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Abstract: According to the European Commission, the Digital Building Logbook (DBL) is a repository
of all of the relevant data of a building. It was first introduced at the European scale in the Renovation
Wave strategy and was first defined in the proposal for the recast of the energy performance of
buildings Directive in December 2021. The European DBL has not been implemented yet, since a
common model does not yet exist. Even though great efforts are being made to establish it, some
relevant issues need to be addressed first. One of them is the identification of data sources that will
feed the DBL. Existing digital data sources have already been explored in some countries and they
have been found to be insufficient. In this paper, new digital data sources suitable for the logbook
are identified, and their contribution in terms of indicators and interoperability is analysed. The
analysis shows that these sources have great potential to contribute to the DBL, because they bring
the possibility to collect a great amount of real data on buildings. However, the main barrier for these
tools to be incorporated into the DBL is that their linkage still requires further research.

Keywords: digital building logbook; building renovation passport; energy efficiency; circular
economy; digitalisation

1. Introduction

In 2011, the European Commission put forward a roadmap for a competitive low-
carbon Europe Union (EU) by 2050 [1], which could enable it to deliver greenhouse gas
reductions up to 80-95%. In 2018, the European Commission set out its vision for a
climate-neutral by 2050, i.e., an economy with net-zero greenhouse gas emissions. This
means reducing greenhouse gas emissions as much as possible and compensating for
any remaining emissions. In order to achieve this, an intermediate emission-reduction
goal has been set, namely: reducing greenhouse gas (GHG) emissions by at least 55% by
2030 [2]. The building sector is highly relevant on this path towards decarbonisation since
the European building stock is responsible for 40% of energy consumption and 36% of
GHG emissions in the EU [3]. For this reason, intervening in the building sector is a key
aspect, which must be carried out through the energy renovation of existing buildings [4],
and through the implementation of circular economy principles.

With the aim of fostering this green transition of buildings, a proposal for the recast of
the Directive of the European Parliament and of the Council on the energy performance of
buildings [3] was published in December 2021, which included a battery of measures, such
as the replacement of long-term renovation strategies by national building renovation plans,
or greater investment in renovation through the Recovery and Resilience Facility (RRF), the
Social Climate Fund (SCF), and the Cohesion Policy funds, among others. In addition, new
energy efficiency standards were proposed, and new concepts and definitions which were
already being addressed in different areas but had not yet been incorporated into European
legislation, were finally included [5]. This is the case of concepts such as ‘zero-emission
building’, ‘staged deep renovation’, ‘renovation passport’ or ‘Digital Building Logbook’ (DBL),
which are defined in Article 2 of the standard [3].
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Specifically, the Digital Building Logbook (DBL), which is the central theme of this
work, is defined in the Proposal for the recast of the energy performance of buildings
directive (EPBD) [3] as a ‘common repository for all relevant building data, including
data related to energy performance such as energy performance certificates, renovation
passports and smart readiness indicators, which facilitates informed decision making and
information sharing within the construction sector, among building owners and occupants,
financial institutions and public authorities’. The DBL is considered a measure to improve
the durability and adaptability of built assets in line with the circular economy principles for
buildings design [6]. Furthermore, this tool acquires great relevance because it is supposed
to serve to mitigate the current lack of data on the building stock [7].

Through the generation of high-quality data, the DBL will be able to produce the
following services/objectives:

e To provide data to develop renovation roadmaps and maintenance plans [8-10];
e  To enable the measurement of the progress towards decarbonisation [5,7];
e  To provide data for lifecycle assessment to promote circularity [6,11].

However, to produce these services, the DBL must gather data from other sources,
such as national cadastres and energy performance certificates registries. Existing digital
data sources have already been explored in some countries and they have been found to
be insufficient [5]. These deficiencies have to do with the availability of data, including
problems in the collection process, as well as problems of lack of quality and data privacy,
lack of interoperability of databases (DB), and absence of certain data.

In the age of the digital revolution, the DBL can benefit from new technologies, such
as the Internet of Things (IoT), Artificial Intelligence (Al), Building Information Modelling
(BIM) or smart monitoring, that are called to open up new possibilities to collect the needed
data on the building stock, with the aim of increasing energy efficiency of buildings [12],
and to supervise the works at the construction sites [13]. Additionally, the European
Commission is working on implementing new frameworks that will promote digitalisation
and circularity in the construction sector. The use of the aforementioned technologies and
frameworks has the potential to help to considerably increase the data that can be collected,
to allow real-time data gathering, to increase data interoperability and to simplify and
automate the DBL generation process.

In this paper, the contribution of new technologies for digital data acquisition and
analysis in the built environment and new EU tools to support circularity and energy
efficiency in buildings are analysed, focusing on the data that will allow us to gather the
indicators to be included in the DBL, as well as on the interoperability possibilities of the
technologies and tools. So far, only connections between existing databases and the DBL
have been studied [10]. Therefore, the novelty of this paper is the exploration, for the first
time, of the interconnection between the DBL and new technologies for data acquisition
and analysis, and between the DBL and EU frameworks to support circularity and energy
efficiency in buildings. This paper is structured as follows: in Section 1 the concept of a
European DBL is introduced. In Section 2, the methodology followed in this research is
described. In Section 3 the State of the art of the European DBL is analysed, focusing in
the barriers on data gathering. In Section 4, new possibilities to collect data on buildings
are analysed, with focus on new technologies for digital data acquisition and analysis in
the built environment and new EU tools to support circularity and energy efficiency in
buildings. Finally, discussion, conclusions and future research are presented in Section 5.

2. Materials and Methods

The research methodology for this work is comprised of three main steps (Figure 1):
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Figure 1. Steps undertaken for the research work.

Step 1. Study on the state of the art of the European DBL, focusing on aspects that have

not yet been solved; the indicators that the DBL should include and the interoperability
with different data sources.

Step 2. The identification and definition of new possibilities to collect data on buildings.

Two types of new data sources were identified:

New technologies for digital data acquisition and analysis in the built environment.
Among those technologies, three were selected as very relevant for the DBL: 3D scan-
ning, smart monitoring, and digital twins.

New EU tools to support circularity and energy efficiency in buildings. Among
them, three were chosen: the Smart Readiness Indicator (SRI) [14-17], the Level(s)
framework [18-20], and the Digital Product Passport (DPP) [21]. In Section 4.2 these
tools are described.

Step 3. Analysis of the contribution to the DBL of the new data sources identified in

the previous step. Assessment according to two parameters:

The indicators. They are the data fields that these tools can provide when linked to
the DBL.

Their interoperability features, focusing on how the interconnection and data inter-
change between them can take place.

Regarding the indicators analysis, the following considerations were made:
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e  Firstly, a set of relevant indicators for the DBL according to the study conducted by
Gomez-Gil et al. [10] and summarised in Section 3, was compiled.

e Indicators belonging to levels 1, 2 and 3 from the Level(s) framework were included
in the analysis. Regarding the Smart Readiness Indicator (SRI), the detailed analysis
(level B) was considered. This level is recommended just when assessing highly
complex or tertiary buildings, but in this study this decision was taken in order to
identify the maximum amount of data that can be gathered from the tool.

e  When it comes to monitoring buildings, the installation of the whole variety of sensors
available in the market was considered, as well as all of the known benefits that can
be obtained when combining sensors with Artificial Intelligence (AI). For example,
energy management solutions enable buildings users to manage their consumption
and production and, by using Al, these solutions are able to make recommendations
based on energy consumption data [22]. Furthermore, they are capable of receiving
signals from the electrical grid and responding automatically by controlling distributed
energy generation or modifying operation in the home to reduce or shift demand.

3. State of the Art of the European Digital Building Logbook

The DBL was first introduced as a European-scale and autonomous tool by the Reno-
vation Wave strategy in 2020 [7] and was first defined in the European legislation in the
aforementioned Proposal for the recast of the EPBD, in 2021.

However, the DBL had already been implemented at the regional and national levels
in some European countries before the publication of these two documents. One successful
case is the Woningpas, implemented in Flanders, Belgium, and developed by the Flemish
Energy Agency. It is a model in permanent evolution and is applicable to single-family
homes [9]. The aim of the Woningpas is to minimise administrative burdens in the key
moments of the building (construction, renovation, change in owner, etc.) and to provide
users with information and advice on fundamental aspects of the building, including the
generation of a roadmap for its improvement [5]. Another good example is the Madaster
initiative [23], which is available in several European countries. In this platform, data on all
of the materials and products of buildings and infrastructures can be recorded—including
information on the lifecycle of the product—with the aim of facilitating the application of
circular principles to construction and real estate management.

Nevertheless, the DBL is very novel in the scientific literature. So far, there are only
about eight scientific papers [5,7-10,24-26] dealing with issues related to DBL, such as
building renovation passports, where the DBL is associated with a renovation roadmap,
and four specific papers on the DBL. The latter include a review paper on the topic and its
future development [5], a recent state of the art of DBLs [7], a study on the contribution and
connection of existing databases to the DBL [10] and a proposal of a process-based DBL
framework integrating data and stakeholder roles [26].

Despite the steps that have already been taken, a common European DBL model
has not yet been implemented, although some important progress has been made in that
direction. Four DBL model proposals were designed before the DBL was first mentioned
in the European legislation. These proposals were developed by research consortia: three
of them are outputs of H2020 research projects and the last one is a three-volume report
commissioned by the European Commission. On the one hand, the outcomes of H2020
projects are the iBRoad-Log, focused on single-family homes [27,28], the ALDREN BuildLog,
for non-residential buildings, mainly hotels and offices [29,30], and the X-Tendo Logbook,
suitable for the whole building stock [31,32]. On the other hand, the report entitled ‘Study
on the Development of a European Union Framework for Buildings’ Digital Logbook’ [33]
also seeks to apply to the entire building stock. Even though these proposals constitute
an important contribution to the subject, the study carried out by Gémez-Gil et al. [7]
concluded that some key aspects are not yet solved, such as the set of indicators that
must be collected, how they can be gathered, how to manage them, how to interconnect
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existing data sources to the DBL or how they can be linked with new tools, technologies
and strategic frameworks that are emerging.

The topic of the interconnection between the existing data sources and new technolo-
gies with the DBL is a central one, since currently, most of the proposed DBL models
are designed to be developed by a technician or auditor, who gathers the needed infor-
mation through an audit and consults the available databases and/or includes a linkage
to existing data sources. However, according to Gomez-Gil et al. [10], this linkage has
not been solved yet. In fact, a great effort is needed in order to make the existing data
sources suitable for the DBL in terms not only of the information gathered, but also of their
interoperability features [10].

On the other hand, it is worth noting the need to collect more real data on buildings to
foster the decarbonisation of the building stock. As an example of this statement, Gomez-
Gil et al. [10], conducted an analysis on the indicators proposed by the four aforementioned
models for the European DBL and found that few of them could be gathered from the
existing digital data sources. In their study, the indicators suggested by >50% of the four
models were identified and labelled as the most relevant ones, and this set of relevant
indicators was compared to the data fields that are currently being gathered in several
databases in two case study regions: the Lombardy (Italy) and Aragon (Spain), focusing
on the city of Zaragoza. The study concluded that several indicators were considered
relevant for these initiatives, but data were not available to collect them in the existing
data sources in the case study regions. Specifically, in the Spanish case study, 33 indicators
out of 83 (40%) were available, whereas in the Italian case, 29 out of 83 (35%) data fields
were being gathered. Regarding data privacy, in the Spanish case, twelve indicators were
open source (36%) vs. twenty-one that were not open, whereas in the Italian case study
twenty-six indictors were open (90%) vs. three that were not open [10].

Due to these reasons, it is necessary both that existing data sources are updated and
that new data on buildings are collected, for which the use of new technologies and new
data exchange standards have a high potential.

4. New Possibilities to Collect Data on Buildings: New Technologies and Frameworks
Applicable to the Digital Building Logbook. Identification and Definition

Although the European DBL is not yet implemented and has not even been formally
defined, as explained in the previous section, the debate around a ‘second generation” of
this tool has already begun. In this sense, in October 2021 the Horizon call for research
projects called ‘Demonstrate the use of Digital Logbook for Buildings” was launched. It
aimed at exploring the maximum potential of the DBL, emphasising the incorporation of
new technologies to collect and process information, as well as for the creation of intelligent
data environments at the community level.

This ‘second generation’, that would solve some of the problems already identified
(Table 1), will be characterised by the use of the latest technologies for the collection of
data—in contrast to the much more manual approach of the ‘first generation’—as well
as for its storage and exchange, and will be based on the automation of processes, the
collection of real data and the creation of shared data environments. On the other hand, its
implementation will be more expensive, take longer to technically solve the challenges it
poses, and its coding will be more complex [5].

In the following paragraphs (Sections 4.1 and 4.2), some new technologies for digital
data acquisition and analysis in the built environment, and new EU tools to support
circularity and energy efficiency in buildings, are analysed.
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Table 1. Comparison of the two generations of DBL. Source: adaptation from “European Digital
Building Logbook: definition of its functionalities to maximise its potential” [5]. Abbreviations:
Digital Building Logbook (DBL).

Strengths Weaknesses

Simple architecture Static (maintenance and updating required)

Elaboration with a large manual component (a large

Fast deployment amount of data is collected by an auditor)
Lower cost Based on calculated or estimated data
DBL 1.0
More realistic considering the current means Text and 2D format (digital or paper)
Building scale
The information from existing data sources is not
automatically incorporated
Dynamic (permanently updated) Complex architecture and coding
Automated processing Long-term deployment
3D model format (digital twins) Higher cost
DBL 2.0 Based on real data Cutting-edge technology is needed
Implements the latest technologies It is utopian considering the current means

It allows for the creation of data environments of any scale

The connection between the existing databases is automated

4.1. New Technologies for Digital Data Acquisition and Analysis in the Built Environment

During a building’s lifecycle, a great amount of information is generated. These data
are very valuable for several stakeholders [10,26], from buildings users to technicians,
financial institutions, and public administrations. Nowadays, new digital technologies of
different natures make it possible to gather, analyse and share those data. Among these
technologies, the following have great relevance for the DBL:

e 3D scanning

The LiDAR (Laser Imaging Detection and Ranging) 3D scanning system is a technology
that allows for the generation of high-precision point clouds using a laser emitter that
determines the distance between the emitter and the object to be captured. To do so,
LiDAR mainly uses a laser scanner and a drone or aerial airborne laser scanner (ALS)
that transports it. Flights that take place can be scheduled and automated. However,
laser scanners are frequently used without mounting on an ALS, thus, as a terrestrial laser
scanner (TLS), simplifying the process and also allowing the generation of interior surveys.

The point clouds generated by ALS and TLS are usually accompanied by hundreds of
ultra-high-resolution images and, with these elements, after a transformation process where
the raw data must be converted into readable data and imported into a modelling software,
it is possible to generate the architectural survey of a building, to create a high-quality 3D
model or to generate the georeferenced Building Information Modelling (BIM) of a property.
Additionally, O’'Donnell et al. [34] identified the potential of LIDAR to be integrated with
Building Energy Performance Simulation (BEPS) software.

In addition, thanks to its ability to cover the entire building and to photograph it
with extraordinary quality, it can be used to identify pathologies or to evaluate the state of
conservation of inaccessible points [35,36].

Currently, other non-destructive as-is survey technologies are gaining popularity due
to their simplicity and lower price, such as photogrammetry, which has the advantage of
using light sensors that can be also carried by aerial vehicles or Time-of-Flight (ToF) imaging,
that allows for the capturing of complex details that are not measured by laser scanning [37].

e  Smart monitoring: sensors + Internet of Things (IoT) + Artificial Intelligence (AI)
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Monitoring through sensors is an effective method to gather data on living conditions,
operation, use and actual consumption of buildings [38]. Currently, there is a wide variety
of sensors on the market that allow for the measurement of, among other parameters,
the ambient and surface temperature, CO, concentrations, relative humidity, pressure,
real energy consumption, opening time of the windows, presence of people in buildings,
lighting, etc. [39]. Data from IoT sensors can be sent in real time, using different technologies,
such as Bluetooth, LoRa, Modbus, CAN Bus, Sigfox, Zigbee, etc. to any remote model or
device for their storage and analysis [40].

These data can be used for control purposes [41] when combined with Al This
combination makes it possible to improve buildings’ energy management [42] and comfort
conditions, by automatically adjusting the electricity and heating consumption; to support
facility managers on systems design, management, and maintenance; and to enhance the
maintenance plan, by suggesting preventive actions before a potential failure, but not
earlier than necessary [43].

e  Digital twins: BIM + sensors + Internet of Things (IoT)

In recent years, BIM has presented a revolution in the way the architectural projects are
developed and represented, upgrading the digitalisation of buildings from 2D to 3D [44]. It
provides the advantage of allowing to us centralise in a model all of the as-is data of the
different elements (object-based system) that make up a project, becoming the most reliable
database of the building. It also allows for information management and data interchange
between stakeholders throughout the project lifecycle [40,45,46].

Currently, a further step is being taken in this technology, trying to link the BIM model
with new technological advances [44,47], such as big data, cloud computing, artificial
intelligence, virtual reality (VR), augmented reality (AR), industry 4.0, and Internet of
Things (IoT) [48], with the aim of expanding its capabilities. This way, an information flow
is created between the model and the real object, in this case, the real building. When the
flow of information is bidirectional, the model is called Digital Twin (DT) [49].

For the creation of a DT, technologies are installed in the finished /existing building
to capture reality, such as sensors or cameras, which collect data that is transferred to IoT
and machine learning platforms, where they are analysed and integrated in the model.
The model returns feedback in the form of valuable information for the generation of
a preventive maintenance plan, suggestions for improving the use phase—for example,
to improve its efficiency—and performing “what-if” analysis [50,51]. In addition, the
interconnection of different DTs (forming the so-called federated models) would allow for
the expansion of their scope of application to the scale of a neighbourhood or city [51].
Whereas the DT is a digital model identical to an existing building, the DBL is a data
repository, which includes not only the information contained in the DT, but also data from
many other sources and databases.

4.2. New EU Tools to Support Circularity and Energy Efficiency in Buildings

In order to promote sustainability in the building sector, the European Commission
has envisaged several frameworks and tools, mentioned in directives and strategies. In the
next paragraphs, the most relevant ones for the DBL are summarised and briefly analysed:
e  Smart Readiness Indicator

The SRI, introduced by the 2018 revision of the EPBD, is a certification system that
measures the ability of a building—or a part of it—to use information and communication
technologies and electronic systems [14,15] to:

e Respond to users’ needs (in terms of health, comfort, wellbeing, etc.);
e  Optimise its energy performance;
e Interact and adapt to the network (flexibility, demand response, integration).

It arose with Directive (EU) 2018/844 and was extended in the Proposal for the recast
of the EPBD. Its objective is to contribute to making buildings more efficient, healthy, and
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comfortable, optimising and reducing their energy consumption, which also translates into
economic savings for users.

It will provide administrative and general information on buildings as well as the
preparation for intelligent applications class [16]. In addition, it will also allow us to indi-
vidually evaluate the different ‘services’ of the building: heating, DHW, cooling, ventilation,
lighting, monitoring and control, electric vehicles, electricity, and dynamic envelope. They
will be evaluated according to the energy savings they provide, flexibility with the network
and storage, comfort, response and adaptability, health and well-being, maintenance and
faults prediction, and information to users [17]. Where applicable, it will also assess the
connectivity of the building, particularly the existence of high-speed networks, as well as
interoperability, cybersecurity, and data protection issues [16].

One of its main disadvantages is that, so far, it will only be a voluntary framework,
thus, Member States will decide if they want to incorporate it into their national regulations
or not.

e Level(s)

Since the 1970s, the world population has doubled, and the Gross Domestic Product
(GDP) has quadrupled. These trends have required large amounts of natural resources.
Extraction reached 92 billion tons in 2017, compared to 27 billion tons in 1970, and historical
trends suggest that this number could double to 190 billion tons a year by 2060 [52]. A cir-
cular approach could help reduce the impact on natural resources. A circular economy is an
industrial system that is restorative or regenerative by intention and design [53]. In Europe,
the building sector is one of the most resource-consuming sectors. A framework named
Level(s) has been created to implement a regenerative economic system that minimises
resources and energy consumption. Level(s) helps the user to identify critical points and
explains how to reduce the environmental impact through level indicators. This European
framework, which has given rise to a free tool, aims to help stakeholders in the building
sector to assess and monitor buildings’ lifecycle sustainability in residential and office
buildings. This tool is designed to provide a common language for all of the stakeholders
around Europe [18], making it easier to establish a common set of priorities and a stan-
dardised basis regarding performance requirements for existing and new buildings [19]. To
achieve this, it counts on a set of 16 indicators that are structured in six macro-objectives:
greenhouse gas emissions; resource efficiency and circular materials; efficient use of water
resources; healthy and comfortable spaces; adaptation and resilience to climate change and
cost and value of optimised lifecycle [18,20]. The framework is designed to be flexible, thus
it can be applied in different ways according to the user needs and the stage of the project
that is assessed. In this sense, three levels of applicability were established [19]:

Level 1: conceptual design, for early-stage projects;
Level 2: detailed design and construction, to assess the designed performance of the
project and to monitor the construction works;

e Level 3: as-built and in-use performance, applicable to completed buildings and
their occupants.

e  Digital Product Passport

The European Green Deal [54], published in 2019, and the Circular Economy Action
Plan, published in 2020 by the European Commission, highlighted the need to consider
the whole lifecycle of products and materials in circular economy initiatives. With this
premise, the Circular Economy Package published in 2022 included a proposal for an
Eco-design for Sustainable Products Regulation (ESPR), in which the Digital Product
Passport (DPP)—already mentioned in the Green Deal—was a key element [21]. Addi-
tionally, the DPP may also be included in the revision of the Construction Products
Regulation (CPR) [55] as a tool that allows consumers to make more sustainable choices
when purchasing products.

The DPP is basically an instrument that serves to digitally register, process, and share
data on products amongst all of the stakeholders of the building sector, including profes-
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sionals, consumers, and authorities. It shall include information and instructions on origin,
composition, repair, dismantling and recycling possibilities and end-of-life management.
The tool has not yet been implemented, and several questions have not yet been fully
solved, such as the specific indicators that it will collect, its functioning, the way it will be
linked to similar data sources, or how the data will be stored and managed [21,56,57].

5. Analysis of the New Data Sources Identified

In this section, the contribution of the previously mentioned digital technologies and
frameworks to the DBL is analysed according to two parameters: the indicators collected
by these tools and their interoperability features.

5.1. Indicators

As explained previously, more data on buildings need to be collected in order to meet
the current sustainability and digitalisation requirements of the building sector, and new
technologies and frameworks represent a great opportunity for this. In this section, the
data that these tools can provide to the DBL are analysed. Appendix A collects the full set
of relevant DBL indicators obtained following the methodology explained in Section 3 and
clustered into six categories according to the analysis conducted by Gomez-Gil et al. [10].
In Tables A1-A6, for each relevant indicator, all of the potential sources among the studied
new technologies and EU frameworks are indicated. Additionally, a column is included to
indicate whether or not each indicator is currently available in existing data sources in a
region of Spain. This information was obtained from the analysis conducted by Gémez-Gil
et al. in [10], where data sources for the DBL in Aragon region (Spain) were analysed in
order to identify which data could be gathered from them. The sources considered were
the Spanish Cadastre and Land Registry, the Aragon Energy Performance Certificate (EPC)
Registry and the Zaragoza city Inspeccién Técnica de los Edificios (ITE) Registry.

A summary of Tables A1-A6 can be found in Table 2. In this table, the following
parameters are shown: the total number of indicators by category according to Gémez-Gil
et al. [10], the number and percentage of indicators that are available in existing data
sources in the mentioned region in Spain, the number and percentage of indicators that the
three new EU tools to support circularity and energy efficiency in buildings allow us to
gather, the number and percentage of indicators that the mentioned new technologies for
digital data acquisition and analysis in the built environment allow us to collect, the sum of
the last two columns and, finally, the total number and percentage of indicators that can be
gathered using the previously mentioned existing and new data sources.

Table 2. Summary of available data in different data sources.

Available . Available Available
C Number of Indicators in Indicators from EU Indlcatm:s grom Indicators in New Indicators in
ategory . v . New Digital s e
Indicators [9] Existing Sources in Frameworks Technologies Sources (EU fr. + Existing + New
Spain [9] g New Digital Tech.) Sources
General and 24 12 (50%) 10 17 19 (79%) 20 (83%)
administrative information ° ° °
Construction information
eyt e 21 8 (38%) 14 20 21 (100%) 21 (100%)
Technical systems and o o o
A 2 9 (41%) 19 19 21 (95%) 21 (95%)
Energy efficiency, 8 3 (38%) 3 5 6 (75%) 6 (75%)
operation, and use
Financial information 7 1 (14%) 3 3 3 (43%) 4 (57%)
Conservation status 1 0(0%) 1 1 1 (100%) 1 (100%)
and pathologies ° 0 ©
Total 83 33 (40%) 49 66 72 (87%) 73 (88%)
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As shown in Table 2, new digital technologies and new EU frameworks enable the pos-
sibility to collect most of the data fields—72 out of 83 (87%)—that were considered relevant
for the DBL. Specifically, two categories of indicators can be fully collected (construction
information and materials and conservation status and pathologies), whereas within three
other categories, more than 75% of indicators can be gathered (general and administrative
information, technical systems and Smart Readiness and energy efficiency, operation and
us). Within the category titled ‘financial information’, less than 75% of the indicators can
be collected.

When comparing indicators gathered through new EU tools to support circularity
and energy efficiency in buildings and new technologies for digital data acquisition and
analysis in the built environment, it can be seen that the latter provide more indicators than
the former, but through their combination a very high percentage of indicators gathering
is achieved.

When studying the indicators provided by the new sources individually, there are
some that are very relevant due to the information they provide (such as digital twins),
whereas others are relevant because they are the basis for the creation of others. An example
of this is point clouds, which by themselves do not provide many data but allows for the
creation of digital twins, which is the technology that provides the most information.

It should be noticed that, even though existing data sources provide some data that
new sources do not, most of the information that existing sources provide is also provided
by new ones. In fact, only two indicators provided by existing data sources in the case study
region are not provided by new sources. However, their combination is highly desirable,
since it allows for the collection of 73 indicators out of 83, i.e., 88% of the relevant indicators.

In addition to the indicators labelled as most relevant, new sources allow for a large
amount of additional data to be collected (Table 3). A future line of research will analyse
whether this information should be included in the group of relevant indicators for the DBL.

Table 3. Summary of data provided by each upcoming source, including additional information
which is not included within the set of relevant indicators.

Digital Product Point Cloud/3D Smart

SRI Level(s) Passport Scanning Monitoring Digital Twins
General information X X X
77777777 Pathologies X
o Ar;h;te;t;rgl gu;vgy7g;0;n;tr; 77777777777777777777777777 )Z 77777777777777777 X
© Comstructioninformaton X
777777 hia;eITiaIir:V;nzo;y77777777777777777777X77777777777777777777777777&77777
" Predictive maintenanceplan X
"~ Building systems features X X
77777 lgccjss;i];iliityicc:naitiio;si77777777777777777777777777777777777777777777&77777
7777777 What-fanalysis X
"~ Performanceoptimisation X X
" Measure real-time energy use X X X
777777 Behaviouralinsights . x X
777777 D ;g;tajis;tiior:s;atiusi7777777X77777777777777777777777777777777777777777777
777777777 LCA XX
"~ GHGemissions assessment X
o 7\/7Va;e;r;soiu;ceis ;s;es;,rr:er:t 77777777777 X X
 Healthand comfort assessment X X 5 X
7 i{e:siﬁe;lc; tZ) c]ir;a;e;};lr:gg a;sgs;m;n; 77777777 X
77777 iif;c;cIe;p1i;11;at20;777777777777X777777777777777777777777777777777&77777
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However, it must also be considered that to exploit the maximum potential of these
tools to provide all of the information mentioned above, it is important that they are applied
at their highest level, properly using all of their functionalities.

5.2. DBL Interoperability

Interoperability is defined by the Institute of Electrical and Electronics Engineers
(IEEE) as ‘the ability of two or more systems or components to exchange information and to
use the information that has been exchanged’. The DBL is understood as a building related
information repository fed with data from different existing and new sources. To fulfil this
function, it is essential that all of the data sources are interoperable, so they can interact
with each other, and that all of the data formats are compatible. Figure 2 shows the inputs
of the DBL from existing and new data sources.

30

New technologies for digital data acquisition

and analysis in the built environment o-—
0O ——
0O ——
| Real building | [ [—
7
3D scanni / Sens . g :
I i, || Fhotogenmelsy ” el | New EU tools to support circularity and
energy efficiency in buildings
| Point cloud | I Internet of Things |
* Real building/Building project |
N | Artificial Intelligence | v v v
BIM Y v Smart Readiness Level(s) Digital Product
I Buildings existing databases I model Digital twin Il Smart monitoring | Indicator Passport
v v \ \ \ v \ \

Figure 2. Inputs of the Digital Building Logbook from existing and new data sources. Source:
adaptation from The Digital Building Logbook as a gateway linked to existing national data sources:
The cases of Spain and Italy.

The interaction among existing databases (such as cadastres and land registries) and
the DBL was analysed for two case studies by Gomez et al. [10], concluding that nowadays
essential existing data sources are far from being fully interoperable, which makes them
unsuitable for the DBL.

Regarding new data sources, such as new technologies, a new dimension of interoper-
ability needs to be considered. It is not only necessary to guarantee that the new sources
can communicate with the DBL, but also with each other. Based on this, in this paper the
concept of the DBL interoperability is defined as the ability of data sources to exchange
information with each other and with the DBL.

This is especially relevant for new technologies for digital data acquisition and analysis
in the built environment, where different technologies and tools, such as sensors, BIM mod-
els, digital twins or point clouds, need to be able to interchange data so their contribution
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is maximised. The interaction among these new technologies is explored in Figure 3, where
data flows among the tools and their functions are displayed.

3D scanning Photogrammetry Sensors
It g
“ w " y  [Provide ‘v
- data .
Point cloud > BIM Internet of Things
= | A
% % "g '% © % <
R- a g £ B s
£ 2 2T 2 o
e ® & ~
ik 4 Y Y
Digital twin Artificial

Intelligence

Figure 3. Interactions among new technologies for digital data acquisition and analysis in the built
environment applied to the DBL. Source: adaptation from ‘Digitalisation in the construction sector.
Analytical report’ [43]. Abbreviations: Building Information Modelling (BIM).

Nowadays, interoperability among most of these technologies is mostly solved since
several data formats are available and most of them are compatible with the most popular
software used to work with them, such as ArchiCAD or Autodesk ReCap and Revit. This is
the case of .57, .las, .rcs, or .csv formats for point cloud processing, or IFC (with its variants,
such as IFCxml), which is based on ISO 16739-1:2018, for BIM models. Additionally,
software for the creation of building’s digital twins has emerged more recently [50]. This is
the case of Project Dasher, which is an ongoing Autodesk Research project, or of Ecodomus
software by Siemens, which allows for the creation of BIM-based digital building twins
using data from point clouds or BIM models. It supports Revit/IFC, point clouds and
CityGML files, but also JPGs, PDFs, and IoT systems inputs. One of its advantages is
the possibility of exporting queries to Excel using object attributes for real-time reports.
Additionally, Ecodomus web services include an API endpoint that enables access to all UI
functionality for 3rd party integration [58].

The case of new EU tools to support circularity and energy efficiency in buildings
is different since they are not designed to exchange data with each other. However, it is
recommendable to understand the way they operate to study their potential contribution
to the DBL.

In this sense, regarding Level(s) EU framework, a calculator is available at the
European portal named “Level(s)” [59]. In this platform auditors and technicians can
create a project, enter the required information based on the desired assessment level
(1, 2 or 3) and obtain the evaluation of the building. The result is an assessment report that
remains in the application in the form of tabs but is not yet interoperable or downloadable.

Regarding the Smart Readiness Indicator, a platform or calculation tool does not yet
exist. However, in 2022, the SRI support team and the European Commission will assess
the relevance and feasibility of developing an online SRI calculation tool. At this moment,
to conduct an assessment, an SRI assessment package, consisting of a calculation Excel
sheet and a practical guide in PDF, can be requested from the SRI support team. For this
reason, currently the SRI cannot be considered an interoperable data source suitable for the
DBL, since the assessment report is not stored in a common database. Nevertheless, if the
SRI online calculation tool is finally implemented, this barrier may be solved.

Finally, regarding the Digital Product Passport, even though a digital infrastructure
and software for IT implementation does not yet exist, some stakeholders agree that a
platform with these characteristics will need to be interoperable and compatible as far as
possible with other systems [21].
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Based on the above, a series of barriers for the connection among new technologies
and EU tools and the DBL were identified:

e Point clouds, BIM models, digital twins and data from monitoring are usually stored
in private repositories, such as technicians” and builders” devices, and third-party
access is not possible;

o In the cases where some contents, such as BIM models, are requested by public
administrations to obtain building licenses, these models are usually stored as they
are delivered, but they are not entered in databases that allow access through a public
API endpoint;

e Digital twins have great potential to become a relevant data source for the DBL, but
no studies have been found on how and in which format data can be extracted from
digital twin software;

e Level(s) calculator is implemented, however, further work should be undertaken to
establish a common repository that enables data interchange;

e  SRI and DPP platforms are not yet implemented, so their interoperability features
cannot yet be assessed.

To overcome the aforementioned barriers and increase interoperability among data
sources, some guidelines are proposed:

e It is desirable that all of the building related contents would be requested when
applying for a building license and stored in public common repositories;

e  Those repositories should have an API endpoint that allows us to query data from
them in order to be integrated with the DBL. Alternatively, the contents could be
stored in the DBL own databases, allowing us to query directly from the DB;

e  The creation of new digital infrastructures and platforms, such as the incoming SRI
and DPP platforms, should constitute an opportunity to integrate best practices on
interoperability. Those best practices should include the incorporation of public
API endpoints, and the use of homogenised and modern data interchange formats.
Specifically, the use of standardised data models, such as FIWARE Smart Data Models,
is highly recommended;

e  Since most of the data that the DBL will host are subject to data protection laws, the
implementation of a token-based authentication system is highly recommended in
the DBL, so depending on the users’ profile, different actions, such as visualisation,
introduction, or modification, can be enabled.

6. Discussion

The data fields and interoperability features of potential new data sources for the DBL
were analysed in this paper. The upcoming data sources considered were new technologies
for digital data acquisition and building analysis, and new EU tools to support circularity
and energy efficiency in buildings.

The research work allowed us to conclude that upcoming data sources have great
potential to provide the Digital Building Logbook with relevant indicators on buildings
when compared with existing data sources. Specifically, 87% of the relevant indicators
could be gathered by linking the studied upcoming digital data sources to the DBL. On the
one hand, for the case of the data categories ‘Construction information and materials” and
“Technical systems and Smart Readiness’ the contribution is even higher, allowing us to
collect 100% and 95% of the relevant indicators identified, respectively. This contrasts with
the 38% and 41% that could be collected through existing digital databases as identified in
previous studies [10]. On the other hand, the category in which the contribution of new
data sources is less significant is “Financial information”, where only 43% of the relevant
indicators can be collected. Nevertheless, considering only existing data sources, just 14%
of the indicators could be gathered.

When comparing the potential of new technologies for data acquisition and analysis
and EU frameworks to support circularity and energy efficiency, it was concluded that
new technologies allow for the collection of a higher number of indicators. Whereas EU
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frameworks would provide the DBL with 49 relevant indicators, new technologies would
provide it with 66. By categories, there are none where the potential of EU frameworks
exceeds that of new technologies.

Despite all of the above, the combination of existing and upcoming data sources has
great potential, since it would allow us to collect 88% of the relevant indicators.

Additionally, it must be considered that new indicators which are not included as
relevant indicators currently could be gathered by using these tools. This is the case of
buildings pathology analysis, what-if analysis, or lifecycle assessment, among others.

Regarding interoperability, two levels of data interchange were identified when study-
ing upcoming digital data sources. On the one hand, interoperability among new technolo-
gies for digital data acquisition and analysis in the built environment, such as point clouds,
BIM, sensors, and digital twins, needs to be considered. Data interchange among these
technologies is mostly solved since current software and formats are compatible with each
other. On the other hand, data interchange among new digital data sources and the DBL
seems to be more difficult due to technical, legal, and infrastructural issues.

7. Conclusions and Future Research

The European Digital Building Logbook is called to contribute to storing and shar-
ing data on the building stock, becoming a data gateway linked to existing and upcom-
ing data sources. Collecting these data will help increase the sustainability of the built
environment, contributing to achieving the decarbonisation objective imposed by the
European Commission.

In this paper, upcoming digital data sources—new technologies for digital data ac-
quisition and analysis in the built environment and new EU tools to support circularity
and energy efficiency in buildings—to be linked to the Digital Building Logbook were
identified and analysed according to two parameters: the indicators that they will allow to
be collected and their interoperability features. The results showed that these upcoming
data sources have a great potential to provide the Digital Building Logbook with data on
buildings. Specifically, the contribution of new technologies for digital data acquisition and
analysis is highly desirable since they allow for the collection of a significant number of
relevant indicators (87%). However, for these sources to be linked to the DBL, it is necessary
to solve important barriers in terms of interoperability.

This work presents the limitation that the EU tools that were considered are very
recent. Therefore, the available information about them is not fully consolidated, since,
for example, the SRI and the DPP are not yet a reality. Additionally, new technologies for
digital data acquisition and analysis are highly conditioned by the use that technicians
make of them; this means that these tools may have a very high potential that may not be
fully exploited. Another aspect that must be considered is that the research on indicators of
this paper is based on previous research that had the limitation of having been conducted in
only two regions, one in Spain and one in Italy, whose conclusions cannot be extrapolated to
the whole European Union. This work, which arises at a time of high uncertainty regarding
the DBL, is intended to serve as a first analysis to identify the technologies that could
contribute to collect data for the DBL. This preliminary study will be accompanied in the
future by a practical case study that will allow us to apply, evaluate, and refine the results
and conclusions of the research. Furthermore, future research will focus on rethinking the
set of relevant indicators for the Digital Building Logbook, based on the existing literature
and DBL models, but also on new approaches, such as the assessment of the progress
of decarbonisation, the information required for the design of a renovation roadmap or
lifecycle assessment. Additionally, further steps to solve interoperability issues will be
taken in order to determine how the interconnection among existing and upcoming data
sources and the Digital Building Logbook can be carried out.
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Appendix A

In the following Tables A1-A6 indicators collected through different data sources
are summarised.

The following acronyms are used:

Y,v: a feature/indicator exists/is collected and a value is given.

Y,-: a feature/indicator exists/is collected but a value is not given.

S,v: a similar feature/indicator exists/is collected and a value is given.

S,-: a similar feature/indicator exists/is collected but a value is not given.

Pyv: it is likely this feature/indicator exists/is collected and a value is given.

P-: it is likely this feature/indicator exists/is collected but a value is not given.
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Table Al. Category 1: General and administrative information.

Existing Digital Point ..
Cat. Indicator Digital Sources SRI Level(s) Product Cloud/3D Mosnlﬂzl;tin 2‘1511:;1
in Spain [9] Passport Scanning 8
Cadastral reference Y,v - - - - - Pv
Property ID (CRU/IDUFIR) Y,v - - - - - Pv
Owner type (public/private) Yv - Yv - - - -
Tenancy agreement - - - - - - -
Insurance documents - - - - - - -
Utilities contract - - - - - - -
,§ Location Yv Yv Yv - - - Yv
g Geo Coordinate Yv - - - Yv Y,v Y,v
:g Climatic zone - Y,v Y,v - - - Pv
.°>’ Heating degree days - - Yv - - - -
= Soil/terrain (urban/rural) Yv - - - - - -
g
o Main use Y,v Y,v Y,v - - - Yv
é Type of building Y,v Y,v Y,v - - - Yv
E Number of occupants - - Y,v - - Y,v Y,v
el
5 User profile/behavioural insights - - S - - Y,v Y,v
< Built area (total and by dwelling) Yv Yyv Yv - - - Yv
)
g Heated/cooled floor area - - - - - - Yv
© Heated/cooled volume - - - - - - Yv
Number of floors Y,v - - - - - Yv
Year of construction Y,v Y,v Y,v - - - Y,v
Accessibility - - - - - - Yv
Geometry (plans) - - - - Y,v - Y,v
BIM, twins, etc. - - - - - - Yv
Urban licenses - - - - - - -
Table A2. Category 2: Construction information and materials.
Existing Digital Point ..
Cat. Indicator Digital Sources SRI Level(s) Product Cloud/3D Mosrlrﬁgtin 2%:;21
in Spain [9] Passport Scanning 8
Fagades composition Yv - Y,v - - - Y,v
Fagades U-value Y,v - - - - - Yv
Roofs U-value Yv - - - - - Yv
Floors U-value Y,v - - - - - Yv
4 Shutter box - - - - - _ Yv
E{ Solar protections Y,v - - - - - Yv
g Windows frame U-value Yv - - - - - Yv
g Windows glazing U-value Y,v - - - - - Yv
2 Doors description - - Yv - - _ Y,v
'.% Thermal bridges description Y,v - - - - - Yv
é Material X type - - Yyv Yv - - Yv
*é Material X location - - - Y,v - - Y,v
'g Material X volume - - - Yv - - Yv
£ Material X weight - - Y,v Y,v - - Pv
§ Material X embodied carbon - - Sv Y,v - - Pv
w0
5 Material X life span - - Y,v Y,v - - Pv
o Material X fire resistance class - - - Y,v - - Pv
Material X waste category - - Y,v Y,v - - Pv
Material X certificate - - - Y,v - - Pv
Material X chemical declaration - - - Y,v - - Pv

Material X Global Trade Item Number - - - Y,v - - Pv
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Table A3. Category 3: Technical systems and Smart Readiness.

Cat. Indicator Di.g]izt);IIStS_lgt%rces SRI Level(s) I]’)ri)gdllt.laclt Clgl(iiir;.;D Mosrg}:?)l;ting 2:[511:1‘;1
in Spain [9] Passport Scanning
DHW system description Y,v - Y,v - - - Yv
DHW system energetic vector Yv - Yv - - - Yv
Heating system description Yv - Yv - - - Y,v
Heating system year of installation - - - - - - Yv
Heating system energetic vector Y,v - Y,v - - - Y,v
§ Heating system efficiency Yv Yv Yv - - Yv Yv
% Cooling system description Yv - Yv - - - Yv
é Cooling system energetic vector Yv - Yyv - - - Y,v
g Cooling system efficiency Y,v Y,v - - - Yv Yv
(/E) Mechanical ventilation description - - Yv - - - Yv
:% Mechanical ventilation efficiency - Y,v Y,v - - Yv Yv
g Lighting description - - Yv - - - Y
é Renewable energy production Yv Y- Sv - - Yv Yv
Tt District heating access - - Y- - - - Y
é’ Storage of locally generated energy - Y- - - - Yv Yv
f.j Control system for heating and cooling - Y- - - - - Yv
a Emission control for TABS - Y- - - - - Y
EV Charging points features - Yv - - - - Yv
Smart Readiness Indicator (SRI) - Yv - - - - -
Smart district indicators - - - - - - -
Climate resilience potential - - Y- - - - -
Demand response potential - - - - - Y- Y-
Table A4. Category 4: Energy efficiency, operation and use.
Cat. Indicator Di.g]iat);IIStS_lgfrces SRI Level(s) Il’)ri)g:ilttlaclt Clgﬁiil}.;D Mosrg:taol;ting ]"?“:/\%:rtlasl
in Spain [9] Passport Scanning
Energy label - - - - - - Pv
=Y Energy demand by use Y,v - Y,v - - - Yv
_é —g Energy consumption by use Y,v - Y,v - - Y,v Y,v
;\% E Solar potential - - - - - - Pv
@% Conservation and maintenance plan - - - - - Yv Yv
};3 g Maintenance and service contracts - - - - - - -
H o Safety manual - - - - _ _ _
Tailored renovation recommendations Yv - Sv - - - -
Table A5. Category 5: Financial information.
Cat. Indicator Di'g]iat):lStS'ltr:l%rces SRI Level(s) I]’Dr:)gdlrclt Cllggiil}';D Mosnrﬁzrrting 25111:21
in Spain [9] Passport Scanning
S Annual property tax - - - - - - -
T Property value Yv - - - - - -
é Valuation information - - - - - - -
9]
i Property yield - - - - - - -
% Annual maintenance costs - - Yv - - - Yv
§ Annual electricity cost - - Y,v - - Yv Yv
=3

Annual water cost - - Y, v - - Y, v Y, v
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Table A6. Category 6: Conservation status and pathologies.

0
-}

Existing Digital SRI

Digital Product  Point Cloud/3D Smart
Sources in Spain [9]

Level(s) Passport Scanning Monitoring

Indicator Digital Twins

Conservation status

Expected lifetime - - Yv - - _ Yv

and pathologies
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