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Abstract: Nowadays, a large amount of the total primary energy is consumed by buildings, account-
ing for about 40% of the total energy demand. Aligned with the EU objectives and the strategies
to reduce the demand, cooling and heating are stated as the most energy consuming processes and
the building envelope plays an important role to reduce the energy consumption. In this work, the
energy demand related to heating and cooling in a typical building has been evaluated, which has
been simulated in 35 cities located in different climatic zones, using the DesignBuilder v.6.1.7.007
software. Although the increase in insulation and the replacement of windows lead to a reduction in
energy demand, in the case of the cities of Santa Cruz de Tenerife and Las Palmas de Gran Canaria
without insulation, the demands are lower than 1.7 kWh/m? /year and 5 kWh/m?/year, respectively,
and these results indicate that energy saving strategies, driven by policies and economic support,
based on the renovation and improvement of the thermal insulation of the building envelope, are
not the most appropriate due to the need for an additional energy load for cooling and to maintain
comfort within the regulatory limits.

Keywords: energy transition; energy consumption; building envelope; retrofitting strategies

1. Introduction

The global energy demand has been increasing during the last years mainly due to the
economic development and globalization processes. The building sector is one of the principal
energy-consuming sectors in the world, representing around 40% of the total demand [1]
and contributing over 30% of the CO, emissions [2], where heating and cooling processes are
responsible for more than 33% of the total energy consumed in buildings [3]. Additionally, in
some trend scenarios proposed for 2050, the energy demand for cooling will reach 150% of
the actual values and the cooling energy demand will rise by 300% to 600% in buildings [4].

In this sense, EU has established clear objectives on energy saving in the construction
sector, defining broad major objectives and assumptions aimed at lowering the energy con-
sumption of buildings [5], complemented by the Directive 2010/31//UE which introduced
the concept of nearly zero-energy building (nZEB) [6,7]. In the nZEB concept, some authors
have defined two approaches for the retrofitting strategy to achieve the targets: reducing
the power consumption and perform an energy transition, replacing the actual energy mix
and introducing renewable energies [1].

Therefore, the improvements to reduce the heating and cooling demand are the
most relevant retrofitting actions in the buildings to produce an effective reduction of the
energy demand, where the building envelope [8] plays a key role, together with other
construction elements.
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In this aforementioned sense, the most used renovation proposals to reduce the energy
consumption are to increase the insulation thickness of the thermal envelope as well as
installing double-glazed windows. Several authors have been focused on the optimization
of the insulation thickness of the exterior walls of buildings to minimize the heating demand
required in cold regions [9] and to reduce the temperature [10-12], where the retrofitting
actions in continental climates have reported reduction over 30% of the energy demand [13].
Similar studies referred to hot climates [14] have reported the optimization of insulation
thickness for the reduction of heat transfer in buildings during the summer, considering
solar radiation and the feasibility of retrofit actions, in combination with Solar Passive
Technologies [15]. Additionally, the thermal performance of the building considering the
percentage of window surface and type of glazing [16] has been analyzed for different
climate conditions.

The aforementioned strategies have different results depending on the climatic zone [17]
and the specific boundary conditions of the environment, in order to provide results in
context-specific solutions [18]. For example, in Algeria, reducing cooling demand by
replacing single glass with double glass contributes, on average, to a reduction in energy
demand of 8%. However, the application of other strategies, such as solar protection,
window glazing, air tightness and insulation, and reductions in energy consumption can
achieve energy savings of 33% [19].

The analysis of the comfort for buildings without installed heating or cooling systems
reveals that it is possible to have winter thermal comfort without additional thermal
insulation on fagades in climates similar to the cities of southern Europe [20].

In general, the results of the energy evaluation in different locations show the reduc-
tion in energy demand associated with retrofit strategies depends, to a large extent, on
the climate zone where the building is located. Therefore, the criteria for achieving the
objectives set by the EU in terms of improving the energy performance of the building
stock require adaptation to the climatic singularities of each region [18,21].

The scientific literature has extensively reported the effect of insulation in buildings
located in areas with a remarkable heating demand where the implications of passive design
measures on heating and cooling energy have been properly addressed [22]. In particular,
the Spanish standard, which is the transposition of European directives, promotes and
partially finances the placement of building insulation and the replacement of windows.

In this sense, following the aforementioned studies published in the literature, we
present in this work a novel study of the energy evaluation of a building on the southern
border of the EU, to evaluate the behavior of these strategies for the Canary Islands, in
comparison with other EU cities.

The present work analyzes the energy demand of a reference building located in
33 cities in different climate zones, following the classification reported in [23], and com-
pared with the two Canary Islands capital cities.

The paper is structured as follows. In Section 2, the building model and simulation
variables are listed. In Section 3, the obtained results and discussion are shown. This section
is followed by the conclusions in Section 4.

2. Building Model and Methodology
2.1. Description of the Building Used in This Work

We have selected one of the twin buildings used as a reference for the European
ENCORE H2020 Project (ENergy aware BIM Cloud Platform in a COst-effective Building
REnovation Context), to carry out the simulations. They are two single-family dwellings
built at full scale: a standard dwelling, used as a reference and the twin dwelling, used to
carry out experimental innovations to reduce the energy consumption. These buildings
were built in the framework of the Experimental Demonstrators in Energy and Architecture
(EDEA) project co-funded by the LIFE program of the European Commission [24].

The experimental building used in the simulations has a facade of 140.5 m? (north
and south), dividing walls of 160.7 m? (east and west), a roof of 70.4 m?, and 22.0 m? of
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openings in the facade walls (Figure 1). In terms of the window-wall ratio (WWR), the
building presents 11% of openings to the north and 20% of openings to the south (see
Table 1). The selected building model does not present window opening areas in the east
and west facades, because this model represents a rowhouse. The window-wall areas and
WWR are the standard values in Spain for the typology of the selected building.

Figure 1. EDEA characteristic building BIM model (left) used in the simulations and demonstration
houses of the EDEA project built in Caceres, Spain (right).

Table 1. Wall areas, window opening areas, window wall ratios, and gross wall areas for the different
fagades of the simulated building.

Walls and Areas Total North (315 to East (45 to South (135 to West (225 to
45 deg) 135 deg) 225 deg) 315 deg)

Gross Wall Area (m?) 325.11 75.3 74.89 75.3 99.61

Above Ground Wall Area (m?) 301.33 75.3 74.89 65.25 85.88
Window Opening Area (m?) 21.98 8.43 0 13.55 0
Gross Window-Wall Ratio (%) 6.76 11.2 0 17.99 0
Above Ground Window-Wall Ratio (%) 7.29 11.2 0 20.76 0

Gross Wall Area (m?) 325.11 75.3 74.89 75.3 99.61

The building materials and construction solutions used in the simulation have been
chosen to represent a single-family house type of construction system. Table 2 shows the
description and thermal properties of the building materials included in the construction
solutions of the building envelope. The orientation of the EDEA building has been unaltered
in the different emplacements to minimize a crossed effect due to the orientation changes.
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Table 2. Building envelope construction solutions and material properties: t: Thickness; A: Thermal
conductivity; p: Density; Cp: Specific heat; R: Thermal resistivity; i(t): Insulation thickness where
i=0,40,80 or 120 mm. (M Depending on the thickness R = i(t)/A. @ Spanish Technical Building
Code [25].

2 . t A 3 Cp R
Parameters U (W/m“K) Materials 10-2m) WmK P (kg/m>) J/kgK)  (m2KIW)
Crushed stone 10 2.0 1450 1050 0.05
Concrete with lightweight
ageregates (1600 < p < 1800) 8 1.15 1700 1000 0.07
24019, 0,62 140) XPS expanded with CO, i(t) 0.034 38 1000 @
Roof 0.36 i(80) 0.25 i(120) Reinforced concrete
(2300 < p < 2500) 30 2.3 2400 1000 0.13
Gypsum plaster
(1000 < p < 1300) 1.5 0.57 1150 1000 0.03
Stoneware tile 2 2.3 2500 1000 0.01
Cement mortar for plastering 3 1.0 1525 1000 0.03
18710 (59 i(40) (1600 < p < 1800)
Floor slab 0 35 i(s0) 0' Y i(120) XPS expanded with CO, i(t) 0.034 38 1000 )
’ s Reinforced concrete slab
(2300 < p < 2500) 15 2.3 2400 1000 0.07
Hardcore (stone) 40 2.0 1450 1050 0.20
Ceramic perforated brick 115 0.667 1140 1000 0.17
Outer wall 169i0) (61 i40) Unvethed air. chamber 5 ) ) ) 018 @
(North and ony B insulation
0.371(60), 0.27 1120 . : . ‘ .
South) ¢ Mineral wool insulation i(t) 0.04 40 1000 O]
Gypsum board (750 < p < 900) 1.5 0.25 825 1000 0.06
Viroc® Cement Bonded
Particle Board (CBPB) 2 0.22 1350 1500 0.09
Unvegted air chamber 10 } ) ) 019®@
insulation
Mineral wool insulation i(t) 0.04 40 1000 O]
Outer wall : : Cement mortar for plasterin
(0) (40) p g
(East and 01.31331280), %5225 11(120,) (1600 < p < 1800) 1.5 1 1525 1000 0.02
West) : s Ceramic perforated brick 11.5 0.667 1140 1000 0.17
Cement mortar for plastering
(1600 < p < 1800) 1.5 1 1525 1000 0.02
Unvethed air. chamber 5 } } ) 018 @
insulation
Gypsum board (750 < p < 900) 1.5 0.25 825 1000 0.06

To implement a systematic comparison, we have selected commercial insulation
thickness of 0, 40, 80, and 120 mm, in accordance with what has been reported in the
literature [26], to evaluate the insulation influence in the chosen cities. Despite the selected
values not being the most appropriate for northern and central countries according to EU
country policies, the aim of this work is focused on the analysis and comparison of the
insulation performance and constraints for the southern cities under study.

The characteristics of the construction materials of the building’s interior construction
solutions are shown in Table 3.

2.2. Methodology of Calculation and Selection of Cities

The proposed methodology evaluates the energy demand of the building, when the
insulation thicknesses and the type of glazing in windows are modified, aligned with
European retrofitting guidelines. The selection of cities has been performed in two groups:
(i) cities with heating demand and (ii) cities without heating demand. The energy analysis
was performed with DesignBuilder (Calculation Engine EnergyPlus) v.6.1.7.007 software,
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whose calculation engine is Energy Plus v.8.9.0.001. The EPW (Energy Plus Weather) files
from the Energy Plus database were used as climate files for each of the selected locations.

Table 3. Interior construction solutions and material properties: t: Thickness; A: Thermal conductivity;
p: Density; Cp: Specific heat.

Interior
Parameters

t A

102m) Wmk P &M CpOkgK)

Materials

Interior slab 1.66
W/m2K

Ceramic tile 2 23 2500 1000

Cement mortar for plastering 1600 < p < 1800 3 1 1525 1000
Concrete with lightweight aggregates 1600 < p < 1800 5 1.15 1700 1000
Reinforced concrete slab 2300 < p < 2500 37 2.3 2400 1000

Gypsum plaster 1000 < p < 1300 2 0.57 1150 1000

Interior wall 2.09
W/m2K

Gypsum plaster 1000 < p < 1300 15 0.57 1150 1000
Ceramic perforated brick 11.5 0.667 1140 1000
Gypsum plaster 1000 < p < 1300 15 0.57 1150 1000

The Engine EnergyPlus uses finite difference calculation method, the Conduction
Transfer Function (CTF) algorithm, TARP method for the internal convection algorithm,
and DOE-2 for the external convection algorithm.

To carry out the simulations, four thermal zones have been considered in the building,
one zone per floor. The interior partition walls have not been considered for the energy
evaluation. Additionally, the building has been simulated considering the slab in contact
with the first floor for all the locations.

The energy demand of the test building, located in 35 cities in different locations of
the EU, has been calculated (Figure 2). The results have been considered appropriate when
the insulation thickness reduces the cooling energy demand. In the opposite case, when
the insulation thickness increases the cooling energy demand, the previous valid insulation
thickness has been considered. We have chosen different locations to consider the different
climates zones in the EU, and the cities have been grouped by latitude, forming different
groups according to the classification shown in [23].

Moreover, in this study, we have included European cities located outside of the
continental climates, to evaluate the impact of the political guidelines of retrofitting from
the EU.

2.3. Transmittances of the Envelope and Windows

The transmittances of the different elements of the thermal envelope according to the
insulation level are shown in Table 4. Regarding the glazing type, we have carried out
simulations for two window types and frame combinations: 6 mm glass with aluminum
frame (the most widely used window in buildings in the Canary Island cities under study)
and 4 + 12 + 6 mm glass with PVC frame, to assess the energy demand changes due to the
replacement of the windows.

Table 4. Transmittance (W/m?2K) of envelope elements (Ueny), window types (Uy), and g/SHGC
values: t = Insulation thickness (mm); N = North; S = South; E = East; W = West.

Elements

Uenv

=0 t=40 t=80 t=120 Window Type Uy g/SHGC

Roof
External wall (N and S)
Internal wall (E andW)

Interior slab
Floor slab
Interior wall

2.56 0.63 0.36 0.25 5.8
1.69 0.61 0.37 0.27 6 mm glass with aluminum frame 5'7 0.85
1.12 0.51 0.33 0.25 :

1.66 - - -
1.83 - - - 4 + 12 + 6 mm glass with PVC frame 2.7 0.77

2.09 - ; - 18
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Figure 2. Location of the 35 cities studied grouped into 4 zones: north (white circle), center (blue
circle), south on the continent (yellow rhombus), and south (yellow triangle).

2.4. Calculation of Infiltrations in the Building

The calculation of infiltration was performed according to the Energy Performance
of Buildings Directive 2010/31/EU, the Energy Efficiency Directive 2012/27/EU, and
subsequent amendments contained in the Spanish transposition of the aforementioned
Directives [25].

According to study [27], the infiltration value obtained was 0.186 ACH (Air Changes
per Hour) with a permeability value equal to 9 m®/h-m? (at 100 Pa) and a mechanical
ventilation equal to 0.63 ACH for the volume of the dwelling, facade and roof areas, and
percentage of openings indicated in the building description.

The year-round mechanical ventilation of 0.63 ACH ensures healthiness through
proper aeration of the living spaces. However, a natural ventilation of 4 ACH has also been
included during the summer months (June, July, August, and September) from 0:00 to 07:59
to cool the interior spaces in summer and improve the thermal comfort of the occupants to
minimize the use of active cooling systems.

Night ventilation has been used exclusively in the summer months (June, July, August,
and September, between 1 and 7 a.m.). In the case of northern European cities, night
ventilation produces indoor temperatures of between 17 °C and 20 °C.

2.5. Internal Loads, Usage Profiles, Metabolic Rate, and Set-Point Temperatures

The internal loads define the heat generated inside the building due to internal sources:
occupancy, lighting, equipment, etc. These loads are involved in the calculation of the
energy demand of the analyzed models. The internal loads and associated operating hours
used in the simulations are described in Table 5.
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Table 5. Internal loads and schedules used in the simulations [25]. WD: Working days; NWD:
Weekend and public holidays.

Schedule (Typical Week)

Internal Load (W/m?3)

0:00-6:59 7:00-14:59 15:00-17:59 18:00-18:59 19:00-22:59 23:00-23:59
Occupation WD 2.15 0.54 1.08 1.08 1.08 2.15
(Sensitive) NWD 2.15 2.15 2.15 2.15 2.15 2.15
Occupation WD 1.36 0.34 0.68 0.68 0.68 1.36
(Latent) NWD 1.36 1.36 1.36 1.36 1.36 1.36
Lighting Both 0.44 1.32 1.32 2.20 4.40 2.20
Equipment Both 0.44 1.32 1.32 2.20 4.40 2.20

The metabolic rate was estimated as the sum of the sensible occupation (Ose, = 2.15 W/m?)
and latent occupation (Oy; = 1.36 W/m?) for an occupancy density (04) equal to 33.33 m?/
person. Applying Equation (1), we obtain a metabolic rate (M) equal to 117 W/m?.

Miate = OsenPd + Olat*pa 1)

The set-point temperatures used for the winter months were 20 °C and 17 °C (heating
temperatures) and for the summer months were 25 °C and 27 °C (cooling temperatures).
These four set-point temperatures were used with the times indicated in Table 6 which
correspond to those established in [28].

Table 6. Set-point temperatures and times used in the simulations [25].

Schedule (Typical Week)

Set Point Temperatures Period
0:00-6:59 7:00-14:59 15:00-22:59  23:00-23:59
January-May 17 20 20 17
Winter set-point (C) temperatures (heating) June-September - - - -
October-December 17 20 20 17

January-May - - - -
Summer set-point temperatures (C) (cooling) June-September 27 - 25 27
October—December - - - -

2.6. Inverse Distance Weighting Interpolation

Inverse distance weighting interpolation (IDW) is a deterministic interpolation method
that assumes that the interpolated value will be more similar to nearby data than to remote
data. IDW interpolation uses distance as the weight, so sample points that are close will
have greater weight and the amount of weight will decrease as the distance from the sample
point increases. The equation used for IDW interpolation is as follows:

1
n
hdj = kj Yy —hd; 2)
ij
1
n
kj = 2:‘:1 ,T” ®)

where:
hd; estimated heating demand (kWh/ m? /year) at point j;
hd; experimental heating demand (kWh/m? /year) at point i;
d;; distance from point i to j;
p power, in this case p = 2 (weighting with the square of the distance);
n number of cases.
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The effect of decreasing the heating demand can be obtained continuously by inter-
polating the experimental data. The interpolation of the inverse square of the distance
is an easy method to apply to estimate the parameters required in the calculation of the
energy consumption of buildings [29]. Additionally, this interpolation can be used for the
prediction of the buildings’ operation through analysis of energy consumption [30]. This
technique allows the estimation of the values at the unknown point from a weighted sum
of the values of N known points.

3. Results and Discussion
3.1. Heating Demand as a Function of Insulation Thickness

In this work, the total energy demand has been defined as the required energy for
cooling and heating systems, to maintain comfort temperature conditions inside the build-
ing. Figure 3 shows the heating demand values (kWh/m? /year) of the house with double-
glazed windows 4 + 12 + 6 mm located in northern, central, and southern EU cities, as a
function of insulation thickness.
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Figure 3. Heating demand (kWh/ m2/ year) in cities belonging to the northern, central, southern (on
the continent), and southern EU for different insulation thicknesses.

In the northern cities of the EU, heating demand without insulation ranges between
446 and 142 kWh/m?2/ year, achieving values of 240 and 118 kWh/ m2/ year with 80 mm
insulation. For the cities located in the central part of the EU, heating demand varies
between 105 and 237 kWh/m?2/ year (without insulation) and 45-120 kWh/ m2/ year (with
80 mm insulation).

This decrease in heating demand is almost 4 times lower in southern cities of the EU,
with the highest demand in cities located within the continent with a heating demand
ranging between 114 and 46 kWh/m?/year (without insulation) and between 50 and
16 kWh/m?2/ year with 80 mm thick insulation, despite the fact that the thicknesses se-
lected in this comparative study are not the optimal thicknesses that could be found in
those countries.

Specifically, the cities of Ceuta (Spain), Melilla (Spain), Funchal (Portugal), and
Valleta (Malta) have a heating demand ranging between 50 and 12 kWh/m?/year for
the building without insulation. This heating demand decreases to values of 15 and
2 kWh/m?2/ year, respectively, when 40 mm insulation is included. These values also reach
9 and 0.5 kWh/m?/year increasing the insulation thickness to 80 mm.

The determination of the interpolated points allows an adequate visualization of
the heating energy demand using the values obtained for the cities depicted in Figure 2.
The values obtained from the interpolation method compared with the precise values,
show an error below 10% on average. The objective of Figure 4 is to show graphically
how the heating demand is in the Canary Islands compared to the rest of the EU. This
demand remains below the threshold of 15 kWh/m?/year regardless of the thickness of
the insulation.
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Figure 4. Heating demand intervals (kWh/m?/year) interpolated by IDW for the reference building
with double-glazed windows of 4 + 12 + 6 mm and without insulation in the envelope (A), with
insulation thicknesses of 40 mm (B) and with thicknesses of 80 mm insulation (C).

In general, this improvement of heating demand with insulation in northern, central,
and southern EU cities can also be observed graphically in the heating demand map by
applying IDW, shown in Figure 4.

However, the general behavior observed in northern, central, and southern European
cities contrasts with those observed in cities even further south in the EU: Cayenne, Santa
Cruz de Tenerife, and Las Palmas de Gran Canaria. In these cases, the installation of
insulation does not result in significant savings in heating demand. In these cities, the
heating demand is less than 1.7 kWh/m?/year without insulation (Figure 5A). Therefore,
the installation of insulation in Santa Cruz de Tenerife, Las Palmas de Gran Canaria, and
Cayenne does not significantly reduce the heating demand in the buildings constructed.

B

12 e e T T TSR PR TSRS B
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Figure 5. Heating demand (A) and cooling demand (B) in southern EU cities for different insulation
thicknesses and with single-glazed windows (6 mm).

On the other hand, it is remarkable that there was different behavior shown in the
Spanish cities of North Africa (Ceuta and Melilla), compared to the results obtained in
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the Canary Islands capitals, for the same reference building. In the cities of the Canary
Islands, unlike the cities of North Africa and the rest of the cities of continental Europe, the
installation of insulation does not improve the demand for heating (Figure 5A) and even
produces an increase in the demand for cooling (Figure 5B). These results obtained for the
reference building show the need to evaluate the rehabilitation strategies that are currently
applied in the Canary Islands.

3.2. Cooling Demand as a Function of Insulation Thickness

In a previous work, the cooling demand in Helsinki, Berlin, and Madrid, which are
located in the northern and central areas of the EU defined in this work [23], were calculated.
The results of this study show the cooling demand in these cities is very low compared
to the heating demand. Specifically, the values range between 12 and 0.3 kWh/m?/year
in uninsulated envelopes, and between 9 and 0.3 kWh/m?/year with 120 mm insulation,
being higher in Madrid and lower in Helsinki. In general, northern and central EU cities
do not require active systems to control cooling demand.

On the other hand, in the cities of Santa Cruz de Tenerife, Las Palmas de Gran Ca-
naria, Funchal, Ceuta, Melilla, and Cayenne, it is observed (Figure 5B) that the cooling
demand is practically constant with insulation thickness, the value always being less than
12 kWh/m? /year, corresponding to Cayenne. In the case of the Canary Island cities, the
cooling demand is less than 5 kWh/m?/year without insulation, increasing slightly to a
value of 7 kWh/m?/year when the insulation thickness is increased.

This effect of increased cooling demand observed in many cities in the south of the
EU as insulation thickness increases is due precisely to the fact that, in hot weather, heat
cannot be dissipated through the envelope due to the incorporation of that insulation.
This fact could cause overheating and therefore, active cooling systems could be required.
Therefore, it can be deduced from the results of these simulations that, in these Canary
Island cities, the use of insulation in buildings does not lead to an improvement in energy
demand, and even causes a slight increase in cooling demand. In these cities, the reduction
of energy demand should be focused on strategies such as orientation, use of shading, and
incorporation of renewable energies.

3.3. Single-Glazed vs. Double-Glazed Windows

The installation of double-glazed windows is another frequently used intervention to
reduce the energy demand in the dwelling. Figure 6 shows the improvement by replacing
single-glazed windows with double-glazed windows in the EDEA building used as a
reference in the simulations.
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Figure 6. Improvement in heating (A) and cooling (B) demand replacing a single-glazed window
(6 mm) with a double-glazed window (4 + 12 + 6 mm).
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Regarding heating demand, it is observed that in Ceuta and Melilla the improvement
in heating demand is in the order of 3.5 and 2 kWh/m?/year, respectively. In Funchal and
Valletta, the improvement is of the order of 1 kWh/m?/year, and in the Canary Island cities,
it is less than 0.2 kWh/m?/year. Therefore, there are not significant changes observed
increasing insulation thickness (Figure 6A). In general, these changes do not present
significative improvements and therefore, the payback period is dramatically increased.

Moreover, cooling demand in all cases is always less than 0.5 kWh/m? /year and the
cooling demand with insulation thickness is lower than 0.1 kWh/ m2/ year (Figure 6B).

The results show that the retrofitting actions consisting in the change of glazing do not
lead to significant savings in either heating or cooling demand. In the cities Santa Cruz de
Tenerife and Las Palmas de Gran Canaria, the improvement in heating and cooling demand
does not exceed 0.2 and 0.25 kWh/m? /year, respectively. In this work, the influence of the
WWR on the energy demand has not been studied. The modification of the WWR values
implies important changes on the energy demand and must be studied for each case [31].
Even when the WWR values of the simulated building are not among the typical values for
current buildings in the northern and central areas of the EU, these values have been used
in order to compare with the obtained results for the Canary Island cities. Moreover, it is
expected that in the near future, new buildings in the north and central EU will present
WWR values close to the ones considered in this study [22].

4. Conclusions

In this article, an energy analysis of a reference building placed in 35 EU cities has
been presented where the effectiveness of retrofit strategies for energy savings in buildings
in EU has been evaluated, considering different cities in different climate zones.

The behavior observed in northern, central, and southern European cities contrasts
with those observed in cities even further south in the EU: Santa Cruz de Tenerife and Las
Palmas de Gran Canaria. In these cases, the installation of insulation does not represent a
significant saving in the heating demand since the heating demand without insulation in
the building is already less than 1.7 kWh/m? /year.

In relation to the cooling demand, in the case of these cities located on the Canary
Islands, the cooling demand without insulation is also low (<5 kWh/m?/year). This
demand increases slightly to a value of 7 kWh/m?/year when the thickness of the insu-
lation increases, due to the heat which cannot be dissipated through the enclosure due
to the insulation improvement. In these cities, the reduction of energy demand should
be focused on other strategies, such as orientation, use of shading, and incorporation of
renewable energies.

On the other hand, the rehabilitation actions consisting of changing the glazing do
not represent a significant saving in either the demand for heating or cooling. In the cities
of Santa Cruz de Tenerife and Las Palmas de Gran Canaria, the improvement in heating
and cooling demand is less than 0.25 kWh/m? /year, which implies an excessively long
amortization period.

The results reveal the energy-saving strategies, and therefore, the European subsidies
for energy rehabilitation of buildings, based on the renovation and improvement of the
thermal insulation of the building envelope are suitable for the cities of the north and center
of the EU. However, in the case of the southern evaluated cities, the placement of insulation
in the walls, which is required by law to comply with thermal transmittance requirements,
does not imply an improvement in energy demand for the Canary Island cities studied.

Therefore, the general retrofit strategies for energy savings in buildings in the EU are
not suitable for the southern cities under study, revealing the need for new strategies and
policies to save energy in buildings placed in the studied cities from the Canary Islands.

Although the typologies of buildings can be very diverse in each of the cities studied,
the results obtained on the reference building highlight the need to evaluate the rehabilita-
tion strategies currently applied in the Canary Islands territory.
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