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Abstract 

The construction industry, characterized by high energy use and carbon emissions, necessitates a thorough and accurate 
life cycle assessment (LCA). This review investigates how building information modeling (BIM) software can streamline 
the LCA process to improve both efficiency and precision. Although BIM has considerable potential, challenges remain, 
such as issues with software interoperability and a lack of standardized options for BIM-integrated LCA tools. The 
review also evaluates the strengths and weaknesses of various BIM software, LCA tools, and energy consumption tools, 
and highlights case studies of BIM-LCA integration. It provides a critical analysis of methods and techniques for BIM-
LCA integration and data exchange, including the import of bills of quantities, Industry Foundation Classes (IFC), the 
use of BIM viewers, direct LCA calculations with BIM plugins, and calculations using LCA plugins. The study concludes 
with future outlooks, aiming to direct the development of improved LCA tools that offer better integration with BIM 
software, which is crucial for advancing sustainable construction practices. 

Keywords: Building Information Modeling (BIM); Life Cycle Assessment (LCA); Sustainable Construction; Software 
Interoperability; Data Exchange Techniques 

1. Introduction

In the 21st century, the construction sector has become a major consumer of energy and a significant emitter of 
greenhouse gases, adversely affecting the environment. According to the Global State of Buildings and Construction 
report, the construction industry was responsible for approximately 35% of global energy consumption and 38% of 
total CO2 emissions in 2020 [1]. Life cycle assessment (LCA) is a powerful tool for evaluating the environmental 
performance of products and processes, as well as for comparing the environmental impacts of similar products. As 
outlined in International Standard 14040 [2], a typical LCA involves four stages: defining goals and scope, performing 
life cycle inventory (LCI) analysis, conducting life cycle impact assessment (LCIA), and interpreting the results [3]. 
However, the LCA process is complex, time-consuming, and limited by the scope of available databases [4]. Tools like 
SimaPro, GaBi, Umberto NXT, and Athena have enhanced the efficiency and accuracy of building environmental 
assessments by optimizing data analysis and improving impact quantification [5]. Nevertheless, challenges such as data 
extraction quality and inventory development persist, hindering accurate integration of building data. Building 
Information Modeling (BIM) technology is crucial for performing comprehensive life cycle assessments of buildings, as 
it enhances environmental benefits. 

BIM is an advanced technology designed to analyze building information, improve communication processes, provide a 
collaborative platform, and support interoperability across various fields. BIM facilitates the measurement of carbon 
emissions and environmental impact by enhancing information reuse and providing direct project data, thus mitigating 
the uncertainties and inefficiencies of manual data entry [6]. The development of BIM digital tools has led to ongoing 
research and advancements in the field. Popular BIM software such as Autodesk Revit and Graphisoft Archicad offer 
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graphical representations of building elements and material properties, enabling users to visualize and manage building 
information effectively. 

Given the features of BIM digital tools, which have the capability to minimize the additional workload of LCA, they help 
accelerate the process and simplify complex workflows. These tools reduce errors associated with manual calculations, 
analysis, and data collection, thereby enhancing work efficiency [7]. However, not all BIM software is fully compatible 
with every LCA tool, often resulting in data loss. There is a lack of in-depth research on the comprehensive analysis of 
BIM–LCA-integrated applications and the identification of key parameters affecting the practical use of the software. 
Additionally, past research has overlooked several critical performance metrics related to BIM–LCA integration 
methods. 

BIM-integrated LCA still faces challenges such as the unclear selection of software tools, uncertain interactions, and 
difficulties in determining the level of automation. This hampers the ability to optimize BIM–LCA scenarios and makes 
it difficult to clearly define and assess adaptability across different situations. Thus, there is a pressing need to improve 
interoperability and compatibility between BIM software and LCA tools, along with providing optimization directions 
for real-world applications. Addressing these limitations is crucial for advancing the accuracy and efficiency of the BIM–
LCA integration framework. This review consolidates the features of commonly used BIM software and LCA tools, 
offering a summary of the limitations tied to their integration. The goal of the study is to better understand the 
compatibility and interoperability of BIM-integrated LCA systems and to pinpoint the strengths and weaknesses of each 
software application. 

 

Figure 1 Data collection process for PRISMA 
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Figure 2 VOSviewer buzzword analysis (a) Integration applications; (b) Integration parameters; (c) challenges and 
future perspectives 

2. Methodology 

This review employs PRISMA bibliometric analysis to evaluate the progress of BIM software and LCA tools, with the aim 
of deeply investigating the challenges and future directions of their integrated application. The PRISMA framework is 
used to systematically analyze key factors such as the integration of BIM software with LCA tools, relevant parameters, 
challenges, and future outlooks, as illustrated in Figure 1. The database for this review is Web of Science, where Boolean 
operators were applied to the 'Title, Abstract, and Keywords' fields to retrieve 23,843 articles related to "BIM software" 
and "LCA tools." The topics most relevant to BIM-integrated LCA were filtered in alignment with the review's purpose 
and scope. 

Eligibility criteria set clear boundaries for the systematic evaluation. After filtering topics aligned with integration 
applications, integration parameters, challenges, and future perspectives, 4686, 3566, and 9217 articles were retrieved, 
respectively. After removing duplicates, 13,617 articles were deemed relevant to the exploratory focus of this review. 
The review is restricted to academic papers written in English, classified as articles, and published between 2006 and 
2023. Consequently, 6448 papers that did not meet the criteria were excluded: 4964 non-article types, 110 non-English 
papers, and 1374 publications from before 2006. Ultimately, 7941 articles were assessed for eligibility. 

This review uses VOSviewer 1.6.20 to conduct visual literature co-occurrence analysis. Figure 2a illustrates the co-
occurrence of terms related to integration applications, while Figures 2b and 2c show popular words associated with 
integration parameters and challenges/future perspectives, respectively. In Figure 2a, the most common words for 
integration applications include data, energy, structure, prediction, industry, user, and emission. Figure 2b reveals 
popular terms for integration parameters such as efficiency, feasibility, scenario, energy, knowledge, database, accuracy, 
and distribution. Figure 2c highlights terms relevant to challenges and future perspectives, including framework, data, 
time, algorithm, network, accuracy, prediction, and sensitivity analysis. 

Ultimately, after careful review of the literature and analysis through VOSviewer, 152 papers were selected to serve as 
the core of this review. 

3. BIM Software and LCA Integration 

3.1. BIM 3D Modeling Software 

BIM 3D modeling software enables advanced digital modeling and information management, making it a key 
technological component of the BIM process [8]. This software has the potential to streamline environmental 
performance assessments of buildings by reducing the additional workload required for life cycle assessment (LCA) and 
accelerating the process [9]. BIM software creates virtual models that include graphical information, construction 
materials, and component data. Table 1 highlights three commonly used BIM software platforms—Autodesk Revit, The 
Beck Group DProfiler, and Graphisoft ArchiCAD—while outlining their features and limitations in the context of LCA 
applications. 

One of the most widely used BIM programs is Autodesk Revit, which manages and stores data related to building 
structures [10], earning a reputation as the best BIM software [11]. Revit offers tools for designing building elements, 
public utilities, and structural engineering, particularly excelling in projects with complex geometry and high 
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computational demands across a variety of applications. It is efficient in importing, exporting, and linking data in 
standard formats, allowing for rapid 3D visualization and offering better insights into a project before implementation 
[12]. The detailed modeling capability allows for accurate recording of structural elements like rebar. Revit also reduces 
repetition during model creation and measures how different components interact with their environment. 

However, Revit does have its challenges. The lack of built-in design tools makes it more difficult to design projects as 
accurately as with specialized software. Calculating energy consumption and CO2 emissions with Revit and Excel can 
be time-consuming, especially due to mismatches between Revit’s material database and the ecoinvent LCI database, 
where differing units present a further challenge. Interoperability issues also persist, and the types of information and 
reports Revit generates are often insufficient for certain tasks [13]. Additionally, files like portable document format 
(.pdf) and extensible markup language (.xml) from Revit are limited, as programs like Excel cannot properly interpret 
the data. Moreover, Lu, Jiang [14] noted that Autodesk Revit loses components and information when transferring data 
to Glondon GTJ2018, raising concerns about potential data loss when exporting Revit data into LCA models. Revit’s 
integration with Athena is limited, as it only supports modeling for individual components such as walls and doors, 
rather than entire buildings. 

Another modeling software, DProfiler, was developed to automatically export BIM data into energy modeling 
applications [15–17]. DProfiler provides detailed feedback on material quantities and energy analysis with minimal 
architectural design input, producing detailed BIM data from much smaller input values compared to alternatives like 
Revit [18]. It simplifies the process of acquiring conceptual design models and generating precise cost estimates, 
allowing for value analysis of different design options based on construction specifications and associated costs. 
However, DProfiler is limited in that it does not support complex or free-form building shapes, handling only simple 
orthogonal structures. Its primary use is in the economic evaluation of construction projects, and its interface is not as 
well-suited for integration with other BIM software. As a result, DProfiler is less commonly used in European markets 
[19]. Additionally, missing architectural elements and incomplete information on geometric parts in the BIM model can 
lead to an incomplete bill of quantities, which in turn impacts the completeness of LCA results. 

Another widely used BIM design software is ArchiCAD, developed by the American company Graphisoft and certified 
by buildingSMART’s Industry Foundation Classes (IFC). ArchiCAD allows users to perform budget calculations by 
inputting the unit costs of materials and resources, extract all quantitative data, and export it into Excel. It also enables 
users to input precise carbon footprint values for each material in kgCO2 per kilogram. However, unlike SimPro, which 
measures carbon emissions in kgCO2 per square meter, ArchiCAD calculates emissions in kgCO2 per kilogram, making 
it impossible to automatically transfer carbon footprint data to LCA software [20]. 

Table 1 Three common BIM 3D modeling software associated with the LCA tool 

Name Developer Features Limitations References 

Revit Autodesk 3D project visualization; with high 
data interactivity Automatically 
quantifies andextracts the number 
of construction materials in a 
building project without manual 
data input 3. Low application costs 

4. Real-time information updates 

Probably not compatible with 
Russian code projects, only supports 
Windows system Poor functional 
selection ofprocessing specifications 
Time-consuming and complexmodel 
building, limited capability for 
complex modelling Need complete 
family data, nobuilt-in more general 
design tools 

[24–27] 

Dprofiler The Beck 
Group 

Suitable for presenting models 
withan approximate level of detail 

Rapid evaluation of design 
solutions; doing an economic 
evaluation of projects Simple 
structure 

1. Limitations in the range of 
geometric forms created 

[15,18] 

ArchiCAD Graphisoft Easy to use and strong collaborative 
integration Can create quality 
constructiondrawings 

Carbon emission units are different 
from LCA 

Modify complex models3. Extended 
loading time for compressed 

[20,22,23] 
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Industry Foundation Classes (IFC) 
files 

 

Table 2 Features and limitations of the LCA tool 

LCA 
Software 

Region Features and 
Benefits 

Limitations Website References 

SimaPro Netherlands 1. More systematic 
way of modeling and 
analysis 2. Highly user-
friendly; can add new 
parameters, support, 
and functional 
equations 

3. Clear and accurate 
display of results 4. 
Optional LCI database 

1. Calculation 
requires manual 
extraction of 

parameters such as 
impact factors 

https: 

//simapro.com/ 

(accessed on 7 

February 2023) 

[29,30] 

openLCA Germany 1. Free and open 
source 2. Compatible 
with most databases 
and LCIA methods 

Only for users with 
Javaexpertise 

Open source may 
bringerrors to the 
software 3. Results 
cannot be refreshed 
automatically 4. The 
chart is rough 

https: 

//www.openlca.org/ 

(accessed on 7 

February 2023) 

[29,31,32] 

Tally United 
States 

1. Providing effective 
and fast LCA feedback 
2. More user friendly 3. 
Quantify the 
environmental impact 
of construction 
materials 

1. Need to identify 
the modeled 
material correctly 2. 
Need to import 
similar information 
for the same 

material in each new 
analysis 

3. Geographic 
sources are only 
available for the US 
region 

https://www. 
choosetally.com/ 
(accessed on 7 

February 2023) 

[8,33,34] 

GaBi Germany Inclusive of all 
buildinglife cycle 
processes 

Unrestricted editing 
andhigh flexibility 

1. Limited range of 
architectural 
applications 

https://sphera.com/ 

product- 

sustainability-life cycle-
assessment-lcasoftware/ 
(accessed on 7 February 
2023) 

[35] 

https://simapro.com/
https://simapro.com/
https://www.openlca.org/
https://www.openlca.org/
https://www.choosetally.com/
https://www.choosetally.com/
https://www.choosetally.com/
https://www.choosetally.com/
https://sphera.com/product-sustainability-life
https://sphera.com/product-sustainability-life
https://sphera.com/product-sustainability-life
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Umberto 
NXT 

Germany Link Microsoft Excel 
cellvalues to the 
Umberto model; visual 
graphs to show LCA 
results 

Automatic update of 
cellvalues when they 
are changed, and the 
possibility of 
modifying relevant 

parameters 

Possibility to create 

separate interfaces 
with 

SAP or systems 

More complex 

Does not provide 
anyadditional 
functions 

https: 

//www.umberto.de 

(accessed on 7 

February 2023) 

[29,36] 

Despite this, ArchiCAD files show strong convergence of measured values, and its compatibility with environmental 
settings and climate data allows precise positioning of reference buildings, making environmental simulations more 
efficient [21]. On the downside, ArchiCAD involves a complex process of removing doors already present in the model, 
a step not required in Revit, which simplifies the validation process. Additionally, ArchiCAD's compressed IFC files take 
longer to load, which can negatively impact productivity and file conversion efficiency. This can be improved by using 
optimized compression tools like IFCCompressor to remove redundant data from the files, speeding up the model 
loading process [22]. 

However, ArchiCAD has some limitations in custom parametric modeling due to its reliance on the parametric 
programming language GDL, which demands a higher level of programming expertise compared to Revit's more user-
friendly visualization of family components. Furthermore, ArchiCAD depends on a separate plug-in, MEPModeler, for 
mechanical, electrical, and plumbing (MEP) modeling. This plug-in lacks the capability to calculate ventilation and 
electrical loads, which diminishes the quality of the LCA results. 

3.2. LCA Tools 

Life Cycle Assessment (LCA) is a methodology developed to evaluate the environmental impacts of a product throughout 
its entire life cycle. This includes all stages from raw material extraction, manufacturing, transportation, construction, 
operation, maintenance, to end-of-life processing and recycling [28]. According to ISO standards 14040-14044, LCA 
involves the collection and evaluation of the inputs, outputs, and potential environmental impacts associated with a 
system over its full life cycle [2]. The LCA process is inherently complex and time-consuming, further complicated by 
issues such as software interoperability, calculation methods, and database compatibility. Table 2 outlines the 
characteristics and limitations of LCA tools that are applicable in conjunction with BIM software. 

One of the most widely used LCA tools is SimaPro, which was designed for integrated waste management, life cycle 
analysis, carbon and water footprinting, product design, and the development of environmental product claims. It also 
supports the identification of key performance indicators and sustainability reporting [45]. SimaPro significantly 
reduces the time required for conducting a life cycle analysis. Compared to GaBi, SimaPro offers greater flexibility and 
ease of use, with unrestricted editing capabilities and access to Life Cycle Inventory (LCI) databases [46,47]. However, 
SimaPro does have limitations, such as its inability to model a variety of suppliers within the LCI dataset, and the need 
for further development of connectivity between different product modules. 

Another challenge with SimaPro is that, due to differences in BIM plug-in tools, the results from LCA calculations 
conducted in SimaPro cannot be directly correlated with the energy and carbon assessment results from BIM tools. This 
lack of seamless integration between LCA and BIM energy modeling remains a key area for improvement in future 
development. 

The openLCA tool offers a user-friendly interface and supports original databases, allowing users to construct graphical 
models either manually or automatically. However, the validity of LCA results often depends on the referenced database, 
as openLCA is a free, open-source platform. Users must manually input data into the system, which limits convenience 
[48,49]. Additionally, its time-consuming calculations make openLCA slower compared to other tools like SimaPro. 

https://www.umberto.de/
https://www.umberto.de/
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Moreover, specialized LCA tools such as openLCA and SimaPro do not evaluate material usage in the building process, 
reducing the reliability of their LCA assessments. Manually generated modules also lower the efficiency of interacting 
with BIM data and increase the risk of errors. 

Tally, a Revit plug-in, facilitates the exchange of alphanumeric and graphical data. It extracts building materials 
inventory data and evaluates environmental impact categories in accordance with the U.S. EPA’s TRACI framework, 
covering all stages of the material life cycle, from extraction and manufacturing to end-of-life [50]. Tally is useful for 
assessing the environmental effects of various building materials, making it suitable for comparative design studies and 
comprehensive building analyses. Furthermore, Tally can be integrated with the GaBi database, enabling the extraction 
of material data from the BIM model—an advantage over Athena software [51]. However, Tally has limitations, such as 
the inability to model LCA data directly for items outside of the database, which reduces the reliability of LCA reports 
[52]. Additionally, both Tally and Athena struggle to recognize materials chosen for Revit projects. Their databases are 
rigid and limited, making it difficult to edit material information and affecting the accuracy of LCA analyses. With fewer 
material options, Tally often requires assumptions about which building components might be used. 

Umberto NXT offers efficient tools for creating flowcharts and Sankey diagrams, which help users visualize 
environmental impacts quickly. This software allows graphical modeling and analysis across several midpoint and 
endpoint categories, helping to assess and visualize the environmental effects of products [53,54]. It features an 
intuitive interface, automated calculations, and integrated functions that boost operational efficiency. Despite its strong 
performance and ease of use, Umberto NXT lacks additional advanced features [36]. One limitation is that it is not web-
based, and applying it within BIM workflows requires experienced LCA specialists. This need for expert knowledge 
poses challenges for professionals in the architecture, engineering, and construction (AEC) industry, as additional work 
is required to streamline its integration. 

The Athena Impact Estimator and Athena EcoCalculator are free LCA tools developed by the Athena Institute, with the 
primary function of calculating a building’s carbon footprint and providing environmental impact data in spreadsheet 
format [55]. The EcoCalculator requires minimal input and provides environmental effect calculations based on these 
inputs, though it lacks flexibility in terms of modifying LCI data sources or conducting sensitivity analyses. The Athena 
Impact Estimator has an advantage over the EcoCalculator in terms of BIM interoperability, allowing users to import 
bills of materials from CAD programs [37]. However, both tools can suffer from missing elements and potentially 
erroneous results [41]. 

Despite the Athena tools' capabilities, there are limitations, particularly in the availability of LCI cell processes, which 
users cannot modify. In contrast, SimaPro allows users to manually select LCI unit processes, offering more control and 
precision [46]. The variance in LCA results is also dependent on the software being used, as each tool utilizes different 
databases and implementation scopes, leading to differences in calculating environmental impact factors. For example, 
a study on Brazilian particleboard by Lopes Silva, Nunes [56] demonstrated discrepancies in environmental impact 
findings when using SimaPro, Gabi, Umberto, and openLCA. These differences were attributed to variations in the 
background databases and the import process, which could be restricted or fail altogether. Additionally, the versions of 
standards used by each software tool contributed to variations in environmental effect outcomes [57]. 

Research by Al-Ghamdi and Bilec [46] revealed a 10% difference in global warming potential when comparing results 
from the Athena Impact Estimator, Tally, and SimaPro, highlighting the impact of software selection on LCA outcomes. 
These variations emphasize the importance of choosing the right LCA tool based on project needs and the scope of 
environmental impact assessment. 

3.3. Energy Consumption Tool Compatibility 

Building energy modeling is crucial for setting baselines and managing building energy, particularly in relation to LCA. 
Energy consumption tools must be compatible with BIM models to ensure accurate predictions and support 
environmental impact analysis [58]. The interoperability between energy consumption tools and BIM is critical for 
efficiency and accuracy in data exchange, as seen in the common tools listed in Table 3. 

Designbuilder is a well-known tool that integrates with the EnergyPlus dynamic thermal simulation engine, providing 
graphical models and environmental performance data. Designbuilder imports BIM models via the gbXML format, which 
is highly efficient for transferring geometric data between BIM software and energy simulation tools. The process saves 
time by eliminating the need to manually generate building geometry within the simulation interface [70]. However, 
users must manually modify the software’s default values to reflect the specific project, as relying on defaults can lead 
to inaccurate results [61]. 
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Green Building Studio (GBS) is a web-based energy analysis tool that is free to use and provides fast graphical feedback. 
One of GBS's key advantages is its ability to perform additional scenario simulations alongside regular energy 
calculations, which enhances its utility for more complex energy analysis projects [64]. It is also highly user-friendly, 
allowing users with minimal programming or energy analysis expertise to engage with the tool effectively. However, 
like Designbuilder, GBS's reliance on automated default settings can introduce errors in the simulations if these values 
are not carefully adjusted to fit project-specific requirements [63]. 

3.3.1. Integrated Environmental Simulation Tools 

Integrated Environmental Solutions®—Virtual Environment (IES-VE) is a comprehensive platform that integrates 
several applications into a single data model for building simulations, covering areas like energy, daylighting, renewable 
systems, and airflow performance [72]. One of the key strengths of IES-VE is its two-way data exchange, which simplifies 
geometric data parameter inputs from BIM models. However, despite its robustness, it is not widely popular due to its 
high cost [65]. 

Autodesk Ecotect accepts output from Revit, primarily in XML or gbXML formats. gbXML is preferred for its user-
friendliness and versatility, making it easier to share building data between architectural and engineering analysis tools 
[71]. Ecotect can simulate energy use based on local weather conditions and building specifications, and provides visual 
and animated outputs, making the results more digestible for users [73]. However, the software is known for its slow 
performance and an overly complex simulation engine that struggles to meet certain regulatory requirements [66]. 

eQUEST is a free and user-friendly energy analysis tool that allows for rich graphical representations of energy 
simulations. It is well-suited for quick assessments of materials and energy use based on limited architectural input. 
Users can analyze energy-saving strategies, lighting systems, and estimate energy costs with eQUEST [65]. However, 
the tool runs slowly and is limited in simulating natural ventilation or thermal comfort. Additionally, eQUEST imports 
via DWG files only produce 2D building energy data, limiting its comprehensiveness [77]. 

3.3.2. Integration Framework Methodology and Integration Process 

The integration of BIM software with LCA tools involves several methods to streamline the analysis of environmental 
impacts. The primary methods are: 

Bill of Quantities (BOQ) Import: 

 Description: This method involves exporting a list of construction materials from the BIM software, which is 
then used for LCA calculations. The BOQ, generated automatically from the BIM model, is transformed into 
material and energy consumption data for analysis. 

 Example: Glodon was used to export the BOQ, translating BIM model geometry into material and energy data. 
Hollberg and Genova utilized Dynamo to connect the BIM model with LCA factors, improving data exchange 
efficiency [9][79]. 

IFC Import: 

 Description: BIM data is exported as an Industry Foundation Classes (IFC) model, which is then integrated into 
LCA tools. The IFC format facilitates automatic data mapping and reconstruction in LCA software. 

 Example: Xu and Teng exported a residential building model in IFC format to SimaPro, enabling automatic data 
mapping. Alwan and Ilhan Jones demonstrated that IFC data effectively supports information exchange 
between ArchiCAD and LCA software [80][81]. 

Using the BIM Viewer: 

 Description: A BIM viewer allows for viewing LCA summary files within the BIM model. This method facilitates 
the transfer of building component attributes from BIM to LCA software for detailed analysis in a specialized 
environment. 

Using BIM Plug-ins for Direct LCA Calculation: 

 Description: BIM plug-ins enable direct recording and calculation of LCA data within the BIM model. These 
tools integrate LCA databases directly into the BIM environment, facilitating real-time analysis. 

 Example: The Tally plug-in allows for direct viewing and reading of building component information within 
the BIM model, eliminating the need for BOQ export and connecting to third-party LCA databases [51]. 
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LCA Plug-in Calculation: 

 Description: This method uses LCA plug-ins within the BIM environment to perform environmental impact 
calculations directly. It often involves tools like Dynamo, which can be customized for specific computational 
tasks. 

 Example: Ansah and Chen utilized Dynamo within Revit to perform LCA calculations, integrating impact 
assessment data directly into the BIM model. Python technology was used to optimize node code and reduce 
calculation time [82]. 

Each method has its strengths and limitations, with choices often depending on the specific needs of the project and the 
tools available. 

3.4. BIM-Integrated LCA Application 

BIM models play a crucial role in facilitating building information management and operational simulations, thereby 
enhancing data accessibility and streamlining the LCA data collection process. One of the most prevalent approaches 
involves extracting bills of materials from BIM and linking them to external LCA databases. Key insights into this 
integration include: 

 Enhanced Efficiency: Integrating BIM with LCA improves the efficiency of the assessment process. BIM models 
provide comprehensive lists of building components early in the design phase, which helps in minimizing the 
cost and complexity of later-stage changes [100]. This early identification of components aids in identifying and 
correcting errors before they escalate. 

 Reduced Computational Time: The integration of BIM and LCA can significantly reduce computation time. 
For instance, Xu and Teng demonstrated a 91.5% acceleration in the generation time of LCA results by exporting 
IFC files from a Revit model to SimaPro [80]. This streamlined process enhances building efficiency and 
resilience by addressing design mistakes early on. 

 Advanced Tools and Techniques: Ansah and Chen utilized the Dynamo plug-in with Python and C# 
technologies to connect with the Revit database, quantifying materials and generating Excel tables. Their 
approach improved calculation efficiency by leveraging script tracking to quickly identify and rectify errors in 
the BIM model [82]. 

Table 4 (not shown here) details recent examples of BIM and LCA integration, highlighting various features and benefits 
of the integrated approach. The integration not only simplifies the LCA process but also enhances overall building 
performance and sustainability. 

3.5. Enhancing LCA Integration into BIM 

Integrating LCA with BIM significantly contributes to building sustainability by optimizing energy consumption and 
reducing environmental impacts. Key aspects of this integration include: 

 Energy and Environmental Efficiency: BIM software, when integrated with LCA, enables simulation of energy 
consumption for different building materials and presents results in an optimized digital model. This 
integration can lead to substantial reductions in energy consumption and environmental pollution. For 
instance, annual energy application intensity can be reduced by 45%, while environmental impacts such as 
acidification potential and global warming potential can decrease by 33.11% and 35.33%, respectively [95]. 

 Carbon Emissions Reduction: The BIM-integrated LCA framework has proven effective in reducing carbon 
emissions. Wang and Wu reported a 45% reduction in carbon emissions through the recycling of demolition 
waste from residential buildings [102]. This underscores the role of integrated tools in identifying optimal 
solutions for energy and environmental emissions. 

 Design Optimization: The integrated approach has demonstrated significant improvements in environmental 
impact reduction. For example, applying this approach to a 2-story building in Philadelphia led to a 53–75% 
reduction in the TRACI 2.1 environmental impact category compared to traditional methods [98]. This includes 
benefits from recycling structural elements and building envelopes, contributing to both economic and 
environmental sustainability. 

 Sustainable Design Solutions: Engineers are leveraging BIM-LCA-AHP techniques to develop computerized 
models that enhance construction sustainability. Tushar and Bhuiyan found that integrating Revit with 
FirstRate5 and Tally tools resulted in more environmentally friendly and energy-efficient design solutions, 
significantly reducing the carbon footprint and energy consumption of buildings [99]. 
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 Challenges and Limitations: Achieving sustainability in early construction stages remains challenging due to 
the ambiguity in integrating sustainability principles within BIM. Additionally, accessing integrated idea-
mapping elements in BIM can be difficult [104]. The integration of LCC (Life Cycle Cost) analysis further 
complicates the process but is crucial for comprehensive design evaluation. 

 BIMEELCA Tool: The BIM for Environmental and Economic Life Cycle Assessment (BIMEELCA) tool was 
developed for assessing environmental and economic impacts of a high-rise tower in Rabat. It facilitates the 
addition of new information to BIM models and supports environmental assessment at a low LOD (200). While 
BIMEELCA enhances BIM integration with LCA and LCC, it has limitations such as the need for manual addition 
of shared parameters and lack of capability to track material applicability times [105]. 

Overall, integrating LCA into BIM not only enhances the sustainability of building designs but also aids in optimizing 
energy use and reducing environmental impacts, although there are challenges in fully realizing these benefits. 

4. Integration Tool Impact Factors Analysis Improvement 

4.1. Level of Development (LOD) 

The Level of Development (LOD) framework is crucial for defining the detail and reliability of BIM models at various 
stages of a project. It impacts how effectively LCA (Life Cycle Assessment) and building modeling are conducted. Here’s 
an analysis of how LOD affects the integration of BIM with LCA tools: 

 LOD Definition and Detail: LOD represents the degree of detail and accuracy of BIM objects, ranging from 
conceptual to highly detailed models. Figure 4 illustrates BIM elements across LOD 100 to LOD 500, where 
higher LOD levels correspond to more detailed information [106]. For instance: 

 LOD 100: Represents generic symbols or graphics without specific details about the type of elements. 
 LOD 200: Provides a more defined model with approximate quantities and basic elements. 
 Impact on LCA Accuracy: The absence of a standardized LOD concept can affect the accuracy of LCA 

calculations. Accurate LCA requires detailed data about building materials and their environmental impacts. 
Higher LOD levels enhance the reliability of LCA results by providing more precise information [107]. 

 Granularity of LCA Databases: LCA databases need to accommodate varying levels of detail to support 
different LODs. This granularity allows for better alignment with the BIM model and helps in making informed 
decisions throughout the project development [108]. 

 Early Design Phase: During the early design phase, LOD 100 and LOD 200 models provide basic but useful 
information. These models allow designers to quickly evaluate and adjust design decisions. The use of 
simplified design tools at this stage, such as the Active House-LCA tool, can expedite LCA processes and support 
early decision-making for sustainable design [109]. However, limited detail in these models can lead to less 
accurate environmental impact assessments and may necessitate more robust evaluations in later stages. 

 Challenges with Low LOD: Low LOD models, such as LOD 100 and LOD 200, offer limited detail, which can 
affect the accuracy of material quantity calculations and environmental impact assessments. The simplified 
nature of these models may lead to biased results and limit the effectiveness of LCA tools. As a result, more 
detailed and accurate assessments are deferred to later stages, where higher LOD models provide more 
comprehensive data [90]. 

 BOQ Technique: The Bill of Quantities (BOQ) technique can be used in conjunction with low LOD models to 
streamline the LCA process in the early design phase. This technique helps in defining material quantities and 
facilitates faster environmental impact assessments, despite the limited detail of the initial models. 

In summary, LOD plays a significant role in the integration of BIM with LCA tools. Higher LOD levels provide more 
detailed and accurate data, enhancing the reliability of LCA results and supporting better decision-making throughout 
the design process. However, challenges remain in utilizing low LOD models effectively, and more robust evaluations 
are often required at later stages. 

4.2. Objects at Different Levels of Development (LOD) 

 LOD 300: At this stage, BIM models provide exact geometry and specific data for architectural elements. This 
level allows accurate representation of the number, shape, size, position, and orientation of components [110]. 
Research by Rezaei and Bulle [93] indicates that LOD 100 is suitable for early design phases to address material 
uncertainty, whereas LOD 300 is essential for detailed design phases, where precise environmental impact 
calculations are necessary. The detailed data provided by LOD 300 makes it highly applicable for LCA, as it 
supports accurate assessments and decision-making [111]. 
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 LOD 400: This level includes additional details related to fabrication and assembly. It incorporates complete 
fabrication, assembly, and detailed graphical and non-graphical information. Compared to LOD 500, which 
offers the highest detail, LOD 400 provides quick access to critical information, though it does not reach the 
exhaustive detail of LOD 500 [112]. 

 LOD 500: Represents the highest level of detail, providing the most comprehensive information about the 
building's components and their exact specifications. It is used for operations and maintenance. 

4.3. Challenges with Different LODs 

 Complexity and Data Calculation: The complexity of performing LCA with different LODs can complicate data 
calculations. Su and Li [114] found that the LOD influences the management of demolition waste and that lower 
LODs can lead to discrepancies between predicted and actual environmental impacts due to insufficient design 
details. 

 Reconfiguring LCA Databases: Since BIM models at different LODs can affect LCA results, it is crucial to adapt 
existing LCA databases to accommodate various LODs. This adaptation ensures that the LCA database can 
accurately handle and interpret data from models with different levels of detail [115]. 

 Automated LCA Calculations: Dupuis and April [116] suggest a methodological structure where LOD 100 BIM 
models could automatically perform LCA calculations. This approach involves creating new data layers and 
formats that allow BIM models at different development levels to be computed by LCA tools more accurately, 
thus reducing model uncertainty. 

In summary, the choice of LOD significantly impacts the accuracy and reliability of LCA results. LOD 300 is often 
preferred for detailed design phases due to its balance of detail and practical application. While higher LODs provide 
more detailed information, they also introduce additional complexity. Effective integration of LCA with BIM requires 
adapting databases and methodologies to handle various LODs, and automating calculations can help streamline the 
process and reduce uncertainties. 

4.4. Degree of Automation in BIM-LCA Integration 

The integration of BIM (Building Information Modeling) and LCA (Life Cycle Assessment) tools can be categorized into 
three levels of automation: manual, semi-automated, and fully automated. Each level has distinct advantages and 
challenges. 

4.4.1. Manual Integration 

Manual integration involves significant human intervention to link BIM data with LCA tools. This process often requires 
manual data entry, which can be time-consuming and prone to errors. While manual methods allow for detailed control, 
they can slow down the iterative design process and lead to inefficiencies. 

4.4.2. Semi-Automated Integration 

Semi-automated integration strikes a balance by automating some aspects of data transfer while still requiring manual 
input. This approach improves efficiency by reducing repetitive tasks and minimizing human error but may still involve 
manual adjustments and data handling. 

 Example: Jalaei and Guest [94] used a semi-automated approach for energy analysis with Honeybee, which 
required manual parameter entry, reflecting its less user-friendly nature. Xu and Teng [80] implemented the 
BIMToSimaPro tool to automate the transfer of BIM data into SimaPro, significantly reducing LCA processing 
time from 729 minutes to 62 minutes. One Click LCA, a BIM plug-in, also facilitates semi-automatic mapping of 
Revit components, enhancing speed and accuracy while allowing user adjustments [118]. 

 Benefits: Semi-automation improves usability and efficiency, enabling faster and more accurate results. It 
allows for some flexibility and manual intervention, which can enhance reliability and transparency in results 
[119]. 

4.4.3. Fully Automated Integration 

Fully automated integration aims to eliminate manual intervention by automating the entire data transfer and 
processing workflow. This approach integrates multiple platforms and builds scripts to handle data seamlessly. 
However, it can be limited by the need for accurate default values and may struggle with changing data scenarios. 
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 Example: Ansah and Chen [82] developed a real-time automated workflow to enhance Dynamo's evaluation 
process, automating parameter creation and integration with LCA data. Serrano-Baena and Ruiz-Díaz [121] 
employed the MLCAQ approach for automated multi-criteria comparison of building materials, using NLP to 
improve environmental metrics and support real-time LCSA calculations. BIM3LCA and other methodologies 
are being developed to address the challenges of automated comparison and calculation [122][123]. 

 Challenges: Fully automated systems can suffer from issues related to default values and potential 
inaccuracies. These systems may require ongoing adjustments and refinements to ensure reliability and 
objectivity [120]. 

4.5. Key Considerations 

 Accuracy vs. Efficiency: While fully automated systems offer speed and efficiency, they must be carefully 
managed to ensure accuracy and relevance of results. Semi-automated approaches offer a compromise, 
balancing automation with the flexibility for manual adjustments. 

 Customization: Advanced methodologies, such as those using NLP and real-time calculations, are emerging to 
enhance the automation process and address current gaps in data integration and accuracy [123][124]. 

In summary, the degree of automation in BIM-LCA integration affects the efficiency, accuracy, and usability of the 
process. While fully automated systems offer significant advantages in terms of speed, they must be carefully managed 
to ensure data accuracy. Semi-automated methods provide a practical balance, enhancing efficiency while allowing for 
necessary manual adjustments. 

4.6. Interoperability and Data Exchange in BIM-LCA Integration 

Interoperability in BIM-LCA integration is essential for seamless data translation and effective workflow management. 
It enables the integration of various software tools and enhances efficiency by reducing manual data handling. Here’s a 
detailed look at how interoperability and data exchange are managed in BIM-LCA integration: 

4.6.1. Methods of Data Integration 

API Interface for LCA Data Import 

 Overview: Application Programming Interfaces (APIs) facilitate the import of LCA data into BIM software. APIs 
allow for real-time data exchange between different software tools, automating repetitive tasks and integrating 
external data into the BIM model. 

 Technical Details: APIs, such as those supported by the .NET framework in Revit, enable developers to create 
custom plug-ins using languages like C#, F#, or Visual Basic. These APIs can import external LCA data, automate 
data extraction, and generate performance reports [127][128]. 

 Example: Utkucu and Sözer [125] used Dynamo in conjunction with the Revit API to integrate Insight 360 and 
computational fluid dynamics tools. This integration enabled efficient energy performance and natural 
ventilation studies. The API approach significantly saves time and allows for easy data updates [125]. 

Exporting BIM Data to LCA Tools 

 Overview: BIM data is often exported in the IFC (Industry Foundation Classes) format to be used by LCA tools. 
IFC is a standardized format that supports interoperability across various BIM and LCA software. 

 Benefits: Exporting data in IFC format ensures that detailed building information can be accurately mapped 
and used by LCA tools for comprehensive environmental assessments. This method supports consistency and 
reduces errors during data exchange [125]. 

Integration into Excel or Programming Programs 

 Overview: BIM and LCA data can be integrated into Excel or other programming environments for analysis and 
reporting. This method allows for data manipulation, summary, and exportation of the Bill of Quantities (BOQ). 

 Benefits: Integration into Excel provides a familiar environment for users to work with data, facilitating 
detailed analysis and easy visualization of results. This approach also supports custom reporting and further 
data processing [125]. 
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4.6.2. Challenges and Considerations 

 Accuracy of Data Mapping: One of the key challenges in interoperability is ensuring the accurate mapping of 
LCA data to BIM objects. Inaccurate or incomplete data exchange can lead to errors in environmental impact 
assessments and affect decision-making [35]. 

 Flexibility and Customization: APIs offer flexibility in terms of what data to export and how it is integrated, 
but this also requires careful development and customization to meet specific project needs. The potential for 
discrepancies in data handling between different tools must be managed carefully [40]. 

 Future Directions: The development of standardized, real-time bi-directional data exchange systems through 
APIs is a promising area for future research. Such advancements could further streamline the integration 
process and enhance the accuracy of BIM-LCA interactions [40]. 

In summary, interoperability and data exchange methods play a crucial role in the integration of BIM and LCA tools. 
APIs facilitate dynamic data exchange, while IFC and Excel-based integration provide standardized and user-friendly 
methods for handling building information. Addressing challenges related to data accuracy and system flexibility is 
essential for optimizing the BIM-LCA integration process. 

4.7. Methods of Data Exchange in BIM-LCA Integration 

4.7.1. API Interface for Importing LCA Data 

 Overview: Application Programming Interfaces (APIs) are used to import LCA data into BIM models. APIs allow 
for the creation of plug-ins that facilitate data exchange and automation within BIM software. 

 Technical Details: The Revit API, supported by the .NET framework, enables the development of custom plug-
ins using languages like C#, F#, or Visual Basic. APIs can automate tasks, construct new elements, and extract 
data for performance assessments [126][127][128]. 

 Benefits: APIs streamline data importation and reduce manual intervention, allowing for real-time updates 
and integration with various performance tools. This method enhances productivity and efficiency in data 
handling [128]. 

4.7.2.  IFC Data Transfer 

 Overview: The IFC (Industry Foundation Classes) model is a standard, open, and vendor-neutral data format 
for the built environment. It supports the exchange of BIM data between different software applications and 
LCA tools. 

 Benefits: IFC facilitates automated export of the Bill of Quantities (BOQ) from BIM software, saving time and 
reducing manual calculations. The format helps maintain consistency in data exchange by using object IDs, 
which simplifies updates and data management [129][130]. 

 Challenges: The efficiency of IFC data exchange can be affected by differences in data structures between BIM 
and LCA tools. Manual mapping may be required to align material data, and there is a risk of data loss or changes 
during conversion to IFC format [131][130]. 

4.7.3. Integration into Excel or Programming Languages 

 Overview: Data can be integrated into Excel or other programming applications to link BIM and LCA 
information. This method involves exporting data from BIM to Excel or using programming languages to 
develop custom applications. 

 Examples: 
 Excel Integration: Kehily and Underwood [133] used Excel to perform life cycle cost research by linking 

quantitative BIM data. This approach is straightforward and provides quick feedback but may struggle with 
complex cases. 

 Programming Languages: Slobodchikov and Lohne Bakke [91] utilized C# in Microsoft Visual Studio to 
integrate LCA data with BIM models, generating scripts for impact analysis. This method provides faster 
feedback compared to IFC but may not handle complex scenarios effectively. 

 Visual Programming: Bueno and Pereira [97] employed visual programming to link LCA data with BIM models 
and Microsoft Excel spreadsheets. While this approach facilitates basic LCA calculations, it may not be efficient 
for more complex analyses [134]. 

4.8. Summary 

Each method of data exchange in BIM-LCA integration offers distinct advantages and challenges: 
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 API Interfaces: Efficient for real-time data integration and automation but requires careful development to 
handle various data types and ensure accuracy. 

 IFC Data Transfer: Standardized and effective for maintaining data consistency but may involve manual 
adjustments and risk of data loss. 

 Excel and Programming Integration: Useful for basic calculations and quick feedback but may be limited in 
handling complex scenarios and large datasets. 

Selecting the appropriate method depends on the complexity of the project and the specific requirements for data 
exchange and integration. 

5. Future Prospects for BIM-LCA Integration 

5.1. Dynamic BIM-LCA Method 

 Dynamic LCA represents an emerging trend in advancing life cycle assessment research. This approach aims 
to enhance the accuracy and relevance of environmental impact evaluations by incorporating temporal factors 
and real-time data. Key developments and prospects in this area include: 

5.1.1. Temporal Integration 

 Overview: Dynamic LCA tools integrate temporal factors into the life cycle assessment process, providing a 
more comprehensive view of a building’s environmental performance over time. 

 Example: Su and Wang [79] used a dynamic database that includes temporal base flow, dynamic energy 
combinations, and weighting factors to assess a multifamily dwelling in Jiangsu Province, China, over 50 years. 
This approach combined construction schedules with BIM models and exported data to Excel, using Glodon 
BOQ and GBS energy calculation software to compute dynamic environmental impact values. 

 Prospects: The development of tools like DyPLCA, which include time databases related to the construction 
supply chain, offers a more realistic performance environment by temporalizing the construction BOQ [135]. 

5.1.2. Dynamic LCA Tools 

 Applications: Dynamic LCA tools are being used to analyze buildings more accurately by incorporating real-
time data and adjusting environmental impact assessments based on temporal factors. 

 Limitations: While dynamic LCA provides valuable insights, it currently does not cover all assessable impact 
categories, limiting the comprehensiveness of the assessments. The lack of moderate parameter values and 
restricted feasibility of the dynamic approach can affect its effectiveness in some cases [115]. 

5.1.3. Continuous Monitoring and IoT Integration 

 Future Trends: There is a growing trend towards creating Internet of Things (IoT) platforms that continuously 
monitor and record live information for buildings. This big data approach can enhance the efficiency of dynamic 
LCA by providing up-to-date environmental data. 

 User-Interactive Tools: Future developments are expected to focus on user-interactive dynamic LCA tools 
that integrate and update material environment data dynamically, optimizing design and performance 
assessments [136]. 

5.1.4. Automated Linking 

 Importance: Automated linking of Bill of Quantities (BOQ) and LCA databases is crucial for effective dynamic 
LCA. This integration ensures that data is consistently updated and accurately reflects real-time environmental 
impacts. 

 Summary: Dynamic BIM-LCA methods offer promising advancements in environmental performance 
assessment by incorporating temporal factors and real-time data. While these tools provide a more detailed 
and accurate analysis of building impacts, there are still limitations and challenges that need to be addressed. 
Future developments will likely focus on enhancing user interaction, expanding impact categories, and 
improving automation for a more comprehensive and practical approach to dynamic LCA. 
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5.2. Data Exchange Format and Method 

The integration of BIM and LCA tools often requires manual entry and management of data formats, such as BIM exports, 
BOQ data, and LCA material information. Automating this data transfer is crucial for optimizing complex BIM-LCA 
integration, which can enhance user convenience and accuracy while handling diverse materials and construction 
activities. 

Key Points 

5.2.1. Automated Data Transfer 

 Need: Automated data transfer helps streamline the process of integrating complex BIM data with LCA tools. 
This reduces manual data handling, which can be error-prone and inefficient. 

 Current State: Despite advancements, fully automated data transfer remains a work in progress. Effective 
automation can improve accuracy and ease of use but often requires manual adjustments for multiple material 
types and complex construction activities [111]. 

5.2.2. Common Data Structure 

 Requirement: BIM software and LCA tools must align with a common data structure to facilitate mutual data 
exchange. This compatibility is essential for effective integration and accurate environmental impact 
assessments. 

 Standardization: Standardized data formats are used to ensure interoperability between BIM and LCA 
systems, enhancing the spatial integration of environmental data into the overall data structure [84]. 

5.2.3. Bi-Directional Data Integration 

 Strategy: Horn and Ebertshäuser [84] suggest a bi-directional data integration strategy using the IFC format 
for BIM and LCA. This approach allows for continuous and comprehensible environmental impact data 
throughout the data flow process. 

 Benefits: This strategy ensures that data is consistent and traceable from BIM to LCA and vice versa, improving 
the quality and usability of the integrated data. 

5.2.4. Information Management Systems 

 Features: Modern information management systems offer various features to accelerate data exchange and 
integration, making it easier to manage and process complex data sets [137]. 

 NLP-Based Enrichment: To address gaps in automated procedures and enrich LCA datasets, Forth and 
Abualdenien [123] employed a Natural Language Processing (NLP)-based approach. This method matches BIM 
elements with LCA knowledge databases, enhancing the completeness and accuracy of the data. 

 Challenges: The processing time for NLP-based implementations can be high, and the approach requires 
accurate element classification and high NLP vector dimensions to minimize errors in manual operations. 

 Summary: The future of BIM-LCA integration lies in improving automated data transfer methods and ensuring 
compatibility between BIM and LCA tools. Standardized data formats, bi-directional integration strategies, and 
advanced information management systems are critical for achieving efficient and accurate data exchange. 
Innovations like NLP-based enrichment offer promising solutions to enhance automated processes, though 
challenges remain in managing processing time and ensuring accurate data classification. 

5.3. Combination of Other Technologies 

5.3.1. Semantic Web Technologies 

Overview: Semantic Web technology enhances the management of BIM and LCA data by providing a common data 
format that allows computers to interpret and process the data more effectively. This technology simplifies the complex 
integration process, reduces manual input efforts, and improves the accuracy of data integration. 
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Key Points: 

Semantic Web Framework 

 Purpose: Semantic Web technology uses semantic ontologies to transform BIM data into a format that is more 
understandable by machines. This transformation facilitates the creation of semantic knowledge bases for 
efficient data storage and retrieval [139]. 

 Benefits: It makes information more meaningful and easier to access, thereby reducing the complexity and 
time involved in managing BIM and LCA data. The collaborative nature of online systems further enhances the 
effectiveness of LCA data computation. 

Integration with RFID Technology 

 Application: Gui and Chen [140] explored the integration of RFID technology with BIM models, using Revit to 
export IFC data in the EXPRESS format. RDF data, converted through the semantic web approach, is queried 
using SPARQL to achieve automatic data capture, which minimizes data errors and inconsistencies. 

 Advantage: This integration helps in automating data entry and updates, thus improving the reliability of the 
database system and streamlining the BIM-LCA integration process. 

Ontology Development 

 IFC IR Ontology: Gao and Liu [141] developed the IFC IR ontology to improve online search capabilities for BIM 
information. However, the current BIM information relies on a limited set of IFC ontology data. 

 Need for Expansion: To cover a broader range of BIM resources, more AEC (Architecture, Engineering, and 
Construction) ontologies need to be integrated. This would enhance the comprehensiveness and effectiveness 
of semantic web technologies in BIM applications. 

Challenges and Future Directions 

 User Challenges: Sobhkhiz and Taghaddos [40] noted that while the semantic web editing scheme can be 
applied to complex BIM systems, it presents challenges for practical user adoption. 

 Research and Development: There is a need for further research to strengthen the ontology database design for 
BIM information and optimize the linking methods of the semantic web to enhance user-friendliness and 
functionality. 

 Summary: Semantic Web technologies offer significant potential for improving the management and 
integration of BIM and LCA data. By utilizing semantic ontologies and integrating with technologies like RFID, 
these approaches can automate data capture and enhance data accuracy. However, further development is 
needed to expand ontology coverage and improve the usability of semantic web technologies in BIM 
applications. 

GIS Technology 

 Overview: Geographic Information Systems (GIS) technology plays a crucial role in enhancing the management 
and analysis of spatial data within the context of BIM and LCA. GIS provides powerful tools for spatial data 
storage, analysis, and visualization, which can significantly improve the efficiency and accuracy of construction 
waste management and energy assessments. 

Key Points 

Quantifying Construction Waste 

 Application: Su and Li [114] utilized BIM in conjunction with GIS to quantify construction waste. By integrating 
online GIS maps, they could digitally store and analyze spatial data to identify the locations of construction 
waste sites and plan efficient travel routes for waste management. 

 Benefits: This integration reduces manual data processing, enables rapid quantification of waste volumes, and 
facilitates impact assessment. GIS helps in managing spatial data more effectively, thereby improving waste 
management practices. 
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Spatial Data and Analytical Capabilities 

 Functionality: GIS technology provides spatial data and analytical capabilities that can be used to quantify flows 
based on location, service life, building material types, and quantities [142]. This allows for more accurate 
tracking and management of materials and waste throughout the building lifecycle. 

Automation and Rapid Assessment 

 Simplified Data Extraction: Rahla Rabia and Sathish Kumar [143] demonstrated how GIS technology simplifies 
data extraction and sharing when combined with BIM. This integration enables rapid assessments, such as 
evaluating energy efficiency in hospitals and analyzing epidemic control activities to mitigate COVID-19 spread. 

 Efficiency: The automation facilitated by GIS tools speeds up the assessment processes and improves decision-
making by providing timely and relevant spatial data. 

Standardized Framework 

 Need for Standardization: To ensure the accurate processing of data from BIM models and to reduce 
unnecessary waste, it is important to follow a standardized framework when integrating GIS technology. This 
helps in maintaining data accuracy and consistency across different systems and applications. 

 Summary: GIS technology enhances BIM and LCA integration by providing robust spatial data management and 
analytical capabilities. Its application in construction waste management and energy efficiency assessments 
demonstrates its value in reducing manual processes, improving data accuracy, and facilitating rapid 
assessments. However, standardization of data processing frameworks is crucial to ensure effective integration 
and accurate outcomes. 

5.4. Construction Certification 

 Overview: Green certification of sustainable buildings is a crucial component in evaluating and ensuring the 
environmental performance of buildings according to official standards. These certifications promote 
sustainable practices and environmental responsibility throughout the building's lifecycle. 

Key Certification Systems 

5.3.2. BREEAM (Building Research Establishment Environmental Assessment Method) 

 Country: United Kingdom 
 Focus: BREEAM assesses various environmental performance aspects of buildings, including energy use, health 

and well-being, and environmental impacts. 

5.3.3. LEED (Leadership in Energy and Environmental Design) 

 Country: United States 
 Focus: LEED provides a framework for healthy, efficient, and cost-saving green buildings, covering aspects such 

as energy efficiency, water usage, and indoor environmental quality. 

5.3.4. CASBEE (Comprehensive Assessment System for Built Environment Efficiency) 

 Country: Japan 
 Focus: CASBEE evaluates the environmental performance of buildings with a focus on both building quality and 

environmental impact, considering aspects such as energy use and resource efficiency. 

5.3.5. BEPAC (Building Environmental Performance Assessment Criteria) 

 Country: Canada 
 Focus: BEPAC assesses the environmental performance of buildings, promoting sustainability through criteria 

related to energy use, materials, and indoor environmental quality. 
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Integration with LCA 

 Green Supply Chain Management: Green certification systems often include elements of green supply chain 
management. This approach is integrated into LCA to encourage sustainability throughout the entire lifecycle 
of building materials and construction processes. 

 Assessment of Environmental Impact: Certification systems assess the environmental impact of building 
materials and construction practices, supporting the adoption of sustainable methods and materials. 

 Summary: Green building certification systems like BREEAM, LEED, CASBEE, and BEPAC play a vital role in 
evaluating and promoting the environmental performance of buildings. By integrating these certifications with 
LCA, the sustainability of building practices and materials can be enhanced, encouraging a more responsible 
approach to construction and lifecycle management. 

6. Conclusions 

Summary: This review has evaluated the integration of BIM (Building Information Modeling) software with LCA (Life 
Cycle Assessment) tools, highlighting both their strengths and limitations. 

6.1. BIM Software Features 

 Strengths: Excellent at storing and managing building information. 
 Limitations: Data interactivity issues, including limitations in file output types. 

6.2. LCA Tools Features 

 Strengths: Effective in quantifying the environmental impacts of products. 
 Limitations: Variability in LCI (Life Cycle Inventory) database support, evaluation methods, compatible plug-

ins, and output data formats. 
 Integration Methods: The review identifies five key methods for integrating BIM with LCA: 
 BOQ Import: Importing Bill of Quantities (BOQ) data into BIM. 
 IFC Import: Using the Industry Foundation Classes (IFC) format to exchange data between BIM and LCA tools. 
 BIM Viewer: Utilizing BIM viewers to facilitate integration. 
 BIM Plug-in Calculation: Using BIM plug-ins to directly calculate LCA metrics. 
 LCA Plug-in Calculation: Employing LCA plug-ins to perform calculations within BIM. 

6.3. Advantages of Integration 

 Simplification: Streamlines the LCA process. 
 Error Checking: Helps in identifying model information errors. 
 Sustainability Improvement: Enhances construction sustainability. 

6.4. Parameters and Considerations 

 LOD (Level of Development): Models with lower LODs are suitable for early design phases. Determining the 
appropriate LOD for the database is crucial. 

 Automation: Semi-automated methods require manual data mapping and can avoid errors associated with 
default values. 

 Data Exchange: Important methods include using APIs for LCA data integration, exporting IFC formats, and 
integrating data into Excel or programming formats. 

6.5. Current Challenges 

 Dynamic Data Processing: Issues include manual data collection, matching procedures, and overly simplistic 
LCA models. 

 Integration Needs: Improved integration with IoT big data platforms and broader databases are necessary. 

6.6. Future Directions 

 Standardized Data Exchange: Developing standardized formats for data exchange to address interoperability 
issues. 
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 Automated Semantic Analysis: Enhancing semantic analysis applications to tackle challenges in manual data 
classification and reasoning. 

 Technological Advancements: Combining BIM with technologies like semantic web and GIS to improve 
technical performance and application efficiency. 

 Certification Systems: Establishing a unified green building certification system remains challenging, and 
optimizing the evaluation system through data structuring and adjustments is crucial. 

In summary, while BIM and LCA integration offers substantial benefits for improving building sustainability, challenges 
remain in data exchange, automation, and the effective application of new technologies. Future efforts should focus on 
standardizing data formats, improving interoperability, and leveraging advanced technologies to enhance integration 
and evaluation processes. 
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