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Abstract The twin transition driven by European agendas emphasises the dual bene-
fits of integrating digital technologies with green sustainability concepts. In the built
environment and construction sector, this integration is exemplified by leveraging
digitalisation to enhance circularity in construction processes. This chapter explores
this synergy by focusing on the development and application of Material and Building
Passports (MPs and BPs). It discusses how these passports are digitally utilised to
optimise circularity aspects of buildings and construction materials. The chapter
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delineates the evolution of MPs and BPs, clarifying their various definitions, vari-
ants, and potential applications to support the sector’s twin transition. Additionally,
it examines numerous initiatives and pilot projects aimed at defining the passports,
including their requirements and conditions, and the standardisation efforts to ensure
their widespread adoption through a unified content structure. The roles of MPs and
BPs across different lifecycle stages are elaborated, with a particular emphasis on
the enhanced functionalities enabled by Building Information Modelling (BIM).
Moreover, the chapter identifies several barriers impeding the full adoption of these
passports, such as legislative and standardisation challenges, information security
concerns, lack of collaboration, and issues with information accessibility and sharing.
It concludes by suggesting future research directions to further refine the passports
for optimised use by construction industry stakeholders.

18.1 Introduction

18.1.1 Motivation

Current trends reveal an alarming pattern of resource consumption surpassing
sustainable limits. The European Commission, in its new European Circular
Economy Action Plan (ECEAP) (2020) foresee a potential doubling of mineral,
biomass, metal, and fossil fuel consumption in the next four decades, coupled with a
70% surge in annual waste generation by 2050. The recent energy crisis sparked by
Russia’s war in Ukraine underscores the imperative for European countries to estab-
lish robust independence from external resources, emphasising the need to harness
internal resources to create a more sustainable system [60]. In response to this chal-
lenge, the Circular economy (CE) emerges as a pivotal solution for resource preser-
vation [85]. This approach focuses on minimising both resource consumption and
waste generation, thereby mitigating environmental impact of industries.

At the core of the European Union’s strategies for the forthcoming years is the
ambitious goal of achieving total decarbonisation by 2050 included in The European
Green Deal [40]. According to the EU report Closing the Loop—An EU Action Plan
for the Circular Economy [39], to realise this objective, one of the key strategies
for CE involves maximising recycling and renovation rates. By doing so, the aim is
to diminish reliance on primary resources [9]. The ECEAP (2020) takes a compre-
hensive approach, intending to transform consumption patterns and prevent waste
generation. It emphasises the creation of a well-functioning internal market for high
quality secondary raw materials, reinforcing reusing and recycling efforts. In this
sense, Europe is committed to leading the global transition to a CE, offering influ-
ence, expertise and financial resources to achieve the 2030 Sustainable Development
Goals in accordance with Agenda 2030.
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18.1.2 Circular Economy in the Construction Sector

The construction sector, a fundamental pillar of the global economy, is one of the
largest energy consumers and contributors to environmental degradation and resource
consumption. It accounts for 37% of global energy-related CO, emissions [35], 40—
50% of raw material consumption worldwide and over 35% of all waste generated
in the EU, as reported by Eurostats 2016 in the EU report for a cleaner and more
competitive Europe (2020). Given this significant impact, there is a pressing need to
address energy and resource consumption by rethinking building related-practices
and operations. This includes accelerating building renovations and extending the
value of construction materials and components, aligning with CE principles.

Current EU renovation rates do not exceed 0.2% for energy renovations on
average, while EU targets outlined in the report for A Renovation Wave for Europe
(2020) aim to double these figures by 2030, and foster deep renovations (Sibileau
et al. 2021). One of the recognised CE strategies to that aim is urban mining, which
according to [84], involves the exploration and observation of materials “in the infras-
tructure, buildings, and movables” (p. 667), as well as mining of waste, already
included in the classic concept of recycling. In words of Munaro and Tavares [102],
“the concept of urban mining (...) are closely related to the CE as an effort to reduce
resource consumption while keeping goods and products as long as possible in the
economic cycle” (p. 776).

Further advancing CE in construction involves the adoption of flexible building
designs to accommodate future modifications. This is facilitated by developing tools
and methods that support circular building design, such as design for disassembly
and design for adaptability. These approaches enable efficient material tracking along
value chains, optimising resource use and supporting circular pathways like recy-
cling, reuse, refurbishment, and remanufacturing. Essential to these efforts are Mate-
rial and Building Passports (MPs and BPs), which serve as critical tools guiding the
management of materials and buildings throughout their life cycles.

18.1.3 Digital Technologies for the Construction Sector

Digitalisation in construction is one of the major goals in the EU digitalisation action
plan. Digital technologies have been widely investigated as important enablers to
foster efficient construction-related processes and operations. Tools such as big data,
artificial intelligence (AI), blockchain and the Internet of things (IoT), among others,
are witnessing ongoing efforts to be employed in serving construction processes with
a focus on the implementation of CE principles [26]. A special focus is given to
Building Information Modelling (BIM) for its capacity to enhance multiple aspects
of building sustainability, circularity and management during the entire lifecycle.
BIM plays key role in the design phase by appraising the best alternatives, in the use
phase by planning effective maintenance, and in the end-of-life phase by managing
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deconstruction and material recovery and reuse. Moreover, BIM is often used in
collaboration with other digital tools to synergise their capabilities for enhanced
decision-making. A prominent example is the synergy between BIM and MPs, which
brings benefits in tracking materials and providing information on how they can be
used most effectively in terms of sustainability and circularity. The role of digital
technologies transcends the focus on optimising the technical aspects of construction
to also promote process aspects, including ensuring the connectivity of value chain
stakeholders by providing access to information through centralised systems. The
multiple capabilities of digital technologies provide the construction sector with new
opportunities to shift from traditional business models to circular business models.
One such model is the Product-service system (PSS), which has been acknowledged
as an important business model innovation for achieving a digitalisation-enabled CE
[26].

18.1.4 Twin Transition Through Digitalised Circularity

Circularity can significantly enhance the quality of products in terms of function-
ality, safety, efficiency, affordability, and durability, particularly through designing
for reuse, repair and recycling. Concurrently, the ECEAP (2020) states that digi-
talisation is intended to “bring about a better quality of life, innovative jobs and
upgraded knowledge and skills” (p. 2). The twin transition to a green and digital
built environment can be exemplified through synergising CE principles with digital
technologies, thereby amplifying the individual impacts of each concept.

Digital tools hold significant potential to support CE in Architecture, Engineering
and Construction (AEC) in multiple ways, such as resource assessment and the
prediction and optimisation of upcoming waste and recycling masses [88]. This
is achieved by leveraging digitalisation capabilities to foster efficient use of circu-
larity concepts by enabling real-time monitoring, enhanced management, proactive
planning and scenario simulation and comparison for effective decision-making.

The chapter sheds light on one example of digitalisation and CE synergies through
the use of MPs and BPs—CE-promoted concepts—within a digital environment. This
collaboration enhances circularity in building processes and materials, providing
multiple benefits and showcasing the potential of integrated approaches in driving
sustainable practices in the construction sector.

18.1.5 Study Scope and Structure

MPs and BPs provide high potential in the transition to a CE and digitalisation. This
includes raising awareness of building performance among all involved stakeholders
and end users, digitally storing large amounts of information, serving as consultation
tools for stakeholders before any lifecycle intervention or renovation action, aiding
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in energy management, recording building operation activities and material data, and
providing a common language for all stakeholders through standardisation of data
and indicators.

The role and importance of MPs and BPs have been widely recognised in recent
literature on digital tools and technologies enabling circularity in buildings. Examples
include review studies on digital tools such as those by [20, 23, 122], and [72],
which underscore the role of passports in driving digital transformation. Conversely,
other studies highlight the passports’ role in supporting circularity concepts and the
implementation of lifecycle thinking, such as those by Benachio et al. [52], Luscuere
[94], and Liu & Ramakrishna [91].

Given this context, the need for passports is easily justified by their role in
supporting the twin transition to a circular and digital built environment. This chapter
sheds light on the roles and benefits of passports. Section 2 presents the historical
background on the development of passports and their variants, including different
definitions and terminological variations introduced by literature studies, along with
standardisation and regulatory initiatives. Section 3 provides an overview of passport
applications at various scales in the built environment, including composition require-
ments and methods for data collection. Section 4 offers insights into the four main
roles of passports in supporting circularity in buildings and material value chains.
Section 5 explores examples of synergies between passports and BIM applications.
Section 6 details examples of passport applications and commercialisation efforts.
Section 7 highlights the main barriers and challenges to the uptake of passports and
the leveraging of their full potential. Finally, Sect. 8 discusses and concludes with
avenues for further development in this research field.

18.2 Passports Development and Variations

18.2.1 Historical Background and Passports Evolution

The term Building Passport have existed in Europe for decades. Its origin dates
back nearly 30 years, to the mid-90 s, when the “Building Passport” appeared in
Germany [118] and the “Det digitaleenergimarke” arose in Denmark [41]. Despite
these old roots, there is no universally agreed-upon definition of the tool, and different
approaches—from energy performance to technological data—have coexisted across
various European regions [118]. What seems to be unanimous is that BPs are tools
that provide relevant information on buildings to various stakeholders in the building
sector, from users to technicians, financiers, or insurers. However, the content and
format differ among the various initiatives.

In 2002, Energy Performance Certificates (EPCs) were introduced through the
first Energy Performance of Buildings Directive (EPBD) -Directive 22/91/EC-, with
the aim of making the assessment of the energy performance of European buildings
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more transparent [50]. However, its update, Directive 2010/31/EU (“Energy Perfor-
mance of Buildings Directive” or “EPBD”), became the main legal instrument in the
European Union to provide binding standards. In 2019, the Commission issued two
recommendations on building renovation and on building modernisation based on the
2018 EPBD revision to facilitate the Directive’s by member states. Furthermore, the
EPBD expanded the scope of technical building systems subject to mandatory regular
inspections or alternative measures based on automation and control, or electronic
monitoring in certain non-residential buildings. The “Fit for 55” Package mandates
that all new buildings should be transformed into zero-emission buildings by 2030,
and existing buildings should be transformed into zero-emission buildings by 2050.
The European parliament formally adopted the laws on April 18th 2023.

This event was very relevant for the development of BPs, since some authors
consider that EPCs were the predecessors of a BP typology: The Building Renovation
Passport (BRP) [118]. What differentiates them is that, in addition to providing a
diagnosis of the building with a focus on energy performance, BRPs go one step
further, detailing the measures needed to transform the assessed building into a
zero-emission building by 2050 [46].

Unlike the BP, which was relegated to national or regional initiatives, the BRP
has been included in European legislation due to its potential to trigger building
renovation, which is a European priority. In 2021, through the first version of the
proposal for the EPBD recast, the BRP was given an officially agreed-upon defini-
tion—slightly modified in the 2023 amended version of the Directive—and an agreed
common scheme will be developed to be applicable to all EU Member States in the
near future.

The recent development around the BRP contrasts with the fact that the first
scientific article addressing the BRP dates back to 1982 [36]. However, no significant
developments were identified until 2016, when the Buildings Performance Institute
Europe (BPIE) proposed a non-official definition of the tool [50].

In parallel, in recent years, another type of similar passports, known as the Material
Passport, has been developed. MPs have the objective of gathering and storing data on
the materials that make up buildings, providing valuable information to analyse build-
ings’ circularity and facilitate decision-making on recovery, recycling and reuse [68].
The concept of MPs traces back to earlier discussions on similar concepts; notably,
[108] referred to a similar idea as the “Product Passport”. However, [11] assert that
the concept first appeared in Germany in 1997. The term “Material Passport” was
formally introduced by McDonough and Braungart (2003) who envisioned it as a
tracking code with molecular markers. Currently, this concept is being introduced
into European legislation as the Digital Product Passport (DPP), whose definition
and content are detailed in the proposal for a new Ecodesign for Sustainable Products
Regulation (ESPR), published in 2022 [45. While the DPP does not focus specifically
on building materials specifically, it includes them.

As stated by [18], MPs can stand alone or be an integral part of a multifunctional
system, such BPs. In this regard, the European Commission is developing a new
tool—the European Digital Building Logbook (DBL)— that will serve as a repository
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for all data, documents and certificates related to buildings, such as EPCs, BRPs and
MPs-DPPs.

Despite the fact that the DBL has often been considered one of the two components
that make up the BRP, it was introduced as an autonomous tool at the European scale
in the Renovation Wave strategy in 2020 [55]. The first definition of the DBL was
provided in the initial proposal for the EPBD recast in 2021.

18.2.2 Definitions and Terminologies for Passport Variants

Many formal and informal definitions and terminologies have been proposed for the
passports, resulting in different variants. However, while the term “Material Passport”
is the most commonly used, ‘“Product Passport” is technically more accurate. This
is because the most valuable passports encompass a broader range of information
beyond basic material data (such as type, geometric dimensions, mass, or volume),
including lifecycle and circularity-related product information, such as reuse and
recycling potentials [123]. This aligns with the common goal of the passports,
which is to provide information on the composition of components and materials,
the origin (whether from primary or secondary source), reuse and recycling value,
and other circularity features (e.g., disassembly guidelines, hazardous content). The
passports enable dynamic accessibility to this information by relevant stakeholders
throughout an element’s lifecycle, providing a history timeline and future pathways.
Some studies offer variations in definitions to highlight specific purposes, such as
“Recycling Passports” focusing on the recycling phase and related aspects [66],
or “Building Renovation Passports” concentrating on renovation requirements and
relevant information.

At the building scale, multiple passport variants have emerged to highlight
building cases at specific lifecycle stages or specific condition to help manage
building operation and other process. Among those are:

e Digital Building Logbook: A comprehensive dataset containing all relevant
building data, including data related to energy performance such as energy perfor-
mance certificates, renovation passports and smart readiness indicators, as well as
data related to the lifecycle GWP, which facilitates informed decision making and
information sharing within the construction sector, and among building owners
and occupants, financial institutions and public bodies (Directive (EU) 2024/
1275).

e Building passport): This passport collects the most important performance char-
acteristics and technological data of a building as well as various building-related
documents (plans, calculations, lists and declarations of materials and products
used, operating and maintenance guidelines, etc. [118].

e Building renovation passport: The term first used by Eichstadt [36], referring to
existing buildings. Like the BP, it consists of the DBL to store the data, and a
roadmap to guide end users through a step-by-step retrofit process.



514 G. Leindecker et al.

Roadmap for Building Renovation: A guiding document tailored to particular
cases, fitting user needs and intervention possibilities at specific points in the
lifecycle [50].

At the material scale, various definitions and types of passports address multiple

aspects to enhance product traceability and integrate the CE philosophy into supply
chain management [123]. MPs can be manual records of materials, including their
impacts and supply chains, or they can be digitally represented on an online plat-
form linked to a Structured Query Language (SQL) database. SQL is a relational
database that organises structured tables with highly detailed information, enabling
the creation, storage, updating and retrieval of data. Some of the definitions of
passport variants in materials are:

Material passport: A qualitative and quantitative documentation of the mate-
rial composition of a building, highlighting embedded materials, their recycling
potential, and environmental impact [7].

Product Passport: A MP with a digital interface that provides a certified identity
of a single product by accessing product-linked life cycle registrations. It offers
insights into the sustainability and circularity characteristics, circularity value
estimation, and circularity opportunities for both the product and its components
[123].

Digital Product Passport: Defined by the EC as a digital data set accessible through
a data carrier to electronically register, process and share product-related informa-
tion among supply chain businesses, authorities and consumers. The DPP would
provide information on the origin, composition, and repair and disassembly possi-
bilities of a product, including how the various components can be recycled or
disposed of at end of life. This information can enable the upscaling of CE strate-
gies such as predictive maintenance, repair, remanufacturing and recycling. It also
informs consumers and other stakeholders of the sustainability characteristics of
products and materials [60].

Nutrient Passport: Introduced by [62], this passport highlights the importance of
reclaimed materials as nutrients for other industrial processes.

Recycling Passport: A detailed yet straightforward information source for profes-
sional dismantling and disposal. It provides essential data on material composi-
tion, appliance weight, accessibility, and hazardous substances. Spanning four to
five pages, it focuses on product identification, details the removal of device cover
plates, and includes supportive illustrations [66].

Resource Passport: a standardised format that records data about a product or
material, such as composition, origin, volume, and quality. It serves as a centralised
information system, giving each product or material a unique identity, similar to
an ID card, and enabling easy comparison and use across value chains [30].

Despite the lack of standardisation and agreed-upon definition, these passports

play a crucial role in advancing the CE by providing detailed information on material
composition, recycling potential, and environmental impact. They facilitate better
decision-making across the supply chain, promote sustainability, and enable efficient
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resource management. As the industry continues to evolve, developing a standardised
framework for these passports will be essential to ensure consistency, interoperability,
and widespread adoption, ultimately enhancing the transparency and circularity of
material flows in the built environment.

18.2.3 Regulations and Standards

The role of standards in harmonising technical requirements and facilitating the
adoption of MPs and BPs has been significant. These standards are crucial for their
recognition and uptake across the industry and value chain stakeholders. The recast
of the EPBD had a strong effect on harmonising the key building energy metrics,
culminating in the development of practical BPs.

The new Standard EN 17,680 (European Standard: Final Draft: Sustainability
of construction works—Evaluation of the potential for sustainable refurbishment
of buildings FprEN 17,680) stands as a benchmark for circularity in the building
sector. It introduces a system for the sustainability assessment of buildings through
a lifecycle approach. The adoption of EN 17,680 serves as a new guide for evalu-
ating existing buildings and outlining steps for circular refurbishment processes. Its
classification system is designed to aid in identifying subsequent actions in renova-
tion projects, thus providing critical data for BPs. However, this standard sometimes
overlooks local climate conditions and traditional architectural styles. For instance,
the lack of an air conditioning system in a building is classified as a Class 3 indicator,
denoting a “Catastrophic and Action Needed” status. Such generalisations indicate
that while the standard is promising, it requires refinement to ensure it is both realistic
and applicable in diverse contexts.

In parallel, MPs are addressed under ISO 37 101 (Sustainable development in
communities—Management system for sustainable development—Requirements
with guidance for use), which aims to evaluate performance. Yet, this standard falls
short of providing a clear metric for the indexing of materials, which remains a
critical gap for effective implementation.

Regarding regulatory terminology within the EU, the term “Product Passport”
has become standard. The Ecodesign for Sustainable Products Regulation (ESPR)
introduces the Digital Product Passport (DPP) as a pivotal tool for enhancing the
traceability of products and their components. Despite its potential, the DPP primarily
targets products rather than building materials, failing to fully address the intricacies
of material indexing within the construction sector. This distinction underscores the
need for ongoing refinement in regulations to ensure they effectively encompass the
specific needs and complexities of building materials and sustainability assessments.
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18.3 Application Scope and Requirements

18.3.1 Application Scales

The passports can be used to promote circularity at different scales, from materials
through individual buildings to urban clusters and cities. Their application on a
larger urban scale can support the estimation of current stock of certain materials
important to circularity, such as steel, and facilitate their urban mining. The smart
city initiative follows this approach in a reversed way, progressing from regional
level to the building scale.

MPs are important tools to support circularity practices in all stages of a building’s
lifecycle. During the design phase, passports guarantee that all materials and compo-
nents in a building are designed for easy reuse, recovery and repair in the future.
This helps conceptualise buildings as material banks, optimising the design while
minimising the use of primary resources. By ensuring that all materials and compo-
nents are designed for disassembly, a waste-free CE can be achieved. The novelty
of MPs at this stage lies in providing precise determination of embedded materials,
which helps optimise the design. In the operation phase, passports serve as key tools
for efficient maintenance and repair. They provide detailed information on material
composition and condition, allowing for proactive management and extending the
lifespan of building components. At the end-of-life phase, passports offer circular
pathways for environmentally-sound alternatives through reuse, upcycle and recover.
They promote the most advantageous circularity options, ensuring that materials are
effectively repurposed and waste is reduced.

Ideally, passports should be prepared and used before the construction phase.
In this case, they serve to create specific scenarios for informed decision-making
strategies for data management and governance. However, developing passports for
existing buildings using other digital tools like scanning and technologies and plan
analysis can greatly benefit stakeholders by aiding maintenance decisions and under-
standing the current quality of specific materials. This is also important for renovation
projects by evaluating and comparing scenarios.

18.3.2 Owutlines and Structure

Almost every passport relies on a digital representation of the physical composition
and technical characteristics of an object. Although there is a wide variety of MP
variants with multiple characteristics and types of information, the most frequent
contents include quality conditions, service history, maintenance guidelines, safety
recommendations, recycling potential and guidelines, object value, environmental
performance indicators, Environmental Product Declarations (EPDs), and energy
certificates [123]. Other circularity features and indicators may also be incorporated,
although this is not commonly adopted by existing studies.
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Given the large number of BPs worldwide, each with its own structure, presenting
a precise outline and structure is challenging. However, there is growing interest in
creating a common EU-wide BRP. In this regard, the BPIE [50] proposed a common
structure applicable throughout the EU, which has been widely accepted in the liter-
ature. The BRP has usually been considered to be made up of two parts: a data
repository or DBL and a renovation roadmap, which details all the steps needed to
achieve the final goal, based on the data stored in the DBL.

Currently, efforts are underway to define a European DBL model, aiming to
specify the indicators or data fields that the document must include. Although there
is still no consensus on these indicators, the categories that should be included are
becoming clearer.

18.3.3 Data Sources and Data Acquisition Methods

There are numerous databases that provide valuable information to feed BPs creation.
Among these are national cadastres and land registries, as well as EPC registries.
However, in some countries, different sources exist at the national and/or regional
level, making it difficult to create a comprehensive picture of the situation across
Europe. Furthermore, although there are databases at the European scale, such as
those included in the Building Stock Observatory (BSO), they host very scarce data.

To collect information that is not stored or accessible through existing databases,
new data sources have been identified in the literature. These include the use of new
technologies for data acquisition, such as 3D scanning and smart monitoring, and the
use of upcoming EU tools to support circularity and energy efficiency, such as the
Level(s) framework or the Smart Readiness Indicator (SRI). These tools are expected
to generate valuable data on the building stock [56].

Defining the exact material volume and composition in an existing building to
build its MPs can be a challenging procedure due to the lack of existing data. This chal-
lenge is amplified by the wide range of data required for each material, the involve-
ment of various stakeholders in the data collection process, and the need to keep this
information constantly updated throughout the building’s life cycle [102]. Various
methods can be used to obtain the required data, such as using of Ground Penetrating
Radar (GPR) to define materials composition [67]. GPR sends and receives electro-
magnetic waves, illustrating the waves’ energy. Through this procedure, the material
densities collected can be compared with material inventories, however, this method
contains a degree of uncertainty.

When the MP aims to facilitate the demolition of a building and waste manage-
ment, techniques like coupling Geographic Information System (GIS) with street
photographs to define cladding materials and roof type can be found in the litera-
ture [83]. In another study, a building’s material identification was conducted via a
Demolition Acquisition (DA) and an Urban Mining Assessment (UMA) [70]. DA
is a survey conducted during the pre-demolition waste audit, during which data is
collected through visual assessment, while additional chemical analyses can also be
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conducted. These methods can be combined with other invasive techniques to acquire
a more precise view of the elements’ stratification and the materials’ composition if
the building is about to be demolished.

A very useful framework has been developed for existing social housing stocks,
where data sources have been defined for each data category, along with all the
involved stakeholders [25]. In particular, for the general building information, public
records can be used, while general information regarding products can be retrieved
from third-party websites. General product properties can be defined by scanning
techniques used by site inspectors, while product properties regarding hazardous
materials, safety and environmental issues can be defined using drone and satellite
images, along with data retrieved by waste repositories. All the collected data anal-
ysed by safety inspectors, and the operational condition of the products can also be
retrieved from housing images. Finally, images and scanning technologies can be
used by engineers and reuse companies to determine the end-of-life aspects.

18.3.4 Inventory Supply Chain and Data Management Tools
Jor Passports

The characteristics of inventory supply chains in the construction industry necessitate
a variety of information and collaboration system requirements, including afford-
ability and system adaptability. Construction inventory supply chains are distin-
guished by the participation of numerous businesses from a wide range of crafts [74].
Therefore, coordination and transparency are necessary for information sharing and
system integration [112]. Due to the dynamic nature of construction supply chains and
the frequent changes in organisational structure and project teams, it is challenging
for project participants to work together long enough to develop sufficient trust and
openly share knowledge. To achieve high recycling rates in the building sector, it is
crucial to gather comprehensive information regarding the material composition of
buildings. Since buildings are typically unique projects tailored to specific factors
such as location, climate, orientation, and available technologies, understanding their
material composition is essential [69]. Therefore, there is a necessity for new inven-
tory supply chain methods and tools to establish a secondary raw materials registry
that catalogs the materials integrated into the building stock. Early design stages
are critical for determining the future recycling potential of buildings because deci-
sions on material composition are made during this phase. To enhance the recy-
cling potential of buildings, planners require innovative design-oriented tools and
methodologies. The primary challenge hindering the assessment of recycling poten-
tial is the absence of methods to visualise the material composition and evaluate the
recyclability of buildings.

Numerous initiatives are being undertaken in the manufacturing sector to develop
strategies, technologies, and tools to facilitate communication and collaboration
among supply chain actors. Some companies use Electronic Data Change (EDI)
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or Enterprise Resource Planning (ERP) systems to support various company opera-
tions. Accessing and combining these dispersed data sources and systems should be
possible through a supply chain integration system. Nevertheless, different projects
may require various system functions based on factors such as project organisations,
planning and management scopes, hardware and software used by stakeholders, and
the materials and components involved in the project [99]. The functionality of a
pre-packaged commercial ERP system is often complex and expensive to adjust
for business applications in building projects. Application Programming Interfaces
(APIs) are widely used to extend the functionality of software programmes like CAD
applications. The usability of systems will be substantially improved if collaborative
systems for enterprise-wide integration can easily extend their capabilities [127].

The Internet and information technology are now being used to enhance cross-
organisational partnerships in the construction sector. Examples include web-based
design and learning collaborations, document and information management, and
project monitoring and management [32]. Current methods of web-based commu-
nication and collaboration in the construction sector are categorised in Fig. 18.1.
More and more construction projects are using Construction Project Extranets (CPE)
and Web-based Project Management Systems (WPMS) to assist communication.
Web-based project management systems (WPMS) and construction project extranets
(CPE) in particular are being utilised more frequently to assist communication in
construction projects [14, 107, 125]. However, constraints such as security concerns,
alack of management commitment, high costs, and deployment rigidity often prevent
the use of these tools in the construction business [92]. The literature discusses
Service-oriented Architecture (SOA) as a viable solution to this issue.

In this strategy, information sources and software features are provided as sepa-
rate, stand-alone service units, which are then dispersed across a network and inte-
grated to construct business applications to tackle challenging issues. SOA allows
supply chains to be dynamically reconfigured, making them more flexible to changing
business models, expanding internationalisation, and improving coordination [81].
Using the SOA methodology, information sources and systems are transformed into
modular service components that they can be found, used, and discovered by other
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Fig. 18.1 Generic form of web-based collaborative tools for communication and information
sharing (Adapted from [27])
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Fig. 18.2 Service-oriented architecture framework (Adapted from [79])

applications via a standard protocol [111]. The service’s component parts can be used
by other applications or network-based services. The essential elements of service-
oriented architecture are the services on which applications are based. For example, a
collaboration service, or CollServ X, is an application that calls the ServiceA_client
and the ServiceB_client, as shown in Fig. 18.2.

Each customer will call the appropriate service in turn. A service can also be an
orchestration of other services, as is the case with CollServ Y, which orchestrates
Services C, D, and F. Various languages can be used for specifying CollServ Y when
Web service technology is used to implement SOA, such as BPEL (Business Process
Execution Language) or BPEL4WS (Business Process Execution Language for Web
Services), and BPML (Business Process Management Language).

Web portal technology allows for the aggregation of dispersed web services. A web
portal is a web-based platform that serves as a doorway to a more extensive system
or network of web applications [29]. It is a valuable tool for combining dispersed,
distributed information and services into a single point of access, regardless of their
location or storage method. Web portlets, which are small programmes that contain
one or more web applications, are the fundamental operational components of a
portal system. Portlets need to be housed in a portal system in order to be visible and
accessible because they only produce a portion of a complete HTML code. Multiple
information sources and applications can be retrieved, accessed, and merged into
one another through the portal system. In other words, web portals are frequently
used to create intranets for managing material and documents within businesses.
They function as a collection point for data storage, publication, and retrieval. Web
portals enable system administrators to manage vast amounts of data in a consolidated
manner while allowing users to securely access sensitive personal information, thanks
to their security and customisability. Building portal systems for cross-organisational
collaboration is another current trend.
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18.4 Passports Values in Promoting Circularity
in Buildings

Numerous benefits of MPs and BPs have been highlighted by literature studies
and practical examples, demonstrating their potential to support the digital-enabled
circular transition in the construction sector. These benefits encompass both technical
and process-related aspects. Technically, passports facilitate a better understanding
of circularity practices for materials and buildings, enabling efficient calculations and
scenario comparisons across different lifecycle stages. Process-wise, they enhance
efficiency through data sharing and improved accessibility for stakeholders. In the
following paragraphs four main uses of MPs and BPs in supporting both technical
and process aspects are discussed.

18.4.1 Certification and Integration into Sustainability
Schemes

Several tools and methodologies have been developed in recent years to facilitate
early-stage building design with an emphasis on sustainability through life-cycle
assessment (LCA). These tools aim to evaluate the environmental, economic, and
social impacts of building designs. Some of the tools use a building element tool,
that is a material catalogue in combination with construction properties.

The BIM-LCA Method by Basbagill et al. from 2013 integrates Building Infor-
mation Modelling (BIM), LCA, and energy simulation. This method is designed
to help architects rapidly determine the building components that contribute the
most to embodied impact. It uses a combination of user inputs and a proprietary
AEC database to perform carbon footprint calculations, energy simulations, and an
embodied carbon sensitivity analysis.

Hollberg et al. in 2020 developed a Parametric LCA Tool that provides LCA
estimates from minimal inputs and becomes more accurate as more detailed data is
provided. The tool’s data spans across four levels of detail, namely building, element,
component, and material. If certain data is missing, the tool approximates that infor-
mation from the next highest level of detail. It accesses material data through a
Grasshopper plugin, sourcing from the Bombyx and Swiss Bauteilkatalog databases.

Furthermore, the BIM-LCA Workflow proposed by Kaushal et al. in 2022 investi-
gates the current BIM-LCA workflows and suggests potential workflows for different
design phases. The methodology they proposed includes a two-phase design process:
The project specification phase and the competition design phase. They also offer
guidelines on BIM-based LCA for various stakeholders, ranging from architects to
national organisations.

Among the various tools mentioned, BauteilKatalog stands out as a web-based
tool designed for early design stages. It offers LCA calculations based on the KBOB
database. Eco-Sai and Minergie Eco are additional tools that facilitate LCA and
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energy simulations at different design stages, drawing information from databases
such as KBOB and Okobaudat. The web-based application, One Click LCA, is
versatile and caters to all design stages, providing LCA calculations using the KBOB
database. For thermal calculations in the late design stage, Enercad and Enerweb are
prominent tools leveraging the KBOB database.

A notable method introduced by Soust-Verdaguer et al. in 2022 is the BIM-based
Life Cycle Sustainability Assessment (LCSA). This method suggests a way to link
Industry Foundation Classes (IFC) file components in BIM models to a specific
cost estimation data structure known as BCCA. They emphasised the potential of
modelling foundational and structural elements in the early design stages. Following
this, Llatas et al. in 2020 presented an implementation of this method that links IFC
properties in BIM to a variety of data sources, which then evaluate the design in
terms of environmental, economic, and employment data.

The trend is clearly moving towards integrating BIM with LCA in the early design
stages, ensuring that buildings are designed with sustainability and environmental
consciousness in mind.

Information from sustainability certification schemes such as LEED, BREEAM,
DGNB or other framework such as Level(s), its individual criteria, building’s Energy
Performance Certificate (EPC) and modelling, conducting material flow analysis
(MFA), Life Cycle Assessment (LCA) and Life Cycle Cost (LCC), could be easily
incorporated into MPs and BPs [64].

For example, DGNB (Deutsche Gesellschaft fiir Nachhaltiges Bauen, in English
the German Sustainable Building Council) is a German certification system devel-
oped for evaluating the sustainability of buildings. At the annual digital congress
dedicated to the development of the DGNB, a key tool for collecting documenta-
tion—the new Building Material Passport—was launched. The official website has
published a full version and a short version, depending on how much building infor-
mation is available. The MP is presented as a fillable template based on a building
component catalogue, BIM model export or building cataloguing in appropriate
tools. It comprises six main categories and 25 aspects, both mandatory and optional.
Looking forward, this passport serves as the foundation for a sustainable closed-loop
economy in construction, where all lifecycle stages, from design to reuse and recy-
cling, are closely linked and interconnected. Transparency regarding material data,
cost and origin is essential [33].

In 2019, the BREEAM Approved Innovative Applications project developed the
Building Materials Passport through a parametric translation process to create a prac-
tical and widespread application of the concept [17]. This initiative utilised existing
BIM data, and through the creation of a parametric translation script, successfully
converted this data into a format suitable for the Building Materials Passport. This
pioneering work not only demonstrated the feasibility of the concept but also showed
its scalability and potential for wider application. Furthermore, the inclusion of this
innovative project in the BREEAM list of approved innovative applications demon-
strates its recognition in the field of sustainable construction and will soon appear in
the evaluation manuals.
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Goswein et al. [59] proposed a new framework for Circular Material Passport
(CMP) harmonised with the EU Level(s) framework using basic sustainability indi-
cators for buildings. This framework can be used as a theoretical guideline to
further development of CMPs. The design considers relevant indicators within the
Level(s) framework, viewed through the ‘“Resource Efficient and Circular Material
Life Cycles” macro objective. It aims to provide detailed information regarding the
use, location and amount of the materials, their method of connection, as well as
their potential for future reuse, recovery or recycling.

18.4.2 End-Of-Life and CDW Management

When analysing end-of-life and Construction and Demolition Waste (CDW) manage-
ment in a CE, the first point of reference should be the waste hierarchy, part of the
Waste Framework Directive, which defines the most effective ways of managing
waste [47, 86]. The hierarchy emphasises waste prevention as the most effective
method of waste management [1]. For CDW, this could involve leveraging modern
technologies such as additive manufacturing for building applications [98]. Regula-
tory documents advocate considering such alternatives connected with methods of
production for construction elements or whole structures. Following the hierarchy,
the next appropriate form of waste management is reuse. For CDW management,
modularity and ease of assembly and disassembly of building elements are crucial
for maximising recovery [11, 114]. Effective product reuse requires the use of MPs
containing information about parameters for reusing particular elements. Notably,
this waste management approach is typically more economical than conventional
recycling, making it appealing to companies [85]. In all these cases, MPs should
be linked with lifecycle inventory data to evaluate the environmental impacts of the
building materials and guide best practices for deconstruction [97].

The subsequent steps in the waste hierarchy are recycling and energy recovery.
While these methods should be used when prevention and reuse are not possible,
they remain the most practical methods for CDW management and should be devel-
oped further. Recycling CDW is challenging due to the variety of materials used in
construction and their local specifications [51]. Designing a comprehensive method
for separating and recycling these materials is a daunting task. In this regard, MPs
can facilitate the processing of CDW by providing detailed information on mate-
rial composition. Moreover, documents such as Waste Material Passports (WMPs)
can aid in cross-jurisdictional trading and minimise information asymmetry between
parties [93, 126] These documents should include information such as material types,
properties, circularity options, handling history, and more, with the potential for
further expansion [93].

Overall, in the context of end-of-life and CDW management, MP methods are key
in providing recycling potential and assessing the environmental impact of materials
embedded in buildings. They ensure the selection of the most suitable route for waste
management for a building at its end-of-life stage [70].
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18.4.3 Renovation and Rehabilitation Projects

The building sector plays a crucial role in achieving the EU’s decarbonisation objec-
tives, as the current European building stock is highly inefficient. Renovating build-
ings is the most effective way to improve their energy efficiency. However, the current
renovation rate is very low (around 0.4—1.2%), far below the 3% recommended by
the European Commission (EPBD (EU) 2018/844).

Several barriers hinder the increase in renovation rates, including technical chal-
lenges, administrative burdens, a lack of construction professionals, and difficulty in
accessing funding. Additionally, according to [49, 118], a recurring issue is the lack
of knowledge about which measures to implement in a renovation process and how
to execute them effectively.

BPs or BRPs play a crucial role in addressing these challenges. They collect all
the relevant data on a building and provide a tailored renovation roadmap, guiding
the building owner through the entire renovation process. This helps overcome the
barriers to renovation by offering clear, actionable information and support.

18.5 Integrating Material and Building Passports into BIM
Models

The construction sector is a prolific consumer of resources, energy, and carbon,
surpassing other industrial sectors. This intensive consumption results in substan-
tial construction and demolition waste (CDW), which represents up to 30% of the
EU’s waste stream [4]. CDW is generated at various stages of a building’s life cycle,
including during construction due to design faults, on-site errors, workflow confu-
sion, unexpected equipment failures, rehabilitation, and at the end of the lifecycle
(EoL) when the building’s service life concludes [4, 10, 61]. The evaluation of the
effects of each building component on overall waste reduction rate in buildings has
been poorly implemented due to existing standard quantitative control methodolo-
gies [121]. Consequently, there has not been a thorough inspection of landfill sites
using the typical CE model procedures to mitigate landfill risk and prevent illegal
building waste heaps during the Movement Control Order (MCO) period [77].

To address these challenges, innovative approaches are necessary, including inte-
grated design and the adoption of automated technologies to effectively manage
CDW. Intelligent waste recycling management systems, which benefit from advance-
ments in waste reduction information and clean technologies, significantly improve
the design and material efficiency of waste processing or treatment facilities and
supply chain construction plans.

Resource conservation, waste reduction and salvaging building materials are
cornerstones of the CE. In this regards, similar to MPs and BPs, BIM has been
widely investigated as technological advancements to achieve these CE objectives.
BIM plays an integral role in promoting waste hierarchy strategies across different
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Fig. 18.3 The scheme of 3D- Geometry
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building lifecycle stages, with a particular emphasis on end-of-life management
strategies such as deconstruction (see Fig. 18.3 for the different dimensions of BIM
supporting CE objectives).

BIM is an intelligent, object-oriented model that ensures any changes in object
properties (quantity or quality) are automatically updated across all model views,
sections, and schedules. It facilitates the automatic calculation of the total volume of
materials, their qualities, and object dimensions.

Significant literature underscores BIM’s potential in this area. Akanbi et al. (2018)
developed a BIM-based whole-life performance estimator aimed at maximising the
lifespan and utility of building materials, treating buildings and their components as
potential resource mines even after their primary lifecycle ends (Lismont & Allacker
2019). Akinade et al. [5] introduced a BIM-based Deconstructability Assessment
Score (BIM-DAS), showcasing the potential of BIM. Furthermore, Sanchez et al.
(2021) proposed a BIM-based framework to support the disassembly and reuse of
building components. Additionally, Cheng and Ma (2013) discussed a BIM-based
system specifically designed for estimating and planning demolition and renovation
waste, highlighting BIM’s capability in resource estimation and waste reduction.

Arora et al. (2020) explored the use of BIM to effectively identify and optimise
urban mining opportunities, emphasising the potential to recover and reuse building
components. [65] investigated the calculation and evaluation of circularity indica-
tors using BIM, highlighting its relevance in understanding the built environment’s
sustainability metrics.

Given the potential opportunities of using BIM to enhance CE strategies, the inte-
gration of MPs and BPs into BIM models offers a promising pathway for advancing
circularity principles in the construction sector. BIM’s robust capabilities, combined
with the tracking systems and data collection provided by MPs and BPs, enable stake-
holders to make more informed decisions that align with CE principles. This ensures
efficient resource usage and significant waste reduction. This section explores the
value of integrating MPs and BPs within BIM and discusses the practical applications
of this integration for enhancing circularity and sustainability in construction.
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18.5.1 BIM-Based Material Passports

MPs promote circularity, sustainability, and waste reduction in the construction
sector. Their contribution and effectiveness can be significantly enhanced with new
technologies such as BIM. The integration of MPs in BIM models is a field gathering
a surging research interest. Currently, international literature shows efforts to connect
MPs with BIM for both new and existing buildings, using various technologies.

For existing buildings, an as-built BIM model was created within the framework
of the SCI_BIM project. Researchers evaluated a building’s energy performance,
optimised it, and examined its recycling potential [67]. They used laser scanning
to record the building’s geometry and Ground Penetrating Radar (GPR) scanning
to detect and evaluate the building’s material composition. The BIM model was
generated based on the point cloud data gathered during the scanning processes. Two
discipline models were then generated to assess energy consumption and the building
material use. After optimising the building’s energy performance, they created an MP
for its materials composition and recycling potential. Through gamification, building
users could interact with the BIM model containing all this information. Challenges
with GPR scanning in existing buildings include interference from furniture and
users, and a pre-demolition audit may be necessary for more precise perception of
the building materials [70, 87].

For new constructions, Honic et al. [69] developed a BIM-based MP to assess
the environmental impact and recycling potential of construction materials. They
used BIM software for building modelling and the Material Inventory and Analysis
Tool BuildingOne (BO) for bi-directional data communication and synchronisation
between the BIM model and the MP, opting not to use the IFC format due to its
limitations in this regard. They used the Austrian IBO database and developed a data-
stakeholder management framework to address challenges in data and stakeholder
management. [11] incorporated the MPs into BIM models using Revit, creating
twelve shared parameters to automate sustainability assessment. They modelled
sustainability indicators with the Dynamo visual programming tool and validated
their approach in a building case study, recording reduced calculation time and error
elimination with the digitalised MPs. Reference [21] created an MP for a sandwich
panel using the BAMB framework, integrating it into a BIM model developed in
Revit, which can generate IFC files. They worked on LOD500 (Level of Develop-
ment) to associate MP data with the BIM model, manually correlating MP parameters
with Revit fields due to inconsistencies. The required data were exported in a.txt file
and the process was repeated for the rest of the products.

The integration of MPs into BIM models is a developing field, with many
researchers working on relevant models to promote circularity. Such models can
also be useful for the assessment of agricultural waste for suitability as construc-
tion material substitutes [124], potentially eliminating hazardous substances. [115]
proposed the integration of BIM-based MPs in architectural, civil engineering and
environmental engineering school curricula to raise awareness and familiarisation
with circularity and sustainability measures among students.
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18.5.2 BIM-Based Building Passports

Unlike the numerous studies existing on the integration of the MPs into BIM, only a
few examine the combination of BPs with BIMs. BPs encompass a wider range
of information about a building than BIMs. Consequently, most existing litera-
ture focusses on linking BIMs to DBLs as a data source. According to Gomez-Gil
et al. [55], BIMs, as part of Digital Twins development, can provide various data
about a construction, including general information, architectural survey/geometry,
construction details, material inventory, predictive maintenance plans, building
systems features, accessibility conditions, what-if analysis, performance optimi-
sation, real-time energy use measurement, behavioural insights, water resources
assessment, health and comfort assessment, and lifecycle optimisation.

Among the different forms developed for the DBL within European projects,
the one created by the BIM4EEB project was designed to be stored in the BIM
Management System (BIMMS). This allows all involved stakeholders access to the
data, which can be updated or enriched at any time [31]. The DBL proposed by the
EUB SuperHub Horizon project consists of eight main categories, with the eighth
named “Building Documentation BIM”. Various documents related to the building
and a BIM model are inserted into the DBL using IFC files to manage the latter
(MalinovecPucek et al. 2023). A similar category for the DBL structure was proposed
in the ALDREN BuildLog, whose sixth module is named “Documentation and BIM”
[119]. Other developed DBLs, like X-Tendo Logbook and Study EU DBL can also
be integrated into BIM models, with BIM forming an indicator in both [55].

Another example is the LdE-e tool, which aims to enhance multifamily building
renovations by combining the BRP and Scheduled Renovations Roadmap into one
tool [38]. The integration of BIM and blockchain technologies into LdE-e promises
optimal results. The technology, already adopted by Spanish regulations based on
the eCOB standard of the IFC files, is used to achieve the desired integration of
BIM into the LdE-e. The hierarchal “tree structure” of the IFC files facilitates the
exchange of building data. The BIM files can be stored in the tool’s Warehouse (P0),
accessible to all involved stakeholders. However, BIM’s integration is feasible only
for new constructions and their future renovations, as existing buildings typically
lack precise and detailed data.

Coupling BIM models and BPs remains an active research field. Interoperability
is crucial for a successful connection between these two technologies. The IFC data
format is the most commonly identified solution in existing studies, though other
options are available or under development. For instance, the Ecodomus software
developed by Siemens supports BIM-based digital twins using data from BIMs or
point clouds, allowing for data export to excel files [55].

The construction sector seems eager to employ BIM in design for deconstruction
(DfD) tools to enhance lifecycle management and data transparency. The collabora-
tive nature of BIM is particularly appealing to those involved in BIM-based building
projects. However, it the capability of BIM tools to hold extensive information that is
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Fig. 18.4 A modified framework of the interconnection between deconstruction, DfD and
secondary material streams with the Materials/Components Bank (M/C Bank) (Adapted from [19])

more attractive to professionals working in DfD [13, 78, 106]. Figure 18.4 provides
an example of the information necessary for DfD models.

This is partially due to the massive amount of documentation required for DfD
and the uncertainty regarding the timing of future deconstruction actions, when such
documents must be provided. Considering EoL scenarios, it is feasible to add a layer
of information to each BIM item to prepare for future EoL applications, such as
deconstruction guidelines, guarantees, environmental assessment scores, and legal
requirements [5, 103]. As part of a sustainable and circular Building Stock 4.0, BIM
not only aids in deconstruction planning and execution but also fosters a culture of
digital deconstruction [22].
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18.6 MPs and BPs European Initiatives and Pilots

Several initiatives and pilot platforms were developed to introduce and refine
proposals for the generation, composition, and utilisation patterns of passports. These
initiatives provided insights into the requirements, usage conditions, and challenges
associated with passports.

For BPs, various H2020 projects were developed before the tool was introduced
by continental legislation:

e iBRoad—Individual Building (Renovation) Roadmaps (IBRoad 2023). This
project aims to address the barriers to building renovation by implementing Indi-
vidual Building Renovation Roadmaps. These roadmaps guide building owners
through the renovation process providing tailored step-by-step plans (iBRoad-
Plan), designed using data from a building logbook (iBRoad-Log), which acts as
a data repository. The primary focus of iBRoad’s is on single-family houses. Pilot
tests of this initiative were conducted in Bulgaria, Poland, and Portugal.

e ALDREN Project—Alliance for Deep RENovation in Buildings (ALDREN
2023). ALDREN aims to overcome market barriers hindering growth of renova-
tion projects by proposing a voluntary, modular framework that implements the
European Voluntary Certification Scheme (EVCS) to assess the energy perfor-
mance of buildings on a unified European basis. The framework consists of four
standalone modules: Energy Rating and Target, Energy Verification, Comfort and
Well-being, and Cost Value Risk. It also includes two reporting tools: the Euro-
pean Voluntary Certificate (EVC) and the Building Renovation Passport (BRP),
which features the ALDREN BuildLog (a data repository), and the ALDREN
RenoMap. This framework is tailored for non-residential buildings, mainly hotels
and offices, and was tested in France, Spain, Slovakia, the United Kingdom, and
Italy.

As for MPs, multiple initiatives were made providing online platforms and
applications of the passports. Examples include:

e The BAMB Project: The “BAMB2020 - Building As Material Banks” project,
initiated under the EU’s Horizon 2020 framework, represents a pioneering effortin
the adoption of circular construction practices. The project is noted for developing
an electronic MP, serving as a comprehensive repository for material information
crucial for recovery and reuse. This passport includes detailed data on mate-
rials’ physical, chemical, and biological characteristics, health data, transporta-
tion details, and more, aimed at facilitating effective evaluation and certification
[64].

e Although historically the concept of MP was first introduced in 1997 in Germany,
encapsulating information about operational costs, quality of use, building
services, and technical properties [11], The BAMB2020’s approach is consid-
ered the first exhaustive implementation of such a passport in the construction
sector. Significant outcomes of the BAMB project include the establishment of
MP reports that enhance the industry’s capacity to leverage materials for reuse
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and waste reduction. Currently, the BAMB platform is in prototype mode and
available exclusively to industry partners for testing purposes.

e Madaster Platform: Madaster exemplifies the commercial application of Building
Material Passports (BMPs). This digital platform, based in the Netherlands, acts as
an extensive online library for materials and products accounting (Madaster 2023).
The Madaster platform supports both BIM files and traditional Excel spreadsheets.
An MP is created from a set of source files uploaded to the platform. The platform
allows the creation of several databases at different levels, and categorisation of
materials based on the six shearing layers of buildings as identified in Brand’s
model: Site, Structure, Skin, Services, Space plan and Stuff [16]. Through this
platform, stakeholders can ascertain the financial and residual value of materials,
manage material cycles, and calculate circularity indicators for the construction,
use and end-of-life phases [65]. Circularise Platform: Circularise is a commer-
cial blockchain-based Digital Product Passport (DPP) platform originating from
the Netherlands. It provides worldwide companies with traceability software
to monitor product and material details such as origin, certification, and CO2
emissions. The platform enhances supply chain transparency by using tangible
data carriers and ensures the confidentiality of information among supply chain
members. This feature potentially optimises communication between value chain
stakeholders, making interactions easier and faster. The project has successfully
collaborated with the municipality of Amsterdam in the construction industry. Its
software facilitated detailed traceability throughout the supply chain of a concrete
manufacturer and a company that converts workwear into polymer infrastructure
elements. The project securely transferred vital data to the City of Amsterdam
without compromising data confidentiality [28].

Positive pilot cases show, that sharing MPs in a digital platform could form an
Internet of Materials that would support designers and engineers in developing more
sustainable and circular products [109].

18.7 Barriers and Challenges Against the Uptake
of the Passports

18.7.1 Lack of Legislations and Standards

The absence of standardised guidelines for passports hinders their widespread adop-
tion and practicality. Currently, there is no official agreement on a unified definition
of passports and their defining features [123]. Various types of passports exist, each
with different information formats, categorisations, taxonomies, terminologies, and
guidelines. These differences lead to varying scopes and system boundaries for the
information provided [69].
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Standardisation in passports is crucial to facilitate data linkage and exchange
among different passport stakeholders across supply and value chains [123].
However, achieving this standardisation poses significant challenges due to diverse
stakeholder requirements, varying degrees of detail, and the need for proper categori-
sation of information. Additionally, recording continuous data updates throughout
the system lifecycle can be complex, especially when materials or components are
reused across cycles, creating issues with transferring relevant information.

Moreover, evolving regulations can impact data consistency, particularly in long-
life products like buildings [101, 102, 123] (Munaro et al. 2019; Munaro& Tavares
2021; [123]). To mitigate data variability and enhance compatibility, standardised
building catalogues and classification systems are utilised. These measures ensure
accuracy in data interoperability, exchange, and linkage.

An effective approach involves supporting these standardised systems with a
central registry that issues a Unified Object Identifier (UOI) for each main object.
This enables stakeholders to access all relevant information about an object or any
of its elements without the need for central data registration [123]. Such a system
streamlines access and promotes efficient data handling for all involved parties.

Given the fact that there is no standard definition of BRPs, Sesana and Salvalai
[118] gathered together the potentialities and barriers regarding the BRPs in their
review of different ongoing and proposed initiatives. The review is aimed at finding
a definition of this particular tool based on what has been already developed by
different countries.

Regulations and perceptions on quality also play a key role [120]. In Munaro et al.
[101], the main challenges for the introduction of BMP are discussed, emphasising
the need for joint action based on political initiatives and regulations that allow and
facilitate circularity practices in construction. Besides, ISO endeavours and stan-
dardisation, and creation of Product Circularity Data Sheet (PCDS) can be found in
[100]. The importance of policy development for the promotion of a standardised
and regulated use of this tool needs to be highlighted [59]. A major concern is that
such WMPs are not issued by authorities that can guarantee authentication [126].

Furthermore, the Indexing of material into a numbering schema is a considerable
barrier and needs to be addressed in further standardisation efforts.

18.7.2 Insufficient Stakeholders Collaboration
and Unbalanced Responsibilities

The identification of involved actors along with their respective roles in the passports
creation and operation is crucial to support proper governance throughout a product’s
lifecycle, including extraction and origin, manufacturing, transportation, utilisation
and maintenance and lastly disposal, recycling or reuse [123]. To achieve this objec-
tive, a multi-stakeholder network must collaborate and hold various responsibilities
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to provide required data to meet information flow in multiple chains including owner-
ship, governance, financial and production chains that are associated with the main
value chain [123]. These information requirements must be provided by and circu-
lated among the stakeholders involved in each of the four aforementioned chains to
ensure proper management to support decision-making regarding acquisition, main-
tenance and user requirements. The imposed barrier in this context is the lack of
collaboration among the stakeholders in terms of balancing the responsibilities. This
happens when a specific group of stakeholders deals with the information acquisition
and registration while the others only benefit from the provided registry for their own
interests.

The data and stakeholder management framework presents the required collabo-
ration of various stakeholders in order to achieve a successful implementation of the
MP in the AEC industry [69]. Furthermore, the vertical integration of trades and long-
term relationships with suppliers improve transparency and reduce fragmentation in
information flow [80].

18.7.3 Lack of Data Availability and Accessibility

A significant body of research highlights the challenges in data availability and
accessibility within the context of digitalisation and the CE. [26] conducted a litera-
ture review on digitalisation technologies and their integration into CE, identifying
several barriers. These include policy-related factors, unpredictability, psycholog-
ical factors and vulnerability in information security, which collectively impede the
digitalisation-led CE transition.

Furthermore, studies on the specific availability and accessibility of MP-relevant
information have been conducted. For instance, [80] analysed data practices at a
prominent Swedish industrialised housing construction firm, uncovering a critical
lack of accessible and shared information about materials. Similarly, Panza, Faveto,
et al. [109] pointed out a significant gap in shared material information, which is
crucial for enhancing transparency and efficiency. The research also underscores
the necessity of systematic data collection and public data provision to ensure the
practical applicability of CE strategies. Schiitzenhofer et al. [116] emphasised this
in the context of lacking data, which hinders effective implementation. Additionally,
Munaro et al. [101] identified barriers in developing Building Material Passports
(BMP) concerning life cycle assessment (LCA) data and end-of-life material infor-
mation, highlighting the complexities involved in data management throughout a
building’s lifecycle.

Gomez-Gil et al. [57, 58] further explored the challenges associated with data
acquisition for MPs and BPs, which are essential tools for accumulating and
managing data across a building’s lifespan. They noted that much of the required data
remains paper-based or locked within private databases, complicating data collec-
tion efforts. Moreover, the lack of interoperability among numerous public open data
sources presents additional obstacles to data sharing and integration.
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Overall, addressing these challenges requires developing strategic approaches to
manage and correlate the vast amounts of data generated during a building’s lifecycle,
ensuring the effectiveness of MPs and BPs as gateways to sustainable construction
practices.

18.7.4 Financial Barriers

The widespread adoption of MPs faces significant economic challenges, primarily
stemming from the high capital and operational costs [102, 123]. Although the bene-
fits of passports can be substantial in the long term, many stakeholders may not
perceive the initial data registration costs as justified, especially those seeking short-
term profitability [123]. Some stakeholders view passports as a potential threat, as
they reveal data that can create a competitive disadvantage for their businesses [120].
To address this conflict, it is essential to ensure that the benefits of MPs are shared
among all value chain stakeholders. Developing appropriate business models can
help achieve this goal [102, 120, 123].

However, integrating critical information about circularity into passports may
face challenges due to limited interest in materials reuse and the narrow adoption of
secondary materials. These materials often have lower safety standards, uncertain
service life, and may not be as profitable for market players, which can influence
circularity practices such as recycling and material recovery through disassembly
[123]. In relation to cost efficiency, there is a financial barrier to overcome as storage,
transport, and handling of recycled material can be, in some cases, costlier than the
use of fresh material (e.g., recycled concrete).

To minimise the financial risks associated with passport adoption, the govern-
ment’s role becomes crucial. By providing regulatory frameworks for market uptake
and ensuring the prevention of unpleasant behaviour from certain commercial entities
that control information exchange, governments can foster a conducive environment
for the successful use of passports [123].

18.7.5 Lack of Knowledge and Expertise

Kirchherr [82] thoroughly analysed the absence of a precise definition of the CE
concept and how this ambiguity can serve as a barrier to its full implementation.
This issue is also applicable to MPs and BPs, where many stakeholders, including
developers, architects, and builders, remain unfamiliar with the benefits and opera-
tional aspects of these tools. Currently, the primary tool widely used in this sector
that implicitly promotes building improvement is the Energy Performance Certificate
(EPC). However, the EPC is limited in its ability to provide tailored information to
encourage renovation [49]. As Kirchherr [82] pointed out, “it is oftentimes not high-
lighted that CE necessitates a systemic shift” (p. 221) and not merely the adoption
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of the recycle-reduce-reuse concept (the 3R framework). One of the most frequently
cited barriers is the lack of knowledge regarding where to begin, what actions to take,
and the sequence in which measures should be implemented. The underdevelopment
of techniques, standard definitions, and guidelines for their application continues to
impede the full adoption of CE within an industry that is traditionally conservative
and resistant to adopting new practices and technologies without clear short-term
benefits [82].

Challenges and barriers related to the lack of knowledge and expertise on MPs
and BPs are well documented in the literature. Munaro [102] concluded that there
is a dearth of information on best practices and examples that could facilitate the
implementation of these tools in the construction sector. Theoretical guidance is
needed for actors involved in supply chains to enable them to harness the benefits
of MPs. It should be clearly articulated how MPs will contribute to making the
system more sustainable, as well as how they will foster new business opportunities,
innovation strategies, and communication technology systems.

Regarding the digital transition, [24] identified twelve challenges that impede the
broader adoption of digital technologies including the passports in the social housing
sector. Among these challenges, those related to unfamiliarity with technological
aspects revealed that interviewees were uncertain about data requirements and lacked
guidance on data management mechanisms. Furthermore, as noted by Kirchherr
[82], there is often a reluctance within the social housing sector to adopt advanced
technologies in day-to-day operations. This reluctance is compounded by a corporate
culture that is not committed to making significant investment decisions necessary
for systemic change. Market challenges arise when organisations fail to see short-
term benefits in developing full MPs for new buildings that will be utilised in the
long term, and they often find it more feasible to develop MPs for existing buildings
prior to demolition. However, the question remains: how can the new and existing
building sectors be brought together to adopt circular strategies?

The rapid evolution of technologies and construction methods necessitates that
passport systems be continuously updated, which presents a challenge. Additionally,
in the context of achieving a circular system, the updating of information on the
materials and components of a building throughout its lifecycle must be encouraged,
which is an ongoing and time-consuming task. Overall, the adoption of these tools and
their full implementation within the system must be part of a strategy of continuous
technological evolution. As Selman and Gade [117] observed, CE remains a complex
issue with many unresolved aspects, and it is imperative that stakeholders act as true
intermediaries, raising awareness of progress towards sustainability objectives.

18.8 Discussion and Conclusions

MPs and BPs represent pivotal tools in the design of circular buildings. The MP
serves as a comprehensive record, aimed at facilitating the implementation and moni-
toring of buildings’ circularity by gathering and preserving data about the materials
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constituting buildings, aiding in decisions regarding recovery, recycling, and reuse.
However, the adoption of MPs is hindered by significant challenges such as the need
for transparency and the protection of data confidentiality. Ensuring that the data
in MPs is accessible to relevant stakeholders is essential for driving practical and
actionable outcomes.

On the other hand, BPs have been acknowledged as instrumental in providing
essential information to various players in the building sector, including users, tech-
nicians, financiers, and insurers. Yet, these tools vary significantly in format and
content across different projects.

The evolution of the BP has laid a foundation for assessing building energy
performance in a standardised format. However, the standardisation of MPs, while
progressing, lacks the same level of detail and international consensus seen in
other standards, such as those demonstrated by initiatives like BAMB2020. There
remains no comprehensive international standard for indexing building mate-
rials for circularity. Furthermore, the proper management of this data requires
robust information exchange among all stakeholders involved in the lifecycle of
a building, from construction to maintenance to decommissioning, to facilitate
informed decision-making.

Financial barriers also play a critical role, as the costs associated with the transport,
storage, and upgrading of used building materials must be evaluated to offset potential
quality reductions from reuse and recycling. Government involvement is crucial in
mitigating the financial risks associated with the adoption of passports, through the
establishment of regulatory frameworks that encourage market adoption and prevent
monopolistic practices by firms controlling information exchanges.

Furthermore, the literature suggests leveraging BIM as comprehensive reposito-
ries of building data, which could enhance the utility of MPs by providing accurate
and detailed information (Khosakitchalert, Yabuki, and Fukuda 2019). However,
challenges persist, especially in existing buildings where BIM-based quantity take-
off needs significant accuracy improvements for complex elements to ensure the
reliability of the data within MPs.

Additional barriers include the lack of market knowledge and unclear stakeholder
responsibilities. Some stakeholders perceive passports as a threat to their competitive
edge due to the transparency they bring. To overcome these challenges, the benefits
of passports must be equitably distributed among all stakeholders in the value chain.

From current practices, it is evident that standardising the format and ensuring
interoperability of data in MPs and BPs is necessary. Adopting a light set of open data
standards—either directly by the industry or through the development of European
and global standards—could catalyse this harmonisation. Given the global chal-
lenges of resource scarcity and climate change, which have shifted societal values
and heightened demands for sectoral transparency, it is imperative to align produc-
tion and consumption patterns with sustainable development goals. Stakeholders are
increasingly committed to environmental and societal responsibilities, making the
availability of measurable, reportable, and verifiable data crucial. Such data not only
supports investment and financial decisions but also aids in setting baselines and
targets for climate-related strategies in both developed and developing markets.
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