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Abstract

This paper deals with a case study aimed for students of the "Advanced Methods and Technology in
Construction" subject, taught in the Master's Degree in Planning and Management in Civil Engineering
(MUPGIC) of the Universitat Politecnica de Valencia. In this course advanced construction procedures
are taught. This article presents the case study of a ventilated fagade, which has a constructive
system that makes it aesthetically attractive and energetically efficient. The case study, for the
students, consists in the life cycle assessment of a certain ventilated fagade type in two different
climatic zones of Spain: Valencia and Avila, using the Ecoinvent database. Students must take into
account that both cities have a very different climate and make the decision to change some of the
constructive elements depending on the results. Students will learn to understand and apply advanced
constructive procedures. Furthermore, they will acquire transversal competencies such as the
decision-making, and problem analysis, and solving capacities, considering the ethical, environmental
and professional responsibilities. This article is the preamble for future studies related to the life cycle
assessment of a construction or unit from it, considering both an economic and energetic point of view
as well as an economic and social one.

Keywords: engineering training, postgraduate course, applied research, sustainability, footbridge, life-
cycle, environmental impact.

1 INTRODUCTION

1.1 Postgraduate studies in the engineering field

In recent years, education and training in engineering has undergone a change in Spain and the rest
of Europe. To improve the economic development of this sector, students require additional formation
to obtain the required knowledge. Masters and Postgraduate courses (MSc) allow students to
complement their training and expand their scientific knowledge in order to specialize in a specific
field. The Polytechnic University of Valencia offers a large number of these masters and postgraduate
courses. One of them, is the Master's Degree in Planning and Management in Civil Engineering
(MUPGIC) that delves into the related knowledge in the planning and management of projects, works,
infrastructures and companies in the construction sector. The objective is to present a research work
related to the topic of "Advanced methods and technologies in work". Our research group has made
several articles related to this topic [1-5].

1.2 Background

The construction sector in the European Union (EU) has a fundamental role in the economy. It
generates almost 10% of its GDP and provides employment for 20 million people [6]. Construction is
one of the main responsible sectors for the consumption of natural resources. Within construction, the
housing sector represents an important energy consumption and a great amount of environmental
impacts. The EU, to address this sector, has developed a number of regulations [7, 8] that focus on
reducing energy consumption, taking into account the life cycle of housing, and considering its
environmental impacts. To carry out an in-depth study of the use of the energy of a building and its
environmental impact, a life cycle analysis (LCA) is required, to know the different impacts that are
going to be generated, and thus, to be able to make an improvement to reach a solution as
sustainable as possible. LCA, therefore, is a very useful method to help us to make decisions with the
purpose of improving the energy efficiency. Wiessenberger and others [9] have shown that LCA has
been analyzed in different publications for the last 20 years.
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Other authors [10] also focused on the construction sector and on civil engineering constructions.
Nowadays, with the existing bibliography, it is demonstrated that there is a great variety of
methodological options to carry out an LCA.

2 LCA METHOD

The objective of the study is accomplished with the use of the LCA method. This helps us to calculate
the environmental impact caused from the production of each material used in the construction
through the use and maintenance of the building and ending with its demolition [11]. Knowing the
impact on the environment helps us to make the best choice of materials as well as the best possible
constructive section.

2.1 Goal and scope definition

When a designer/architect is making a building, he must always think of the best option in terms of
materials and constructive solutions, both from the point of view of energy efficiency, and from the
economic point of view, without losing the main objective to satisfy the purpose that this building will
serve throughout its life cycle (residential, industrial, commercial...).

If we focus on the case study that concerns us, the realization of the enclosure of a single family
house, can have several constructive solutions [12].

Figure 1. Constructive details of the studied fagade systems (CSIC, 2008).

The choice of the realization of a ventilated fagade, instead of any other, like a conventional fagade, is
due to the peculiarities and characteristics that it offers for the improvement of the enclosure of the
building, such as its absorption and thermal transmittance [13].

When choosing the building materials, and above all, defining the thickness of their layers, we must
take into account several factors, among which one of its most important ones is the climatology that
the buildings will be exposed to during their useful life [14].

In Spain, the regulations [15] mark a differentiation by climatic zones according to the region and
altitude with respect to the level of the sea, in addition to the climatic conditions at different times of
the year, and their extreme temperatures during the winter and summer seasons. To carry out the life
cycle study of the ventilated fagcade, the OpenLCA software has been used along with the Ecoinvent
database [16-20].
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2.1.1 Ecoinvent database processes

The Ecoinvent database provides different results depending on the location where the studio is
made. In the initial versions of this database, the results were acquired in Switzerland (CH), without
discarding some processes for Europe (RER). With the evolution and development of the database,
the countries of Canada (CA-QC) and Germany (DE) were incorporated. For the rest of the process
where there was no specific location you select rest of the World (RoW) and Global (GLO).

In addition, when the life cycle Studio is performed, the same process presents variations according to
distances between plants or quarries where the material used is produced, quantity of recycled
material in the manufacturing process, among others. Therefore, Ecoinvent allows to introduce
uncertainties associated to each process.

This uncertainty is divided into two stages. On the one hand, we find the uncertainty pertaining to the
very nature of the process [18] and, on the other hand the uncertainty known as the pedigree matrix
[19], which evaluates geographical and technological correlation, temporal correlation, reliability and
integrity.

2.1.2 Functional Unit

In this study, the functional unit is the m? of ventilated fagade. For the realization of this type of
buildings, you can consider the whole unit or just a part of it. In this case, to obtain a more detailed
study of the flows produced by each constructive material and their environmental impacts, 1m 2 of
enclosure is chosen [13,17,21-25].

2.1.3 System Boundaries

The system is divided into subsystems. We have considered the production subsystem, which
includes the extraction, transport to plant and processing of each material; the construction
subsystem, formed by the transport to the construction site, assembly and completion of the ventilated
facade; the use and maintenance subsystem, including the energy consumed inside the building
during the service life, and the end subsystem, with the demolition and waste disposal [26-30].

building assessment information

building life cycle information '

! supplementary
information
beyond the

‘\% & : @ @l ébundmgmecyde

Construction

Product stage process i Use stage End of life stage
stage

[oy]
N
oY)
™
vy)
N
w
]

Al A2 A3 A4 AS B Cl C2 C3 C4 ! D

benefits and

o
o c £
Q ] @ loads
5 S E|| g
@ c © < b+ beyond
[ @ o 8L O
5] ] K] e} ® the system
© 2 g
[
= X x

Manufacturing
Transport
process
De-construction
demolition
Transport
Waste processing
Disposal

reuse,
rerecovery,
recycling

B6 Operational energy use

Raw material supply
Transport
Construction instalation

B7 Operational water use

Figure 2. Scheme of the building assessment information modules based on 15978. [27]

2.2 Case Study: A construction of ventilated fagade in two countries

Our object of study is the complete life cycle assessment of a square meter of ventilated fagade with a
constructive section formed by the materials and thicknesses described in Table 1.
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Table 1. Quantities and characteristics of the materials.

Valencia Avila

Thickness Amount Thickness Amount

(mm) (kg/1m?) (mm) (kg/1m?)
External ceramic tile 1000x1000x300 10 1000x1000x300 10
Rock Wool 40 6 80 12
Aluminium fixation 8 8
Light clay brick 230x110x70 90 230x110x70 90

Cement mortar 15 19.5 15 19.5

When designing and building the envelope of any type of building, it is necessary to take into account
the impacts to which it will be subjected; of external origin such as climatology, and those produced
inside the building [11, 14].

In this case we analyze the same type of ventilated fagade in two Spanish cities, Avila and Valencia.
They are two completely different climatic zones, which are based on the height difference between
that locality and the reference height of the capital of its province and are divided into 12 groups.
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Figure 3. Climatic zones of all provincial capitals of Spain according to the CTE-DB-HE1 2017 [15].

Avila (E1) is a city with extreme temperatures in both summer and winter, unlike Valencia (B3) which
has a much softer climate. These extreme temperatures imply the need to make a change in the
constructive section of the ventilated fagade.

Several studies have shown that modifying the thickness of the thermal insulator improves the
response of the fagade to any agent or external impacts [27, 32-34]. Therefore, when carrying out the
study of the life cycle, two constructive sections are considered, one for Avila and another one for
Valencia. The main difference between both sections lies in the thickness of the thermal insulator,
which in our case study is about the mineral rock wool.

2.2.1 Life Cycle Inventory Analysis

As described above, different phases are taken into account in the life cycle analysis to study in detail
which environmental impacts are produced in every phase.
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In the production phase, all the materials used in the construction of a square metre of ventilated
fagade are taken into account. The Ecoinvent database contains each one of the materials that form
the constructive section of the fagade.

For a greater and more accurate study of the impacts produced by the production of these materials,
the distance from the extraction of the raw material to the plant where they are processed has been
properly measured and considered, due to the impacts caused by the transportation of materials,
mainly due to the emissions caused by the combustion engines of the trucks that have to carry the
materials from their extraction site to their processing plants and the final construction site.

During the construction phase, the assembly and manipulation by the operators of the materials used
in the construction of the ventilated facade is produced. This phase has taken into account the use of
a mobile crane and the transport of each material already processed in a plant to the construction site.

The use and maintenance phase, in this case, has not been taken into account, because the energy
produced inside the building by its users and activities, does not significantly contribute in the impacts
caused by the square meter of the fagade that is studied. This is due to the fact that a single square
meter of fagade would be responsible for an insignificant fraction of the total energy consumed by the
entire building, therefore, to study its life cycle it should be discarded [27].

In the final phase, the demolition of the fagade and the transport of its remains to the recycling and
waste disposal plants has been analyzed, as well as the creation of a landfill for these materials.

3 LIFE CYCLE ASSESSMENT RESULTS

The results obtained from the Open LCA Software of the ventilated fagade, have been divided into two
groups, on the one hand, those obtained from the city of Valencia, and on the other hand, the city of
Avila. These two groups of results have been compared to study the environmental impact in the
production, construction, and final phases of the life cycle of the fagade.

The uncertainty has been considered in each one of the phases through the pedigree matrix, in
addition to conducting the Monte Carlo analysis with 1000 simulations. Therefore, a statistical analysis
is made to study the distribution of the results obtained throughout the simulations, which are then
compared according to their mean value and coefficient of variation. To facilitate the comparison of the
results, the mean values have been displayed in the graphs, while their coefficient of variation is
shown in the tables.

The objective is to quantify the impact that our ventilated fagade produces. The result is a list of
environmental indicators that depend on the evaluation system and method chosen. In this case, the
ReCiPe 2008 method has been used to assess the environmental impact, which combines the
midpoint and endpoint approaches, based on the Eco 99 indicator [34]. The midpoint approach gives
us the impact caused on basic categories such as climate change, human toxicity or water depletion.
On the other hand, the endpoint approach groups these basic categories in three bigger clusters,
composed by the damage caused to the resources, ecosystems and human health. Therefore, the
endpoint approach provides results that are easier to interpret and understand, whereas the midpoint
approach provides more detail, allowing a detailed analysis of certain specific emissions or impacts.
Thus, combining both approaches, the total impact can be analyzed to draw conclusions.

3.1 Midpoint approach

With this approach, we obtain a great number of categories of impacts, providing a great level of
detail. Every impact category has its own unit of measurement, for instance, the Global Warming
Potential is quantified with the kg of CO2 emitted to the atmosphere while the Water Depletion uses
the total volume of water required throughout the whole process. Thus, these categories are very
useful to compare between alternative designs of methods, but it can be hard to determine which one
has more contribution to the total impact caused throughout its life cycle. The impacts caused by a
square meter of the ventilated fagade in each climatic zone are displayed in Table 2, including their
mean values and coefficients of variation.
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Table 2: Impacts caused by the ventilated fagade. Mean value and coefficient of variation (cv).

Impact Category
Agricultural land occupation

Climate Change
Fossil depletion

Freshwater ecotoxicity

Freshwater eutro
Human toxicity
lonising radiation

Marine ecotoxicity
Marine eutrophication

Metal depletion

Natural land transformation

Ozone depletion

Particulate matter formation
Photochemical oxidant formation
Terrestrial acidification
Terrestrial ecotoxicity

Urban land occupation

Water depletion

Unit
m?*a
kg COz eq
kg oil eq
kg 1,4-DB eq
kg P eq
kg 1,4-DB eq
kg U235 eq
kg 1,4-DB eq
kg N eq
kg Fe eq
m2
kg CFC-11 eq
kg PM10 eq
kg NMVOC
kg SO eq
kg 1,4-DB eq
m?*a
m3

phication

Valencia
Mean
9.36114766
118.307565
32.6656477
1.41605638
0.02716613
30.6459122
7.3608334
1.28235004
0.05398696
6.0349623
0.03057513
1.2839E-05
0.36424223
0.46663837
0.5480577
0.20565172
1.30347537
334.172049

cv(%)
39%
1%
12%
12%
13%
15%
1%
12%
34%
24%
13%
12%
26%
1%
12%
61%
18%
10%

Avila
Mean

9.86265972
132.339269
36.5040711
1.53566185

0.0305368
34.4859547
8.10650884
1.39926817
0.05638602

6.5887318
0.03547028
1.4147E-05
0.39511239
0.51666851
0.62818589
0.20691243
1.55108553
356.622044

cv(%)
36%
12%
12%
12%
14%
14%
1%
12%
32%
20%
14%
12%
21%
13%
15%
59%
17%
10%

In this analysis, the comparison between the two cities studied is done with the average values of the
impact because they are the most repercussion have. Table 3 shows the total impact in % in every
impact category, as it can be observed, the city of Avila causes around 50% more damage than
Valencia in most impact categories: ALO, CC, FD, HT and IR. The ventilated fagade located in Avila
requires twice the amount of thermal insulation thickness than the one located in Valencia, therefore,
being responsible for most of the variation in these impacts. On the other hand, we can observe that
other impact categories like the PMF, TAC, TEC and ULO do not seem to be as affected by the
increment in the thickness of the thermal insulation.

Table 3: Impacts caused by the ventilated fagade.

Impact Category Valencia Avila
Agricultural land occupation (ALO) 48.88% 94.61%
Climate Change (CH) 48.39% 99.60%
Fossil depletion (FD) 48.64% 98.54%
Freshwater ecotoxicity (FEC) 48.73% 74.45%
Freshwater eutrophication (FEU) 91.38% 2.98%
Human toxicity (HT) 48.11% 98.47%
lonising radiation (IR) 48.93% 93.75%
Marine ecotoxicity (MEC) 48.72% 72.57%
Marine eutrophication (MEU) 49.16% 9.28%
Metal depletion (MD) 48.83% 92.17%
Natural land transformation (NLT) 47.87% 6.19%
Ozone depletion (OD) 49.33% 0.00%
Particulate matter formation (PMF) 48.43% 42.43%
Photochemical oxidant formation (POF) 48.28% 49.81%
Terrestrial acidification (TA) 47.37% 54.93%
Terrestrial ecotoxicity (TEC) 49.97% 25.90%
Urban land occupation (ULO) 48.52% 72.38%
Water depletion (WD) 48.85% 99.86%
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3.2 Endpoint approach

With this approach, a global result is obtained in three categories of damage: resources, human health
and ecosystems. Therefore, the results are easier to interpret and compare. The contribution of each
phase of the life cycle assessment has been analyzed for every category.

Figure 4. Impacts of Avila city.

Figure 5. Impacts of Valencia city.

The results show that the most important phase and with the greatest impact of the two cities, is the
production phase, surpassing in the three categories 50% of the total impact.

As mentioned above, the City of Avila presents a more extreme climatology, so its constructive section
contains a greater thickness of rock wool. Therefore, if we analyze the results obtained, the production
phase causes a 5% more damage to the resources; 3% more to human health; and 2% more damage
to the ecosystem. On the other hand, if we look at the construction phase and end of life, we see that
the city of Valencia has a higher % in the three impacts analyzed. This means that the transport and
the distances used have great repercussion and not only the variation of the thickness of the thermal
insulator.

4 CONCLUSIONS

This paper described the methodology for the study of the life cycle of a ventilated fagade. This study
has been carried out in two Spanish cities with a completely different climatology in order to analyze
the environmental impact of the three phases analyzed and to see if when making a change in the
constructive section of the facade there is some Change in total impact. The results show that the total
impact of the production, construction and end of life phases in Valencia and Avila is similar. This
leads us to the conclusion that due to the distances used in the transport of construction materials, the
overall computation of the impact that occurs in both cities, only suffers slight variations. But on the
other hand, the results obtained from the analysis of the midpoint, lead us to the conclusion that the
increase in the thickness of the thermal insulation in the section of ventilated fagade in Avila, also
causes an increase in the different categories of impact (ALO, CC, FD, HT and IR). This increase is
50%, which is the same as much increase in thickness of rock wool between one city and the other.
In other categories of impact such as PMF, TAC, TEC and ULO, the difference between the two cities
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is less so that the thickness of the insulator does not affect. For a postgraduate student, this work
gives them the necessary bases to be able to carry out a study of the life cycle. In addition, it serves to
preamble future studies related to the constructive systems of ventilated fagades.
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