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Abstract: The criteria on green public procurement of the European Union establish that the economic
budgets of building projects must be complemented by their derived environmental and social costs.
These criteria are currently being adapted to the requirements related to the circular economy, such
as the use of methods to evaluate buildings environmentally. However, most methods available in
the European and Spanish markets require prior training, which makes their use difficult. This paper
presents an evaluation method, CEACE, for housing construction based on the determination of their
footprints (ecological, carbon, and water footprints), also called the footprint family, to which the
economic and social evaluation is added, as is the quantification of the construction and demolition
waste generated. This method is validated with the assessment of fifteen residential buildings in
Andalusia and creates an indicator that will allow technicians, companies, and administrations to
evaluate projects in accordance with the criteria of green public procurement. The method is sensitive
to changes in the type of building, foundation solution, and underground construction.

Keywords: footprint family; green public procurement; construction and demolition waste; evaluation
method; cost control

1. Introduction

The application of the circular economy and resource efficiency principles to buildings
has become essential. Its life cycle is associated with various environmental and socioeco-
nomic impacts. In the EU (including extraction, manufacturing, transport, construction,
and end-of-life), it accounts for approximately 50% of total energy use, 40% of total GHG
emissions, 50% of raw material extraction, and one-third of all water use [1]. To this end,
the EU Circular Economy Action Plan has set objectives and targets to significantly reduce
resource use and develop circular flows of materials in buildings [2].

It is therefore necessary to evaluate buildings environmentally through a circularity
analysis, using methodologies and tools easy to understand by potential users. Method-
ologies should assess the impact through indicators so that the weight of environmental
impacts can be qualified and quantified throughout their life cycle, from the extraction of
raw materials to their demolition. Tools that analyse such impacts have generally followed
Life Cycle Assessment (LCA) methodologies [3-5].

In the search for simpler methodologies, other indicators have been incorporated into
the construction sector that were not initially intended for this sector. Starting from this idea,
this article will develop a methodology to evaluate sustainability in housing construction in
Andalusia based on the use of environmental indicators based on the concept of footprint
family (FF). In this case, the FF indicators used will be carbon footprint (CF), ecological
footprint (EF), and water footprint (WF).
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The EF [6,7], the CF [8,9], and WF [10,11] are the most prominent indicators based
on FE Fang et al. [12] studied the term footprint through a coword analysis, and the
terms that appeared the most were CF, LCA, WF, and EF. Galli [13] identifies two common
elements among existing footprints: the capacity to provide both a consumer and a producer
viewpoint on a given environmental externality; and the possibility of being applicable
on multiple geographical scales. Other authors, such as Hoekstra and Wiedmann [14],
consider that the term footprint extends to the concept of “indicators of human pressure
on the environment”, although it should be clarified that there are not only environmental
footprints, but also social and economic footprints whose aim is to capture the entire triple
bottom line of sustainability [15]. These indicators owe their success to the fact that not
only are they simple to analyse, but that they are also easily applicable to environmental
policies [16], such as Green Public Procurement (GPP) in the European Union [17].

As authors such as Fang [12] point out, no single footprint member is capable of
capturing the full complexity of the footprint family. Therefore, in order to analyse the
joint complexity of these indicators, the term footprint family is introduced, which was
initially used simultaneously but independently by Giljum et al. [18] and Stoeglener and
Narodislawsky [19]. Subsequently, Fang et al. [20] also used this concept to refer to an
indicator composed of several fingerprint subindicators. Matustik and Ko¢i [15] consider
that the term footprint family generally encompasses the three most studied and analysed
footprints, CF, EF, and WE, due to the intuitiveness of the term footprint, but the concept
has not reached the same level of standardisation as that of LCA [21].

According to these first studies, the footprint family can be considered as an indicator
that brings together various indicators in an effort to obtain basic information from each of
the footprints, with special emphasis on comparative aspects [22]. It has been shown that
these indicators are very interesting for use in GPP, although it is necessary to advance in
their standardisation since research combining multiple footprints remains very limited in
contrast to studies on a single footprint [23].

The footprint family is seldom used in building assessment. A first approach is found
in Pérez-Solis [24], who analysed three footprints (CFE, EF, and WF), simultaneously. Rivero-
Camacho and Ferreira-Sanchez also studied the footprint family for the assessment of
public buildings for educational use [25], as did Rivero-Camacho et al. [26] in the analysis
of the building life cycle of a residential building. These studies enable us to affirm that the
analysis of the impact of the building through the use of the footprint family is useful, and
although the joint use of these indicators may generate controversy, they do enable impacts
from the use of materials, machinery, and labour to be evaluated simultaneously [27,28].
Regarding the analysis of the footprint family in environmental methods, the use of CF
stands out in all tools. The use of EF and WF indicators is significantly less widespread
across the building sector.

In the following sections, the application of each footprint to the assessment of a
construction project, together with construction and demolition waste (CDW)), is reviewed.
In the introductory section, a review of the state of the art is also created in relation to
methodologies for evaluating the sustainability of residential buildings in Europe in order to
correctly contextualise the proposed CEACE methodology. Finally, the use of the indicator
in the CEACE evaluation method is explained.

1.1. Carbon Footprint

The CF is the most widely employed indicator within the LCA methodology. Its direct
relationship with the GHG Control Protocols and its ease of application for environmental
decision-making has been responsible for its success [16]. The main strength of CF is
definitely its ability to be communicated to a broad audience [29], and it has gained
popularity and helped raise public awareness in recent decades. Authors such as Matustik
and Ko¢i [15] advocate greater transparency in the communication of the limitations and
methodological choices associated with the use of CFE.
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There are a wide variety of studies related to the determination of CF in construction.
Schwartz et al. [30] analysed the impact of CF throughout the life cycle of buildings by
applying it both in new buildings and in rehabilitation. Chastas et al. [31] evaluate the
embodied energy of 95 cases of residential buildings, mainly located in Europe. They use a
cradle-to-site LCA analysis, that is, an analysis covering A1-A5 life-cycle phases, which
correspond to manufacturing (A1-A3) and construction (A4-AS5), according to the modules
defined in the standard UNE-EN 15978 [32]. The results for total carbon emissions lie in the
range of 348.5-6485 kg CO,eq/m? during a 50-year service life. Embodied emissions vary
between 128 and 1350 kg CO,eq/m? and operational emissions between 97.5 and 6032 kg
COseq/ m?2. Previous studies [33] resulted in embodied carbon emissions for residential
buildings lying in the range 250-750 kg COseq/m?, which falls within the range calculated
by Chastas et al. [31]. Solis-Guzman et al. [34] also evaluate the CF of different residential
projects through an open tool. The results fit within the ranges given by Chastas et al. [31]
and de Wolf [33].

Anmiri et al. [35] analyse the embodied emissions generated by an educational building
of 4013 m? GFA in Reykjavik (Iceland) and propose different construction systems: a
first base scenario, formed of concrete reinforced components; a second scenario using
optimised concrete; and a third scenario where the nonstructural elements of Scenario 2 are
replaced by wooden walls. Using tools such as those provided by Simapro and GaBi, they
obtained results for all LCA indicators for phases A1-A3 and for A4. The values obtained
from climate change were 664 (base scenario), 672 (Scenario 1), and 562 kg CO, eq/ m?
(Scenario 2).

A more recent study [36] looked at more than 700 buildings in five European countries
from the point of view of embodied emissions throughout the life cycle of such buildings.
The life span considered was 50 years, and values were obtained for the complete life
cycle, 400-800 kg CO,eq/m? for residential buildings and 100-1200 kg CO,eq/m? for
nonresidential buildings. The researchers considered that of these embodied emissions,
approximately 2/3 corresponded to the so-called upfront embodied carbon, that is, the
associated embodied emission before the building is put into use, which, in the LCA
methodology, would be equivalent to phases A1-Ab5.

From these reference studies, it can be said that the construction phase of the building
is the most environmentally intensive because it is concentrated over a short period of time
(1-2 years). These impacts are diluted over time, although the decisions made during this
stage greatly influence the remaining phases of the building’s life cycle [37]. The study on
buildings across the world by Rock et al. [38], concluded that, of those that comply with
energy-efficiency regulations, 20-25% of the GHG emissions of their life cycle are embodied
emissions, while for high-energy-efficiency buildings, that percentage increases to 45-50%.
Therefore, in nearly zero-energy buildings, as currently built in the EU, emissions from
the construction phase represent a very high percentage of their emissions over their total
life cycle [39], and hence it is necessary to focus more on reducing the embodied CF of the
construction phase.

1.2. Ecological Footprint

The concept of ecological footprint (EF) was introduced by Mathis Wackernagel, who
measured humanity’s footprint and compared it to the carrying capacity of the planet.
According to its definition, the EF is the extension of land that would be necessary to supply
the resources (cereals, feed, firewood, fisheries, and urban land) and absorb the emissions
(COy) of the world’s population [6].

The main strength of the EF is its conceptual simplicity and that it is an intuitive and
visually graphic tool for communication [6]. The popularity of the indicator proves this
point [15]. Among its weaknesses, the methodology fails to capture many of the significant
human pressures on the Earth’s systems, for example, the decline of biodiversity and
eutrophication [15].
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In recent years, research has supported the suitability of the indicator for the analysis
of the environmental impact of buildings. The EF indicator has been applied to study high-
rise districts in Tehran [40], and in China it has been evaluated for peasant households [41],
hotels [42], the rehabilitation of an old house [43], a residential development [44], and the
life cycle of buildings, which includes project execution, use, and demolition [45].

Solis-Guzman et al. [46] developed a model for calculating the EF for the construction
phase of residential buildings. Gonzalez Vallejo et al. [47] improved the previous model
and applied it to approximately 100 buildings that constitute a representative set of the
residential sector in Spain. This indicator has also been applied, among others, to the
urbanisation phase [48] or to the entire life cycle [45]. From these studies, it can be concluded
that the EF indicator adapts favourably to the characteristics of this activity, and evaluates
the impacts derived from the use of material resources, machinery, and labour.

1.3. Water Footprint

Another important impact of buildings is their water consumption. According to the
United Nations Environment Program, buildings and their associated industries consume
30% of fresh water worldwide, of which [49] only 12% is directly consumed, and the
rest [50] is indirectly consumed by the manufacturing processes of construction materials
and equipment. The WF indicator is therefore of major interest since it expresses the volume
of fresh water needed to produce goods and services that are usually consumed, whether
by an individual, a community, or a company [10]. In this way, the WF of an individual is
not only related to their direct consumption of water, but also to their lifestyle habits, either
per unit of time for individuals or communities or per unit of mass for companies [51]. The
WF is presented as an indicator of water appropriation: a volume of water (usually in m3)
needed for a certain purpose that is therefore made unavailable for other purposes [52].

Studies on the WF in buildings remain scarce. The first focused on indirect water
consumption, such as Australian studies on indirect water consumption during the con-
struction stage [53] and those of Crawford and Pullen [54] on indirect water consumption in
the life cycle of residential buildings. The indicator has been employed in the construction
in India [55], in Iran [56], and in China [57,58]. Rivero-Camacho and Marrero [59] studied
the WF indicator in the complete life cycle of buildings, and Ruiz-Pérez et al. [60] assessed
urban renewal projects in Andalusia. Lopes et al. [28] studied 87 industrial projects to
determine the CF and WF and have established a systematic classification to enable these
impacts to be evaluated.

1.4. Construction and Demolition Waste (CDW)

In the EU, 905 million tonnes of construction and demolition waste (CDW) are gener-
ated annually, which constitutes 35% of the total worldwide [61]. It is therefore of major
importance to incorporate the concept of the life cycle of construction materials, in the first
instance to promote the recovery of raw materials both in construction and demolition work
and in treatment plants, and secondly, to minimise the impacts generated by eliminating
CDW that cannot be used. Hence, another important environmental indicator in the sector
involves the generation of CDW, which is included in the list of indicators of the Level(s)
framework of the European Union [62].

For the CDW quantification, Wu et al. [63] classified the methodologies into: site
visits, material flow analysis [64], determining the average generation [65], systems by
variables [66—68], and cumulative calculations. The cumulative calculations are the most
used [69-71]. Among the studies on the quantification of CDW in construction sites, the
group ARDITEC has also developed an assessment model [72], which is employed by
municipalities in the province of Seville for the calculation of municipal construction
permit costs to ensure the correct management of CDW. The same methodology has been
employed [48] for the quantification of urbanisation projects and the complete life cycle of
building processes [27].
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1.5. Sustainability Assessment Methods

The knowledge generated by these indicators can be oriented towards the creation
of methods and certification tools that measure sustainability and introduce policies to
improve the environmental performance of buildings. Focusing the analysis on sustain-
ability assessment methods for residential buildings in Europe, one of these policies is
the implementation of GPP [17]. Another involves the application of Level(s) [73], the
European framework for sustainable buildings. This builds upon the objectives of both the
EU Green Deal [74] and the EU Circular Economy Action Plan [2]. As a voluntary initiative,
the Level(s) framework aims to promote a common language across Europe to assess and
report on the sustainability of buildings. This framework proposes several indicators cover-
ing three main areas: resource use and environmental performance; health and comfort;
cost, value, and risk. These have been developed based on existing standards as well as on
a life-cycle approach to measure and support improvement through construction, use, and
end-of-life phases for residential and office buildings.

Another initiative in the EU is a French proposal, Energy-Plus and Carbon Reduc-
tion Buildings (E+C-) Trial Scheme [75], whose main goal is to reduce the overall CF of
buildings by using low-carbon and energy-efficient materials. In Italy, the compulsory
minimum environmental criteria (CAM) [76] contain technical specifications for materi-
als and components, thereby clearly promoting the circular approach in construction. In
particular, CAM requires a minimum of 15% recycled content in the materials used for
each construction/refurbishment intervention. They also set specific minimum recycled
content thresholds for seven types of materials and require product certifications, such as
environmental product declarations, environmental labelling, and producer declarations,
in order to prove that products are “CAM” compliant. The criteria are mandatory for
any type of building intervention in public buildings. Another Italian tool is the Itaca
Protocol [77], which assesses the level of sustainability of buildings with reference not only
to consumption and energy efficiency, but also taking into consideration their impact on
the environment and human health.

In Spain, there are no mandatory methods created by the administration that promote
GPP. There are private initiatives, such as HADES [78], which is a free method that helps in the
design of buildings of a more sustainable nature. HADES is mainly oriented towards housing,
although it can also be used for offices and equipment. It evaluates energy, materials and
the circular economy, water, indoor environmental quality, and climate change. Another tool
is VERDE [79] (Valoracion de Eficiencia de Referencia de Edificios), also developed by GBC
Spain, and this method aims to provide a methodology for the evaluation of the sustainability
of buildings. It is a methodology that enables buildings to be conceived in a global way
while including all their phases. VERDE develops tools for residential buildings, offices,
rehabilitation, etc. The LCA of the building is carried out whereby the potential impacts are
weighted in absolute values, and these are subsequently associated with one of the six levels of
certification through a comparison with a reference building. The CO emissions caused by the
manufacturing of materials employed and by the operational energy consumed are evaluated
by LEED y BREEAM, which is the first initiative managed by GBCe [80], and by the second
injtiative known as BREEAM Spain [81]. Its methodology is based on the determination of
impacts classified by categories, although these impacts do not conform to the LCA. At the
end of the process, like VERDE, it is the accredited certifier who calculates the rating of the
building. Another method available in Spain is ECOMETRO [82], which is an open source for
the design, environmental assessment, and measurement of LCA in buildings. Among other
aspects, it evaluates the carbon footprint in the construction and use phases with the aim of
obtaining zero-CO, buildings.

These four methodologies (HADES, VERDE, BREEAM, and ECOMETRO) have a
life-cycle approach, which requires specialised cognisance of environmental assessment
procedures. Level(s) is an extremely ambitious and demanding proposal from the point
of view of the previous knowledge needed to be able to use it correctly. In Spain, there
is still room for improvement for easy-to-use methods that enable self-evaluation by the
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user. In the region of Andalusia (Spain), the ARDITEC research group to which the authors
belong has been working since 2011 on methods and tools that evaluate sustainability
through the budgets of construction projects [83,84], using the open and freely accessed
Andalusia Construction Cost Data Base [85], which is mandatory in public work tenders in
Andalusia. The development of these investigations has enabled definitions to be made of
the environmental impacts of 7000 basic costs (its CF, EF, WE, and quantification of CDW)
that nourish the ACCD with environmental information [26].

In the present work, a simple methodology, based on the project budget, or more
precisely, its bill of quantities and work breakdown structure of construction cost databases,
is employed for the sustainability assessment. Additionally, the message is simplified by
employing indicators with strong messages that are easy to understand by the general
public. The method proposed integrates the three footprint indicators (CF, EF, and WEF)
together with the quantification of CDW. For social aspects, a questionnaire covers topics
related to labour and material origin. This methodology can provide public administrations
with their availability for use as a GPP assessment method.

2. Methodology

The methodology followed to obtain the objectives proposed in the article follows this

sequence (Figure 1):

1.  The analysis of the methodological development towards obtaining the CEACE
method (Certificado Ecolégico Andaluz de Construccion de Edificios: Andalusian
Ecological Certificate for the Construction of Buildings). The input data consists of
the project budget, its quantity surveying, and cost assessment, while the output data
involves the project footprints, CDW, and social aspects mentioned above;

2. The CEACE method will be applied and validated through the analysis of 15 projects
defined as combinations of residential projects with different constructive solutions.
A sample of 200 housing projects is used for the standardisation of indicators that
lead to global, economic, environmental, and social value;

3. Obtaining results: Values of the following parameters will be obtained for each of
the 15 projects: Costs, CF, EF, WE, and CDW (normalised by GFA). Subsequently, an
aggregate indicator (I_CEACE) will be obtained, based on a standardisation6 and
weighting process analysed in Section 3.3, for each of the 15 projects, which will
contain environmental, economic, and social information on them. The percentage of
influence of each of the work chapters in relation to the costs, CF, EF, WF, and CDW
parameters will also be determined;

4. Study of the influence of the use of Environmental Product Declarations (EPD) in
the CEACE method: The project of the 15 that has generated the highest value of
the I_CEACE indicator will be analyzed. Based on the analysis obtained from the
CEACE method, it will be possible to determine the construction unit that generates
the greatest impact, subsequently selecting the materials that compose it. Alternatives
to these materials that have EPD will be sought in the market [86]. Finally, different
scenarios will be evaluated to analyse the influence of the use of materials with EPD
on the I_CEACE indicator;

5. Discussion of results. A critical analysis of the results will be carried out. From this
discussion, it will be demonstrated that the results are sensitive to changes in the
foundation and typology of the building.
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Figure 1. Work methodology description.

3. Development of the CEACE Method

The CEACE sustainability method (Andalusian Ecological Certificate for the Construc-
tion of Buildings) [87] has several phases (Figure 2). The input data includes the budgets
of the construction projects and the Andalusian Construction Cost Database, ACCD [85].
There are other databases in Spain, such as BEDEC [88] and CYPE [89], but it is the ACCD
that focuses on construction in Andalusia. The calculation engine is based on the systematic
classification of ACCD and on a second database generated by the group [90,91]. The latter
consists of a spreadsheet that holds 7000 elements and determines the impacts of the basic
elements of the budget: materials, machinery and labour, and machines. To this end, it
is necessary to first determine the weight of each material consumed, the litres of fuel or
electrical energy consumed by the machines, and the hours of the workers, and then to
determine their footprints (Figure 2) based on Ecolnvent data [92] and Simapro [93]. The
formulation and calculations of the indicators can be found in Rivero-Camacho et al. [26].
The phases considered for the analysis of said impacts correspond to modules A1-A5
according to the standards [32,86].

[

[ Project ] [ ACCD ]

[Ecoinvent] [ Simapro ]

ECONOMIC |
DATA

z SOCIAL I
=

EEETEs
R

e

“ CEACE | PROJECT }
Bl EVALUATION —>»> %QUALIFICATION 0\
‘ ‘ |
S

£

Figure 2. Methodology for obtaining CEACE evaluation by calculating the carbon footprint (CF),

ecological footprint (EF), water footprint (WF), construction and demolition waste (CDW), and
social data.
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The input data are the ACCD, the spreadsheet with the environmental data calculated
for each Basic Cost (BC) in the ACCD, the project quantity surveying using the ACCD, and
the social questionnaire. The method generates the evaluation in three steps (see Figure 3):

1.  The economic and environmental budget (according to the indicators of the footprint
family and CDW) of the project is assessed using CEACE software (https://personal.
us.es/jaimesolis/, accessed on 14 March 2024) [87];

2. The environmental and economic calculations are exported to an Excel spreadsheet.
The social data is then incorporated (information regarding local materials, health
and safety on the construction site, and local labour);

3.  The aggregate indicator (economic, environmental, and social) and the qualification
of the project are determined.

— SUC 3 04ECH90002 m Concrete buried collector of diameter 200 mm. with underpinning of lands

},uJ g \} 77777 T Y
ro | I’ Project quantities 1
i Z 1 1 Costs ACCD
588! I (@=Qx$) |
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N / Q) (Q,xBC) (Q;x SUC)
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ACCD: Andalusian construction cost database

SUC: Simple unitary cost
BC: Basic cost
AUC: Auxiliary unitary cost

CF: Carbon footprint

Qu: Unitary quantities
Qt: Total quantities

Q: Project measurements
TC: Total cost

EF: Ecological footprint
WF: Water footprint

CDW: Construction demolition waste

Figure 3. Environmental information collected by the unit cost (SUC).
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3.1. Project Budget

For the creation of the project budget, the ACCD and its systematic classification of
work units, which has an alphanumeric classification, must be used. The cost structure
of the ACCD is created by virtue of a hierarchy that, starting from the lower level, grows
and, through the union of lower costs, more complex prices are formed. At the lower level
are the basic costs (BC) (Figure 3), which are distributed among machinery, labour, and
materials. The combination of these enables the Simple Unit Cost (SUC) to be generated. In
Figure 3, the SUC represented is 04ECH90002 (concrete buried collector). The aggregation
of the SUCs generates hierarchical divisions of a more complex nature to finally define a
chapter of the budget. Each chapter represents a stage of the construction project, which
begins with the cleaning of the plot and earthmoving and continues with the construction
of the foundation [94].

3.2. Environmental Information

In Figure 3, there is an example of a Simple Unitary Cost (SUC) (corresponding to
a work unit) where each of the Basic Costs (BC) has its own environmental information
assigned in the tool, CF in tonnes of CO,eq., EF in hag, WF in m? of water, and CDW in kg.
All the SUCs are evaluated by the method as shown schematically in Figure 4.

Vs
?::eact Construction
& ((j)i) database
wm? (ACCD)
suc
BC BC BC
materials machinery manpower
Materials Electricity Fuel
consumption consumption consumption
(kg) (kWh) 0}
l l \4
CF ey CF
generation
EE EE
WF WF
Carbon Ecological Water Ccbw
footprint footprint footprint (kg/m?)
(kgCO,/m?) (gha/m?) (m%m?)
N

Figure 4. Environmental information (CF, EF, WF, and CDW) is obtained for each basic cost (BC),
which is part of a work unit or simple unit cost (SUC) in the construction project.
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3.3. Characteristics of the Construction Projects

In the CEACE tool, in addition to the project work units (ACCD coding) and their
corresponding quantities, or Q;, the input data includes other general data, such as typology,
ground floor area (GFA), and number of floors above and below ground, see Figure 3. This
tool generates the economic and environmental budget (according to the EF, CE, WE, and
CDW indicators) per budget chapter and per work unit; a summary is presented per chapter,
and the five work units that generate the greatest impact are identified, for each impact. All
the outputs from the CEACE software are stored in Excel format. The information related
to social aspects, such as the use of local labour and local materials, is also added to the
Excel spreadsheet.

Finally, an aggregated indicator is obtained that collects the triple information (eco-
nomic, environmental, and social) and generates a sustainability indicator (I_CEACE)
(Equation (1)). This level is the sum of the environmental (A), economic (E), and social
(S) aspects, according to the weighting of 70% for environmental, and 15% each for eco-
nomic and social aspects). The environmental aspects have been assigned the highest
weight since this represents the main objective of the calculation method, although the
method is versatile in the sense that the weights of each aspect can be changed according
to the interests of the administrator. Other tools employ similar weighting procedures: the
HADES tool [78] weights environmental aspects at approximately 60%, the economic part
represents 17.4%, and the social aspects represent the remaining percentage, which include
impacts on health and comfort, among others. VERDE [79] provides approximately 50%
of the environmental characteristics, while the economic characteristics represent 17.4%,
and the remaining portion corresponds to social aspects. In a similar way, in the recent
work by Marrero et al. [95], indicators are weighted at 50% environmental; 30% social, and
20% economic.

The calculation of the indicator is as follows:

I_CEACE = (Au x Ka) + (Eu x Ke) + (Su x Ks) 1

where I_CEACE is the sustainability indicator; Au, Eu, and Su are the environmental,
economic, and social coefficients, respectively. Ka is the environmental weighting factor
(0.70), Ke is the economic weighting factor (0.15), and Ks is the social weighting factor (0.15).
In order for the indicator, I CEACE, to always have a value between 0 and 1 (that is, to
be bounded), it is necessary that the three coefficients (Au, Eu, and Su) are also normalised
between 0 and 1. For the normalisation of each of the coefficients, Equation (2) is used:

z; = (x; — min(x))/(max(x) — min(x)), )

where

z;: i normalized value from the data
x;: 1 actual value from the data

min (X): minimum value in the data
max (x): maximum value in the data

This standardisation has been made possible thanks to the data obtained from the pre-
vious work of the researchers [34,47,48], relating to environmental and economic indicators,
across a sample of approximately 100 projects.

In order to obtain the coefficient Au, a standardisation process is conducted for each
of the environmental indicators therein. Once the normalised values CFu, EFu, WFu, and
CDWu have been obtained, Au (Equation (3)) is obtained:

Au = (CFu x Kc) + (EFu x Ke) + (WFu x Kw) + (CDWu x Kcdw), 3)

where CFu, EFu, WFu, and CDWu are the normalised unit values of each of the indicators
obtained from the CEACE method. Kc, Ke, Kw, and Kcdw are the weight coefficients of
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each of the indicators, carbon, ecological, and water footprints and CDW, respectively. The
four indicators are considered to be equally important. Therefore the weight of each is 0.25.
The economic coefficient Eu (normalised value) is obtained in a similar way through the
normalisation process by interpolating the value obtained Ep (economic budget in EUR/m?
obtained from the CEACE tool) among the economic data of projects already analysed.
Finally, the social aspect is collected in the Su coefficient obtained from Equation (4):

Su = (Slaby x Kslab) + (Smat, x Ksmat) + (Shs, x Kshs), 4)

where Su is the social coefficient, and Slabu, Smatu, and Shsu are the CEACE unit of the
three social aspects analysed: local labour (lab), use of local materials (mat), and improved
health and safety (H&S) measures (hs). These unit values are obtained by Equations (5)—(7):

Slab, =1 — (Slab/100) (5)
Smat, =1 — (Smat/100) 6)
Shs, =1 — (Shs/100) (7)

where Slab, Smat, and Shs are project values entered by the user as a percentage from 0 to 100%.
Kslab, Ksmat, Kshs: weight coefficients of each of the indicators. Local labour is
considered to have a weight of 0.5, local materials 0.25, and improved H&S is 0.25.

4. Case Studies

Fifteen combinations of residential buildings in Andalusia have been studied, which
are representative of the majority of those built in the region and which have previously
been studied from the economic and environmental point of view in other works, and hence
the detailed measurement of material resources, labour, and machinery is available [34,47].
The environmental, social, and economic assessment is carried out on six projects, with
different combinations in the number of basement or foundation floors, that give rise to
15 different typologies. A detailed analysis of each project is presented, whereby the results
are differentiated per chapter in the budget. Finally, the I_CEACE indicator, which groups
environmental, economic, and social criteria, is obtained through the CEACE method.

Table 1 shows the 15 typologies of the projects under study. These are projects that
group several buildings of the same characteristics, selected from one to ten floors above
ground and one and two floors below ground. The ground floor areas are between 2000 and
11,000 m? above ground (GFA). All the buildings are for residential use, in four of which
the ground floor is for commercial use. The structure in all cases is composed of reinforced
concrete, except for typology 15, whose structure is created with masonry walls. Finally, the
foundations of the chosen buildings are composed of continuous trenches, isolated concrete
pads, reinforced concrete slabs, or piles, which allow comparisons depending on the type
of foundation. Other features of the projects are ceramic tile flooring, brick partitions, and
aluminium windows.

Table 1. Characteristics of the selected projects.

Floors above

Floors below  Gross Floor Number of Ground Floor

Project Ground Ground Area (GFA) Dwellings Use Foundation

1 10 11,100.88 120 Dwellings Reinforced concrete slab
2 10 2 11,100.88 120 Premises Reinforced concrete slab
3 5 1 5550.50 60 Dwellings Isolated concrete pad

4 5 2 5550.50 60 Dwellings Reinforced concrete slab
5 5 1 5550.50 60 Dwellings Piles
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Table 1. Cont.

Project lé;loors above  Floors below  Gross Floor Numb_er of Ground Floor Foundation
round Ground Area (GFA) Dwellings Use
6 4 2 4440.40 48 Premises Reinforced concrete slab
7 4 1 4440.40 48 Dwellings Reinforced concrete slab
8 4 1 4440.40 48 Premises Piles
9 4 1 4440.40 48 Dwellings Isolated concrete pad
10 3 1 3330.25 36 Dwellings Isolated concrete pad
11 3 1 3330.25 36 Premises Piles
12 3 1 3330.25 36 Dwellings Reinforced concrete slab
13 2 0 3836.17 24 Dwellings Isolated concrete pad
14 2 1 3836.17 40 Dwellings Isolated concrete pad
15 1 0 2696.57 13 Dwellings Concrete trenches

The 15 project budgets are input in the CEACE software, that is, work units and their
corresponding quantities. The tool calculates the impacts of each work unit and groups
them into chapters. Moreover, the eight items with the greatest impact are identified.
Appendix A shows the complete economic and environmental budget of Project 1, obtained
with CEACE software.

5. Results

Table 2 shows the results generated per GFA of each project according to cost, CE, EF,
WE, and CDW.

Table 2. Results of the CEACE tool (per GFA).

Total per GFA in m?

Project Cost ) CF ) EF ) WF3 ) CDW2

(EUR/m?) (t CO2/m?) (hag/m?) (m>/m*?) (kg/m?)
1 537.15 0.452 0.213 10.29 100.66
2 534.07 0.499 0.235 11.14 109.28
3 47412 0.432 0.204 10.02 102.87
4 570.36 0.568 0.267 12.58 120.69
5 541.78 0.486 0.235 10.81 118.08
6 593.03 0.601 0.286 13.11 138.27
7 519.93 0.485 0.229 11.49 102.43
8 497.45 0.464 0.228 11.69 115.81
9 510.64 0.459 0.216 11.31 106.10
10 539.37 0.508 0.240 12.03 126.57
11 477.27 0.516 0.253 11.80 127.61
12 570.64 0.535 0.253 12.15 123.03
13 665.06 0.556 0.272 13.51 126.50
14 699.64 0.657 0.312 16.54 159.93
15 550.90 0.655 0.309 15.14 169.27

By analysing Table 2, the projects with the greatest economic impact are revealed as
Projects 13 and 14, at over EUR 650/m?, which are the semi-detached dwelling projects of



Buildings 2024, 14,1131

13 of 24

the group. The general range is 475-650 EURm?. The low construction cost of the buildings
is due to the fact that they are all social housing with governmental constraints in their
budgets. Regarding all environmental indicators, Projects 14 and 15, semidetached and
detached dwellings, respectively, are those that generate the greatest impacts. The ranges
for all projects are 0.43-0.60 t CO, /m? for CF, 0.20~0.31 hag/m? for EF, and 100-169 kg/m?
for CDW. The projects with the lowest impact globally were 1 and 3, which contain a greater
number of floors. Typologies with two floors underground (e.g., typologies 2 and 4) have
the worst environmental performance. The results are similar to those obtained in other
publications by the authors [47] where, as the number of floors increases, the EF per m?
is reduced until it stabilises. Regarding the influence of the foundation, with the results
obtained, it cannot be concluded which type of impact is the greatest. This is not the same
result as found in warehouse construction, where this element is of major importance [28].
By analysing the budget chapters, the structures have the highest CF, EF, and CDW in all
projects, and the structures, and foundations have the highest WF in all projects.

In order to assess the social aspect, the following percentages were established in all
projects: local labour 100%, local materials 60%, and H and S improvements 0%. Of the
construction materials in Andalusia, 60% are concrete, steel, and bricks, which represent
more than 60% by weight [45]. The projects are located in Seville, Andalusia’s capital,
where there is local production of these three materials, and the percentage can easily be
met. As for the workforce, there is no specific statistical data, and mobility in construction
projects is considered low. These percentages apply equally to all 15 projects, see Table 3.
Even though the indicator can be sensitive to change, for example, if H and S improve,
the indicator calculation can be found in [95], and local materials are both 80%, then the
social indicator (Su) passes from 0.35 to 0.1. The I_CEACE in Table 3, which is in the range
0.305-0.824, passes to 0.268-0.786.

Table 3. I_CEACE of projects evaluated.

Unitary Values Coefficients I CEACE I norm CEACE
Project CFu EFu WFu CDWu Au Eu Su

1 0.394 0.402 0.286 0.379 0.365 0.25 0.35 0.345 —0.499
2 0.534 0.537 0.384 0.457 0.478 0.24 0.35 0.423 —0.250
3 0.335 0.349 0.255 0.399 0.334 0.12 0.35 0.305 —0.626
4 0.739 0.731 0.547 0.560 0.644 0.32 0.35 0.551 0.157
5 0.495 0.538 0.345 0.536 0.479 0.26 0.35 0.426 —0.241
6 0.835 0.841 0.608 0.719 0.751 0.36 0.35 0.632 0.415
7 0.492 0.497 0.424 0.395 0.452 0.21 0.35 0.401 —0.320
8 0.432 0.495 0.445 0.516 0.472 0.17 0.35 0.408 —0.298
9 0.415 0.421 0.403 0.428 0.417 0.20 0.35 0.373 —0.410
10 0.559 0.567 0.484 0.613 0.556 0.25 0.35 0.480 —0.069
11 0.585 0.644 0.459 0.623 0.578 0.13 0.35 0.476 —0.082
12 0.639 0.642 0.498 0.581 0.590 0.32 0.35 0.513 0.036
13 0.702 0.756 0.653 0.613 0.681 0.50 0.35 0.605 0.330
14 1.000 1.000 1.000 0.915 0.979 0.57 0.35 0.824

15 0.996 0.981 0.840 1.000 0.954 0.28 0.35 0.762 0.830

Normalization scale:

IO 06 1 ool I - 0313
—3s —2s —s

s +1s +2s X 0.501

CFu, EFu, WFu, and CDWau are the normalised unit values. Au is the normalised
environmental coefficient obtained from the weighting of the four environmental parame-
ters. Eu is the normalised economic coefficient obtained in a similar way to environmental
values. It is the normalised social coefficient, obtained, in this case, from the use of local
labour and materials.

When normalising all parameters, the _CEACE (sustainability index) is tabulated
between 0 and 1. Projects with the best overall rating will tend towards 0, and the worst
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will tend towards 1. In Table 3, the scale allows the results to be analysed quantitatively.
For example, Project 14, with a value above 0.80, is the worst performing overall. Projects
with lower impact move in a range between 0.30 and 0.50. Once the indicator is defined
and bounded, it can then be scaled to establish impact levels.

Although the sample is small, with only 15 cases under study, a first approach to the
normalization of the indicator can be made. For this purpose, the standard distribution
of the I_CEACE sample, s, and its mean, X, are used. The I_norm values correspond to
I_CEACE minus the mean, divided by the standard deviation. The results are shown in
a 6-sigma colour scale that allows us to identify case studies grouped by how far away
they are, below or above average (Table 3). The blue colour indicates that the project is in
the 3s range, which corresponds to the lowest values in the extremes of the population
distribution. Additionally, in the burgundy colour, those located in the extreme right are
significantly more impactful. This implies that as the sample grows, the variability adjusts,
so that the scale also adapts to the population being analysed, indicating the projects that
are more positively or negatively significant.

We analyse Project 14 from the point of view of each chapter of the budget (Figure 5).
Chapter-by-chapter data can be employed to schedule waste collection and separation as
the project progresses.

Cost(%) mCF(%) mEF(%) mWF(%) mCDW (%)

3. panT N 3.82/ 2.75/ 2.49/ 5.47/ 0.14

12. GLASSWORK | 0.46/ 0.16/ 0.15/ 0.35/ 0.01
11. CARPENTRY I 7.05/3.93/3.44/ 5.62/ 0.11
10. FINISHES
09. INsuLaTioN i 0.48/ 0.46/ 0.41/ 1.37/ 0.02
08. INSTALLATIONS 8.62 9.06 19.01 0.28

07.rRoofs [N 476/ 3.08/ 3.07/ 1.38/2.36

06. BRICK WORK 22.03 22.06 5.49 22.18
04. sewers [l 1.49/ 0.75/ 0.77/ 1.87/ 0.54
02. eARTHWORKS [ 0.80/ 3.72/ 3.89/ 0.80/ 0.00

Figure 5. Percentage of influence of the chapters of work per m*

In Figure 5, it can be noticed that, as expected, the foundation, structure, and brickwork
are the most important. Additionally, installations are of high importance, and those are
seldomly evaluated in the literature [31].

6. Study of the Influence of the Use of Environmental Product Declarations (EPD) in
the CEACE Method

The following study is performed with the CEACE method, wherein the items that
generate the greatest impact are determined. From among these, that which generates the
greatest environmental impact is the construction unit of the reinforced concrete slab. This
item is broken down into the following basic units:

TO00600, 0.046 h, official first-class rebar placing;
TO02100 0.053 h official first class;

TP00100 0.356 h special peon;

CA00320 2 kg steel B 500 S;

CA00620 0.99 kg electro welded steel mesh, B 500 T;
CB00600 4.86 U cement mortar vault;

CH80040 0.115 m? fresh concrete HA-35/p/20/I1a;

NG N
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8. CMO00300 0.001m? pine wood in plank;
9. CV00100 2.338 m rigid armour self-resistant beam;
10.  MV00100 0.07 h vibrator.

In order to ascertain the influence that the selection of materials that have environmen-
tal information may have, it is assumed that the labour and machinery employed remain
constant. From the basic costs, those that may have a high environmental impact and that
may have EPD (Environmental Product Declarations) [93] are selected. EPD are used in
the environmental analysis of construction products, and allow, through an evaluation
based on LCA, the determination of environmental parameters (CO, emissions, water
consumption, acidification, etc.) [96-98].

Based on these requirements, the five costs marked in bold above are selected.

The environmental information corresponding to the CF and the WF comes from the
Spanish databases of EPD [99] and from the self-declarations of certain manufacturers [100].

The waste indicator is considered as being unmodified by using EPD. In the case of
the basic costs of steel and concrete, the EPD of the AENOR Spain website includes the
life-cycle phases corresponding to A1-A4. In the case of vaults and joists, the information
comes from environmental self-declarations, and in this case, they cover phases A1-A3. The
study of the CEACE tool covers phases A1-A5, and therefore the results are comparable.
The results of the comparison are shown in Table 4.

Table 4. Comparison of environmental values between CEACE and information from the EPDs.

Material CF (t COy) EF (hag) WF (m®)
CEACE EPD CEACE EPD CEACE EPD
Steel rebars (kg) 1.460 x 1073 0.563 x 1073 0.659 x 1073 0.275 x 1073 2.700 x 102 2.980 x 1073
Cement mortar vaults (u) 1.480 x 1073 0.564 x 1073 0.709 x 1073 0.275 x 1073 1.468 x 1072 0.840
Reinforced concrete HA-35 (m3) 4,020 x 1071 2.850 x 1071 1.920 x 1071 1.389 x 1071 6.000 6.260
Self-resistant joists (m) 5.010 x 1073 6.351 x 1073 2.400 x 1073 3.095 x 1073 7.070 x 102 1.127

In the case of steel, the EPD has lower values than those of the CEACE software, which
is reasonable since EPDs generally show improved products as compared to generic ones.
Regarding concrete, the EPD values are lower in CF and EF, and similar in WE. In these
materials, it has not been necessary to change units, which prevents any potential errors in
that regard. In the case of vaults, it is observed that the data of CF and EF are lower than
in CEACE, however, the WF shows a certain disparity. In the case of joists, all values are
superior to CEACE. The causes may be that the data of the EPD are expressed in terms of
units other than those of the basic costs, which can cause errors in their conversion. Secondly,
the information comes from the environmental self-declarations of the manufacturer, whose
information has not been verified by certifying bodies. Furthermore, the declarations refer
to product families with highly diverse geometry, which can cause distortion in the results.

The new environmental information about the materials is introduced at this point
in order to create basic costs with the new indicators, and finally obtain the new unit cost.
By comparing the original item (with CEACE environmental indicators) and the new item
(with environmental indicators from EPD), it can be ascertained as to whether there are
significant differences in the environmental impact of the project (Table 5). Project 14 has
been selected as an example because it was the one with the highest I_CEACE value.

The four scenarios of Project 14 correspond to:

1. Scenario of the original project. It has an elevator, and the environmental data comes
from the CEACE database;

2. Similar to the stage, although it does not have an elevator. _CEACE decreases slightly;

3.  Starting from Scenario 2, the units with the greatest impact are selected. Similar
materials with EPD are sought: steel rebars, concrete HA-35, and self-resistant joists.
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Once the information has been obtained as explained above, then the budget is
assessed again with the CEACE tool;

4.  Starting from Scenario 3, a new EPD is added, in this case corresponding to cement
mortar vaults. Once the information has been obtained as explained above, then the
budget is assessed again with the CEACE method.

Table 5. Impact scenarios (Project 14).

Project 14

Scenarios CF (t CO2/m?) EF (hag/m?) WF (hag/m?) I_CEACE
1 0.657 0.312 16.545 0.720
2 0.647 0.305 16.050 0.695
3 0.628 0.297 19.655 0.748
4 0.621 0.294 25.612 0.741

7. Discussion of Results

Carbon footprint values obtained from the CEACE tool (Table 2) lie within the range
calculated by others. Chastas et al. [31] evaluate residential buildings and determine a
range of 0.128-1.35 t CO, /m? for the construction phase. Similar studies by Clark and de
Wolf [33,101] confirm the coherence of the data provided. The studies of Ie Den et al. [36] for
the complete life cycle of residential buildings, establish two ranges, one for single-family
dwellings, 0.4-0.7 t CO,/m?, and another for multifamily buildings, 0.2-1 t CO,/m?. The
same authors consider that the CF for the A1-A5 phases of the life cycle is approximately
2/3 of the total CF. Therefore, by extrapolating this value to the ranges, for single-family
dwellings, it would be 0.27-0.47 t CO,/m? and for multifamily dwellings, 0.13-0.67 t
CO,/m?2. The results of the CEACE tool lie within this range for multifamily homes, while
for single-family households (Projects 13 and 15), they are slightly above. The differences
might be due to the greater variety of single-family dwellings, which can generate a wider
range of values.

The ecological footprint values (Table 2) are similar to those published in previous studies
by the authors [47]. The results of WF impacts (Table 2) lie in the range of 10~16 m®/m?. The
studies of Lopes et al. [28] for the analysis of the WF of the construction of warehouse buildings
show slightly lower values due to the simplicity of those buildings, 6~12 m®/m?. Other studies
in Iran reveal higher values in the construction of residential buildings, 20.80 m?/m? [56]. In
China, a detailed case study was performed for the structure engineering of six landmark
buildings in E-town, Beijing. The total virtual water of the case buildings is quantified as
1.25 x 10° m®, which corresponds to an intensity of 20.83 m?/m? per square metre of floor [58]
and 26.6 m®/m? per square metre of floor [57]. In Spain, the WF of the complete life cycle of
single-family dwellings is 27 m>®/m? [59]. Therefore, the results are within the parameters
analysed, although it will be necessary to delve deeper into other building typologies. Finally,
the results of the CDW generated by the tool (Table 2) are comparable to previous work [72].
The ratios managed by studies of the quantification of CDW in Spain [102] for new construction
show values between 0.1 and 0.17 t/m?.

In relation to obtaining the I CEACE (Table 3), we can affirm that it is sensitive to changes,
for example, in social parameters. Thus, if the H and S indicator passes from 0% to 80% and
local materials pass from 60 to 80%, then the social indicator (Su) passes from 0.35 to 0.1. The
I_CEACE in Table 3, which is in the range 0.305-0.824, passes to 0.268-0.786. Regarding the
total values of I CEACE (Table 3), Project 14, with a value above 0.80, is the worst performing
overall. Projects with lower impact move in a range between 0.30 and 0.50.

In relation to the analysis by chapters (Figure 5), carried out on Project 14, it can be
observed that the chapter that has the most influence on the indicators is that of structures,
since it is representative in the four indicators: CF, EF, WF, and CDW, with percentages
between 20 and 25%, except in the CDW, which is even higher, at 35%. The chapter on
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masonry also has a considerable influence on environmental aspects (its influence in the EF,
CF, and CDW indicators exceeds 20%), and the foundations chapter has an approximate
influence of 20% on the CF and EF and 30% on the WF and CDW. The installations chapter
not only exerts a major economic impact but also a significant impact on WF. This analysis
is similar for the rest of the projects. Those construction elements that have a greater
environmental impact (structures, foundations, etc.) cause the environmental indicator
Au (Eql) to increase, and therefore also increase I_CEACE. This data can be used by the
administration to demand that these impacts be reduced through concrete, steel, or bricks
with environmental product declarations.

Finally, in relation to the influence of the EPDs on the CEACE method, from the results
of the four scenarios (Tables 4 and 5), it can be concluded that the EPDs from manufacturers
generate less impact in all cases, except joists. The increase in the CF due to the joists
is compensated by the decrease in the CF of the other materials, making the CF of the
construction unit of the reinforced concrete slab lower, which makes the total CF of the
project analysed (Scenarios 3 and 4) lower than that initially evaluated (Scenarios 1 and 2).
A similar analysis would serve as an EF indicator.

EPD from steel manufacturers generates WF values smaller than those in the CEACE
database. EPD from concrete manufacturers generates WF values similar to those in the
CEACE database. In the same way, the AEPDs (self-declarations) of the vaults and joists
yield much higher values than those of the CEACE base, as previously justified. The WF
between Scenario 2 (without EPD), Scenario 3 (with all EPDs except vaults), and Scenario 4
(with all EPDs) increases, especially between Scenarios 2 and 4.

Regarding I_CEACE, it can be stated that EPDs in this case increase I_CEACE values,
due to the influence of the WF indicator. It will be necessary to review in the future the
influence of the use of self-declarations on the WF indicator, and therefore, on the I_ CEACE.
This study must be extrapolated to other materials to be conclusive. Therefore, this analysis
verifies that the CEACE method can be employed to evaluate building projects according
to CPE criteria, since it allows comparisons to be made between proposals that incorporate
environmental aspects such as the use of EPDs and the use of materials certified with a
lower CF and obtains lower values of I CEACE. The difficulty in obtaining environmental
information for many construction products should also be borne in mind, since most
products do not have EPD, and hence the information, at least in the case of Spain, is not
centralised, which greatly hinders comparative data analysis. These types of tools can
provide an incentive for the dissemination of this type of environmental declaration.

8. Conclusions

This research demonstrates the usefulness of the new method proposed, CEACE,
which is easy to use and understand, for the promotion of sustainability in its ecological,
social, and economic dimensions. The method uses innovative indicators such as the
ecological footprint, EF, and the water footprint, WE and other widespread indicators, such
as the carbon footprint, CF, and the quantification of waste, CDW. The 15 dwelling projects
(single-family, multifamily, from 1 up to 10 floors) assessed have a cost range of 475 EUR
to 650 EUR/m?. Regarding the CF indicator, the range is 0.43-0.65 t CO, /m? and for the
EF indicator, it is 0.20-0.31 hag/m?. The generated CDW varies between 100-170 kg/m?.
These results are similar to others found in the literature.

An indicator is proposed that combines environmental, economic, and social assessment
through a global indicator, I CEACE. Fifteen projects are analysed with the method. Single-
family dwellings with one or two floors show the worst behaviour of I_CEACE, and these
also have the highest economic cost. The social aspect was fixed for all cases analysed. From
the analysis of the tool, the budget chapters with the greatest impact are those dealing with
structures and foundations. On analysing the chapter on structures, the greatest impacts are
found to be related to items such as reinforced concrete slabs and beams.

The sustainability indicator I_CEACE has been shown to be sensitive to changes in
the various indicators that compose it. In future work, the exhaustive study of typologies
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and diverse uses is proposed in order to determine reference values. Additionally, the
integration of the indicator in building information modelling could be explored.
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ACCD Andalusia Construction Cost Data Base

BC Basic Cost
CAM Compulsory minimum environmental criteria
CDW Construction and demolition waste

Certificado Ecolégico Andaluz de Construccién de Edificios (Andalusian Ecological

CEACE Certificate for the Construction of Buildings)
CF Carbon footprint

EF Ecological footprint

EPD Environmental Product Declarations
EU European Union

FF Footprint family

GFA Ground floor area

GHG Greenhouse gas

GPP Green Public Procurement

LCA Life Cycle Assessment

sucC Simple Unit Cost

WE Water footprint

Appendix A

Table Al. Economic and Environmental Budget. Project 1.

Total

. . Cost CF 3 CDW
Code Unit Concept Quantity (EUR) (tCO,) EF (hag) WF (m?) (kg)
(ud.ref)
Chapter
02. Earth Works
02ACC00001  m? Hole excavation for the foundation 520101 428572 11.29 5.69 4081 0.00

02RRM00001 m?
02TMMO00002 m3

footing in soil of medium consistency
Earth filling carried out mechanically 122.11 102.57 0.49 0.24 42.27 0.00
Soil transport, MAX. distance 5 km,

. 6614.68 20,108.63 94.83 47.04 342.62 0.00
loaded mechanically
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Table A1. Cont.
Total
. . Cost CF 3 CDW
Code Unit Concept Quantity (EUR) (tCO,) EF (hag) WF (m?) (kg)
(ud.ref)
Total Chapter 02. Earthworks 24,496.92 106.61 52.98 425.70 0.00
03. Foundation
03ACC00011 kg Rebar for the foundation B500S 81,325.00 10572250  129.21 58.82 2395.93 2649.57
03ERTS0060 m? Metal formwork 2 cm, in retaining wall 1587.43  56,083.90 11.87 5.16 6802.01 434.89
Reinforced concrete, HA-25/P/40/1la
03HRZ80030 m>  with B400S steel, in footings and pile caps, ~ 1098.99  126405.83 394.69 187.46 614820  145714.62
poared with crane
03HMMO00002 m3 Mass concrete HIM-20/P/40/Tin 122.11 8244.87 30.28 14.51 452.34 13,447.68
foundations
Total Chapter 03. Foundation 296,457.10 566.05 265.94 15,798.49 162,246.76
04. Sewerage
04VBP00002 m Reinforced P\é?amvfezplpe' 110 mm 1221.10 24495.27 5.22 2.51 887.24 92.89
04CCP00031 m Hung PVC mainfold, 315 mm diameter 244.22 12963.20 2.89 1.37 505.92 52.80
04EAP90002 u  Sewerage passage box, 63 x 63 cm, 1 m 12211 2658457 27.46 13.33 297.35 6861.88
deep, executed in soil
Total Chapter 04. Sewerage 64,043.03 35.57 17.20 1690.50 7007.57
05. Structure
05FUA00118 m? Slab formed by autoresist beams and 12,088.90  396,395.03  835.93 400.10 15126.04  330,368.44
concrete vaults (HA-35)
05HAC00015 kg Rebar B500S 147,875.00 19223750  234.95 106.95 4356.57 4817.77
05HET00201 m? Metal f"rmwoié"c‘ltiié’hemhc board 928034 181,245.04 4138 19.86 5922.41 419.77
Concrete for reinforcement in beams
3
05HHJ00003 m HLA-25 /D20, Tia 122110 95,038.21 360.97 173.09 539356  160,313.79
Total Chapter 05. Structure 864,915.78 1473.23 700.00 30,798.59 495,919.76
06. Masonry
06LHC00001 m? Wall with ceramic breaks of 7 cm thick 4029.62 73,862.93 147.86 70.38 947.21 36048.22
06LPM00001 m? Brick wall with 1 foot drilled bricks 10623.50 375,009.55 844.11 401.04 5278.41 207,113.81
06DTD00001 m2  Drick partition giﬁﬁi‘;eramm brickof  ge9088 13392252 29550 140.53 183240  72,663.03
06DSS00001 m2  brick partition wall with ceramic brick 891401 9475593 12153 58.22 78710  29542.06
with mortar
Total Chapter 06. Masonry 677,550.93  1409.01 670.16 884512  345,367.11
07. Roof
07HTF00002  m2 Walkable roof 134321  102,836.16 62.53 29.54 706.40 11,666.56
Total Chapter 07. Roof 102,836.16 62.53 29.54 706.40 11,666.56
08. Instalations
Copper ducting, recessed, 12 mm
08FFC90100 m . 5617.05  58,361.15 13.15 6.15 594.17 160.27
diameter
08FGL00004 u Mixer washbasin faucet equipment. 732.66 74,753.30 73.15 33.27 2707.56 480.82
Premium quality
08FSIN0001 u Low tank toilet, white vitrified porcelain 305.27 45,372.28 39.36 18.13 1434.33 303.01
08FSLO0091  u Pedestal washbasin white vitrified 30527  52,732.34 38.94 17.93 672.94 296.78
porcelain
Solar interstorage unit with fixed coil
08NAA90101 u capacity 150 litres, DHW 123.00 47,715.39 11.70 5.38 245.48 44.34
08NEE9O0Il u  nclined structure fo Spport solarpannel 750 1628004 0.01 0.04 0.25 0.0
08NOC90001 u Flat solar CoueCtlog' ;ﬁsmber surface is 76.00 28,622.36 1.61 0.83 39.13 39.89
0SNPP90001 m  Tieatinsulated annealed cupperducting 50500 976840 3.95 1.96 181.89 41.93
15 mm diameter
08FDPO0011  u PVC siphon canister 125 mm with PVC 976.88 40,687.05 4525 20.83 5899.88 405.17
tube 20 mm diameter, 1.9 thick
08FCC00055 m Heat-insulated copper ducting, 36 mm, 232008  48,744.88 16.79 7.52 751.15 206.62

recessed
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Table Al. Cont.

Total
. . Cost CF 3 CDW
Code Unit Concept Quantity (EUR) (tCO,) EF (hag) WF (m?°) (kg)
(ud.ref)
08CAF00102 u Heat pump condenser 17,700 frig/h and 12000 94360320  112.65 52.18 2363.03 426.85
19,500 kcal/h
08SMAA90011 u Elevator without motor, 400 kg and 5 3.00 7111470 2292 15.36 1139.25 199.99
persons capacity
08CCE00000 m?  Radiatorwith single panel sheet of steel 18576  33,934.64 15.47 7.21 326.79 62.30
and 2-way wrench
08CAW00001 m Two conductor circuits, 1.5 mm? 830346  29,062.11 9.12 437 1565.59 103.48
General power supply line 3 x 95 +2 x
0SERR00246 m Y BVC tube 256430  348,411.44 55.23 25.23 499541 626.47
0SELL00002 u Recessed switch for light 158743 70,053.29 19.39 9.13 2566.69 211.33
0SETT00002 u Recessed p O“’le; ?I‘:iit 1/16 A with 268641  90,021.60 18.17 8.80 2648.87 203.20
0SEPP00152 m Ground electric connection with bare 2197.97 2534259 2.85 1.58 116.50 20.44
popper wire of 35 mm
Total Chapter 08. Instalations 2,122,442.96  499.72 235.90 28,248.89 3832.94
09. Isolation
09TPP00030 m?  SPraved P"lyureth;rr‘r‘i wallinsulation 20 g514 07 317958 29.07 12.25 2172.88 267.42
Total Chapter 09. Isolation 32,179.58 29.07 12.25 2172.88 267.42
10. Finishes
10WRC00001 m Ceramic tile 14 x 28 cm 1098.99  14,122.02 2.84 148 47.14 229 87
10TET00005  m> Continuos ceiling with smooth plater 976.88  16,577.65 6.07 2.98 97.73 1029.20
pates, metal frame
1085500010 m? Concrete Screfﬁcgi‘s?M'zo' 15em 122110 2603385 4927 23.70 110715 2345467
10SCS00001  m?2 Flooring ceramic tile 14 x 28 cm 976878  190,686.59  223.99 105.38 3983.03  20,928.36
10CGG00028 m2  rimmed and plastered on walls, includes 55 45615 454 917,87 9.54 8.42 655.38 28947.95
plaster mortar
10CEE00006  m?2 Plastering and striped for tiling 21,002.90  288,579.85 31.77 18.65 536.03 4506.93
10AAL00003 m? White tile 15 x 15 cm with adhesive 525072 10291411 11653 53.95 2187.94 8218.58
Total Chapter 10. Finishes 1,063,831.94  439.99 214.55 8614.40  87,315.56
11. Carpentry, safety
and security elements
11SRM00001 m2  Rolled steel security mesh with platesand 5, 1 6506.02 530 243 150.31 022
square bars
11SPP0000T > Manually activated roller shutter with 85477  41,823.90 45.44 21.02 1658.77 257.82
slats of 1.0 mm thick
11SBA00001 m Stell railing with 14 mm diamter bars 732.66 45,131.86 36.32 16.64 1030.83 1.32
1IMPB00151  m?2 Main door, with frame 1587.43 18947564  —11.61 -6.61 1623.95 1036.59
11LVAQ127 m2  Aluminum Castf)“;e;tvvvvig‘sow typell(5 766 7813086 1748 7.08 457.35 49.94
11LPA00125 m? Aluminum hinged door 732.66 76,394.46 123.96 48.86 3162.50 316.20
Total Chapter 11. Carpentry, safety and security elements 437,462.74 216.89 89.41 8083.71 1662.08
12. Glazing and
synthetic products
12NNIS0001 m2 Window glass, 8 mm thick 134321  32,035.56 10.60 4.78 579.53 149.34
Total Chapter 12. Glazing and synthetic products 32,035.56 10.60 4.78 579.53 149.34
13. Paints
13EAA00001 m? Actylic elastomer paint 14,836.30  54,449.22 23.92 10.00 72855 445.09
13EEE00001  m?2 Greasy enamel paint 164848  11,737.18 1.85 0.86 200.60 40.16
131PP00001 m? Plastic paint on bricks, gypsum or cement ~ 34,837.90  142,487.01 124.24 53.60 6111.60 1397.70
13IEE00002 ~ m? Grasy enamel painting on wood carpentry 3870.87 35,960.38 14.44 6.38 1201.09 150.35
Total Chapter 13.Paints 24463379  164.46 70.83 8241.84 2033.29
TOTAL 5,962,886.48 5013.73 2363.56  114,206.04 1,117,468.40
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