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Abstract

The European Union’s ambition to achieve a climate-neutral building stock by 2050 is hindered by persistently low
rates of deep renovation. Existing instruments, such as Energy Performance Certificates (EPCs), fall short in guiding the
complex, phased retrofitting of inefficient buildings. In response, Building Renovation Passports (BRPs) have emerged
as strategic tools offering tailored, step-by-step renovation roadmaps. However, their development and implementation
remain challenging due to conceptual, technical, and policy-related issues. This paper presents a systematic literature
review of BRPs and related instruments, following the PRISMA protocol. Searches in Scopus and Web of Science identi-
fied 116 eligible studies published up to June 2025. The review establishes a conceptual framework distinguishing BRPs
from Digital Building Logbooks (DBLs), Material Passports (MPs), and Digital Product Passports (DPPs), and synthesises
findings across three dominant themes: (1) conceptual and methodological proposals, (2) digital tool development, and
(3) policy and regulatory analyses. Results reveal strong technological progress but limited empirical validation of BRPs
in real-world contexts. Key tensions include standardisation versus customisation, technology-centric versus user-centric
design, persistent issues with data quality, and energy-centred versus multi-dimensional planning. The paper concludes by
outlining a research agenda prioritising longitudinal studies, socio-technical approaches, and scalable business models to
bridge the gap between conceptual promise and practical adoption. The review is restricted to English-language sources,
a single-reviewer screening process, and a predominantly European focus, which may omit relevant insights from other
regions.

Abbreviations MITECO  Ministry for the Ecological Transition and the
ALDREN Alliance for Deep RENovation in Buildings Demographic Challenge

BAMB Buildings as Material Banks MP Material Passport

BIM Building Information Modelling MPI Monitoring and Performance Indicator
BRP Building Renovation Passport NPV Net Present Value

DBL Digital Building Logbook NZEB Nearly Zero—Energy Building

DPP Digital Product Passport PRISMA  Preferred Reporting Items for Systematic
EPC Energy Performance Certificate Reviews and Meta—Analyses

EPBD Energy Performance of Buildings Directive SRI Smart Readiness Indicator

EVCS European Voluntary Certification Scheme WoS Web of Science

GHG Greenhouse Gas

IEQ Indoor Environmental Quality

IFC Industry Foundation Classes 1 Introduction

INE National Statistics Institute

LdE—e Libro del Edificio Electronico 1.1 Initial Considerations

With the growing impact of climate change, reducing green-
house gas emissions has emerged as a global priority, par-
ticularly in developed countries. The building sector is a
key contributor to this effort, as buildings are responsible
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emissions [1]. In response, the European Union has estab-
lished ambitious policies to achieve climate neutrality by
2050, with the European Green Deal [2] serving as the over-
arching strategy to guide this transition.

Within the European Union (EU), the scale of the chal-
lenge posed by the building sector is substantial. Buildings
account for approximately 40% of the energy consumption
and are projected to generate 36% of the EU’s total CO,
emissions by 2050. A primary reason for this is that approxi-
mately 75% of the European building stock is energy inef-
ficient [3, 4]. To address this, the Energy Performance of
Buildings Directive (EPBD) was established as a key leg-
islative framework to improve the energy efficiency of
buildings across Europe. The directive aims to unlock the
significant potential of renovations, which could reduce the
European Union’s total energy consumption by 11.7% by
2030 [4].

To achieve these goals, the EPBD establishes nearly
zero-energy building (NZEB) standards, sets minimum
energy performance requirements, promotes the integration
of renewable energy sources, and introduces financial incen-
tives. Despite these regulatory efforts, the renovation rate of
the existing building stock remains critically low, averag-
ing only about 0.2% per year [5, 6]. Furthermore, only a
small fraction of the residential building sector undergoes
deep renovation [7]. To accelerate this transformation of the
building stock, the Renovation Wave initiative was intro-
duced, aiming to at least double the current renovation rate
while promoting resource efficiency, circularity, and deep
renovations [8]. Such initiatives are particularly crucial for
regions with ageing building stock, highlighting the essen-
tial role of long-term national renovation strategies in fos-
tering an environmentally sustainable and energy-efficient
building sector [7]. Nonetheless, a range of persistent barri-
ers, including high upfront costs, information asymmetries,
market fragmentation, and limited stakeholder coordina-
tion, continue to impede widespread adoption of deep ren-
ovations, as many building owners and investors lack the
knowledge or guidance required to identify the most effec-
tive retrofit strategies [9].

Within this context, there is growing recognition that
existing tools, such as Energy Performance Certificates
(EPCs), are inadequate for guiding long-term renova-
tion efforts [10]. While EPCs have played a useful role
in assessing building energy performance, they were not
designed to support the dynamic, stepwise nature of deep
renovation processes [11, 12]. As static assessments, they
provide limited practical value for owners seeking to plan
and implement comprehensive, phased retrofit strategies.
Consequently, their impact in driving ambitious renovation
actions has been limited.
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Building Renovation Passports (BRPs) have emerged
as a strategic response to these limitations. BRPs are for-
ward-looking instruments designed to support deep renova-
tion through a personalised, step-by-step roadmap [4, 13].
Unlike EPCs, BRPs are designed to support phased inter-
ventions over time, helping owners avoid lock-in effects and
optimise costs, energy performance, and comfort [14]. The
concept was formalised in the revised EPBD and is central
to the EU Renovation Wave strategy, which aims to dou-
ble renovation rates and achieve a climate-neutral building
stock by 2050 [4, 13]. Typically, BRPs combine two com-
ponents: a Digital Building Logbook (DBL), consolidating
building data, and a renovation roadmap, outlining recom-
mended measures, expected energy savings, and co-benefits
such as improved indoor environmental quality (IEQ).

Several European initiatives have piloted BRPs [15-19],
each with varying levels of digital maturity and integration
of IEQ or financial indicators. While these projects demon-
strate the conceptual and technical feasibility of BRPs, their
real-world adoption remains limited. Empirical evidence on
whether BRPs accelerate renovation rates or deliver pre-
dicted energy savings is scarce, and implementation faces
persistent challenges such as fragmented data sources, lack
of interoperability, and insufficient user engagement. These
gaps highlight the need for research that transcends con-
ceptual frameworks to achieve longitudinal validation and
socio-technical integration.

However, current implementations of BRPs tend to con-
centrate predominantly on energy performance metrics [4,
20]. This narrow focus, while aligned with climate miti-
gation goals, often overlooks other critical dimensions of
building performance and sustainability. Indeed, a growing
body of research emphasises that achieving a truly sustain-
able built environment requires a multi-objective approach,
treating energy efficiency, indoor environmental quality
(IEQ), and occupant well-being as inherently interconnected
objectives [21]. While IEQ is increasingly recognised in
renovation strategies, covering aspects such as thermal
comfort, air quality, lighting, and acoustics, well-being
remains less operationalised due to its subjective nature and
the absence of universally accepted metrics. Nevertheless,
well-being can be indirectly addressed through proxies such
as health-related indicators (e.g., reduction of indoor pol-
lutants), comfort surveys, and adaptive design features that
enhance user satisfaction [22]. Integrating these dimensions
into Building Renovation Passports is essential to ensure not
only energy performance but also improved living condi-
tions, social acceptance, and long-term value for occupants
[9, 23]. Future frameworks should therefore explore com-
posite KPIs that combine physical IEQ metrics with quali-
tative assessments of well-being, enabling a more holistic
evaluation of renovation outcomes.
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1.2 Aims and Objectives

This article presents a systematic literature review that criti-
cally assesses the evolving field of Building Renovation
Passports (BRPs). Foundational reviews have effectively
established the conceptual basis for BRPs and catalogued
initial implementation barriers [9, 24]. However, as the
field matures, a new and more fundamental challenge has
emerged. While sophisticated, intelligent frameworks using
machine learning are already being developed to optimise
the design of new nearly zero-energy buildings across mul-
tiple objectives, such as cost, carbon, and comfort [25], a
comparable level of data-driven, holistic optimisation is
largely absent from the tools available for the existing build-
ing stock.

The unique objective of this study is therefore not to
repeat previous work, but to demonstrate that the primary
challenge has shifted from conceptual design to a profound
empirical validation gap. By synthesising the most recent
literature, this review aims to:

1) Analyse the current state of conceptual and tool devel-
opment and digital tools related to BRPs;

2) Identify the key tensions between technological solu-
tions, policy frameworks, and user perspectives;

3) Examine how the lack of real-world evidence affects
large-scale deployment, as well as the strategies pro-
posed in the literature to address this limitation.

A further challenge in the BRP literature is the lack of con-
ceptual clarity. BRPs are frequently discussed alongside, or
conflated with, related instruments such as Digital Build-
ing Logbooks (DBLs), Material Passports (MPs), and Digi-
tal Product Passports (DPPs). This overlap in terminology
complicates comparison across studies and weakens the
consistency of existing evidence. For this reason, Sect. 2
establishes a clear conceptual framework by distinguishing
these instruments, clarifying their roles within the renova-
tion ecosystem, and outlining their interdependencies. This
clarification is essential to ensure a consistent basis for the
systematic review.

To achieve the stated objectives, this study adopts a
systematic literature review methodology following the
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) protocol to ensure a transpar-
ent and rigorous approach [26]. The detailed methodology,
including the search strategy and inclusion criteria, is pre-
sented in Sect. 3.

The remainder of this study is structured as follows: Sect.
2 establishes the ontological framework and key definitions.
Section 3 details the systematic review methodology. Sec-
tion 4 presents the results of the review, which are analysed

and discussed in Sect. 5. Section 6 concludes by summaris-
ing the main findings and outlining their implications for
research and practice.

2 Background and Conceptual Foundations
2.1 The Challenge of Terminological Ambiguity

The growing emphasis on sustainable building practices has
led to several digital tools and documentation frameworks
to improve transparency, circularity, and long-term renova-
tion planning. However, terminological ambiguity persists,
with overlapping yet distinct concepts such as Building
Renovation Passports (BRPs), Digital Building Logbooks
(DBLs), Material Passports (MPs), and Digital Product
Passports (DPPs) often used interchangeably in policy and
research. Despite their frequent appearance in the literature
and regulatory frameworks, the boundaries between these
instruments remain insufficiently defined, frequently lead-
ing to conceptual ambiguity and inconsistent implementa-
tion. Clarifying the distinctions and commonalities among
these terms is essential not only for establishing a coher-
ent terminological framework but also for supporting the
development of the present study, which relies on a clear
understanding of the specific functions and interrelations of
these digital tools within the context of building lifecycle
management and renovation strategies.

To better understand their respective roles and interac-
tions, it is useful to view these tools as part of a layered digi-
tal ecosystem, ranging from product-level data to strategic
building-level planning.

To address this ambiguity, the following subsections
provide a structured overview of the digital instruments
underpinning renovation strategies. Section 2.2 focuses on
building-level tools, namely BRPs and DBLs, which form
the strategic core of renovation planning [4, 27]. Section 2.3
examines component-level instruments, including MPs and
DPPs, which enable detailed material traceability and sup-
port circularity objectives [28, 29]. Finally, Sect. 2.4 dis-
cusses the integration of these instruments into a cohesive
framework, highlighting how product-level and building-
level data converge to inform long-term renovation road-
maps [29, 30]. This layered approach reflects the structure
proposed in recent studies on digital ecosystems for sustain-
able construction [29].

2.2 Building-Level Instruments
At the core of strategic renovation planning are two key

instruments: the Building Renovation Passport (BRP) and
the Digital Building Logbook (DBL).
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The concept of BRP was initially introduced in the litera-
ture as a tool to support the energy-efficient transformation
of buildings [27]. Early studies, such as Fabri et al. [13],
described BRP as structured documents either in digital or
physical format, providing a long-term renovation roadmap
tailored to individual buildings. However, the absence of a
universally accepted definition led to varying interpretations
across research and policy frameworks.

In 2024, the revised Energy Performance of Buildings
Directive (EPBD) provided a clear and standardised defini-
tion of a Renovation Passport (RP), describing it as “a tai-
lored roadmap for deep renovation of a specific building,
structured in a maximum number of steps that will signifi-
cantly improve its energy performance” [4]. This defini-
tion underscores the strategic function of BRPs in steering
individual buildings toward deep energy renovation and
decarbonisation. In parallel, the EPBD also strengthens
the planning and governance dimension through the intro-
duction of “national building renovation plans” (NBRPs),
which replace the former long-term renovation strategies
[4]. These plans require Member States to set national tar-
gets, detail investment and financing frameworks, and align
with the overarching objective of achieving a highly energy-
efficient and decarbonised building stock by 2050. While
BRPs focus on the micro-level transformation of individual
buildings, national building renovation plans operate at the
macro level, forming part of an integrated policy architec-
ture that links directly with National Energy and Climate
Plans under Regulation (EU) 2018/1999 [31].

A BRP generally consists of two interconnected compo-
nents: the Digital Building Logbook (DBL) and a tailored
renovation roadmap [4, 27]. The DBL functions as a com-
prehensive, centralised repository of building-related data,
designed to support transparency, traceability, and informed
decision-making across the building sector. It consolidates
diverse information, including energy performance indica-
tors such as energy consumption profiles, Energy Perfor-
mance Certificates (EPCs), and Smart Readiness Indicators,
as well as administrative and technical records like cadastral
data (e.g., official property registration information, includ-
ing boundaries, ownership, and parcel details), construction
permits, renovation histories, material specifications, and
maintenance documentation. By compiling this information
in a structured and accessible format, the DBL provides a
reliable foundation for informed decision-making across
stakeholders, from owners and occupants to financial insti-
tutions and public authorities [4]. Complementing the DBL,
the renovation roadmap provides a long-term, step-by-step
strategy for upgrading the building to achieve high energy
performance and ultimately achieve zero-emission status.
Typically designed for implementation over a 15-20 year
horizon, the roadmap outlines recommended renovation
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measures, expected improvements in energy efficiency,
indicative costs, and co-benefits such as improved indoor
environmental quality and potential health benefits for
occupants, as well as predicted operational cost reductions
[4, 27].

Despite the acknowledged potential of renovation road-
maps to improve not only energy performance but also IEQ,
current regulatory frameworks treat IEQ as a secondary con-
sideration, with limited integration into mandatory require-
ments. Annex II of the revised EPBD, which structures
national renovation plans, includes IEQ only as an optional
policy consideration (Art. (c)(i)), devoid of measurable tar-
gets or thresholds. Similarly, Annex VIII requires Renova-
tion Passports to include general information on health and
IEQ (Art. 1(h)), yet excludes them from core performance
metrics such as energy savings, GHG reductions, or cost
estimates (Art. 1(e)). In the same way, Annex V permits, but
does not mandate, the use of indoor environmental sensor
data in EPCs. This regulatory asymmetry reveals a systemic
prioritisation of energy efficiency over health outcomes,
despite evidence linking IEQ to productivity and well-being
[4].

According to the EPBD, renovation passports play a key
role in enabling staged deep renovations, offering a “clear
roadmap” that supports the optimal timing and scope of
interventions, while avoiding the higher costs and environ-
mental impacts often associated with fragmented renovation
efforts. While currently a voluntary instrument, Member
States are encouraged to promote their availability, ensur-
ing they do not impose a disproportionate administrative or
financial burden on building owners [4].

2.3 Component-Level Instruments

Although BRPs and DBLs provide valuable strategic direc-
tion at the building level, their real impact increasingly
depends on access to detailed data at the material and prod-
uct level [28]. This has given rise to emerging frameworks
such as Material Passports (MPs) and Digital Product Pass-
ports (DPPs). Both are designed to promote transparency
and enable more informed, data-driven decisions, yet they
differ notably in their purpose, scope, and regulatory foun-
dations [29].

Material Passports are developed specifically for the
construction sector and serve as structured digital records
that describe the composition, environmental performance,
and potential reuse or recycling pathways of materials used
in buildings and infrastructure [29]. Their primary purpose
is to promote resource recovery, reduce construction and
demolition waste, and support sustainable design practices.
Practical implementations of MPs have been developed in
initiatives such as Buildings as Material Banks (BAMB)
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[32] and those led by the UK Green Building Council
(UKGBC) [33].

Complementing MPs, Digital Product Passports (DPPs)
represent a more expansive framework with cross-sector
applicability. Mandated by the European Commission under
the Ecodesign for Sustainable Products Regulation (ESPR)
[30], DPPs are designed to provide standardised, interop-
erable, and lifecycle-wide product data, from raw mate-
rial extraction to end-of-life treatment. Initially targeting
industries such as textiles, electronics, and batteries, DPPs
are expected to be extended progressively to the construc-
tion sector. Their overarching aim is to enhance regulatory
compliance, enable circular business models, and empower
stakeholders to make informed choices about sustainable
production and consumption [29].

The key distinction lies in their scope and regulatory
context: MPs are focused specifically on the construction
ecosystem and are generally adopted on a voluntary basis,
while DPPs apply across multiple industrial sectors and are
being embedded in EU legislation [29]. Nevertheless, both
contribute to the same overarching goal of enabling circu-
larity by improving access to reliable material and product
data. In this sense, MPs may be viewed as a sector-specific
subset of the broader DPP framework.

DIGITAL BUILDING LOGBOOK

Technical & Admin
Records

Energy Performance
Data

Maintenance &
Materials
Digital Product Passports
(DPPs)
Material Passports
(MPs)

INPUTS

BUILDING
RENOVATION
PASSPORT

2.4 An Integrated Framework: From Products to
Buildings

The true potential of these digital tools lies in their inte-
gration. MPs and DPPs interface with DBLs and BRPs by
enriching the underlying data infrastructure of buildings.
DBLs, as comprehensive information platforms, have the
potential to integrate DPP and MP data, offering a more
detailed and holistic picture of a building’s components and
material flows. This integration directly supports the formu-
lation of more precise renovation strategies within BRPs
by ensuring that recommended interventions are based on
current, product-specific information. Thus, MPs and DPPs
contribute the necessary granularity to building-scale tools
like DBLs and BRPs.

To visually represent these interconnections, Fig. 1 illus-
trates the functional hierarchy, data flow, and integration
pathways between DPPs, MPs, DBLs, and BRPs, empha-
sising how detailed material and product data underpin stra-
tegic renovation planning at the building level.

3 Methods
3.1 The Review Protocol

This paper conducted a systematic literature review, follow-
ing the Preferred Reporting Items for Systematic Reviews

/—@ =

RENOVATION ROADMAP

Benefits

Renovation Measures

[ ]
slnimink
Timeline

Eo

\_‘ Costs

Fig. 1 Functional hierarchy, data flow, and integration pathways between DPPs, MPs, DBLs, and BRPs
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and Meta-Analyses (PRISMA2020) guidelines [26]. The
adoption of this protocol is intended to ensure methodologi-
cal rigour and transparency, making the research process
auditable and allowing its quality to be objectively assessed.

In the existing literature, several authors claim that the
standardisation of the review process is one of the main pil-
lars that enable comparability between studies in the same
scientific field, allowing for a more robust and coherent
assessment of the available data [26, 34, 35].

The strategy for starting a search begins by identifying
the databases and the main keywords that will be studied.
Following this first stage, the findings must be subjected
to several inclusion and exclusion criteria, such as the type
of information quality and other topics of interest. Next, a
screening process is conducted on the titles and abstracts of
each article to ensure that only eligible studies are selected.
After this step, it is necessary to categorise the obtained
results. To further expand the sample, it is recommended
to use a snowballing technique by checking the reference
lists of the filtered articles and identifying studies that cite
these works, ensuring that any relevant papers missed in the
initial search are included [36].

Figure 2 provides an overview of the systematic review
methodology, including the context, search string, main
screening stages, and the distribution of the included studies
by passport type.

3.2 Search Strategy

The Scopus and Web of Science (WoS) databases were
selected for the search strategy based on their extensive
coverage of high-quality, peer-reviewed literature across
various disciplines relevant to this research. A combination
of keywords was used to ensure a more meaningful and rep-
resentative set of results:

(i) “Digital Logbook” OR “Building Logbook” OR
“building”.

(i1) “Passport*” OR “Renovation Passport” OR “Renova-
tion Roadmap”.

The keyword search used the following combination: (i)
AND (ii), yielding 398 articles from Scopus and 172 from
WoS, resulting in a total of 570 articles.

Only publications available up to 30 June 2025 were con-
sidered for inclusion. Initial exclusion criteria were applied
to each dataset independently, whereby conference papers,
conference reviews, and documents not published in Eng-
lish were removed (Table 1).

Following the application of these criteria, a total of 346
records were retained, 227 from Scopus and 119 from WoS.
These records were then imported into the Rayyan platform
[37], where duplicate entries were identified and removed.
A total of 112 duplicates were excluded at this stage, result-
ing in a final dataset of 234 unique records, ensuring the
consistency and integrity of the dataset.

SYSTEMATIC REVIEW METHODOLOGY — PRISMA

BUILDING RENOVATIONS

PASSPORTS
*  DATABASES: ScoPUS & WEB OF *  INCLUSION AND EXCLUSION
SCIENCE CRITERIA
e KEYWORDS COMBINED WITH *  TOPICS OF INTEREST

BOOLEAN OPERATORS

DA DBL
9% B

BRP

¢ 116 STUDIES

¢ CLASSIFIED BY PASSPORT
TYPE

* BUILDING RENOVATION PAssPORT (BRP), DIGITAL BUILDING LOGBOOK (DBL), DIGITAL PRODUCT PASSPORT (DPP), MATERIAL PASSPORT (MP)

Fig.2 Overview of the systematic review methodology
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Table 1 Inclusion and Exclusion Criteria

Exclusion Criteria
After June 2025
Conference Papers and

Inclusion Criteria

Up to and including June 2025
Journal Articles, Reviews, Reports, and

Books Conference Reviews

English Languages other than
English

Published Not published or reviewed

Rayyan also facilitated a systematic and blinded eligi-
bility screening process. At this stage, studies that did not
explicitly address the concept of passports within the con-
struction sector context were excluded. In particular, articles
focusing on unrelated areas, such as facial recognition tech-
nologies, international mobility, or healthcare information
systems, were removed. As a result of this screening, 120
articles were excluded, leaving a total of 114 eligible records
for further analysis. Rayyan was used solely as a screening
support tool. Articles were manually tagged as “included”,
“excluded”, or “maybe”, enabling systematic filtering and
review. No automated or Al-based decisions were applied;
all eligibility assessments were performed manually by the
reviewer to ensure accuracy and consistency.

Although the search string was tailored to BRPs, the use
of broad passport-related keywords and database indexing
led to the inclusion of studies on MPs and DPPs. These
papers were retained because they met the predefined inclu-
sion criteria by addressing digital documentation or renova-
tion-related passports in the building sector. Their presence
in the dataset reflects the interconnected nature of these
concepts rather than a deliberate focus on MPs or DPPs.
However, as stated in Sect. 4, the subsequent analysis pri-
marily concentrates on BRPs and their associated compo-
nent, DBLs.

To enhance the comprehensiveness and robustness
of the review, two additional sources were incorporated
through a complementary selection strategy [13, 38].
This approach combined snowballing [35], systematically
examining the reference lists of key articles, with the tar-
geted inclusion of influential European policy documents
and technical reports, particularly those published by the
Buildings Performance Institute Europe (BPIE) and Euro-
pean Commission-affiliated initiatives supporting the EU’s
building renovation agenda. These documents, frequently
cited across the reviewed literature, constitute critical ref-
erences for understanding the policy frameworks, strategic
objectives, and technical foundations underpinning BRP
initiatives. Their inclusion was essential to ensure that the
analysis captured not only academic developments but also
the evolving institutional and regulatory landscape shaping
the implementation of BRP across Europe. The snowball-
ing technique yielded only two additional papers because
most references cited in the included studies were already

retrieved during the initial database search. Moreover, many
other references encountered were conference papers, which
were excluded in accordance with the predefined exclusion
criteria. This outcome suggests that the initial search strat-
egy was sufficiently broad to capture the core literature.

Although the primary focus of this review is on Euro-
pean initiatives, relevant studies from other regions were
included when they provided valuable insights or innova-
tive approaches applicable to the broader context of Build-
ing Renovation Passports.

Figure 3 illustrates the flowchart for selecting studies.

3.3 Risk of Bias

The study selection process, including the application of
inclusion and exclusion criteria, was conducted by a single
reviewer. While this approach may introduce a potential
risk of selection bias, all screening decisions were sys-
tematically recorded and transparently managed using the
Rayyan platform. This tool enabled blinded and traceable
review workflows, ensuring consistency and reproducibility
in the eligibility assessment. Furthermore, the application of
clearly predefined exclusion criteria and the structured use
of Rayyan contributed to minimising subjective judgment
during the screening process. Nonetheless, the absence of a
second independent reviewer is acknowledged as a limita-
tion of this study.

4 Knowledge Base for BRPs
4.1 Characterisation of the Knowledge Base

This section presents the systematic review results, con-
ducted following the methodology outlined in Sect. 3 and
illustrated in the flow diagram (Fig. 3). From the initial
pool of identified records, 116 articles met the inclusion
criteria and were selected for analysis. While the search
strategy prioritised BRP-related studies, the use of broad
passport-related keywords and database indexing led to the
inclusion of relevant literature on MPs, DPPs, and DBLs.
These papers were retained because they met the inclusion
criteria (e.g., addressing digital or renovation passports in
the building sector), even though the primary focus of the
review remains on BRPs and DBLs. The distribution of
these articles by passport type is shown in Fig. 4. Material
Passports constituted the majority of studies (53%, n=61),
followed by Building Renovation Passports at 29% (n=33).
Digital Product Passports and Digital Building Logbooks
represented 9% (n=11) and 9% (n=11), respectively. This
distribution reflects the targeted nature of the review rather
than the broader research landscape. Therefore, the lower
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Search String

IFICAT

Scopus Web of Science

398 %]‘Q

v
[ Records Screened }
P el Y

570

Exclusion Criteria

Duplicate
Records

Out of Research

Area

Policy

OO

Documents

0101010

Fig. 3 Flow diagram illustrating the systematic process of article selection, including identification, screening, eligibility, and inclusion stages

representation of DBLs and DPPs should not be interpreted
as indicative of limited research activity in these areas, but
rather as a result of the review’s specific scope. Still, the
prominence of MPs highlights their established position in
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current research on material traceability and circular con-
struction practices.

Despite the broader presence of MPs and DPPs in the
literature, the following analysis will primarily focus on
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Fig. 4 Distribution of the articles
selected, categorised by type:
BRP, DBL, MP and DPP

m Digital Building Logbook (DBL)
m Building Renovation Passport (BRP)

= Material Passport (MP)

Digital Product Passport (DPP)

BRPs and their associated component, DBLs. The analysis
is structured to first define the core concepts and initiatives
of BRPs, then to explore the literature across three dominant
research themes: (1) Framework Proposals, (2) Tool Devel-
opment and Implementation, and (3) Policy and Regulatory
Analysis. Finally, the role of the Digital Building Logbook
as a foundational element is examined.

4.2 Core Concepts and Initiatives

The literature establishes the BRP as a strategic tool to
address persistent barriers in the building renovation sector.
Comprehensive reviews underscore its potential and chal-
lenges. Buchholz et al. [39] highlight that while BRPs are
envisioned as dynamic digital repositories central to lifecy-
cle management, their adoption is hindered by fragmented
definitions, inconsistent regulations, and technical barriers
like data interoperability. Similarly, Sesana et al. [9] empha-
sise the BRP’s critical role in boosting deep renovation rates
by providing long-term, personalised roadmaps based on
quality audits. This helps overcome owner reticence stem-
ming from a lack of trust and the complexity of the process.

Recent contributions published in 2025 have significantly
advanced the discourse on BRPs, offering new insights into
their integration within digital ecosystems, socio-economic
frameworks, and circular economy strategies. For instance,
Hwang et al. [28] argue that BRPs should be embedded
within a cohesive digital ecosystem, highlighting their reli-
ance on interoperable data from instruments such as DBLs,
EPCs, and Smart Readiness Indicator (SRIs), while pointing
to ongoing fragmentation in implementation across Member
States. Similary, Barbosa et al. [24] extend this view, pro-
posing that successful BRP deployment depends on integrat-
ing technical tools with accessible financing mechanisms,

DPP
9%
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equity considerations, and behavioural engagement strate-
gies. Leindecker et al. [40] further broaden the discussion
by positioning BRPs alongside MPs as core enablers of
the circular economy, though cautioning that legal, techni-
cal, and knowledge-based barriers still hinder widespread
adoption.

In practice, these concepts are embodied in various pio-
neering initiatives across Europe. While they differ in scope
and digital maturity, they share a common goal of facili-
tating deep, phased renovations. Beyond energy efficiency,
some initiatives integrate additional dimensions such as
IEQ, and financial risk assessment to promote a holistic
approach. While comprehensive analyses of these and other
initiatives have been conducted elsewhere [9], the following
five prominent examples are presented in Table 2 to illus-
trate the spectrum of BRP implementations across Europe
(the EU projects ALDREN and iBRoad2EPC, Germany’s
iSFP, France’s P2E, and Belgium’s Woningpas).

ALDREN (ALliance for Deep RENovation in Buildings)
primarily targets the non-residential sector. Its distinctive
features include a multi-dimensional framework integrat-
ing formal Indoor Environmental Quality (IEQ) metrics and
financial risk indicators alongside energy efficiency, aiming
to link improved building performance with enhanced asset
valuation [11, 15, 41].

Conversely, iBRoad2EPC (Individual Building Reno-
vation Roadmaps to Energy Performance Certificates)
focuses on the residential sector. It introduces an enhanced
EPC model, combining a personalised renovation roadmap
(iBRoad-Plan) with a digital building logbook (iBRoad-
Log) [16]. The project also explored the integration of IEQ
and Smart Readiness, emphasising usability and digital
interoperability [42, 43].
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Table 2 Overview of European and national initiatives

Project Origin (Launch Year) Target Sector IEQ Included? Financial Risk
Assessment
ALDREN EU (2017-2020) Non-Residential Yes — TAIL index Yes
iBRoad2EPC EU (2021-2024) Residential Yes Yes
iSFP Germany (2017) Residential No (only qualitative comfort Feasibility/
considerations) owner’s means
considered
P2E France (2018) Residential No (primarily energy / thermal No
focus)
Woningpas Belgium — Flanders (2018) Residential*! Not explicitly detailed No*?

*! In Flanders, the Gebouwenpas, an analogous system for non-residential buildings, is anticipated from early 2025

*2 Although the Woningpas does not conduct a formal financial risk analysis, it incorporates support for accessing financial incentives

Germany’s iSFP (Individueller Sanierungsfahrplan) pro-
vides residential BRPs based on detailed on-site audits and
extensive owner consultation. It prioritises user comfort
(addressed qualitatively) and feasibility, delivering guid-
ance as a printed/PDF report without direct digital logbook
integration or formal IEQ metrics [9, 17, 44].

France’s P2E (Passeport Efficacité Energétique), also
for the residential sector, employs a web-based platform to
support audit-based, step-by-step renovation planning. It
focuses strongly on thermal efficiency and contributes data
to France’s mandatory national digital building logbook [9,
18].

The Belgian (Flanders) Woningpas is a highly digitally
mature residential BRP, functioning as a centralised digital
logbook. It consolidates extensive building data and pro-
vides a dynamic, tailored renovation roadmap aligned with
regional long-term energy targets. An extension to non-res-
idential buildings (Gebouwenpas) is anticipated [9, 19, 45].

4.3 Thematic Analysis of BRP Research

In addition to the five review papers identified, the remaining
29 studies focused on BRPs can be thematically classified
into three principal, and often overlapping, research thrusts:
conceptual and methodological framework proposals (n=38,
27%), digital tool and platform development (n=11, 42%),
and policy and regulatory analyses (=7, 23%). The inter-
play between these themes is visualised in Fig. 5.

4.3.1 Framework Proposals: Designing the Blueprints for
BRPs

Recent advancements in the conceptualisation of BRPs
reveal a diverse landscape of theoretical frameworks.
Rather than focusing on fully operational tools, these stud-
ies propose methodological structures, data architectures,
and strategic models intended to guide future digital solu-
tions. Typically aligned with circular economy princi-
ples and long-term building lifecycle management, these
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frameworks serve as foundational blueprints for integrating
renovation planning, data interoperability, and sustainabil-
ity objectives. Although most have yet to undergo extensive
real-world validation, they offer a critical theoretical basis
for the sector’s ongoing digital transformation.

The progressive development of the ALDREN Build-
ing Renovation Passport has been thoroughly elucidated
in a sequence of publications by Sesana et al. The initial
study [11] introduced a foundational conceptual framework
grounded in the DIKW (Data-Information-Knowledge-Wis-
dom) hierarchy, positioning the BRP as a dynamic alterna-
tive to traditional EPCs. Subsequently [38], delineated its
proposed digital architecture, highlighting its capacity to
consolidate multidimensional building information, includ-
ing energy use, indoor environmental quality (IEQ), and
economic considerations, into a unified and modular sys-
tem. The most comprehensive contribution [46] details the
integration of the European Voluntary Certification Scheme
(EVCS) to enhance market acceptance and presents a pro-
cedural methodology for implementation. The framework’s
utility was validated through a real-world application on
a non-residential building, where it optimised renovation
actions for energy, well-being, and investment returns.
Despite its structured design, the ALDREN framework
exhibits limitations inherent to its early stage, particularly
its dependence on manual data entry via Excel spreadsheets
and prototypical digital components, such as the BuildLog,
which require further development for broad applicabil-
ity. The absence of a common data language also poses a
challenge to harmonisation. Nevertheless, its integration
of the ALDREN-TAIL index for IEQ evaluation and a Per-
formance Verification Tool distinguishes it as a significant
contribution.

Complementing these diverse conceptualisations, Vil-
larejo et al. [47] explore the potential of BRPs in Spain,
framing them as integrative tools that bridge energy per-
formance assessment, regulatory compliance, and heri-
tage conservation. The study maps existing instruments,
including the Building Assessment Report and the Book of
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Fig. 5 Venn diagram illustrating the thematic distribution and overlaps of BRP’s studies

Building, and demonstrates how these could be unified into
a proposed digital BRP framework. Key elements include
consolidating structural and energy data, planning staged
renovations, and coordinating urban-scale initiatives. The
study highlights both opportunities and challenges in the
Spanish context, such as regional fragmentation, but ulti-
mately argues that BRPs can be reimagined as enablers of
systemic transformation, enhancing market transparency
and supporting urban regeneration, especially in heritage
contexts.

Other research focuses on automating the generation
of renovation plans. Mpouzianas et al. [48] introduce an
automated methodology framework that integrates BIM,

EPCs, and renovation planning to generate tailored Renova-
tion Roadmap Reports, reducing dependency on complex
energy audits. Its core structural components are the BIM
Parser, extracting detailed building data from IFC files; the
Asset Rating module, which calculates energy performance
scores; and the Roadmapping Tool, which produces action-
able renovation scenarios, timelines, and energy impact
assessments. Nevertheless, the framework’s effectiveness
depends heavily on the quality and currency of BIM data,
underscoring the need for continuous updates and data
management. Efforts to refine existing foundational frame-
works are explored by Piro et al. [49] in the EU-funded
TIMEPAC project. This work introduces methodological
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innovations to enhance the technical robustness of EPCs,
including standardised assessment procedures, calibration
with real consumption data, and the integration of economic
and behavioural factors. By incorporating dynamic compo-
nents such as Building Automation and Control Systems,
IEQ, and actual user behaviour, the research advocates for a
new generation of EPC frameworks that are more adaptive,
context-sensitive, and aligned with policy needs.

Among the most recent and impactful contributions, in
2025, Nicoletti et al. [20] propose a financially aware meth-
odology for compiling BRPs that simultaneously addresses
the dual goals of decarbonisation and energy poverty alle-
viation. Responding to the absence of a standardised BRP
procedure, their framework constructs a long-term, step-by-
step renovation roadmap based on each household’s finan-
cial capacity. Using a brute-force optimisation algorithm,
the model identifies staged interventions that maximise
Net Present Value (NPV) over 30 years while enforcing a
“debt pressure” constraint, limiting annual renovation costs
to 10% of household income. Tested in a social housing
flat in Portugal, the approach demonstrated that vulnerable
households can achieve nearly zero energy status in under
a decade, even without initial savings, particularly when
supported by targeted government incentives. A parametric
analysis further revealed that renovation outcomes are sus-
ceptible to climatic conditions, household income, and pol-
icy mechanisms, highlighting the decisive role of financial
design in ensuring socially just decarbonisation pathways.
The study offers a pragmatic tool for stakeholders to design
inclusive, user-centric BRPs that are both environmentally
ambitious and economically viable.

4.3.2 Tool Development and Implementation

A significant portion of the reviewed literature focuses on
the development, implementation, and evaluation of specific
tools that support building renovation, reflecting the transi-
tion from conceptual frameworks to practical application.
A primary focus has been on creating comprehensive
digital platforms that consolidate fragmented data. To
address these challenges in Spain, Espinoza-Zambrano et
al. [50] proposed the Libro del Edificio Electronico (LdE-
e), an innovative platform unifying DBLs and BRPs for
multifamily housing. It consolidates technical, legal, main-
tenance, and retrofit data within a modular framework,
leveraging blockchain technology for enhanced security
and data authenticity through tokenisation. This integration
addresses critical issues prevalent in the sector, such as dis-
parate data management across existing tools like the Build-
ing Book and the Technical Building Inspection Report.
Expert validation confirmed its potential as a replicable
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European model, though challenges in blockchain adoption
and governance were noted.

In the North American context, Keena et al. [51] intro-
duced the Data Homebase (DHB), a novel web applica-
tion that generates and visualises digital Housing Passports
(HPs). These HPs provide standardised descriptions of
building characteristics, including material composition,
LCA-based carbon footprint, and accessibility, to facilitate
an evidence-based transition towards a circular economy. Its
“HP Map” feature allows for multi-scalar visualisation of
housing data. The authors present the DHB as a pioneering
effort to provide a unified portal for accessibility, carbon,
and energy data within the Canadian housing sector, with
plans to scale up the project and empower users to gener-
ate their own HPs in the future. Building on this founda-
tional work, Keena et al. [52] propose the Housing Passport
Knowledge Graph (HPKG), a semantic data infrastructure
designed to unify and contextualise disparate housing infor-
mation. Using ontologies and semantic web technologies,
the HPKG integrates heterogeneous datasets, including
BIM, GIS, and socioeconomic data, into a machine-read-
able, interoperable framework. Demonstrated through a
large-scale case study involving over 62 million data points
from 1.2 million homes across five major Canadian cities,
the HPKG enables advanced multi-scale analysis. It allows
users to connect housing affordability with environmental
impacts, such as energy use and embodied carbon, and to
explore circularity scenarios that include material reuse and
recycling. The study highlights the HPKG’s potential to
support evidence-based policymaking and facilitate a sys-
temic transition to a sustainable, circular housing stock.

For the specific needs of heritage conservation, Dos San-
tos Gongalves et al. [53] introduced the Building Passport
for Sustainable Conservation (BPSC). This tailored assess-
ment tool for historic buildings employs 23 indicators across
seven building layers to enable rapid, consensus-driven
evaluations. This work was informed by their earlier study
in 2021 [54], which, applying the Theory of Planned Behav-
iour, explored the psychological dynamics of conservation,
revealing a significant gap between attitudinal reasoning
and actual behaviour and underscoring the importance of
integrating behavioural insights with technical tools.

Another research stream has focused on developing spe-
cialised toolkits to solve specific renovation challenges.
Arbulu et al. [55] developed an open-source Environmental
and Economic Optimisation Toolkit in Python for residen-
tial building renovations, addressing the absence of robust
life cycle assessment methodologies. The toolkit facilitates
comparisons between strategies using indicators like Net
Energy Ratio and Internal Rate of Return. Similarly, Rock et
al. [56] presented the SLiCE data model. This open frame-
work overcomes the data granularity limitations of existing
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environmental modelling tools by employing a Space-Time-
Indicator framework, enabling more informed sustainability
decision-making.

A critical area is the optimisation of renovation sequenc-
ing. Maia et al. [57] developed a step-by-step retrofitting
optimisation model that determines the ideal timing for
each renovation stage to maximise net present value, while
incorporating owner budget constraints, material ageing,
and interdependencies between interventions. Applied
to real-world case studies, the model demonstrated that a
phased approach could yield greater cumulative energy sav-
ings compared to one-step renovations. Expanding upon
this, Maia et al. [58] integrated empirically derived house-
hold budget restrictions, revealing that these constraints
significantly affect the feasibility of renovation plans, lead-
ing to delayed and more limited retrofits for lower-income
households.

Further exploring optimisation, Zuhaib et al. [59] inves-
tigated single-step versus staged interventions for a univer-
sity building in Ireland. Using multi-objective optimisation,
the study found that single-step deep retrofits achieve signif-
icantly greater energy savings (around 60%) and better cost-
performance ratios than staged approaches, which failed to
meet nZEB thresholds.

A crucial aspect of tool development is the rigorous
evaluation of existing national systems. A comparative
study by Vardopoulos et al. [60] presents a critical review of
Cyprus’s national certification tool, iISBEM-Cy. While the
tool showed reasonable accuracy for heating (-25% devia-
tion), it significantly overestimated total primary energy use
by 377% (simulated 320 kWh/m? vs. actual 67.2 kWh/m?),
mainly due to the omission of household appliance con-
sumption. Most strikingly, cooling demand was underesti-
mated by 1908%, attributed to the tool’s inability to capture
actual user behaviour. The study highlights a fundamental
misalignment between standardised asset rating tools and
operational reality, particularly in Mediterranean climates.

4.3.3 Policy and Regulatory Analyses

The development and effective implementation of tools
such as Building Renovation Passports (BRPs) are intrinsi-
cally linked to the broader policy and regulatory landscapes.
This literature examines these frameworks at both the over-
arching EU level and through specific national case studies.

A critical analysis by Beltran-Velamazan et al. [61].
meticulously examines the EU’s evolving legislative frame-
work, tracking the progression of the EPBD recast propos-
als. By systematically classifying changes to indicators, the
authors reveal a clear trajectory towards greater structural
clarity, enhanced measurability, and mandatory compliance,
including the incorporation of a roadmap addressing energy

poverty with a gender perspective. Addressing the practi-
calities of implementation, Arbulu et al. [62] evaluate the
applicability of the EU’s Building Renovation Assessment
Framework in Spain. Their findings reveal significant limita-
tions in implementing Monitoring and Performance Indica-
tors (MPIs) due to fragmented data sources and inconsistent
collection methods. Nonetheless, eight priority MPIs were
identified and aligned with leading European initiatives,
covering energy savings from deep renovations, whole-
life carbon reductions, and the adoption of energy man-
agement systems. The study highlights the role of national
entities, such as INE (Spain’s National Statistics Institute)
and MITECO (Ministry for the Ecological Transition and
the Demographic Challenge), in improving data quality,
recognising the potential of tools like DBLs and advanced
monitoring systems to support effective MPI implementa-
tion. These analyses are highly relevant to BRPs, as they
address both the regulatory evolution and the practical chal-
lenges that underpin the implementation of these regula-
tions. Specifically [61], provides insights into legislative
progress shaping BRP requirements, while [62] highlights
the importance of monitoring and performance indicators,
which are essential components of BRPs for tracking reno-
vation outcomes.

Expanding on the challenges of implementation across
EU member states, Plebankiewicz et al. [63] address the
inconsistent quality and ambition of national building reno-
vation strategies. While EU directives mandate the creation
of long-term renovation plans, the lack of a standardised
framework for evaluating and comparing their effectiveness
has led to significant disparities. Using the Fuzzy TOPSIS
multi-criteria decision-making method, the authors assess
renovation plans from selected countries based on CO,
reduction targets, renovation rates, energy savings, invest-
ment levels, and overall strategic coherence. The results
reveal a pronounced divide: countries such as Finland and
Spain present robust, well-defined strategies, whereas oth-
ers, including Poland and Bulgaria, lack measurable goals
and adequate investment. The study calls for harmonised
evaluation metrics to ensure equitable progress toward the
EU’s 2050 decarbonisation goals and offers a benchmarking
methodology to identify both weaknesses and best practices
in national plans.

Studies from specific national contexts illustrate diverse
challenges and approaches. Providing a perspective from
outside the direct EU legislative context, Vardanyan et al.
[64] analyse Armenia’s building permit acquisition process,
revealing significant gaps in the single-page application
form concerning sustainability and recommending reforms
to better align its regulatory framework with international
goals. Recent research by Mammadov et al. [65] investi-
gates the implementation of Energy Building Passports in
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Azerbaijan, a national policy introduced in 2022 that man-
dates regular energy audits and provides a structured certifi-
cation system with tailored recommendations. Their phased
rollout, beginning with public and industrial buildings, is
expected to reduce energy consumption in these building
categories by up to 30% by 2030.

Investigating a specific building typology, Pddra et al.
[66] analyse pre-1945 wooden log houses in Estonia, find-
ing that 89 to 94% of components require intervention but
that stringent heritage concerns often limit energy efficiency
upgrades. The study calls for systematically implement-
ing renovation passports to synchronise conservation with
energy targets. Finally, providing broader industry context,
Ottosen et al. [67] investigate the Danish construction sec-
tor’s transition to a circular economy. Through interviews
with key stakeholders, their research reveals a significant
disconnect between the high-level ambition for circularity
and on-the-ground practice. Key barriers identified include
a lack of common definitions, unclear distribution of risk
and responsibility for reused materials, and the perception
that circular solutions are not economically competitive.
The study highlights the need for a national roadmap, stan-
dardised methods, and digital tools, such as building pass-
ports to document value and facilitate the scaling of circular
practices, underscoring the policy and industry readiness
required to successfully deploy related tools.

4.4 Thematic Analysis of DBL Research

The functionality, scalability, and long-term value of BRPs
are critically dependent on a robust digital foundation. This
foundation is most commonly conceptualised in the litera-
ture as the Digital Building Logbook (DBL). While often
an integral component of a BRP, the DBL has emerged as
a distinct research area warranting specific analysis, as it
addresses the core challenges of data collection, storage,
and interoperability.

Despite its relevance, the concept remains in develop-
ment, particularly at the European level, where imple-
mentation efforts are still fragmented. Seven studies were
identified in this systematic review that focus on the devel-
opment, implementation, and potential functionalities of
DBLs. To delineate the primary research thrusts, these stud-
ies were categorised into two principal clusters: (1) Litera-
ture Reviews and Knowledge Syntheses (n=4, 44%), which
map the conceptual landscape, and (2) Framework and
Technology Proposals (n=5, 56%), which focus on devel-
oping concrete solutions.
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4.4.1 Literature Reviews on DBLs

Five of the selected studies adopt a review-based approach,
providing the necessary groundwork for understanding
the conceptual evolution and implementation challenges
of DBLs. Signorini et al. [68] offer a systematic literature
review that examines the evolution of DBLs within the
Architecture, Engineering, Construction and Operations
sector, highlighting their growing relevance in operations,
maintenance and renovation activities, while also reveal-
ing the absence of a common, standardised model across
Europe. Their analysis underscores how existing DBL ini-
tiatives vary significantly in terms of data structure, indica-
tors and governance, largely depending on national contexts
and building typologies, and identifies interoperability, data
quality and information management as persistent barriers
to wider adoption. These findings align with those of Alonso
et al. [69], who conducted a comprehensive literature sur-
vey, outlining the key characteristics that should underpin a
future European DBL. Their analysis highlights the need for
interoperability, data reliability, and alignment with broader
EU digitalisation strategies. Similarly, Gomez-Gil et al.
[70] reviewed existing DBL initiatives and models, such
as iBroad, ALDREN, and X-tendo, which were developed
under the European Commission. Their comparative analy-
sis revealed a lack of standardisation and diverging goals
among the current models, underscoring the need for a har-
monised European DBL framework. Complementing these
studies, Méda et al. [71] explored the integration of Digital
Twin technologies with DBLs, emphasising their potential
to support data-driven circular construction practices. Their
work proposes that implementing digital twins can enhance
the DBL’s role as a real-time repository for building lifecy-
cle data, improving both accessibility and quality of infor-
mation, and reinforcing the DBL’s potential as a dynamic
tool.

Additionally, Pritchard and Kelly [72] provide insight
into performance monitoring practices by analysing case-
specific tools such as BREEAM and the UK’s BRUKL
regulation. Although not focused solely on DBLs, their
findings are relevant in highlighting how structured docu-
mentation and benchmarking processes influence energy
performance in non-domestic buildings. This contributes to
understanding how logbook-like systems may support data-
driven performance optimisation.

4.4.2 Framework and Technology Proposals for DBLs

Distinct from overarching reviews, this section focuses on
actively developing, proposing, or testing concrete frame-
works, data architectures, and technological solutions for
DBLs. These studies represent tangible advancements from
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concept to practice and can be grouped into data-centric
frameworks and those focused on enabling technologies.

A significant portion of the literature focuses on defin-
ing the data architecture of DBLs and solving interoper-
ability challenges. A series of studies by Gomez-Gil et al.
exemplifies this progression. Initially, in 2022, the author
investigated how new digital technologies (3D scanning,
digital twins) and EU tools (SRI, Level(s), DPP) could
enrich DBLs and overcome the limitations of national
data sources [73]. Building upon this, in 2023, an in-depth
analysis of data source interoperability in Spain (Aragén)
and Italy (Lombardy) was conducted, confirming that while
some regional databases offered good interoperability, oth-
ers, such as national cadastres, presented significant barri-
ers [74]. In response, they proposed a hybrid DBL model
with specific data flow schemes to create actionable,
locally-attuned strategies. Most recently, in 2024, the author
extended this research by exploring the DBL’s potential to
track EU decarbonisation policy objectives, demonstrat-
ing its capacity to consolidate fragmented information into
actionable insights for monitoring progress [75].

Addressing the foundational need for a robust data archi-
tecture, Malinovec Pucek et al. [76] detail the comprehensive
data structure for a DBL developed within the EU-funded
EUB SuperHub project. The development methodology
involved an extensive review of existing EU project frame-
works (iBRoad, ALDREN, BIM4EEB, and X-tendo), as
well as relevant legislation. The proposed structure encom-
passes eight primary data categories, including a material
passport, and features a hybrid data storage approach where
essential data resides within the DBL while other informa-
tion is dynamically linked to reliable external databases.
The research also underscored the fragmented nature of
national databases across seven EU countries, highlighting
a critical lack of interconnectivity that the revised EPBD
aims to address.

Another distinct approach focuses on defining robust data
structures and automated processes within DBLs to enable
efficient renovation planning and monitoring. Gémez-Gil et
al. [77] propose a comprehensive Digital Building Renova-
tion Logbook (DBrL) with a detailed data model tailored
for deep energy renovations. This framework addresses
identified gaps by presenting a data structure spanning nine
thematic categories, comprising 34 entities and 163 attri-
butes, which facilitates interoperability with cadastres and
BIM systems, and allows for adaptation to country-specific
contexts. Notably, it supports renovation roadmapping
and post-renovation indoor air quality monitoring, which
were previously neglected aspects in DBLs. However, the
framework has not yet been empirically validated, and the
authors emphasise the need for real-world testing. More-
over, practical challenges remain, particularly regarding

data interoperability from heterogeneous sources and com-
pliance with data protection regulations.

Advancing the technological frontier for DBL imple-
mentation, the Horizon Europe BUILDCHAIN project [78]
developed a decentralised DBL leveraging blockchain tech-
nology and domain-specific ontologies to form a Decentral-
ised Knowledge Graph. This innovative infrastructure aims
to ensure data integrity, traceability, and user sovereignty
over building information. The framework is designed to
support evidence-based decision-making, promote circular
economy practices, and ensure compatibility with existing
tools, such as BIM and EPCs. A pilot implementation in
Florence, generating a highly accurate Historic-BIM model,
validated the DBL’s capabilities in real-world scenarios,
particularly for complex heritage assets, demonstrating how
blockchain can foster trust and overcome traditional data
reliability barriers.

5 Discussion
5.1 Framing the Discussion

This systematic review has mapped the evolving landscape
of BRPs, tracing their development from conceptual mod-
els to implemented tools and the policy frameworks that
support them. The results, structured thematically, reveal a
field characterised by rapid innovation but also by signifi-
cant fragmentation and unanswered questions. This section
synthesises these findings, identifies critical cross-cutting
themes, explicitly defines the key knowledge gaps, and out-
lines the implications for research, policy, and practice.

5.2 AField in Transition

The literature delineates a clear, although incomplete, mat-
uration of the BRP concept. Foundational reviews [9, 39]
establish the BRP as a strategic response to the intractable
problem of slow deep-renovation rates.

A central finding of this review is that the conceptual
framework encompassing BRPs, DBLs, and related instru-
ments remains notably unsettled and continues to develop.
Rather than perceiving this lack of definitional clarity as a
shortcoming, it should be understood as indicative of the
field’s dynamic and multi-layered nature. BRPs and DBLs
function at the complex nexus of individual building inter-
ventions and overarching long-term policy ambitions,
necessitating coordination across diverse stakeholders.
Consequently, the absence of a definitive conceptual frame-
work highlights both the emerging status of this domain and
the ongoing need for refinement through research and prac-
tical application.
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Table 3 KPIs commonly included in BRPs, based on current policy (EPBD, 2024) [4]

Relevance

KPI Status (EPBD) Description

Current Energy Mandatory Information on the building’s current primary and final

Performance energy consumption (kWh/m?/year).

CO, Emissions Mandatory Estimated decrease in operational greenhouse gas

(kgCO,/m?/year) emissions

Energy Savings (kWh Mandatory Estimated reduction in primary and final energy use

and %) after each renovation stage.

Energy Bill Savings ~ Mandatory An estimate of savings on the energy bill, with explicit
assumptions on energy costs.

Post-Renovation Mandatory The estimated EPC rating that is to be achieved after the

Energy Class completion of each stage.

Renewable Energy Mandatory The estimated share of renewable energy produced and

Share consumed on-site after renovation.

IEQ & Health Mandatory Information on wider benefits related to health, comfort,
indoor air quality, and climate adaptation.

Smart Readiness Optional Information on how renovations can improve the

Indicator (SRI) building’s capacity for innovative technologies and grid
interaction.

Estimated Renovation Optional Projected costs for implementing the roadmap measures

Costs

Payback Period Optional The projected payback period for each stage, calculated
with and without financial support.

Lifecycle GHG Mixed Mandatory: General info on reducing lifecycle GHG.

Emissions Optional: Specific values for materials/equipment

Renovation Roadmap Mixed Mandatory: A roadmap with an optimal sequence of

Establishes the baseline for measuring
improvement and aligns with the EPC
Aligns with EU-wide decarbonisation goals
and tracks climate impact.

Directly measures the effectiveness and
depth of the renovation.

Provides a tangible financial incentive for
the building owner and supports investment
decisions.

Offers a transparent and standardised goal
for each phase of the renovation.

Promotes the integration of renewables and
supports the transition to nearly Zero-Emis-
sion Buildings.

Highlights non-energy benefits that are criti-
cal for occupant well-being and satisfaction.
Prepares the building for future demands,
including smart grids, automation, and
optimised energy management.

Facilitates budgeting and access to financ-
ing mechanisms

Complements cost estimates by providing a
time-based perspective on financial returns.
Encourages a whole-life carbon perspective,
including embodied carbon, in line with
circular economy principles.

Avoids lock-in effects and supports long-

& Timeline steps.

term planning

Optional: An indicative calendar/timeline for these

steps.

The thematic analysis (Sect. 4.3) elucidates how this
dynamic concept is being operationalised. The research
on Framework Proposals (Sect. 4.3.1) demonstrates a high
degree of conceptual maturity. Ambitious, holistic frame-
works, such as ALDREN, and integrative models for spe-
cific national contexts, like Spain [47], have established the
theoretical and methodological archetypes for BRPs. This
is complemented by a strong focus on data architecture and
automation [48, 77], indicating that the foundational “blue-
prints” for BRPs are well-articulated.

This conceptual work is being translated into tangible
outputs, as evidenced by the research on Tool Development
and Implementation (Sect. 4.3.2). The literature showcases
a spectrum of applications, ranging from innovative plat-
forms that integrate logbook and renovation roadmap func-
tionalities, such as Spain’s Libro del Edificio Electronico
[50], to established national schemes, including Belgium’s
Woningpas. This demonstrates a clear progression from the-
ory to practice. However, it is here that the initial evidence
of a division between theory and practice emerges. While
sophisticated optimisation models exist [57, 59], their real-
world application is often simplified, and critical evalua-
tions of existing national tools [60] reveal a significant and
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troubling gap between predicted performance and opera-
tional reality.

A robust Building Renovation Passport should include
a defined set of Key Performance Indicators (KPIs) to sup-
port informed decision-making and long-term renovation
planning. These KPIs extend beyond traditional energy
metrics to encompass a holistic view of building perfor-
mance, including indoor environmental quality, smart
readiness, financial viability, and carbon impact. Integrating
these dimensions within BRPs is essential because renova-
tion decisions simultaneously affect multiple performance
domains. Treating them separately would risk fragmented
planning and suboptimal outcomes. A unified BRP frame-
work enables stakeholders to evaluate trade-offs and syn-
ergies, ensuring that energy upgrades also deliver healthy
indoor environments, cost-effective solutions, and measur-
able reductions in carbon emissions. In alignment with this
multi-faceted approach, the revised EPBD (2024) [4] struc-
tures the passport around a clear distinction: a set of manda-
tory information that forms a common European baseline,
and a series of optional modules that allow for greater detail
and national adaptation. This dual framework ensures both
comparability across Member States and the flexibility to
address specific contexts. Table 3 translates these policy
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requirements into a practical set of KPIs, highlighting their
status as either mandatory or optional under the directive, to
guide both strategic planning and operational assessment.

Finally, the analysis of Digital Building Logbooks (Sect.
4.4) confirms that the digital foundation for BRPs is a major
research priority. The work on DBL data structures [76] and
decentralised technologies [78] signifies a concerted effort
to solve the data interoperability and reliability challenges
that have plagued earlier initiatives. The DBL is unequivo-
cally positioned as the engine that will enable the BRP to
become a truly dynamic, lifelong instrument.

In essence, the literature maps a field successfully transi-
tioning from defining the “why” (the need for BRPs) and the
“what” (the frameworks) towards engineering the “how”
(the tools and digital infrastructure). Yet, this very progres-
sion illuminates critical tensions and unvalidated assump-
tions that demand rigorous investigation.

5.3 Key Tensions in BRP Development

Across the different research thrusts, several recurring ten-
sions and themes emerge that define the current state of BRP
development.

e Standardisation versus Customisation: EU policy
encourages a common European baseline for BRPs and
their enabling datasets (e.g., through the EPBD) [4]. Yet,
national and local conditions, ranging from regulatory
traditions to heritage constraints, demand adaptation.
For instance, national schemes like Germany’s iSFP fo-
cus on personal consultation and user comfort in a sim-
ple format, while the Spanish case [47] highlights the
need to include specific heritage rules. Recent evidence
further underscores this dilemma at the policy level:
Plebankiewicz et al. document pronounced disparities
in the quality and ambition of national renovation plans
across Member States and call for harmonised evalua-
tion metrics to allow fair comparison and benchmarking
[63]. Taken together, these findings suggest that a viable
path forward is a standardised core with configurable,
context-sensitive modules, preserving comparability
without erasing local specificity.

o Technological-Centred versus User-Centred De-
sign: The review reveals a strong focus on developing
advanced technological solutions, such as generating
renovation plans automatically from BIM [48] or using
blockchain to secure data [50]. However, there is signifi-
cantly less research on whether building owners actually
want or intend to use these tools. Behavioural work in
conservation contexts indicates that intention does not
straightforwardly translate into action [54]. Financially

aware BRP methodologies that internalise household
constraints (e.g., Nicoletti et al., 2025) are promising
steps towards equity-aware and user-centred solutions.
Still, their uptake and sustained use remain to be dem-
onstrated beyond pilot settings [20]. Without deliberate
user research and service design, technically sophisti-
cated tools risk limited real-world traction.

e Data Quality and Interoperability: Failures in pre-
dictive accuracy and representativeness, such as mis-
alignment between modelled and actual performance in
certification tools, expose the fragility of current data
pipelines [60]. In response, multiple strands of research
position the DBL as the digital backbone for BRPs, with
proposals focused on robust data structures, interoper-
ability across registries, and trustworthy infrastructures
(including decentralised knowledge graphs) [74, 76,
78]. Nevertheless, ensuring complete, verifiable, and
interoperable datasets across heterogeneous sources re-
mains the most persistent barrier and a precondition for
credible, comparable BRPs.

e Energy-Centred versus Multi-Dimensional Plan-
ning: A further tension concerns the imbalance between
energy-oriented optimisation and other critical dimen-
sions of building performance, particularly IEQ. While
BRPs aim to provide holistic renovation roadmaps, most
current frameworks and implementations prioritise en-
ergy savings and carbon reduction, treating IEQ as an
optional or secondary consideration [4, 9]. This narrow
focus risks overlooking health, comfort, and well-being
benefits that are essential for user acceptance and long-
term value [21, 22]. Without integrating measurable
IEQ indicators into renovation planning, BRPs may fail
to deliver genuinely sustainable outcomes.

These tensions are mutually reinforcing. Harmonised met-
rics (standardisation) require reliable shared data (interop-
erability), while sustained adoption (user-centred design)
depends on passports that are not only accurate and com-
parable but also comprehensible, affordable, and actionable
for diverse owners.

5.4 Knowledge Gaps

The identified gaps in the literature are significant, but they
are also characteristic of a research field that is in a crucial
transitional phase: moving from conceptual design towards
widespread practical implementation. By synthesising the
findings and key tensions, this review identifies several crit-
ical gaps that mark the frontier for future research needed to
help BRPs reach their full potential.
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5.4.1 Empirical validation gap

There is a scarcity of longitudinal, comparative evidence
demonstrating the real-world effects of BRPs on renovation
timing, depth, costs, and outcomes. Many studies advance
ecosystem modelling and policy integration [24, 28] or pro-
pose innovative data infrastructures and special-purpose
tools [52, 53], yet few quantify causal impact relative to
appropriate counterfactuals (e.g., buildings without BRPs).
Even financially aware frameworks tested in practice [20]
do not track multi-year realised savings, comfort, or equity
outcomes against predictions.

What is needed is the establishment of multi-country,
longitudinal cohorts that systematically compare buildings
with and without BRPs, supported by quasi-experimental
research designs (e.g. difference-in-differences or propen-
sity-score matching). These should link the DBL and EPC
records to high-resolution metered energy consumption,
energy bills, indoor environmental quality measurements,
and verified renovation invoices. The use of pre-registered
study protocols and openly shared analysis code would sub-
stantially enhance transparency and reproducibility. Finally,
harmonised sets of key performance indicators aligned with
the EPBD core and optional modules [4] would enable
robust cross-jurisdictional comparison, while policy-level
benchmarking frameworks could build on the harmonisa-
tion agenda articulated by Plebankiewicz et al. [63].

5.4.2 Socio-Economic Viability and Scalability Gap

Technical feasibility does not automatically mean that
solutions are affordable or easy to deliver at scale. Current
research rarely examines the real costs of providing BRPs,
the capacity of organisations and professionals to deliver
them, how different actors coordinate in the market, or how
alternative financing options perform (such as public sub-
sidies, green loans, on-bill finance, or energy-as-a-service)
across different ownership types. The work of Nicoletti et
al. [20] demonstrates that debt limits and targeted incentives
can help vulnerable households move forward with reno-
vation. However, key issues remain unresolved regarding
the allocation of costs, the actors responsible for delivery,
and the mechanisms required to ensure quality and equity as
BRPs are scaled to millions of dwellings.

What is needed are comparative evaluations of business
and delivery models embedded within large-scale pilot pro-
grammes, alongside systematic capacity planning for audi-
tor and contractor networks. Incentive designs should be
integrated and performance-oriented, rewarding high-qual-
ity passports and staged deep renovation pathways rather
than only completed works. Evaluations should explicitly
quantify distributional impacts, capturing how costs and
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benefits accrue across income groups, and assess adminis-
trative burden to avoid excluding owners with limited finan-
cial or organisational capacity [24, 28].

5.4.3 User-Centred Design and Communication Gap

Most existing tools are optimised for technical and eco-
nomic metrics and implicitly assume that building own-
ers behave as fully rational decision-makers. Evidence
from behavioural research in adjacent domains cautions
against this assumption [54], while policy-oriented reviews
emphasise the need for behavioural engagement strategies
to complement technical instruments [24]. The effective
communication of multidimensional information, cover-
ing energy performance, costs, IEQ and whole-life carbon,
remains largely under-tested with end-users.

What is needed is rigorous socio-technical research that
integrates qualitative approaches (such as interviews, eth-
nographic methods, and co-design processes) with experi-
mental evaluation of communication formats, including
randomised or A/B-tested prototypes. Examples include
layered passports with plain-language summaries, visual
renovation timelines, and explicit representation of uncer-
tainty (e.g. confidence intervals around projected savings).
Usability and trust-related metrics should be reported along-
side conventional technical KPIs, with findings feeding
back into iterative passport design and practitioner guid-
ance [79-83]. Integrating these dimensions within a single
framework does not aim to complicate generalisation but to
reflect the real-world complexity of renovation decisions,
where technical, financial, and comfort-related factors inter-
act and jointly influence adoption.

5.5 Implications for Future Research and Practice

The knowledge gaps identified in this review have clear
and urgent implications for researchers, policymakers, and
practitioners in the building sector. Addressing these gaps
is essential for moving BRPs from promising concepts to
effective, widely-used tools.

For researchers, the priority should now balance two
complementary objectives: further conceptual development
and integration of additional dimensions, as highlighted in
the research gaps, and real-world validation. While refin-
ing the BRP framework remains essential, future stud-
ies must also focus on longitudinal comparative research,
tracking groups of buildings with and without BRPs over
several years to measure their actual effectiveness. In par-
allel, socio-technical studies using methods like interviews
and surveys are needed to understand user interaction, what
builds trust, and how decisions are really made. Finally,
research is needed to investigate sustainable business



The Concept of Building Renovation Passports — A Systematic Review

models and policy supports that could make BRPs afford-
able and accessible for everyone.

For policymakers, the focus should be on creating a sup-
portive environment that ensures the quality and use of
BRPs, rather than simply making them mandatory. This
includes establishing open data standards for DBLs to
ensure that different digital tools can work together and to
encourage innovation. Governments should also fund large-
scale pilot programmes that are specifically designed to test
different business models and strategies for user engage-
ment. Furthermore, financial incentives should be designed
to reward not just the renovation work itself, but also the
adoption of a high-quality BRP, linking public funding to
strategic, long-term planning.

For practitioners, such as architects, engineers, and audi-
tors, the BRP represents a change in professional role from
providing one-off reports to becoming long-term advisors
for a building. This requires a stronger emphasis on deep
user consultation to ensure that the renovation plan meets
the owner’s actual needs, budget, and personal priorities, not
just technical targets. Practitioners will also need to develop
skills in communicating complex information, like indoor
air quality, financial risk, and environmental impact, in a
way that is easy for clients to understand. While they should
embrace digital tools, they must also maintain a critical eye,
using their professional judgment to check automated rec-
ommendations and bridge the gap between computer mod-
els and reality.

5.6 Limitations of the Review

This systematic review, while comprehensive, has several
limitations. The search was restricted to major academic
databases and literature published in English, which may
exclude relevant research from non-English speaking coun-
tries and “grey literature” such as detailed project reports
or government publications that could contain more empiri-
cal data. Furthermore, the field of BRPs is evolving rapidly,
and new studies may have been published after the search
period concluded. Additionally, only a subset of the 116
studies identified during the screening process was analysed
in depth, as the review focused exclusively on papers that
explicitly addressed BRPs.

6 Conclusions

This systematic literature review provides a comprehensive
analysis of the current state of research on Building Reno-
vation Passports, tracing their evolution from conceptual
models to implemented tools and the policy frameworks
that support them. The review focuses on English-language

sources and primarily examines conceptual frameworks,
digital tool development, and regulatory analyses, without
undertaking empirical validation. Within this scope, the
findings indicate that the field is in a critical transition, mov-
ing from well-established conceptual “blueprints” towards
the engineering of practical tools and digital infrastructures.
The DBL was identified as the foundational pillar enabling
the BRP to function as a dynamic, lifelong instrument sup-
porting staged renovation planning.

Despite this progress, the review identifies four funda-
mental tensions that define the current state of BRP devel-
opment. First, the unresolved conflict between European
standardisation and local customisation challenges the
creation of a harmonised yet context-sensitive BRP frame-
work. Second, a prevailing technological focus that often
neglects user-centred design and behavioural engagement,
risking limited adoption. Third, persistent shortcomings
in data quality and interoperability remain systemic barri-
ers, undermining the reliability, comparability and overall
credibility of BRPs across jurisdictions. Fourth, a struc-
tural imbalance persists between energy-centred optimisa-
tion and multi-dimensional renovation planning. Although
BRPs are intended to provide holistic renovation roadmaps,
most existing frameworks prioritise energy efficiency and
carbon reduction, frequently treating IEQ as a secondary or
optional consideration. This narrow focus risks overlooking
health, comfort, and well-being outcomes that are essential
for user acceptance and long-term value creation, thereby
limiting the capacity of BRPs to deliver genuinely sustain-
able renovation outcomes.

Taken together, these tensions are not merely conceptual.
They directly translate into concrete limitations in current
BRP research and implementation, underpinning the key
knowledge gaps identified in the literature. The first is a pro-
nounced empirical validation gap. There is a profound scar-
city of longitudinal studies that assess the real-world impact
of BRPs. Consequently, robust evidence is lacking to deter-
mine whether buildings with a BRP undergo more, faster,
or deeper renovations, or if the predicted energy savings
and costs are achieved in practice. Furthermore, the long-
term engagement of homeowners with these tools remains
largely unexamined.

Second, the transition from pilot projects to mass-market
deployment highlights a critical scalability gap. Research
has yet to adequately address the development of sustain-
able business models, the financial mechanisms required for
widespread adoption, or the coordination of the complex
ecosystem of actors needed for implementation at scale.
The challenge of making high-quality BRPs affordable
and accessible, particularly for lower-income households,
remains a major unresolved issue.
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Finally, this review uncovers a pervasive user-centred
gap. The literature is heavily biased towards technical and
economic optimisation, frequently conceptualising building
owners as purely rational decision-makers. This techno-
centric perspective overlooks the complex socio-psycholog-
ical factors that govern homeowner decision-making, such
as trust, comfort, and health. As a result, a nuanced under-
standing of user behaviour and the non-economic drivers of
renovation is conspicuously absent.

Closing these gaps requires a dual strategy that combines
accelerated implementation with continuous refinement.
Future development should leverage these insights to design
integrated BRP frameworks that move beyond energy-
centric planning to include IEQ, occupant well-being, and
financial viability. This evolution must be supported by
interoperable digital infrastructures, harmonised KPIs, and
socio-technical approaches that ensure usability and trust.
These proposals will be further developed and implemented
as part of the EU project supporting this research.

These findings have direct implications for future
research, policy, and practice. For researchers, the priority
must shift from conceptual design to real-world validation
through longitudinal comparative studies and socio-techni-
cal investigations. For policymakers, the challenge lies in
creating an enabling environment that ensures BRP quality
and uptake through open data standards, large-scale pilot
programmes, and financial incentives linked to strategic
planning. For practitioners, such as architects and engineers,
the BRP necessitates a fundamental shift in professional
practice, transitioning from one-off assessments to long-
term advisory roles that require in-depth user consultation
and effective communication.

The limitations of this study, including its restriction to
English-language literature and a single-reviewer method-
ology, must be acknowledged.

In conclusion, while BRPs hold immense potential to
accelerate the deep renovation of Europe’s building stock,
this potential will only be realised if the research com-
munity, policymakers, and industry practitioners collab-
oratively address the critical gaps between technological
promise and real-world implementation. The journey from
blueprint to building is far from complete and demands a
renewed focus on empirical evidence, scalability, and the
human factors that ultimately drive change.
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