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Featured Application: Forecast procedures for building energy renovation and design.

Abstract: In recent years, the need to make the built environment more resilient and adaptable to
climate change has become increasingly evident. In Europe, this aspect concerns the vast majority
of existing buildings, which present several deficiencies from the energy-efficiency point of view,
considering they were designed before the introduction of modern energy codes. Nowadays, it is
possible to retrofit existing buildings using advanced and high-efficient technologies such as Double
Skin Facades (DSFs). The research aims to evaluate the use of properly designed DSFs for the energy
restoration of existing buildings. In detail, various DSF configurations are applied to a residential
building located in central Italy and investigated under present and future climate conditions,
estimated through regional climate models. The results underline that all the analysed Double Skin
Facades confirm to be a useful option, and, in particular, the Multi-Storey typology allows drastic
energy needs decrement. Moreover, the general increase in temperatures and solar radiations could
affect the building energy performance, and the insertion of DSF can mitigate the climate change
effects, reducing the predicted energy consumption and ensuring better behaviours than the
building in its original state.

Keywords: Building energy retrofitting; Double Skin Facades; climate change; regional climate
model; dynamic energy modelling; MM5; CORDEX.

1. Introduction

In the last decades, the economy centred on the general reduction of energy consumption and
CO:z emissions has dictated important changes in every sector, especially in the construction world.
Buildings are, in fact, key consumers of energy in Europe, and a rising tendency in energy use has
been globally recorded in the last twenty years [1]. According to the European Environment Agency
(EEA), in 2017 the transport sector accounted for 31% of total final energy consumption in the
European Member States, followed by households (27%), industry (25%) and services (15%) sectors
[2].

The energy use in households is mainly related to space and water heating, which together are
responsible for 80% of the total building energy consumption [3]. The high percentage is mostly due
to poorly insulated envelopes and less-efficient heating equipment, mainly fossil fuel-based and
traditionally present in existing buildings.

Similar trends are also estimated for greenhouse gas emissions. Buildings and construction
together account for 39% of energy-related CO: emissions when upstream power generation is
included [4]. Considering the high potential for cost-effective energy savings, the building sector has
become a priority area for the European Commission, which has sponsored various actions to reduce
the building requirement and promote their renovation. Prominent examples of this effort are the
Directive 2002/91/EC [5] and the Directive 2010/31/EU [6], commonly known as the EPBD (from its
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full name Energy Performance of Buildings Directive) and its recasting. The first is mainly centred
on defining a standardised methodology more oriented to new buildings. The second, instead, aims
to deal with existing buildings not only when they are subjected to a significant renovation but also
in replacing and retrofitting a few elements or technical systems. After the EBPDs, the European
Member States have shown a growing interest in building energy improvement, and, as a main result,
a specific article centred on building renovation was introduced in the new Energy Efficiency
Directive 2012/27/EU [7].

The great attention to the existing building stock is due to the consciousness that the European
heritage was mainly erected before the 1960s when the sustainability problem was in a preliminary
phase, and energy building regulations were minimal. According to the Building Performance
Institute Europe (BPIE) survey, in fact, 35% - 42% of the building is dated before the 1960s, and
another consistent part was erected between 1961 and 1990 for the effect of the massive boom in the
construction sector [8]. The statistics underline the need for energy-efficient retrofit solutions,
essential under present and, in particular, future conditions, considering that the construction age of
a building is among the main features that affect its climate change vulnerability. Various innovations
for improving the energy performance of buildings and, generally, cities thus reducing their
environmental impact involve smart and intelligent devices, mostly renewable-based, inserted
directly on building surfaces [9,10] or at an urban scale [11-13].

In this way, the present research aims to evaluate the climate change vulnerability of an existing
building located in central Italy, estimating its energy needs and comfort rates under future
meteorological conditions. The case study is analysed through dynamic simulations performed in
EnergyPlus (Version 8.9) with its DesignBuilder interface (Version 6.1.3), considering both the current
and energy-improved versions.

The paper is structured as follows: after this brief introduction, considerations about Double
Skin Facades and their use in new and retrofitted buildings are reported in Section 2. Section 3
describes the case study, the main energy modelling features and the calibration phase carried out
for testing the model capability in predicting the real energy behaviour of the reference building.
Section 4 focuses on the presentation of the methodology adopted for generating future climatic files
and shows the obtained results expressed in energy consumption and comfort rates. Finally, Section
5 draws the main conclusions.

2. Double Skin Facades for New and Retrofitted Buildings

The Double Skin Fagade (DSF) is a European architectural trend mainly driven by the aesthetic
desire for all glass fagade buildings, the need for a consistent reduction in energy consumption, and
the parallel increase of the indoor comfort conditions, both acoustic and thermic [14]. Described as a
pair of glass skins separated by an air corridor ranging in width from 0.20 m to several meters by
Uuttu [15], the DSF concept appeared in the early 20t century in the northern European countries. In
the preliminary version, the multi-layered facade was conceived and designed for reducing heating
consumption thanks to the air buffer enclosed in the cavity, which acts as a barrier for heat losses and
as a filter for the exchanges through the external envelope. The extreme variety of the possible DSF
typologies can be classified according to different criteria, independent of one another and based on
the geometric characteristics of the facade and its operation mode [16]. The criteria mentioned above
are:

e  The ventilation mode (Natural, Mechanical and Hybrid ventilation).
¢  The compartmentalisation of the fagade (Multi-Storey, Shaft-Box, Corridor and Box-Window

DSE).

e  The airflow type (Exhaust Air, Supply Air, Static Air Buffer, External Air Curtain, Internal Air

Curtain.

Based on the analysis conducted on 200 buildings all over the world [17], the Multi-Storey DSF
is the most popular configuration, followed by the Box-Window and Corridor types. Moreover,
naturally ventilated DSFs are preferred, and the outdoor air curtain airflow path is the most
widespread.
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Preliminary and simple DSF examples appeared in the first decades of the 20t century, following
the influence of the new architectural tendencies based on the use of steel and glass, spread
worldwide after the Great Exhibition of Chicago. Only in the early 70s, when the concept was
exported to North America, the multi-layer fagade became largely sponsored as the best example of
possible energy efficiency solutions. New configurations and advanced materials capable of
improving the building energy performance started to be evaluated combined with DSFs, and, since
the second decade of the 21t century, the exploration of new shapes became an essential and
universal aspect among engineers and architects, causing the introduction of more articulate and
sophisticated systems. Besides, the popularity of multi-layer configurations, a great concern is related
to the simulation approach adopted for investigating their thermal behaviour which should be
appropriately selected. Various works underline the limits and difficulties of energy analyses in
predicting the temperatures and airflow rates inside DSF channels, suggesting new methods which
combine them with Computational Fluid Dynamics (CFD) modelling [18-20].

Nowadays, the analysis of solutions for improving the energy behaviour of Double Skin Facade
is a topic quite explored by researchers all over the world. Detailed investigations are conducted for
evaluating the DSF efficiency associated with different glazing options and shading systems.
According to the literature review [21], using single clear glass for the inner pane and double
reflective glazing for the outer surface guarantees the best option with annual cooling savings of up
to 26% compared to a traditional external wall and single absorptive window glazing. Another
essential and widely analysed aspect involves the shading system and evaluates the main parameters
responsible for better solar protection. According to Gratia et al. [22], in fact, building cooling
consumption can decrease up to 23% by paying attention to three main aspects which are the location
of the blinds, the colour of the blinds and the opening of the Double Skin. Other investigations involve
possible connections of DSF to the Heating, Ventilation and Air Conditioning (HVAC) system, its use
as a solar chimney or the insertion of new elements like Photovoltaic (PV) cells, vegetation, or Phase
Changing Materials (PCMs) [23-33].

The DSF innovation does not involve only energy efficiency aspects. A novel focus consists of
the insertion of structural elements able to confer an extra function, the seismic one, to the so-called
Engineered Double Skin Fagade [34-39]. A such conceived facade becomes a mass damper system or
an exoskeleton which, in case of restoration, can reduce the seismic vulnerability of existing
buildings.

On the base of the considerations mentioned above, multi-layer fagades represent interesting
options for both new and retrofitted buildings. In fact, several works study the improvements
achievable by inserting DSF systems on the existing heritage, underling their key role in cutting
building energy consumptions and CO:z emissions if properly designed and oriented [40-44].

3. The Case Study

The reference building is located in a residential suburb of Pescara, Central Italy, and belongs to
the social housing stock (see Figure 1). Selected for being representative of an existing heritage
without architectural quality but mostly present on the territory, it reflects the typical construction
practice of the past without any attention to energy problems. The area is known for its
Mediterranean climate, with mild winters and hot, sunny summers. According to the climate
classification system developed by Koppen-Geiger [45], the city has a humid subtropical climate
denominated Cfa. The C group corresponds to “Warm Temperate” climates, the small letter f means
“fully humid” and indicates the lack of a dry season, whereas the letter a corresponds to a “hot
summer”.
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Reference Building
ItaIY Pescara (42°26'34"'N, 14°12°26"E)

Figure 1. The localisation of Pescara (left and middle) and the reference building (right).

The case study is a seven-storey reinforced concrete building characterised by a rectangular
shape with 60.00 m and 12.00 m as main dimensions. The inter-storey height is 2.70 m, except for the
ground floor, which is higher than the others (3.50 m). The garages and the entrance are on the ground
floor, while residential apartments are on the upper levels. The building envelope does not comply
with the current standard in the sector. The perimeter walls (0.33 m depth), in fact, do not present
any insulation materials but only an air gap enclosed by two brickwork layers, with a total
transmittance value (U) equal to 1.46 W/m?K. There are also 0.23 m thick walls placed for delimiting
the apartment from the staircase, and partitions (with 11 cm depth) to subdivide each apartment into
various thermal zones. Moreover, single glass windows with 3.78 W/m2K transmittance contribute to
the building's inadequate performance, especially during the coldest months. Table 1 summarises the
thermal properties of the building envelope.

The building heating involves the use of radiators with a seasonal Coefficient of Performance
(COP) equal to 0.84 and natural gas as the source. Splits are installed for cooling the inner spaces and
improving the inhabitants’ comfort condition. The cooling COP is set equal to 1.40, and the source is
electricity.

The temperature setpoints for heating and cooling are, respectively, 22°C (with 20°C as the set-
back temperature) and 28°C in all thermal zones. The metabolic factor is set to 0.90 for the whole
building, as well as for the clothing insulations, which is 0.50 clo for the summer season and 1.00 for
the winter period. The model infiltration is considered constant and fixed at 0.70 ac/h. Table 2 depicts
the input parameters which vary according to the activity of the thermal zone.

The influence of neighbouring buildings is taken into account by inserting, as block components,
the closest structures which could shade the case study and, for the same reason, the presence of the
balconies on the northwest fagade is considered placing external profiles.

Once the case study has been modelled, preliminary dynamic energy simulations were carried
on for estimating the building's natural gas consumption to be compared with data from building
bills. The collected bills are referred to 2017, and the heating period (October 1s-March 31+) is
considered for calibration. Thus, monthly simulations were performed setting the natural gas
consumption (heating + cooking) as a key output, expressed in kWh/m?. Following the recorded data,
the consumption was defined in a two-month range, except for January and December. The analyses
were simulated using measured weather data collected by Climate Network, a private and
professional network of urban meteorological stations that records hourly values for all climatic
parameters [46]. Error bars, set at 5%, were inserted as inferior and superior limits for the
comparisons.
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Table 1. Description of building envelope components.
Building component Mater-l al s [m] 1 [W/mK] U [W/m2K]
(outer to inner)
Lime plaster 0.02 0.80
0.33 m External Wall Brickwork 0.13 0.84
H H Air gap 0.08 0.30 1.46
HiH Brickwork 0.08 0.62
Lime plaster 0.02 0.80
Lime plaster 0.02 0.80
0.23 m Semi-External Wall Brickwork 0.13 0.84
‘ % Air gap 0.03 0.30 1.60
Brickwork 0.08 0.62
Lime plaster 0.02 0.80
0.11 m Partitions Plaster 0.02 0.16
‘ Plasterboard 0.07 0.25 1.27
Plaster 0.02 0.16
Glazing
R Single clear glazing 0.006 - 3.78
Interstorey roof Cast concrete 0.02 1.13
e e o Concrete slab 0.16 0.16 0.78
A, SETL Plaster 0.02 0.16
Ceiling tiles 0.02 0.06
External roof Cast concrete 0.02 1.13
Concrete slab 0.16 0.16 0.61
Plaster 0.02 0.16
Pavement Cast concrete 0.02 1.40 337
Ceramic 0.02 1.30 ’

Table 2. Input parameters used for simulations. For each thermal zone, the occupation density
(people/m?), the minimum fresh air (I/s-person), the target illuminance (Lux), and the occupation
schedule are shown.

Thermal Zone Occupation  Fresh Air Illuminance Schedule
All Days
5 1
Bedroom 0.0229 10 100 £0°
L
00:00 08:00 16:00 00:00
Time of Day
All Days
5 1
Bathroom 0.0187 12 150 §%
a,
g o
00:00 08:00 16:00 00:00
Time of Day
All Days
T ¢
Kitchen 0.0237 12 300 £
=%
g o

g
E

08:00 16:00 00:00
Time of Day
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All Days
- 1
o
&
05
Storage Room 0.0243 12 100 £
&
S 0
O o000 08:00 16:00 00:00
Time of Day
All Days
1
g
=
.. 05
Dining Room 0.0169 10 150 g
&
g 0
S 000 08:00 16:00 00:00
Time of Day
All Days
o 1
o
ki
. . § 05
Circulation area  0.0196 10 100 il
-]
S o
00:00 08:00 16:00 00:00
Time of Day

Figure 2 shows the general accordance between estimated and measured values. The model, in
fact, can predict within the acceptable range the energy consumption for January and
February/March bimesters. More significant differences are calculated for December for which the
estimated values are out of the range. Such behaviour can be explained by considering that the
available bill is referred to December 2017-January 2018 and the expected consumption for a single
month is done by dividing the total amount by two. For this reason, the December data were not
strictly taken into account for the calibration. The same inaccuracy can also be seen for the October-
November bimester but, in this case, the principal reason stands in the limitations of predictions for
transitory months because deeply influenced by the inhabitants’ comfort condition and their use of
occupied spaces. In fact, as underlined by various works previously carried on in energy simulations,
the building requirement/consumption for mild periods could vary more than the rest of the year,
according to human behaviour (inhabitants” age, habits, etc.). Based on the comparisons, the model
can be considered calibrated and able to describe the real energy behaviour of the case study.

Natural Gas Consumption

30
25
20
10
5
0

Jan-2017 Feb/Mar-2017 Oct/Nov-2017 Dec-2017

[kWh/m?]
G

B Real Consumption Estimated Consumption

Figure 2. Comparison among estimated and measured data for the model calibration.

3.1. DSF Energy Modelling

A 1.00 m cavity depth Double Skin Facade is placed on the north and south building elevations
and external blinds with low reflectivity slots are inserted and designed for being operable only
during the hottest months thus avoiding the overheating risk of the inner spaces. The DSF is
conceived for being naturally ventilated. External and internal grills are located, respectively, on the
outer skin and the inner layer, represented by the existing building envelope. External grills are
active, allowing the air to enter the Double Fagade, during the hottest months, whereas they are
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closed for the winter period, creating a buffer area. Internal grills, instead, are designed for being
adjusted by users, according to the inner temperature distribution. The natural ventilation of the
building is controlled by inserting the outdoor maximum temperature check. This set avoids the
overheated air inside the cavity entering the building with adverse effects on the cooling side. The
outer skin of the DSF is made of a steel structure and high-performance windows (triple glass) with
low U value and solar heat gain coefficient, respectively, equal to 0.78 W/m?K and 0.47.

The energy modelling of the DSF is done by setting the cavity as an unoccupied zone with no
HVAC or lighting template data. Moreover, the internal convection mechanism is activated to model
the cavity air space correctly, and a complete interior and exterior solar distribution algorithm is
switched on, allowing solar radiation to be accurately transmitted through the interior glazing in the
partition.

Various configurations are modelled and tested to evaluate the effectiveness of DSF systems.
Multi-Storey, Shaft-Box, Corridor and Box-Window DSFs are investigated in terms of energy
consumption and thermal comfort conditions. Two different cases are studied for the Corridor type:
the outer grills are inserted on the principal elevation of the facade in one case and on the lateral
envelope in the other. The inner partitions, eventually inserted inside the cavity according to the
selected category, present single-glazed windows enclosed in the steel structure. Figure 3 schematises
the chosen options, identifying the air fluxes which enter/exit each DSF typology.

SR RN RN

{

@ @

Figure 3. Schematisation of the investigated DSFs: The Multi-Storey (a), Shaft-Box (b), Corridor (¢ &
d) and Box-Window (e) configuration.

(b)

4. Dynamic Energy Simulations under Future Climate Conditions

4.1. Generation of Future Climatic Files for Dynamic Energy Simulations

Future climatic files are generated by using the Coordinated Regional Climate Downscaling
Experiment (CORDEX). Sponsored by the World Climate Research Program (WCRP) to develop a
coordinated framework for evaluating and improving Regional Climate Downscaling (RCD)
techniques, CORDEX produces worldwide fine-scale climate [47]. The CORDEX results are assumed
as a baseline by the Intergovernmental Panel on Climate Change (IPCC) for defining climate change
impact and adaptation studies. Its various domains allow the estimation of climatic variables all over
the world, and the Euro-CORDEYX, reported in Figure 4, is its European branch.

Non-Rotated Coordinates of Domain Corners
Top Left Corner (TLC): 315.86; 60.21
Top Right Corner (TRC): 64.4; 66.65
Bottom Left Corner (BLC): 350.01; 22.20
Bottom Right Corner (BRC): 36.30; 25.36

Figure 4. Euro-CORDEX Domain and the coordinates of its corners.
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The Aire Limitée Adaptation dynamique Développement InterNational (ALADIN) is a limited
area bi-spectral model developed at the beginning of the 1990s within a large consortium gathering
numerous weather centres in Europe [48]. The main peculiarity is that, contrary to most of the
available RCMs which are “grid-point” models, it has been designed as a spectral model with the
exception that all physical parameterisation computations are performed in the conventional grid-
point space. This approach also requires the employment of effective direct and inverse spectral
transformations between spectral and grid-point spaces [49]. Since the beginning of the 2000s, the
ALADIN model has been used at the Centre National de Recherches Météorologiques (CNRM) with
the name CNRM-ALADIN. Various works, centred on the evaluation of the accuracy and
effectiveness of this model over differently sized domains, underline the good capability in the
estimation of climatic parameters on both spatial and temporal scales inside the European area [49-
51].

The CNRM-ALDIN, available in Euro-CORDEX, is selected for elaborating future climatic files
to be adopted as inputs in dynamic simulations. Data with a 3hs-time frequency are extracted from
the nearest grid point to Pescara, which is 7.50 km far from the case study, placed at 42°28'57"
northern latitude and 14°08'07"" eastern longitude. The selected RCP is 4.5, which is consistent with a
future with relatively ambitious emission reductions, and this scenario is chosen for being in
accordance with national policies in the reduction of greenhouse gas emissions.

The available weather variables are relative humidity, atmospheric pressure, global solar
radiation, wind velocity and temperature. The definition of the reference year is conducted according
to the method described in the technical standard EN ISO 15927-4:2005 and following its suggestions
[47,52]. Multiple years are extracted for obtaining various typical years.

The first step involves the calculation of the daily averaged value for each climatic parameter
(p), month (mt) and year (y) of the datasets. Then, the averaged values for a specific month of all the
available years are sorted in increasing order to calculate the cumulative function O, mt, i) for each
parameter and i day using Equation 1.

bpmei) = k(i)/N +1 @D

where k) is the rank order of the it day and N is the total number of days for a month over all years.

The following step consists in sorting the averaged values for a specific month and year in
increasing order for obtaining the cumulative distribution function F(p,y, mt, i) for each parameter
and i day (Equation 2).

Fopymen =1/ 41 @)

Then, for each month and year, the statistics by Finkelstein-Schafer are defined according to
Equation 3. The last two steps involve the sorting of months, for which the rank is calculated for every
parameter and summed for obtaining the total ranking and for each month, among the first three
months with the lowest ranking sum, the one with the lower absolute deviation is chosen as
representative for the TMY generation.

n
Fspymt) = Z |Fpy,mei) = Pomenl 3)
i=1

For improving the quality of the generated TMY, weighting meteorological parameters are
inserted in the Finkelstein-Schafer, as suggested by Cebecauer et al. [52]. The stronger influence of
some variables than others is taken into account by increasing the weight of those parameters. Higher
impact factors are attributed to surface temperature and solar radiation (8/24), whereas a lower value
(4/24) is assigned to relative humidity and wind speed that slightly affect energy simulations. A
twenty-year range is selected for generating the typical year. Thus, data from 2020 to 2040, 2040 to
2060 and 2060 to 2080 are used for elaborating, respectively, 2030, 2050 and 2070 TMYs. Once the
selected years were generated, a cubic spline function is used to obtain interpolated values and
transform the time frequency of the investigated parameters from 3hs to 1hr.
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Figure 5 and Figure 6 depict comparisons of monthly mean values for temperature and global
solar radiation between actual (Climate Network database) and future (2030, 2050 and 2070 TMYs)
data. The future conditions (dotted lines) tend, in general, to assume similar values and trends of
those referred to the year 2017. According to the predictions, higher temperatures are attended for
the coldest months (from November to February), while a little reduction is estimated for summer.
More profound variations are expected, instead, for global solar radiation. In this case, the picks
estimated by CORDEX TMYs are much higher than those recorded in the present, reaching up to 330

W/m?2.
Monthly Mean Temperature
30
——Climate Network (2017)
25
20
+--2030 (TMY)
U15
i 22050 (TMY)
5
2070 (TMY)
0
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Figure 5. Monthly mean values referred to the temperature.
Monthly Mean Global Solar Radiation
350
gt —e—Climate Network (2017)
300 },.x iy
250 & \
2030 (TMY)
= 200
£
= 150
22050 (TMY)
100
50 22070 (TMY)
0

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Figure 6. Monthly mean values referred to global solar radiation.

Comparing these parameters to early averaged values (Figure 7), the same trend is confirmed.
On the temperature side, from actual to future conditions, the increment is gradual, reaching a 2°C
delta between 2017 and 2070, whereas a higher variation is expected for solar radiation. It is essential
to underline that these comparisons involve projections related to a specific scenario which considers
the adaptation of policies for CO2 emission containment.
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Yearly Mean Temperature and Global Solar Radiation

18 250

16 7

14 200

o 150 7= W Temperature
g 10 ik E
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4 50
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0 0

Climate 2030 2050 2070
Network (2017) (TMY) (TMY) (TMY)

Figure 7. Yearly mean values referred to temperature and global solar radiation.

4.2. Building Energy Modelling under Future Climate Conditions

The impact of climate change is analysed, evaluating the effect that future outdoor conditions
could have on the reference building in its existing and improved version. The case study's energy
performance is assessed in terms of energy consumption and thermal comfort rates. In the first case,
the results are referred to the annual building heating and cooling use, whereas the thermal comfort
is investigated considering a weekly timestep, simulating alternatively the typical summer (August,
from 17t to 234) and winter (January, from 20™ to 26%) conditions. Moreover, for defining
comfort/discomfort rates, the operative temperature is estimated for two different building thermal
zones, selected for their orientation. North and south exposed thermal zones are chosen for
investigating, respectively, the winter and summer thermal comfort. This choice is made considering
the building dimensions and for avoiding averaged values that could not represent the real energy
behaviour.

The energy consumptions, depicted from Figures 8-10, underline a constant increase in the
building cooling load and a similar decrement in the heating need, and this happens for both the
original state and with DSF configurations. Among the investigated typologies, the Multi-Storey DSF
performs better than the others, allowing, at the same time, a good cooling reduction and a more
intense heating decrement. Also the Shaft-box, Corridor and Box-Window configurations exhibit a
general and quasi-identical energy reduction under future conditions. Moreover, deep differences
are not underlined for the two analysed Corridor DSFs.

Annual Energy Consumption - 2030

Original State MS-DSF SB-DSF C-DSF C-DSF BW-DSF
(frontal grills)  (lateral grills)

[kWh/m?]

cB58853883838

B Heating Consumption B Cooling Consumption

Figure 8. Building annual energy consumption estimated for the year 2030.
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Annual Energy Consumption - 2050

Original State MS-DSF SB-DSF C-DSF C-DSF BW-DSF
(frontal grills)  (lateral grills)

[KkWh/m?]

ccB8E8338S8

B Heating Consumption m Cooling Consumption
Figure 9. Building annual energy consumption estimated for the year 2050.

Annual Energy Consumption - 2070

Original State MS-DSF SB-DSF C-DSF C-DSF BW-DSF
(frontal grills) ~ (lateral grills)

[kWh/m?]

5885383838

B Heating Consumption B Cooling Consumption
Figure 10. Building annual energy consumption estimated for the year 2070.

The evaluation of indoor thermal comfort is done according to the UNI EN 15251:2008 (CEN
2014) [53], which associates comfort/discomfort rates to four categories. In detail, Category I has a
high level of expectation, and it is recommended for spaces occupied by very sensitive people.
Category II is for normal levels of expectations, suitable in case of new buildings or renovations.
Category III represents a moderate, acceptable level of expectation and could be used for existing
buildings, whereas the last, Category IV, involves the other conditions not referred to the previous
cases. Moreover, the standard establishes for each comfort category a temperature interval,
suggesting recommended indoor operative temperatures for the design of heating and cooling
systems. These values are used to define each category's upper and lower limits, as summarised in
Table 4. It is essential to underline that the here investigated parameter is referred to a building with
a heating and cooling system. Thus, the performed simulations aim to evaluate its effectiveness in
guaranteeing acceptable comfort rates inside the occupied spaces.

Table 4. Operative Temperature range for comfort categories.

Winter Operative Summer Operative
Category
Temperature Range Temperature Range
1 Toperative >21°C Toperative <25.5°C
II 20°C < Toperative <21°C 25.5°C < Toperative <26°C
11T 180C < Toperative < 2OOC 26OC < Toperative < 270(:
v Toperative <18°C Toperative >27°C

The thermal comfort analysis is plotted from Figures 11-16. The comparisons underline several
variations which should be taken into account for further considerations about the effectiveness of
DSF systems. The estimated summer performance of Double Fagades could lead to a different
distribution of future comfort levels, due to higher picks reachable by the global solar radiation. As
highlighted in the previous section, the amount of monthly mean radiation expected for the years
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2030, 2050 and 2070 is much more significant than actual conditions, and this can generate the worst
comfort rates for various DSF typologies. Due to a high solar load, the Double Facade, in fact, becomes
a heated element, which continually emits the accumulated heat. This element is much more sensitive
to this phenomenon than the original building envelope because it is entirely made of glazed surfaces.
If from one side the DSF acts as a heat damper, reducing the effect of solar picks on the inner operative
temperature, it also tends to enlarge the number of hours for which higher temperatures are
estimated and, consequently, lower level of comfort. A mechanical system should be introduced to
improve the summer indoor environment and to help natural ventilation in case of extra loads,
converting the DSF into hybrid technology.

Evaluating winter comfort rates (Figures 14-16), the general temperature increase predicted for
the coldest months allows the increment of best levels of expectation and this is estimated for both
the building's original state and after the DSF insertion. The discomfort rates referred to future
conditions tend, in fact, to decrease, and this reduction assumes more significant values for DSF
systems, ensuring better performances than those reachable by the reference building in its original
state. Also in this case, the DSF that allows the best indoor environment is the Multi-Storey, which is
capable of guaranteeing the highest percentage with a better level of expectations. Moreover, it is
interesting to note that the winter comfort referred to the year 2050 shows better values than 2070.
The explanation of this phenomenon stands in the higher temperatures and solar radiation predicted
for the investigated period (January), which positively affect the heating side, reducing its load.

Summer Comfort Rates - 2030

100%
80%
60%
40%
20%
14%
0% 7% % 3 1% 19 %

/0
o

Original State  MS-DSF SB-DSF C-DSF C-DSF BW-DSF
(frontal grills) (lateral grills)
H Cat. IV m Cat. III Cat. II Cat. I

Figure 11. Comfort rates for the typical summer week according to the 2030 climatic file.

Summer Comfort Rates - 2050

100%
80%
60%
40%
20%

0%

Original State  MS-DSF SB-DSF C-DSF C-DSF BW-DSF
(frontal grills) (lateral grills)

m Cat. IV m Cat. I1I Cat. II Cat. 1

Figure 12. Comfort rates for the typical summer week according to the 2050 climatic file.
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Summer Comfort Rates - 2070

100%

80%

60%

40%
21%

20% 24% ‘ 27% 24% 24% ,

‘ - 24%
18%
Ao 9% 7% 9% 10% .
(]
Original State  MS-DSF SB-DSF C-DSF C-DSF BW-DSF
(frontal grills) (lateral grills)
m Cat. IV m Cat. I1I m Cat. II Cat. I

Figure 13. Comfort rates for the typical summer week according to the 2070 climatic file.

Winter Comfort Rates - 2030

100%
60%
44%

40% o
37% 35% 40% o
20%
25%
18% 15% 16% 15%
0%
Original State MS-DSF SB-DSF C-DSF BW-DSF
m Cat. IV | Cat. IIT Cat. II Cat. I

Figure 14. Comfort rates for the typical winter week according to the 2030 climatic file.

Winter Comfort Rates - 2050

100% =2 .
80% b I I

40%

60%
37%
35%
40%
69%
55%
20% 45%
29% 32%
0%
Original State MS-DSF SB-DSF C-DSF BW-DSF
m Cat. IV m Cat. III Cat. IT Cat. I

Figure 15. Comfort rates for the typical winter week according to the 2050 climatic file.


https://doi.org/10.20944/preprints202306.0698.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 9 June 2023 doi:10.20944/preprints202306.0698.v1

14

Winter Comfort Rates - 2070

100%
o I l l
60%
40%

37%

40% o
36% e 36%

20% )
29% <8

17% 17% 17%
0%
Original State MS-DSF SB-DSF C-DSF BW-DSF

m Cat. IV m Cat. III Cat. I Cat.I
Figure 16. Comfort rates for the typical winter week according to the 2070 climatic file.

5. Conclusions

The present research aimed to assess the climate change vulnerability of a residential building
located in Pescara, central Italy. The energy performance of the case study was evaluated by
considering its current and improved version through dynamic energy simulations. The building
energy requirement, subdivided into cooling and heating needs, and the indoor thermal comfort rates
were estimated under future climate conditions in order to establish the best DSF retrofit solution.
Thus, typical meteorological years were generated using regional climate models and the main
weather parameters expected for 2030, 2050 and 2070 were defined.

The main results underline the impact that the continuous increase in temperature and solar
radiation have on energy consumption, analysing both the heating and cooling needs. Lower winter
energy loads are, in fact, estimated for the investigated years in comparison to current weather
conditions. In contrast, higher cooling consumption will be necessary for ensuring satisfactory
comfort rates inside the occupied spaces. By inserting the DSF on the north and south elevations, the
total building energy requirement is deeply cut down, with benefits throughout the year. Among the
investigated DSF configurations, the Multi-Storey typology ensures the best performance with
energy reductions on the cooling and heating side.

Moreover, the insertion of the Double Facade positively affects the comfort rates, especially
during the wintertime. Better ranges are, in fact, estimated in the energy-improved version, and, also
in this case, the Multi-Storey configuration confirms to be the best solution in comparison to the
others. The summer comfort conditions, instead, underline the weakness of these systems associated
with elevating temperature and solar radiation levels. For avoiding the overheating risk of the DSF
cavity with consequent discomfort rates expected inside the inner spaces, mechanical ventilation
should be introduced thus helping the natural convection in the case of extreme thermal loads. In
view of the achieved results, the use of multi-layer fagades for the energy retrofit of existing buildings
proves to be a proper option with savings in terms of energy requirement and comfort rates.
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