°C 

are no exceeded at no time, reason why the 
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conditions recommended for a suitable 

performance of students are met [3]. In the case 

of the summer period, the facility under 

evaluation shows low indoor temperatures and 

low humidity percents, in consequence, the 

determining factor in the low thermal comfort is 

again the indoor temperature. 

 

By evaluating the theoretical consumption of 

the School considering the values obtained from 

air infiltrations and U-value of the envelope, 

considering peculiarities of this type of 

establishment such as the number of students, 

their activity and clothing, internal gains of 

lighting and typical equipment of this type of 

establishments and the rest of constructive 

characteristics in accordance with the technical 

specifications of the project following the 

Belgian regulation [11] giving the lack of a 

Chilean regulation, a theoretical consumption of 

401 kWh/m
2
 is obtained per year which allow 

reaching the levels of thermal comfort to 

provide an adequate learning. 

 

When conducting the above described exercise 

with the climatic characteristics of the Littoral 

South, Interior South, South and Andean zones 

as being the climatological zones of Chile 

requiring indoor heating, a theoretical 

consumption is obtained as shown in table 1. 

 
Table 1: Theoretical Consumption of Type School to reach 

suitable comfort levels per climatic zone 

Climatic zone kWh/m2 an 

LITTORAL SOUTH 204.0 

INTERIOR SOUTH 218.0 

EXTREME SOUTH 401.0 

ANDEAN 250.0 

 

 

DISCUSSION 

The theoretical consumption required by the 

school to reach suitable comfort levels in the 

four climatic zones under analysis is strongly far 

from energy efficiency standards for that type of 

buildings. In addition, the values obtained were 

determined considering information of technical 

specifications of the project such as U-value of 

roofing, floor, among others, which values in 

the reality are expected to be more unfavorable 

with which it is possible to suspect that the 

consumption required is higher. 

 

From the study it is possible to conclude that the 

consumption is strongly influenced by the high 

level of air infiltrations (7,55 m³/hm²) and the 

low thermal resistance of the envelope (0,88 

m
2
°K/W). A situation not regulated by the 

current Chilean regulation. 

Said standards lead to deficient levels of thermal 

comfort, being the low indoor temperature 

submitted by the facility the main factor 

involved in that situation. The low temperature 

in classrooms has an influence in the 

performance of students and teachers, and in the 

cases studied in winter periods it does not 

comply with the requirement of the Supreme 

Decree of Education N°560 which stated that in 

classrooms of the 5 cooler climatic zones indoor 

temperature should not be lower than 12°C. [4]. 

 

Reaching suitable comfort levels is possible, 

however taking into account the current 

infrastructure, it implies high levels of energy 

consumption (table 1), which economic cost and 

environmental impact are recommended to be 

avoided. Standards of energy efficiency that 

allow the achievement of suitable comfort levels 

with a limited energy consumption represent an 

opportunity to promote appropriate educational  

environments as well as limiting consumption. 

 

In consequence, at the time of defining U-value 

standards for walls and roofing of educational 

facilities in the four climatic zones of Chile 

requiring heating, it was proceeded to consider 

standards that allow reaching levels of thermal 

comfort that enable a correct environment of 

learning, but also, that its theoretical 

consumption was 40% lower than the current 

one. This allows improving energy efficiency of 

establishments. 

 

Standards to be recommended should be in 

accordance with the regulation in force; in this 

sense, they should be consistent with the 

thermal regulation of housing, which sets forth 

maximum values of U-value for ventilated 

roofing, walls and floors, but it does not refer to 

the floor U-value against land or air 

infiltrations. 

 

Limiting air infiltrations is essential to reach 

comfort levels which preponderance increases 

by improving standards of U-value, however, 

the lack of a regulation on this aspect and the 

poor knowledge makes it technically difficult to 

include it as requirement in the proposal. For 

this reason, the present recommendations were 

obtained considering a level air infiltration rates 

at 50Pa corresponding to 3 h
-1

, as it is 

considered that said value could be 

economically and technically achievable by the 

industry of the Chilean construction and its 

value does not strongly alter ventilation that in 

this type of establishments is normally natural. 

Together with the above recommendation, table 

2 shows the four climatic zones requiring 

heating in Chile, maximum recommended 
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values of U-value for walls and roofing, as well 

as the theoretical consumption expected in the 

establishment analyzed with said characteristics. 

 
Table 2: Maximum recommended Values of U value and 

theoretical consumption expected 

 

 

CONCLUSIONS 

In the last years, there has been an increasing 

concern on the impact of comfort conditions in 

the performance of students in educational 

buildings, because adverse effects on learning 

and attainment of students in schools could have 

consequences both in the very short-term and 

throughout life for students and the society.  

 

By evaluating the behavior of the Teniente 

Merino School of Cochrane located in the 

Region of Aysén in the extreme south of Chile, 

it is observed that both in winter and in summer 

no suitable comfort levels are achieved by 

following the methodology described in UNE-

EN ISO 7730:1996 Standard [8].  

 

If suitable comfort levels are intended to be 

achieved through the use of heating, a 

theoretical consumption of 401 kWh/m2 per 

year is required, a value that is largely distant 

from energy efficiency standards for this type of 

buildings. When conducting the same exercise 

in the other three cooler climatic zones of Chile, 

values equally high are obtained (table 1). 

 

From the study it is concluded that the 

consumption is strongly influenced by the high 

level of air infiltrations (7.55 m³/hm²) and the 

low thermal resistance of the envelope (0.88 

m
2
°K/W). This situation is not regulated by the 

current Chilean regulation. 

 

For this reason, it is proposed to limit air 

infiltrations rates to a maximum of 3 at 50 Pa. 

The recommended value is based on the lack of 

regulation on this aspect and the poor 

knowledge of the industry, however, it is 

considered a value that could be economically 

and technically achievable by the industry of the 

Chilean construction with minor cares in the 

execution, supervision and control of 

construction processes. Finally, it is considered 

that its value does not strongly alter ventilation 

that in this type of establishments is normally 

natural. 

Taking into account the above consideration, 

maximum values of U-value for walls and 

roofing (table 2) were determined for the four 

climatic zones requiring heating in Chile. Said 

recommendations are aimed at achieving 

suitable levels of thermal comfort that ensure an 

adequate learning with a theoretical 

consumption of 40% compared to what is 

currently needed. 

 

This study comprises four of the nine climatic 

zones of Chile considering those zones that 

require heating and which typology of 

educational buildings is consistent with the 

school under analysis. For this reason, it is 

proposed to continue with the investigation with 

the other climatic zones, which needs could 

include refrigeration. Likewise, it is 

recommended to analyze and regulate the 

educational infrastructure considering the 

impact on learning of this and other variables 

influencing on learning, such as acoustic and 

luminous comfort.  
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