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Abstract: The ongoing global energy crisis in Europe has intensified energy poverty in vulnerable
households, prompting a critical examination of passive retrofit strategies for improving the habitabil-
ity of obsolete social housing in southern Europe from the 1960s. Given the Mediterranean climate’s
characteristics (hot summers and mild winters), these buildings possess low thermal resistance en-
velopes designed for heat dissipation in summer but contribute to elevated heating demands in colder
months. In response to the pressing need for solutions that strike a balance between reducing energy
demand and ensuring year-round comfort, this research explores diverse approaches. Drawing
insights from built prototypes in Colombia and Hungary and utilizing a validated simulation model
in Seville, Spain, this study investigates the feasibility of implementing a double-skin envelope on
building facades and assesses the impact of thermal insulation in the air chamber. So, the research
specifically aims to find an equilibrium between lowering energy demand and maintaining adequate
comfort conditions, concentrating on the renovation of obsolete social housing with envelopes fea-
turing low thermal resistance in the Mediterranean climate. Results indicate that, due to the poor
thermal envelope, the influence of thermal insulation on comfort conditions and energy savings
outweighs that of the double skin. Consequently, the emphasis of renovation projects for this climate
should not solely concentrate on passive cooling strategies but should strive to achieve a positive
balance in comfort conditions throughout the year, encompassing both warm and cold months.

Keywords: social housing; Mediterranean climate; thermal comfort; envelope; energy poverty;
double-skin facade; modelling; prototype

1. Introduction

Europe has a large number of homes that were built during the 1950s, 1960s and 1970s
to house the migration from the countryside to the cities [1] and which now form obsolete
neighbourhoods with a high rate of energy poverty, due to the socio-economic vulnerability
of their inhabitants. Today, these homes are in need of energy renovation [2], without
reducing the thermal comfort indexes [3], and for this, the improvement of the thermal
envelope [4–6] is a variable to be taken into account [7,8]. These energy improvement
interventions should focus on the neighbourhood scale [9] rather than localised actions on
specific buildings [10,11], which goes against the criteria that many public authorities are
currently following [12].

A high percentage of domestic energy consumption results from heating and cool-
ing [13] to achieve optimum comfort conditions in the home [14]. The relationship between
energy demand and comfort conditions [15] is affected by a large number of variables [16]
such as the characteristics of the population [17], gender, age [18,19], household num-
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bers, climate, etc., [20] as well as socio-economic characteristics [21] that lead to energy
poverty [22] and an impact on the health of the inhabitants [23,24].

Nevertheless, there is never a simple solution to improve the comfort conditions of
these houses and solve the problem of energy poverty [25]. Any possible solution should
be evaluated according to the energy savings achieved [26] as well as the architectural and
social [27] suitability and even local and state legislation [28].

Furthermore, when trying to resolve this question in houses built in a Mediterranean
climate [29], the variables are multiplied [30]. The proposed solution should deal with the
demands for both cooling and heating due to the atmospheric conditions that characterise
this climate: cold winters and very warm summers [31]. This differs from what happens in
other climate contexts where solutions can either focus on facing the cold or the warmth [32].

This research aims to optimise the Aura strategy via adapting it to the Mediterranean
climate and a European context, after two previous experiences in the international Solar
Decathlon competition [33–35].

The Aura strategy is an intervention method based on the implementation of non-
destructive architectural operations and the reuse of existing potential as opposed to other
possibilities tied to partial demolitions and new urban ordinances. In other words, it is the
revaluation of existing conditions [36].

The Aura strategy was born out of the University of Seville’s participation in the
2015 Solar Decathlon Latin America and Caribbean Competition (Proyecto AURA 1.0) [37],
which continued in the 2019 edition of the Solar Decathlon Europe (Proyecto AURA 3.1) [38].
Now, in 2022, the strategy applies the knowledge gained in those previous two experiences
in the renovation of obsolete social housing in the Poligono de San Pablo neighbourhood,
Seville (Figure 1).

In terms of climate, in the AURA 1.0 Project, the passive conditioning solutions were
adapted to a tropical climate and equatorial latitude [39]. In the case of the AURA 3.1 Project,
the solutions focused on a continental climate [40]. However, in this third experience, the
AURA–SAN PABLO Project, the conditioning strategies must deal with the characteristics
of the Mediterranean climate.

As a theoretical concept, this strategy focuses on territorial, urban and building regen-
eration based on the conservation and reuse of the existing urban fabric as fundamental
criteria for sustainable actions that are sensitive to the socio-cultural identity of the context
in which they are carried out. It is based on the analysis of the metropolitan residential area
as one territory included in another which might have different political, administrative or
geographical characteristics. This leads to the necessary environmental characterisation of
the site: improvement in terms of social cohesion, habitability and urban landscape.

It can be said that the Aura strategy is an urban acupuncture operation adapted to
different social and urban contexts, which proposes a gradual, and at different scales,
(Figure 2) reclassification of the socio-cultural identity, material and energy, with the aim of
achieving an improvement in comfort conditions, the consequent repercussion on citizens’
health [41] and resulting improvement in quality of life [42].

As previously outlined, the AURA 1.0 and AURA 3.1 projects were developed to
participate in the Solar Decathlon competitions (Latin America 2015 and Europe 2019),
which required the construction and exhibition of a 1:1 scale, single-unit dwelling on the
competition site. These prototypes were visited by the general public, tested by expert
judges and their interior environmental parameters (temperature, humidity, lighting, noise)
were monitored.

In this case, the research on the Aura Strategy in San Pablo, Seville focuses on the
urban regeneration intervention of a neighbourhood of obsolete social housing, built in the
1960s (following the guidelines employed in AURA 3.1). One of the actions will be to test
one of the passive conditioning strategies developed for the AURA 1.0 project: the double
skin [43].
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Figure 2. Framework of intervention scales in the AURA 1.0 and AURA 3.1 projects.

Although the AURA 1.0 project used thermal insulation, different passive conditioning
strategies were employed in order to achieve optimal comfort conditions with minimum
energy consumption. The most relevant of these actions was the installation of a double
skin (Figure 3), designed for the tropical climate conditions and an equatorial latitude, such
as Santiago de Cali (Colombia), which casts shade on both the facade and the roof.
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Figure 3. Photograph and schematic of the AURA 1.0 prototype (Santiago de Cali, Colombia).

In the case of the AURA 3.1 project (Figure 4), there was no double skin to protect the
prototype from the continual solar radiation, because, in a continental climate, reinforc-
ing the thermal resistance of the envelope with thermal insulation was considered more
relevant.
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Based on previous experience, the aim of this research is to find a balance between
lowering energy demand and maintaining adequate comfort conditions via the evaluation
of different solutions in a Mediterranean climate, focusing on the renovation of obsolete
social housing with an envelope with low thermal resistance.

The knowledge acquired with the AURA strategy, understood as an architectural
intervention method developed for the International Solar Decathlon competition, becomes
an application directly transferable to society.

The adaptation of the double skin designed for the AURA 1.0 project to this new
climate context (from tropical to Mediterranean) is analysed in order to determine whether
it is necessary to implement thermal insulation so that the proposed intervention is effective
over a full year. To do so, a validated energy simulation model will be used, in which
different hypotheses in various orientations are analysed.

This double skin will therefore be adapted to Mediterranean climate conditions with
cold winters and very warm summers, as opposed to a tropical climate where temperatures
remain stable year-round. The change in latitude also influences the geometry, passing
from latitude 3◦27′ to 37◦22′ N.

All of this is framed within the framework of Sustainable Development Goals (ODS) 7
(Affordable and Clean Energy) and 11 (Sustainable Cities and Communities).
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2. Case Study: San Pablo Neighbourhood (Seville)

A home in a multi-family building in the San Pablo neighbourhood, Seville, Spain at
latitude 37◦22′ N was chosen for this study as its aim is to provide conclusions that can be
reproduced in similar urban-social contexts:

• It is a high-rise residential estate built during the 1960s with the same construction
solutions as many of the other residential areas built in southern Europe in the same
period, when the mass construction of cheap housing was necessary to accommodate
countryside-to-city migration [44].

• It is one of what are considered Spain’s “vulnerable neighbourhoods” [45] due to its
high rate of unemployment [46], low income per capita [47] and aging population [48].

• The urban fabric is high-density, with gardens and squares laid out around the geome-
try of the buildings themselves.

• Energy renovation in these buildings would improve the quality of life for residents,
increasing the comfort of their homes, minimizing the use of active conditioning
systems and reducing energy poverty situations.

Although the analysis focuses on a vulnerable neighbourhood and a serious socio-
economic situation, the current extreme global energy crisis means that the conclusions
obtained regarding the reduction in energy demand must be extrapolatable to other build-
ings with identical construction solutions and in the same climate context, regardless of
their socio-economic level.

The San Pablo neighbourhood is integrated into the urban fabric, bordering the city’s
train station and near the historic centre. It was built in phases between 1960 and 1970,
divided into five zones with different building types (Figure 5) [49].
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The block of houses chosen for this study is a five-story building (ground floor + 4)
with two homes per floor set parallel and perpendicular to other buildings of the same type
(Figure 6).
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The dwelling chosen for this analysis is on the second floor of the building. It is 44 m2

and has windows facing both northeast and southeast (Figure 7).
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Exterior Double Skin as a Passive Conditioning Strategy

In the hypothetical renovation of the buildings in the San Pablo neighbourhood, the
double skin originally designed for the AURA 1.0 project meets two objectives: firstly, it
acts as a solar protection element providing the original envelope with shade, and secondly,
it improves the aesthetic aspect of the buildings, which in this case are social housing.

The residents of the Poligono de San Pablo neighbourhood have carried out numerous
DIY (“Do It Yourself”) renovations: small home improvements modifying some of the
original aspects of the facades with no common criteria, as well as adding conditioning
units, cables and networks, which degrade the formal aspect of the neighbourhood’s
buildings (Figure 8).
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Figure 8. Some DIY renovations degrade the facades in the neighbourhood, and possible construction
detail of the double skin.

Installing the AURA double skin on the complete case study building in the Poligono
San Pablo, as well as other similar cases [50] if considering a complete, formal renovation
of the neighbourhood, would help to improve the exterior image of the buildings. This
passive conditioning strategy must be analysed and checked with the help of simulation
models validated via previous monitoring of the case study building [51].

3. Materials and Methods
3.1. From the AURA 1.0 Project to the Rehabilitation of the San Pablo Neighbourhood, Seville

This paper forms part of extensive research in a series of previous publications, which
begins with the origin of the Aura Strategy and the construction and analysis of the AURA
1.0 prototype [52], which was monitored, on the one hand, to analyse the conditioning
strategies used based on the interior hygrothermal conditions [37], and on the other, to
develop a validated simulation model and evaluate it with different hypotheses and
construction, geometric and atmospheric situations.

More specifically, the double skin developed in the AURA 1.0 project was the subject of
previous research [53] in which a validated simulation model of the prototype was used to
establish the relevance of this skin. It was concluded that the characteristics of the tropical
climate in Santiago de Cali, Colombia [54], meant that the skin had more impact on the roof
than on the facade.

In the next step, the knowledge acquired from previous research carried out on
the AURA 1.0 prototype would be transferred to the European-Mediterranean context
(Figure 9), as an urban regeneration strategy in obsolete neighbourhoods in a Mediterranean
climate. A dwelling in a five-story (ground floor + 4), 10-home, multi-family building
representative of the San Pablo nieghbourhood in Seville was chosen as a case study.
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In both the AURA 1.0 and AURA 3.1 projects, a prototype was built to compete in
the Solar Decathlon competition, as set out in the event’s rules. However, in this third
stage, a prototype has not been built as this is a rehabilitation project for obsolete social
housing. Instead, the energy simulation model on which this paper is based was built from
environmental data obtained from the monitoring of the case study dwelling.

3.2. Construction of a Validated Simulation Model of the Case Study Dwelling in the Poligono San
Pablo Neighbourhood, Seville, Spain

In response to the established objective, a simulation model has been developed for the
case study dwelling: located on the second floor of a five-story residential block (ground
floor + 4), which has 10 northeast-southeast facing homes (2 homes per floor).

This model was validated according to the temperature data obtained after monitoring
the environmental conditions (temperature and relative humidity) inside the dwelling over
a ten-day period between 10 and 21 December 2021.

To generate the simulation model, the SG SAVE version 2.9.2.1 tool was used. This tool
uses the ENergyPlus calculation engine [55,56] developed by the United States Department
of Energy’s National Renewable Energy Laboratory [55,57]. SG SAVE is supported by the
Sketchup 2017 modelling software, which allows highly intuitive modeling of the spaces to
be simulated.

As this is a small-sized dwelling where rooms are permanently joined, a single open-
plan space was generated for the simulation model.

The exterior atmospheric data used to validate the simulation model was obtained
from the University of Seville’s weather station, located within a 1.5 km radius of the case
study in an urban area with similar characteristics. This station is used to obtain the city’s
environmental data on an ongoing basis.

The simulation tool was used to reproduce the dwelling’s operational conditions
between the 10 and 20 December, taking both the occupancy [58] and its resulting impact
and interior air renewal into consideration, as well as the impact produced by lighting and
installations (Figure 10).

Buildings 2024, 14, x FOR PEER REVIEW  10  of  23 
 

3.2. Construction of a Validated Simulation Model of the Case Study Dwelling in the Poligono 

San Pablo Neighbourhood, Seville, Spain 

In response to the established objective, a simulation model has been developed for 

the  case  study  dwelling:  located  on  the  second  floor  of  a  five-story  residential  block 

(ground floor + 4), which has 10 northeast-southeast facing homes (2 homes per floor). 

This model was validated according to the temperature data obtained after monitor-

ing the environmental conditions (temperature and relative humidity) inside the dwelling 

over a ten-day period between 10 and 21 December 2021. 

To generate the simulation model, the SG SAVE version 2.9.2.1 tool was used. This 

tool uses the ENergyPlus calculation engine [55,56] developed by the United States De-

partment of Energy’s National Renewable Energy Laboratory  [55,57]. SG SAVE  is sup-

ported by the Sketchup 2017 modelling software, which allows highly intuitive modeling 

of the spaces to be simulated. 

As this is a small-sized dwelling where rooms are permanently joined, a single open-

plan space was generated for the simulation model. 

The exterior atmospheric data used to validate the simulation model was obtained 

from the University of Seville’s weather station, located within a 1.5 km radius of the case 

study in an urban area with similar characteristics. This station is used to obtain the city’s 

environmental data on an ongoing basis. 

The simulation tool was used to reproduce the dwelling’s operational conditions be-

tween the 10 and 20 December, taking both the occupancy [58] and its resulting impact 

and interior air renewal into consideration, as well as the impact produced by lighting and 

installations (Figure 10). 

 

Figure 10. Temperature outdoor and  temperature  indoor  in  free evolution,  in comparison  to  the 

simulation model temperature indoor. 

Although the graph shows that the data obtained from the simulation model  is  in 

line with the temperature data measured in the prototype, an analytical validation was 

also carried out. 

It is intended that the validation model complies with the ASHRAE Guideline 14:202 

(ASHRAE) [59], which indicates that the calibrated model should have a normalised mean 

bias  error  (NMBE) of  5%  and  a  coefficient of variation of  the  root mean  square  error 

(CVRMSE) of 15% when monthly data  is used for calibration, or requirements of ±10% 

and 30%, respectively, when hourly data is used, as in this case [60]. 

To calculate both coefficients, the expressions indicated in the aforementioned guide-

line, section 5.2.11.3, used the following formulas: 

 2 1/2100 [ ( ) / ( )] /i iCVRMSE y y n p y     

5

10

15

20

25

30

10‐Dec‐
21

11‐Dec‐
21

12‐Dec‐
21

13‐Dec‐
21

14‐Dec‐
21

15‐Dec‐
21

16‐Dec‐
21

17‐Dec‐
21

18‐Dec‐
21

19‐Dec‐
21

20‐Dec‐
21

T
em

pe
ra

tu
re

 º
C

T.outdoor T.indoor MONITORING T.indoor SIMULATION

Figure 10. Temperature outdoor and temperature indoor in free evolution, in comparison to the
simulation model temperature indoor.

Although the graph shows that the data obtained from the simulation model is in line
with the temperature data measured in the prototype, an analytical validation was also
carried out.

It is intended that the validation model complies with the ASHRAE Guideline 14:202
(ASHRAE) [59], which indicates that the calibrated model should have a normalised mean
bias error (NMBE) of 5% and a coefficient of variation of the root mean square error
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(CVRMSE) of 15% when monthly data is used for calibration, or requirements of ±10% and
30%, respectively, when hourly data is used, as in this case [60].

To calculate both coefficients, the expressions indicated in the aforementioned guide-
line, section 5.2.11.3, used the following formulas:

CVRMSE = 100 × [∑ (yi − ŷi)
2/(n − p)]

1/2
/y

NMBE =

n
∑ (yi − ŷi)

(n − p)× y
× 100

The results of these calculations for the values obtained in the calibrated simulation
model are:

NMBE = −3.93%

CV(RMSE) = 6.11%

As a result, and according to the aforementioned values, we can conclude that the
simulation model is validated in line with this method.

3.3. Posed Hypotheses

The layout of this type of housing in the neighbourhood has two main orientations:

• Building A: northeast–southeast orientation. The monitored dwelling belongs to this
building.

• Building B: southeast–northwest orientation.

Three hypotheses for actions on the original vertical thermal envelope were posed for
each building (Table 1). In these, the energy demand over a one-year period was analysed.

Table 1. Hypothesis study and envelope in each hypothesis.

Element Layer Thickness (m) U (W/m2K)

Hypothesis n◦0
Current state

(Validated model)

Dwelling in block A in its current state
and conditions on which the model

has been validated.

Perforated brick 0.115

1.9
Air chamber 0.06

Single hollow brick 0.04
Plaster finish 0.015

Hypothesis n◦1

Same operational conditions as
hypothesis n◦0 but installing a double

skin like the one designed for the
AURA 1.0 prototype.

Double skin -

1.623
Perforated brick 0.115

Air chamber 0.06
Single hollow brick 0.04

Plaster finish 0.015

Hypothesis n◦2

Same operational conditions as
hypothesis n◦0 but applying a 6 cm
layer of insulation injected into the
chamber in the original envelope.

Perforated brick 0.115

0.446
Thermal insulation 0.06
Single hollow brick 0.04

Plaster finish 0.015

Hypothesis n◦3

Same operational conditions as
hypothesis n◦0 but applying a 6 cm
layer of insulation injected into the
chamber in the original envelope.

Double skin -

0.429
Perforated brick 0.115

Thermal insulation 0.06
Single hollow brick 0.04

Plaster finish 0.015

The hypotheses posed respond to the peculiarity of the Mediterranean climate char-
acteristics of Seville (Spain): very warm, dry summers and cold, damp winters. For this
reason, two solutions were analysed: a cooling passive conditioning solution such as the
double skin and an insulation solution injected into the air chamber in order to optimise
energy demand during the coldest months of the year.

As a result, the San Pablo neighbourhood is being used as a testing ground for the
most relevant conditioning strategies used in the AURA 1.0 project (double skin), corre-
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sponding to hypothesis n◦1, and the AURA 3.1 project (thermal insulation), corresponding
to hypothesis n◦2. Furthermore, the behaviour of the combination of both these hypotheses
is analysed in hypothesis n◦3.

To calculate the energy demand, the following set-point temperature values were
established. There are periods of the year in which, given the peculiarity of the climate in
Seville, it is useful to consider the space in a state of free evolution, as during these periods
heating and cooling systems are rarely used, being reserved for more extreme conditions
(Table 2).

Table 2. Interior temperature values.

Period Temperature

HEATING

1 January 21 March 20 ◦C
21 March 21 April 23 ◦C
21 April 21 October Free-running

21 October 21 December 23 ◦C
21 December 31 December 20 ◦C

COOLING

1 January 21 March Free-running
21 March 21 April 23 ◦C
21 April 21 October 26 ◦C

21 October 21 December 23 ◦C
21 December 31 December Free-running

3.4. Data Analysis

The data that has been obtained for analysis from each hypothesis was percentages of
hours of comfort temperature and energy demand depending on the set-point temperature
established in Table 3.

Table 3. Percentage of monthly hours in comfort temperature.

BUILDING A BUILDING B
Hyp. 0A Hyp. 1A Hyp. 2A Hyp. 3A Hyp. 0B Hyp. 1B Hyp. 2B Hyp. 3B

January 0.00 0.00 0.00 0.00 0.00 0.00 0.54 0.00
February 0.00 0.00 0.00 0.00 0.60 0.00 0.00 0.00

March 26.21 17.47 31.45 22.72 32.26 21.10 40.99 25.67
April 44.58 24.86 62.36 35.97 49.03 29.58 62.08 38.06
May 91.40 77.15 95.16 90.73 88.58 75.13 94.35 84.41
June 72.36 74.17 80.69 76.39 73.89 74.72 79.03 73.61
July 52.69 59.68 60.48 75.13 55.91 63.58 74.73 81.05

August 70.03 85.75 86.42 91.26 76.48 87.10 92.88 92.34
September 71.25 75.97 76.11 74.03 70.00 77.50 79.17 76.39

October 52.42 43.95 61.42 52.15 79.17 53.63 94.09 77.82
November 0.00 0.00 0.56 0.28 3.61 0.14 5.56 1.81
December 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

TOTAL 40.33 38.50 46.51 43.54 44.43 40.48 52.33 46.29
The yellow color indicates the maximum values.

With regard to thermal comfort, the results of the interior temperature in free evolution
were analysed according to the adaptive comfort methodology [61,62] defined by the
European Standard EN 16798-1:2019 “Energy performance of buildings. Ventilation for
buildings. Part.1” [63]. A comfort range was established in which we assume a percentage
of dissatisfaction below 10% [64]. In other words, the dwelling’s thermal behaviour was
assessed before establishing a set-point temperature [65].

Once the set-point temperature had been established, energy demand for each hy-
pothesis was analysed on a monthly basis, differentiating the demand for heating from the
demand for cooling so as to obtain conclusions over a full year.
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4. Results

After validating the simulation model with the measurements taken from the case
study dwelling, the results are set out relating to thermal comfort and energy demand in
the northeast–southeast facing building A and the northeast–southwest facing building B
(Figure 11), for each of the described hypotheses.
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4.1. Thermal Comfort

The interior temperature of the dwelling in free evolution (without heating and cooling
systems) has been calculated and analysed graphically for each hypothesis and orientation
studied for building A (Figure 12) and building B (Figure 13). They have also been analysed
in relation to the range established for adaptive comfort.

The presented graphs reveal that, in both orientations, the dwelling consistently
encounters thermal discomfort during the coldest months due to low temperatures. How-
ever, in contrast, warmer months exhibit intermittent periods of thermal comfort within
the interior.

Upon conducting a monthly analysis (Table 3) for both orientations, it becomes evident
that during January, February, November and December, none of the hypotheses achieve
thermal comfort in free evolution. Notably, hypothesis 2 emerges as the most successful,
demonstrating the highest number of hours of thermal comfort throughout the entire
year. In some months, particularly in the northeast–southwest orientation (building B),
this hypothesis surpasses 90% of thermal comfort hours, showcasing its effectiveness in
enhancing thermal conditions. This nuanced understanding of temperature variations
emphasises the significance of tailored solutions to address specific climatic challenges,
ensuring improved living conditions in both colder and warmer periods.

4.2. Energy Demand

In relation to energy demand, both cooling (in blue) and heating (in red) demands in
building A with northeast–southeast orientation and building B with northeast–southwest
orientation were assessed (Table 4).
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Figure 12. Thermal behaviour of the hypotheses studied in building A in relation to the minimum
and maximum comfort temperatures.
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Figure 13. Thermal behaviour of the hypotheses studied in building B in relation to the minimum
and maximum comfort temperatures.
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Table 4. Monthly energy demand (kWh/month).

BUILDING A BUILDING B
Hyp. 0A Hyp. 1A Hyp. 2A Hyp. 3A Hyp. 0B Hyp. 1B Hyp. 2B Hyp. 3B

JANUARY 638.91 643.62 409.91 415.37 540.98 621.05 325.81 364.74
FEBRUARY 433.43 449.06 271.75 282.54 366.31 421.49 215.53 247.08

MARCH 276.51 303.08 165.6 183.62 241.14 287.45 137.29 168.1
APRIL 170.03 199.08 98.46 119.63 165.86 193.66 98.64 119.97
MAY 211.14 124.52 168.62 102.2 175.81 121.58 116.82 79.69
JUNE 423.99 317.79 289.56 217.42 377.66 313.47 233.31 193.24
JULY 614.79 487.73 415.45 330.43 552.5 478.91 340.07 294.14

AUGUST 416.52 319.72 264.8 204.9 388.65 320.2 223.71 184.97
SEPTEMBER 263.01 209.83 149.23 121.54 286.48 222.85 158.45 126.3
OCTOBER-
COOLING 85.57 69.05 60.18 49.42 120.32 78.06 89.29 63.67

OCTOBER-
HEATING 74.05 76.62 48.71 50.99 57.63 69.43 33.49 41.47

NOVEMBER 653.25 659.95 428.47 435.7 571.78 636.89 354.43 389.25
DECEMBER 776.27 780.23 504.73 510.06 693.64 763.31 431.34 465.65

Analytically and graphically, with regard to cooling demand in the northeast–southeast
facing building A, it is shown that hypothesis n◦1 reduces the energy demand by more
than 24%, yet a greater energy saving is achieved in hypothesis n◦2. Using only insulation
injected into the air chamber achieves a saving of 33% during the year.

In relation to heating demand, the results of hypothesis n◦1 are slightly worse than
those of hypothesis n◦0. However, in hypothesis n◦2, the energy demand for heating is
reduced by over 36% (Figure 14).

It can be seen that the combination of hypothesis n◦1 and hypothesis n◦2, in other
words hypothesis n◦3, can be considered an adequate energy renovation intervention for
buildings with this orientation, as it reduces cooling demand by almost 50% and annual
heating demand by almost 34% (Table 5).

Table 5. Saving achieved in each hypothesis in comparison to hypothesis 0 (kWh/year).

BUILDING A BUILDING B
Hyp. 0A Hyp. 1A Hyp. 2A Hyp. 3A Hyp. 0B Hyp. 1B Hyp. 2B Hyp. 3B

COOLING (WARM MONTHS)
ANNUAL
DEMAND 2017.76 1529.52 1350.19 1026.74 1904.57 1536.36 1163.70 942.88

ANNUAL
NET

SAVING
- 488.24 667.57 991.02 - 368.21 740.87 961.69

% SAVING - 24.20% 33.08% 49.11% - 19.33% 38.90% 50.49%
HEATING (COLD MONTHS)

ANNUAL
DEMAND 3022.45 3111.64 1927.63 1997.91 2637.34 2993.28 1596.53 1796.26

ANNUAL
NET

SAVING
- −89.19 1094.82 1024.54 - −355.94 1040.81 841.08

% SAVING - −2.95% 36.22% 33.90% - −13.50% 39.46% 31.89%
TOTAL SAVING

TOTAL
DEMAND 5040.21 4641.16 3277.82 3024.65 4541.91 4529.64 2760.23 2739.14

ANNUAL
NET

SAVING
- 399.05 1762.39 2015.56 - 12.27 1781.68 1802.77

% SAVING - 7.92% 34.97% 39.99% - −0.27% 39.23% 39.69%
Blue color, cooling demand. Red color, heating demand. Yellow, maximum percentages.
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Overall, in a one-year period, an intervention in this case study building with hypoth-
esis n◦3 would reduce current energy demand by 40%.

For the northeast–southwest facing building B, hypothesis n◦1 reduces cooling de-
mand by 19%. However, a greater energy saving is achieved in hypothesis n◦2. Using only
insulation injected into the air chamber achieves a reduction of almost 39% in the annual
demand for cooling.

With regard to heating, hypothesis n◦1 achieves worse results than hypothesis n◦0.
However, hypothesis n◦2 reduces energy demand by 39% (Figure 15).

In contrast to what occurs with building A, in building B, the energy saving achieved
using hypothesis n◦2 and hypothesis n◦3 is very similar over a year-long period (heating +
cooling) in a hypothetical energy renovation intervention: the saving achieved would be
approximately 40% in both cases (Table 5). This is due to the fact that the installation of
the double skin has a notably detrimental effect during the winter months, increasing the
demand for heating by almost 13%.
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5. Conclusions

As a result of this research, it can be confirmed that although it is necessary to anticipate
passive cooling strategies for the warmer months in a Mediterranean climate, it is also
essential to contemplate the energy demand for heating. It is a complex climate to deal with
when designing conditioning strategies as it requires the contemplation and combination
of both cooling and heating strategies because of the thermal oscillation between the colder
and warmer months.

In the now obsolete working-class neighbourhoods built in the 1950s, 1960s and 1970s
in the south of Europe, there is heightened thermal discomfort when temperatures are
low in the coldest months of the year. This is because these homes wereconstructed, to a
large extent, without any thermal insulation in the envelope, as is the case in the San Pablo
neighbourhood chosen for this case study.

As these homes were built for a climate with extreme temperatures in summer, they
were designed with a thermal envelope with low thermal resistance. This type of envelope
may be good at dissipating heat during certain periods of the year, for example during the
summer nights, but it is not effective in winter as it provokes high demands for heating to
maintain minimum comfort conditions.

The thermal comfort results derived from this study highlight a critical aspect: despite
the south of Europe experiencing more extreme atmospheric conditions in summer than in
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the colder months, the interior thermal conditions of homes are notably more unfavorable
during the cold months. This discrepancy arises from the substantial heat loss of the
inadequately insulated envelopes during winter. Consequently, this study underscores
the imperative of tailored solutions that account for the unique challenges posed by the
Mediterranean climate, emphasizing the need for comprehensive strategies that address
both cooling and heating requirements to ensure year-round comfort and energy efficiency
in residential spaces.

The alignment of findings with statistical data from the Instituto de Salud Carlos
III, obtained using a daily mortality monitoring system focusing on temperature-related
deaths [66], further emphasises the critical impact of climatic conditions on public health.
In Seville, spanning the years 2015 to 2022, a concerning 767 fatalities are attributed to cold,
while 549 are linked to extreme heat, underscoring the urgency of addressing temperature-
related challenges.

From the perspective of thermal comfort, and anticipating a future rehabilitation of
these obsolete neighbourhoods, the installation of a double skin would be detrimental in
the colder months as it casts shade on the facade and windows thus impeding thermal
gains from the sun. On the other hand, implementing thermal insulation in the air chamber
of these dwellings (hypothesis n◦2) would give the best results in terms of thermal comfort
inside the homes.

If we consider energy demand, an overall assessment must be made over a full year as
the installation of a double skin optimises demand in the warm months but increases it
in the cold months. Furthermore, when it comes to orientation, it is worth noting that the
double skin performs better when it is installed on the northeast–southeast orientation.

An individual study of each building based on its orientation should be carried out to
find out if the installation of a double skin is beneficial, avoiding overall, unified actions for
the whole neighbourhood.

On another front, the implementation of thermal insulation stands out as a shared
solution to mitigate interior heat loss during winter, promoting effective energy savings
in the Mediterranean climate. The evaluation of these strategies gains particular signif-
icance in vulnerable neighbourhoods grappling with severe energy poverty. Given the
escalating global energy crisis, which is anticipated to exacerbate energy poverty, public
administrations must be equipped with robust tools to address the impending challenges
comprehensively.
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