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Abstract: To foster sustainable development, the environmental impacts of the construction sector
need to be reduced substantially. Life cycle assessment (LCA) is the established methodology for the
quantification of environmental impacts, and therefore has been increasingly applied to assess the
environmental performance of buildings. By coupling LCAs with digital design tools, e.g., building
information modeling (BIM), the identification of environmental hotspots and their mitigation is
possible during the design process. The objective of the study is to identify the current integration
approaches, and determine the pros and cons of the integration process from different viewpoints,
namely, technical, informational, organizational and functional issues. Therefore, a comprehensive
systematic literature review (SLR) was performed. We identified 60 relevant BIM-LCA case studies
and analyzed the applied BIM-LCA workflows in detail. A total of 16 of the reviewed studies
applied LCA during the early design stage. These studies used a manual or semiautomatic data
exchange between the BIM models and LCA tools. In most cases, contemporary BIM-LCA workflows
utilized conventional spreadsheets (e.g., Excel sheets in 16 cases). However, the analysis shows
that an automated link between LCA and BIM can be achieved when overcoming the technical,
organizational and informational issues discussed in the paper. This could enable the streamlining
of LCA applications in design practice, and thus support the necessary improvements in the
environmental performance of buildings.

Keywords: building information modeling (BIM); life cycle assessment (LCA); systematic literature
review (SLR); environmental product declarations (EPD); workflow; bill of quantities (BoQ)

1. Introduction

One of the major aims of the Sustainable Development Goals (SDGs) proposed by the United
Nations (UN) is to make cities and communities better living places [1]. For this reason, buildings,
as the major contributor to climate change, should become sustainable, and consequently their impacts
should be reduced. A multidisciplinary approach covering a number of features, such as energy and
water savings, minimization of quantity of material use, and emissions control throughout the whole
life cycle of the building, is required [2].

Life cycle assessment (LCA) is a potent tool for the calculation of environmental impacts during
the entire life cycle of a building. The material and energy flows over the different life cycle phases,
namely, the production, construction, use and end-of-life (EoL) stages, are evaluated. Recently, this tool
has also been widely applied in the construction sector [2–6]. To perform an LCA of a building, we need
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to gather considerable information regarding the building materials, the building processes, the use
phase, the EoL of a building, etc. This step is very demanding and time-consuming [7].

To reduce the efforts connected with performing an LCA study, building information modeling
(BIM) can be used. According to the BIM dictionary, BIM is a set of technologies, processes and policies
enabling multiple stakeholders to collaboratively design, construct and operate a building or a facility
in a virtual space [8]. BIM is modeled using dedicated software tools, and consists of parametric
objects that hold information regarding the geometry and other attributes (e.g., functional, semantic
and topographic information) of building components [9]. To use BIM to reduce the efforts of LCAs,
additional information, with respect to the environmental impacts and other inputs of an LCA study,
should be integrated.

The objective of the study is to identify the current integration approaches presented in the
literature, and determine the pros and cons of the integration process from different viewpoints. In a
narrow sense, we can observe integration as a technical issue of combining different tools. In a broader
sense, we have also highlighted the issues of integration from the perspective of the requirements of
the LCA methodology; these issues also influence the information needed, and how the process of
integration should be organized.

2. Review Approach

2.1. State-of-the-Art

Several studies have attempted to classify BIM and LCA [7,10–12]. Anton and Diaz [10] presented
two possible proposals for the integration of BIM and LCA. The first type involves direct access to BIM
model information in order to calculate the environmental performances of buildings. The Industry
Foundation Classes (IFC) data sharing format is used for the extraction of information from the BIM
model. By eliminating the manual entry of the data, the real-time comparison of project alternatives
is enabled. However, this approach has not yet been fully established. The second type requires the
inclusion of environmental properties in the BIM objects. The environmental properties would have to
be able to develop along with the development of the project, and there are still issues regarding how
to include information regarding transportation, maintenance, etc.

Nizam et al. [11] divided the studies into four major types. The first type includes studies that
focus on project-based outcomes, but do not provide an integration process description that could be
extended to other projects. The second type includes studies that use only BIM as a quantity take-off
toll, and export these quantities into other tools. The third type includes studies that are limited to only
the cradle-to-site phase. The fourth type of study is identified as not practical enough to be adopted.

Soust-Verdaguer et al. [7] classified the integration of BIM and LCA into three types. The first
type is the case where the BIM tool is used during the LCA stage for generating the bill of quantities
(BoQ). The second type includes studies in which BIM is used to provide data on the materials, and to
calculate the energy demand of the building. The third type includes studies in which BIM and LCA
tools are combined in an automatic procedure.

The most comprehensive classification was proposed by Wastiels and Decuypere [12].
These researchers divided BIM-LCA integration into five types. The first type, (1), is the integration
of the tools by exporting the BoQ from the BIM environment into other tools. According to their
observation, this approach is the most commonly adopted in current practice. The second approach,
(2), is the import of surfaces using the IFC format, which are then aligned, by an LCA practitioner,
with predefined LCA profiles. The third type, (3), is the approach where information from a BIM
tool is further processed in a BIM viewer tool, and is then transferred into dedicated LCA software.
The fourth type, (4), is the use of specially developed plug-ins that enable LCA analysis within the BIM
tool. The fifth type, (5), is the approach where the LCA information is included in the BIM objects
that are used in the BIM model, instead of them being attributed to the building components in a later
stage and in separate tools. A great advantage of the last approach is that the information regarding
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the environmental impacts can be analyzed along with the project development. The five different
types of integration according to Wastiels and Decuypere are presented in Figure 1. This approach was
the basis for the classification of the integration processes identified in the studies.

Figure 1. BIM-LCA integration types adapted from Wastiels and Decuypere [12].

2.2. Materials and Methods

A systematic literature review (SLR) is a structured procedure for identifying the relevant sources
in order to obtain a comprehensive overview of the literature published for a specific research question.
Based on the research question, relevant keywords are identified, and the search is performed in the
defined databases. The aim of this study is to answer the research question: What current approaches
regarding the link/integration of LCA/life cycle costing (LCC) and BIM are presented in the literature?
Based on the objective of the study, the keywords identified were “life cycle assessment” or “LCA”,
and “building information modeling” or “BIM”, and the chosen databases were Science Direct, Scopus,
Web of Science and Springer. The results were limited to the English language. The search criteria
further predicted the exclusion of gray literature (e.g., conference proceedings, Masters and/or doctoral
theses, books/chapters), and no time boundaries were set.

The results obtained during the database search were then filtered in three phases: (1) based on
the title, (2) based on the abstract, and (3) after reading the full paper. From the final sample of relevant
papers, we extracted the data. Additionally, we collected further relevant literature via the “snowball”
approach [13], by checking the references of the collected papers and interviewing the experts in this
field, as done by [14,15]. The analysis included all the relevant papers published before the end of 2019.

2.3. Data Analysis and Research Approach

In the first phase of the SLR, 271 papers were defined as relevant. The filtering based on the title
narrowed the scope to 144 papers. After reading the abstracts, 49 papers remained, and after reading
the full papers, the final sample of papers was collected. Additionally, 11 papers were collected with
the “snowball approach”, which provided the final sample of 60 studies to review. The whole process
is presented in Figure 2. All of the selected papers explicitly focus on the integration process of BIM
and LCA. The SLR shows the evaluation of the publication years, and selected papers revealed that
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papers dealing with the integration of BIM and LCA are being published with increasing frequency
(Figure 3).

Database search in “ Web of Knowledge”, 

“Scopus” , “Springer”, and “Science Direct”

271 papers

Title analysis and exclusion

144 papers

Abstract analysis and exclusion

59 papers

Full paper for data extraction

49 papers

A final sample of 60 papers for in depth analysis

Keywords: “life cycle assessment” OR “LCA” 

AND “building information modelling” OR “BIM”

What current approaches regarding a link/integration of LCA/LCC and BIM are presented in the literature?

Full paper for data extraction

11 papers

snowball approach

Additonal studies from expert judgments and 

citations within the SLR

systematic literature review

Figure 2. The process of collecting the relevant papers.
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Figure 3. The yearly distribution of the papers identified during the systematic literature review.

Similar to the approach of Volk et al. [9], we observed the issues of LCA and BIM integration from
narrow and broad perspectives (Figure 4). From the narrow perspective, the issue of integration can
be considered in the sense that BIM is part of the central repository of information that is used in the
LCA analysis. The integration process is seen as an exchange of information between two different
tools. What information is obtained, and to what degree the process of integration between the BIM
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and LCA tools is automatized, differs between individual cases. The technical issues of BIM and LCA
integration are further discussed in Section 3.1.

 

Informational issues

Organizational  issues

Technical issues

Narrow sense
Broad sense

Functional requirements

Figure 4. The issues of the BIM-LCA integration.

From the broader perspective of BIM and LCA integration, there are also issues connected to LCA
analysis. The analysis is an established methodology, developed independently from BIM. To perform
an analysis, certain background knowledge of the process and legislation is required. With this in
mind, we have investigated which functional issues the BIM tools face when we try to integrate BIM
and LCA simultaneously.

The functionality required by the LCA analysis also determines the information that is required
from BIM. The specific information needed to conduct an LCA analysis must adhere to the scope and
goals of the study, as well as to the structure of information in the design stage. On the other hand,
the structure of the information also enables data exchange between the programs. The informational
issues are closely connected to the interoperability of the tools.

Furthermore, the process of integration has to be clearly regulated so that every stakeholder is
aware of what kind of information has to be delivered and provided. The organizational issues have to
be resolved within the legislation and standards.

3. Results

3.1. Technical Issues

3.1.1. Classification of the Integration Process/Interoperability

The integration process was classified according to the proposal of Wastiels and Decuypere [12],
which is described in Section 2.1. The most common link between BIM and LCA tools is the exchange
of information via BoQ (BIM-LCA integration type 1), as shown in Figure 5. The second most adopted
approach is the use of plug-in tools (BIM-LCA integration type 4). There are also some examples of
other workflows, namely, types 2, 3 and 5. Some of the identified studies are review studies, and some
of the papers do not present enough data to be able to classify the workflows of the integration.

The data from the BIM model are exported as a schedule (bill of quantity) that contains information
regarding the materials used and their quantities (BIM-LCA integration type 1). These data are then
imported into an LCA tool manually or automatically, as illustrated in Figure 6. If the import of
data into the LCA tool is done manually, which is the most adopted approach, this procedure is very
time-consuming, and introduces the risk of errors. Therefore, there are proposals regarding how to
automate the exchange process [16–35]. Two studies established a fully automatic exchange of data
between BIM and LCA [36,37]. Abanda et al. [36] combined a BIM tool with the .NET framework
environment to import the information to Excel. Kumanayake and Luo [37] established an automatic
information exchange from BIM to Excel by combining Visual Studio C# object-oriented programming
language with the .NET framework, integrated with a structured query language containing information
from the Bath inventory of carbon and energy (ICE) database. On the other hand, several studies
have tried to facilitate the integration of BIM and LCA at least to some degree. We have identified
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two general approaches. The first approach tries to integrate diverse additional information into the
BIM model [11,38–42]. This integration can be done by adding additional parameters directly to the
BIM model [38,39], or by using tools that enable the import of this information, such as Dynamo or
similar tools [40–42]. The second approach involves the semiautomated extraction of data from BIM
and import to the LCA tools [11,43–45].

 

In
te

gr
at

io
n

vi
a 

B
oQ

0

5

10

15

20

25

30

35

1

In
te

gr
at

io
n

vi
a 

IF
C

2

In
te

gr
at

io
n

vi
a 

B
IM

 v
ie

w
er

3

LC
A

pl
ug

-in
4

In
te

gr
at

io
n 

of

in
fo

 in
to

 B
IM

no
 c

as
e

st
ud

y

no
 d

at
a

5

N
um

be
r 

of
 s

tu
di

es

Figure 5. The classification of the workflows in the identified studies.

Figure 6. The division of the bill of quantities integration approach.

The second most adopted approach to integration involves the use of the LCA plug-in tools
(BIM-LCA integration type 4). The plug-in enables fast results, but has the limitation that in most cases
it uses generic data. Therefore, these tools are often used in the early design stages to identify the most
important impacts. Most of the identified studies that used the plug-in approach for the calculation
used the Tally tool [46–49]. Tally is a Revit plug-in, and it enables LCA analysis by the use of the Gabi
database. If the impacts of the operational phase are also assessed, then Tally can be combined with
Green Build Designer, which is also a Revit plug-in. On the other hand, Hollberg and Ruth used
the LCA tool as a plug-in and coupled it with the Grasshopper 3D tool within Rhino to optimize the
design [50]. Lee et al. developed their own plug-in for Revit that is able to generate results for six
impact categories [51]. Jalalei et al. [52] developed a plug-in that serves as a link between BIM, LCA,
energy analysis and lighting simulations.

We have identified one study that uses the IFC format for the data exchange between BIM and
LCA tools (BIM-LCA integration type 2). Usually, the LCA specialist would link the available LCA
profiles in a dedicated LCA software to the building geometry. The advantage of this approach is that
a permanent link between the LCA data and the geometry can be established. This can facilitate future
interactions of LCA [12]. Kulahcioglu et al. [53] used IFC data to determine the building properties,
and although many of the data entries can be facilitated, conversions and integration work still remain
to be accomplished; consequently, this approach is considered semiautomatic. A similar approach was
taken by Cavalliere et al. [29], but in their approach, there was no exchange with the LCA tool.
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The study of Jalalei et al. [52], wherein a plug-in that serves as a link between the BIM viewer
and the LCA tool was developed, was the only identified study in which the BIM viewer was used
as an intermediate tool to extract the information for the LCA study (BIM-LCA integration type 3).
In this approach, the geometric data are linked with the associated LCA profiles in a BIM viewer tool,
and are then sent to dedicated LCA software. The advantage is that the LCA profiles are assigned
to the geometry in the 3D environment. The link between the LCA profiles and the geometry is also
maintained if a future iteration of LCA is needed [12]. However, we have identified only one example
of this in the literature. Wastiels and Decuypere [12] state that this approach is used by the Belgium
MMG (environmental profile of building elements) tool.

There are also two studies that coupled the relevant information for the LCA within the BIM
environment, and performed the calculation in dedicated LCA software (BIM-LCA integration type 5).
The advantage of this approach is that the LCA data are included directly within the BIM model. It is
possible to include generic as well as product-specific data. Integration of the environmental data
directly with the BIM provides real-time information regarding the environmental impacts, but at the
same time bares the risk of creating very big and unresponsive files. The calculation and analysis
can be performed with a plug-in, or can be exported to dedicated LCA software. This approach is
illustrated by the cases [54–57]. However, the linking of additional information was also performed in
other studies where the calculation of the environmental impacts was done with Excel-based tools.

3.1.2. Automatization of the Integration Process

Furthermore, we divided the studies based on the degree of automatization of the BIM-LCA
integration. The integration can be done manually, which means that the data are transferred by
copying and pasting data from one file to another file. In most cases, LCA practitioners are needed
to adequately place the data. The second approach is semiautomated. In this approach, the data are
exchanged and filled automatically, but for exports and imports, some user interaction is required.
The third approach is the so-called “one click” integration. In this approach, the data exchange is fully
automated. Figure 7 illustrates the automatization of different BIM-LCA integration types (1–5).
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Figure 7. The automation of the link between BIM and LCA.

Most of the data exchange between the BIM and LCA tools is still done manually. The studies
mostly use a BIM tool to generate a BoQ. The information collected in the BoQ is then used in a separate
tool where the LCA is performed. This approach is very time-consuming, and errors are possible.
The semiautomated approach is also commonly used. Some of the information is exported from BIM
tools to LCA tools, but this information has to be further processed. In most cases, supplementary
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information is needed that is not available within the BIM environment. The automated approach is
most often applied when LCA plug-in tools are used, but there are also some examples of the authors
developing scripts from the integration of different tools. The use of a plug-in rapidly generates results,
but the tools have certain limitations. For example, sometimes these tools are limited to generic data
only, or there is no possibility of adjusting the scenarios within the LCA study. The second approach
requires a certain degree of programming skill. The developed scripts enable the coupling of different
tools, and can serve as a background development of new LCA tools or plug-ins.

Additionally, we have also identified how the operational energy demand is calculated. We have
seen the following approaches to the calculation: (1) a plug-in is developed for the BIM tool, (2) the
energy calculation is performed by exporting to an external tool, and (3) the operational energy demand
calculation is integrated into BIM. Figure 8 illustrates how the operational energy demand is calculated
in the reviewed studies. Additionally, we have also illustrated the BIM-LCA integration type of study.
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Figure 8. The procedure of the calculation of the operational energy demand (only studies covering the
operational energy demand).

3.1.3. Tools

The studied cases showed the great variety of tools that are used in the integration process, and the
ways in which the information is exchanged between tools. Nevertheless, certain trends in the tools
used were identified. The prevailing BIM tool is Revit, which was used in 34 cases. Other BIM tools that
were applied were ArchiCAD, Dprofiler, Blender, Sketch UP and Rhinoceros. The BIM model contains
mostly information regarding the quantity and quality of the materials. These are important inputs for
the calculation of embodied environmental impacts. Additionally, the energy demand of the building
has to be calculated in order to obtain inputs for the operational energy demand. The energy calculation
(EC) can be performed in an independent tool, as a plug-in to the BIM tool, or it can be integrated into
the BIM tool. The applied EC standards of a certain region also influence the choice of which EC tool is
used. Another factor is the ease of integration of the EC tools with the BIM tools. Notably, many of the
reviewed studies focus on embodied energy, and therefore, no EC tools are used. A wide variety of
tools were used, for example, Green Building Studio, which is a plug-in for Revit, and Energy Plus,
which is a tool that enables a dynamic energy use calculation. The inputs from different sources were
then transferred into tools that enable the calculation of environmental impacts. We are distinguishing
between tools that have been specially developed for the LCA, and Excel-based tools [3]. Excel-based
tools were applied in 16 cases. The most commonly adopted special LCA calculation tool was Simapro,
which was used in eight of the identified cases. Additionally, Tally and Athena were applied in four
cases each. The other tools used were Gabi, eLCA, eBalabce, etc., which shows that the integration
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can be done with various tools, especially if the integration is conducted manually. Additionally,
we have found that some authors use specific applications that, among other things, offer support
when calculating the transport distances of the materials in the construction phase. The possible
information flows are illustrated in Figure 9.

Figure 9. Data exchange between different tools for performing an LCA.

3.2. Informational Issues

Each separate stage requires a certain set of information. In Table 1, we have presented the data
that are required in the separate life cycle stages (according to EN 15978 [57]), the sources of this
information, and whether these data can be acquired from BIM. BIM offers data that can be used to
support, extend, calculate or simulate specific data, which can then be integrated again into BIM,
or can be used independently [2,54]. Some authors have proposed ways to integrate the required
information directly into the BIM model [39,40,54,58], but the data that are present in BIM are obtained
via additional applications or data sources, such as spreadsheets, existing databases, etc. Nevertheless,
there are various possibilities for how this information can be imported into the LCA analysis tool.

The accuracy and quality of the data both depend on the design phase of the projects. There is a
lack of consensus with regards to defining the design stages, and the definition differs depending on
the country. For example, the design stages according to the Royal Institute of British Architects (RIBA)
are divided into eight phases, namely, Strategic Definition, Preparation and Brief, Concept Design,
Spatial Coordination, Technical Design, Manufacturing and Construction, Handover and Use [59].
In the Swiss environment, the design process is divided into five phases, namely, Project Planning,
Project, Building Permit Application, Tendering and Construction [29]. The use of different design
phase definitions makes it difficult to define in which design stage the LCA analysis was conducted.
However, 16 out of 60 papers indicate specifically that the LCA is applied in an early design stage,
and therefore, there is an even stronger need to integrate the BIM with the LCA tools. Nevertheless,
the definition of an early design stage remains unclear.

The design phases are strongly correlated with the level of detail (LOD) of the BIM model.
By definition, the LOD defines the geometry as well as the nongeometric attributes provided by the
model. To enable the required functionalities, the model has to be modeled with certain accuracy [9].
The LOD of BIM is quantified from LOD 100 to 500, progressively adding information to the model.
It is often the case that certain parts of the model are defined at different LODs, because this information
is needed for the calculation, or for similar analysis [29]. In the sample of the reviewed papers, only six
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papers defined the LOD [21,28,29,47,51,60]. Most of the papers performed the LCA at LOD 300,
which was also recommended by Soust-Verdaguer et al. [7]. The study of Cavalierre and others [29]
presented a novel approach to developing a continuous LCA calculation throughout the development
of the project. The method uses different databases that have different LODs, which corresponds to the
LODs of the BIM model.

Table 1. Required data for the LCA of separate LCA stages.

Life Cycle Stage Required Data Sources Connection to BIM

Product stage
A1–A3

Environmental impacts
of materials,

Quantity of materials

Environmental Product
Declaration (EPD),

Databases
BIM

Independent or attached

Transport to construction site
A4

Distances of transport,
Transport means

Spreadsheets
Independent applications

General assumptions
Independent

Construction stage
A5

Energy and materials
needed for construction

Spreadsheets
Independent applications

Independent

Use, Maintenance, Repair,
Replacement, Refurbishment

B1–B5

RSL of the building
materials

EoL scenarios
Maintenance scenarios
Distances of transport,

Transport means

Spreadsheets
Databases

Spreadsheets
Independent applications

General assumptions

Independent

Operational Energy
B6

Energy use
Calculation via plug-in

Export to independent tools

Independent
Plug-in

Embedded

Operational Water
B7

Water use
Spreadsheets

Databases
Assumptions

Independent

Deconstruction
C1

Energy and materials
needed for

deconstruction and
demolition

Databases Independent

Transport to disposal
C2

Distances of transport,
Transport means

Spreadsheets
Independent applications

General assumptions
Independent

Waste processing
C3

Energy and material
needed for waste

processing

Spreadsheets
Databases

Assumptions
Independent

Disposal
C4

Emission caused by
disposal

Spreadsheets
Databases

Assumptions
Independent

Benefits and loads beyond
the system boundary

D

EoL scenarios
Energy and material

needed for waste
processing

Potential benefits

Spreadsheets
Databases

Assumptions
Independent

Databases and environmental product declarations (EPDs) provide data on the various
environmental impacts of building materials, components or elements. Databases can be distinguished
based on their scope and completeness; the transparency of data comprises their comprehensiveness
as well as their actuality [61]. The information regarding the environmental impact is provided at
different levels of data granularity, also correlating with the design stage and the LOD of the project.
The use of a data structure and a common naming convention based on an established systemic
approach (e.g., Omniclass, Uniclass, Unifromat, etc.) is important when a link between BIM and LCA is
established [60]. This structure should provide a common language and a more transparent exchange
of information between the different tools and stakeholders. The reviewed studies mostly use data
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on the level of construction materials, while a few also use data at the level of building elements,
subelements or raw materials (see Figure 10). Therefore, the majority of the databases that were
identified in the reviewed cases (see Figure 10) also contain information at the construction material
level. Thus, these databases are suitable for performing the LCA analysis at a later stage, whereat the
materials are defined. In later stages, EPDs can also be used. The use of more databases was observed
only in cases where the generic databases were combined with EPDs [20,50]. To improve the LCA
analysis following the project development, the use of different databases is proposed, since they offer
information regarding the accuracy and granularity of the data. This approach was shown in a study
by Cavalliere et al., where the progression from the Swiss building database at the beginning of the
design, to the Bauteilkatalog for LODs 100–300, and then to the KBOB database for LOD 400, enabled
the continuous improvement of the accuracy of the data [29]. Another issue concerns how to structure
the databases in order to enable a closer integration with the BIM method. This issue was discussed
by Gantner et al. [62] for the database Ökobau.dat. In their study, they offered various proposals
regarding how to structure the data to improve the link between LCA and BIM, and also included
additional information in the databases (e.g., reference service life, assembling processes of building
products, etc.).
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Figure 10. The granularity of the data and the databases used.

3.3. Functional Requirements for LCAs

The functionalities of BIM required to perform an LCA analysis depend on the scope and goal of
the study. These functionalities can be incorporated in the BIM tool, or attached to the BIM tool as
independent data, applications, plug-ins, etc.

In the first step of an LCA, we have to define the functional unit of the study. In the review,
we distinguish between the functional unit that is clearly declared, and the functional unit defined
via an educated guess. In most studies, the chosen unit is the whole building, and the result can be
normalized per area. However, some studies have focused on certain building parts, such as curtain
walls and building envelopes. There are also many studies that do not present any case studies,
and thus do not declare any functional units (Table 2).

Table 2. Functional units.

Functional Unit Declared Educated Guess

Whole building 4 21
Whole building—normalized 6 0

Specific building parts 9 1
Other 3

No data 15
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The scope of the study was based on the definition by the International Energy Agency’s Energy
in Buildings and Communities Programme (IEA EBC) Annex 72 [63]. Although in most cases the
functional unit is the whole building, there is no consensus regarding which parts are assessed when
performing an LCA. There have been various attempts to simplify the LCA, and some of them propose
that only the building parts that are major contributors to the environmental impacts should be
assessed [64]. When the functional unit is the whole building, the major building parts are assessed,
but there are deviations in the assessment of the staircases and the central heating and cooling systems
(Figure 11). However, the accuracy of the data is dependent on the design stage and the LOD at which
the BIM model is generated. We have identified that there are also many studies that focus only on
specific building parts.
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Figure 11. The scope of the selected studies according to the functional unit used.

The life cycle stages assessed in the study determine the required information. The separate
stages are divided, according to EN 15978, into the production, construction, use and EoL stages.
Additionally, the benefits and loads beyond the life cycle of the building can be assessed. Figure 12
shows that the production phase of the materials is assessed most frequently, while the transport to
the construction site and construction work phases are not always included. The phases B1 (use),
B3 (repair), B5 (refurbishment) and B7 (operational water use) are addressed only in a few studies.
In the EoL stage, most of the reviewed cases assess the disposal of the materials. The benefits and
load beyond the reference service life (RSL) of the building were also assessed in a limited number
of studies. The sample included 23 papers that only focused on embodied energy, while 26 papers
included operational and embodied impacts. The papers that only address operational energy are not
included in the scope of our review.

The choice of the relevant impact categories should be aligned with the choice of impact methods.
The choice of the impact methods of the reviewed studies is illustrated on the right part of the Figure 13.
In a lot of cases no information about the impact method is given. In the case of buildings, the midpoint
approach is mostly used, which refers to the environmental impacts connected to climate change,
acidification, eutrophication, etc. [2,65]. The reviewed studies mostly address the impact category
of global warming potential (GWP). We have also included studies that assess embodied energy,
because the integration approaches of BIM and LCA are very similar. Only 23% of the included studies
assess a broader spectrum of the environmental impact categories (Figure 13 left part). This finding
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indicates the potential risk of focusing on the reduction of one category leading to an increase in the
impact of other categories.
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Figure 12. The life cycle stages assessed.
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Figure 13. The environmental emission categories assessed, and the characterization methodology used.

4. Discussion

4.1. Technical Issues

During the review of the identified studies, we observed that each process of integration of LCA
and BIM was unique. However, it was possible to define some common integration approaches.
The prevailing use of Excel as the LCA calculation tool indicates that the specialized LCA tools
experience difficulties in processing the data from BIM tools. In general, we can distinguish between
approaches in which all the necessary information is incorporated into the BIM model, and approaches
in which the information obtained from BIM models is further processed in other applications.
Each approach has its strengths and weaknesses. The first approach exhibits the strength that
everything is stored in one model; therefore, no information is lost. On the other hand, this means that
the models are complex and rigid, and that better hardware is needed to process the amount of data.
The combination of various tools bares a higher risk of information loss during the integration process.
Additionally, the information must transfer in such a way that the semantics and ontology of the data
are preserved. This task is very demanding because it requires support in the standardization. The IFC
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format should offer an adequate framework for exchanging information, but at this point, software
developers are also providing their own solutions that are applicable only within the range of their
product palette [18].

Currently, the exchange of data between BIM and LCA is mostly done manually. The information
collected in the BoQ is then used in a separate tool, wherein the LCA is performed. This approach is
very time-consuming, with the possibility of errors [66]. The additional expenditure of the normal
process is not economically bearable, especially if multiple design options have to be compared [36].
A higher degree of automatization of the information exchange between BIM and LCA is expected in
the future. The automatization of the integration process is still at an early stage, and can be achieved
by the use of a specially developed plug-in. The plug-ins have certain limitations, regarding the
availability of data from the materials, little possibility of modification, etc. [46,49]. There are also
some studies in which the authors developed complex scripts to integrate the data within the BIM
model, or to establish an automatic information exchange between different tools. The developed
script could be further used to improve the existing plug-ins or integration approaches. The problem
of interoperation between BIM and other tools is also a pressing concern in the case of the energy
demand calculation [67].

The most frequently adopted tools for BIM and LCA analyses were identified. These tools indicate
the current state-of-the-art of LCA practice, and help in identifying the integration process that should
be enhanced.

4.2. Informational Issues

A major challenge is determining the relevant inputs that have to be placed in the BIM model.
Generally, the BIM model should provide data regarding the quality and quantity of materials,
but additional information is needed to conduct an LCA analysis. The studies of Santos et al. and
Cavalliere et al. [39,54] provide a comprehensive overview of this topic. Another major challenge is
how to connect these data to BIM. Some researchers have proposed a direct integration into the BIM
model, while other studies tried to establish a link to external sources of information. If external sources
of information are used, then they should conform to the ontology and semantics of the implemented
BIM tool. In many cases, external applications were used to establish this connection (e.g., MySQL),
which requires additional effort and a certain degree of programming knowledge. We have identified
that there is a common need for technical, organizational and semantical interoperability between BIM
and LCA.

The quality of the data also depends on the design stage of the projects. During the development
stage of projects, the materials and processes used are becoming more determined; therefore,
LCA analysis can be increasingly precise [68]. The maturity of the BIM modes can be expressed via
the LOD. However, the relation between the LCA analysis and the LOD level of the model should
be regulated [7]. In this case, the scopes and goal of the study would directly indicate what LOD is
needed for the BIM model. Generally, it was emphasized in numerous studies that the integration
between BIM and LCA should be established at an early stage, where changes in the design are still
possible. In other words, an LCA should be used to support the development of the design, and not to
document the results of the design.

The choice of the database for the LCA calculation should be aligned with the scope of the
study, as well as the design stages. During the development of the project databases, different data
accuracies, corresponding to the design stages, should be used, as proposed in the study of Cavalliere
et al. [29]. However, not all regions have developed databases in this way. The approach suggested in
the study can therefore be used for the development of databases for different design stages of the
project. It is also important to emphasize that a common approach to the aggregation of data should be
established, so the databases can be developed according to this approach. It is also possible that the
established systems of data aggregation (e.g., Uniclass, Unifromat, etc.) could be used for this purpose.
Another issue observed is that the databases mostly originate, and contain data, from developed
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countries [37]. This is not directly connected to the integration process of BIM and LCA, but the
emerging countries are those where much construction work is performed, and the development of
accurate databases could help in realistically assessing the associated environmental impacts.

4.3. Functional Requirement for the LCA

The LCA methodology strongly influences what information must be integrated into the BIM tool.
Some authors identify these as the 6D of BIM [69]. It is crucial to identify the goal and scope of the
study. The identification of the scope of the study revealed that there is great variation in these fields.
A common LCA methodology for buildings (as will be proposed by IEA EBC Annex 72) could help to
solve this issue. If the scope of the study follows some established standards, then it will be easier to
identify the inputs needed for the LCA. Additionally, the functional units should follow established
standards, in order to avoid a misunderstanding and misinterpretation of the results. The functional
unit should provide information regarding what is assessed, its quantity, the period of assessment,
and how well it is assessed. BIM tools should enable the structuring of the data so that it conforms to
the functional unit. This issue was not addressed or observed in any of the reviewed cases, and opens
a new area of investigation.

4.4. Organizational Issues

The challenges regarding the integration and automation of the link between BIM and LCA
(as presented in Figure 5) are issues strongly connected to the organizational aspects and the
standardization of workflows. While customized approaches to linking BIM and LCA can be created on
an individual basis, the wide application and automation of LCA in BIM-based processes requires clear
industry standards. Standards are required for both LCA and BIM (models), regarding, among other
things, ontologies and data structures, as well as the level of information (to be expected/delivered) at a
certain design stage. A variety of standardization activities exists, which are related to these topics; see,
e.g., the works of CEN/TC 442, or ISO/TC 184/SC 4 and ISO/TC 59/SC 13. However, implementation in
everyday industry practice remains a challenge, as recently shown by an international survey among
building design professionals [70].

5. Conclusions

The concluded SLR included 60 academic papers focusing on the integration of BIM and LCA.
The SLR shows the increasing use of BIM, because of its potential to store information required for the
environmental assessment of buildings, suggesting it should therefore not be overlooked. The results
show that the BIM model, containing information regarding the quantities of materials employed in
the building, in 60% of the cases (22 out of 60 papers) is imported manually or semiautomatically
into the LCA tool. However, in 17% (10 papers), the authors showed the possibility of importing
the model automatically, making significant progress in the interaction between BIM and LCA tools.
This automatization simplifies the assessment of the embodied impacts. Furthermore, 23% of the
studies did not contain data about the importing process, or presented no case study. The analysis of
the results found criticisms concerning the building components included in the system boundaries.
As considered in 40% of the cases (24 papers), external walls are the components that are most often
included in the system boundaries. Moreover, the system boundaries were mostly limited to the
production stage (A1–A3) of the components. This stage was considered in almost 72% (43 papers)
of the cases. On the other hand, the BIM has been shown to be less effective for operational energy
evaluation. In only 43% (26 papers) of the cases was the model used for the assessment of the
environmental impacts of the operational energy.

Although we have identified many different approaches to integrating BIM and LCA, this process is
still at an early stage. Our findings reveal that the major issues of the integration process are (1) creating a
synchronized LCA methodology that enables a clear identification of the inputs needed, (2) developing
information databases that ontologically and semantically conform to the BIM environment, and that
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also correspond to the desired design phase of the project, and (3) creating a flawless and automated
exchange of information between BIM and LCA tools, regardless of whether they are embedded in the
BIM environment or used as separate files.

A more reliable integration of BIM and LCA would foster the optimization of the environmental
performance of buildings during the design process, and thereby improve the future building stock
quality. An optimized integration of BIM and LCA, where the users have control, and an overview,
of the entire range of processes and material flows during the entire life cycle of the building, will likely
lead to an improved design process, as well as generating replicable and trustworthy LCA results.
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