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This thesis explores the development of a roadmap for implementing a Materials
Passport feature within a Software-as-a-Service (SaaS) company specialising in
cloud software for the construction sector. The case company's platform,
renowned for its automated life cycle assessment (LCA) capabilities, caters to a
global clientele including architects, engineers, contractors, and sustainability
consultants. However, the absence of a Materials Passport (MP) feature poses a
significant challenge in aligning with circularity principles and impending EU
regulations mandating Digital Product Passport (DPP).

The objective of this study is to create a strategic roadmap tailored to integrate a
Materials Passport module into the company's existing offering. Through a
meticulous research approach comprising review of related literature, current
state analysis, stakeholder interviews, and data analysis, key strengths and
critical pinch points were identified. Leveraging these insights, a comprehensive
roadmap was co-created with stakeholders, adhering to specific, measurable,
achievable, relevant, and time-bound goals, and comprising phases such as
research, framework development, stakeholder engagement, pilot testing,
implementation, and continuous improvement. The initial roadmap underwent
validation, garnering positive feedback and affirming its viability in addressing the
business challenge. Ultimately, this thesis provides a structured roadmap for the
seamless integration of a Materials Passport within the case company's offering.
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1 Introduction

The United Nations Brundtland Commission defines sustainability as meeting
present needs without compromising the ability of future generations to meet their
own. In this framework, the architecture, engineering, and construction (AEC)
industry emerge as crucial product value chains, playing a pivotal role in
addressing sustainability and circular economy concerns. The industry
contributes 5-12% of total national GHG emissions, generates 35% of all waste
in Europe (Circular Building Coalitions, 2023), and is the largest global consumer
of raw materials, contributing to 25—40% of the world's carbon emissions (WEF,
2016a) and 25% of total global solid waste (Yeheyis et al., 2013). Despite circular
economy principles gaining traction in various sectors, the AEC industry is

lagging behind.

The imperative of sustainable development has led to a pressing need for
integrating circular economy principles in the AEC industry. Industries globally,
including construction, grapple with the challenge of enhancing resource

efficiency and minimising environmental impact.

The urgency for a circular economy in the construction industry is underscored
by initiatives such as the 2018 Nordic Council of Ministers project, aiming to
accelerate the transition toward circularity in the Nordic countries. Their report
highlighted key instruments for this transition, and one of them is Materials
Passport and/or Building Passport. From a lifecycle perspective, the construction
sector's impact on global resources and landfill waste production is substantial
(Badi and Murtagh, 2019). Efforts to address these challenges involve the
adoption of practices such as Life Cycle Assessment (LCA) (Akanbi et al., 2018),
and Materials Passport (MP) (Honic et al., 2019), among others. The European
Commission (EC) leads the way, aiming for the mandatory implementation of
Digital Product Passport (DPP) across diverse products and industries. The EC
targets the final approval of the Ecodesign for Sustainable Products Regulation

(ESPR), inclusive of the DPP, by 2024. This initiative signals a transformative



shift toward sustainability within product lifecycles, setting the stage for digital

passports as integral components of future regulatory frameworks.

The Materials Passport (MP), focusing on the construction sector, emerges as a
transformative tool guiding the AEC industry toward a more sustainable future.
Beyond enabling resource traceability, it assumes a crucial role in fostering
circularity — an increasingly pivotal concept embraced by businesses,
policymakers, and the construction industry. As the AEC industry adapts to the
demands of a circular economy, the creation and implementation of Materials

Passport emerge as vital tools.

This thesis proposes a roadmap for the creation of Materials Passport,
incorporating key sustainability and circularity concepts. Its aim is to address the
practicalities of integrating Materials Passport into the case company's current

offering.

1.1 Business Context

The subject of this thesis is a Finnish Software-as-a-Service (SaaS) company
that specialises in the development of cloud software for the construction sector.
This innovative platform is designed to be user-friendly and features automated
life cycle assessment (LCA) capabilities. The software serves a diverse range of
professionals, including architects, engineers, designers, contractors,
manufacturers, investors, and sustainability consultants. Its primary function is to
assist users in calculating and mitigating the environmental impacts associated
with various projects, such as building construction, infrastructure development,
and manufacturing. Moreover, it facilitates the creation of Environmental Product

Declarations (EPD) for building materials.

This sophisticated software enables users to perform Whole Building Life Cycle
Assessments efficiently and rapidly, thanks to its seamlessly automated
processes. Since its establishment in 2001, the company has expanded its reach
to over 130 countries. It is crucial to note that the incorporation of a Materials
Passport (MP) feature is fundamental for a company of this nature, specialising



in life cycle assessment. This addition enhances the platform's capacity to
provide a more comprehensive analysis, aligning with the company's
commitment to sustainability and circularity in the construction industry. At the

time of writing, the author does not work for the case company.

1.2 Business Challenge, Objective, and Outcome

The case company currently provides a comprehensive offering of sustainability
and circularity assessment tools, accessible to a global subscriber base.
However, a notable business challenge has emerged due to the absence of an
inclusive Materials Passport (MP) feature. This absence impedes circular
alignment and resource traceability, a concern accentuated by the impending
European Union (EU) regulations mandating Digital Product Passport (DPP) for
a wide array of products. To overcome this challenge, the case company aims to
integrate a Materials Passport module into its circularity offering. However, the
necessary process has not yet been established. This addition has the potential
to retain existing clients and attract new ones, ultimately leading to potential

revenue addition.

The objective of this thesis is to develop a roadmap specifically tailored for the
creation of a Materials Passport. In the following chapters, the thesis explores
foundational principles and look into data management aspects of Materials
Passport, while dissecting the regulatory landscapes that underscore their
relevance in the construction sector. In the thesis’ conclusion, a strategic
roadmap is presented for creating a Materials Passport tool, enabling its

integration into the company's existing offering.

1.3 Scope and Outline of the Study

The study is focused on analysing the current state of the case company’s
existing tools and platform and ultimately proposing a roadmap. This study does
not include the software prototyping, pilot testing, or the actual implementation of

the proposal due to the significant time required for these processes.



The research is structured into 7 sections. It commences with an introduction
followed by Section 2, which delineates the project plan, the selected research
methodology, the research design, and the approach to data collection. Section
3 examines related literature concerning the development of a roadmap for
Materials Passport creation and outlines the conceptual framework. Section 4
discusses and summarises the findings derived from the analysis of the current
state. Section 5 presents an initial proposal for the creation of a Materials
Passport (MP) roadmap. The validity of this initial proposal, formulated in Section
5, will be assessed in Section 6. The final section of the thesis provides
conclusions alongside an executive summary, as well as self-evaluation and
concluding remarks. The subsequent section delineates the project plan, the

selected research methodology, and the data collection methods.

2 Project Plan

The preceding section introduced the business challenge, objectives, and
outcome. The current section discusses the implementation of the research,
which includes the chosen research approach and the rationale behind it.
Subsequently, it presents the research design, delineating its various stages.
Finally, it addresses the methods employed for data collection and analysis.

2.1 Research Approach

To achieve the objective of this thesis, the first consideration is selecting the most
appropriate research approach. In research, two primary types are distinguished:
basic research and applied research (Saunders et al., 2012). Basic research
contributes to theory without immediate applicability, while applied research
directly addresses specific problems, implementing findings to solve them
(Bajpai, 2011). Kothari (2004) emphasises that applied research aims to identify

solutions for problems in real-time within industrial or commercial settings.

Applied research, as highlighted by Saunders et al. (2012), focuses on business

or management issues, aiming for practical solutions. It operates within tight time



frames and addresses specific objectives set by the organisation facing the
problem. Kananen (2013) supports this idea, asserting that applied research
combines development and research to produce practical solutions for current

issues in real organisations.

On the other hand, a research approach involves how a research problem is
tackled. Different research methodologies, often combining qualitative and
quantitative data, are chosen based on criteria such as the relationship between
theory and practice, research purpose, types of questions, and response formats
(Kananen, 2013). The choice between qualitative, quantitative, or mixed research
methods is another consideration. Quantitative methods involve numerical data
and statistical analysis, while qualitative methods deal with non-numerical data

to capture ideas, opinions, or experiences (Bhandari, 2020).

For this thesis, an applied action research approach with a qualitative data
collection method was selected, aligning with the objective of creating a roadmap
for Materials Passport (MP) creation. The chosen design research approach
prioritises understanding and addressing challenges without the immediate

implementation or evaluation of the proposed roadmap.

2.2 Research Design

This study comprises four stages. The steps required to accomplish the study's
objective and formulate the outcome have been structured into these four stages.

Figure 1 illustrates the research design stages in this study.

The objective of this study is to create a roadmap for the creation of a Materials
Passport (MP). To progress towards the desired outcome, a systematic
arrangement of phases is devised after establishing the research approach.
These four (4) stages are depicted in Figure 1 below, outlining the research

design of this project.



RESEARCH DESIGN

OBJECTIVE: TO DEVELOP A ROADMAP FOR MATERIALS PASSPORT CREATION

INTERVIEWS, STAKEHOLDERS STAKEHOLDERS
EXTG PLATFORM INTERVIEW FEEDBACK
INFORMATION
REVIEW OF RELATED CURRENT STATE DEVELOPING THE VALIDATING THE
LITERATURE ANALYSIS ROADMAP FOR INITIAL ROADMAP
MATERIALS
Foundational Principles Assessment of Case PASSPORT CREATION Evaluation of the
Company’s Existing Initial Roadmap
Digital Record and Tools and Platform Roadmap Development
Traceability Suggestions for
Improvement to the
Data Management Initial Roadmap
Regulatory Landscape ¢ ¢ ﬂ

OUTPUT QUTPUT OUTPUT OUTPUT
CONCEPTUAL SUMMARY OF KEY THE INITIAL THE FINAL

FRAMEWORK STRENGTHS AND ROADMAP ROADMAP
CRITICAL PINCH POINTS

OUTCOME: A ROADMAP FOR MATERIALS PASSPORT CREATION

Figure 1. Research Design of this Study.

In Figure 1, Stage 1 involves the review of related literature. This stage entails
acquiring crucial information about Materials Passport (MP) and their creation, as
well as the foundational principles behind them, along with relevant information
about regulations and data management from various sources such as studies,
academic journals, articles, and literature. The collected information is then
analysed and transformed into a conceptual framework, laying the groundwork

for the initial analysis of the roadmap for Materials Passport creation.

Stage 2, as depicted above, represents the initial or starting point for the current
state analysis. This stage involves conducting interviews with stakeholders based
on the conceptual framework. Through interviews, document reviews, and an
assessment of the case company's existing tools, platforms, and industry
practices, key components and requirements for the roadmap are gathered and
analysed. The findings are summarised to develop the initial proposal for the

roadmap for creating Materials Passport.



Stage 3 involves crafting the initial proposal for developing the roadmap for
Materials Passport creation. By leveraging interviews, workshops, and insights
gathered from the key strengths and critical pinch points identified in the previous
stage, the roadmap is formulated. The outcome of this stage is the initial proposal

for the Materials Passport creation roadmap.

Stage 4, depicted in Figure 1, is the validation of the initial proposal. The
completed initial action plan proposal is presented to the stakeholders, who
provide comments, feedback, and suggestions for improvement. These
recommendations are then utilised to refine and adjust the initial roadmap

proposal, representing the final output of the study.

2.3 Data Plan and Collection

To reach the objective of this research, which is the development of a roadmap
for Materials Passport (MP) creation, essential information needs to be gathered.
The data for this study resulted from interviews with relevant stakeholders,
conducted in three rounds. An overview of the collected data 1-3 is presented in
Tables 1, 2, and 3.



Approach Informant / Source Date_of Documentation
Interview

Access to Software, Website, and Online

1 Document : - - Field Notes
Reviews
5 Co-Fou_nd_er and CTO - 3!? Concrete 12/01/2024 16:09 - 16:37 Field Notes, T_ranscrlpts,
Printing Company, Finland Recordings
g Business Developer Engineer, Finland | 00/02/2024 | 13:28-14:00 |  F7©!d Notes, Transcripts,

Recordings

Materials Specialist and Business Field Notes, Transcripts,

4 Online Interview 09/02/2024 13:29 - 14:00

Developer, Spain & Latin America Recordings
Doctoral Researcher - Mineral Based . y Field Notes, Transcripts,
2 Materials and Mechanics, Finland So020 4 il = et Recordings
. . ] . i Field Notes, Transcripts,
6 Project Engineer - Steel Structures, Finland | 09/02/2024 | 18:25 - 19:01 A
Recordings
7 QIM, LCA, and Digitalisation Expert, Finland] 09/02/2024 | 14:55 - 15:26 Field Notes
8 neearsen Architect, Finland 11/02/2024 | 19:45 - 20:15 Field Notes
Interview
Email s :
9 PhD Researcher - Sustainability, UK 23/02/2024 - Email
Correspondence
Reuse Now Campaign Lead, UK
Associate Sustainability Consultant, UK
Managing Director, UK
jg} [ M= Contstence Co-Founder and CPO, UK 01/02/2024 | 14:30 - 16:00 Field Notes

(Webinar)

Associate, UK
Senior Lecturer in Architecture, UK

Director, UK

Table 1. Data 1 Collection for Initial or Starting Point Analysis.

Data 1 as shown above, includes the initial round of data collection, comprising
information gathered from interviews and the case company's software and
website. The collected data corresponds with the conceptual framework
established for this study. This round of data collection is divided into two main
parts. Initially, it involves identifying the capabilities and challenges of the existing
software offering, obtained by accessing the company website, documents, and
the software itself, along with online reviews. The second part involves gathering
expert opinions and discerning future target customer needs, primarily sourced

from industry professionals and specialists.



Date of

Approach Informant / Source 3 Documentation
Interview

Online Interview,
Email
1 Correspondence

Materials Specialist and Business . i Field Notes, Transcripts,
Developer, Spain & Latin America Lalpstpen | iltksen (A Recordings, Email

Doctoral Researcher - Mineral Based
2 Materials and Mechanics, Finland

Field Notes, Transcripts,

Online Workshop | Project Engineer - Steel Structures, Finland | 11/03/2024 17:09 - 17:41 .
Recordings

Architect, Finland

Table 2. Data 2 Collection for Initial Proposal Stage.

In the second round of data collection, Data 2 is gathered through an interview
and a workshop aimed at co-creating the initial roadmap proposal. However, due
to time differences and geographical constraints, organising a complete

workshop with all relevant informants was not feasible. Email inquiries were also

utilised for follow-up and additional sharing of information.

proach Informant / Source Date_of Documentation
Interview
Onlm;mt:i{v i Materials Specialist and Business 10:59 - 11:16 Field Notes, Transcripts,
Developer, Spain & Latin America ’ : Recordings, Email
1 Correspondence
Doctoral Researcher - Mineral Based
2 Materials and Mechanics, Finland 09/04/2024
In-Person . . : : . :
3 Workshop Project Engineer - Steel Structures, Finland 17:30 - 18:03 Field Notes
4 Architect, Finland

Table 3. Data 3 Collection for Validation Stage.

The third and final round of data collection, as illustrated in Table 3 above,
focuses on validating the initial proposal. Discussions with stakeholders aim to
gather feedback on the initial roadmap. The received recommendations are then

used to refine and finalise the ultimate roadmap for Materials Passport creation.

This section has outlined the research approach, research design, and data
collection process. The subsequent Section 3 will delve into the findings from
related literature, which will serve as the conceptual framework for conducting the

initial or starting point for the current state analysis.
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3 Review of Related Literature

In the contemporary discourse surrounding sustainable development, the
Architecture, Engineering, and Construction (AEC) industry has emerged as a
crucial sector for implementing circular economy principles and adopting
innovative tools like Materials Passport. This section explores the intersection of
Materials Passport and the circular economy within the AEC industry, exploring
their role in resource efficiency and traceability. The conceptual framework
guiding this study includes foundational principles, digital record and traceability,

data management, and an understanding of the regulatory landscape.

3.1 Overview of Sustainability and Circular Economy in the Built
Environment

The construction sector in the European Union (EU) is a major contributor to
resource consumption and carbon emissions, facing sustainability challenges
and environmental impacts. Given that the construction sector contributes
substantially to worldwide carbon emissions and material consumption,
decarbonising the building stock is critical, especially with the expected growth in
the urban built environment by 2050 and rising demand for housing needs.
Carbon emissions in buildings occur throughout their lifecycle, including
operational and embodied carbon, with efforts to enhance energy efficiency only
addressing part of the issue. Recognising the importance of reducing embodied

carbon is crucial for effective climate change mitigation in the building industry.

In Europe, the construction sector consumes many materials making the
implementation of circular economy principles essential for resource
management. This approach offers economic, environmental, and societal
benefits, contributing to the decarbonisation of the built environment and
enhancing resource productivity and asset utilisation. As global economic
expansion strains Earth's natural resources, governments, including the EU, are
prioritising resource, climate, and biodiversity concerns in their policy agendas.
The EU's Green Deal emphasises resource productivity, innovation, and efficient

resource use, with a focus on promoting a Circular Economy to maximise
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resource value, extend product lifecycles, and prevent waste. Despite its vital role
in economic activity, the construction industry faces sustainability challenges due
to its significant environmental footprint, accounting for a third of global material
consumption since 1970. Figure 2 shows an overview of Construction Sector’s

Environmental Impact.

Raw Materials
Used in the EU

50 %

Global Waste

Greenhouse Generated in
Gas Emission the EU

29 35 %

Figure 2. Overview of Construction Sector's Environmental Impact. (Own
lllustration)

Figure 2 above provides an overview of the environmental impact of the
construction sector, highlighting key metrics such as global greenhouse gas
emissions, raw material usage, waste generation, and energy consumption. Each
percentage value represents the sector's contribution to the respective

environmental aspect, offering insight into its overall environmental footprint.

3.1.1 Circular Economy

The Circular Economy (CE) model lacks a universally standardised definition
however, various prominent organisations converge on similar conceptual
foundations. It is described as an industrial system aimed at operating within
planetary boundaries, creating value by prolonging the lifespan of existing
resources and minimising virgin resource use and waste. In contrast to the Linear

Economy (LE) model, which follows a "make-take-waste" approach (Saidani et
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al., 2017), the Circular Economy (CE) rejects this linear approach. Advocated as
an alternative approach under the EU's Green Deal, the CE model tackles issues
linked to limited resources and climate change by decoupling economic growth
from the consumption of finite resources. Its principles involve minimising
resource usage, prolonging product durability, recycling materials, and favouring
sustainable production methods. These efforts aim to diminish resource
consumption, waste generation, and emissions while underscoring the long-term
value of products and materials. What unites these definitions is the CE's unique
ability to align sustainable development with economic advantages, which
includes benefits such as value generation and cost savings through decreased
resource utilisation, environmental advantages such as reduced impact, and
social benefits such as employment opportunities (Saidani et al., 2017). The
overarching objective of the CE is sustainable development done through
enhanced resource efficiency via circularity, demanding a systemic shift in
resource use. The Ellen MacArthur Foundation provided a diagram that best

represents the Circular Economy Systems which is shown in Figure 3 below.

RENEWABLES é FINITE MATERIALS
BLES FLOW T STOCK MANAGEMENT
p ~ o N | A
[

|

PARTS MANUFACTURER

4

PRODUCT MANUFACTURER

|

| SERVICE PROVIDER

] FAleﬂg/COLLECTION‘

/
: /' BIOCHEMICAL
\ /  FEEDSTOCK

REGENERATION | BIO

BIOGAS

cAscabes £
ANAEROBIC N

DIGESTION

COLLECTION COLLECTION

EXTRACTION OF
BIOCHEMICAL
FEEDSTOCK?

MINIMISE SYSTEMATIC
LEAKAGE AND NEGATIVE
EXTERNALITIES

Figure 3. The Circular Economy Systems Diagram. (The Ellen MacArthur
Foundation, 2019. Drawing based on Braungart and McDonough)
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Figure 3 illustrates how resources flow through the economy in a continuous loop,
rather than being used once and discarded. It highlights the pro of designing
products, processes, and business models that promote reuse, repair, and
recycling to minimise waste and environmental impact while maximising resource

efficiency and value creation.

3.1.2 Circularity

Circularity refers to the extent of restoration in the flow of resources and can be
evaluated across various systemic levels. These levels encompass the macro
level (city, province, region, nation), meso level (eco-industrial parks), micro level
(individual companies or consumers), and nano level (buildings, products,
components, and materials) (Saidani et al., 2017). The interaction among these
levels is critical, as higher levels depend on the functioning of lower ones.
Initiating a transition toward a Circular Economy (CE) requires transformative
actions at each of these levels. At the nano level, circularity involves two primary

aspects: circular material usage and circular design (Geldermans, 2016).

Circular material usage entails selecting materials based on their circularity,
emphasising renewability (biological cycles) or reusability after initial use
(technical cycles). Circular design involves creating and manufacturing products
and components that can be easily disassembled at the end of their lifecycle,
facilitating their reuse or recycling in new contexts. In the context of buildings,
circularity can be assessed on a scale ranging from 100% linear to 100% circular,

serving as a singular attribute indicative of building quality. (Linder et al., 2017)

In terms of product design and life-cycle management, CE requires stakeholders
across value chains to access high-quality information for decision-making.
Scholars suggest that the existing building stock could serve as a source of
materials for future construction or renovations by disassembling products and
materials from one building and reusing or recycling them in another. However,
the lack of information on materials in buildings, stemming from inadequate
documentation, poses challenges to implementing reuse or recycling practices in

construction. To bridge this information gap, the idea of material passports (MPs)
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has been proposed, offering comprehensive details regarding a product's source,

composition, disassembly potential, and end-of-life options.

3.2 Best Practices on Digital Record and Traceability Measures

A range of techniques and approaches are utilised to promote the incorporation
of sustainability and circularity principles within the Architecture, Engineering, and
Construction (AEC) industry. These include tools such as Life Cycle Assessment
(LCA), Renewable Energy Certificates (REC), Material Flow Analysis (MFA), and
Environmental Product Declarations (EPD). According to Hossain and Ng (2018),
Life Cycle Assessment (LCA) has gained widespread application due to its
thorough assessment of the environmental effects of buildings and the built
environment over their complete life cycle. Meanwhile, Circularity Passports, also
known as Digital Product Passport (DPP) or Materials Passport (MP) specifically
tailored for the construction industry, are gaining traction as crucial policy tools
aligning with the Circular Economy objectives of the European Union, as noted
by Cetin et al. (2023).

The following explores into the crucial insights surrounding measures essential
for the creation of Materials Passport, beginning with defining both Digital Product
Passport (DPP) and Materials Passport (MP) at lengths, before exploring the
various insights, parameters, roadmap proposals, and recommendations from

best practices.

3.2.1 Definition of Digital Product Passport (DPP)

Solita and Gaia Consulting (2022) conducted research on the Digital Product
Passport (DPP), which is a technological concept aiming to serve as a digital
policy tool. The DPP gathers comprehensive information regarding various
aspects of products, including their value chain, sustainability, raw materials, and
safety, spanning across different industries. Additionally, the DPP has the
potential to capture data on product usage, maintenance, recycling, and
repurposing. This transparency is intended to promote sustainable manufacturing

practices, facilitate the transition to a circular economy, create new business
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opportunities, assist authorities in verifying compliance, and empower consumers

and end-users to make environmentally conscious choices.

The Digital Product Passport (DPP) forms an integral part of the European
Commission's latest circular economy package. Its primary aim is to facilitate the
exchange of crucial product-related information essential for enhancing the
sustainability and circularity of products among all relevant economic
stakeholders. By doing so, the DPP aims to expedite the transition towards a
circular economy by bolstering material and energy efficiency, prolonging product
lifespans, and refining the design, manufacturing, usage, and end-of-life
processes of products. Additionally, the DPP seeks to create fresh opportunities
for economic actors by promoting circular value retention and optimisation. This
includes initiatives such as product-as-a-service models, improved repair,
maintenance, remanufacturing, and recycling, all enabled by better data
accessibility. Furthermore, the DPP intends to assist consumers in making
sustainable choices by providing transparent information about products'
sustainability and circularity aspects. An example of DPP is shown in Figure 4

below.
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Figure 4. Example of a Digital Product Passport for the Automotive Industry.
(Circularise, 2024)
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Figure 4 depicts Circularise's Digital Product Passport (DPP) designed for the
automotive sector. This innovative passport utilises a blockchain traceability
platform to store data across the entire automotive value chain, facilitating the
realisation of a sustainable, responsible, and circular automotive industry.
Circularise, a Dutch software provider specialising in supply chain transparency,
leverages blockchain technology to enable the widespread adoption of circular

economy principles within the automotive sector.

3.2.2 Definition of Materials Passport (MP)

The Circular Economy (CE) is seen as a viable strategy for achieving sustainable
production and consumption of the Earth's resources. However, successful
implementation of CE hinges on having comprehensive information about
materials across various lifecycle phases. A promising solution to tackle this
challenge involves leveraging digital technologies to establish a digital identity for
materials, known as the Materials Passport (MP). Panza et al. (2022) added that
MP can be conceptualised as a digital information system where stakeholders in
the value chain input all the necessary material-related information, thereby
ensuring transparency throughout the material's lifecycle.

Various terms are utilised to refer to passports, including Data Templates (Méda
et al., 2021), Product Circularity Data Sheets (Mulhall et al., 2022), Materials
Passport (Heinrich and Lang, 2019), Digital Product Passport (Jansen et al.,
2022), Digital Battery Passports (Berger et al., 2022), and Circular Materials
Passport (Goswein et al., 2022). Certain passport initiatives, like the Product
Circularity Sheet (Mulhall et al., 2022), aim to serve diverse industries, while
others have a specific focus, such as Digital Battery Passports (Berger et al.,
2022) tailored for the automotive sector. A Materials Passport is a digital dataset
containing product-related information, specifically designed for the construction
industry. It facilitates registration, processing, and sharing among businesses,
authorities, and consumers. The passport offers a diverse set of information,
including origin, material composition, disassembly possibilities, and end-of-life
options. It is also proposed as a unique identifier providing life cycle data for value

chain actors. Its recent attention from policymakers, including the European
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Commission (EC), underscores its potential implementation in various policy

proposals.

To achieve these goals, access to high-quality and verifiable product information
throughout the lifecycle is crucial. Projects like the EU-funded Horizon 2020
initiative "Buildings as Material Banks" (BAMB) have been actively involved in this
investigation, along with several other projects. According to BAMB (2020), a
Materials Passport is an electronic dataset that describes the properties of
materials within products, thus improving their potential for recovery or reuse.
Furthermore, Madaster (2019) defines the Materials Passport as a digital record
that identifies all construction materials used in a building. Another extensive
definition, provided by Mullhall et al. (2017), characterises Materials Passport
(MP) as digital datasets outlining specific attributes of materials and components
within products and systems. These attributes confer value for current use,
recovery, and reuse. Serving as an informational and educational tool, MPs
address inquiries often overlooked by other documents or certifications related to
building products, with a particular emphasis on product circularity. MPs do not
independently assess data output and do not function as evaluators, instead, they
offer information supporting assessments and certifications by other parties.
Additionally, existing assessments and certifications can be incorporated into the
passport as uploaded documents. Part of the BAMP Materials Passport (MP)

platform prototype can be observed below in Figure 5.

Materials Passport Platform Prototype Broducks | Buildings  Instances 2
Products
Name 1} Brand Name Manufacturer GTIN/EAN
L . u Accoya® Wood Accsys Accsys Technologies  Unknown
H Technologies

Acrovyn® 4000 Acrovyn® 4000 Construction Unknown
Specialties Inc.

Ahrend Balance Desk Ahrend Ahrend Unknown

AirMaster® Desso Tarkett Unknown

Aluminium Door Furniture AMI BV AMI bv Unknown

Armstrong Ultima+ Armstrong Armstrong World 0888264102735
Industries Limited

Axia 2.0 Office Chair BMA Ergonomics  Flokk

Figure 5. The BAMB Materials Passport Platform Prototype. (BAMB, 2020)
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The BAMB Materials Passport Platform Prototype, as depicted in Figure 5 above
is a digital tool designed to track and manage the lifecycle of construction
materials. It allows users to create and maintain passports for building materials,
containing essential information such as composition, origin, and reuse potential.
Another example of a Materials Passport is the one created by ORMS, an
architectural firm in the UK, in collaboration with Lancaster University. It is
depicted in Figure 6 below.
Material Passport B aaha
NHGQT&:'JWBIock
< Concrete
E:’;;d;;li‘i?;‘g;.ls mortar
%uzj;l&ué\uh:tu:e‘
United Kingdom
10/2020
;c:)rxena nce History:
Ee::;(:.:gu Rce grode:

Aesthetic grade:
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Figure 6. A Part Example of a Materials Passport Vision by ORMS. (ORMS, 2021)

Figure 6 illustrates ORMS's Materials Passport Vision, which outlines a strategy
for tracking and managing building materials throughout their lifecycle. This vision
aims to enhance sustainability in the construction industry by promoting the

reuse, recycling, and responsible sourcing of materials.

Proposal and Recommendations for Roadmap to MP Adoption

Figure 15 below illustrates the evolution of materials passports in the
Architecture, Engineering, and Construction (AEC) industry over the years.
Based on this progression, Costa and Hoolahan (2024) have constructed a
roadmap comprising proposals and recommendations for the efficient and
effective utilisation of materials passports. The roadmap steps are enumerated in

the following page.
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Figure 7. Costa and Hoolahan's (2024) Proposal and Recommendations for
Roadmap to Materials Passport Adoption.

1)

Implement materials passports as a fundamental requirement in every
construction project. Utilise a standardised materials passports database
template for semi-standardised data collection, enabling potential
interoperability between platforms and accommodating various project

constraints. (Costa and Hoolahan, 2024)

Foster collaboration among stakeholders to effectively implement materials
passports and capitalise on their potential benefits. Align existing local
authority materials reporting policies through consultation and coordination

to support proposed standardisation. (Costa and Hoolahan, 2024)

Supplement project processes with open-source templates and tools
applicable to projects of all scales and experiences. Utilise cloud-based
database programs for organisation and linkage of digital passports to
physical ones, with manual adjustments as per project requirements. (Costa
and Hoolahan, 2024)
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Utilise commercially available platforms for materials passports creation and
storage, along with the Building Passport platform. Seek an interoperability
agreement between these platforms to ensure seamless data portability,

especially during building ownership changes. (Costa and Hoolahan, 2024)

Direct future research efforts towards materials passports data sharing and
storage to address challenges and leverage digital technologies for efficient
data collection. (Costa and Hoolahan, 2024)

Emphasise the transition towards a circular economy by treating materials as
treasures and promoting material reuse, facilitated by widespread adoption

of materials passports. (Costa and Hoolahan, 2024)

Address barriers such as cost, time, and risk hindering the full implementation
of sustainability strategies in the construction industry. Establish feedback
loops for data from buildings in use to address knowledge and performance

gaps. (Costa and Hoolahan, 2024)

Encourage widespread adoption of materials passports through local
policies, triggering collaboration among stakeholders and promoting

sustainability initiatives. (Costa and Hoolahan, 2024)

Enable design teams to transparently demonstrate their ambition through
manageable deliverables such as Materials Passports Strategy and
Disclosure Page, facilitating consideration by local authorities during the

planning process. (Costa and Hoolahan, 2024)

10) Pioneering project teams and clients can lead by adopting recommendations,

while policymakers can support the evolution of materials passporting b