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RESEARCH ARTICLE

The kindergarten of Crosara by Sergio Los: reassessing a pioneering thermally
efficient building
E. Poma , D. Palma , M. Molina and F. Graf

Accademia di architettura, Università della Svizzera italiana, Mendrisio, Switzerland

ABSTRACT
Given the environmental and energy crises, European directives are targeting building energy
efficiency. Architects must improve the thermal performance of their designs to approach
Nearly-Zero Energy Building (NZEB) standards. Energy-efficient experimental buildings from the
1970s are often held up as inspiring examples of energy-conscious architectural design.
However, the lack of quantitative data about their thermal performance, measured using
current evaluation standards and units, makes their legacy difficult to interpret today. This study
aims to verify the relevance of 1970s energy-efficient architecture by quantifying the thermal
performance of an exemplary case: the kindergarten designed by Sergio Los in Crosara (Italy).
The thermal performance of the building in its original configuration is re-assessed using energy
simulation software and discussed relative to past and present standards, including carbon
emissions. The results quantify the contributions of different energy-conscious strategies and
show that the building’s pioneering performance results primarily from the architect’s
bioclimatic design decisions. The study demonstrates how architects reduced building energy
demands in the 1970s and explores the impact of their strategies relative to contemporary
efficiency priorities.
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Introduction

Energy used to heat and cool buildings accounts for
around half of the energy consumption in the European
Union (EU) (EC, 2022). Even though fossil fuel use in
the EU decreased by 18.4% between 2019 and 2020,
only 23% of the energy used to provide indoor thermal
comfort in the EU is currently renewable (Eurostat,
2022). That means that the thermal performance of EU
building stock – 75% of which is inefficient (EC, 2020)
– significantly influences the production of carbon emis-
sions. To increase the energy performance of its building
stock, the EU has implemented the Energy Performance
of Buildings Directive (EPBD) and the Energy Efficiency
Directive, which were published in 2010 and 2012,
respectively, and revised in 2018. Given these directives,
the concept of Nearly-Zero Energy Buildings (NZEB) is
gaining popularity and influencing the implementation
of norms and regulations (Ligardo-Herrera et al., 2022).

Even though NZEB is a recent concept, developed
experimentally after around 2000 (Jaysawal et al., 2022),
its definition and targets refer back to previous architec-
tural experiments. Recent studies have emphasized the
relevance of the pioneering experiments in energy-

efficient architecture conducted in the 1970s to contem-
porary sustainable goals in architectural practice
(Barber, 2016; Borasi et al., 2007; Kallipoliti, 2010; Mania-
que, 2014; Sadler, 2008). However, the case studies con-
ducted to date have been chiefly historical and
qualitative (Lopez, 2021; Mannell, 2018; Sadler, 2006).
The lack of contemporary quantitative analysis of the
energy efficiency of these experimental buildings means
that their legacy is little understood. The surviving
quantitative thermal performance documentation from
the 1970s – surveys, handbooks and conference proceed-
ings – uses obsolete evaluation methods and outdated
units of measurement.

This study examines and quantifies strategies
employed in the architecture of the 1970s in an exemp-
lary case, particularly the reduction of fossil fuel
demand for indoor comfort. The analysed building is
a kindergarten in Crosara (Italy) that has long been
recognized for its outstanding energy performance
and pioneering heating systems (Funaro & D’Errico,
1992). Completed in 1978, this building was designed
by the Italian architect Sergio Los in 1972 before the
first Italian regulations for building energy efficiency
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were instituted (Legge 373, 1976). Los intended to
reduce energy demand for ecological reasons. After
the 1973 oil shock, the project, which already included
energy-conscious strategies, was modified to include a
solar thermal heating system. The kindergarten was
one of the first solar schools to be completed in Europe
(Achard & Gicquel, 1986).

This research combines historical documentation of the
case with quantitative analysis of its energy efficiency.
Quantitative results are obtained using contemporary soft-
ware tools to evaluate energy demands and simulate ther-
mal performance. These tools, developed primarily to
certify the energy performance of buildings, can be used
to analyse historical examples. For instance, simulation
software has been used to assess the energy efficiency of
pre-industrial buildings (Gagliano et al., 2016) and demon-
strate the climate-conscious attitude of modern heritage
buildings (Galiano-Garrigós et al., 2022; Requena-Ruiz,
2016). The thermal performance of the Sergio Los kinder-
garten in Crosara was assessed according to current evalu-
ation methods, including the quantification of carbon
emissions, a key factor in current energy standards. The
quantitative analysis of energy-efficient strategies devel-
oped 50 years ago, within the limits of the technologies
available at that time, demonstrates the primary role of bio-
climatic design compared to other solutions and offers
insights into the priorities of contemporary architectural
research and practice to reduce carbon emissions linked
to indoor thermal comfort.

Research methods

This research takes an interdisciplinary approach, draw-
ing upon historical documentation of the selected case
and an analysis of its energy efficiency. Several steps
are involved (Figure 1). After data collection (see the
next subsection), the qualitative data were used to inves-
tigate the chronology of the building and its architec-
tural features. The quantitative data were then
converted into current international measurement
units, which were used to (1) quantify the thermal trans-
mittance (U) values of the construction elements; (2)
quantify the thermal performance of the building
according to current evaluation methods; (3) assess
the natural convective loop system (a passive solar sys-
tem installed in the building); and (4) quantify the car-
bon emissions which correspond to the thermal comfort
energy demands. The quantitative analysis was used to
(1) compare the U values of the construction elements
of the kindergarten to the representative values of the
same geographical region in the 1970s and current Ita-
lian guidelines; (2) compare the kindergarten’s thermal
comfort energy demands with those of a representative

school of the same Italian climate zone; (3) identify the
contributions of the different energy-conscious strat-
egies applied in the kindergarten; and (4) compare
these in terms of carbon emissions. Finally, these out-
comes were discussed to assess the effectiveness of the
energy-conscious strategies and their relevance to cur-
rent architectural practice and research.

Data collection

The data used for the present study were collected from
different sources: published literature, the Synergia Pro-
getti: Sergio Los, Natasha F. Pulitzer archive, visits to the
building and interviews with the architects Sergio Los
and Natasha Finali Pulitzer. The data collected about
the kindergarten included both qualitative information
(e.g. descriptions of the building, architectural draw-
ings, pictures) and quantitative information (e.g. con-
struction drawings, construction reports, measured
heating demands, design calculations of heating energy
demands, building system design specifications). The
literature and standards provided the data needed for
comparative analysis (the representative U values of
construction elements from the same geographical
region in the 1970s, the current Italian guidelines for
U values and the energy demands for thermal comfort
of a representative school in the same Italian climate
region). Table 1 provides an overview of the source
and use within the study of the data collected. The avail-
ability of quantitative data from different sources –
especially measured energy consumptions – increased
the reliability of the study and its results.

Research tools

Thefirst step in the quantitative analysiswas the construc-
tion of a detailed 3D model of the kindergarten using the
softwareAutodeskRevit. The building is representedwith
its original spatial organization and construction specifics.
A custom library of construction elements was developed
to represent the original construction elements and their
thermal transmittance (U) values.

To perform the thermophysical or thermal balance
calculations for the kindergarten, the 3D model was
imported into the software Lesosai 2021. Lesosai is a
Swiss software application developed in 1984 by
E4tech Software, in collaboration with the Swiss Federal
Institute of Technology in Lausanne, to perform eco-
logical and energy certifications and evaluations of
buildings. This software is compatible with both Build-
ing Information Modeling and Whole-Building Energy
Modeling processes. It is currently used by professionals
to certify that buildings meet various European national
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standards and international standards, including
DGNB, BREEAM, SNBS and Minergie. Lesosai is also
a cutting-edge simulation tool, employed by researchers
to investigate the potential of solar integration in build-
ings (Bushra, 2022), as well as the operational and
embodied carbon emissions of buildings (Keller et al.,
2021). Lesosai allows one to calculate a building’s ther-
mal balance according to EN ISO 13790, the same stan-
dard used to provide data for a representative school in
the same Italian climate region (Corrado et al., 2016).
The validity of this hourly calculation method for the
calculation of thermal loads for heating and cooling
has been confirmed by recent comparative studies on
different calculation standards (Ballarini et al., 2019).

In Lesosai, each room of the 3D model of the kinder-
garten was associated with the use that it was designed to
have originally. Themodel was then used to calculate the

building’s thermal balance using the hourly climate data
(provided by the European databaseMeteonorm) for the
exact location of the building, and exact local shading
data (provided by the European Photovoltaic Geo-
graphical Information System). The calculation quan-
tified the annual energy demands for indoor thermal
comfort, based on inputs and losses of thermal energy.
The thermal balance included the quantification of the
carbon emissions that would be required to achieve the
thermal comfort levels specified by EN 15603.

Subsequently, IES Virtual Environment (VE) was
used to assess the natural convective loop system in
the kindergarten. IES VE, developed in the U.K., is a
suite of applications for building performance analysis
that can be used to conduct dynamic thermal simu-
lations, test passive solutions, compare low-carbon tech-
nologies, and simulate energy use, carbon emissions and

Figure 1. Research workflow.
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occupant comfort. IES VE provides a wide range of
analysis capabilities suited for the attainment of inter-
national certifications such as LEED. This software has
been recently used to investigate the potential of natural
ventilation (Ji et al., 2020) and the benefit of passive
solar design for thermal comfort (Naik et al., 2021).

The rooms of the 3D model served by the natural
convective loop were imported into IES VE and

associated with their operation profiles. The geometry
of the model was completed within IES VE by adding
the elements of the air circulation system located within
the walls and underneath the ground floor. Sub-
sequently, the model was used to perform a dynamic
thermal simulation in free-floating conditions to gener-
ate hourly data that provided the boundary conditions
for a computational fluid dynamics (CFD) analysis of

Table 1. Overview of the data: source and use in the study.
Use of data collected

Source Type of data

Understanding
design elements
and materials

Quantification of
the energy

efficiency of the
design

Calculation of the
thermal

performance of
the building using

current
evaluation
methods

Assessment of
the functioning
of the passive
solar-energy

system

Calculation of the
carbon emissions
corresponding to
heating demands

Comparative
analysis

Literature Descriptions of the
kindergarten (Achard
& Gicquel, 1986; De
Santis, 2000; Funaro &
D’Errico, 1992;
Hawkes & Owers,
1981; Los, 1981; Los &
Pulitzer, 1977; Los &
Pulitzer, 1980)

X X x x x

Measured
kindergarten’s
heating energy
demands (Funaro &
D’Errico, 1992)

X x x x

Calculated heating
energy demands of a
representative school
in the same Italian
zone (Corrado et al.,
2016)

x

Standards Representative U values
of construction
elements of the same
geographical region
in the 1970s (UNI TS
11300-1, 2008)

x

Current Italian
guidelines for U
values (D.M. 2015)

x

Synergia
Progetti
Archive:
Sergio Los,
Natasha
F. Pulitzer

Architectural drawings X
Construction drawings X X x x
Construction reports X X x x
Pictures of the
construction phase

X X x x

Pictures of the
operational phase

X x

Measured heating
demands

x x x

Design calculations of
heating energy
demands

X x

Building systems
specifics

x

Visits to the
building (in
2020and2021)

Survey of the current
state of the building

X X x

Interviews with
architects
S. Los and
N. F. Pulitzer
(in 2021)

Information about the
building and its
chronology

x X x
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the indoor microclimate. The CFD simulated the oper-
ation of the natural convective loop, representing the
temperature and velocity of indoor air.

Description of the case

The kindergarten in Crosara, a settlement located in the
municipality of Marostica, Northern Italy (45°46′26.5′′

N 11°36′47′′ E, elevation 417 m, Italian climate zone E
(between 2101 and 3000 annual heating degree days)),
is recognized for its architectural qualities and energy
efficiency (De Santis, 2000). In 1972, when the architect
Sergio Los began designing it, he wanted to combine the
poetics of architectural composition (such as the com-
positions designed by Carlo Scarpa, Los’s former men-
tor and employer) with the consideration of climate in
architectural design (already present in Frank Lloyd
Wright’s climate-conscious architecture; Banham,
1967). Los was sensitive to the ecological concerns of
the time and receptive to studies of autonomous dwell-
ings carried out in the 1970s at the Technical Research
Division of the Department of Architecture at Cam-
bridge University (Pike et al., 1975). In designing the
kindergarten in Crosara, Los wanted to prove that archi-
tectural choices played a significant role in reducing the
energy demands required for thermal comfort. The pro-
ject was developed in collaboration with the architect
Nathasha Finali Pulitzer.

As a consequence of the 1973 Oil Shock, which
delayed the construction process, the energy-conscious
strategies of the initial project were combined with the
installation of a solar thermal system for heating to
further reduce the building’s fossil fuel dependence. In
the context of the environmental and energy crises,
the passive and active heating systems installed in the
kindergarten were meant to be learning or pedagogical
tool for the younger generations who would occupy
the building. The pupils could be directly involved in
the management of simpler devices, such as child-
scale windows. Furthermore, the mechanical heating
system had colourful components, clearly identifiable
within the building, to invite the children to learn
about the system undergirding the building. The kinder-
garten opened in 1978, and its energy demands were
monitored by the Italian National Research Council
(Los & Pulitzer, 1980). The building was acknowledged
as a pilot project of interest by the EU (De Santis, 2000)
and included in the first survey of Italian bioclimatic
passive solar buildings published by the Italian National
Agency for New Technologies, Energy and Sustainable
Economic Development (Funaro & D’Errico, 1992).

The kindergarten was designed to provide space for
up to 60 pupils. The building is symmetrical in plan

(Figure 2) and placed partially underground on a terrain
with a natural slope of 15° to the south (Figure 3). The
main building access points are located at the northeast-
ern and northwestern corners, on the upper level. The
indoor space is arranged on two levels (∼1700 m3 and
∼670 m2) around a wide central staircase that provides
access to a double-height area for indoor motor activi-
ties (∼30 m2) downstairs (Figure 4). This area is con-
nected to a double-height glazed winter garden
(∼90 m2) (Figure 5). Service rooms (∼48 m2), offices
(∼80 m2), kitchens (∼40 m2) and technical compart-
ments (∼60 m2) are placed on both levels at the north-
ern, eastern, or western edges. The roof was realized
originally as a garden to provide an outdoor playground
(Figure 6).

To limit the energy demands for thermal comfort in
the kindergarten, Los manipulated the building orien-
tation, underground walls, buffer volumes, thermal
mass and shading devices (Hawkes & Owers, 1981).
He structured the building to benefit from both under-
ground construction and solar gains, embedding it in a
south-sloping site. The northern façade is completely
underground and half of the remaining volume of the
structure is below ground, following the natural slope
of the site. This reduces thermal energy losses on the
northern, western and eastern sides of the building.
The above-ground part of the building was designed
to enhance winter passive solar gains: most of the win-
dows are oriented towards the winter garden. Besides
offering passive solar energy, this room provides a natu-
rally temperate indoor space for activities in the cold
season, acts as a buffer space to reduce thermal energy
losses and activates the ‘natural convective loop’ – a pas-
sive solar system for heating, inspired by the work of
Peter Van Dresser (Los & Pulitzer, 1977). Furthermore,
the building is made of massive reinforced concrete
elements and clay blocks to enhance its thermal inertia.
To avoid cooling demands – which are limited because
of the building’s geographical location – Los designed
fixed overhangs to provide adequate shading in summer
and placed side openings to ensure cross ventilation.
The bioclimatic strategies he adopted to reduce energy
demands for thermal comfort were combined with the
use of the most advanced construction technologies
for energy efficiency available at that time: glass wool
insulation and perforated insulating clay blocks.

The kindergarten was equipped with a mechanical air
heating system connected to two different heating sys-
tems: an oil boiler and a solar thermal system. The latter
was powered by 106 m2 of solar thermal collectors
(Figure 7) anchored to the concrete façade of the winter
garden and inclined by 11°. The system transferred ther-
mal energy to a water thermal accumulator (7500 L)
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(located in an underground room) to warm the air cir-
culating in the heating system. When the thermal
energy from the solar plant was insufficient to bring

the air to the required temperature, the battery powered
by the oil boiler was activated automatically to further
warm the air (preheated with solar energy). The solar

Figure 2. Plan of roof garden (top right), plan of the upper level (top left), west–east sections (bottom). Sergio Los and Natasha
F. Pulitzer, Kindergarten, Crosara, Italy, 1972–78 (Source: Synergia Progetti archive: Sergio Los, Natasha F. Pulitzer).
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thermal system was also used to produce hot water from
mid-April to mid-October. The collectors were installed
to be removable without affecting the integrity of the
façade and were equipped with insulation to reduce ther-
mal losses through the panels when they were inactive.

Visits to the building in 2020 and 2021, revealed a few
alterations to the original built structure. A layer of
asphalt had been substituted for the green roof; the
double-glazed, south-facing windows of the winter gar-
den had been replaced with new double-glazed windows

with the same surface area but a different frame design;
and the winter garden had been equippedwith additional
devices for thermal comfort. These alterations suggest

Figure 3. Eastern facade. Sergio Los and Natasha F. Pulitzer, Kin-
dergarten, Crosara, Italy, 1972–78. (Source: Synergia Progetti
archive: Sergio Los, Natasha F. Pulitzer).

Figure 4. View of the central staircase, connecting the main
entrance hall (on the upper level) to the double-height hall
and the winter garden (on the lower level). Sergio Los and Nata-
sha F. Pulitzer, Kindergarten, Crosara, Italy, 1972–78 (Source:
Synergia Progetti archive: Sergio Los, Natasha F. Pulitzer).

Figure 5. Indoor view of the winter garden, located in the
southern part of the building. Sergio Los and Natasha
F. Pulitzer, Kindergarten, Crosara, Italy, 1972–78 (Source: Syner-
gia Progetti archive: Sergio Los, Natasha F. Pulitzer).

Figure 6. View from the rooftop garden towards the south. Ser-
gio Los and Natasha F. Pulitzer, Kindergarten, Crosara, Italy,
1972–78 (Source: Synergia Progetti archive: Sergio Los, Natasha
F. Pulitzer).
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that the winter garden’s use may have been extended
beyond the purposes of the original design. The original
solar thermal collectors were found in place, but the
architects have reported to the authors that the solar ther-
mal system was no longer active at that time.

Results

U values of the construction elements

The quantified U values of the construction elements
corresponding to the parts of the building were com-
pared with representative values of the same geographi-
cal region in the 1970s (UNI TS, 11300-1, 2008) and
current Italian guidelines (D.M. 2015). This comparison
(Table 2) shows that the U values of the opaque elements
of the building fabric (higher than the standards existing
in 2021) were lower than the representative value of the
time, whereas the U values of the windows were in line
with the standards of the time. The U values of the

opaque elements were reduced by the inclusion of a
3 cm-thick glass wool insulation layer and 12–24 cm-
thick perforated insulating clay blocks combined with
8 cm-thick clay bricks (infill walls) or 24 cm-thick
reinforced concrete elements (load-bearing walls). The
windows (steel framed and double glazed) were the
element which had the weakest thermal performance.

Thermal performance

The comparison of the kindergarten’s predicted heating
demand (95.1 kWh/m2 per year) (obtained by the
designers by calculating the energy losses through the
building fabric and ventilation, relative to the school’s
annual hours of operation and the heating degree days
for the geographical location) and the design performance
of the solar thermal system (37.1 kWh/m2 per year)
(Figure 8) showed that the oil boiler was expected to
supply 58.0 kWh/m2 per year for indoor heating. The oil
consumption measured in 1980 (retrieved in the archive
of the architect) showed that the annual oil consumption
for heating corresponded to 59 kWh/m2. A subsequent
measurement found in the literature registered a slightly
higher value: 63 kWh/m2 per year (Funaro & D’Errico,
1992). These measures proved that the real consumption
of oil was close to the design values. Therefore, it is plaus-
ible that the solar thermal system performed as expected.

The thermal efficiency of the building was quantified
through a thermophysical calculation of its energy bal-
ance using Lesosai. The results showed that the kinder-
garten does not require mechanical systems for cooling,
and the annual energy demand for heating is 98.8 kWh/
m2. The calculation was performed according to the
same standard (EN ISO 13790). Therefore, this value is
comparable with the energy heating demands calculated
for a representative school in the same Italian climate
region, namely, 150.0 kWh/m2 (Corrado et al., 2016).

The energy balance produced quantitative data about
the losses and inputs of thermal energy, including venti-
lation losses, internal gains and solar gains. The overview

Figure 7. View of the solar thermal collectors on the southern
façade. Sergio Los and Natasha F. Pulitzer, Kindergarten, Crosara,
Italy, 1972–78 (Source: Synergia Progetti archive: Sergio Los,
Natasha F. Pulitzer).

Table 2. Comparison between calculated U values for the
kindergarten in Crosara, reference U values for buildings in
the Veneto region (Italy) between 1970 and 1989 (UNI TS,
11300-1, 2008) and minimum U values required for new
buildings built in the same Italian climate zone after 2021
(D.M. 2015).

Construction
element

U values
calculated for

the kindergarten
in Crosara [W/

(m2⋅K)]

Reference U
values for

buildings in the
same Italian
geographical
region in the
1970s (UNI TS,
11300-1, 2008)
[W/(m2⋅K)]

Reference U
values for

certification of
new buildings in
the same Italian
climate zone

after 2021 (D.M.,
2015) [W/(m2⋅K)]

Exterior walls 0.49 (infill)
0.70 (load-
bearing)

0.53–0.87 0.26

Roof 0.73 0.88 0.22
Floor above
the ground

0.77 1.10 0.26

Windows
towards the
exterior

3.20–3.61 3.10–3.70 1.4

Figure 8. Energy demands of the kindergarten according to the
design calculations and supply systems, based on the design
performance of the thermal solar system (Data source: Synergia
Archive: Sergio Los, Natasha F. Pulitzer).
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of the thermal losses (Figure 9) shows the impact of the
different components of the building fabric (construc-
tion elements and design strategies). Even if the elements
of the opaque building fabric (∼1070 m2) had lower U
values than the standards of the time, only 59% of it
(∼632 m2) is placed on the exterior, while 29% of it is
underground (∼313 m2) and 12% is used in buffer spaces
(∼127 m2). The windows are the weakest part of the
building fabric; they have U values that are in line with
the standards of that time. Only 35% of the windows
(surface area ∼57 m2) are positioned towards the
exterior, while the others (surface area ∼107 m2) are
located between indoor spaces and the winter garden.

The overview of the thermal inputs (Figure 10) shows
that solar gains from the windows provide 35% of the
energy input for heating. The least favourable recorded
consumption measure (showing that the oil boiler sup-
plied 63 kWh/m2 per year for heating) differentiated the
thermal inputs of the two heating sources: 34% of the
energy input was provided by the oil boiler and 20%
by the solar thermal system. These results show that
55% of the heating demand was met by solar energy.

Assessment of the functioning of the natural
convective loop system

The natural convective loop allows the warm air from
the winter garden to move toward and mix with the

air in the rooms at zero energy cost when the air temp-
erature in the winter garden is higher. Its operation is
described using arrows in Figure 11: three bottom-
hung windows (A) in the upper part of the glazed curtain
wall between the two thermal zones allow warm air to
enter the conditioned volume (undulating arrows). The
air from the winter garden circulates in the main space
of the school and is later collected by two inlets (B)
located at floor level on the upper floor (arrows pointing
downwards). The air then circulates downwards into
two vertical ducts and is channelled underneath the
ground floor pavement, where it circulates through a
gravel bedding. It returns at a lower temperature (hori-
zontal arrows) to the winter garden through four outlets
(C) located underneath the curtain wall. Here the air is
warmed again by solar radiation and moves upwards
as it expands (arrows pointing upwards). The convective
loop can be interrupted when heating is not required by
closing the windows between the greenhouse and the
heated area or the outlets located in the solar
greenhouse.

The results of the CFD analysis (performed with the
software IES VE) for the portion of the building
involved with the air circulation system were calculated
in free-floating conditions for an average sunny winter

Figure 10. The kindergarten’s energy inputs by source: data
from the thermophysical calculation of the energy balance
(inner ring) and the thermal energy supplied by the two heating
systems based on the oil boiler consumption data (outer ring)
(Funaro & D’Errico, 1992).

Figure 9. Thermal losses of the kindergarten by source using
data from the thermophysical calculation of the energy balance.
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day (identified as January 24th) at 14:00 when the out-
door dry bulb temperature was 13.8°C. The average
indoor surface temperature of the envelope elements
was 15°C in the winter garden and 11°C in the kinder-
garten rooms. The velocity and temperature of the air
circulating through the openings are shown in the ver-
tical and horizontal sections (Figure 12).

Carbon emission corresponding to heating
demand

Given that the benefits of the natural convective loop
have not been quantified in this study, comparative ana-
lyses of specific CO2 emissions (corresponding to
energy demands for thermal comfort) (Figure 13)
were performed for the following cases:

(a) the oil corresponding to the thermal energy for
heating supplied by the kindergarten’s oil boiler,
measured when the solar thermal system was
active (Funaro & D’Errico, 1992)

(b) the oil needed to cover the entire heating demand
of the kindergarten, calculated using Lesosai

(c) the oil corresponding to the calculated heating
demand of a representative school in the same Ita-
lian climate zone, calculated from available data
(Corrado et al., 2016)

(d) a comparative case, representing the impact of the
thermal solar system installed in Crosara in the
representative school, calculated by subtracting
the difference between (b) and (a) from (c)

(e) the latest available (2008) European average value of
specificCO2 emissions for space heating (EEA, 2012)

The comparative analysis of carbon emissions was
extended and evaluated over time to compare hypotheti-
cally the CO2 emissions for the various cases from the
opening of the building in 1978 to 2022 (Figure 14).
This comparison includes case (f), which represents the
CO2 emissions of the kindergarten if we assume that
the solar system was only active until 1992 (the year
when the most recent monitoring data were published).

Limitations

Several limitations apply to this research. The study
considers the original configuration and use of the
building. A comparative analysis was performed using
the most conservative monitoring data available from
the building when it was in its original state. This analy-
sis provided measured heating demands. These data
were also used to calibrate the simulation model.
Given that data about the original occupancy profile
were unavailable, standard coefficients from EN ISO

Figure 11. Scheme of the kindergarten. The portion of the building involved in the natural air circulation flux activated by the passive
solar system is shown in grey: (A) windows (240 by 60 cm) in the upper part of glazed curtain wall between the two thermal zones, (B)
inlets (35 by 15 cm) at the bottom of the upper floor, (C) outlets (25 by 10 cm) located underneath the curtain wall.
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13790 were used for the internal gains and ventilation
included in the thermophysical calculation. This stan-
dard was selected to facilitate the comparative analysis
because it matched the available data for a representa-
tive school in the same Italian climate zone (Corrado
et al., 2016). The representative school was a high
school, so all comparisons with the case study were per-
formed with the data obtained from standard evalu-
ations that were conducted according to EN ISO
13790, comparing only data per square metre. Monitor-
ing data that could allow an assessment of the perform-
ance of the natural convective loop have not been found,
and this study was not detailed enough to quantify the
actual heating contributions of this passive system;
rather, it could only assess its functioning. Also, it was
not possible to verify the functioning of the thermal

system over the last decades. Therefore, it was con-
sidered operative for the purpose of the carbon emission
evaluations only until 1992 when the last measured per-
formance data for the building with the solar-energy
system in operation were published.

Discussion

Despite the limitations, the quantitative analysis of the
kindergarten’s thermal performance facilitated an
understanding of the energy-conscious design strategies
that were used to reduce energy demands for thermal
comfort. The results show that these strategies elimi-
nated cooling demands and reduced heating demands;
the latter were two-thirds of those calculated for a repre-
sentative school in the same Italian climate zone

Figure 12. Images from the CFD analysis representing the velocity vector, velocity contour and filled temperature contour: vertical
section AA through one upper window and one lower outlet, showing the air passing from the winter garden to the heated space and
the air brought back to the winter garden at the ground floor level (top left); vertical section BB through one of the floor inlets in the
upper floor showing the air collected from the heated space (top right); horizontal section through the upper windows showing the air
passing from the winter garden to the heated space (bottom left); horizontal section through the lower outlets showing the air
brought back to the winter garden at the ground floor level (bottom right).
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(Corrado et al., 2016). Given this reassessment, the
effectiveness and the limits of the design strategies
used in the building can be discussed using current
evaluation methods. The thermal balance showed that
the kindergarten’s energy demands for thermal comfort
were significantly reduced by the following energy-con-
scious architectural design choices:

. the placement of half of the building underground

. the addition of buffer rooms

. the inclusion of a winter garden

. the differentiation of the elements of the building fab-
ric and construction specifications relative to the
building’s orientation and spatial organization

The assessment of the natural convective loop proved
that it could reduce heating energy demands. The
benefits of this system lie in its durability and its carbon
neutrality.

The comparative analysis of carbon emissions (an
evaluation factor not considered in the existing docu-
mentation of the kindergarten) was crucial for

Figure 14. Calculated CO2 emissions from heating between 1978 and 2022 for (a) the kindergarten of Crosara with a functioning thermal
solar system, using measured data (Funaro & D’Errico, 1992); (b) the kindergarten of Crosara without the thermal solar system, using
calculated data; (c) a representative school in the same climate zone, using data calculated from available data (Corrado et al., 2016);
(d) a comparative scenario, using the calculated heating demand of case (c), minus the final energy provided for heating by the thermal
solar system of the kindergarten in Crosara (calculated subtracting (a) from (b)) (e) the EU 2008 average (EEA, 2012); (f) an assumed
scenario of the kindergarten of Crosara with the de-activated solar thermal system after 1992, using measured data until 1992, and
then calculated data.

Figure 13. CO2 emissions fromheating (a) the kindergartenofCro-
sara with a functioning thermal solar system, using measured data
(Funaro & D’Errico, 1992); (b) the kindergarten of Crosara without a
thermal solar system, using calculated data; (c) a representative
school in the same climate zone, using data calculated from avail-
able data (Corrado et al., 2016); (d) a comparative scenario, using
the calculated heating demand of case (c), minus the final energy
provided for heating by the thermal solar system of the kindergar-
ten in Crosara (calculated subtracting (a) from (b)); (e) the EU 2008
average (EEA, 2012).
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understanding the legacy of this pioneering energy-
efficient building relative to the goal set out in the Euro-
pean Green Deal of reaching carbon neutrality by 2050.
The carbon footprint for heating in the original design is
lower than the 2008 average European value (EEA,
2012). The comparison of its specific carbon emissions
for heating with those corresponding to the calculated
heating demand of a representative school of the same Ita-
lian climate zone (Corrado et al., 2016) showed that the
kindergarten’s CO2 emissions were lower than those of
the representative school due to lower heating demand
(which reduced emissions by 34%) and were further
reduced by the inclusion of renewable energy systems
(which reduced emissions by 24%). The carbon reduction
achieved through architectural design choices is important,
considering that the European Commission has adopted a
set of proposals intended to reduce net greenhouse gas
emissions in the EU by at least 55% by 2030, compared
to 1990 levels (EC, 2019). The CO2 emissions for heating
from the opening of the kindergarten in 1978 until 2022
were an estimated 42% lower than the representative
school’s emissions over the same period (even assuming
that the thermal solar system was only active until 1992).

The results show clearly that the energy efficiency of
the building considered in this case study depended
mainly on the architectural design strategies. First, the
architect limited the kindergarten’s heating demands
through the organization of spaces and by using passive
solar systems. Second, he enhanced the thermal per-
formance of the building by choosing the most
energy-efficient construction elements available at that
time. Finally, he reduced its oil dependency by including
a solar thermal system. This is because the limitations of
the mechanical building systems and construction
materials available in the 1970s motivated Sergio Los
to rely more on passive architectural design solutions
to reduce energy demands. The results demonstrate
the extent to which designers (even those provided
with more advanced energy-efficient construction tech-
nologies than those available to Los) could reduce car-
bon emissions by shaping their design choices around
energy consciousness. It is essential that they do so
given the current environmental crisis and the mandate
to achieve NZEB standards (Jaysawal et al., 2022).

Conclusion

This study concludes that energy-efficient experimental
buildings from the 1970s can be useful quantitative refer-
ences for architects committed to sustainability. The
energy efficiency reassessment of the kindergarten in
Crosara shows the overwhelmingly positive impact of
energy-conscious architectural strategies on heating

and cooling energy demands. The analysis of the original
building’s thermal performance using current software
tools for sustainable design quantified the contribution
of the different strategies to the control of carbon emis-
sions. The reassessment of this project has proved that
architectural design strategies – including the organiz-
ation of spaces, the inclusion of passive solar-energy sys-
tems and the building’s orientation, layout and fabric –
greatly contributed to the structure’s energy and emis-
sions performance. The evaluation of the impact of
these strategies on carbon emissions over time highlights
the importance of architectural design to sustainability.

This study also demonstrates that the reassessment of
surviving, pioneering, energy-efficient buildings using
current software tools could be useful in architectural
education and practice. Such reassessments could suggest
improvements to contemporary energy strategies and the
development of new strategies. Further research that
incorporates changes in occupancy should be conducted
on the performance of pioneering energy-efficient build-
ings such as the kindergarten inCrosara as user behaviour
is a primary limitation of bioclimatic passive design (Ven-
turi et al., 2023). This study demonstrates thatmonitoring
energy use is an important tool for assessing and optimiz-
ing energy consumption during the life cycle.
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