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Abstract: The refurbishment of traditional vernacular architecture is currently of interest for the
conservation of heritage, historic landscape and cultural landscape, as well as for its potential
benefits in the field of environmental sustainability. The carefully selected materials and techniques
used in the refurbishment of a traditional dwelling in Sesga (Valencia, Spain) maintain the local
construction techniques while causing the least possible environmental impact, saving on transport
and transformation and construction energy. This article uses LCA to showcase this contribution,
examining three scenarios: the first option is the refurbishment of the case study using natural
traditional materials and techniques; the second presents a hypothetical refurbishment using widely
used industrial materials; and a third option looks at the demolition of the existing building and the
addition of a new construction with widely used industrial materials. This comparison has shown
where and why the first option is, broadly speaking, the most sustainable option in environmental,
sociocultural and socioeconomic terms.

Keywords: life cycle assessment; local materials; natural materials; refurbishment; traditional
techniques; sustainability; vernacular architecture

1. Introduction

Given the threat of worsening climate change, the need for energy saving and for a
reduction in CO, emissions is currently a priority at a European and a global level [1], as
reflected in the signing of the European Green Deal [2]. According to official data from the
European Union, over 40% of energy consumption is due to the heating and cooling of
housing [3]. However, the construction process also represents a sizeable expenditure in
energy in the extraction, production and transport of building materials, as well as in the
supposition of a phase of possible amortisation at the end of the life cycle in actions for the
demolition and elimination of waste [4].

As is known, the numerous historic buildings of great heritage value are the bases
of our history, culture and identity [5]. Many of these buildings are now, or once were,
dwellings standing alone or in groups in rural settlements or historic centres, and their
refurbishment is essential for the conservation of our history and identity [5,6]. This
vernacular heritage architecture is not only important as a sign of identity linked to the
landscape where it is born, but also for lessons in sustainability, which several authors have
been promoting since the 1980s [7-10], according to the bibliographical review [11-14].
In this regard, it is worth highlighting the project “VerSus: Lessons from Vernacular
Heritage in Sustainable Architecture”, co-funded by the European Union between 2012 and
2014, which summarised the lessons in environmental, sociocultural and socioeconomic
sustainability provided by vernacular architecture in 15 parameters, allowing the analysis
of vernacular architecture cases and providing guidelines for the architectural design of
new constructions [15]. The conservation of this architecture is therefore important for the
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preservation of material, cultural and popular identity, offering continued inspiration with
examples in sustainability [16]. This project promotes international conferences focusing
on these topics and becoming a source of major reflections in the field [17-19]. This topic
has also been covered in other publications on an international scale [20].

In this context, it can be stated that vernacular architecture should be analysed over
a long life cycle, which begins with a construction phase with traditional materials and
techniques, including several phases for use and transformation over history, ending with
definitive abandonment and amortisation. Within this extensive life cycle, the phases for
refurbishment actions and contemporary use have most impact in terms of use of energy
and resources. In this respect, the conservation of vernacular architecture is faced with two
major concerns worldwide: the improvement in energy efficiency in the existing housing
stock and the reduction in the carbon footprint during the life cycle of architecture.

Regarding the first point, the extensive literature addresses the improvement of energy
efficiency in the retrofitting of buildings. Nevertheless, almost all cases focus on housing
built after the 1950s, according to the bibliographical reviews [21,22]. Although these
studies are of interest in the measurement and quantification of energy efficiency in existing
buildings [23], they are somewhat limited in the application to buildings with heritage
value which require the application of conservation criteria [24]. Therefore, the notable
differences between these refurbishments and conservation interventions on heritage
buildings [25] make it necessary to resort to other tools and guidelines used in the field of
conservation [26], proposing practical examples of interventions for the improvement of
energy efficiency in heritage and vernacular buildings. In parallel, several studies confirm
the energy-efficient qualities of vernacular architecture as a type of architecture adapted
to local surroundings and climate [18,19]. It could therefore be said that interventions
for improving energy efficiency in historic and vernacular buildings could be minimised,
in turn reducing their potential impact on heritage buildings [13,14]. On the contrary,
transformations such as floods or stronger rains derived from climate change are putting
this vernacular adaptation to the climate to the test, so that the adaptation of heritage to
climate change is beginning to create new needs, questions and reflections [27,28].

In terms of the reduction in the CO, emissions of architecture during its life cycle, it
is increasingly claimed that the refurbishment, conservation, retrofitting and adaptation
of existing architecture are more sustainable processes in terms of the environment and
their possible effect on climate change than their demolition in order to build new con-
structions [29-31]. Thus, there are growing numbers of guides and measures to prevent the
production of CO; as much as possible in building construction [31-34]. However, in terms
of LCA application to the retrofitting processes, once again these are mostly dwellings
dating from the mid-20th century, according to the bibliographical review [35-37], and
there are extremely few cases of this assessment being applied to heritage buildings [38,39].
In the field of restoration and refurbishment of heritage architecture, different criteria entail
the use of different types of traditional and industrial materials and techniques, [24] and
the impact on the environment can vary widely depending on the options, techniques
and materials adopted in the project [23,40]. In addition, the conservation of a heritage
dwelling always prompts difficulties among all those taking part in the process (owner,
developer, administration, etc.), given a lack of knowledge of the processes both during the
intervention in the structure and the operation using traditional materials and techniques,
as used in the past where they were part of local ancestral construction techniques found
in the immediate surroundings [41].

There are still a few examples of refurbishment of vernacular architectures performed
with traditional materials with the objective of preserving authenticity and, among them,
fewer still which pretend to clearly demonstrate the impact that these alternatives from the
conservation project have on CO; emissions into the environment [26]. Bearing this in mind,
this article aims to show that firstly, it is possible to use traditional materials and techniques
in the conservation of traditional housing, and secondly, that the use of these traditional
materials and techniques can impart major energy reduction in the conservation phase.
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This study aims to demonstrate the advantages of the refurbishment process of a single-
family house following a global sustainability approach, including qualitative criteria such
as the parameters of the VerSus Programme and the Sustainable Development Goals or
SDGs and quantitative criteria such as Life Cycle Assessment or LCA. The novelty of the
present study lies not only in the integration of both criteria, but also in the subject of the
study, a simple vernacular dwelling, representative of most of the global traditional housing
stock. The advantages highlighted in this study, applied individually and independently
by owners of these homes, could provide significant change in terms of socioeconomic
benefit and Climate Action.

2. Materials and Methods

This text aims to compare the impact and results of carrying out conservation actions
both for the community and environment, analysing the conservation budget of the struc-
ture and materials to complete the building’s life cycle. A conservation project was drawn
up and implemented for a real existing vernacular dwelling, based mostly on the use of
the same traditional techniques used in the construction of these houses and the actual
proximity materials. This document (Figure 1) came to be the basis of a pilot conservation
project whose results could be applicable to the conservation of other vernacular dwellings
in the region, and in turn, to vernacular architecture in general. The proposal of this
pilot project was awarded 1st Prize in the European Heritage Awards/Europa Nostra
Awards 2003 [42].
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Figure 1. Extract of the preliminary study done for the vernacular house at Sesga (Rincén de Ademuz, Valencia, Spain):
survey (layouts, up; facades and sections, bottom) and study of the different construction phases (in orange, first phase,
18th century; in blue, second phase, beginning of 20th century). Credits: C.M., EV.

Recently, a survey of the village has been carried out to know the type of interventions
that have been carried out to date: refurbishments made with traditional materials, as is
the case with this pilot intervention, refurbishments made with industrial materials and
construction of completely new buildings with conventional industrial materials. These
three options have been analysed in this text and compared with each other in terms of
environmental impact.

Therefore, this text presents the application of this pilot project to the conservation of
actual buildings (Option 1), subsequently developing environmental impact analyses. In
addition, a parallel study was carried out showing the possible representation in identical
conditions of the conservation of this house using the conventional industrial materials
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currently being used in other similar homes in the neighbourhood (Option 2; Figure 2).
Finally, this comparison was extended to the supposed case of demolishing the house and
rebuilding it with contemporary materials, another example found in the neighbourhood
(Option 3; Figure 2). The full gamut of this study leads to interesting conclusions on the
impact of the three options studied on society and the environment.

WL | S

STATE OF CONSERVATION
([ Fair
Very bad or ruin

TYPE OF INTERVENTIONS
Use of natural materials
Use of industrial materials
New buiding

i

Figure 2. State of conservation and type of intervention done in the buildings at Sesga (Rincén de Ademuz, Valencia, Spain).

Credits: CM., EV.

Applying a real case rather than carrying out an abstract simulation was felt to be
more efficient. This decision prolonged the entire process, allowing the authors to obtain
and handle accurate data in the field during an intense research along the years [43], and
this made it possible to apply an informed approach to the conservation process.

The sustainability criteria applied in the conservation project phase for Option 1 were
the result of observing common sustainability guidelines to this vernacular architecture,
that is, following a philosophy of architectural conservation [24,44] rather than basing
these on quantitative criteria. The construction techniques and materials adopted in the
refurbishment essentially sought physical, chemical, mechanical and material compatibility
with the existing building. In any case, this philosophy for the conservation of vernacular
architecture which has guided the project is in line not only with most of the qualitative
sustainability parameters defined in the VerSus Programme [15], but also with most of the
SDGs [45]. The quantitative measurement and LCA carried out at the end of the project
and shown in this article have shown that the search for material respect and coherence in
terms of the conservation of vernacular architecture also makes a significant contribution
to environmental decarbonisation.
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2.1. Case Study Description

The traditional architecture of Rincon de Ademuz was born closely of its surroundings
and adapts to its conditions, as is the case of vernacular architecture in general. The towns
are clustered on the south-facing slopes to prevent the occupation of the arable land in the
valley, and dwellings tend to be two or three storeys high, towering over the buildings
immediately below but allowing lighting and ventilation [43]. The dwellings are generally
built with masonry walls bonded with earthen mortar on the ground floor to prevent rising
damp, while the upper floors are either thin, gypsum-rendered thin stone slab walls or
sometimes rammed earth walls. However, the structure of the building is made up of
gypsum structural pillars supporting rounded beams in juniper (Juniperus thurifera L.), pine
(Pinus nigra, salzmannii) or poplar wood (Populus alba). Both the floors with gypsum-poured
jack arch vaulting and the roof formed with reed and ceramic roof tiles placed with clay and
straw mix are supported by these beams. Stone slabs and gypsum are used for dividing
walls and built-in furniture inside the building [43].

As all these materials are proximity materials, originally barely any energy would
have been spent on transporting them to the construction site [40]. In addition, many of the
materials are used in the construction in their natural state, with almost no transformation,
or with small transformations which also have a minimal impact on the environment,
another lesson in sustainability to be learned from this vernacular architecture [40]. Finally,
the philosophy of the vernacular architecture essentially builds and resolves its problems
with the materials found locally. This is in itself a philosophy which allows us to save on
resources and transport while allowing contemporary architecture to re-establish contact
with an identity linked to surroundings, something which has been lost over the last
hundred years [7,8].

This vernacular architecture mostly uses gypsum as its only bonding agent, both
because it is widely available in the surroundings and because it is five to seven times
cheaper to calcine than lime in terms of fuel and time invested. This gypsum was manually
calcined in the kilns near the towns and villages and mixed with a small amount of water
to obtain a resistance capable of supporting up to four storeys [46].

Laboratory tests have confirmed these resistances, even using current commercial
gypsum [47]. Equally, a hundred pillars analysed in the region have provided information
on the rubble infill used in the gypsum concrete of the pillars, dispelling any suspicion
that the stones may have been commonly bonded with gypsum [46]. Different accounts
were also collected on the preference for the use of overcooked gypsum (anhydrite) in the
construction of floors, given that this element was more waterproof.

The village of Sesga, where the restored dwelling is, and the dwelling itself answer to
this description. The house (Figure 3) is three storeys high, with masonry enclosures on
the ground floor and vertically placed stone slab walls on the upper floors. The pillars of
the structure rise up from the masonry wall to form floors and roof with the help of pine
and juniper beams and pine and poplar joists. Samples extracted from the beams have
dated the construction of the original single-storey dwelling to circa 1732 [48]. The wall
adjoining the neighbouring building, built with rammed earth, lies under this structure so
that it is suspected that it could be a century older. In 1947, another storey was added to
the dwelling and the adjoining volume was built over a pre-existing courtyard, using the
traditional techniques previously described [49].
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Figure 3. The house before the intervention. Credits: C.M., EV.

This lengthy refurbishment of a vernacular dwelling using traditional construction
materials and techniques which have been reinterpreted was proposed from the outset as
an experiment, a pilot conservation action which could be visited in order to showcase the
results to local residents and society in general. The three-century-old building was initially
in an extremely poor condition (Figure 3) and at severe risk of collapse, with collapsed
areas in the roof and flooring which let snow through to the ground floor [50].

2.2. Criteria Used for Decision Making

The refurbishment mostly employed natural materials including gypsum, lime, wood,
reed, cork, etc. The structural reinforcement used local timber to replace beams and braces
that had rotted away or to build the joinery missing from the house; local timber and
natural glues were used in the restoration of the doors and the joinery found in the house;
reeds were used to reinforce the gypsum and to form the basis of the roof; lime was
used to consolidate and grout the rammed earth wall; gypsum was used for the repair or
reconstruction of some collapsed small vaults and to build compression layers reinforced
with reed meshes or twine [50,51]. Gypsum rendering was reinforced with twine. Lime
mortar was used to rejoint any masonry walls requiring structural reinforcement and for
the ground floor flooring. Clay and straw were used to place the tiles recovered on the roof.
Pressed cork panels were used for the thermal insulation of the walls and local-made brick
was used as secondary wall to better insulate enclosures and to build new interior partition
walls. Other less important materials were used following the same type of priority [43,50].

After the structural strengthening, the aim of intervention was to update contemporary
habitability standards while preserving the vernacular nature of the building as much as
possible, respecting its handcrafted finishes, the outlines of its construction, as well as the
textures, qualities and patina of its materials. At the same time, efforts have been made
from the outset to remain as much in line as possible with the sustainability parameters
observed in vernacular architecture and coded in the VerSus Programme [15], with the
SDGs [45] and with the traditional life cycle of the materials usually used in the local
vernacular architecture.

The specific actions carried out were:

e  Historic finishes have been respected. Any existing bare rough stone or stone slab
walls have been maintained and any existing gaps have been jointed.
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Interior gypsum-rendered walls have been re-rendered after adding thermal insulation
and new walls. Extremely fast-setting gypsum was used as rendering, following
tradition and leaving the natural marks of the trowel.

Flooring had a waxed gypsum rendering, recovering an almost-extinct local tradition.
Double-glazed wooden windows were added where previously there had only been
wooden shutters.

The inner doors of the dwelling are small historic doors which have been repaired,
including a charm against evil spirits in the form of three candle burn marks. The low
doors make it necessary to duck when entering the room, as if revering the history of
the space.

The refurbished vernacular house shows off the beams and the construction of its

floors, ceilings and reed roof (Figure 4). The exterior facade, with a stone masonry plinth
on the ground floor and rendered in reddish gypsum on the upper floors, conserves the
same appearance and finish as before the intervention (Figure 4). Behind a facade, which
still preserves the vernacular appearance of three centuries ago, there is a house with all the
characteristic standards and installation of a contemporary dwelling but largely preserving
its character. This has set a precedent with a clear message, especially for local residents: it
is possible to preserve ancestral material culture while also carrying out the refurbishment
of homes to be used in the present.

Figure 4. State of the house after refurbishment of its external facades and internal spaces. Credits: C.M., EV.
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2.3. Evaluation Tools Used for Sustainability Integration in the Design Process of a Building
Refurbishment Projects

The refurbishment has followed qualitative and quantitative approaches to integrate
the sustainability in the design of the refurbishment process.

2.3.1. VerSus Methodology and SDGs

The qualitative criteria were based on the use of VerSus methodology [16], which in-
cludes the fifteen principles (Figure 5) each in turn broken down into eight parameters [16].
The application of these 15 principles and respective parameters to the case of study evi-
dences how this pilot refurbishment helps to reduce pollution and waste materials, and
contributes to health quality since it is built with natural low-carbon footprint materials
and is in a suitable location. It also follows the principles of sociocultural sustainability as
it protects the cultural landscape by preserving the building in its original condition, while
enabling the transmission of construction traditions, promoting coordination and social
cohesion between craftsmen taking part, and contributing to the economic autonomy of
this depopulated location. It also follows the principles of socioeconomic sustainability
by promoting local work, providing savings in resources and optimisation of efforts and
extending the lifespan of the building.

Figure 5. Application of the Versus method to the case study. Credits: [15] modified by authors.

In addition, efforts have been made to apply the philosophy of the SDGs, particularly
the fight against poverty and contribution to the economic development of inland rural
communities, using local labour and construction materials and techniques, promoting
salubriousness, water purity and local natural life. Climate action is also taken through the
predominant use of non-polluting natural proximity materials to avoid transport, taking
advantage of the sun as a primary source of heat respecting the historic structure of the
openings of the house and exercising responsible consumption and production by mostly
reusing existing materials to repair the dwelling.
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2.3.2. Life Cycle Assessment Integration in the Design Process of a Refurbishment

The authors aim to compare the LCA results of the refurbishment project of the
single-family house using natural materials with a standard or usual refurbishment in the
area using conventional industrial materials, and with an equivalent newly constructed
building on the same plot. The LCA followed the four stages: (1) Goal and scope, (2) Life
Cycle Inventory, (3) Life Cycle Impact Assessment and (4) Interpretation in compliance
with the LCA standards ISO 14040 [52], ISO 14044 [53] and the EN 15978 [54] (building
LCA), and the EN 15804 [55] (construction product LCA). The functional unit was the
complete building since the study aims to compare the total impacts of different material
alternatives of a refurbishment project. The building service life was assumed as 50 years
(according to CTE [56]). This study focuses on comparing the embodied impacts produced
by the building materials during its life cycle. Figure 6 shows the modules considered in
the assessment.

building assessment information
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Figure 6. Life Cycle Assessment Information Modules EN 15978 [54] included in this study.

Options Assessed

To quantify the advantages of the natural design option of the refurbishment project
and demonstrate the benefits achieved by using the VerSus methodology, the LCA com-
pared three options:

e  Option (1) a refurbished building with natural materials, defined as those materials
that wholly or partly are derived from biomass, such as plants, trees or animals [57]
(e.g., wood, reed, gypsum, cork, earth, lime, etc.)

e  Option (2) a refurbished building with conventional industrial materials, defined as
those materials that are the most representative and often used currently on a site (e.g.,
bricks, concrete, steel, polystyrene, etc.)

e  Option (3) the new building construction with conventional industrial materials
together with the complete demolition of the existing building.

Goal, Scope and System Boundaries Definition

Figures 7 and 8 illustrate the LCA Information Modules included in the LCA for each
option compared. This LCA modularity organisation of the refurbished building is based on
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the study conducted by Frey et al. [58], and collected by Hasik et al. [59] as a methodological
approach to compare the benefit of renovation/refurbishment vs. new construction.

Existing building Refurbishment Process Refurbished building
____________________ el ettt eteeetielettely
: Module B : Module C
I
Module A Moadula B : Use stage of the Existing building : Madula B End of life stage of the
| 1

Exlsting bullding

I I
I |
I |
I I
I I
I |
: Product and :
| Construction Maodule B "
: stageof the . :
1 Existing building Use SIEE!_G the !
1 Refurbished X
! Building .
I i
I I
! |

[ M e R e e e L |

Figure 7. Life cycle assessment information modules included EN 15978 [54] in the study Options 1 and 2. Source
inspired in [58,59].

Existing building New Building

Module A Module B Module B
Product and Use stage of Use stage of the
New Building
stage of the building
Existing
building

1
1
1
1
1
1
1
: Construction the Existing
1
1
1
1
1
1
1
1

Figure 8. Life cycle assessment information modules EN 15978 [54] included in the study Option 3. Source
inspired in [58,59].

When considering the LCA of refurbishment process several particularities arise.
One of them is the difficulty /complexity in obtaining information related to the existing
building to conduct a complete LCA following the current standards (see Figure 6). Thus,
the present study focused the LCA of the refurbishment process in calculating:

1. The impacts of both the small demolition in Options 1 and 2 and the initial total
demolition in Option 3, transport, and final disposal of the existing building (Module
C including C1, C2, C4; see Figures 7 and 8).

2. The impacts of the product and construction stages (Module A including Al, A2, A3,
A4 and ADS) of the refurbishment processes in Options 1 and 2 (see Figure 7), and of
the new building in Option 3 (see Figure 8).

3. The impacts of the final total demolition, transport and final disposal of the building
(Module C including C1, C2, C4) in Options 1 and 2 (see Figure 7) and in Option 3
(see Figure 8).
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Life Cycle Inventory

The building inventory included a collection of the main materials used during the
building construction process. The LCA calculation was conducted in Excel and the
environmental data used for the assessment was the ecoinvent database v 1.2 [60]. During
the LCA, several simplifications and assumptions were developed such as the adaptation
of the list of material to the ecoinvent v1.2 dataset [60]. Table 1 includes the correspondence
of both lists (further information: Tables S1 and S2).

Table 1. List of materials and inventory assumptions (refurbishment natural materials).

Option 1 Options 2 and 3
Adapted Materials to the Adapted Materials to the

Listed Material Ecoinvent v1.2 Dataset [60] Listed Material Ecoinvent v1.2 Dataset [60]
Stone Basalt Aluminium Aluminium
FEL'X Bitumen Brick Brick
Brick Brick Cement Cement

Cement Cement Ceramic Tile Ceramic tile
Ceramic tile Ceramic tile Demolition (pre-construction) Inert material
Cork Cork Glass Glass
Demolition (pre-construction) Inert material Gravel Gravel
Glass Glass Gypsum Gypsum
Gravel Gravel EPDM Polyethylene
Gypsum Gypsum Polystyrene Polystyrene
Limestone Limestone Sand Sand
Cane Log (cane) Metal Steel
EPDM Polyethylene Wood Wood
Polystyrene Polystyrene
Sand Sand
Metal Steel
Straw Straw
Wood Wood
Straw
Rammed earth (composition Lime

based on [61], sand, 61.3%, Clay
34.4%, Straw 0.44%, Lime 3.7%) Clay

Sand (wall)

Other assumptions were:

1.  For modelling the transports, regardless the type of material a unique dataset was
considered, “transport, lorry 16t”, and the distances to the manufacturing points were
estimated based on the real scenario.

2. During the construction stages, the energy consumption of machinery and the im-
pact of construction waste were considered (estimated as a 5% of the amount of
each material).

3. The calculation of the energy and fuel consumption was based on ecoinvent data
v1.2.0 [60].

4. The assumed end-of-life scenarios were 100% incineration for the natural materials
and 100% landfill for the rest of building materials in all the assessed options.

5. The distances to the landfill and incineration point for final disposal were 40 km.

Life Cycle Impact Assessment

The LCIA was developed by using the CML 2001 method [61] and included the fol-
lowing impact categories: acidification potential (AP in kg SO,-Eq), climate change (GWP
in kg CO,-Eq), eutrophication potential (EP in kg POZ3-Eq), freshwater aquatic ecotoxicity,
(FAETP in kg 1,4-DCB-Eq), human toxicity (HTP in kg 1,4-DCB-Eq) and stratospheric
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ozone depletion (SODP in kg CFC-11-Eq). The approach to include the biogenic carbon
was the so-called (approach —1/+1 [62]) based on EN 16449 [63]. The followed approach
was based the account of biogenic carbon on the principles provided by [64]. It assumed
that during biomass growth, an uptake of carbon (C) from the atmosphere through photo-
synthesis (C uptake) is temporarily stored in wood-based products (biogenic C storage),
(see Figure 9). Then, as the end-of-life scenario is considered as 100% incineration (for
natural materials), the biogenic carbon (a) is completely emitted to the atmosphere [64].

CO uptake
2 2 ? CO2 emitted

M
@@ oh
2>inl=

temporaily stored Natural materials
incineration

Figure 9. Schematic diagram of carbon storage and delayed emissions of the temporary stored carbon
for a wood-product incineration end-of-life scenario. (Source inspired in [64]).

3. Results
3.1. Application of Qualitative Criteria (versus Program and SDGs)

This conservation work was devised to include as much manual labour, including
specialists, as possible, while the use of materials and machinery is proportionally reduced
in relative terms. As this manual labour was local, it benefited the local economy while
promoting and ensuring the continuity of local trades and artisans, encouraging the pop-
ulation to stay in an inland area with endemic depopulation and limited employment
opportunities. In the construction of a new building, the maximum use of manual labour
usually accounts for 30% of the cost [65]. This conservation has been devised for manual
labour to represent approximately 50% of the total cost of the project [65]

In addition, over 60% of the conservation materials in terms of weight are locally
sourced, either from immediate surroundings or from the same province (see Supplemen-
tary Material: Tables S4-56). This has meant that the work has also contributed to local
economic development, extracting raw materials and manufacturing products in nearby
workshops and industries, something which in turn has usually lowered CO; emissions
due to transport.

Furthermore, the use of traditional materials and techniques and the reinterpretation
of their systems for this conservation work have helped highlight the vernacular identity
of this sort of construction, enabling the population to value the past, material culture and
architectural heritage of simple dwellings and settlements, traditionally synonymous with
the poverty of yesteryear, to be eliminated or cancelled for the sake of progress.

The conservation work took several years in the form of an experimental site (more
than 20 workshops, each one with 20 students coming from different countries), and spe-
cialised visits have taken place. It is estimated that in these years more than 600 people
may have visited the site, including students, teachers and professionals. It has become
a point of reference for the other residents of the village, province and beyond (visits are
organised every weekend to show the restored buildings). Moreover, the local govern-
ment commissioned the authors of this refurbishment a manual with guidelines for the
refurbishment of buildings in the area resorting to local materials and techniques [66].

The cost of refurbishment (Option 1) was compared with that of the equivalent new
construction (Option 3), showing the lower cost of the intervention and its affordability
in absolute terms [67]. Furthermore, the convenience of having used proximity materials
and the percentage of the total cost of the refurbishment which accounts for manual labour
have been deepened. The manual labour in this refurbishment (Option 1) increases by 70%
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in relative terms compared with the manual labour in the new construction (Option 3),
while proportionally reducing the percentage of machinery and materials [65]. These
two factors encourage inclusiveness and directly benefit the workers, artisans, trades
and local production workshops, especially in these economically deprived depopulated
inland regions.

3.2. Application of Quantitative Criteria (LCA)

Figure 10 shows the environmental impacts obtained for each of the options described
in Section of Options Assessed. The LCA results provide evidence that the Option 1 is the
best alternative since it is the one that has the least impact in all the categories. The use
of natural materials for the refurbishment project (Option 1) achieves 50-80% reduction
in the environmental impacts, i.e., more than 50% compared with the renovation with
conventional industrial materials (Option 2) and more than 70% compared with the new
building also with conventional industrial materials (Option 3).
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Figure 10. LCA results of the case study application.
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Option 1 produces less than 50% of the impact caused by the Option 3 in all the
assessed categories. The impacts related to the product and construction stage were
the highest in each assessed impact category and option assessed, which highlights the
relevance of the selected materials in the design stage.

However, in the GWP category the impacts of the product and construction stages
were similar to the impact of the demolition of the refurbished building. This can be
explained due to the use of natural materials, and the assumed scenario related to the
storage and emission of the biogenic carbon (see Figure 4). The use of natural materials at
the product and construction stages reduced more than 80% of the environmental impacts
compared with Option 3 in all the impact categories assessed. Moreover, the use of local
materials at the construction stage leads to a reduction of 70% of the environmental impacts
compared with Option 3 in all the impact categories assessed. The complete calculation
and the list of the dataset are included in the supplementary data file (see Table S3 for
calculations, and Tables S7-S9 for the summary of results).

4. Discussion

The results obtained provide evidence that the qualitative criteria (VerSus) used
to include sustainable principles in the design process of the refurbishment project are
supported by the lower values in the quantitative assessment (LCA).

The refurbishment of this simple vernacular single-family house shows that it is
not necessary to invent new building techniques, materials and processes; a contempo-
rary approach reinterpreting the vernacular techniques and materials suffices to meet all
objectives at once: mitigating climate change as seen from the LCA is carried out; this
co-creation process involves the architect, owner and master builder, but also history, tra-
dition, material culture and the idiosyncrasy of local materials. For example, the process
of reinforcement of floors and roof incorporated a gypsum compression layer which was
reinforced with locally sourced natural fibres (straw, wool, hemp, reed, etc.). Samples were
extracted from all these and tested in laboratories to decide which combination offered
the best results, subsequently using it on site. Materials were all local and traditional,
with a low carbon footprint, although the execution was contemporary. The structural
properties of the reinforced floor were on a par with those of a floor built or reinforced with
cement-reinforced concrete.

This all shows the potential of refurbishment using natural materials over refurbish-
ment using conventional industrial materials or over a new construction following demoli-
tion of the existing dwelling. The application of these principles in the field of construction
could significantly affect SDGs and related environmental, sociocultural and socioeconomic
aspects, as well as helping to reduce the environmental impact of new construction.

Detected Challenges and Limitations

The LCA application focused on quantifying the environmental impacts produced by
the building; other aspects regarding economic and social dimensions can be addressed by
using this approach. The LCSA (Life Cycle Sustainability Assessment) can be also a suitable
approach to evaluate in a quantitative way the impact and benefits that a certain building
can produce. Regarding the LCA calculation, several assumptions and simplifications were
done, mainly due to the lack of specific data.

The study also demonstrates the benefits of using natural materials instead of conven-
tional industrial ones; however, in practice, the massive use of this type of materials is still
far from being extended. Thus, in the future other studies can be focused on integrating
other variables in the assessment to better understand the barriers and opportunities to
extend its use in other type of buildings and at different scales.

This application would also entail other associated challenges such as the renewed use
of natural materials and the trades versed in construction techniques. A higher percentage
is allocated to labour than to the use of materials and machinery, although the final cost
remains the same, with an equal contribution toward reactivating the economy.
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5. Conclusions

The results obtained also provide evidence of the potential environmental advan-
tages that vernacular techniques and natural materials have in the context of Valencia
(Sesga), which have not been explored before. In short, it is demonstrated that vernacular
construction can be developed as a contemporary option for housing in this region.

The refurbishment work of Sesga single-family houses based on natural materials has
been demonstrated as the best solution to reduce the environmental impacts of building
construction in this region, compared with the use of conventional industrial materials
either in refurbishments or in new buildings, that are the two most common options not
only in the village, but also in the whole region. Moreover, the study demonstrates that the
combination of qualitative (VerSus) and quantitative (LCA) criteria can help to reduce the
environmental impacts and integrate sustainability criteria in the design process. Further-
more, this refurbishment resorted to the use of traditional materials and techniques and the
reinterpretation of their systems for the structural strengthening of walls, floors and ceil-
ings, as well as final finishes. For example, based on the knowledge of traditional gypsum
and its analysis in specialist laboratories [51], systems were created for the strengthening of
floors and ceilings using gypsum compression layers reinforced with reed or hemp string,
among other natural fibres used in experiments both on-site and in the laboratory. There
were also reinforced renderings of the same type with fibres to prevent bulged walls from
collapsing. Following older local builders, gypsum samples tested in the laboratory dis-
played the same or even greater resistance than a current reinforced concrete structure [51].
This use of gypsum and natural fibres conceived as contemporary reinforcements seeks the
same physical-chemical-mechanical compatibility as that of a human organ transplant,
as the same phenomenon of rejection of the implanted organ could be generated in the
refurbished building. However, several limitations in the assessment and integration of
qualitative aspects in the design process are detected. Qualitative methods demonstrated
the economic and social benefits of using these techniques. However,, the life cycle perspec-
tive still remains scarce. Nevertheless, it should be noted that the materials traditionally
used in these houses built more than two centuries ago have reached the present day, so it
does not seem unreasonable to hypothesise that the same materials used today could last
at least as long. Thus, the integration of other quantitative aspects in the design process
can be a future topic to be addressed.

This study has value in the specific context of the village of Sesga and the county of
Rincén de Ademuz, but it also has a wide possibility of application in similar contexts in
Spain and other European countries [68]. Spain is currently one of the European countries
that suffers most from depopulation of rural areas, with 52% of the population living in
cities of more than 50,000 inhabitants, while only 3.2% live in municipalities with less than
1000 inhabitants [69], a phenomenon currently called “Emptied Spain” [70]. In the rest of
Europe this same phenomenon has been worsening in several rural areas, especially in
Italy, Portugal, Greece and Germany, concerning the European Union [69], at the same time
that it is trying to reduce CO; emissions [1,2]. In this context, the renovation of homes
with natural materials meets several objectives: showing the possibility of respecting
and preserving a vernacular building as part of history and identity and updating it
for contemporary life; using natural materials that are extracted and worked locally by
creating work opportunities for local trades; helping to promote local activities and to fix
the population in rural areas; and lastly, reducing CO, emissions.
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inventory assumptions (refurbishment with conventional industrial materials and new building with
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Table S5: Materials employed in the Option 2 “Renovation with conventional industrial materials”
used for the LCA calculations; Table S6: Materials employed in the Option 3 “New building with
conventional industrial materials” used for the LCA calculations; Table S7: Impacts on Option 1:
Refurbishment with natural materials; Table S9: Impacts on Option 3: Complete substitution of the
existing building by a new construction.
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