Final design

Design iterations

the design:
1. Shaping
Initially, the design was an expansive building with a spacious open courtyard

surrounded by glazed corridors that brought light and worked as buffer spaces.
However, due to the high glazing ratio, the transmission heat loss through windows
and the annual heat demand were too high and the project would be too expensive.
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the building form:
2. Improving
In order to improve the efficiency and reduce the glazing ratio and the cost of using so

many high-quality windows, the central courtyard was closed and became an atrium
with roof windows. Consequently, the transmission heat loss through windows was
reduced in 64% and the heat demand was decreased to 11.8kWh/m²a.
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In order to have a balanced opening configuration
that presented adequate daylight levels and did
not compromise the thermal performance, a
different arrangement was though for each facade
individually. Therefore, each one has a specific
window-wall-ratio (WWR) and windows disposition.
Accordingly, classrooms facing south have larger
openings with overhangs to protected them during
summer months and north facing classrooms have
less openings to control transmission heat loss.
Also, to improve daylight levels, there is more
glazed area on the ground floor classrooms than on
the first-floor ones.
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the shading devices:
3. Designing
With the intent to avoid overheating during summer, fixed shading devices were
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installed in the south and west facades. The overhangs were carefully designed to
deliver shading during summer months while allowing the solar radiation to reach
the windows during winter months.
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Final design
the building envelope:
4. Improving
The external envelope properties were improved in order to reduce the transmission heat loss through opaque surfaces, which reduced from
18.1 to 13.1 kWh/m²a. However, improving the thermal insulation of the walls also means that the building does not lose the internal heat
during the cooling season and probably has an overheating problem, thus, it is crucial to have the appropriate air flow for cooling through
stack effect and also making use of night-time cooling.
Default construction properties

Final construction properties

Shading device analysis
Ground floor south window

Hourly radiation on slope, unshaded

Heat balance

Project overview
Hourly radiation on slope, shaded

Passivhaus standards can be
achieved in any design, by
appropriately managing the building
envelope properties, shading devices,
openings percentage and ventilation.
Therefore, the design process began
by trying to achieve a satisfying and
efficient form factor. Than, the chosen
design was analysed with Design PH
to achieve a balanced heat losses
and gains ratio. In this way, openings
were
appropriately
positioned,
shading devices were carefully
designed and the external envelope
properties were adjusted to better fit
the building needs.
Finally, the project was revised
to carefully manage overheating
problems during the summer months
and thus strategies such as stack
effect ventilation and night cooling
were adopted.

