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Abstract
As a large proportion of housing stock does not meet the current demands for energy 
and comfort (leading to high levels of obsolescence and vulnerability), the annual rate 
of energy upgrades for the existing stock must be increased. The AURA Strategy is an 
intervention methodology which focuses on the regeneration of neighbourhoods or 
obsolete urban fabrics which suffer from high levels of architectural, urban and socio-
economic vulnerability. Within this context, the AURA 3.1 prototype was developed for 
the Solar Decathlon Europe 2019 Competition. The project was based around a sustainable 
construction strategy for the urban regeneration of obsolete residential neighbourhoods, 
through the reuse of existing buildings considering Mediterranean climate and energy. The 
Poligono San Pablo neighbourhood was chosen as the case study. This article presents the 
main retrofit action: the juxtaposition on the existing building of a structural-architectural 
system which provides new technological and spatial features. Quantitative data regarding 
the validity and effectiveness of the AURA Strategy could be collected from the monitoring 
of the Pavilion prototype during the competition. Two first prizes were won in contests 
with on-site measurements: Comfort conditions and House Functioning. Third place was 
also obtained in the Sustainability contest, thus confirming the enormous possibilities the 
AURA Strategy has for sustainable urban regeneration in retrofitting social housing, within 
the limitations of the competition.
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1 Introduction

Approximately 35% of existing housing stock in the UE is over 50 years old (European 
Commission, 2016) with the number of residential buildings from the 1950s, 60 s and 
70 s being particularly high. The lack of available resources for housing construction, 
alongside the speed at which economic, sociological, and technological changes are 
produced in the contemporary context, lead to serious obsolescence (García Vázquez, 
2015), meaning inadequacy in terms of current requirements (García-Pérez et al., 2020).

As a consequence, it is not uncommon to find residential neighbourhoods where 
housing has a usable floor area below that of contemporary standards per inhabitant and 
needs to be transformed for use by families of a heterogeneous nature (couples without 
children, the elderly, single parent families, one person households, shared housing) 
or for new uses (teleworking, storage, space for HVAC systems); buildings with 
accessibility problems due to the architectural barriers for people with disabilities (no 
lift); buildings lacking thermal and acoustic insulation in carpentry, facades or roofing; 
buildings with low energy efficient (Hess et al., 2018) or, in some cases, inexistent air 
conditioning or heating systems; neighbourhoods with degraded public spaces, a lack of 
green space (Sendra, 2016), or public spaces occupied by private motor vehicles without 
the necessary facilities for low environmental impact transport methods (bicycle, public 
transport). This can be construed as architectural, building, sociological, energy and 
urban obsolescence (Vázquez et al., 2016).

By updating housing stock, the European Union aims to improve both energy 
efficiency by 27% before 2030 (2030 Climate & Energy Framework, 2022) and the 
decarbonisation agenda in line with the 2050 long-term strategy (2050 Long-Term 
Strategy, 2022). However, the replacement rate of existing buildings by new-builds 
hardly reaches an annual 3% (IEA ECBCS 2011). That is why the annual rate of energy 
upgrades in existing housing stock must be increased (Power, 2008), in order to meet 
the objectives of Horizon Europe 2030 satisfactorily.

A substantial part of the scientific community’s efforts is currently focused on 
improving both the energy efficiency of existing buildings (Zhou et  al., 2016) and 
interior comfort. To achieve this, research is undertaken into the building’s current 
energy behaviour. This can be affected by various factors including, above all, the 
urban morphology (Vartholomaios, 2017), the characterisation of the thermal envelope, 
occupant impact (Guerra-Santin & Tweed, 2015) and building technologies (Yoshino 
et  al., 2017). Nevertheless, studies addressing the issue from an urban strategy 
perspective (Hernández-Valencia et  al., 2014) (Fernández-Galiano, 2021) in response 
to the demands of the 21st Century city are scarce (Pardo-Bosch et al., 2019) (Monteys, 
2011).

Improvement strategies, both from a neighbourhood and urban level approach 
(Caputo et al., 2013), are usually assessed with simulation programs (Foucquier et al., 
2013) (IEA ECBCS 2013) and optimisation criteria (Penna et  al., 2015) (Chantrelle 
et al., 2011) (Asadi et al., 2012), which lead to the problem of performance gap (Asadi 
et  al., 2012), between real and simulated values, thereby reducing the usefulness of 
energy performance simulation tools to predict the energy behaviour of a building Zero 
Carbon Hub (Carbon Hub, 2013) mainly due to users’ patterns of use. Consequently, 
to evaluate the improvement of specific building solutions, test cells are used (León-
Rodríguez et al., 2017) (Alonso et al., 2016), with prototypes or full size architectural 
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models which aim to minimize the environmental impact with a coordinated approach, 
combining passive conditioning strategies with active systems.

The international Solar Decathlon competition is an opportunity to work on the 
development of projects that integrate urban regeneration in the context of energy-efficient 
housing and optimal indoor environmental conditions. This competition challenges 
participating universities from around the world, in collaboration with institutions 
and businesses, to design, build and set up a self-sufficient prototype dwelling powered 
by renewable energy. However, the ultimate aim of the competition is not only the final 
construction of the livable prototype (which will serve the double function of showcase 
house and technically monitored and measured unit), but also the whole teaching and 
research process which tests specific aspects of the scale model such as energy efficiency, 
engineering, sustainability of the proposal, its comfort conditions, etc.

The decathletes (recent graduates, post-graduate students and final year undergraduates), 
guided by professors and researchers from various backgrounds form a transversal team 
which undertakes the competitive process as a “project-based learning tool” (Herrera-
Limones et al. 2020).

The main objective comes to fruition in the final two-week phase of the competition 
when the various prototypes are evaluated on site at the organisation’s designated location. 
However, what is more significant, is the learning process through which the urban and 
social project is developed, leading to this archetype of sustainable habitat, ready for 
testing under scientific and even humanistic parameters.

The latest edition of Solar Decathlon Europe, which took place in July 2019 in Hungary 
(hereinafter SDE19), emphasized the simulation of retrofitting existing buildings using 
modern technologies and a mix of modern and reclaimed materials while focusing on 
interior comfort. The entry from the University of Seville (Spain) team was the AURA 3.1 
Project.

This article focuses on the design and development of the AURA 3.1 Project for the 
SDE19 competition. The proposal addresses one of the challenges faced by European 
public administrations: the need to introduce new models for sustainable development in 
our cities (Wassenberg, 2013). The project is based on the idea of urban regeneration rather 
than new construction, recycling the fabric of existing urban buildings. A sustainable 
construction strategy is proposed to regenerate obsolete residential neighbourhoods 
considering Mediterranean climate and energy.

The Polígono San Pablo Neighbourhood is chosen as the case study as it suffers from 
many of the obsolescence issues outlined above: the neighbourhood was built in the early 
1960s and a high percentage of buildings have poor accessibility and no lift at all. The high 
average age of the local residents worsens the situation. The buildings also have thermal 
and acoustic insulation problems and degraded public spaces. In summary, it is an urban 
area with a high level of vulnerability suitable for developing the premises on which the 
AURA strategy is based.

2  Methods

The Aura Strategy is an intervention method focused on the regeneration of 
neighbourhoods or obsolete urban fabrics with a high level of architectural, urban or socio-
economic vulnerability (Fig. 1).
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Its method is based on four lines which allow a transdisciplinary analysis giving rise 
to a global intervention proposal for the urban area studied. The common aim of these 
four lines is to achieve both quantitative and measurable, as well as qualitative comfort 
for the individual. To do so, aspects such as the effect of habitat on health or cultural 
identity on the way of living are taken into account.

Based on the ideas put forward in the urban strategy, the design and prefabricated 
construction of a life-size housing-pavilion prototype were carried out. This is reflected 
in this article in the following phases or chapters (Fig. 2).

Fig. 1  AURA Strategy



Urban regeneration through retrofitting social housing: the…

1 3

• Chapter 1: Choice of case study

The area of study, located in the city of Seville, was initially chosen based on criteria 
provided in the study of spatial vulnerability patterns in the city of Seville between 2001 
and 2011(Hernández 2018). This study was based on indicators such as: level of studies, 
unemployment rates and housing. 

• Chapter 2: Analysis and Diagnosis of the study área

Transdisciplinary study at four scales (Urban – Building – Dwelling – Individual) 
focused on four lines of action:

• Hygiene-Health line,
• Cultural Identity and Accessibility Line;
• Materiality Line,
• Retrofitting and Energy Line,

• Chapter 3: Urban proposal.

Fig. 2  Diagram of the publication table of contents
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A sustainable strategy in an urban environment was proposed. Obsolete residential 
neighbourhoods would be regenerated in the context of European, Mediterranean climate 
and energy. Developing a sustainable building strategy for the urban regeneration of 
existing obsolete residential As outlined in the SDE19 competition rules, the Poligono 
San Pablo neighbourhood of Seville (Spain) was chosen for intervention.

• Chapter 4: Prototype design and Construction.

Development of design and construction documents for the pavilion/prototype to be 
built on University of Seville premises. The design of the final prototype was carried out 
across the AURA Strategy following the criteria and lines established in Stage 2 of the 
urban rehabilitation proposal.

Other objectives of this stage were the development of the model, audio-visual 
material, media, and website as well as continuing the search for financial support. 
Documentation for this phase was submitted successively following the timeline and 
specific content set out by the organisers of SDE19.

• Chapter 5: Prototype Construction.

The objective of this phase was to carry out the tasks required to ensure the actual 
construction of the prototype. These included the drafting of an on-site operations 
plan, the specifications for the final construction project and preliminary competition 
construction tests on University of Seville premises.

The different pieces forming the AURA 3.1 Prototype for SDE19 were prefabricated 
in modules (as a 1:1 scale model) and later transported and reassembled for exhibition 
on the Solar site in Hungary.

• Chapter 6: Exhibition, monitoring of the Pavilion/prototype and disassembly

The main actions in this phase were the defence, monitoring and setting up of the 
pavilion/prototype along with the continual dissemination of assessments during the 
final phase of the competition.

During the 21-day competition period the prototype fulfilled two functions. Firstly, 
it was an exhibition pavilion, open to the public. Secondly, it served as a monitoring 
laboratory to enable participation in the various contests. In this period, all the team’s 
previously planned strategies were carried out with the aim of achieving maximum 
efficiency when presenting the project to the seven contest juries and the three contests 
with on-site measurements.

Once the contest period was finished, there was a long prototype exhibition period 
(Fig. 3). During this period all the results were analysed, and all the related documentation 
prepared. The pavilion/prototype was then dismantled. While the hired elements were 
returned to their point of origin, the majority of the prototype remained in the host country 
where it will be given a “second life” in another architectural configuration at another 
location. This will allow follow up studies and monitoring to be carried out.

• Chapter  7: Learning, Results and Discussion. Application of learning to the urban 
proposal
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After the SDE19 competition it is essential that there is critical reflection on the aspects 
and concepts that can be applied to the urban proposal. It would be interesting to analyse 
which questions that arose in the design, construction and assembly processes can be 
adapted at urban scale. To do so, the concepts are once again structured on the four basic 
lines of the AURA Strategy.

Fig. 3  Districts into which the San Pablo neighbourhood is divided APPROXIMATE INDICATIVE 
SCALE. Source: Final Degree Project by Ana Seco + Elena do Campo, ETSAS

Table 1  Districts in the Poligono 
San Pablo neighbourhood

Year No of buildings No of homes

District A 1964–1966 127 2006
District B 1964–1966 160 1920
District C 1974–1976 80 2600
District D 1963–1968 106 1400
District E 1964–1966 86 1498
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3  Selection criteria for the urban area of study

3.1  Legal and historical context of the neighbourhood

The Sevillian neighbourhood known as the Polígono San Pablo was built by the 
government between 1963 and 1967. The project consisted of the construction of more 
than 8800 social houses in five time phases (Table 1). Each of these phases represented one 
of the five districts (labelled A,B,C,D and E) in the neighbourhood.

The Case Study includes part of phases A and B, which were the first to be built. The 
neighbourhood was designed and constructed with an important number of infrastructures, 
open air green spaces and good communication. Near District C, the city’s largest sports 
centre, known as Seville Sports Palace, was built (Fig. 3).

Given its wide range of facilities and the central location within the city, this was an 
urban project with huge potential. Unfortunately, today the neighbourhood is rundown, old, 
poor and, as a consequence, isolated from the rest of the city.

The historical context in which this neighbourhood was developed is significant due 
to recent legislation on social housing and a burst of new construction techniques. The 
legislation aimed to standardise the quality of building methods and improve comfort 
conditions within the home.

The confusing industrialisation process of social housing in Spain during the 50 and 
60 s is marked by industry’s lack of technological possibilities (Pizzorni, 2000).

In this environment of austerity, the starting point for the definition of social housing 
can be found in the 1954 “Low Income Housing Law”, its subsequent “Application 
Legislation” and the “Technical and Building Regulations Legislation” (Sambricio, 2003) 
passed in 1955 for “low income” housing. This internal legislation “aspired to be the vade 
mecum for the drafting of projects” (BOE.Es—BOE-A-1955–10,118, 2022.) and provided 
not only budgeting advice but also a series of old-fashioned construction recommendations 
which aimed to economise on resources and minimised the health conditions in housing. 
These homes were built by the Obra Sindical del Hogar (OSH—Housing Trade Union) as 
part of the National Institute of Housing’s Union Plan (PSV).

3.2  Morphology of the neighbourhood

The neighbourhood is composed of compact units served by a small commercial area. 
They are designed so that between blocks there is adequate space for community living.

Greater efforts are made in these spaces regarding paving and gardens. Principal 
pedestrian movement is designed in rings so that all the residential units, as well as 
their central provisions, are linked to the neighbourhood’s commercial area. Secondary 
pedestrian routes give access to the blocks and other buildings.

Parking areas considered in the original design are less than adequate for the current 
needs of the neighbourhood, as the ratio of vehicles per inhabitant is greater now than when 
designed. More parking spaces were originally assigned to higher class blocks. Around the 
buildings, there are large areas of resistant varieties of plants.

The organisation of the residential blocks which make up Districts A and B responds 
to the general criteria for an independent neighbourhood, with the creation of a central 
commercial area and dwellings around common spaces.



Urban regeneration through retrofitting social housing: the…

1 3

During the analysis carried out in the neighbourhood, it was particularly important to 
recognise the construction types in order to methodologically systemise knowledge of 
habitability in the Polígono San Pablo Neighbourhood.

Three types of residential building, differentiated by their spatial-construction system 
have been recognised. However, before defining these architectural types, we should 
highlight the different joins between them which form the architecture in the Sector. The 
following types of joins can be recognised:

• Single block
• Terraced Rows, from longer to shorter in length and joined by the party walls between 

dwellings. The facades of adjoining buildings can either be aligned or slightly set back 
from one another to fragment the rows.

• Angles, characterised by their unique way of joining buildings along a common vertex or a 
shorter portion of one of the sides of the blocks, so that facades are set back deeply in the 
rows.

In terms of building types, the following can be observed:

• Double Bay, a building type in which the vertical communication core corridor serves 
two buildings. Both buildings face in opposite directions and all elements are exterior 
ventilated without the need for interior courtyards. This type of construction allows for 
cross ventilation and the orientation is adapted to achieve maximum sunlight. It is the 
basic hygiene type adapted by contemporary architecture.

• H Type, a building type in which four blocks are linked by a corridor. Two blocks share 
the same party wall as in the double bay type. The vertical communication core is located 
in the centre of the H form, creating inner courtyards between dwellings on each side of 
the facades. These inner courtyards are generally overlooked by secondary and service 
bedrooms and provide lighting and ventilation for the stairwells.

• Tower blocks, these isolated, independent structures have a higher number of floors.

The neighbourhood geometry alternates high and low blocks, creating a mesh of diverse 
public spaces between them. There is a subtle seriality between the most intimate spaces, 
found closer to the residential blocks and the more open, general spaces where points of 
special interest such as churches, larger commercial areas and civic centres are located.

3.3  Vulnerability rates in the neighbourhood

The Polígono San Pablo Neighbourhood is an opportunity to apply and develop the sustainable 
urban regeneration concepts identified by the Aura Strategy. Its conclusions are extrapolatable 
to other case studies with similar vulnerability indicators to this urban area (García Vázquez, 
2015).

The San Pablo Neighbourhood was chosen for this research as it is considered one of the 
neighbourhoods in Seville which meets the established vulnerability rates (Aja et al., 2018) 
(Vázquez, 2016). The relevant Spanish Governmental institutions have graded the San Pablo 
Neighbourhood as being Level II vulnerability since 1991, with reviews in 2001 and 2011 (Aja 
et  al., 2018). It is therefore considered an historic problem, systemic to the neighbourhood 
(Table 2).



 R. Herrera-Limones et al.

1 3

A neighbourhood is classified vulnerable on the basis of three Basic Vulnerability 
Indicators: unemployment, level of studies and housing (Instituto Juan de Herrera DUyOT & 
Ministerio de Fomento, 2016).

4  Results of the analysis and proposal for urban actions

4.1  AURA strategy: case study analysis

If the four transdisciplinary lines of action determined by the AURA Strategy are 
considered, a series of weaknesses and deficiencies are determined (Fig.  4) in the 
Polígono San Pablo Neighbourhood. These are particularly acute in the selected area 
of study: Districts A and B, which highlights their urban, architectural and social 
obsolescence.

Table 2  Vulnerability rates in the 
case study area

Key: “IStu”/”IUnem” / “IHou”: indicator values for studies, 
unemployment and housing “CL”: vulnerability classification 
(“VL”: low vulnerability “V”: medium vulnerability “VS”: severe 
vulnerability; “VC”: critical vulnerability)

Year IStu (%) IUnem (%) IHou CL

1991 San Pablo 
(districts were not 
differentiated)

24 34 – V

2001 San Pablo A and B 24.97 28.60 0.53% V
2011 San Pablo A and B 17.71 31.60 15.67% V

Fig. 4  Planimetry of the different analyses carried out in the Neighbourhood
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As a result of this transdisciplinarity developed in the AURA Strategy, many of these 
weaknesses could belong to more than one line of action if they are analysed at different 
scales: urban, building, dwelling, and individual.

The most significant of these are detailed below:

4.1.1  Health and comfort weaknesses

One of the parameters to consider is that the Polígono San Pablo Neighbourhood has a 
high number of residents over the age of 64 (Seville Town Council). In districts A and 
B, this figure represents 13% of the total population.

This means that accessibility deficiencies should be considered even more relevant, 
and the doctor-patient ratio should be lower than in other neighbourhoods where the 
average age is lower. However, this is not the case.

The monofunctionality of the different areas of this neighbourhood mean that there 
are zones which are rarely frequented, leaving them unsafe, rundown and unmaintained.

4.1.2  Relative analysis of cultural identity and accessibility

One of the most important problems in the neighbourhood is accessibility. Even the 
lowest buildings (5 floors) were designed without lifts. This, alongside the previously 
discussed issue of the aging population, gives rise to situations where the elderly are 
unable to leave their own homes.

However, the problem of accessibility does not solely occur at building scale. It 
should also be considered at urban scale where pedestrian areas around buildings have 
been diminished as a result of the widening of roads for traffic or increased parking 
áreas in response to the growth in the number of cars per household. Despite the large 
areas of open space between buildings in the neighbourhood, the rise in the number of 
cars per household has had a negative effect on the use of these spaces as more parking 
spaces have been introduced.

4.1.3  Materiality deficiencies

The San Pablo Neighbourhood was originally built for low-income individuals which 
conditions the ability that residents have to upgrade their homes or community spaces. 
Frequently they are contingent upon government subsidies.

Among the buildings’ deficiencies is the lack of thermal insulation in the envelope, 
leading to deficient thermal comfort inside the dwellings, as demonstrated by 
measurements taken in situ.

4.1.4  Deficiencies related to retrofitting and energy

From a retrofitting and energy perspective, the fact that there are buildings with the 
same facade design, but different orientation means that different, independent actions 
must be proposed at building scale.

The complete absence of self-generated energy systems means that residents are 
dependent on commercial energy, leading to numerous counts of energy poverty.
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4.2  Urban regeneration proposal

The main aim of the AURA 3.1 project for the SDE19 in Hungary, was the urban and 
social regeneration of an obsolete, outdated neighbourhood built in the 1960s: the 
Polígono San Pablo, Seville.

The proposal understands the home as vital heritage for citizen wellbeing and the support 
that is needed to enjoy a healthy and decent quality of life whilst also forming part of the 
city’s production dynamic, creating shared wealth and social stability without harming the 
environment, and inclusive, safe, resilient and sustainable living environments.

This means that intervention on the built urban fabric of today’s cities should be addressed 
from the necessary characterisation and improvement of quality in terms of habitability, 
social cohesion and energy efficiency so that it is affordable and makes efficient use of natural 
resources.

This project addresses the need to work on residential obsolescence in neighbourhoods 
within the geographical context of Andalusia. These neighbourhoods, which were on the 
outskirts of cities in the 1950, 60 and 70 s, now form part of the urban complex.

The existing urban fabric, with its imperfectly transformed and often obsolete buildings 
and public spaces, links these places with the collective identity of the people who inhabit 
them, and forms a fundamental part of the recent memory of cities.

In an effort to slow down suburban expansion and, as an alternative to development plans 
for new land, the concepts of regeneration, reuse and recycling of the existing and underused 
space prevail in AURA 3.1.

A change in paradigm in the contemporary urban model is therefore encouraged. This 
should focus on compaction, densification and the promotion of construction and existing 
spaces as a factor for urban competition and as a model that guarantees a home as a right and 
not a commodity.

A system which adds to existing buildings is proposed, permitting their extension and 
transformation. An independent structure which adds flows, staircases, lifts and general 
installations is provided. This structure is given the name “connecting envelope” and will 
be able to link different buildings and in some cases extend into nearby public spaces, thus 
affording them new opportunities for use (Fig. 5).

The proposal consists of adding a habitable space to the facade of an existing building 
which will allow the building to house new facilities, create new connections and above all, 
improve accessibility. Furthermore, it will act within the urban space, generating shade and 
forming part of the urban landscape, etc. The dwelling modules, known as “gadgets”, will be 
added to the skin and will function as dwellings or extensions of these, or extensions of the 
building’s common areas.

The development of the urban project ranges from intervention in the dwelling, buildings 
and public space to infrastructures, all resolved with the same element: the connection 
envelope.

The envelope therefore solves the issues of connections at high level between buildings 
with galleries, accessibility problems, shade in public spaces, and the incorporation of 
infrastructures to house new facilities and urban furniture.
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4.2.1  Improvement in social opportunities and economic and environmental benefits

This system is adaptable to various urban situations and solves different problems at the 
same time, not only at building scale but also at urban space scale. The project has two 
main aims at urban level:

1. Improving the quality of life for local residents.
2. Creating a new urban image which protects its identity.

The consequences of this improvement can be classified as follows:
a. Improvement in social opportunities:

• Update and increase in the type of dwellings.

Fig. 5  Implementation of the AURA Strategy in the San Pablo neighbourhood of Seville, built in the 1960s 
and 70 s
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• Improvement in the accessibility of the collective dwellings. The system solves one 
of the main problems of these buildings through the inclusion of lifts in the double 
surface.

• Improvement of public space and image with a visually recognisable system.
• Incorporation on new street furniture to generate shaded and leisure areas.

b. Economic benefits:

• Actions on existing buildings reduces costs, avoiding those brought about by demolition 
works and the construction of new buildings.

• The incorporation of new technologies to transform the neighbourhood into a Smart 
City means greater efficiency and management of the neighbourhood.

c. Environmental benefits:

• The system has been designed to be able to use materials which are reusable (such as 
the structural system added to the surface) and recycled (the design of the envelope 
with the framework system).

• The incorporation of both thermal and photovoltaic sustainable solar energy, which 
will provide the buildings and/or the neighbourhood with energy.

• Improvement in building energy efficiency with the incorporation of a double skin.
• Implantation of passive systems in the buildings.
• Creation of acoustic barriers for homes and public spaces.
• The system makes it easier to reuse water as supply systems are separated.

Fig. 6  Above from left to right: existing building, connection envelope (in yellow) and gadgets. Below from 
left to right: folded connection envelope (in yellow) and gadgets in the configuration of the prototype for the 
competition
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5  AURA 3.1 prototype

5.1  Connection envelope

This first component is a new, independent load bearing structure which is connected 
to the existing building (Fig. 6). It consists of a double layered framework of rails and 
vertical restraints which form two parallel porticoed slab-less structures. The first layer 
connects to the facade of the existing building while the second is placed in parallel to 
the first with a 1.5 m separation distance. This connection envelope does not necessarily 
need to cover the whole façade of the existing building but can be organised depending 
on the specific requirements of each project. Furthermore, as this is an independent 
construction it is compatible with the uses of the existing building which means tenants 
do not need to be rehoused during the building works.

The connection envelope, as the link between the existing building and extension 
modules, serves the following purposes:

• Structural support for the home extension modules (these are described more fully 
later) which literally hang from this new structure.

• To update the energy efficiency of the existing building through the introduction of 
a new layer of thermal insulation on the envelope which incorporates more efficient 
technology.

• To introduce transition spaces between existing buildings and their extensions. These 
will be described in more detail later.

• To incorporate new common circulation spaces in the building (staircases, lifts, 
galleries) thus meeting accessibility requirements and eliminating architectural barriers 
while also introducing new accesses to homes and transforming typology through the 
emergence of new residential units with independent access.

• To connect to adjoining buildings to share basic elements (staircases, lifts), optimising 
usage and maintenance costs.

• To house the distribution networks for the building’s new technological installations 
(heating and cooling, water, telecommunications, electricity, etc.) and related 
equipment (machines, electrical switch boxes, etc.)

Fig. 7  Prototype in the Solar Village during the assembly phase (Stenzendre, Hungary)
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5.2  5.2. Modular extensions: “gadgets”

The “gadgets” create additional spaces for existing homes. They hang from the building 
envelope and can be configured at different heights along the length of the building. From 
a construction perspective, installation is immediate, in the style of “Plug and Play”, as 
the modules literally hang from the building envelope and new utilities can be connected 
directly, in the same way as a conventional electrical plug would be connected to a socket 
(Figs. 7).

The freedom to vary the position of these extension modules allows the resulting 
space to be used according to the needs of the modified dwelling: a bedroom, a kitchen, a 
workspace, a bathroom, storage space, space for new systems, a kitchen garden…

The logic of this system gives rise to an evolving transformation of the multi-dwelling 
unit. Firstly, the connection envelope is built. The modular extensions can then be added 
progressively without affecting the other homes.

5.3  Design and construction. Construction concept

The central body of the structure was a lightweight, semi-permeable, textile double 
envelope. There is a 100 cm chamber between the two layers which houses installations, 
staircases and the access galleries for the extension modules and storage areas (Fig. 8). The 
envelope for the housing fragments (gadgets) was designed to limit the total weight of the 
unit. A sandwich panel was used which could later be terminated with different exterior 
finishes.

On the outside, cellulose fibre cement boards were placed over a lightweight galvanized 
omega steel stud “balloon frame” and then sealed to guarantee air and water tightness. 
On the inside, thermal laminate plasterboard was placed over a lightweight sub-structure. 
Between the outer and inner skin, layers of semi-rigid stone wool in varying density and 
thickness provided thermal and acoustic insulation. A non-ventilated chamber was also 
created to house the different installations.

Fig. 8  Prototype AURA 3.1: schematic floorplan for the prototype and aerial view
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5.4  Environmental conditioning and installations concept

The environmental conditioning and installations were designed in line with the general 
concept of the prototype: flexible, transformable systems which could be adapted to 
different architectural configurations (Fig. 9). They also had to meet various requirements:

1. Be highly energy efficient.
2. Guarantee demanding operating conditions of the building and environmental comfort.
3. Use renewable energies.
4. Have exceptionally low energy consumption.

Based on these prerequisites, “Plug and Play” installations were designed. These were 
fully integrated into the architectural proposal and complemented all the passive solutions 
for hygrothermal conditioning and air quality.

Most of the installation equipment (heat pump, electric switchboard, hot water tank, 
flat-plate solar collector, solar inverter, etc.) were housed in a systems room. From here, the 
distribution networks could be run via the central, pivotal space (the connection envelope) 
while the extension modules (gadgets) connected to the general network in the same way as 
the structure did.\

6  Results and discussion

6.1  Health and comfort

The Solar Decathlon competition assesses comfort in a home exclusively from a 
quantitative perspective, determining optimal ranges for thermal parameters, humidity, 
lighting and CO2. However, the AURA Strategy working method understands that the 
evaluation of comfort should also have a qualitative element.

It is therefore understood that the competition method is not a good example for the 
measurement of people’s health: be they visitors to the prototypes, the theoretical users of 

Fig. 9  Prototype AURA 3.1: 
elevation view
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the homes they represent, or the decathletes and researchers themselves. Only measuring 
parameters associated with quantitative comfort (and not in their whole, nor concerning 
non-physical questions at all) makes it impossible to know or address specifically the 
reality of the situation that these prototypes produce in people.

For this reason, although the AURA 3.1 prototype won the “Comfort Conditions” 
contest at SDE19, the team of researchers from the University of Seville carried out 
surveys among the participating students and professors, as well as visitors to the prototype 
in order to obtain a relation between the comfort in the dwelling and its effect on the health 
of its users (Herrera-Limones et al., 2020).

The aim is to develop a valid method which allows the evaluation of qualitative aspects 
of comfort from objective parameters (Millán-Jiménez et al., 2021).

6.2  Cultural identity and accessibility

The AURA 3.1 urban regeneration proposal is based on evolutionary and progressive 
planning. The planned actions are always compatible with residents remaining in the 
neighbourhood throughout the whole process, avoiding temporary evictions which would 
likely lead to the substitution of the most vulnerable social fabric by another with higher 
economic capacity. Residents’ cultural links to the urban context are thereby protected.

The aim is to introduce devices which add to the existing fabric, leading to a sustainable 
urban regeneration with the ability to adapt to current and future needs. One main objective 
is to solve the accessibility of urban spaces and residential buildings which mostly 
lack lifts. The urban typology characteristic of the Polígono San Pablo: non-aligned, 
repetitions of blocks forming heterogenous open spaces often filled with cars, offers huge 
opportunities for adaptation with actions such as those proposed here.

The prototype built for SDE19 was based on this idea of urban regeneration. It did not 
represent a residential building or house, but a landscape formed by functional fragments 
which compose the residential buildings (living room, kitchen, bedrooms, bathrooms, 
kitchen garden, facilities). All these fragments hung from a support structure, around a 
courtyard, which was in this case the space for the visiting public and were related to the 
cultural and climate context of cities in the South of Europe.

6.3  Materiality

In the area of materiality, knowledge related to construction systems and the 
industrialization model can be gained. However, the materials used cannot be extrapolated 
as this was a prototype of limited durability for an exhibition.

Other aspects such as the energy rehabilitation of the buildings to be treated could not 
be tested. Aspects related to accessibility and treatment of urban spaces were not present 
either.

For these two reasons, from an economic perspective, it is incredibly difficult to 
extrapolate the prototype budget to an action at urban level on the neighbourhood. At 
competition level, the sustainable intention, from a budgetary perspective, was to propose 
the most profitable prototype possible in economic terms, in spending on material 
resources and in energy consumption. CO2 emissions were also kept at a mínimum both 
for material resources where recycled products or hired systems were used, and logistics 
(Transport and auxiliary means).
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Lightweight construction, quick assembly and low-cost methods were applied so that 
existing buildings were compatible with retrofitting works. The idea was to use the existing 
urban fabric and buildings, maintaining them throughout the process, and thus safeguard 
the identity of the inhabitants with their habitat.

This option maximizes the urban regeneration effect through a wider and better 
distribution of investment in vulnerable urban areas, increasing the profitability of the 
intervention and, consequently, optimising the use of available resources. It basically 
means the improvement of conditions in a greater number of homes and neighbourhoods 
through distribution, as opposed to more intensive and invasive transformation options 
which would only be economically viable if applied to a small number of buildings.

The prototype-pavilion was a specific configuration of the previously defined system, 
made up of a connection envelope and a series of additional modules, adapted to the 
competition requirements. The absence of an existing building in the actual competition was 
solved with the following action: the connection envelope structure was separated from the 
existing building and folded in on itself to form a square. On the exterior, the square shaped 
connection envelope served as the structural support for a series of extension modules. 
These modules housed the basic elements that the competition stipulated (bedroom, living 
area, bathroom, workspace) and further modules with additional uses (kitchen garden and 
space for systems). The modules were accessed via a series of staircases located at various 
heights in the interstitial space found in the connection envelope, as if it were a multi-
dwelling unit over various floors (Fig. 9).

Looking inwards, the resulting square was an empty space which represented the 
existing building on which the intervention was to be carried out. In the show pavilion, this 
uncovered empty interior space is in fact a courtyard, a fundamental identifying element of 
Mediterranean architecture (Fig. 9). The empty space-courtyard, which was accessed via 
an exterior ramp, is the space from which the system was visited and exhibited, from where 
the extension modules were contemplated from inside a virtual, inexistent building.

6.4  Retrofitting and energy

The absence of thermal insulation in social housing in the Southern Spanish region 
of Andalusia is due to the fact that these houses were built in a time when there was no 
existing legislation to regulate thermal requirements. This makes it difficult to obtain 
optimum interior comfort conditions in line with current legislation.

The low incomes of the current residents suppose in many cases, great difficulty in 
affording the energy necessary to provide these homes with adequate interior thermal 
conditions, leading to situations of energy poverty. This has driven the development of 
low cost solutions and energy rehabilitation interventions which prioritise habitability 
conditions for users.

The prototype was built as a configuration adapted to the requirements of the SDE19 
competition. The effectiveness of the proposal in terms of sustainability was shown by 
the two first prizes obtained in quantitative tests, based on the objective measurements 
collected with scientific equipment: Comfort Conditions and House Functioning. 
Furthermore, third prize was obtained in the Sustainability contest which demonstrates the 
huge possibilities that the AURA Strategy has in the field of sustainable urban regeneration 
in retrofitting social housing.

Nevertheless, it is important to mention that the competition assesses the comfort of the 
prototypes through continual monitoring of the parameters over the ten-day competition 
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period. The prototype is therefore only tested under the specific atmospheric conditions 
on the days that monitoring takes place. The prototype’s environmental behaviour is not 
assessed the rest of the year. In climates such as Budapest’s, where the winters differ greatly 
from the summers, the assessment of the prototypes, under competition methodology, can 
be considered incomplete, as the dwelling must meets the user’s needs throughout the 
whole year.

7  Conclusions

The AURA 3.1 prototype is an experience of AURA strategy: a sustainable construction 
strategy for the urban regeneration of neighbourhoods with obsolete social housing, in the 
Mediterranean energy context. The proposal facilitates the adaptation of existing cities to 
sustainable cities to meet twenty-first century demands.

The results of the Solar Decathlon Europe 2019 experience should be verified in real 
neighborhoods, with consideration for the different lines of work outlined in this article: 
Health and Comfort, Cultural Identity and Accessibility, Materiality, and Retrofitting and 
Energy. The simplifications set out in the rules of the SD competition do not take into 
account the complex variables relevant to the success of future interventions in obsolete 
residential neighbourhoods.

In relation to the Health and Comfort line, gathering the opinion of the local residents 
via tools based on surveys and interviews is deemed important. An assessment method 
should be established which can be extrapolated to these types of neighbourhoods. This 
is an opportunity to make advances in the links between medicine and architecture and 
make the evaluation of health and comfort conditions in the design for future generations 
possible.

In terms of Cultural Identity, the AURA Strategy foments interventions which allow 
residents to continue living in their homes during the regeneration process, through 
progressive and evolutionary actions. These should be combined with participatory 
processes which provide local residents with a sense of participation in the intervention 
and thus connecting them to the urban and socio-cultural context.

Nevertheless, with regards to Materiality, it should be pointed out that while the 
construction materials and products used in the prototype are not directly extrapolatable to 
real cases because of the competition’s specific constraints based on temporality, transport 
and economic limitations, there do exist aspects of the AURA Strategy which are fully 
applicable:

The main retrofit proposal consists of the juxtaposition onto a social housing block of a 
technological-structural system which provides new technological and spatial features. This 
prefabricated system is composed of a connection envelope and extension modules with 
the following characteristics: fragmented system enabling a more widespread application 
over a greater number of multi-dwelling units and with the capacity to adapt to the specific 
requirements of each building/home; progressive system which does not require a complete 
construction to be operational; a system compatible with the use of the building during the 
construction process; a system open to the incorporation of future needs.

The AURA Strategy energy proposal is based on a strategy of controlled passive 
interior-exterior transfer to improve comfort conditions in social housing. Rather than 
employing the habitual solutions focused on the reduction of energy consumption, the 
priority was on improving comfort. These passive strategies are complemented with 
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systems based on renewable energies. The effectiveness of the thermal behaviour in the 
prototype was verified in the monitoring period of the competition. Of particular relevance 
were the results obtained on the passive days when the best relation between scores for 
comfort conditions (temperature, relative humidity, C02 contests) and energy consumption 
were achieved.

This urban regeneration method continues to be developed through the “Direct 
Application of the AURA Strategy by the University of Seville solar Decathlon TEAM in 
the rehabilitation of obsolete Andalusian neighbourhoods” research project.

The current context of climate emergency and decreasing demographics justifies the 
upgrade of existing buildings over an increase in the number of new builds. At a time when 
the very concept of sustainability is threatened by the term’s overuse and government 
policies have been ineffective, strategies which focus on the living conditions of the 
working classes are credible and economically viable as part of the process to meet the still 
utopian theoretical assumptions set out by the UN in its Sustainable Development Goals.
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