
Vo
l. 

6,
 N

o.
 1

 -
 (

20
20

)
e-

IS
SN

 2
42

1-
45

74

74

STUDY ON SOLAR SHADING SYSTEMS  
FOR DESIGNING NZEB KINDERGARTENS 
 IN ITALY

1. BACKGROUND

The use of shielding systems in buildings necessarily 
affects the energy balance and the energy demand for 
heating, cooling and lighting [1]. Evangelisti et al. calcu-
late an index dependent on the surface temperature of the 
window glazing and demonstrate that a 38.7% reduction 
in the energy demand for cooling is obtained during the 
summer season using a shading system characterised by 
horizontal louvres [2]. 
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Solar shading energy and environmental performance for kindergartens 
are evaluated.
The visual link between classrooms and the external environment is gua
ranteed.
Different types of control for automated internal blinds are studied.
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figurations.
The illuminance uniformity and average daylight factor are verified for 
classes.
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The use of solar shading in buildings necessarily affects the energy bal-
ance and energy demand. The aim of this study is to evaluate the efficien-
cy of the most common solar shading for kindergartens to improve their 
energy and environmental performance. The research considers different 
types of solar shading for a southern orientation, their possible implemen-
tation with automated control systems, the relation with the window-to-
wall ratio and finally the addition of vertical solar shading for eastern and 
western orientations. 
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As for lighting, the use of solar shading could also 
lead to a significant reduction in energy requirements, 
and this is obviously linked to the intended use of the 
building as well. Most of the studies pertaining to solar 
shading are related to office buildings since their energy 
demand for artificial lighting is significant. David et al. 
demonstrated that the use of a large number of vertical 
sun shadings for windows on eastern and western facing 
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sider the use of an automated solar shading in an office 
building with South-facing openings and they state that it 
is possible to reduce CO2 emissions due to the consump-
tion during the operational phase by 24 kgCO2/m

2a [16].

2. RESEARCH AIM

First, solar shadings are an element that strongly charac-
terises the appearance of the buildings’ fronts. Further-
more, by regulating the entry of solar gains into rooms, 
they necessarily and significantly influence the energy 
balance. Finally, their proper design ensures the hygro-
thermal and visual well-being of the occupants. For a 
school building, it is essential to maintain adequate in-
ternal conditions to ensure the comfort of students both 
during school time and during periods in which extracur-
ricular activities or neighbourhood activities are carried 
out. Due to the “2030 climate & energy framework”, the 
“2050 long-term strategy” and the obligation to build 
new nZEB buildings starting since January 1st 2019, it is 
necessary to properly define all the features that charac-
terise and influence buildings energy and environmental 
performance, especially during the preliminary design 
phase. 

Consequently, the main objective of the study report-
ed in the article is the evaluation of the efficiency of the 
most common solar shading systems for the new typo-
logical models of nursery schools in Italy [17], which 
were defined in a previous phase of the research. Three 
different models for kindergartens were identified. These 
represent the synthesis of the analysis of the environ-
mental and technological system of many sustainable 
school buildings built from 2003 to 2015. The identified 
models meet the current morphological, dimensional, 
aggregation and spatial distributional needs and require-
ments of both new teaching and pedagogical methods 
and the public administrations that build schools. The 
survey included the assessment of the energy efficiency 
of each different model that was defined and the different 
technological solutions that can be adopted in relation 
to the different Italian climate zones, with reference to 
the primary energy demand and environmental impact 
through the calculation of the Global Warming Poten-
tial. This also allowed to establish which model is the 

façades results in a daylight illuminance index (UDI) 
value below 20%, leading to an increase in the energy 
demand for artificial lighting to ensure proper indoor 
visual comfort [3]. Zuo et al. [4] also use the value of 
the UDI to optimise a control system for automated 
solar shading to minimise the glare and to maximise the 
natural lighting, by reducing the annual energy demand.

Furthermore, solar shadings are one of the most im-
portant bioclimatic passive strategies for a façade. Salva 
et al. define such passive solar shadings as those that do 
not consume any energy [5]. Based on this, the construc-
tion of an nZEB (Nearly Zero Energy Building) kinder-
garten in Italy cannot ignore the use of shading systems 
since they inevitably contribute to guarantee internal 
comfort, significantly affected by the entry of natural 
light and solar gains, and to help both visual comfort and 
hygrothermal well-being [6, 7]. Their proper design can 
avoid overheating problems through the regulation of the 
solar gains inside the rooms during the summer season 
[8, 9]. In a building where visual activities are carried 
out at predetermined workstations, visual and hygrother-
mal comfort strongly influence the productivity of the 
occupants. Therefore, this aspect is essential for school 
buildings.

There are different types of solar shading systems: the 
active systems change the ratio between the incident and 
transmitted solar radiation, the passive fixed systems are 
mainly used in climates where the incident solar radiation 
does not change significantly during the year, and finally, 
the dynamic systems change their position through an 
automated control mechanism [10]. Many studies favour 
active or dynamic shielding systems, that can adapt to 
real external climate conditions [11], to improve both the 
building energy performance and internal visual comfort 
for the occupants [12]. However, other studies claim that 
such systems could lead to glare problems [13]. Some 
studies also state that it is essential to consider the pos-
sibility of using active systems, especially in relation to 
users’ satisfaction with respect to their internal comfort 
and the opportunity for them to adjust the solar shading 
system according to their needs, which is essential for 
visual comfort [14, 15]. Finally, other authors link the 
use of automated solar shading systems to the evaluation 
of a building environmental impact. Al Touma et al. con-
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best performing in each climate zone according to the 
main design features. The study described precedes the 
one proposed in this work, and it has been the subject of 
some publications.

The analysis is aimed at reducing the energy demand 
of the typological models in question, which is represent-
ed by the sum of the energy needed for heating, cool-
ing, lighting, auxiliary systems, internal equipment, and 
domestic hot water. Furthermore, it is essential to un-
derstand, in relation to the intended use of the building, 
whether a fixed shielding system or an automated mov-
able one, with a relative control device, is better in terms 
of energy requirements and CO2 emissions. Furthermore, 
it is necessary to evaluate: the natural lighting conditions 
inside classrooms to establish the most advisable arrange-
ment of the openings in the façade; the optimal configura-
tion of the shielding systems to ensure the proper amount 
of daylight; the uniformity of the lighting to avoid glare 
in the areas where visual tasks are performed. The study 
has been developed considering the models located in five 
cities (Milan, Florence, Rome, Naples, Palermo) belong-
ing to different Italian climate zones.

3. METHODOLOGY

Initially, the analysis applied to the 3 new typological 
models for kindergartens [17] compared the most com-
mon shielding systems for a southern orientation, where 
indeed the classrooms are located:

–	 internal venetian blinds with slats with a high 
reflection coefficient and control of the incident 
solar radiation – 120 W/m2;

–	 fixed shielding made with an overhang equal to 
2.00 m;

–	 horizontal louvres;
–	 a combination of an overhang and internal blinds 

with slats with a high reflection coefficient and 
control of the incident solar radiation – 120 W/
m2;

–	 external venetian blinds with control of the 
incident solar radiation – 120 W/m2.

The influence of the different solutions was as-
sessed not only in relation to the energy demand, 
but also considering the specific heating, cooling, 
and lighting contributions as well. Subsequently, the 
possibility of using a fixed or automated system with 
horizontal slats with different types of control was an-
alysed, as illustrated in Table 1. The study was per-
formed considering both the primary energy demand 
and CO2 emissions in the atmosphere, with respect to 
each type of control. This analysis was carried out for 
the city of Florence, and it also considered the varia-
tion of the window-to-wall ratio. Indeed, in order to 
perform a comparison, the study was also developed 
with respect to the advisable WWR (Window-to-Wall 
ratio) for the southern orientation of an nZEB kinder-
garten in Italy, as defined by previous studies (south-
ern WWR = 50%) [18].

Type of solar shading control system Control definition (Design Builder contents)

Always on Shading devices are always activated

Schedule It is defined by a time using a schedule (if the schedule is equal to 1, then the 
shading operates)

Solar Solar radiation > 120 W/m2

Glare Maximum glare index > 22

Outside air temperature External temperature > 24°C

Inside air temperature Internal temperature > 24°C

Cooling Shading is on if zone cooling rate in the previous time step is non-zero

Night outside low air temperature Air temperature < 0°C

Night inside low air temperature Air temperature < 15°C

Horizontal solar Solar set point >120 W/m2

Tab. 1. Definition of different types of solar shading control systems.
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The influences of vertical shields to the East and West 
and the variation of the WWR for the different typologi-
cal models also were considered on the evaluation of en-
ergy performance of a building. The study that was car-
ried out allows determining the advisable solar shading 
system that should be adopted during the construction of 
nZEB school buildings in Italy. 

Finally, to evaluate the proper natural lighting inside 
the classes, the natural light maps of the classes were 
built. The daylight factor was calculated in order to veri-
fy the minimum value that complies with the UNI (Italian 
National Agency of Unification) 10840 [19] for schools. 
In addition, the uniformity ratio was calculated using 
the minimum and average values of the daylight factor 
and according to the different façade openings positions 
and the advisable WWR value, previously determined 
for each city. Since the classes have the same shape and 
planimetric organisation in all the models, the analysis 
was carried out considering two of the three typological 
models to evaluate the natural lighting for June 21st and 
December 21st at 12:00 with the sky model of the CIE 
(International Commission on lighting) (clear sky) and 
a worktop height of 75 cm. The energy simulations in 
the dynamic regime with hourly steps for calculating the 
total energy demand and the different contributions and 
the simulations for making the maps of the illuminance 
and the daylight factor of the classes were conducted 
using Design Builder. The primary energy demand was 
calculated with the following conversion factors for the 
different energy carriers: gas fP,tot = 1.05 and electrical 
energy from the public grid fP,tot = 2.42 (fP,nren = 1.95 and 
fP,ren = 0.47). The calculation of the CO2 emissions in the 
atmosphere was carried out considering the following 
conversion factors: 0.210 kgCO2/kWh for gas and 0.544 
kgCO2/kWh for electrical energy from the public grid.

4. MODELS AND INPUT DATA

As already specified, the analysis has been carried out 
considering 5 different cities belonging to different Ital-
ian climate zones, as reported in the Decree of the Pres-
ident of the Republic 412/93, and they were identified 
using the number of heating degrees days. Florence, 
characterised by a temperate climate with hot summers 

and cold and humid winters, may also be representative 
of Milan and Rome with reference to the results reported 
in this paper. On the other hand, Palermo, with a temper-
ate Mediterranean climate with dry summers, is also rep-
resentative of the city of Naples. Three basic typological 
models for kindergartens (Figure 1) were considered in 
the study: one with a compact shape with three sections 
(I1) and an area of approximately 890 m2, and two with 
prevalently linear shapes with three (I2) and six sections 
(I3) and areas of approximately 950 m2 and 1730 m2, re-
spectively [17].

A construction system with a wooden structure with 
cross-laminated timber (XLAM) was used for both the 
vertical perimeter wall and the roof. This solution has 
been utilised because the technological analysis, which 
has been carried out on many example buildings, has 
shown that it is one of the most recurrent for the con-
struction of kindergartens in the Mediterranean area. Ta-
ble 2 shows the main characteristics of the materials that 
constitute the stratigraphy of the technological solution 
adopted for the wall and the roof. The table shows the 
minimum thickness of the insulation necessary to meet 
the thermal transmittance of the reference building, as 
defined by the current Italian regulations, and the value 
of the thermal transmittance of the wall and roof for each 
respective climate zone. After comparing it with other 
materials, wood fibre insulation was chosen since it is a 
natural material that obtains low CO2 emissions for the 
construction phase, and also allows to guarantee a proper 
value of the thermodynamic characteristics of the wall, 
without using a high thickness.

For the ground floor layers, the solution with plastic 
formwork for the underfloor ventilation was used, and 
it was completed with an expanded polystyrene (EPS) 
insulation layer. Finally, an aluminium thermal break 
frame was adopted (Thermal transmittance Uf =1.7 W/
m2K) for the windows, completed by double glazing 
with different properties depending on the climatic zones 
to comply with the thermal transmittance required for 
the reference building. The minimum value of the WWR 
was defined according to the current health-hygiene reg-
ulations in Italy. In all the models, a fixed solar shading 
system built with an overhang of 2.00 m for each south-
ern functional unit was used. For each different thermal 
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Fig. 1. Three new typological models for kindergartens.

zone, in which the building was divided, the occupancy 
(person/m2) is determined according to Appendix A of 
UNI 10339 [20], the minimum airflow rate is taken from 
the same legislation in Table III, and finally, the internal 
gains are taken from UNI/TS (Technical specification) 
11300-1 [21]. Regarding the level of illuminance, UNI 
EN (European Standard) 12464-1 was considered [22]. 
The lighting efficiency was considered to be equal to 120 

lm/W. Regarding the simulations, the lighting control 
was used with the maximum glare allowed. The system 
was simulated using a simple HVAC (Heating, Ventila-
tion and Air Conditioning) system with a condensing gas 
boiler with efficiency equal to 90% for heating, a heating 
pump for cooling with an energy efficiency index equal 
to 2.5 and a mechanically controlled ventilation system 
with heat recovery equal to 50%.
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5. RESULTS

To demonstrate the influence of the use of solar shading 
(fixed overhang of 2.00 m) on the energy demand for 
heating, cooling and lighting for the South-facing func-
tional units of the different typological models, a com-
parison was made with the models with the same charac-
teristics, but without the inclusion of a solar shield. The 
results of this analysis show that the use of shielding on 
the South-oriented façade significantly influences the en-
ergy demand for cooling in both climatic zones (climate 
zones D and B), especially for model I2, while it affects 
the need for lighting to a lesser extent. By contrast, in 
model I1, the most significant highlight is the decrease in 
the energy demand of approximately 55% for the city of 
Palermo. Regarding the city of Florence, the energy de-
mand for heating decreases by approximately 3% for the 
I2 model. It is necessary to stress that the use of southern 
solar shading is required by the current Italian legislation 
on energy and it allows to obtain an adequate value for 
the ratio between the equivalent summer solar area of the 
building (Asol,east) and the useful surface of the building 

(Asup,useful), in relation to the summer performance of the 
external envelope.

With regard to the variation in the type of shielding 
on the southern front, the simulations carried out on the 3 
typological models in each city show that this change has 
a negligible influence (~1%) on the energy demand of the 
building models analysed, compared to the corresponding 
reference model. However, for the sake of completeness, 
an analysis was carried out with respect to the individual 
contributions of the energy balance in order to understand 
which parameters have been mainly influenced by chang-
ing the type of solar shading, considering the three models 
located in the cities of Florence and Palermo. Figure 2, 
referring to the city of Florence, shows the variation in the 
percentage of the energy demand for cooling and heating 
for the three typological models, with respect to the model 
with fixed shading (overhang of 2.00 m), considering dif-
ferent alternatives of solar shading that can be adopted for 
the southern façade.

It is possible to notice that for the models with mainly 
horizontal development (I2 - I3), the use of an internal 

External 
wall

Layer Material Climate zone t [m] λ [W/mK] U [W/m2K]
1 External plaster 0.025 0.9

2.1 Wood fibre B 0.04 0.038 UB = 0.42
2.2 Wood fibre C 0.08 0.038 UC = 0.29
2.3 Wood fibre D 0.10 0.038 UD = 0.25
2.4 Wood fibre E 0.10 0.038 UE = 0.25
3 XLAM panel 0.13 0.12
4 Air cavity 0.05 -
4 Gypsum board 0.015 0.21

Roof

Layer Material Climate zone t [m] λ [W/mK] U [W/m2K]
1 Metal sheet 0.00005 1.07
2 Air cavity 0.5 -
3 Waterproof sheet 0.004 0.2

4.1 Wood fibre B 0.06 0.038 UB = 0.30
4.2 Wood fibre C 0.06 0.038 UC = 0.30
4.3 Wood fibre D 0.10 0.038 UD = 0.23
4.4 Wood fibre E 0.12 0.038 UE = 0.21
5 Vapour barrier 0.0003 0.17
6 XLAM 0.125 0.21

Tab. 2. External wall and roof stratigraphy.
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shield with solar control (120 W/m2) involves a signif-
icant increase in cooling (~ 3.5%), while the use of the 
same external shielding implies an increase in the heat-
ing requirements on the same order of magnitude. For 
cities belonging to the climate zones E and D, where the 
contribution of the energy required for heating prevails 
in the energy balance, the optimal solar shading for the 
southern façades is the internal one with control of the 
maximum solar radiation (120 W/m2).

Figure 3 shows the percentage change in the energy 
demand for heating and cooling compared to the refer-
ence model with the overhang in the city of Palermo. The 
graph shows that for cities such as Naples and Palermo, 
which are characterised by a mild climate with very hot 
summers, especially for the models with elongated floor 
plans (I2 and I3) in the East-West axis direction, the rec-
ommended solar shading for the southern façades is the 
one with an overhang of 2.00 m and internal venetian 

Fig. 2. Variations in the percentages of the energy demand for heating and cooling for 
Florence for the 3 models and different solar shading systems.

Fig. 3. Variations in percentages of the energy demand for heating and cooling for Pal-
ermo for the 3 models and different solar shading systems.
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blinds with control of the incident solar radiation (120 
W/m2) since the energy needs for cooling decreases by 
approximately 6.5%.

Finally, compared to artificial lighting (Figure 4), the 
use of a 2.00 m overhang is the solution that allows for 
greater savings in all the models studied and for all the 
considered climate zones. It is important to stress that for 
a school building, the energy demand for lighting is a con-
tribution that minimally affects the energy balance com-
pared to the needs for ventilation, heating, and cooling.

With regards to the different control systems, hori-
zontal slatted shielding was considered for the Southern 
oriented classes and the study was carried out only on 
the model I1 located in the cities of Florence and Paler-
mo. From the energy simulations and the calculation of 
the environmental impact [kgCO2/m

2a] for the operating 
phase only, it can be seen that for both climate zones, 
the use of an automated movable shading system results 
in a decrease in the energy demand compared to the ref-
erence fixed solar shading (always on) and a reduction 

Fig. 4. Variations in the percentages of the energy demand for lighting for Florence and 
Palermo for the 3 models and different solar shading systems.

Fig. 5. Primary energy demand for the different types of solar shading control systems for 
Florence for model I1.
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in CO2 emissions. This happens for any type of control 
analysed. Figures 5 and 6 respectively show the variation 
of the primary energy demand and the CO2 emissions 
produced during the operational phase for each type of 
control system considered for the city of Florence.

The best type of control system for automated shield-
ing is for both climate zones, the one which imposes a 
limit on the external temperature equal to a maximum 
of 24 °C. The assumption of this outdoor temperature 
limit value for the control of the shielding system is 
independent of the climate zone. In fact, the choice of 
the value is closely linked to the conditions that must 
be maintained inside the rooms. Since the internal tem-
perature is one of the parameters that have the greatest 
impact on the comfort conditions of the rooms, which 
is conventionally equal to 26°C, the activation of solar 
shading at 24°C outside avoids to use the systems to 
compensate for the heating from direct solar radiation, 
in addition to the inevitable heating from direct heat 
exchange. Therefore, this is independent of the climatic 
zone. 

For climate zone D, the second-best solution, in this 
case, is the one that controls the glare with a Discomfort 
Glare Index (DGI) [19] equal to a maximum of 21 ac-
cording to the regulations for kindergartens. 

For climate zone B, which is characterised by warmer 
summers and a more limited heating period, the sec-
ond-best solution is the one with cooling control.

To complete the study of the shielding for the classes, 
the ideal value of the WWR, which was calculated in a 
previous phase of the research, was considered for each 
climate zone and the analysis on the type of control to 
be adopted for the horizontal slatted shielding was re-
peated. The study was carried out only for the cities of 
Milan, Florence, and Rome, in which the recommend-
ed WWR for the southern façades is 50% and is there-
fore different from the minimum required by the current 
health-hygiene regulations in Italy. In this case, as well, 
the trend of the variation in the energy demand compared 
to the control systems used is the same as in the previous 
case, even if the decrease in the energy demand is slight-
ly higher.

The simulations concerning the use of vertical shields 
to the East and West, for the compact typological model 
with an internal courtyard (I1), show that their use does 
not entail significant benefits in terms of energy con-
sumption for heating, cooling and lighting (<1%). This 
situation is more evident in models I2 and I3 that have 
most of the openings along the East-West axis. It must 
be emphasised that the results presented are inevitably 
influenced by the orientation and distribution of the func-
tional bands and units in the floor plan in the various 
models, and by the high ventilation flow rates required 
by the regulations for buildings with this intended use.

To assess the visual comfort within the classes, maps 
of the natural lighting have been built for the daylight 

Fig. 6. CO2 emissions for the different types of solar shading control systems for Florence 
for model I1.
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factor and illuminance uniformity [23]. The analysis was 
carried out, taking into account the solar shielding with a 
2.00 m overhang for the southern front for 2 typological 
models (I1 – I2). The choice of this shielding is, even 
if only slightly, the most advantageous in terms of en-
ergy consumption and it allows to maintain continuous 
visual contact with the external environment as well, as 
required by the current pedagogical methods. Further-
more, to face the glare problem, internal solar shading 
with blinds with control for the DGI was considered in 
order to ensure the proper illuminance of the area where 
visual tasks are performed. The WWR considered for 
making maps for natural lighting is the advisable one: 
the southern WWR = 50% (I1 – I2) for Florence, Milan, 

and Rome; and the southern WWR = 25% (I1) and 19% 
(I2) for Naples and Palermo. Figure 7 illustrates the nat-
ural illumination map for the I1 model for the functional 
bands of the classes on June 21st at 12 noon for Florence.

Table 3 shows the values of the average daylight fac-
tor (ηm) and the illuminance uniformity (ηmin/ηmed) relat-
ed to models I1 and I2 for each class in Florence and 
Palermo considering the advisable value of the southern 
WWR. For the sake of brevity, only the data relating to 
these two cities are reported, since they are also repre-
sentative of other climate zones. The values of the illu-
minance uniformity are calculated based on the area of 
the entire class and not where the visual tasks are mainly 
concentrated.

Fig. 7. Maps of the natural daylight for the model I1 in the city of Florence for June 21st 
with the advisable WWR and 2 windows.

ηm
[%]

ηm Uniformity
[ηmin/ηmed]

ηm
[%]

ηm Uniformity
[ηmin/ηmed]

Model I1 Model I2

City Class 21.06 21.12 21.06 21.12 21.06 21.12 21.06 21.12

Florence

1 14.50 20.40 0.20 0.10 15.70 24.00 0.14 0.09

2 13.90 19.80 0.16 0.08 17.60 24.90 0.125 0.09

3 13.77 19.90 0.18 0.085 18.00 25.40 0.13 0.10

Palermo

1 5.70 8.50 0.15 0.06 5.90 9.40 0.10 0.05

2 5.50 8.30 0.11 0.07 6.50 10.00 0.145 0.07

3 5.30 8.20 0.12 0.06 6.40 9.70 0.10 0.05

Tab. 3. Daylight factor and illuminance uniformity for the 3 classrooms with the advisable WWR.
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Table 3 shows how the minimum value of the average 
daylight factor required by UNI 10840 [19] is followed 
in each class, and for both models, it is higher than 5% in 
the two climate zones considered. As it regards the illu-
minance uniformity within the classes, especially during 
the winter season and mainly for the city of Palermo, it 
must be guaranteed through the use of artificial lighting 
mainly due to the closure of the internal solar shading. 
However, it is important to underline that the minimum 
value of the illuminance during the winter season takes 
place in the corners of the classroom, on the side of the 
windows, and in the furthest part of the classroom from 
the window where the children’s rest area is usually or-
ganised, as shown by the map above. By observing the 
values for the two models, it can be seen that, although 
both have two openings for each class, the I1 model 
has more advantageous performance in terms of natural 
lighting since it guarantees better illuminance uniformity 
and an appropriate value of the average daylight factor in 
both climate zones (B and D).

6. CONCLUSIONS

The use of the fixed overhang allows obtaining a summer 
performance of the external envelope equal to the medi-
um standard according to the requirements imposed by 
the Ministerial Decree of June 26th 2015 [24] for the con-
struction of nZEB buildings. It also permits to comply 
with the requirements of the new teaching and pedagog-
ical methods, that prefer a visual link between the class-
room and the external natural environment. In addition, 
the inclusion of interior sun shading in the South-facing 
classrooms is done to avoid glare and, at the same time, 
it guarantees an appropriate average daylight factor. The 
adoption of a double opening in the façade for each class 
allows for the correct illuminance uniformity, in both 
seasons, in the area where the visual tasks are carried out. 
By using an automated shielding with control for the ex-
ternal temperature for the southern front, energy savings 
and reduced environmental impacts are achieved in ev-
ery climate zone considered, even with a WWR higher 
than the regulatory minimum. Finally, as it regards the 
eastern and western façades for the typological models 
considered, the use of vertical shading does not lead to 

an improvement in the energy performance of the build-
ing, not even increasing the WWR.

7. REFERENCES

[1]  � Bellia L, Marino C, Minichiello F, Pedace A (2014) An over-
view on solar shading systems for buildings. Energy Procedia 
62:309–317. https://doi.org/10.1016/j.egypro.2014.12.392

[2]  � Evangelisti L, Guattari C, Asdrubali F, Vollaro RDL (2020) 
An experimental investigation of the thermal performance of a 
building solar shading device. Journal of Building Engineering 
28: 101089. https://doi.org/10.1016/j.jobe.2019.101089

[3]  � David M, Donn M, Garde F, Lenoir A (2011) Assessment of 
the thermal and visual efficiency of solar shades. Building and 
Environment 46:1489–1496. https://doi.org/10.1016/j.build-
env.2011.01.022

[4]  � Luo Z, Sun C, Dong Q (2020) A daylight-linked shading 
strategy for automated blinds based on model-based control 
and Radial Basis Function (RBF) optimisation. Building and 
Environment 177: 106854. https://doi.org/10.1016/j.build-
env.2020.106854

[5]  � Al-masrani SM, Al-obaidi KM, Azizah N, Isma MIA (2018) 
Design optimisation of solar shading systems for tropical office 
buildings: Challenges and future trends. Solar Energy 170:849–
872. https://doi.org/10.1016/j.solener.2018.04.047

[6]  � Karlsen L, Heiselberg P, Bryn I, Johra H (2020) Solar shad-
ing control strategy for office buildings in cold climate. Ener-
gy and Buildings 118:316–328. https://doi.org/10.1016/j.en-
build.2016.03.014

[7]  � Kuhn TE, Bühler C, Platzer WJ (2001) Evaluation of overheat-
ing protection with sun-shading systems. Solar Energy 69:59–
74. https://doi.org/10.1016/S0038-092X(01)00017-2

[8]  � Hashemi A, Khatami N (2017) Effects of Solar Shading on Ther-
mal Comfort in Low-income Tropical Housing. Energy Procedia 
111:235–244. https://doi.org/10.1016/j.egypro.2017.03.025

[9]  � Knudsen MD, Petersen S (2020) Economic model predictive 
control of space heating and dynamic solar shading. Ener-
gy and Buildings 209:109661. https://doi.org/10.1016/j.en-
build.2019.109661

[10]  � Kirimtat A, Koyunbaba BK, Chatzikonstantinou I, Sariyildiz S 
(2016) Review of simulation modeling for shading devices in 
buildings. Renewable and Sustainable Energy Reviews 53:23–
49. https://doi.org/10.1016/j.rser.2015.08.020

[11]  � Fiorito F, Sauchelli M, Arroyo D, et al (2016) Shape morphing 
solar shadings: A review. Renewable and Sustainable Energy Re-
views 55:863–884. https://doi.org/10.1016/j.rser.2015.10.086

[12]  � Kim H, Yang C, Moon HJ A (2019) Study on Multi-Objective Par-
ametric Design Tool for Surround-Type Movable Shading Device. 
Sutainability 11(24): 7096. https://doi.org/10.3390/su11247096

[13]  � Konstantzos I, Tzempelikos A, Chan YC (2015) Experimental 
and simulation analysis of daylight glare probability in offic-
es with dynamic window shades. Building and Environment 
87:244–254. https://doi.org/10.1016/j.buildenv.2015.02.007

https://doi.org/10.1016/j.rser.2015.08.020
https://doi.org/10.1016/j.rser.2015.10.086
https://doi.org/10.3390/su11247096


Vol. 6, No. 1 (2020)
TEMA: Technologies  Engineering  Materials  Architecture

85

e-ISSN 2421-4574

[14]  � Brien WO, Kapsis K, Athienitis AK (2013) Manually-op-
erated window shade patterns in office buildings: A critical 
review. Building and Environment 60:319–338. https://doi.
org/10.1016/j.buildenv.2012.10.003

[15]  � Meerbeek BW, De Bakker C, De Kort YAW, et al (2016) Auto-
mated blinds with light feedback to increase occupant satisfac-
tion and energy saving. Building and Environment 103:70–85. 
https://doi.org/10.1016/j.buildenv.2016.04.002.

[16]  � Touma AAl, Ouahrani D (2018) Quantifying savings in spaces 
energy demands and CO2 emissions by shading and lighting 
controls in the Arabian Gulf. Journal of Building Engineering 
18: 429–437. https://doi.org/10.1016/j.jobe.2018.04.005.

[17]  � Ciacci C, Design of NZEB schools: new typological models 
for kindergartens and elementary schools in Italy (2018). In: 
Cuboni F, Desogus G, Quaquero E (eds) Edilizia circolare. 
Colloqui.AT.e 2018, Cagliari 12-14 September 2018. Edicom 
Edizioni, Monfalcone (GO), pp 1230–1240

[18]  � Ciacci C, Bazzocchi F, Di Naso V, Rocchetti A (2019) In-
fluence of Window To Wall Ratio On Global Energy Con-

sumption Of Nzeb Kindergartens In Italy. In: Proceedings of 
the 16th IBPSA Conference, Roma, 2-4 settembre 2019, pp 
3063–3070 

[19]  � UNI 10840 Luce e illuminazione - Locali scolastici - Criteri 
generali per l’illuminazione artificiale e naturale (2007)

[20]  � UNI 10339 Impianti aeraulici a fini di benessere Generalità, 
classificazione e requisiti Regole per la richiesta d’ offerta, l’of-
ferta, l’ordine e la fornitura (2005)

[21]  � UNI/TS 11300-1 Prestazioni energetiche degli edifici Parte 1: 
Determinazione del fabbisogno di energia termica dell’ edifi-
cio per la climatizzazione estiva ed invernale (2014)

[22]  � UNI EN 12464-1. Illuminazione dei luoghi di Lavoro (2004)
[23]  � Carlos JS (2018) Optimal Window Geometry Factors for Ele-

mentary School Buildings in Portugal. Journal of Green Build-
ing 13:185–198. https://doi.org/10.3992/1943-4618.13.1.185

[24]  � Governo Italiano. Decreto Ministeriale n. 162 del 26 giugno 
2015. Applicazione delle metodologie di calcolo delle presta-
zioni energetiche e definizione delle prescrizioni e dei requisiti 
minimi degli edifici (2015)

https://doi.org/10.3992/1943-4618.13.1.185

