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The construction industry’s high carbon emissions and resource use demand innovative
material management. Traditional methods rely on static, non-standardized data,
hindering collaboration and sustainability efforts. This study introduces a BIM-based
material passport framework that integrates dynamic material data to enhance
interoperability, environmental assessment, and decision-making. Unlike platforms like
BAMB and Madaster, this approach offers an integrated, automated, and accessible BIM
workflow. While earlier studies focus on limited tasks, this research establishes a
comprehensive 3D-7D BIM system for material information management. Using Revit,
Dynamo, Excel, and DiRootsOne, the framework automates PDF-to-BIM data transfer,
standardizes material properties, and enables real-time tracking and sustainability
evaluations. Applications include material quantification, energy modeling, and LCA
using EPDs, TDSs, and catalogs. Results show improved efficiency, accurate carbon
tracking, and better interdisciplinary collaboration through standardized classification
and COBie integration. This study presents a scalable and practical solution for
sustainable material management in the AEC industry.
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INTRODUCTION

The construction sector consumes over 50% of
global raw materials and energy and generates
more than 35% of greenhouse gas emissions
(Jayasinghe and Waldmann, 2020). In order to
prevent these, it is necessary to keep track of the
materials and ensure circularity.

According to Thomas Rao, a pioneering Dutch
architect, “Every building is a material depot” (Liu
and Ramakrishna, 2021). This statement
highlights a typical building comprises numerous
components and materials, each with distinct

characteristics (Jayasinghe and Waldmann, 2020).
However, the lack of a structured framework for
collecting, distributing, and storing material data
remains one of the major challenges in the
construction industry (Kedir, Bucher and Hall,
2021). Coordination between material and
information flows is essential (Panza, Bruno and
Lombardi, 2022).

The lack of a systematic material tracking
approach leads to excessive inventory production,
disconnected datasets, and inefficient decision-
making. Material manufacturers share data
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through static PDFs or proprietary platforms,
preventing seamless information exchange
between stakeholders. The absence of
standardization further complicates life cycle
assessments (LCA) and sustainability analysis,
resulting in redundant, inaccurate, and outdated
material inventories.

Material Passports (MPs) have emerged as a
solution to store, share, and gather information,
thereby supporting the circular economy within
the construction industry (Kuttantharappel
Soman, Kedir and Hall, 2022). The gathered data
and characteristics should be stored in a database
that is easily accessible (Kedir et al, 2021). Material
passports are digital datasets that offer crucial
information about products and materials,
uncovering the digital identity of each material
(Hunhevicz et al, 2023; Panza et al, 2022). They
facilitate the qualitative and quantitative
documentation of data on buildings, products,
and materials relevant to the circular economy
(Kedir et al, 2021).

In Building Information Modeling (BIM),
decisions made during the entire life cycle of a
building, from the conceptual stage to
demolition, can be shared as an information
resource. According to the BIM definition in
national standards, BIM, developed with
parametric object-oriented software, provides a
shared digital representation of the functional
and physical characteristics of any built object
(Kovacic et al, 2020). Unlike traditional Computer-
Aided Design (CAD) systems, Building
Information Modeling (BIM) integrates extensive
data into the building model, including material
guantities, properties, functions, prices,
compositions, geographical information, and
lifespan details (Jayasinghe and Waldmann,
2020). Therefore, in a BIM Model, precise
estimates of the material quantities for each
building element can be obtained in every
project. Furthermore, the quantities derived from
BIM models can be linked with demolition
scenarios to assess the circularity of buildings,
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allowing for the application of new
methodologies and informed decision-making
with innovative solutions (Pla et al, 2020). While
BIM provides potential solutions for improving
material data management, current
implementations lack standardized frameworks
for importing material data dynamically.

The transition to a circular economy in
construction is supported by initiatives like the
Madaster Foundation and Building as Material
Banks (BAMB). The Madaster Foundation in the
Netherlands has developed one of the first
commercial Material Passport (MP) platforms,
which tracks materials, calculates their Circularity
Indicator and economic value, and provides
building portfolios for private, government, and
industrial users (Cetin et al, 2023; Goswein,
Carvalho, Cerqueira, and Lorena, 2022; Heisel and
Rau-Oberhuber, 2020). Similarly, BAMB, part of
the EU Horizon 2020 program, promotes circular
construction across eight European countries
using material passports and reversible building
design to support material recovery and reuse.
Material passports play a key role by
documenting the circular potential of materials,
ensuring their efficient reuse and minimizing
waste (Goswein et al, 2022; Munaro and Tavares,
2021). Although it is possible to collect material
data on platforms like BAMB and Madaster, these
platforms require a subscription fee, which limits



Table 1
Comparison of
BIM-Based
Material Passport
Approaches

their accessibility. Since it is stated that correct
measurements can be made if the requirements
of these databases are met, and if not, incorrect
and unreliable calculations can be made. Besides,
as these databases require membership, are paid
platforms, and are created according to their
requirements and specifications, it is considered
that adaptation to their requirements and
websites requires extra effort for users.

This makes it difficult for users to adapt to
platforms. Therefore, these situations are thought
to make the platform's usability, user-friendliness,
and adaptation to the construction industry

easy data transfer between sectors in the AEC
industry need to be considered more.

This research addresses these challenges by
developing an automated BIM-based material
passport framework, enabling seamless data
transfer from material manufacturers into BIM
systems. The study aims to enhance
interoperability, reduce inventory waste, and
ensure accurate lifecycle calculations through
digital, parametric material integration.
Objectives of the Study.

This study seeks to digitize and parameterize
material data from suppliers and integrate it into

difficult.

BIM workflows. The primary objectives include:

When looking at the gaps in the literature, it

has been observed that studies that will provide e

Developing an

automated system for

transferring supplier data into BIM.

Aspect

This Study

Existing BIM-Based MP
Approaches

Material Focus

Focused on ceramic materials with
detailed performance analysis

Broad material focus, often
lacking in-depth analysis

Automation in BIM
Integration

Uses Dynamo and Revit automation
for streamlined data processing

Mostly manual or semi-
automated data integration

Life Cycle Assessment
(LCA) Integration

Fully integrated with GWP
calculations and EPD parameters

Limited or no structured LCA
integration

Evaluation Metrics

Structured evaluation metrics for
accuracy, efficiency, and
sustainability impact

Mostly qualitative descriptions
without structured performance
metrics

Visualization and Filtering

Advanced visualization tools
(DiRootsOne OneFilter, heatmaps)

Primarily tabular data
representation, limited visual
analytics

Material Takeoff and
Quantification

Navisworks and Revit-based
quantification for accurate material
tracking

Material takeoff often not directly
linked to BIM workflows

Interoperability and
Classification Standards

Ensures compliance with Uniclass,
COBie, and LCA plugins

Limited standardization, often
proprietary classification systems

Functional and
Performance-Based
Properties

Includes slipperiness, frost
resistance, wear resistance, and
chemical resistance

Focus on basic attributes like
density and strength, with less
emphasis on functional
properties
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e Establishing dynamic material parameters to
enable real-time tracking and analysis.

e Connecting material data with functional
parameters to enhance material takeoff and
LCA calculations.

e Creating a scalable and
methodology for
Passports in BIM.

user-friendly
embedding  Material

The research explores how material data can

be efficiently digitized, transferred, and utilized
within BIM, ensuring enhanced collaboration and
lifecycle sustainability in the AEC sector
Study Contribution.
This study presents an automated, sustainability-
focused, and performance-driven approach to
integrating materials as Material Passports within
BIM. Unlike existing MP approaches, it not only
incorporates sustainability metrics and
performance properties but also proposes a
structured methodology for systematically
integrating material data -such as EPDs, technical
sheets, and product catalogs- into the BIM library.
While the study centers on ceramic materials as a
representative case, the proposed BIM-based
workflow is designed for adaptability to other
materials with structured data formats. (Table 1).

It contributes to the AEC industry by
introducing a BIM-Based Material Passport
system, designed to:

e Standardize material information across

digital platforms.

e Automate material quantification and lifecycle
analysis within BIM.

e Enable visual tracking of material inventory
and procurement.

e Enhance interdisciplinary collaboration by
improving data transfer and classification.

e Facilitate LCA integration for accurate carbon
footprint and sustainability assessments.
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METHODOLOGY

The research methodology follows a systematic
approach to develop and integrate Material
Passports (MPs) within BIM. The following steps
were undertaken:

Data Collection
This study focuses on the integration of ceramic
materials as a case study into the BIM
environment using Material Passports (MPs). The
data collection phase consists of gathering
relevant material properties from multiple
sources, including manufacturer data, technical
standards, and expert consultations.

Ceramic materials used in this research were
sourced from leading specific manufacturers.
Material data was obtained through:

e Technical Data Sheets (TDS): Containing
information on mechanical strength, water
absorption, and chemical resistance.

e Product Catalogs: Providing an overview of
available ceramic tile types, surface finishes,
and dimensions.

e Environmental Product Declarations (EPD):
Documenting Life Cycle Assessment (LCA)
parameters, carbon footprint, and energy
consumption.

Additionally, consultations with ceramic
engineers were conducted to gain expert insights
into the functional and performance-based
characteristics of ceramic materials.

Material Properties.

Ceramic materials possess essential properties
influencing their performance, durability, and
suitability for different applications. Key
properties considered in this study include:



e Water Absorption Rate: Determines moisture
resistance and suitability for indoor or
outdoor use.

e Wear Resistance: Defines the material's
durability under friction and mechanical
stress, affecting its application in high or low-
traffic areas.

e Slipperiness (R-Rating System): Assesses
surface friction to ensure safety, particularly in
wet or heavily trafficked areas.

e Thermal and Frost Resistance: Indicates the
tile's ability to withstand temperature
variations, crucial for outdoor installations.

e Chemical and Stain Resistance: Measures
resistance to cleaning agents and chemicals,
important for industrial and commercial
spaces.

Integration into BIM and Life

Assessment (LCA).

To ensure effective integration into BIM-based

Material Passports, ceramic material data was

parameterized to facilitate automated

sustainability assessments. The study
incorporated:

Cycle

e Declared unit mass (kg/m?) from EPD
certificates to calculate material efficiency.

e Global Warming Potential (GWP) values,
covering lifecycle stages such as raw material
extraction, production, and end-of-life
disposal

By systematically structuring and digitizing
these material properties, BIM integration
provides enhanced material traceability,
sustainability evaluation, and informed decision-
making for architectural and engineering projects.

The following sections will elaborate on the
digital transformation of these data and their
integration into the BIM environment.

Case Study Selection and
Implementation
A hypthetical office building with two floors was
selected as the case study. This building served as
a testbed for modeling and analyzing the
application of ceramic materials in exterior
surfaces, flooring, and interior walls within a BIM.
The selection of this case study allowed for a
structured approach to integrating digital
material passports into a realistic building design
scenario.

To transform static ceramic data into dynamic
BIM data, the study utilized various software tools,
including (Figure 1):

e Excel for organizing and processing material
data.

e Dynamo and Dynamo Player for automating
workflows within BIM.

e Revit Material Browser for creating and
managing ceramic materials.

e DiRootsOne Extension for enhanced modeling
efficiency.

e Interoperability Extension for seamless data
exchange between platforms.

e Navisworks for model coordination and clash
detection.

e LCA Plugins for conducting Life Cycle
Assessment (LCA) analyses within the BIM
environment.

Each ceramic material type was modeled
individually, ensuring compliance with material
standards and performance requirements. The
workflow involved:

1. Material selection based on manufacturer
data.

2. Integration into BIM via parametric modeling.

3. Performance analysis and validation using
Revit and Navisworks.

4. LCA assessment to evaluate environmental
impact.
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This structured implementation
demonstrated the feasibility and advantages of
BIM-integrated Material Passports in optimizing
material tracking, decision-making, and
sustainability assessment in architectural projects.

Process Diagram
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Data Processing and Parameterization
The data processing and parameterization phase
ensures the structured integration of ceramic
material data into the BIM. This process follows
five key steps (Figure 1):

Step1: Transferring Material Data to Excel.
The preparation of Excel files is a crucial
transitional step between unstructured
manufacturer data and structured BIM input.
Material information was extracted from
manufacturer PDF  documents, technical
datasheets, and EPD certificates and transferred
into an Excel spreadsheet for better organization
and processing. A standardized Excel template
was created to organize data fields for
automation in Dynamo, ensuring compatibility
with Revit's parameter definitions (Figure 2).
Step2: Creating Materials and Libraries in Revit
via Dynamo.

Dynamo, a visual programming tool within Revit,
was used to automate the creation of material
libraries. This enabled processing of material
parameters and ensured seamless integration
into Revit's Material Browser (Figure 3).
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Step3: Defining Material Parameters in Revit.

With the aid of the DiRootsOne plugin, material
properties were assigned as custom parameters
within Revit. These parameters included physical,
thermal, mechanical, and LCA-related attributes,
ensuring data consistency and usability within
BIM workflows.

Step4: Creating and Filling Family Parameters.
Material parameters were further categorized into
Wall, Floor, and Exterior Ceramic Tile families,
aligning with performance requirements and
usage scenarios. These structured material
families were used for modeling and simulations.
Step5: Using Parameters in BIM.

Once integrated, material parameters were
applied within BIM workflows for visualization,
performance analysis, and Life Cycle Assessment
(LCA). The automated workflow improved data
traceability, accuracy, and interoperability across
different BIM platforms.

By implementing this structured data processing
and parameterization approach, ceramic material
data was successfully digitized and integrated

Dynamo
Player

Material Browser

Figure 1
Sequential
workflow for
integrating
material data into
BIM

Figure 2
Structuring
material data in
Excel for
integration with
Revit

Figure 3

Process workflow
for importing
Excel data into
Revit using
Dynamo and
Dynamo Player



Figure 4

The role of
parameters in
different BIM
scenarios

into BIM-based Material Passports, enhancing
sustainability tracking and decision-making in
architectural and construction projects.

Evaluation Metrics

To assess the effectiveness of integrating Material
Passports (MPs) into BIM, specific evaluation
metrics were established. These metrics ensure
that material data is accurately incorporated into
the BIM environment and supports informed
decision-making across various phases of a
building’s lifecycle. The key evaluation criteria
include:

Accuracy of Material Data Integration.

e Ensures that material properties transferred
from PDF documents to Excel and Revit retain
their original accuracy.

e Assesses the consistency of data across
different BIM platforms.

Material Takeoff
Schedule/Quantities

Revit (Schedule and Material Takeoff)

Visual Filtering
Based on Features

Filtering Elements by

Efficiency of Automated Data Processing.

e Measures the time saved by using Dynamo
and Revit automation tools to integrate and
manage material properties.

e Evaluates the reduction of manual errors in
data input.

Material Takeoff and Quantification.

e Assesses the accuracy of material takeoff
calculations using BIM schedules and
Navisworks quantification tools.

e Compares the estimated vs. actual material
usage in the case study building.

-’u‘]|_l|l|lM

5

Asssign Classification

Properties
_TIEem  Navisworks (Quantification Filtering Spaces by COBie Extension
— Appearance and Excel) Properties USING
PARAMATERS
INBIM
Composition Density
Carbon footprint Thermal Conductivity Phases

per m2 of the material
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Life Cycle Assessment (LCA) and Sustainability
Impact.

e Evaluates the accuracy of carbon footprint
calculations based on material-specific Global
Warming Potential (GWP) values.

e Assesses how LCA plugins and carbon
assessment tools integrate with BIM
workflows.

BIM-Based Visualization and Filtering.

e Tests the effectiveness of visual filtering tools
(DiRootsOne OneFilter, Revit visualization) in
differentiating materials based on parameters
such as water absorption, wear resistance, and
cost.

e Assesses the usefulness of heatmaps and
graphical data visualization in BIM models.

Interoperability and Data Exchange

e Examines the effectiveness of data exchange
between Revit, Excel, Navisworks, and LCA
plugins.

e Evaluates the compliance of BIM data with
classification systems such as Uniclass and
COBie.

These metrics collectively ensure that the
BIM-integrated = Material  Passport  system
provides accurate, reliable, and functional data to
improve project workflows and decision-making
processes.

RESULTS AND DISCUSSION

This study presents a systematic method for
integrating material properties into Building
Information Modeling (BIM), enhancing data
accessibility, consistency, and usability. The
integration process improved efficiency in several
key areas (Figure 4):

e Material Takeoff and Scheduling
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e Visual Filtering

¢ Information Management Standards
o Life Cycle Assessment (LCA)

e Advanced Analyses

By embedding Material Passports into BIM
workflows, this study highlights how real-time
material tracking, classification, and lifecycle
analysis can support data-driven decision-making
in the AEC sector.

Implications for Construction: Enhancing
Sustainability and the Circular Economy.
Integrating BIM-based Material Passports into
construction workflows enhances sustainability
and circular economy practices by improving
material reuse, waste reduction, and lifecycle
tracking. Key contributions to the construction
industry include:

e Optimized Resource Utilization: BIM's material
tracking features minimize redundant
inventory production, leading to a more
efficient use of resources.

e Lifecycle-Based Decision-Making: Material
Passports enable long-term sustainability
planning by documenting material properties
and predicting performance over time.

e Circular Economy Integration: BIM-based
material tracking ensures materials are
reused, recycled, and recovered, supporting
waste reduction goals.

These findings underscore the role of digital
material tracking in transforming the AEC industry
into a more sustainable, resource-efficient sector.

Limitations and Challenges in Data
Standardization and Interoperability.
While BIM-based Material Passports offer

significant advantages, several challenges remain:

e Material Scope Limitation: This study focuses
exclusively on ceramic materials as a proof of
concept. While the workflow is designed to be
scalable, its adaptation to other material



categories (e.g., wood, concrete, composite
panels) requires reparameterization aligned
with the data structure of those materials.
Future studies should expand and validate
this methodology across diverse material
groups.

e Data Standardization Issues: Although EPDs
and TDS documents provide essential data,
there is no universally adopted standard for
classifying and formatting material properties
across different manufacturers.

e Interoperability Constraints: The integration of
material data across different BIM platforms
(Revit, ArchiCAD, Tekla, Navisworks) requires
customization efforts, making seamless data
exchange difficult.

e Dependence on Manufacturer Data: The
accuracy of material parameters depends
heavily on the completeness of data provided
by  manufacturers. In  cases  where
Environmental Product Declaration (EPD)
values are missing, assumptions must be
made, which can reduce the overall reliability
of the workflow. A critical step in the process
involves organizing material data in Excel
spreadsheets. This step ensures that
heterogeneous data from Technical Data
Sheets (TDS) and EPDs is standardized into a
consistent format compatible with Dynamo
automation. To support reproducibility and
scalability, detailed instructions and template
files have been developed.

e Prototype Visualization Workflow: The current
visualization framework, using Revit filters
and DiRootsOne tools, serves as a prototype
for classifying and analyzing material

performance. Future iterations should
integrate  more advanced visualization
dashboards and enable cloud-based

interactive tools for stakeholder engagement.

CONCLUSION
The integration of Material Passports into BIM
bridges the gap between static, non-standardized

data and dynamic, interconnected systems. This
integration allows stakeholders to efficiently
manage materials across the construction,
maintenance, and deconstruction phases.

Digital Product Passports (DPP) have emerged
as a critical tool in supporting building renovation
processes, aligning with the European Green Deal
objectives (Méda et al, 2024). To further advance
the findings of this study, future research should
focus on:

e Expanding the range of materials integrated
into Material Passports to include a broader
spectrum of construction materials.

e Developing cloud-based platforms that
enable real-time collaboration and seamless
data exchange among stakeholders.

e Enhancing BIM tools to support a wider
variety of material properties and
performance metrics.

Such efforts will enable the construction
industry to further optimize material tracking,

sustainability initiatives, and lifecycle
assessments.
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