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ARTICLE INFO ABSTRACT

Handling Editor: Zhen Leng The building Life Cycle Assessment (LCA) applied to buildings requires collecting and organizing large quantities
of data over all building life cycles. To overcome specific difficulties related to the system boundaries definition
and life cycle inventory stages, the literature recognizes that systematic building decomposition methods (SBDM)
can be used to classify building components, elements and materials, as well as to increase the reliability and
transparency of LCA results, particularly for embodied carbon and other environmental impacts. In this paper
developed in the context of the research project IEA EBC Annex 72, the authors aim to provide a basis for un-
derstanding how different SBDMs decompose a building and classify its parts. This study analyses the implica-
tions of using different SBDM along the steps of an LCA study. Such as to support transparent and comprehensible
(de)composition of the life cycle inventory (LCI), definition of service lives for different building parts or clear
and comparable communication of assessment results and environmental hotspots particularly when using
digital tools to conduct LCA. The study analyses 12 national SBDMs used in participating countries of IEA EBC
Annex 72. To showcase the implications of SBDMs in building LCA practice, an office building was used as a
common case study for applying the different SBDM approaches. Differences were identified among the
decomposition levels and the consequences of these differences on the LCI organization. Thus, some of the main
contributions to this study are the investigation of different SBDM approaches for improving the design work-
flows, by discussing BIM model definitions and the recommendation to use hierarchically based methods to allow
the building elements and materials decomposition.

1. Introduction

The Life Cycle Assessment (LCA) methodology calculates the po-
tential environmental impacts caused by a product, such as a building.
The method described in ISO-14040 (ISO, 2006a), ISO-14044 (ISO,
2006b) and particularly in EN-15978 (EN, 2011) can be applied to
define the scope of the study, life cycle stages to be considered within the
system boundary and determine the calculation procedure of environ-
mental impacts. The standard recognizes the use of a structure to sys-
tematically organize the mass and energy flows in the LCA application at
the building scale. In the Annex A.1, it proposes using an example of
different decomposition levels from building to material level. However,

specific guidelines on how to structure the building information or how
to conduct the systematic building decomposition (i.e., how to decom-
pose the building into systems and building components) are not spe-
cifically defined.

The use of a systematic building decomposition method (SBDM) can
provide a comprehensible and standardized information structure of the
building, generally based on national standards or guidelines, to support
for the preparation of data for LCA, its application to buildings and
identify the different levels of hierarchy (e.g., building, element, mate-
rial) (Soust-Verdaguer et al., 2020). These methods for reporting the life
cycle embodied impacts of a building are also highlighted in European
initiatives such as the sustainability assessment framework Level(s)
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(Dodd et al., 2017). A hierarchical systematic building decomposition
can facilitate the process of revising assessed components (Shipra Singh
Ahluwalia, 2008). These levels of hierarchy for the building information
can generally be composed by a first group that identifies the systems
(such as Facade, Structure, Installations) or group of elements that
compose the building, a second or third level composed by elements
(such as columns, beams, etc.) and components, and subsequent levels
composed by sub-elements, materials, products, manufacturer types,
among other classifications (EN, 2011; Hoxha, 2015).

The use of a systematic structure to decompose the building is
needed for several purposes. For example, to simplify the processes of
data gathering and its organization (EN, 2011). The concept of classi-
fication applied to buildings is a means to describe construction entities
in a standardized way (Afsari and Eastman, 2016). Thus, a classification
system is consistent support for conducting systematic decomposition of
the building parts. It is used to provide a reliable description of the
building, to organize and relate the different parts and also as a common
reference to name the different systems, elements and components,
among others (Rock et al., 2018). The organization of the building in-
formation is addressed in the ISO 12006-2 standard (ISO, 2012), which
defines a framework for construction sector classification systems and
identifies a set of recommended classification tables (ISO, 2012).

Various classification systems for the building decomposition to
conduct an LCA are proposed (Rock et al., 2018; Naneva et al., 2020;
Shipra Singh Ahluwalia, 2008; Soust-Verdaguer et al., 2020).
Soust-Verdaguer et al. recognize differences in the national and regional
methods of decomposing and classifying building sections and its com-
ponents. In the context of the IEA EBC Annex 72 (IEA EBC, 2017)
project, various classification systems applied in different countries to
the building decomposition when conducting LCA were identified. Thus,
one detected challenge derived from the diversity in the organization
and classification criteria included in the SBDM. Major differences are
observed in the way the relations and classification criteria are to be
defined. Another detected challenge is the lack of comparison and
analysis of the criteria structure. The data structure for the building
decomposition can influence the number of building elements, compo-
nents, materials, etc. included in the life cycle inventory (LCI), or the
service life definition (Hoxha, 2015). Hence, the different ways of
decomposition are also factors of influence on the results. Palumbo et al.
(2022) compared two LCA methods for achieving sustainability certifi-
cation frameworks (DGNB and Level(s)) and demonstrated that these
differences in the building system boundaries could influence the LCA
results. A third detected challenge is a lack of comparison and
comprehensive analysis of the SBDM to conduct the LCA.

A special focus is given to the systematic decomposition of buildings
and classification systems in building information modelling (BIM),
since the use of digital tools for designing and constructing buildings has
changed rapidly over the past few decades (Volk et al., 2014). The
extensive use of BIM tools for supporting design and construction is
recognized to have modified “the way we deal with information in the
construction sector, transferring information contained in traditional
documentation to ICT-handled data objects with attached information
representing the construction complexes and entities, the spaces, and
the elements” (International Construction Information Society, 2017).
This integration can provide, among others, a common language, a
structure for building decomposition, and ways of managing informa-
tion more uniformly (Rock et al., 2018) and transparently. The study by
Cavalliere et al. (2019) demonstrates the potential of using a hierar-
chical systematic decomposition of the building based on the Swiss code
eBKP-H (CRB Schweizerische; SIA Schweizerischer, 2012) for the con-
struction works classification system. It related different data granu-
larity to conduct the LCA at different design steps in BIM, using the
Bauteilkatalog (Bauteilkatalog, n.d.) and KBOB (KBOB (Koordina-
tionskonferenz Der Bau- Und Liegenschaftsorgane Der Offentlichen Bau-
herren), n.d.) to conduct the LCA at different levels (including
construction categories, building component, constructive solution,
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material levels). Despite this, the question arises of what happens in
other countries? Is the SBDM aligned with the BIM-LCA workflow? For
example, what is the level of integration of the classification systems in
the BIM workflow? Moreover, are the SBDM to conduct LCA aligned
with the different level of development (Forum, 2021) and design stages
in BIM? A recent review by Obrecht et al. (2020)) showed that besides
many existing potentials and other open challenges, thus far, no study
has focused on investigating the potential of different SBDM approaches
for improving LCA and BIM workflows. Thus, the specific study of the
SBDM integration in the BIM-LCA workflow has not been addressed
before in the literature. In this context, integrating of data structures
focused on the description, organization, classification and identifica-
tion of objects in digital tools as BIM is a challenge.

The current paper provides a basis for understanding the different
approaches to conducting systematic building decomposition in LCA. It
emphasizes the classification and decomposition criteria that each
method proposes and investigates the consequences of using different
approaches to conduct LCA. Thus, the main goals of the paper are:

@ To provide a basis for understanding how each national SBDM de-
composes and classifies the building parts based on the ISO 12006-2
(ISO, 2012) standard for organizing information about construction
works.

@ To analyse the implications of using different SBDM in the aspects of
LCA, such as the LCI completeness, communication of results and
service life definition, and in the BIM-LCA workflow.

To that end, the paper presents the comparison of twelve national
SBDM that are taken to perform a systematic building decomposition
from the viewpoint of building LCA information management. Section 2
of this paper presents the research methodology and basis for collecting
and analysing the different SBDM. A reference building (be2226) (Spi-
rinckx et al., 2019) is used to illustrate the main differences and simi-
larities among the national approaches, sizing the main detected
challenges: the LCI completeness and information of the building or-
ganization, the references service life definition of the building parts and
objects (Frischknecht et al., 2019; Spirinckx et al., 2018). Its implica-
tions in the BIM-LCA workflow are then presented in Section 3. Finally,
based on these findings, Section 4 includes recommendations for using
SBDM to improve the completeness of the building description, the
transparency and the comparability of LCA results, while also allowing
the integration of the LCA application into BIM.

2. Methods
2.1. Overall methodology

The procedure followed is a comparative analysis of the national
SBDM for conducting LCA, which were provided by 12 of the IEA EBC
Annex 72 participant countries: Austria, Belgium, Brazil, Canada, Czech
Republic, France, Germany, Netherlands, New Zealand, Spain,
Switzerland and UK. The analysis aimed at addressing the main detected
challenges regarding SBDM and was organized following main steps
(Fig. 1):

a) An internal survey (within the IEA EBC Annex 72) was performed
to collect the national SBDM used to conduct building LCA in the 12
different countries. This step includes compiling the available stan-
dards, guidelines and information tables provided by the respecting
countries.

b) An analysis of the provided SBDM was carried out, after organizing
the data received in a similar format to facilitate the comparisons.
The focus was set on the different levels of decomposition and clas-
sification of the building parts used, following the ISO 12006 (ISO,
2012) principles and definitions for organizing of information about
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Two research questions

What are the implications of the variations
in the SBDM on building LCA?

Survey within the IEA EBC Annex 72 participants: national SBDM of 12 countries collected

Application of the 12 SBDM to a building
case study

Completeness of the LCI
Reference service life definition

BIM methodology integration

Fig. 1. Overview of the methodology and structure followed in this paper.

construction works. The overview of this analysis is presented in
section 3.1.

c) An application of the collected SBDM to a building LCA case
study was additionally performed. The office building “be2226”
(Frischknecht et al., 2019) is used to illustrate the implications of
using different SBDM on LCA-related data, such as the LCI, the
communication of results and reference service life definition. Re-
sults are available in section 3.2. The implications of integrating
these SBDM into BIM for LCA purposes are also addressed. Soust--
Verdaguer et al. (2020) developed part of this work.

2.2. The framework used for the analysis of the SBDM

The ISO standard 12 006-2 provides a general framework to define
the main organization criteria and principles (ISO, 2012), which can be
used as a basis for developing the national SBDM. In order to detect the
possible differences and analyse the organization criteria of each SBDM,
the vertical levels and horizontal subdivisions were identified (see
Fig. 2), based on the ISO 12006 principles of composition and classifi-
cation (ISO, 2012):

@ Vertical levels (composition principle according to ISO 12006-2):
These usually follow a hierarchical structure starting with a first
general level of decomposition, including the major groups’ recog-
nition, a second level including the element and component level, a
third and fourth level including the product and material identifi-
cation. For example, considering the structure, a first vertical level of
decomposition can include columns, slabs and beams, among others.

@ Horizontal subdivisions (classification principle according to ISO
12006-2): The horizontal subdivision generally refers to different
classes and sub-classes of systems, by focusing on function, materi-
ality, etc. For example, the first horizontal level of subdivision of a
building can include the foundations, the interior walls, the enve-
lope, the internal finishes, etc.

2.3. Case study analysis

The reference building (see Fig. 3) is referred to as the “be2226™ and
is an office building located in Lustenau (Austria). It was previously used
as a reference building to compare national LCA methods in the IEA EBC
Annex 72 ST 1 Activity 1.2 and reported in Frischknecht et al. (2019)
(see Fig. 4).

Whole building

I l Facade 1 Foundations

® o
/7 \

@ | .
=
E Element Basement
E | / \
'g Component Walls
$ l /\

Product Insulation

l / \
Material Rockv\;).ol

Horizontal subdivisions

Fig. 2. Vertical levels of decomposition and horizontal subdivisions for build-
ings: principle and exemplary application adapted from ISO 12006-2.

The five-story building has an energy reference area of 2421 m?. The
building is a massive construction that consists of a pre-stressed and
prefabricated concrete ceiling with overlay concrete. The facade is
composed of two layers of hollow perforated bricks, covered on both
sides with lime plaster (Frischknecht et al., 2019).

The present comparison started by using the same template infor-
mation developed by (Frischknecht et al., 2019) to apply different na-
tional classification systems for the building decomposition and
organize the building information. The template includes the building
element types, including foundation, external walls, floor structure, roof
structure, stairs, flooring, roofing, windows, doors and building services
(see Table Al Supplementary data). It was organized by a hierarchical
structure that provides an element classification (including piles, slabs,
etc.), a sub-element classification (including concrete for the
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Fig. 3. View of the reference building (Source: exterior view Building 2226
Norbert Prommer).

foundation, etc.), and a material classification (including concrete in
situ, reinforcing steel, etc.), which leads to three vertical levels of
decomposition. The information in the template does not reach specific
manufacturers for the materials; this information is thus not included in
the structures for building decomposition of the reference building,
which is a limitation of the present study.

The structure is organized according to the material quantity take-off
that was automatically extracted from the BIM model of the building.

Level 0 COMPLETE &, ¢f
BUILDING BUILDING :l"==l=
“he2226” OFFFICE ==|
ug
SHELL _
.
Level1 <
QD‘E\,/O,U‘
MAJOR GROUP DDinaﬂaa
OF BUILDING []Dmljﬂag‘
PARTS QDuE;Ea,!!'" E
E
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Level 2 FOUNDATIONS 2 is inal ~ BEARING. i Facape  ROOF FITTINGS_AND_  oTHER SYSTEMS o
BEARING_ELEMENTS "AC _AND_ 3 g
BUILDING STRUCTURE FRAME ‘ . Y & FURMNISHINGS m g
PARTS | ‘ 1 } ! 1 b ‘
o
J
Level 3 4 B
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Level 6
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3. Results and discussion
3.1. Overview of state of play in annex countries

In the context of the IEA EBC Annex 72 participant countries,
different national SBDMs are used to organize the information of the
buildings when conducting the LCA. A summary of the collected con-
tributions is presented in Table 1, including:

@ Name of the country: Refers to the Annex participant country.

@ Name of the standard or guideline: If it exists, this refers to the name
of the code, standards, guideline or regulation of the SBDM.

@ Main purpose: refers to the main purpose for which the SBDM was
developed.

The SBDM used for building decomposition is generally composed of
tables based on national standards for building construction cost esti-
mations (e.g., UK, Germany, Switzerland). In several cases, they are
based on national standards for the organizing of building parts or ele-
ments (e.g., Belgium). Other countries (e.g., France, Czech Republic)
proposed specific structures for applying of LCA.

The overview of the collected data about the national SBDM is pre-
sented in Table Al, in the Supplementary data section. It provides
evidence of the heterogeneity of the SBDM analyzed, which could be due
to the differences in the classification of building elements, the criteria
to organize the building elements (levels of decomposition and hori-
zontal subdivision), and the naming codes.

3.1.1. Analysis and implications regarding the ISO standards aspects
Based on an in-depth review of the SBDM, it was identified that most
of them (such as Austria, Belgium, Germany, Netherlands, New Zealand,
Switzerland, Spain and UK) integrate at least three or four vertical levels
of decomposition (from the complete building level to the element or
material level): a first level integrates the general classification of the

HORIZONTAL DECOMPOSITION

Fig. 4. Scheme for reference building decomposition using the Austrian standard (source: Soust-Verdaguer et al. (2020) prepared by authors based on ONORM

B1801 (ONORM, 2015)).
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Table 1
National SBDM used to organize LCA information.
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Country Standard or guideline based on Main purpose

Austria ONORM, ONORM B1801, 2015 Building construction cost estimation and LCA data structure.

Belgium BB/SfB plus (De Troyer, 2008) Classification and coding system, building construction cost estimation and
LCA data structure.

Brazil ABNT NBR 15575 (NBR 15575-1, 2013) Building performance (also suitable for construction cost estimation and LCA
data structure)

Canada UNIFORMAT II Elemental Classification (E1557-97) (Charette and Marshall, Building specifications, cost estimating, cost analysis and (also LCA data

1999) structure)

Czech Republic  Not specified — ad-hoc table LCA data structure

France EQUER (EQUER) model (Polster et al., 1996) LCA data structure and energy demand calculation

Germany DIN 276 (DIN, 2008) DIN 18960 (Siemon et al., 2021) Building construction, cost estimation, (also LCA data structure).

The NL/SfB Building construction, cost and LCA data structure

Netherlands

New Zealand Uniclass 2015 (CPIc, 2015)

Spain CTE (CTE, 2006) (Spanish Building Technical Code) and BBCA (Andalusian

Government, 2017)
Switzerland SN 506 511 (CRB Schweizerische, 2012)
UK SFCA (BCIS, 2012)

Building construction, cost estimation and LCA data structure.
Building construction, cost estimation, (also LCA data structure).

Building construction, cost estimation and LCA data structure.
Building construction, cost estimation and LCA data structure.

building systems, a second level is composed of a group of elements
classification, a third level is composed of an elemental classification
and a fourth level integrates a material or product classification. None of
the tables provide detailed specifications for the more detailed vertical
levels of decomposition (such as material typology or manufacture
levels), introduced by Hoxha (2015) as the highest levels of specification
to describe the building parts when conducting LCA. Several exceptions
to this include the Spanish (Andalusian Government, 2017), Belgian (De
Troyer, 2008), Canadian (Charette and Marshall, 1999), French (Centre
Efficacité énergétique des Systemes de Mines ParisTech, n.d.), and Swiss
(CRB Schweizerische; SIA Schweizerischer, 2012) data structures that
include several specifications about the organization of the sub-element
or/and the material level. For example, Switzerland uses the KBOB
(KBOB. Okobilanzdaten Im Baubereich, n.d.) list of materials for defining
the material level. The Spanish data structure (Andalusian Government,
2017), (developed for the cost estimation dataset and to organize the
cost estimation database) provides a complete description of the systems
and processes that comprise the building construction, including a
description of the elements, sub-element, materials, products, machin-
ery and labor, according to the regional technical characteristics (more
detailed information is included in the Supplementary data section).
This approach can provide a complete dataset and increase transparency
when conducting the detailed modelling of construction (A5), replace-
ment (B4) or deconstruction modules (C1), since it allows organizing the
specific information about the building parts (e.g., energy consumption
for installation of the items).

When exanimating the vertical subdivisions, Table A1 (Supplemen-
tary data) shows the differences in the organization of the elements
(groups) and the number of elements considered, which also affect the
subsequent sub-elements, components, products and materials. For
example, considering the building decomposition at vertical level 1 (first
classification criteria), it was detected that national regulations do not
consider the same number of building groups elements and their sub-
sequent elements/sub-elements/materials and products. In this vein, the
results also show that some of the analyzed examples combine an
element classification (relating to the elements that compose the
building) with a classification of the systems that compose the building
(relating to the systems that compose the building) (see Fig. 3 method).
It means that some countries firstly perform a classification into systems
and then a classification of building elements (e.g., Spain (Andalusian
Government, 2017) firstly recognizes the “Finishing system” and then
the elements (such as the external wall, ceiling, etc.) that include the
finishing). The Uniclass 2015 (CPIc, 2015) standard is the unique stan-
dard for the classification system that explicitly provides a set of clas-
sification tables focused on different purposes (systems, elements,
among others). The element decomposition generally allows the

identification of the most relevant elements of which the building is
composed, such as the structure, exterior walls, partitions, etc. It can
also help track an item from the element level to the material level (e.g.,
alkyd paint (material level) _paint layer (sub-element) _exterior wall 2
(element level)). In contrast, system decomposition can help to group
the main systems that compose the building by their function. This
approach, however, limits the traceability of the materials to the
element level. For example, once material is quantified and grouped in
the system that it comes from (e.g., wall paint to finishing system), it is
not possible to track from which building elements it comes (e.g., inte-
rior wall, exterior wall). For example, the finishing material for the walls
(e.g., lime plaster interior) can be grouped without specifying which
type of wall it belongs to (interior or exterior).

However, major differences have been detected in the horizontal
sub-divisions (see Table Al in Supplementary data). Despite the het-
erogeneity in the number of the horizontal sub-divisions (from 9 to 32 at
the vertical level 2), the results show (see Table Al in Supplementary
data) that several elements have been generally considered. These are
foundations, facade, roofs, floors and partitions (related items coloured
in orange in Table Al in Supplementary data). Hence, the main differ-
ences are related to their conception, organization and the number of
type-of relations considered. For example, the Uniformat standard
(Charette and Marshall, 1999) (Canada) defines three element types in
the group of foundations (“Standard Foundations”, “Special Founda-
tions”, “Slab on Grade”), while the German standard (DIN, 2008) defines
eight types (321 Soil improvement”, “322 Shallow foundations”, “323
Deep foundations”, “324 Subfloors and base slabs”, “325 Floorings”,
“326 Waterproofing of structure”, “327 Drainage”, and “329 Founda-
tions, other items™).

3.2. Case study application

To better illustrate and analyse the implication of using a SBDM
when conducting a building LCA, a case study is used to compare the
LCA aspects. The obtained results confirm the detected tendencies in the
classification and decomposition criteria (Section 3.1), and provide ev-
idence of the potential implication of these differences in the LCA
application (Supplementary data Table Al).

3.2.1. Implications of the SBDM regarding aspects of LCA

The results show that the major differences were detected at the first
horizontal level, and thus affecting the decomposition for the rest of the
building. For example, the Austrian standard can be used to consider
two major groups (Core and Shell) (Fig. 2), while the Swiss and Spanish
codes respectively take into account four categories (Structure, Tech-
nical equipment, Envelope, Interior) or five systems (Structure;
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Envelope; Partitions; Finishing; Air conditioning and installations). Most
SBDMs integrate at least six vertical levels of decomposition in the re-
sults context (from the whole building level (level 0) to the material
level (level 6). For the case study (“be2226” reference building), the
maximum number of materials extracted from the template inventory
was 73, which corresponds to the decomposition of 24 building specific-
elements (included in the BIM model) into 54 sub-elements, and finally
into 73 materials (Soust-Verdaguer et al., 2020).

In the vertical subdivisions, as shown in Soust-Verdaguer et al.
(2020), the results demonstrate that from vertical levels 1-3 the building
data structure depends on the SBDM, which influences the number of
elements and the sub-elements considered in the system boundaries
definition and also the LCI. The decomposition at the subsequent levels
(levels 4-6, sub-element and material level), was a consequence of that
level and these were not carefully described in the SBDM. Thus, one of
the consequences of using one or other SBDM is differences in the
number of tagged materials or elements included in the LCA application.
For example, Table A2 shows that the number of tagged materials for
Austria was 67 and for France it was 47. This means that the way ele-
ments, sub-elements and materials are organized can affect the number
of recognized building materials, and the possibility of tracking mate-
rial, elements and building systems.

3.2.2. Implications of the SBDM to terms of the service life definition

The service life definition of the building systems, group of elements,
elements, components, products and material is a relevant aspect of
conducting building LCA. The structure of the building decomposition
plays an important role there, because it can affect the LCA results. For
example, the level of decomposition used to define the reference service
life of a wall can be an overall value for the building element (with the
same value for all the layers such as external and internal finishes,
insulations, etc.) or different values depending on the sub-elements
included in the wall, and derivated to a different renovation number
depending on the material. Table A3 in the supplementary data section
summarizes the results obtained for the service life consideration
included in the IEA EBC Annex 72 ST 1 Activity 1.2. The activity
comprised a basic template building decomposition structure, in which
each country declared the years of service life assumed to conduct the
LCA of the reference building “be2226”. This template aims to sum-
marise the information included in the different national SBDM for
defining the number of renovations for the items along the building life
cycle, using a simplified information structure focused on the items that
have been included since the construction stage. Most countries
considered a similar number of years and data granularity to define their
service life of systems and elements. Canada, however, has defined a
service life of 60 years to all the building elements and sub-elements
(independent of their function) included in the template, except for
the roof cladding. The building services system was one of the most
heterogeneous, either because of the neglect of this system (in the LCA
system boundaries definition) or because of the differences in the years
of service life (ranging from 15 to 50 years). In the finishes system,
differences have been detected in the data granularity of the service life
definition. Countries such as Belgium or the Netherlands, included a
higher level of decomposition in this, which defines a different service
life depending on the material. In conclusion, the obtained results pro-
vide evidence that the service life definition in the LCA national methods
is mainly based on the function of the building systems and elements,
however the material consideration and decomposition of those systems
and elements is hardly considered. For example, the service life of the
structure is defined independently of the material.

3.2.3. Implications for design phases in digital design tools (BIM)

The results of the overview (section 3.1) and the case study confirm
(section 3.2) that the organization of the building elements/objects
differed, especially in their hierarchy (Soust-Verdaguer et al., 2020). For
example, the French table used for building decomposition defines that
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the elements of the “Exterior walls” contain the finishing materials (e.g.,
“B Envelope”— “B1 Exterior walls”—“B12 Finishes”) in the “Envelope”
system. Nevertheless, the Austrian standard considered the internal wall
finishes as part of a separate group under the name “Wall and ceiling
finishes” (e.g., “Core (fittings, furnishings and services)’— “Fitting-
s_and_furnishings” — “Wall and ceiling finishes”). Similar differences
were also detected in the organization of other systems and elements.
Thus, no matter which standards or guidelines are considered most
appropriate, the results indicate that the decomposition or disaggrega-
tion level of the building elements needs to mirror the way in which they
are organized in the model, especially when considering the different
design phase in BIM and their hierarchical organization (Soust-Verda-
guer et al., 2020). This approach can reduce efforts to identify hotspots
and develop strategies to reduce impacts along the design steps. If this
approach is combined with the system decomposition approach (see
Fig. 3 method), it can provide more guarantees (improving the trace-
ability and transparency) when organizing the LCI and communicating
of the results in LCA.

In current practice, the systematic building decomposition in the
context of digital design tools is supported by classification systems,
which allow (among other features) the insertion of naming codes/tags
and list elements in the BIM model. Two of the most widely used BIM
softwares - Autodesk Revit (2021) and ArchiCad (GRAPHISOFT, 2017) -
allow the integration of many classification systems in the BIM model in
an easy and user-friendly way (included in the default configuration of
the software or by a downloadable add-in or packaged). Autodesk Revit
(2021), for example, integrates Autodesk Classification Manager for Revit
(Autodesk Revit, n.d.) an add-in that allows integrating UniFormat
(Charette and Marshall, 1999), MasterFormat, OmniClass (International
Organization for Standardization (ISO) et al., n.d.), Uniclass, or a custom
database classification system to the BIM model. For example, Archicad
(GRAPHISOFT, 2017), integrates a ‘BIM Content’ that can be imported
from its web page. An automatic workflow between the classification
system and the BIM model can reduce the effort when integrating LCA in
the BIM workflow.

Table 2 introduces the list of existing classification systems inte-
grated in BIM and shows if the Annex participant country uses the
standard for implementing LCA. The results show that the most popular
classification systems (e.g., Master Format, Uniformat) are included in
the automatic workflow of the most used BIM commercial software. The
reason for this may be because some BIM software has adapted its ca-
pabilities to the national requirements (e.g., Revit to the United States of
America). Table 2 also shows that the integration of the classification
system into the BIM automatic workflow is still scarce in the context of
the Annex participant countries.

In addition, during the modelling process in BIM, in building
decomposition, the granularity of the data structure can increase, as well
as the number of vertical decomposition levels. This means that the
higher the number of vertical levels, the greater the number of building
elements, building sub-elements, products and materials that are iden-
tified. However, modelling tools do not always allow for managing ob-
jects/materials/components/products at the same level of
decomposition as structures for building decomposition (International
Construction Information Society, 2017). Thus, considering the design
steps defined in the IEA EBC Annex (IEA EBC, 2017), two milestones are
identified for carrying out the systematic building decomposition for the
LCA application (see Table 6): the early design steps and the detailed
steps.

The element level (at early design steps) can include a general
classification of the building elements in terms of their main function in
the building (Table 6). At detailed steps, the number of building ele-
ments can be higher than at the early stage because other secondary
elements (e.g., sealing and joining elements) are integrated in the model
and in the LCA inventory. The sub-element decomposition refers to the
specific function of a portion of the building element e.g., vapour barrier
membrane and the material decomposition refers to the specific material
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Table 2

Integration of classification systems (tables) in BIM. Source based on: Classifi-
cation system and their use in Autodesk (Autodesk Revit, n.d.) and BIM content
for ArchiCAD (GRAPHISOFT, 2017).

Revit
Classification system Country of Annex participant in
origin practice
UniFormat Us Canada
MasterFormat uUs -
OmniClass us -
Uniclass UK -
a custom database classification system - -
ArchiCAD
2010 CSI UniFormat Us -
BB/SfB BE Belgium
BIM7AA DK -
BIMTypeCode SE -
CAWS UK -
CCS DK -
CCTB BE -
EcoQuestor NL -
Funktionskoder Regionservice SE -
-CD001_001_004
GuBIMclass ES -
MasterFormat us -
NATSPEC AU -
NBS Create UK
NL/SfB NL NL
NS 3451 — Beygningsdelstabell NO -
OmniClass us -
ONORM B 6241-2 AT -
RICS NRM 1 UK UK
RICS NRM 3 UK -
Rumsfunktion - CD002_001_001 SE -
Rumsfunktionskoder SE -
SFG20 UK -
SINAPI BZ -
STABU-Element NL -
TALO 2000 Building Component FI -
Classification
TALO 2000 Hankenimikkeisto FI -
Uniclass 2 UK -
Uniclass 2015 UK New Zealand
UniFormat us Canada
VMSW BE -

of the sub-element (e.g., polyethylene plastic sheet). Hence, at the sub-
element and material level the decomposition can include (at least) the
main sub-elements and materials that compose the elements and could
be a consequence of the element decomposition. The “elemental” or
“component-oriented” approach is considered a suitable method to
calculate the total costs of building works (International Construction
Information Society, 2018) and the sustainable assessment (Liitzken-
dorf, 2019). The following Table 7 introduces an overview of these as-
pects in the context of the Annex participants.

Table 6
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The obtained results confirm that the criteria to perform the element
decomposition of the building are heterogeneous. Considering that the
elemental classification (needed at the early design stages), is the
decomposition of the building parts into items such as pillars, beams,
roof, floor, external walls, windows, doors, balconies, etc., some data
structures combine different levels of disaggregation. For example, the
Austrian structure combines a group of elements such as “Foundations
substructure” and “Load-bearing structural frame” at level 2, where it
contains the element “External walls” (level 3), while the German
structure includes a group of elements referred to as “External walls” as
well as “Foundations” at level 2. Also, the decomposition regarding the
number of elements considered can be different, for example the
German structure includes 9 categories for decomposing the “external
walls” group (331 Load-bearing external walls, 332 Non-load-bearing
external walls, 333 External columns, 334 External doors and win-
dows, 335 Cladding units, 336 Internal linings (of external walls), 337
Prefabricated fagade units, 338 Solar protection, 339 External walls,
other items), while the Dutch structure includes a group of elements
designated “External walls” at level 2 and 3 includes a type-of classifi-
cation of that element into “Cavity walls”, “System walls”, “Curtain
wall”, “Facade”. This fact provides evidence that the rules for identifying
the element decomposition and the definition of the vertical level are
diverse. Table 7 uses two different colours to identify the elemental
classification level: orange is used to indicate the cases that fit the
criteria mentioned above and pale orange is used for indicating the cases
that combines element and system or group of elements decomposition.
Similar difficulties are detected after reading the sub-elemental and
material decomposition (needed at the detailed design stages). In such a
case the dark grey indicates the SBDM that mostly conduct a sub-
elemental and material decomposition at the same level of decomposi-
tion, and the light grey indicate the cases that combines element, sub-
element, and material decomposition.

Table 7 provides evidence of the differences in the granularity of the
building decomposition structures (element or product/material
decomposition) used by the Annex country participants to conduct early
or detailed LCA. These differences can affect the data structure for the
building decomposition in organizing not only the LCI, but also the data
set of databases and other data sources needed for implementing the
LCA. Moreover, in terms of the evolution of the building definition
through the design stages, several standards that combine the decom-
position into the system and elements approaches do not always integrate
a hierarchical approach in the building elemental decomposition of all
the building elements. What this means is for example, that the “Internal
walls finishing” are not included in the internal walls category, they are
grouped in another category instead with the designation “Finishing” (e.
g., Austrian standard).

A possible path to a solution there could be the defining of a common
element decomposition structure (adapted to the different national
standards and guidelines and BIM workflow), to identify those minimum
elements that should be defined at the early design step and those

Correlation between the BIM model definition, the design stages, and the environmental databases and environmental information about the building.

0 gt n g
Sadu gffs T
gaqg :g’s BIM MODEL anﬁ ﬂgﬂz BIM MODEL
[JDD ﬂ” i UHDB ggﬂ LOD at least 300
:m‘: PRODUCT/
Database MATERIAL
Environmental
Database
Design step Early Detailed
Overall LOD (BIM Forum (2021) of up to 200 mor than 300

the BIM objects
Information definition requirements
generic objects).

Element definition (Lower modelling precision, use of

Product/material definition (Higher element modelling precision and
product/material definition).
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Table 7
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Differences on vertical and horizontal level definition and the correlation with the design stages. (Source: Prepared by the
authors based on national standards and guidelines for building decomposition to conduct LCA).

Number of V-

levels
AT BE BZ CA

Country code

CH CZ DE ES FR NL NZ UK

4 ® o

5

References: Number of Vertical Levels of decomposition
element decomposition in the early design stage

combination of element and system decomposition in the early design stage

@ sub-clement and material decomposition in the detailed design stage

O combination of element and sub-element and material decomposition in the detailed design stage

elements and systems that should be defined at detailed design steps. For
the early design step, the IFC (Industry Foundation Classes) Building
Element classes could represent a possible list of building elements
(buildingSMART, 2020).

4. Conclusions and recommendations

The implementation of building LCA requires a transparent and
reliable data structure to organize the building parts. This allows among
other things the preparation of the LCI, as well as defining the building
system boundaries. A standardized structure for organizing and
grouping the building parts potentially affects the ability to verify the
LCI completeness. What this means is that the more detailed and hier-
archically organized the LCI is, the easier it will be to identify the
building parts, the elements, the sub-elements and the materials. Given
the diversity in the SBDM for decomposing building parts, this paper
presented the implication of using different methods and how this can
affect the LCA procedure, the compilation and the completeness of the
information provided about the building.

The overview of the existing SBDM used for LCA implementation
shows two tendencies. The first of these provides a decomposition based
on the recognition of the main systems (system approach) and the sec-
ond is more focused on the classification of the building elements
(element approach) based on their function. These two approaches are
needed and provide a valid structure for the building decomposition.
Most of the standards and guidelines that support the national SBDM are
based on a combination of both, except for the Uniclass 2015 standard
(CPIc, 2015), which explicitly provides one table for the systems and
another for the element classification. Regarding the implementation of
LCA in BIM, and the integration of systematic building decomposition
into BIM methodology, on the one hand, the element approach can be
more compatible with the BIM workflow than the system approach,
because it allows tracking and identifying the hierarchical decomposi-
tion of the building included elements, sub-elements and materials and
products.

On the other hand, the system approach allows a global overview of
the systems but has only limited capability to track and identify specific
elements, sub-elements, and building materials. In sum, the two ap-
proaches are complementary regarding the scale and complexity of the
building, the design stage that is implemented in the LCA and the scope
of the study. Moreover, the authors conclude that (at least now) it
cannot be possible in the short term, to define one harmonized

information structure to the systematic building decomposition for
implementing the LCA due to the great heterogeneity and the strong
connection of these structures with national or regional datasets and
databases (e.g., environmental impacts databases) for implementing the
LCA (e.g., KBOB). However, the possibility of defining a common
reference or harmonized standard should be addressed in the long term.

The study also provides evidence of the building decomposition hi-
erarchy structure limits, which come up to material level, and thus
became necessary when introducing the circularity principles in the
construction sector for the integration of information about material
flows (e.g. raw materials, manufacturing process, etc.). The approach
can be relevant for the concepts of “material passport” (BAMB. Materials
Passports, 2019) and “building and material inventories” (Leibniz
Institute of Ecological Urban and Regional Development & Karlsruhe
Institute of Technology, 2020), and especially to support decisions
related to the replacement of components and the deconstruction of
existing buildings (Liitzkendorf, 2019) (potential of reuse, recycling).
This fact also provides evidence that further developments should be
pursued for the further improvement in comparability and transparency
when conducting LCA, especially at the detailed design steps. Also,
further harmonization could be introduced relating to the building
definition at different design stages and also the building decomposition.
The building life cycle inventory covers not only the components and
materials that compose the building during the construction stage, but
also their renovation and other types of item required throughout its life
cycle. The SBDM can help to support and provide a systematic data
structure to include the elements, components and materials generally
focused not only on the construction stage, but also in the use and end of
life stage.

The application of consistent and comparable SBDM approaches can
substantially enhance the comparability of LCA studies at the level of
individual buildings as well as when assessing building stocks at scale
(Rock et al., 2020). Thus, future research can focus on development of
correspondence tables for mapping different building part definitions, as
well as LCI data and LCA results of studies using different SBDM to
support improved comparability and harmonization of building LCA in
the future.

General recommendations for the use of SBDM to conduct LCA are
presented below:

® To use, whenever possible, a classification system based on hier-
archical grouping principles and on the ISO 12006-2 (ISO, 2012),
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which allows to identify the main systems and elements that
compose the building, improves transparency on LCA application
and support during the design steps.

@ To promote the compatibility of structures for systematic building
decomposition with environmental, economic datasets and data-
bases, that enables to improve the interoperability of data during the
design steps of buildings.

@ To pay special attention when comparing LCA results from different
countries, where the use of the same standard and guidelines for
building decomposition should be implemented to provide a fair case
study comparison.

@ To develop, wherever possible, the service life definition conducting
a systematic building decomposition addressing the material level,
and preferably not only based on the function of the building systems
and elements.

@ In the context of the BIM-LCA workflow, to promote the development
of packages or add-ins to encourage the integration of the most
frequently used classification systems and SBDM for LCA application.
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