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Abstract. This paper presents a new service life database (DUREE database) for building elements,
based on international service life data. The database includes 7°000 service life data, for more than
2°000 building elements. In addition, the fitting of the data to a lognormal distribution is presented. The
study contributes to the increasing demand of probabilistic building LCA and LCC and provides the
possibility to define statistical distributions, with a systematic way, for a large number of building
elements and different levels of details (LOD), appropriate for BIM-based assessments.
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1 Introduction

Reliability issues in life cycle studies, i.e. Life Cycle Assessment (LCA) or Life Cycle Cost
(LCC) analysis have been long discussed (Bjorklund, 2002; Huijbregts, 1998). Different
methods have been proposed to enhance the confidence in the LCA results, i.e. uncertainty and
sensitivity analyses, as summarized in Pannier (2018) for the building sector. Reducing the
variability and uncertainty of the input parameters, increase the accuracy of the LCA or LCC
result. Among the different parameters that present significant uncertainty and influence the
building LCA accuracy is the service life of the building elements, as it has been shown by
different studies, e.g. (Grant and Ries, 2013). The service life mainly influences the use phase
through the replacement of the building elements. For instance, in rescent LCA studies, the
replacement stage can account for up to 36% of the greenhouse gas emissions (GHG) of a
multifamily house (Goulouti et al., 2019).

The term ‘service life’ (or lifetime) can be understood and defined in various ways,
depending on the scope of the final user e.g. building designer, owner, LCA or LCC expert
(Lasvaux et al., 2019). According to Thiebat (2019), the service life of a building can be
classified into physical, functional or economic service life. The physical service life
corresponds to the lifetime allowed by physical degradation procedures, contrary to the
functional one that additionally takes into account the ‘performance/requirements ratio’, while
the economic service life corresponds to the residual economic value. Furthermore, the
international standard I1SO 15686, (ISO 15686:2011), distinguishes among the service life, the
reference service life, the estimated service life, the predicted service life and the service life
during the design. In the Swiss context, the Swiss Society of Architects and Engineers (SIA)
differentiates the technical service life (SIA 2047, 2015; SIA 480, 2016), from the useful life
(SIA 2047, 2015; SIA 260, 2003; SIA 480, 2016) or the amortization period (SIA 2032, 2010),
used for LCA calculations.
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There are multiple studies, as summarized in Silvestre et al., (2015) that discuss the ways
the service life is estimated, mainly through the deterministic, the probabilistic and engineering
method. However, in practice, the attribution of the building elements service life is based on
standardized values, from technical standards, as for example in Switzerland, in the SIA 2032
technical book (SIA 2032, 2010). Apart from the technical parameters that affect the duration
of service life, different scientific studies, as summarized in (Goulouti et al., 2019; Volland et
al., 2019) have identified a variety of non-technical, socio-economic parameters that
additionally affect the service lives of building elements.

Hence, there is a variability linked to the definition and the corresponding estimation of
service life and there is no general agreement about the service life data, among the studies, as
it is also stated in Dixit (2017). Furthermore, in the literature, there are different ways of
decomposing buildings and attributing the service life, i.e. either at the functional or at the
construction material level. Previous studies with service life data for specific materials have
been conducted by Hoxha et al. (Hoxha et al., 2014) and Dixit (2019), who additionally
reported their variability through statistical distributions. Looking at more functional oriented
databases, the Swiss eBKP-H — SN506511 (CRB, 2012) standard of construction costs provides
a structured way to decompose the building into elements and sub-elements. Similar
decomposition exists in Germany, too. In France, the INIES database that was developed to
gather product-specific LCA studies of manufacturers (i.e. the “Environmental Product
Declarations”, EPDs), includes a hybrid building decomposition, combining both a function-
oriented classification and a material orientation (e.g. firstly the Insulation product category,
which is then decomposed into different materials like EPS, glass wool, etc.). The main
limitations of the previous studies and databases are either that they are not complete, in terms
of material variety (Dixit, 2019; Hoxha et al., 2014) or that they report deterministic service
life values and no statistical distributions can be derived (CRB, 2012; HQE, 2004).

In the context of increasing the reliability in LCA and LCC calculations, by integrating the
inherent uncertainties of the different parameters, there is a necessity of providing a systematic
way to take into account the service lives of building elements in LCA calculations, within a
probabilistic framework. Thus, the aim of this paper is to present the development of a service
life database that gathers service life data from 67 international sources. The database uses a
hybrid decomposition (functional decomposition according to eBKP-H — SN506511 and
material decomposition, as well) and it is thus compatible to the BIM-based LCA context,
allowing calculations in different level of details (LOD), as stated in Cavalliere et al. (Cavalliere
et al., 2018). Furthermore, statistical distributions are determined using the collected data,
through a straightforward method.

2 Development of the DUREE Service Life Database

The literature search for service lives was conducted in English, French and German via
Google, Google Scholar and Science Direct. The research of the service life data concerned
data for the structural system, the technical installations, the facade elements and coatings, the
roof elements, as well as for the interior layout. In total, 67 sources were identified, coming
from energy standards, LCA and LCC standards, the public sector, scientific reports, private
associations, banks, building management and insurance companies. Furthermore, the partners
of the IEA EBC Annex 72 contributed to this research, by providing additional service life data
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through a survey, conducted on national LCA methodologies, in the beginning of 2019
(Lasvaux et al., 2019). Depending on the scope of the final user, the service life values were
then classified in three main categories, i.e. LCA, LCC and Real — Estate Management. The 67
sources resulted in 95 entries and their allocation is presented in Table 1. Some documents did
not only provide a single average service life but also a range of values e.g. min — mean — max.
These values were treated as individual sources. Moreover, some service lives can be used in
more than one category (e.g. LCA and LCC). In that case, the values were attributed to both
LCA and LCC categories. This explains why the total number of sources in Table 1 is above
67. More details about the sources can be found in (Lasvaux et al., 2019).

Table 1. Type and number of identified sources and service life values.

Type of sources Total sources Total values
LCA documentations 39 50
LCC analysis 14 23
Real — Estate Management domain 23 36

The service life data were organized in a database and formed the DUREE Database in an
Excel spreadsheet, according to the eBKP-H — SN506511 that it is appropriate for different
LOD calculations, in BIM-based LCA and LCC analyses. The five main groups of building
elements, extracted from this functional nomenclature, include the structural work (main group
C), the technical installations (main group D), the facade elements and coatings (main group
E), the roof elements (main group F) and interior layout (main group G), see Figure 1. These
main categories are further decomposed into two sub-categories, according to the SN 506511
nomenclature (e.g. the intermediate element level and the detailed element level). Five more
sub-categories were added to this decomposition, in order to cover lower levels for more
detailed components. Figure 1 presents an example of the database structure, for the SIA 2032
LCA perimeter. The names of the eBKP-H — SN506511 codes of the building elements are
shown in Figure 2.
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Figure 1. Main groups and intermediate element levels from the eBKP-H - SN 506511 nomenclature, for the 24
building elements, according to SIA 2032.

E2.1

Each one of the 67 sources provides service life data for different components. Some sources
offer data only for the main and intermediate categories, while others provide values at a lower
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material level. Hence, an Excel function was created in order to calculate the statistic mean for
each source for the main and intermediate categories, in case that service live data were
provided at the material level. This function adds a flexibility to the database and allows
calculations for the different stages of the design process, i.e., for a screening analysis by taking
values from the main categories (e.g. D Technical installations), or for a detailed analysis, by
taking values from lower levels of details (e.g. heat producer, D5.2).

3 Descriptive Statistics

The database includes approximately 7°000 service lives data, for more than 2000 building
elements. From these data, approximately 79% came from LCA and LCC sources. In addition,
approximately 28% came from Switzerland and the rest were international data, mostly from
European countries. The majority of Switzerland’s data came from the management sector,
while the majority of the international data belonged to the LCA domain.

Figure 2 presents the boxplots of the service lives for all the building elements included in
the LCA perimeter of the Swiss SIA 2032 (see Figure 1). The descriptive statistics are presented
for the total sample, as well as for the three sub-samples that correspond to service lives coming
from LCA, LCC or Management sources. For some components such as photovoltaics, solar
collectors or geothermal probes, some sub-samples (e.g. service life data for PVs in the LCC
literature) are quite small, since there is a limited number of data found in the literature. The
boxes correspond to the central 50% of the data, while the whiskers represent 80% of the data.

In general, there is a considerable variability for the most of the building elements and the
different sources do not agree, as also stated in Dixit (2019). For each building element, the
service life data exhibit a similar trend among the three sub-samples, regarding the variability.
As far as the median values are concerned, two of the three sub-samples are relatively in
accordance, but they are not systematically the same. In other words, there is no sub-sample
that presents systematically lower or higher values. Hence, it is recommended to use the total
sample, in order to determine a statistical distribution for the building elements’ service life.
Furthermore, the boxplots show that the service lives are positively or negatively skewed. The
building elements exhibiting the highest variability are the technical installations (main group
D), while the smallest variability is exhibited by the roof elements, (main group F).
Furthermore, it should be noted that the variability of the sources diminishes, when moving
towards lower levels of the database and more detailed materials, e.g. from D1 (electrical
installations) to D1.2a (PV). The descriptive statistics for additional building elements can be
found in (Goulouti et al., 2019).
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Figure 2. Boxplots for the 24 building elements, according to the SIA 2032 (see Figure 1) building LCA system
boundaries.
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4 Fitting to a Statistical Distribution

As stated in Dixit (2017), in order to deal with the variability of the service lives, statistical
distributions can be determined, based on empirical service life data. Thus, using the DUREE
database, such statistical distributions can be derived, with a systematic way for different
building elements and levels of the database, i.e. service lives coming from the main groups or
the sub-categories. Consequently, the service lives of the building elements can be taken into
account, within a probabilistic framework, in further LCA and LCC calculations. In the
literature, the lifetime data are often modelled using lognormal or Weibull distributions, (Aktas
and Bilec, 2012; Kim and Yum, 2008). Input service life data constitute independent positive
random quantities, for which the use of the lognormal process is well justified, (Voelkel, 2006),
since according to the central limit theorem in the log domain, an infinite number of positive
random values would approach the lognormal distribution (Limpert et al., 2001). Thus, the
latter can be used to model the service lives of building elements. In order to assess the goodness
of fit of the lognormal distribution, two statistical methods were employed for the service lives
of the building elements, using the statistical software R (R, 1997). First, the graphical method
was computed, i.e. the Q-Q plots, which compares the theoretical and empirical distributions.

Figure 3 presents the empirical and theoretical density as well as the Q-Q plot of building
element E.2 (Facade coatings above ground). The two graphs show that the two distributions
are linearly related and that their points lie approximately on the line y=x. In addition, the p-
value, according to the Anderson — Darling Test was calculated (R Documentation, 2002). The
results confirmed the initial hypothesis of the lognormal distribution, (p-value > 0.05),
(Goulouti et al., 2019).

Empirical and theoretical density Q-Qplot
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Figure 3. Example of goodness of fit (Q-Q plot) for the E.2 building element (Facade coating above ground).
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5 Conclusions

This paper presents the development of a new database (DUREE database) for the service lives
of building elements. International service life data were gathered and classified in three sub-
samples, according to the scope of the sources application (LCA, LCC and Management sector).
The main conclusions of the study are:

- The descriptive statistics show that there is a relative important variability and no
general agreement, concerning the service lives of the building elements;

- There is no significant difference, among the three sub-samples, in terms of variability.
As far as the median values are concerned, two of the three sub-samples present similar
values, but they are not systematically the same. Thus, the total sample can be used in
further LCA analysis;

- The structure of the database, i.e. main groups or sub-categories, offers the flexibility to
the designer to attribute the service life data in different LODs, appropriate for BIM-
based LCA analysis, e.g. screening LCA analysis (service lives from main groups), or
more detailed LCA (service lives from sub-categories);

- The database offers the possibility to define statistical distributions, with a systematic
way, for the service lives of the building elements. The goodness of fit for the different
building elements confirmed the initial hypothesis of the lognormal distribution.
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