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Abstract: This paper introduces an innovative, environmentally sustainable, and climatic
study analysing the impact of overhang depths on heating and cooling building energy
demands in the Mediterranean Basin via dynamic energy simulations of a south-oriented
reference residential building zone. The adopted bioclimatic approach aims at increasing
building sustainability and suggests, for representative Koppen—Geiger climate subtypes,
optimal overhang depths and climate-correlated depth domains. The definition of a large
geoclimatic study based on 80 locations and the classification of results based on climate sub-
types are two novelties introduced in this work. From the energy point of view, overhangs
can reduce local building cooling needs by, on average, 27%, while decreasing the total final
energy needs (Qror) by 17%. A new approach is also introduced: comparing the energy
reduction due to the addition of an overhang to commonly applied envelope retrofitting
solutions, such as wall insulation or window substitutions. Overhangs show great potential
in sites with arid climate subtypes and are more effective than other solutions in several
locations. This study underlines the need to increase the adoption of passive cooling
solutions by local retrofitting regulations in places with a Mediterranean climate, following
a bio-regionalist approach able to increase the local buildings” sustainable development.

Keywords: building sustainability; bioclimatic sustainable design; energy savings;
building retrofitting strategies; fixed shading systems; performance overhang optimisation;
Mediterranean climate strategies

1. Introduction

The European Green Deal and the Next Generation EU are in line with the European
Union’s goals of climate neutrality by 2050 and reducing greenhouse gas (GHG) emissions
by at least 55% by 2030 [1-3]. These policies are impacting the building sector, which alone
is responsible for more than 40% of total primary energy needs [4]. Adherence to the guide-
lines will require not only improving the performance of new buildings but also retrofitting
existing building stock [5,6]. Additionally, the EU EPBD context (Energy Performance
of Buildings Directive) [4,7] supports the progressive inclusion in Member States” (MS)
regulations of higher energy efficiency parameters to reduce energy needs in the building
sector. It is known that about 50% of a building’s energy needs are to meet the heating,
cooling, and ventilation requirements for confined spaces [8]. In particular, these needs are
correlated to three main building functions: i. climate and microclimate (site conditions);
ii. envelope characteristics; and iii. active mechanismes, i.e., equipment [9,10]. For this
reason, MS’s regulations support, for each climatic zone, on the one hand, the improvement
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of the equipment performance and, on the other hand, the installation of envelope thermal
insulation in new and retrofitted buildings—see, for example, the Italian regulations on
minimal requisites [11,12]. These actions focus on the need to curb energy needs, with a
consequent emphasis on better thermal insulation rather than natural and passive cooling
techniques. This statement is also valid for warmer climates, such as Mediterranean ones,
where cooling should be a priority; e.g., Appendix B of the Italian decree 162/2015 on
building energy performances and minimal requisites [11,13] defines the minimal envelope
U-values based on heating thermal zones, not including seasonal summer impacts. Simi-
larly, bioclimatic cooling solutions and correlated passive technologies are not supported by
specific requirements—see, for example, ventilative cooling solutions—with a consequent
recognised lack in current regulations [14,15]. Passive cooling strategies include methods
to prevent, mitigate, or dissipate heat gain, such as shading systems, thermal mass, and
heat sinks [16,17]. Our paper focuses on the first category, which includes fixed overhang
solutions. This analysis is applied to the Mediterranean Basin, a region characterised by two
main Koppen—Geiger climate groups [18]: arid (group B) and temperate (group C). In this
territory, the geoclimatic applicability of passive technologies, primarily passive cooling
ones, is firmly site-dependent, requiring specific regional studies for each solution [19-21].
In addition, the lack of heating-based retrofitting solutions for the Mediterranean climate
requires new studies that compare the impact of different passive solutions on energy needs.
This will involve local climatic results from the currently supported strategies, e.g., enve-
lope retrofitting solutions. This paper analyses the impact of overhang shading solutions
on energy demands and compares the main envelope retrofitting solutions, i.e., increasing
window and wall thermal insulation, based on the local conditions of a set of representative
Mediterranean locations.

1.1. State of the Art
1.1.1. General Background: The Importance of Fixed Shading

Heat gain prevention techniques, such as shading systems, are part of fundamental
bioclimatic design principles, including active and fixed technologies [17,20,22,23]. While
active shading can adapt to boundary conditions, fixed solutions, such as overhangs,
need to be designed by considering the specific local conditions. In the Mediterranean
climate, these involve minimising cooling loads while allowing for direct solar gain during
the winter periods (i.e., without blocking natural light) [24,25]. Although several stud-
ies have recently investigated innovative movable shading solutions by studying control
logic [26-28], including fuzzy logic [29], and design optimisation solutions, such as genetic
algorithms [30-32], fixed shading is still essential. The latter type of solution, in fact, is not
subject to user error, while movable shading systems are. Manual shading adaptations are
ineffective if users only adjust the shading less than once a week or even once a month. In
such cases, they mainly offer glare protection rather than solar gain control [33]. Further-
more, fixed shading does not require control and monitoring solutions, thereby limiting
maintenance costs, potential failure, and damage to the mechanism [34]. Additionally, a
recent study demonstrated the holistic efficiency of simple overhangs with respect to other
shading solutions, looking at energy, greenhouse gas emissions, and costs [35]. Hence,
fixed shading systems need to be further investigated. For these reasons, this paper focuses
on fixed overhang shading systems.

1.1.2. Calculation Approaches and Performance Indicators

Fixed shading integration should be part of the building design process, allowing for
architectural integration and providing a practical solution without additional cost. Most
studies on shading systems refer to the maximisation of summer shading alone. Some
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also mention how to block direct solar radiation in winter [25,36] or visual comfort and
lighting energy issues. However, overall, there are few analyses correlating the thermal
and visual domains [37]. The majority of studies do not even consider building simulations.
Bioclimatic charts such as the Givoni-Milne one [38,39], adopted for identifying the most
locally suitable passive heating and cooling technologies in the early design phases, do not
include shading systems. Nevertheless, simplified calculations can estimate shading hours,
e.g., maximum air temperatures above 19.5 °C, as reported in bioclimatic chart results [40].
The Mazria chart [41], developed for North American locations, allows for the optimisation
of overhang depth in relation to the site latitude and window geometries. However, this
uses the sun’s coordinates and the window height to block the summer sun at noon; it does
not solve building energy balances or consider diffuse radiation or local climatic conditions.
Calculation approaches require the definition of overhang depths to block direct solar
irradiation in summer while minimising solar shade in winter. Overhang depths can be
calculated using diachronic analyses or specific synchronic checks in representative hours
of the day and days of the year, e.g., the solstices. Design methodologies refer to monthly
(or daily) average temperatures and/or solar irradiation intensity to define the required
shading periods—see, for example [42-44]. Fixed shading shapes may be determined
during the design phase by analysing different types of shading mask protractors—see, for
example [36,41,45] and the Architectural Graphical Standards produced by the American
Institute of Architects (AIA) [46]. However, these graphical approaches do not consider
the energy impact on heating or cooling needs or correlate with specific building envelope
characteristics. Finally, they do not generally include the effect on diffuse radiation, es-
pecially of high solar angles under overcast skies [47], and therefore, do not solve energy
balance equations.

Several recent studies focus on the optimisation of shading systems by considering
different visual comfort indicators, such as [48] in classrooms and [30] analysing the
dynamic optimisation of Spatial Daylight Autonomy (sDA), Annual Sunlight Exposure
(ASE), and the Daylight Glare Probability (DGP) in a Turkish climate. However, these
papers focus on daylight and do not consider the strong impact of shading in balancing
heat gains, which is the main focus of fixed shading systems and our paper. Among
the few exceptions is [49], which optimises louvre shadings assuming Useful Daylight
[Iuminance (UDI) and cooling energy demands as key performance indicators (KPIs). In
addition, Ref. [32] considers energy needs and visual comfort, although it focuses on the
behavioural patterns of the occupants considering a single climate. Using a multi-objective
genetic algorithm, Ref. [50] optimises a classroom shading system with respect to different
orientations in Nanchang, China, considering visual and energy indicators.

Nevertheless, the main focus remains on cooling minimisation and, eventually, on
limiting shading depths with respect to daylight performance indicators, with limited
analyses of merged heating and cooling balances. Our paper proposes to consider overhang
depth optimisation based on its effect on both heating and cooling and the consequent
total energy demands. Our approach considers commercial overhang reproducible depths
without using extremely costly parametric and mass-customised technologies, e.g., additive
manufacturing or CNC (Computer Numerical Control), which may reproduce complex
optimised shapes different from those currently adopted by professionals [35].

1.1.3. Research Gap 1: Wide-Scale Climatic Analyses

Recent studies adopting energy simulations mainly focus on a single location or a
limited number of locations, while geoclimatic analyses on the potential applicability of
shading and local optimal overhang depths are missing; see also [37]. Although several
recent papers on shading optimisation extend their analyses to a small pool of locations
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(e.g., Ref. [51] analyses five Iranian sites, Ref. [52] studies five European cities focusing
on PV shading, Ref. [53] concerns four Iranian sites, Ref. [54] includes three Turkish
locations, and Ref. [55] studies two Iranian towns), they do not present deep territorial and
climatic analyses. Our proposed study aims to fill this research gap through an innovative
geoclimatic territorial analysis considering large sets of locations representative of the main
Mediterranean climate subtypes (according to the Koppen-Geiger classification): desert
and semi-arid climates (group B) and temperate climates (group C).

1.1.4. Research Gap 2: Envelope Interaction Analyses (Shading as an Alternative)

In addition, none of the abovementioned works assesses shading systems as an al-
ternative to other envelope energy retrofitting technologies. In a few cases—see, for
example [56]—the effect of adding shading is analysed while the envelope characteristics
vary for each considered case. No study has compared cooling bioclimatic technology
with envelope heating retrofitting, considering building characteristics as a fixed starting
point—see, for example [35,57-59]. This latter challenge is part of a more extensive debate
concerning the potential inclusion of passive cooling solutions in the technical application
of current European Green Deal policies. Currently, EPBD-correlated regulations prioritise
strategies that reduce heating energy needs. Additional studies are needed to support the
inclusion of low-energy cooling policies [14,16,60].

We aim to fill this research gap by analysing the effect of overhang depth on energy
demand. We also compare overhangs with different retrofitting conditions. This, to the
knowledge of the authors, is a strong point of novelty, allowing us to compare the impact
of simple shading with respect to more technologically complex retrofitting solutions, such
as wall insulation or window substitution. Addressing this research gap is expected to
contribute to the debate on the application of Passivhaus principles—e.g., the maximisation
of solar gains and minimisation of heat losses, plus airtightness with mechanical ventilation;
see [61]—to Mediterranean climates [62-64]. Bioclimatic principles have traditionally
suggested the application of one of the following contradictory approaches: i. heat gain
prevention; ii. mitigation; and iii. dissipation technologies, such as shading, thermal mass,
and ventilative cooling [65-67].

1.2. This Paper’s Objectives and Organisation

This paper focuses on overhang climatic optimisation in the Mediterranean Basin,
considering final energy needs for cooling (Qc) and heating (Qp), and studies the effect
of overhang depth on the mentioned energy indicators for a typical residential thermal
zone. This paper has two specific objectives, aiming at the identified methodological gaps
in the literature:

e  Objective 1: to study the geoclimatic applicability and optimal depth of overhangs
in a large set of Mediterranean locations, analysing how shading can reduce energy
demands in different Koppen—Geiger climate subtypes.

This objective addresses the lack of wide-scale climatic coverage studies. To pursue
this objective, a sample residential building thermal zone is simulated in EnergyPlus 9.4
(see Section 2.1) in a set of 80 locations around the Mediterranean Basin (see Section 2.2),
considering different overhang depths and four climate subtypes (20 locations each). For
each site, the scenario minimising the energy needs for heating and cooling is assumed to
be the optimal early design condition; see Section 2.3 for the methodological description.
Section 3 discusses the optimal overhangs: in Section 3.1, the optimal overhang is evaluated
for all four climatic groups in a building without insulation and with single glazing (Case 1),
while in Section 3.2, the same analysis is conducted on different types of envelopes (Case 2
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(insulation, single glazing), Case 3 (no insulation, double glazing), and Case 4 (insulation,
double glazing)) to evaluate variations in optimal overhang depths.

e  Objective 2: to study the impact that the addition of an overhang has on building
energy demands, considering different envelope retrofitting conditions.

This objective addresses the lack of envelope interaction analyses. It focuses on
studying the following:

1.  The differences between the shading system alone and other envelope retrofitting
solutions (adding wall insulation, window changes, or both), to suggest potential
paths to meeting the Mediterranean energy-saving regulations, wherein cooling needs
are to be considered a priority.

2. The impact of the overhang addition on energy needs in different envelope
retrofitting cases.

The methodology adopted to pursue this second objective is described in Section 2.4,
while results are given and discussed in Section 4. Finally, Section 5 reports the conclusions.

2. Materials and Methods
2.1. The Simulated Residential Thermal Zone

The analyses assumed a reference building thermal zone representing a standard room
of a hypothetical residential unit simulated via EnergyPlus, a widely used tool supporting
building energy analyses for different performance-driven optimisation analyses [68]. The
room was 500 cm x 500 cm with a height of 300 cm and was assumed to be part of a larger
building surrounded by other thermal zones at the same temperature. The internal walls
and slabs were assumed to be adiabatic, which reduced the impact of boundary effects.
The external fagade facing south was not adiabatic. It had a large window 200 cm wide
and 150 cm high (see Figure 1a) with a window-to-wall ratio of 20%, in line with the Italian
national minimum requirements for air-illuminance factors [69].

OUTER SURFACE
2.5 cm PLASTER

25 cm BRICK

INNER SURFACE

(b)

OUTER SURFACE
2.5 cm PLASTER

9.5 cm EPS EXPANDED POLYSTYRENE

INNER SURFACE

(a ©

Figure 1. (a) The selected sample building configuration; (b) wall stratigraphy in Cases 1 and 3;
(c) wall stratigraphy in Cases 2 and 4.

The assumed outside reveal depth was 10 cm, and the window frame was made of
wood. The exterior wall stratigraphy was defined in line with typical building construc-
tion typologies from before the 1970s for warm climates—e.g., [70,71]—and according to
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the TABULA (Typology Approach for BUiLding stock energy Assessment) construction
database developed within the EU co-funded projects TABULA and EPISCOPE (Energy
Performance Indicator Tracking Schemes for the Continuous Optimisation of Refurbish-
ment Processes in European Housing Stocks), reporting National Building Typologies
representing the residential building stock of MSs [72,73]. Among the different TABULA
cases, the reference room was modelled on the multi-apartment residential buildings of
the Italian database [74], aligning with the envelope thermal characteristics suggested by
energy certification tools, such as TERMOLOG [75].
Four cases were defined to perform this geoclimatic analysis:

e Cases 1 and 3—see Figure 1b: plaster 2.5 cm (outermost), honeycomb bricks 25 cm,
and plaster 2.5 cm (innermost).

e Cases 2 and 4—see Figure 1c: plaster 2.5 cm (outermost), layer of insulation 10 cm,
honeycomb bricks 25 cm, and plaster 2.5 cm (innermost).

In addition to the presence or absence of the insulating layer, the four cases differed
in terms of the window system: in Cases 1 and 2, a single clear glazing system was used,
while in Cases 3 and 4, a double low-emissivity air-filled glass was adopted (see Table 1).

Table 1. The four envelope cases considered (ins = insulation; Sgl = single glazing; Dbl = double glazing).

Wall Window
Cases No Ins U-Value Sel Dbl U-Value Win. Total Solar Win. Light
Ins (W/(m2K)) & (W/m?K)) Transmission (SHGC) Transmission (LT)
Case 1 X 1.755 X 5.89 0.86 0.9
Case 2 X 0.34 X 5.89 0.86 0.9
Case 3 X 1.755 X 1.8 0.598 0.77
Case 4 X 0.34 X 1.8 0.598 0.77

The shadow calculations in EnergyPlus were set to FulllnteriorAndExteriorWithRe-
flections using the pixel counting method, and windows were modelled by using the
layer-by-layer approach—see also the recommendations in [37,76-78]. The artificial light-
ing system was calculated by applying a 150-Ix illuminance threshold and linear dimmer
control to include the natural light support. The virtual simulated illuminance sensor was
positioned in the centre of the room, 76.2 cm from the ground.

An air exchange ratio per hour (ACH) of 0.5 was given, in line with the suggested essen-
tial infiltration and IAQ ventilation from the Italian technical standard UNI/TS 11300 [79].
Additionally, an IAQ (Indoor Air Quality) extra ventilation rate of 0.5 (1/(s m?)) was set
following the occupancy profile in line with EN 16798-1 [80]. The described room was
modelled and simulated in EnergyPlus [81].

A simple HVAC [82] model was set in EnergyPlus with ideal loads to reduce the impact
of specific system choices on the results. Additionally, a winter seasonal COP (Coefficient
of Performance) of 3.71 and a summer EER (Energy Efficiency Ratio) of 3.23 were chosen,
considering a sample electrical split unit. For this paper, the efficiency values were retrieved
by a commercial solution—see multisplit Daikin Siesta [83]. Fixed-efficiency coefficients are
compatible with some EU national Energy Performance Certification (EPC) methodologies.
This choice allowed us to compare heating and cooling energy needs directly, as both were
based on electricity as the final energy source.

The occupancy profile was set using EN 16798-1:2019 [80] for residential apartment
units, and the appliance schedules for internal gains were from the same source. The
lighting system was activated only during those hours during which EN 16798-1 suggests
lighting usage, i.e., avoiding sleeping hours. Schedules were differentiated for weekdays
and weekends, with no vacation periods. Set points are assumed to align with values
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for residential buildings and comfort category II (normal level of expectation), which are
mentioned in the same standard. They are set to be 20 °C in winter and 26 °C in summer.

2.2. The Set of Locations

To achieve this paper’s objective, a set of locations was selected to represent typical
Mediterranean conditions. Hence, 20 sites were chosen for each of the main climate
subtypes distributed along the Mediterranean Basin according to the Koppen-Geiger
classification. In this paper, the first two Koppen—Geiger letters are considered, including
the main climate group computed from temperature data (°C), excluding group B based on
precipitation and temperature, and computing the seasonal precipitation type from seasonal
cumulative monthly precipitation values (mm). Based on their climatic classification [18,84],
as shown in Figure 2, sites characterised by a dry climate are mainly distributed along
the southern Mediterranean territories (BW—dry and arid desert; BS—dry and semi-
arid steppe), while the ones with a temperate climate are mainly along the northern
Mediterranean Basin (Cs—temperate and dry summer; Cf—temperate and no dry season).
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Figure 2. Koppen—Geiger climatic classification for the selected locations [18,84].

EnergyPlus weather files (EPW) were generated via Meteonorm v8.2 [85], assuming
the current reference period. Figure 3 illustrates the distributions of Heating Degree
Days (HDD) and Cooling Degree Days (CDD). These indices were computed by adopting
the climatic calculation approach defined by EUROSTAT [86]. HDDs were determined
by adding up all the daily mean temperature differences from 18 °C when the daily
temperature was below 15 °C. Similarly, the CDDs were calculated by adding up all the
temperature differences, defined by subtracting from 21 °C the daily mean values when
the latter was higher than 24 °C—see [86] for both equations. EUROSTAT and several
national standards—see, for example, the Italian 10349-3:2016 [87] for HDD—recognise
these climatic indicators as descriptors of the expected building local heating and cooling
energy needs.

It is interesting to note how locations in the same climate subtypes show similar HDD
and CDD behaviours (see Figure 3 and Table 2): in BW sites, CDD values are predominant
compared to HDD ones; in BS locations, CDD and HDD values are almost balanced; in Cs,
HDD values are predominant in comparison with CDD; and finally, in Cf, CDD values are
very low while HDD values are the highest.
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Figure 3. The cooling and heating degree days, computed following the EUROSTAT methodology, of
all the locations, grouped by the four climate subtypes.
Table 2. CDD, HDD, and GHI minimum, maximum, and average values for the four climate subtypes.
Climate CDD (K) HDD (K) GHI (kWh/m?2-y)
Subtypes Min Max Average Min Max Average Min Max Average
BW 596 2230 1338 63 641 372 1773 2293 2041
BS 83 1066 722 414 932 616 1659 2040 1871
Cs 237 934 483 662 1690 1116 1326 1977 1678
Cf 3 524 238 1298 2982 1906 1211 1611 1377
The yearly sum of the hourly global horizontal irradiation (GHI) is also retrieved
(kWh/m?-y)—see Figure 4 and Table 2—showing the expected territorial and climatic dis-
tribution: higher on average in southern locations and lower on average in northern ones.
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O 1200 - 1350 - UAng, Trieste
Montelimar TuOnn Venice O O ©OZagreb
O 1350 - 1450 Genoa O Ancona  Split o QBelgrade
O 1450 - 1550 O O OToquuse_ Florence O Sarajevo
O 1550 - 1650 Santander Pau O Perpignan O Pescara OBar Chp O Sinop
© 1650 - 1750 Barcgona P Rome B?ri OTirana irpan
@ 1750 - 1850 Alghero - Thessaloniki Istanbul
© 1850 - 1950 Murcia § Alicante i Trapoa e © Athinai ©12Mir
Aguilas©@ Darel Beida Tunis
@ 1950 - 2050 Malaga @ ) © O Bejaia o © Syracuse Kala.rnata )
@ 2050 - 2150  Tangier @ Almerie Habib Bgurgq‘ijbaOOKairouan ® Antalya Larnaca OAleppo
® 2150 - 2300 (] SRR z:;u:u.ll e Gabes Iraklion Pap.hos ©Homs
Q Guercif Medenine...Be" Gardane Martuba
Casablanca . Benina @ Mersa
Tripoli ®Misrata . Matruh Alexandria Gaza
o @ Zawiyat Masus ) ® . )
Marrakesh S:te [ It El Arish® @ sde Boker
Ajadabiya El Alame'"Ca.im.Suez O
Hon Siwa Oasis )
Tabuk
0 500 1000 km s aObha Hurghada

[ ]
El Kharga

Figure 4. GHI categorised values for the defined set of locations.
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2.3. Optimising the Overhang Depth

The analyses focus on the effect of different overhang depths on the Qc, Qy, and Qror
of the simulated thermal zone. An overhang is added to the simulated window, varying its
depth in a range compatible with most existing architectural integrated solutions, including
fixed shading components, balconettes, and balconies. In addition to the original model
without shading (i.e., overhang depth = 0 cm), eight different overhangs were added: 25 cm,
50 cm, 75 cm, 100 cm, 125 cm, 150 cm, 175 cm, and 200 cm—see Figure 5.

150 cm

Figure 5. The selected options of overhang depths (cm).

The optimal overhang depth for each site was selected from among the nine simulated
overhang options, based on the one that minimised the given Qrot energy indicator.

2.4. Energy Demands Due to Optimal Overhang Compared to Envelope Retrofitting Actions

The impact of overhangs was also studied in relation to different envelope retrofitting
actions by analysing the energy demands (Qc, Qn, and Qor) for the four cases described
in Section 2.1, with and without optimal shading. Three aspects were analysed to pursue
this objective:

Firstly, in Section 4.1, we analyse variations in Qror due to the addition of the
optimised overhang in the reference building case without insulation and with single
glazing (Case 1).

Section 4.2 compares the addition of an optimised overhang and the commonly used
retrofitting interventions (the addition of external wall insulation and the substitution of
window systems) to improve the thermal performance of buildings and reduce energy
needs. The actual benefits of retrofitting systems in different climatic conditions are dubious,
so we suggest comparing passive shading technology with the most common retrofit
interventions with regard to Q¢ and Qp. To pursue this objective, we evaluated the



Sustainability 2025, 17, 4313

10 of 29

variations in Qror in the various retrofit interventions, i.e., envelopes with additional
insulation, double glazing, or both (Case 2, Case 3, and Case 4), compared to the reference
envelope, Case 1 (no insulation and single glazing).

Section 4.3 analyses the effect on the variation in Qror by adding the optimal over-
hang in all envelope types to verify the impact of shading in combination with other
technologies. For this reason, the overhang has been added to the three previous envelope
retrofitting cases.

3. Overhang Depth Options
3.1. Cooling and Heating Energy Needs in Case 1 for Climate Subtypes

The entire simulated dataset for Case 1 (no insulation, single glazing), divided by
climate subtypes, was analysed to study the impact of the different overhang depth options
on Q¢ and Qy.

Figure 6 shows that, for all locations, Q¢ and Qg were, respectively, indirectly and
directly proportional to the increase in overhang depth. In both cases, these trends were not
linear. Moreover, Figure 6 underlines major differences between the four climate subtypes
but similar trends among locations of the same subtype:

e  BW sites showed very high Qc (30.5 kWh/m?-y on average) as compared to the other
three climate groups; the maximum value was 54.6 kWh/m?-y and never fell below
20 kWh/m?-y; the only exception was Mersa Matruh, which required 17.7 kWh/m?-y
for an overhang of 200 cm. Conversely, Qg (0.6 kWh/m?2-y on average) was negligible
because it was null in Eilat, El Kharga, Hurghada, Sde Boker, and Tabuk (always less
than 0.2 kWh/m?-y) and almost null in the remaining locations (the highest heating
values did not exceed 2 kWh/m?-y).

e  BSlocations showed similar energy demands with respect to BW sites, although Q¢
(20.3 kWh/m?2-y on average) was smaller and with limited Qg (1.7 kWh/m?-y on
average). These sites showed high Qc, reaching a maximum value of 31.5 kWh/m?-y,
and never fell below 10 kWh/m?-y, the only exception being the city of Casablanca
(7.9 kWh/m?-y for 200 cm of overhang). Only three locations reached 31 kWh/m?-y
in the options without an overhang (Gaza, Larnaca, and Tripoli). Conversely, Qp was
negligible because all locations always had values lower than 3.6 kWh/m?-y except in
Homs (4.6 kWh/m?-y for 200 cm of overhang).

e Cs sites showed medium Qc (14.2 kWh/m?-y on average) compared to the arid
climate locations. Q¢ reached a maximum value of 26.7 kWh/ mz-y and never fell
below 8 kWh/m?-y, except in Barcelona (7.3 kWh/m?-y for 200 cm of overhang). Qg
(6.3 kWh/m?-y on average) varied from 0.7 kWh/m?-y to 12.5 kWh/m?-y, except in
Istanbul (17.7 kWh/m?2-y for 200 cm of overhang).

e  Cfsites had the lowest Qc (7.2 kWh/m?-y on average) of the analysed climatic sub-
types. For all locations, Q¢ did not exceed 17.5 kWh/m?-y. On the other hand, Qy
(15.8 kWh/m?-y on average) had a maximum value of 24.6 kWh/m?-y except in
Sarajevo, where it reached 28.1 kWh/ mz—y for 200 cm of overhang.

The box and buffer graphs of Figure 7 analyse the distribution of Q¢ and Qg values
for all locations and overhang depth options in the four climate subtypes. This clarifies the
apparent differences between the four climates in terms of both heating and cooling energy
needs. Representative quartile limits mainly did not overlap between the four subtypes,
identifying direct correlations between climate and energy needs. The highest values
present higher variations in the buffers and in the dimensions of the boxes, as expected.
In particular:
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BW sites highlight the compactness of the data included for the Qc, in the range of

[ ]
24.7-34.4 kWh/ mz—y (for the first and third quartile limits, respectively), while the Qy
values were negligible, with the third quartile limit being 1 kWh/m?2-y. Three outliers
were present in the upper values for Sde Boker (with overhangs of 0 and 25 cm) and
Eilat (without overhang), two locations without heating needs.
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Figure 6. Qc and Qy for the different simulated overhang depths for all locations, grouped by the
four climate subtypes. Results underline visible differences between the four climate groups, but

similar values within each subtype.

The box plot for BS locations ranged from 16.9 to 23.8 kWh/m?-y for the Qc and
from 0.9 to 2.3 kWh/m?-y for the Qy. Buffers (first and last quartile) showed a higher
spread with respect to the central quartiles, in line with expectations.

Cs sites showed most Qc values between 10.2 and 17 kWh/m?-y, but with an upper
buffer at 31.5 kWh/ mZ—y. For the Qy, the first quartile was 3.3 kWh/ mz—y, and the
third was 9.3 kWh/m?-y, confirming the results of Figure 6. In this subtype, heating
needs started to be evident, while the higher quartiles showed a higher spread of
the data.

Cf sites showed a 1-3 quartile cooling range of 9.4-4.4 kWh/m?-y, with a median
of 7.6 kWh/m?-y, confirming the low Qc values of Figure 6; similarly, the Q of Cf
locations described a quartile box range of 12.3-19.5 kWh/m?-y and had a median of
15.2 kWh/m?-y. These locations had a significantly lower cooling requirement com-
pared with the other subtypes, with a single outlier (Thessaloniki without overhang)
having a higher Qc (17.55 kWh/m?-y).
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Figure 7. Box and buffer statistical analysis of the QC and QH for all locations and all overhang depth
options, grouped by the four climate subtypes. Results highlight clear statistical differences between
the four climates in terms of both heating and cooling needs.

3.2. Optimal Overhang in Case 1

Table 3 shows the optimal overhang for all locations, considering their respective
climatic subtypes, and Figure 8 illustrates the same results considering their geographical
localisation. As expected, low to medium optimal overhang depths (up to 100 cm) belong
to locations that are predominantly in the northern part of the Mediterranean Basin (north
of Spain, France, northern and central Italy, Croatia, Serbia, Bulgaria, Albania, Greece, and
Turkey). On the contrary, medium to high optimal overhang depths (above 100 cm) are
mainly found in the southern part of the Mediterranean Basin (south of Spain, south of
Italy, North Africa, and the Arabian Peninsula).

Table 3. Optimal overhang depth for all locations grouped by the four climatic subtypes (cm).

BW Locations Optimum BS Locations Optimum  Cs Locations  Optimum  Cf Locations  Optimum
Ajadabiya 150 Aguilas 125 Aleppo 75 Ancona 75
Alexandria 200 Alicante 125 Alghero 75 Bar 75
Ben Gardane 175 Almeria 125 Antalya 100 Bari 75
Cairo 200 Benina 150 Athinai 100 Belgrade 75
Eilat 200 Bou Zedjar 150 Barcelona 100 Chirpan 25
El Alamein 200 Casablanca 175 Bejaia 125 Florence 75
El Arish 200 Gaza 175 Darel Beida 125 Montelimar 50
El Kharga 200 Guercif 125 Genoa 100 Pau 25
Gabes 150 Habib Bourguiba 150 Iraklion 100 Perpignan 75
Hon 200 Homs 125 Istanbul 75 Pescara 75
Hurghada 200 Kairouan 175 Izmir 75 Santander 25
Medenine 200 Larnaca 150 Kalamata 100 Sarajevo 25
Mersa Matruh 150 Marrakesh 150 Malaga 100 Sinop 75
Sabha 150 Martuba 150 Rome 75 Thessaloniki 75
Sde Boker 200 Misrata 150 Syracuse 125 Turin 50
Sirte 150 Murcia 125 Split 75 Toulouse 50
Siwa Oasis 150 Paphos 150 Tangier 125 Trieste 75
Suez 200 Sidi-Bouzid 125 Tirana 100 Udine 75
Tabuk 150 Tripoli 15 Trapani 125 Venice 75
Tozeur 150 Zawiyat Masus 1.5 Tunis 125 Zagreb 75
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Figure 8. Optimal overhang depth for all locations (cm).

The analysis of the optimal overhang of all the locations, divided by climatic groups,
revealed a close correlation between the depth of the overhang and the climatic subtype
(Figure 9). Only three optimal overhang options characterise each of the analysed climatic
zones. The overhang depth increases as one passes from localities with a temperate climate
to sites with arid steppe and desert climates:

e  BW locations were characterised by extended optimal overhang depths ranging be-
tween 105 cm and 200 cm. It is interesting to note that a length of 150 cm characterised
40% of the locations and a length of 200 cm suited 55%, while 175 cm was the optimum
for only one location.

e  BSlocations showed overhang optimal depths of 125 cm (35% of the locations), 150 cm
(50% of the locations), and 175 cm (15% of the locations).

e  Cssites showed overhang optimal depth options ranging between 75 cm and 125 cm,
with the number of locations divided evenly between the three overhang options.

e  (Cfsites had the shortest overhang optimal depths, ranging between 25 cm and 75 cm,
with most locations (65%) at 75 cm.
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Figure 9. Optimal overhang depth for all locations, grouped by the four climate subtypes (cm).
Results underline specific distributions of the optimal depths in the four climate subtypes.
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3.3. Optimal Overhang in the Different Envelopes

In order to investigate the interaction between overhangs and energy-saving effects
due to the addition of wall insulation and window replacement, all analyses were also
conducted for the other three envelope cases: Case 2 (insulation, single glazing), Case 3
(no insulation, double glazing), and Case 4 (insulation, double glazing). The analysis of the
optimal overhang in Cases 2, 3, and 4 shows that the variations in depth were limited to a
few locations reported in Table 4, confirming the optimal overhang depth of Case 1 for all
other sites (Table 3).

Table 4. All optimal overhang variations with respect to Case 1 (cm). The table underlines how
variations in the building envelope impact the local optimal overhang depth in only 27% of the
locations. Additionally, variations are limited to one overhang option (£25 cm) or two (£50 cm) in
cases in which the maximum tested depth (200 cm) is reached.
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Figure 10 analyses the impact of the different envelope variations on the optimal
overhang distributions for different climate subtypes. The combined effect of the addition
of insulation and window replacement in the three simulated cases has a limited impact on
the variation in optimal overhang depths with respect to Case 1. The statistical analysis
shows that the addition of insulation and the window replacement corroborated the results
obtained in Section 3.1: there was a marked correlation between the depth of the optimal
overhang and the climatic group. Moreover, each climatic group statistically corresponded
to a defined range of optimal overhang depths:

BW had optimal shading depth in the first-third quartile range of 150 to 200 cm.
BS ranged between 125 and 175 cm when wall insulation was added.

Cs varied between 75 and 125 cm.

Cf ranged between 50 and 75 cm.

The box and whisker plots below represent the minimum and maximum optimal
overhang depths corresponding to the four analysed climatic groups, providing reference
ranges that are valid for the preliminary design.

Geographical coordinates (latitude) were somewhat correlated with the optima (see
Figure 8), in line with previous studies—e.g., the mentioned Mazria rule of thumb [41].
Nevertheless, the climatic subtype analyses presented here (Figures 9 and 10) better identify
clear trends in these optimal values, identifying four domains of depths, one per climate,
that may be used to suggest early design overhang dimensions. The results of Figure 10
clarify this new outcome, identifying clear ranges with minimal statistical buffer variations.
This preliminary definition can give guidance on whether to opt for simple and light tech-
nical elements, such as metal sheets or wooden panels, or more substantial elements, such
as balconettes, balconies, or loggias. This also helps to establish technological integration
strategies before detailed design phases and balances technical and compositional aspects.
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Figure 10. Box and whisker statistical analysis of the optimal overhang depths for all locations
grouped by the four climatic subtypes in Cases 1-4.
4. Energy Demands: Optimal Overhang and Comparison with Other
Retrofitting Interventions
4.1. Reduction of Energy Demands Due to Optimal Overhang in Case 1
The analyses carried out in all locations showed that the optimal overhang reduces
the Qror energy requirement (Figure 11), demonstrating that shading is a fundamental
passive technology for reducing energy needs. The most significant impact on absolute
energy savings occurred in cities in the southern part of the Mediterranean Basin, which
have a higher cooling requirement.
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Figure 11. Reduction of Qror due to optimal overhang.

Figure 12 takes into consideration the choice of optimal overhang for all locations,

divided into the four climatic groups. It can be seen that the climate groups have interesting
relationships with the percentage ranges in terms of a reduction in both Q¢ and Qror:

BW locations showed a significant energy saving of more than 1/5 of the total when
overhangs were used; the reduction in Q¢ (—23% on average) was similar to the
Qror reduction (—21% on average) because, in these locations, the incidence of Qg
was negligible. The minimum was seen in Sabha (—18% QC; —16% Qror), and the
maximum in Hon (—30% Q¢; —27% Qror).

BS sites had a significantly higher percentage of energy savings than BW locations
due to the use of overhangs for Q¢ reduction (—28% on average) and Qtor reduction
(—23% on average). The minimum was seen in Larnaca (—22% Qc; —17% Qror),
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and the maximum in Almeria (—36% Qc; —29% Qrot). Casablanca was an exception
because its percentage reductions were significantly higher than in locations with the
BS climate subtype (—50% Qc; —46% Qrot).

e  Cslocations showed a high percentage of energy savings for Qc (—29% on average),
but lower for Qror (—16% on average). Some cities had lower or higher percentages
of reduction than the majority of locations in climate group Cs: Aleppo (—19% Qc;
—8% Qrort), Istanbul (—6% QTor), Barcelona (—40% Qc), and Tangier (—44% Qc;
—34% Qror);

e  (Cf sites showed a significant percentage reduction in energy requirements for Qc
(—30% on average), with a minimum of —25% in Thessaloniki and a maximum
of —35% in Turin. The following are exceptions: Chirpan (—15% Qc), Sarajevo
(—21% Qc), and Santander (—42% Qc). The percentages of Qror of the locations
(—7% on average) formed a fairly compact range, from a minimum of 0% in Sarajevo
to a maximum of —13% in Bari.

Q,,; reduction due to optimal shading

Figure 12. Q¢ and Qtot reduction due to optimal overhang for all locations, grouped by the
four climate subtypes.

It is important to note that the percentage reduction of Q¢ increased as Q¢ decreased,
moving from dry climatic subtypes to temperate climatic groups, because, in the latter,
the values of Qp were more significant with respect to those of Qc. This shows that the
use of overhangs is very efficient in dry climates where the Q¢ values strongly impact
Qrort. In addition, the analyses showed that the overhang is an essential passive technology
even in temperate climates characterised by high Qp values. Still, the optimal design of
the overhang must be achieved by balancing Q¢ and Qyy to obtain positive effects in the
summer and minimise negative impacts in the winter.

The analyses show that, with the use of optimal overhangs, the reduction of Qror in
all locations was between 5% and 10% in 15 localities, 10% and 20% in 28 localities, and
20% and 30% in 30 localities. Five cities had reductions of less than 5%, and only two
cities had reductions greater than 30%. Concerning Qc, optimal overhangs allowed us to
obtain the following range reduction percentages: 10% and 20% (in 4 localities), 20% and
30% (51 localities), and 30% and 40% (22 localities). No location had a Q¢ reduction of less
than 10%, and only three cities had one greater than 40%.

Although this paper does not include climate change analyses, there is expected to be
a rise in temperatures in the Mediterranean Basin, with a consequent extension of B and Cs
territories. This means that, in the near future, Qc requirements will be greater than the
Qg ones, supporting the need for overhangs and other passive solutions.

4.2. Variation in Energy Demands Due to the Comparison of the Optimal Overhang with Each of
the Retrofitting Interventions

This section explores the effects of different types of retrofitting, analysing the Qrot
resulting from each single retrofitting action on a non-insulated and single-glazed envelope
(Case 1). Taking as a reference the Qror of Case 1, Figure 13 and Table 5 compare the
Qror reduction effects due to the following retrofitting interventions: i. optimal overhang
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addition in Case 1, ii. addition of wall insulation (Case 2), iii. glazing substitution (Case 3),
and iv. addition of wall insulation plus glazing substitution (Case 4). In order to assess the
effectiveness of the various solutions, the reductions in Qror were evaluated individually
for each retrofit in all locations and divided into climatic subtypes.
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Figure 13. Qrot of Case 1 with overhang, Case 2, Case 3, and Case 4 with respect to Case 1 for all
localities, grouped by the four climate subtypes.

Table 5. Difference in Qror between the individual retrofitting interventions and Case 1 (kWh/ mz—y).

Case 1vs. Case 1

. Case 1 vs. Case 2 Case 1 vs. Case 3 Case 1 vs. Case 4
Climate Subtypes with Overhang
Min Max Average Min Max Average Min Max Average Min Max Average
BW 57 —-124 77 —-07 —48 -3 -36 =79 —5.2 -51 -154 91
BS —4.8 —7.6 —5.8 +0.5 —4 -2 —29 —45 —3.8 -34 87 —6.6
Cs —-14 —5.6 3.7 +0.6 —6 -3.3 —-27 =39 -3.3 -33 98 -7.1
Cf —0.1 27 -1.6 -32 -85 —5.7 -18 36 -3 -52 -11.8 91

In BW sites, the overhang addition or insulation plus double-glazing additions led
to greater Qror reductions than insulation addition or glazing substitution. With the
exception of seven localities where the Qrot savings of Case 4 were slightly better than
the overhang (>2 kWh/m?2-y), the difference between the two interventions was limited
(A1.4 kWh/m?-y on average).

In BS locations, Cases 2 and 3 reduced the Qrot, but in a limited way compared to
the overhang addition or insulation plus double-glazing additions. From the compar-
ison, it emerges that overhang produced slightly better results than Case 4 at six sites
(A0.8 kWh/m?-y on average).
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In Cs locations, Case 1 with overhang, Case 2, and Case 3 reduced the Qrot, but
in a limited way compared to insulation plus double glazing. From the comparison, it
emerges that Case 4 had slightly better results than the optimal overhang at all sites, with
the exception of Tangier (A3.4 kWh/ m2—y on average).

In Cf sites, Case 4 showed the best reductions in Qror compared to the other cases.
Different from the other subtypes, Cf locations had better results in terms of reducing Qtor
due to the addition of insulation rather than replacing the glazing. As expected for this
climate, Case 1, with the overhang addition, produced Qrot savings, especially compared
with Case 4 (A7.4 kWh/m?-y on average).

Figure 14 shows, for the four subtypes, the effects of energy variation due to the
different retrofit interventions compared with Case 1. In this analysis, the impacts of
individual interventions are compared to the individual variations in Qc and Q.
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Figure 14. Cumulative Qp and Q¢ (hence the upper line also identifies the Qror) of
Cases 1, 2, 3, and 4 without overhang with respect to Case 1 with optimal overhang for the four
climate subtypes. The QroT dashed line underlines the impact of the overhang compared to the other
retrofitting solutions.

e Case 1 with optimal overhang vs. Case 1

As expected, for all four subtypes, compared with Case 1, the overhang addition
resulted in a reduction in Q¢ due to the positive effect of shading in the summer and a
slight increase in Qy due to the decrease in solar gains in winter. A solution to this is
the adoption of mobile shading, but it must be considered that the performance of this
technology is linked to user behaviour or, alternatively, to the use of expensive automatic
systems that may experience maintenance problems. As for fixed overhangs, this result
underlines the importance of designing an overhang not only according to its behaviour in
the summer but also to the need to balance Q¢ and Qy in order to maximise the benefits and
minimise the negative effects of this technology. In fact, the balancing of Q¢ and Qg allows
for obtaining important reductions in Qrot, especially in the BW, BS, and Cs subtypes (BW
sites: —21% Qtor, of which —23% due to Q¢ and +2% to Qy; BS sites: —23% Qot, of
which —27% due to Q¢ and +5% to Qy; Cs sites: —16% Qrot, of which —23% due to Q¢
and +7% to Qy; Cf sites: —6% Qtor, of which —13% due to Q¢ and +7% to Q).

e Case 1 with optimal overhang vs. Case 2 and Case 3
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When comparing the effects on Qpor of Case 1 with optimal overhang with
Cases 2 and 3, the analyses show the different behaviour of these three technologies in
the four subtypes. Adding insulation led to good results in terms of reducing Qp. The
Qc reduction is attenuated compared to adding overhangs. For this reason, in BW and
BS sites, the overhang addition is preferable to Case 2. In Cs sites, the two technologies
had a similar reduction effect on Qrot, a consequence of the improvement in Qy due to
insulation and a lower Qc. This corresponds to a better overhang performance in Q¢ and
lower performance in Qy. In the Cf subtype, the effect of adding insulation allowed for
greater reductions in Qrot than the overhang—Qp was a higher percentage of Qrot. The
averages of Qtot percentages below are calculated as the change in Qrot, Qc, and Qy of
Case 2 compared to Case 1 with an overhang (BW sites: +17% Qror, of which +20% due
to Q¢ and —3% to Qy; BS sites: +22% Qtot, of which +31% due to Q¢ and —9% to Qgy;
Cs sites: +4% Qrot, of which +24% due to Q¢ and —20% to Qy; Cf sites: —18% Qtor, of
which +13% due to Q¢ and —31% to Qy). Case 3 showed a similar behaviour to Case 2 in
terms of the reduction of Qrot but differed in its components: replacing the glass reduced
the Qc a little more than the addition of insulation, but had only a minor reduction effect
on the Q. From the comparison of Cases 2 and 3, it is evident that Case 3 was preferable in
both BW and BS. In Cs, Cases 2 and 3 had similar Qror reduction values. In Cf sites, Case
2 produced better reductions of Qror. The comparison between the overhang addition
and the glazing substitution showed that, in BS and BW, the overhang was preferable. In
the Cs sites, the two technologies had similar effects on Qror, while in Cf, the best results
in terms of Qtor reduction were obtained with Case 3. The average Qror percentages
below were calculated as the change in Qtor, Qc, and Qg of Case 3 compared to Case
1 with an overhang (BW sites: +9% Qgor, of which +12% due to Q¢ and —3% to Q;
BS sites: +11% Qrort, of which +17% due to QC and —6% to Qy; Cs sites: +3% Qrot, of
which +14% due to Q¢ and —11% to Qg; Cf sites: —7% Qtor, of which +6% due to Q¢ and
—13% to Q).

o  (Case 1 with optimal overhang vs. Case 4

The reduction in Qrot in Case 4 was due to the enhancement of the positive effects and
the minimisation of the adverse effects previously described, resulting from the insulation
addition and the glazing replacement. The results in Figure 14 show that the reduction in
Qror in the BS subtype resulting from the two technologies was similar: in the BW and Cs
subtypes, Case 4 had slightly lower Qrot reduction results; in the Cf subtype, Case 4 had
better Qrot reductions than for the overhang. The averages of QroT percentages below are
calculated as the change in Qtot, Qc, and Qyy of Case 4 compared to Case 1 with overhang
(BW sites: —4% Qrot, of which —1% due to Q¢ and —3% to Qy; BS sites: —1% Qot, of
which +8% due to Q¢ and —9% to Qg; Cs sites: —16% Qrot, of which +6% due to Q¢ and
—22% to Qpy; Cf sites: —34% Qrot, of which +4% due to Q¢ and —38% to Q).

The results show that overhang technology is always recommended in dry subtypes.
In temperate climates, although Case 4 led to greater Qror reduction values with respect
to the overhang, this may not be sufficient to justify the extent of the intervention. The
addition of an overhang can be more advantageous than Case 4, considering that the latter
is an expensive retrofitting solution in terms of construction and maintenance and involves
much higher costs.

In the Mediterranean Basin, local bioclimatic solutions, such as energy-efficient passive
cooling technologies, can be very effective and should be considered in addition to (or
alternatively, for warmer locations) heating-dominated retrofit solutions. These results
show that overhang technology, which incurs very low construction and maintenance
time and costs compared to the other interventions examined, is very effective in the
Mediterranean climate and should be included in future regulations.
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4.3. Variation in Energy Demands Due to the Impact of Optimal Overhang Associated with Other
Retrofitting Interventions

We evaluated the impact of the addition of an overhang on different types of envelopes
to assess whether it had benefits when its action was combined with the presence or absence
of insulation and single or double glazing.

The results in Table 6 show the percentage reduction in Qrot by comparing, in the
four cases and for all locations grouped by climate subtype, the final energy needs without
an overhang with the ones with the optimised overhang depth. The results show that
overhang technology has diversified effects on energy reduction in relation to insulation,
type of glazing, or both:

e In Case 1, the average reduction in reference Qror due to the optimal overhang
confirms the analysis in Section 4.1, which indicated the major impact of overhangs on
energy savings in a building without insulation and with single glazing.

o In Case 2, which corresponds to an insulated building to which the optimal over-
hang was added, the Qror reductions compared to Case 1 increased in a range
between +6% and +7%. The rise in the overhang impact when insulation was present
aligned with the expected thermophysical behaviour of a highly insulated confined
space, where heat gains are stored, reducing losses and exposing the building to
overheating risk.

e In Case 3, characterised by the presence of double glazing to which the optimal over-
hang was added, Qtot reductions compared to Case 1 decreased in the range between
—4% and —5% in BW, BS, and Cs but decreased to —2% in Cf. The replacement of
the single glass with double glazing reduced the window’s U-value. On the other
hand, it limited the solar gains due to a lower g-factor, which reduces the percentage
of energy savings in climatic subtypes with high Qg values and reduces the need for
additional shading.

e In Case 4, which corresponds to a building in which insulation and double glaz-
ing are combined when adding the optimal overhang, the Qror values compared
with Case 1 increased progressively from dry to temperate climate zones in a range
between +1% and +3%. Combining both interventions reduced the general Qrot both
with and without the overhang. However, the relative impact of shading was main-
tained in line with Case 1, with slight improvements that rose progressively from
hotter to colder climate subtypes.

Figure 15 analyses the reductions in Qtor due to the individual retrofitting inter-
ventions examined for each subtype. This allows us to compare this reduction with that
obtained with the overhang addition in Case 1 and with the effect of the overhang ad-
dition on the individual cases. The addition of the overhang significantly improved the
reduction in Qrort for all subtypes of the Mediterranean Basin. This Qror reduction was
higher in localities with dry climates, while in temperate climates, the decrease in Qtor
was attenuated:

e BW: —21% on average of all localities in four cases (Case 1: —21%; Case 2: —27%;
Case 3: —17%; Case 4: —22%).

e BS: —24% on average of all localities in four cases (Case 1: —23%; Case 2: —30%;
Case 3: —18%; Case 4: —25%).

e Cs: —18% on average of all localities in four cases (Case 1: —16%; Case 2: —23%;
Case 3: —13%; Case 4: —19%).

e Cf: —8% on average of all localities in four cases (Case 1: —7%; Case 2: —12%;
Case 3: —5%; Case 4: —10%).
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Table 6. Case 1 (no ins, Sgl), Case 2 (ins, Sgl), Case 3 (no ins, Dbl), and Case 4 (ins, Dbl) in all
localities, grouped by the four climate subtypes: comparison of percentage reduction in Qrot due
to the addition of an overhang with the same case without an overhang. Results highlight that
wall-insulation addition generally increases the overhang Qtot reduction, while the improvement of

the window g-factor reduces the shading impact.
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Figure 15. Case 1 (no ins, Sgl), Case 2 (ins, Sgl), Case 3 (no ins, Dbl), and Case 4 (ins, Dbl) in the four
climate subtypes: a comparison of Qror in each case with Qrot reduction due to the addition of an
overhang to the same case.

It has been demonstrated that overhang technology obtains significant results in terms
of total Qrot reduction, even when associated with other technologies, especially in the
presence of thermal insulation. This is because wall insulation brings benefits in terms of
Qpy reduction. At the same time, an optimised overhang allows Q¢ to be reduced in the
summer without compromising the benefits in the winter, thanks to the balance between
Qc and Qp.

The percentage reduction in Qrot derived from the addition of an optimal overhang
is more relevant than the other retrofitting solutions considered due to the nature of the
technology itself. Overhang technology has a low environmental impact due to the use of
fewer materials. The costs and construction and maintenance time are also significantly
lower than for the other considered technologies. Research into this point should be
expanded in future works, including embodied energy and cost optimisation studies.

5. Conclusions

This paper aimed to identify optimal overhang depths and assess their impact on
building energy demands in the Mediterranean Basin, balancing heating and cooling energy
demands. The results addressed the two objectives with the following primary outcomes
and considerations:

e Adopting overhangs is strongly recommended in dry climatic subtypes (BW and BS
Koppen-Geiger climate subtypes) characterised by high Q¢ values. However, adopt-
ing this passive technology is also highly advantageous in temperate climates, where
it can obtain Q¢ savings above 30% (Cs and Cf). A correct overhang design balancing
Qc and Qg reaps the benefits of this passive technology. The Qrot reductions are very
significant: —21% on average in BW sites, —23% in BS, —16% in Cs, and —7% in Cf.

e  For a window 1.5 m high, optimal overhang depth ranges were identified for the four
climate subtypes: 150-200 cm for BW locations, 125-150 cm for BS (extended to 175 cm
for Case 2), 75-125 cm for Cs, and 50-75 cm for Cf (decreasing to 25 cm in colder
locations). Identifying these optimal depth ranges helps building designers in the
preliminary design phases, allowing for a significant reduction in Qror.
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e  The comparison between overhangs and other retrofitting solutions underlined the
following results: In the BW and BS sites, the overhang addition resulted in a similar
reduction in the Qrot of Case 4 (wall insulation and double glass) and better results
compared with Cases 2 (wall insulation and single glass) and 3 (no wall insulation
and double glass), identifying how simple passive cooling solutions, such as heat
gain prevention via fixed shading systems, can be an alternative. Case 4 is more
beneficial in Cs locations than the overhang alone. However, the latter showed a
better or similar Qrot reduction for Cases 2 and 3. Finally, in Cf, the increase in
thermal insulation dominated. This result highlights the need to include shading
systems and other passive cooling solutions in current regulations as alternatives to
the current incentivised technologies focused on applying colder climate solutions to
the Mediterranean zone.

e  The overhang addition can be combined with other retrofitting solutions, and its high
potential in reducing QroTt was maintained in the four cases considered: —21% (BW,
on average for all four cases), —24% (BS), —18% (Cs), and —8% (Cf). These results are,
on average, higher than the ones retrieved above for Case 1 alone. This is because the
overhang had a higher impact in terms of reducing Qror when high thermal insulation
was applied (Cases 2 and 4). The results suggest that the energy impact of the overhang
addition must be analysed in relation to other potential retrofitting solutions. Splitting
the energy evaluation of each technology may be misleading and even risk decreasing
the expected energy balance, i.e., inducing high overheating phenomena. Different
technologies, including passive ones, have mutual interactions that can enrich or limit
building performance. Buildings are like organisms; all parts and technical elements
participate in a holistic system. The sooner different technologies, especially climate-
friendly ones such as overhangs, are integrated into design phases, the better their
effects on increasing the energy performance of a building.

The results underline how optimised overhangs can result in energy advantages in
the Mediterranean Basin, especially in BW, BS, and Cs climates. Natural cooling techniques
should be part of the regional technological toolkit and included in new regulations.
If thermal insulation and window substitution are well-supported choices in building
energy bonuses and regulations, other technologies with similar benefits and with reduced
complexity, time, and costs must also be considered.

The recommended approach involves some limitations. In the future, it will be
important to experiment with variations in terms of building reference shapes, orientations
(studies on overhangs mainly focus on south facades, where this fixed shading solution is
most suitable [25,43,56]), and thermal characteristics, including variations in the geometrical
dimensions of spaces and windows and correlated length/depth /height ratios and window-
to-wall ratios. Sensitivity analyses of U-values and thermal masses can also be conducted
in the future. Similarly, variations in the HVAC characteristics and in the internal gains,
here retrieved by the EN 16798-1 standard ones [80], can be included to study the impact of
those simulation inputs on the results. Potentially, researchers could include additional
aspects such as life cycle analyses, cost optimisation scenarios, and parametric and machine
learning-driven optimisation logic. A future paper is under development on this last
point, focusing on developing rule-of-thumb equations. Moreover, additional potential
works could analyse the impact of large overhangs on local microclimates, considering,
for example, their potential effects on wind and airflows influencing, for example, natural
ventilation potentials or the creation of additional microclimates under overhangs. Finally,
additional studies may focus on integrating energy and Indoor Environmental Quality
(IEQ) KPIs, supporting multi-optimisation strategies and integrating multi-simulation
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methodologies and tools, as suggested in a recent review paper [68] and demonstrated by
newly developed dynamic simulation platforms including the EnergyPlus engine [88,89].

Nevertheless, this paper’s main outcomes suggest that heat gain prevention techniques
are fundamental for the Mediterranean climate in several locations, even surpassing in
impact the currently recommended retrofitting. It is essential, at least as an alternative
to transplanting these colder climate technological visions to hotter locations, to support
the inclusion of overhangs in regulations and incentivising policies in hotter climates,
especially considering that climate change will expand the current southern European
climate subtypes to central Europe.
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Abbreviations

The following abbreviations are used in this manuscript:

ACH Air exchange ratio for hours

ASE Annual Sunlight Exposure

BS dry and semi-arid steppe (Koppen-Geiger classification)
BW dry and arid desert (Koppen-Geiger classification)

CDD Cooling Degree Days

Cf temperate and no dry season (Koppen-Geiger classification)
CNC Computer Numerical Control

cop Coefficient of Performance

Cs temperate and dry summer (Koppen-Geiger classification)
Dbl double glazing

DGP Daylight Glare Probability

EER Energy Efficiency Ratio

EPBD Energy Performance of Buildings Directive

EPC Energy Performance Certification

Energy Performance Indicator Tracking Schemes for the Continuous Optimisation of

EPISCOPE Refurbishment Processes in European Housing Stock
EPW EnergyPlus weather files
EU European Union
GHG Greenhouse Gas
GHI Global Horizontal Irradiation (cumulative values in this paper)
HDD Heating Degree Days
HVAC Heating, Ventilation, and Air Conditioning
TIAQ Indoor Air Quality
1EQ Indoor Environmental Quality
ins insulation
KPI Key Performance Indicator
MS Member State
no ins no insulation
Qc cooling energy demands (final)
Qn heating energy demands (final)
Qror total energy demands (final)
R? Coefficient of determination
sDA Spatial Daylight Autonomy
Sgl single glazing
TABULA Typology Approach for BUiLding stock energy Assessment
UDI Useful Daylight Illuminance
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