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The Laboratory of Building Design proposed a methodology 
for developing  a sustainable refurbishment of the school 
buildings 

It is articulated in four steps:

• Analysis and monitoring of thermal comfort and energy 
consumption of the building. 

• Proposal of construction solutions to improve the energy 
efficiency of the whole building.

• Testing of the predicted solutions through the Passive 
House Planning Package (PHPP software) to reduce the 
annual heating demand (< 20 kWh/m2y) and improve the 
living comfort of the school building. 

• Executive project of the energy retrofit solutions.



First step: ANALYSIS

• Survey of the building
• Monitoring of the indoor comfort 

and evaluation of the building 
energetic behavior

• Monitoring of the energy
consumption



Second Step: PROPOSAL

The concept followed for the proposal is the 
enhancement of the comfort and the reduction of the 
energetic consumption through
1. Bioclimatic solutions exploiting the free energetic 

contributions from the local environment
2. Improvement of the thermal behavior of the 

envelope reducing the thermal bridges
3. Improvement of the thermal insulation
4. Integration of the building with techniques to 

produce energy from renewable sources
5. Improvement of air quality through the controlled 

mechanical ventilation in absence through a 
controlled natural ventilation

6. Improvement of the visual comfort through the 
management of the daylight

7. Introduction of the building automation to 
manage the heating, ventilation systems and the 
daylight

8. use of materials with a low energetic and 
environmental impact



 exploitation of the energetic free 
contributions from the surrounding



http://www.oxford.gov.uk/PageRender/decEH/Home_Energy_Advice_occw.htm

 Improvement of the thermal behavior of the 
envelope



 Improvement of the thermal insulation 
coherent with the climate local conditions

Domus Logbalticlogs.altervista.org
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http://balticlogs.altervista.org/Trasmittanza.htm


 Building integration with energy producing technologies 
from renewable sources

Source Passive Systems Active Systems

Static
Cogeneration
Hybrid Panels

Wind 
Generator

Solar Panels

PV Panels

Natural
Daylighting

Shading

Geothermal Sistem

SUN

WATER

EARTH

WIND

Trombe Walls

Sunspaces

Natural Ventilation

Tides and wawes

Green Roofs

Underground 
Houses

Hidroelectric
Plants

Dynamic
Cogeneration

Sterling’s Engin



 Building integration with 
systems for the controlled 
mechanical ventilation



 Improvement 
of the visual 
comfort 
through the 
management 
of the daylight



 Introduction of the building automation to 
manage the heating, ventilation systems 
and the daylight



Case Study
“Floriani” Technical Institute of Riva del Garda  

Case Study:
“Floriani” Technical Institute of Riva del Garda  



















FIRST STEP

Monitoring under the
UNI EN ISO 10551 
To evaluate the indoor 
comfort level

Used instruments:

 Hot Wire Anemometer
air speed

 Ventilated Psychrometer
Umidity and air temperature

 Globe thermometer
Radiant Themperature

Calculated Indoor Comfort



Interview to the Students, Professors and Technicians
for determinating the thermal comfort through the Predicted Mean Vote (PMV)
Basing on the : 



Monitoring of the energy consumption

Result:  179  kWh/m2 a













Previsional consumption

21,4 kWh/m2a

Test of the deigned solutions through the 
Passive House Planning Package (PHPP 
software) to reduce the annual heating 
demand (< 20 kWh/m2y) and improve the 
living comfort of the school building. 



Conclusion

Using the criteria of the Bioclimatic 
architecture combined with the Passivehaus
principles we have been able to refurbish the 
building to improve the indoor environmental 
quality and at same time to reduce the energy 
consumption.

The future development of the research will be 
how to integrate the building with the “building 
automation” to manage not only the heating 
system, but also the daylighting to reduce to 
the minimum the artificial light and to manage 
better the energy consumption.    



Thank you for the attention

antonio.frattari@icloud.com



Building automation and daylight



LINK PMV AND PPD






