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Summary  

The study seeks to develop a replicable procedure in relation to environmental parameters 
of objective and subjective comfort perception, both through the use of dedicated 
Information Technologies and diagnostic instrumental methods (thermal and lighting audit) 
and assessment data collected from users (students and teachers), actively participating in 
the quality judgment. The involvement of students is intended to increase their awareness 
towards sustainable building issues and the adoption of behaviours aimed at saving energy 
and improving comfort conditions. 
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1 Introduction 

Given the mandatory EU targets for energy savings (20% cut in energy – 2012/27/UE 
Directive), strongly felt by national governments, we consider important to study the 
correlations among the building-plant system, user comfort and energy consumption 
reduction with a particular focus on school buildings.  

The educational value of energy efficiency interventions in schools is more and more 
recognised not only in Europe 1 2. Therefore it necessary to develop investigation 
methods and technical solutions that take into account the climatic, typological, 
technological problems, used materials, specific regulations of schools also in Mediterranean 
environment. The natural light study in the school of Mediterranean area, for example, is 
very important in order to find solutions, that optimize the illuminance and thermal effects in 
terms of comfort, energy saving and mitigation of excessive solar radiation problems (heat 
and glare).  

The Italian school building stock belongs to different historical periods and in some 
cases represents a functional rehabilitation of buildings originally created with a different 
function. This explains the significant differences in terms both of energy consumption and 
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of comfort in connection with the performance of the school assignment of users (students 
and teachers) and standards of quality and liveability. In the school buildings enormous 
energy waste can be attributed to design, construction and plant defects as well as to the 
lack of adequate measures of day-to-day and planed maintenance.  

The energy audit is essential to identify the defects and to fill informative gaps about 
the technological characteristics of the building, due to the lack of technical historical 
documents.  

We have elaborated an integrated approach with objective data collected in situ and 
subjective perception. The students are involved in the analysis stages (use of survey 
instruments) and making judgments on the quality of thermal and visual comfort.  

This method aims mainly to enhance the students’ awareness on the efficiency and 
energy saving problems and on the necessity of changing daily behaviours, today doing 
actions on small scale and tomorrow hopefully making decision also on large scale 
(environmental awareness). 

2 Methodology 

The study seeks to develop a replicable method, through the following phases: 
▪ Identification of the pilot case study, collection and analysis of data related to 

construction project and the energy consumption of at least three years; 
▪ Identification of sample spatial unit (classrooms) and definitions of timesheet and 

actions to be carried out in collaboration with the school technical staff; 
▪ Educational activities in cooperation with the teachers about the subjects of 

experimentation and diagnostic tools; 
▪ Simulation with dedicated software on the illuminance and thermal conditions; 
▪ Investigations in situ and physical values measurements with students’ participation 

(lux meter, thermo-hygrometer data logger, anemometer, infrared thermo-camera) 
▪ Questionnaire compilation by students on their visual and thermal comfort 

perception; 
▪ Data collection and assessment of the results with students and teachers; 
▪ Preparation of shared proposals of energy saving (particularly low cost); 
▪ Dissemination of results. 

3 The case study 

The selected school is a lower secondary school (ages 11–13) located on the outskirts of 
a medium large city in Southern Italy, dating back to the ‘70s and consisting of 24 
classrooms and auxiliary spaces on three floors. The building was constructed using 
a reinforced concrete frame, brick-masonry walls and concrete facing panels. There are 
ribbon windows in aluminium with integrated venetian blinds. The heating system uses 
methane. There is not a controlled mechanical ventilation system.  

The classrooms were selected for the survey on the same floor (first floor) with 
different orientations and thermal characteristics. The activities were organized in two 
different topics (light and heat) and in relation to seasonal variations and school activities 
(2012–2013 s. y.). 
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3.1 Lighting lab 

We proceeded with numerical tests (UNI) and with dedicated software simulations (Revit, 
Ecotect) (Fig. 1, 2).  

The measuring points were identified according to the basis of the UNI EN 12464-1: 
2011 on the worktops where the students and teachers perform their visual tasks.  

The educational activities focused on natural light and energy saving, positive and 
negative effects of solar radiation.  

The visual comfort questionnaire (Fig. 9) was filled in by the students according to 
their subjective judgment (good, sufficient, insufficient, glare) (Fig. 10).  

The actual amount of light was measured by themselves on the desks through lux 
meters (Fig. 7). At the end of the activity the students drew a graph of the overall classroom 
illuminance at the time of the survey, relating lux values to distance of desks from the 
windows (Fig. 3, 4, 5, 6, 8). 

Fig. 1 Solar diagram 
in autumn 

Fig. 2 Autumnal equinox at 4,00 p.m. 
 

Fig. 3 The classroom A6 (west)  
and the condition of natural light 

Fig. 4 Diagram of lighting  
distribution in the classroom A6 
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Fig. 5 The classroom A10 (north)  
and the condition of natural light 

Fig. 6 Diagram of lighting  
distribution in the classroom 10 

Fig. 7 Transcription of thermal  
data on the blackboard (class A5) 

 
Fig. 8 Diagram of lighting  

distribution (class A12) 

Fig. 9 Lighting questionnaire 
  

Fig. 10 Diagram: measured data  
against visual sensation votes 
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3.2 Thermal lab 

It was determined the energy class of the building (class G and overall energy performance 
40 kWh / m³ year, CO2 = 7.7 kg / m³ years) and analysed methane and electricity 
consumption data for the last three years.  

We carried out thermo-graphic investigations on the four sample classrooms 
measuring the microclimatic parameters. The educational activities dealt with physical 
parameters (heat, temperature, humidity, air velocity) and subjective variables that affect 
the heat exchange with the environment (metabolism, clothing and activities) and are 
related to the conditions of comfort.  

The students filled in the questionnaire (Fig. 21) with the judgments of subjective 
thermal comfort perception according to the ASHARAE seven points rating scale, 
describing their clothes and the activities carried out immediately before the survey in 
classroom 3. They measured also the values of temperature, humidity and air speed 
through thermo hygrometer (Fig. 15, 20). Finally, they participated in the thermo-graphic 
surveys (Fig. 11, 12, 13, 14, 16, 17, 18, 19) of their classroom reporting the walls surface 
temperatures on the classroom plan.  

 

 
Fig. 11 Thermo lab in classroom 

 

 
Fig. 12 Thermo lab students’ participation 

 

 
Fig. 13 Thermo lab in classroom 

 
Fig. 14 Thermo lab students’ participation 
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Fig. 15 Transcription of thermal  
data on the blackboard (class A6) 

Fig. 16 Transcription of thermal  
data on the blackboard (class A5) 

 

 
Fig. 17 Thermo-graphic  
analysis of external wall 

 

Fig. 18 Thermo-graphic analysis  
of thermal bridges near the windows 

 
Fig. 19 Thermo-graphic  
analysis of a classroom 

 

Rilievo Termoigrometrico 21/02/2013 Scuola Massari Aula A6
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Fig. 20 Temperature and relative  

humidity diagram (class A6) 
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Fig. 21 Thermal questionnaire 

4 Results 

The present study has to be meant as in progress, since some experimental phases depend 
on seasonal variations.  

Therefore the some results already available are presented. More specifically, several 
critical elements have been detected regarding the building: 

▪ a general lack of attention to the classrooms solar exposure was manifestly evident; 
▪ being the windows vertically pivoted with integrated venetian blinds, simultaneous 

shading and ventilation in warm weather are prevented; 
▪ the amount of natural light in the classrooms during school hours was measured to be 

very low due to several factors (out of order venetian blinds, poor windows cleaning, 
presence of high evergreen trees) and highly non-uniform distributed (Fig. 2); 

▪ the thermo-graphic survey shows an evident thermal discomfort due to a high 
temperature difference between internal and external walls, whose value was found 
to be up to about 3.5 °C. Clear evidence was also found for thermal bridges near to 
the windows, due to an inappropriate thermal isolation and low walls thickness. 
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Some of the outcomes from the users’ comfort perception are the following: 
▪ 40 % of students evaluated as insufficient the classrooms’ lighting, depending on the 

desk distance from the windows and 30 % of students defined the lighting conditions 
as sufficient in spite of the measured lighting inadequacy to the vision task; 

▪ students and teachers have perceived thermal differences among classrooms 
depending on solar exposure (North, East, West); 

▪ a good correlation was found between the measured temperature and perceived 
thermal comfort, in some cases students’ comfort perception was quite different from 
adults’ one. 

5 Conclusion 

From an energetic point of view firstly the school building needs intervention of 
maintenance, retrofitting and management but the students can interact with the system 
through their daily behaviours.  

They can partially operate on the management of natural and artificial light system, 
but not interact with the heating system, which has not thermal valves on radiators. 
Opening and closing the windows are the actions that student can do to reduce heat and 
improve air quality, but with consequent waste of energy.  

Anyway it turned out to be very important to increase municipality active 
involvement and students education to the issues of energy saving and environmental 
comfort, because the changes induced by daily behaviours have immediate effect on the 
measurable energy savings. 
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