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Abstract

The digitalisation of building permits gained a lot of momentum in the last years. 2024 sees
several mature research items, initiatives and big projects on the topicincluding available
software and promoting governmental initiatives and policies. After three years from the first
EUnet4DBP International workshop on Digital Building @mit, in 2021, finding itself at the
moment in which several projects were at their early stagesncluding the European network for
Digital Building Permit (EUnet4DBP), the Digit@uilding Permit conference 2024 was organised
in Barcelona, to gather relevant efforts and contributionsin an overview of the current status of
progress towards building permit digitalisation, as well as an opportunity for active and interested
stakeholders, researchers and developers tomeet and exchange, envisaging cros$ertilisation
for next projects and developments.

In this report, the conference is introduced, and all the abstracts submitted for presentations are
published. Complementing this, online resources are availablesuch as the presentations slides,
linked to the titles of the abstracts, and the recording of the conference, available in the
EUnet4DBP YouTube channel and linked in this document.
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Introduction: Building PermitDigitalisation and the DBP
conference 2024

Francesca Noardd & Judith Fauti®

a0pen Geospatial Consortium / Belgium
bCambridge University / UK

Digitalisation of building permits was detected as the critical knot tdoe solved, in order to pave
the way towards massive digitalisation in the construction industry, and to enable the potential
of automation and optimisation in the management of building and city data.
WG WUqRYUDT WA! W~RHGC DO W[ 0RHE WUt HERWGT WIE9 S§AOE AL
procurement, digital building permits are key in enabling the digital transition of construction by
tgcl qRUNDWI RNRa¢tO Rt ¢cqRYUWE qugs DWGI YTWUHRgb WRURNUGqR

The topic has been developing for a couple of years and now, in 2024, some mature solutions
start to be available. Moreover, some important crossborder (e.g. European) projects as well as
other local initiatives are currently running, as the European Unio has acknowledged the
relevance of the topic and its high potential as an input to related use cases, such as estate
management and digital building logbook.

N6WI UnYl DAWaq8 VWEOUWqN?27AAWqYNUqédl Ws Raé Wt 132131 ¢l
Building Permit Conference2024+ to dive into the current status of research, developments and
implementations, and to provide the opportunity for several digital building permit actors to meet

and discuss.

Multidisciplinarity and inter-sectoral collaboration are key to solving the multifaceted and
complex challenge of building permit digitalisation. Therefore, the conference was structured to
host several different kinds of contributions and activities, fromresearch to implementations,
with a relevant part reserved for users and stakeholders, in order to investigate the challenges of
qé Wt YieqRYUt kWe Gget IJKO

The DBP conference 202#vas developed with close aims to theNew European Bauhau$, whose

festival of which it becamea satellite event The New European Bauhaus initiatives is developing
towards the goal of beauty for places, practices and experiences to be:

b
Enriching, inspired by art and culture, responding to needs beyond functionality.
Inclusive, encouraging a dialogue across cultures, disciplines, genders and ages.

i Sustainable, in harmony with nature, the environment, and our planet.

=a =

Enriching: the objectives of the conference

3 Share progress all over Europe and the World

! https://euddbp.net/dbpc24/
2 https://new -european-bauhaus.europa.eu/index_en
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Engage policy developers and regulators

Show benefits and the value of building permit digitalisation through concrete examples
Share solutions and components from several developers

Encourage municipalities to bring their points of view and expertise

Tackling the remaining outstanding problems and challenges

Legal aspects discussion

Share developments and experiences about data and technology for digital building
permits

Inclusive: the p articipants to the conference

(OO IO OO0

The conference was attended by approximately 150 participants, rather diverse from the point of
view of their working sector and field of expertise (BIM, construction, geoinformation, law and
regulations, computer science, urban planning and so on) and provenance Country, reaching way
beyond Europe (Figured-3).

PARTICIPANTS AT DBP CONFERENCE 2024
Standardisation

Consultancy

Research

Public / Building
permit authorities

Fig 1:Working sector of participants to the DBP conference 2024.

<-

Created with mapchart.net

Fig 2: Provenance map of participants to the DBP conference 2024.
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One of the objectives of the conference was to engage with policy makers and building
authorities, and it was achieved, with one fourth of attendants representing public or building
permit authorities. In particular, representatives of 10 municipalities orlocal authorities
participated, i.e.: Vila Nova de Gaia (Portugal), Madrid (Spain), Helsinki (Finland), Hamburg
(Germany), Tallinn (Estonia), Area Metropolitana de Barcelona (Spain), Dubai (Arab Emirates),
Bruxelles (Belgium), Rotterdam (The Netherlands)ktat of Geneva (Switzerland). In addition,
national authorities of 10 countries attended the conference as well, i.e.: Slovenia, Switzerland,
Germany, Croatia, Estonia, Cyprus, Slovak Republic, The Netherlands, Denmark, and Ukraine.
Moreover, several resarchers or companies working closely with building authorities to
implement digital building permit day by day participated and contributed to the conference.

Nine countries' experiences (achievements, progress, lessons learnt) were presented in a
dedicated session (Germany, Slovenia, Finland, Brazil, Ontario, Estonia, Dubai, Vila Nova de

Gaia).

30
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Fig 3:Provenance of participants to the DBP conference 2024 per country.

Diversity in the conference, with the goal of allowing different audiences and expertise to meet

and exchange, was also encouraged by the wide range of organisations supporting it. The
European Network for Digital Building Permit (EUnet4DBPyas the main organiser and was

already born and developed with the same approach, so, in turn gathering several researchers,
professionals and public authorities around the topic of Digital Building PermitOpen Geospatial

Consortium (OGCY Rt Wq6é WWt q¢e¢UT ¢1 T Rt ¢cqRYUWYI NREURY ¢qRYULW ™ N Y
reaching out to the geomaticsrelated domain. Similarly, the International Society for
Photogrammetry and Remote Sensing (ISPRS®)yers geospatial data acquisition, processing and

use science. It was mostly involved via it8Vorking Group IV/1, on Spatial Data Representation

3 https://euddbp.net
4 https://www.ogc.org

European Network for DigitaBuilding Permits
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and Interoperability’. TheEuropean Association for Spatial Data Research (EuroSDR)mostly

the association of European National Mapping and Cadastral Agencies, as well as related
researchers, and was involved in the topic of digital building permit because it closely affects and

in turn, can have groundbreaking consequences on the cdastral information management.
EuroSDR promoted some specific projects on Digital building permit in the pastand is active in

the EUnet4dBP as wellBuilding Digital Twin Association (BTA2 wasinterested in how digital twins

could be used for building permits and how privacy and ethics are included in the processes and
workflows. ADigichecks partner they tried to contribute in those fiel@sganisations related to BIMs

and construction, i.ehuildingSMART,

EU-BIM Task group’, the European council of Spatial Planners ECTRCEU*!, Consortium of
European Building Control CEBO were also obviously interested and supporting the conference

The topic is of interest at different levels in several countries, and treated with different
approaches (e.g., topdown or bottom-up initiatives, starting from research or from
implementation first and so on), as we learnt in the past four years of acttyiwith the EUnet4DBP,
and as shown in the several presentations at the conference. However, in 2022 three European
HORIZON projects were funded to research on the topic and provide solutions at a European
wide level. The three projects, CHER, ACCORD" and DigiChecks® were actively involved in the
conference organisation and their current results were presented.

Sustainab le: our small steps towards climate and environment care

Since environmental sustainability is an urgent goal to be achieved by society, and this kind of
events may have an impact on the production of CO2 and other environmentatlated negative
factors, we took some measures intended to reduce emissions and negive environmental
impact in general. Paper printing was limited at the very minimum, by managing all the
advertisement materials and information provision online No fliers nor gadgets were distributed
at the event. The lanyards were rented by the confence venue as well, so that they could be
recollected after the conference and reused. The dinner was almost entirely vegan, to reduce
negative impact of meat consumption,besides adapting to the dietary needs of the participants
more inclusively. Moreover, even if the event was planned entirely in presence, we allowed
participants in countries outside Europe who made requests to present from a remote
connection, so that they could avoid travelling.

Finally, to compensate, at least partly(i.e., 180.0 t CQ), for the unavoidable emissions, we
funded some projects through the programme and projects provided by Generalitat de Catalunya

5 https:/iwww2.isprs.org/commissions/comm4/wgl/
6 http://www.eurosdr.net

7 https://3d.bk.tudelft.nl/projects/eurosdr -geobim/
8 https://buildingdigitaltwin.org

9 https://www.buildingsmart.org/

10 https://eubim.eu/

11 https://ectp -ceu.eu/

12 https://cebc.eu/

13 https://chekdbp.eu

14 https://accordproject.eu

15 https://digichecks.eu
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TEWUHI D¢l ReWI kK HARZWAIRGC qRHC We Fkhibfn whidhisonsell 9 ¢ a) ¢ G ¢
credits were bought to fund projects by the SendeCO2 programmé’. The emissions were

calculated with the online myclimate!® tool, supporting the calculation of emissions for events,

among other caegories, and adopting a methodology which can be customised according to the

available data and use empirical values for uncertairnvalues®. In future experiences, we will

probably plan this calculation better, by requesting more accurate data to participants in the

registration phase.

The DBP taxonomy and organisation of the programme

As ajoint activity of a EUnet4DBPworking group organised orpurpose, a taxonomy on digital
building permit systems was developed and publisheé . It categorizes the digital building permit
system into four subsystems: legislative, organizational, technological, and procediinaugh
recognizing that these subsystems often overlap. Despite this overlap, we assigned contributions to
the four categoriego organize the conference programs a result, we had sessgdior legislative,
organizational, and procedural contributions, and multiple sessions for technological contriutions
which appears to be the most investigated side of digital building perrritpure4 illustrates the
primary focus areas of the contributions within these subsystems.

Building permit system

Legislative system Organisational system Technological system Procedural system
10% k0% 60%, 20%
Government Rule and Politica : Software ani ata and
A Social aspect . 3 Procedure Process
Level regulation aspect hardware information

(Business)
managment
aspect

Fig4: Taxonomy subsystems and contributions in percentage

Moreover, two types of abstractsvere foreseen, to allow different kinds of organisations, having
different sharing interests, to easily be part of the evdntfact, although only abstract submission
was required, also in line with recent directives from some universities, willing to reduce the number
of conference papers in favour of movaluable journal publications, we plannedseaientific track
intended to share research and link relevant papers and resources; gmdctice track to allow
practitioners and diverse stakeholders to present their initiatives, software companies to possibly
show their solutions antbss mature studies to be introduced even if atlgastages oflevelopments.

The review process worked differently for the two tracksientificextendedabstractunderwent a
peer-review process by at least two reviewers, who were members of the scientific commiistiesl
at the beginning of this publicatin Reviewers evaluated the contributions by scoring and
commenting, and authors had the opportunity to revise their abstracts in one iterafibe.pactice

16 https://canviclimatic.gencat.cat/en/ambits/mitigacio/programa -voluntari-de-compensacio-de-gasos-amb-
efecte-dhivernacle/index.html

17 https://www.sendeco2.com/es/

18 https://www.myclimate.org/en/

19 https://mww.myclimate.org/en/information/about -myclimate/downloads/event-calculator/

20 https://doi.org/10.1016/j.aei.2023.102312
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EUnetdADBP  °  ©orworeosmmimre



https://canviclimatic.gencat.cat/en/ambits/mitigacio/programa-voluntari-de-compensacio-de-gasos-amb-efecte-dhivernacle/index.html
https://canviclimatic.gencat.cat/en/ambits/mitigacio/programa-voluntari-de-compensacio-de-gasos-amb-efecte-dhivernacle/index.html
https://www.sendeco2.com/es/
https://www.myclimate.org/en/
https://www.myclimate.org/en/information/about-myclimate/downloads/event-calculator/
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track abstract were reviewedmore shortly,to confirm thatthe contributions fit the scope of the
conference.

We received approximately 70 submissions, which were beyond our expectations and a high
number considering the planned two days of the conference. Since we wanted &dlow everyone
to present their contributions, unless really out of scope for the conferencethis event became
also an opportunity to experiment with atighter schedule for the presentations We reservedl?2
or 10 minutes, including questions and answers session,for the main contributions being
presented as research or practice respectivelyln addition, short pitches sessions were planned
for the other presentations, selected according to reviewers advses or held by presenters who
volunteered having a 3minute slot. These had3 minutes for their presentations, followed by 10
minutes of common questions and answers session.Such a dynamic schedulewas rather
appreciated by theaudience, who attended rather continuously throughout the whole event In
addition, it gave the opportunity to providea compact but comprehensive overview of current
research, implementations, initiatives and solutions over the two days.

A special issu y Addgances in digital building perniitevas planned contextually to the conference

to give the opportunity to publishufl papes about the presented studies) the Journal of Building

Research & InformatianThe guest editors of #n special issuewho are part of the scientific
committee,selectedsomecontributions based on thextendedabstract and the presentatigiesides
consideingthe recommendations from the reviewers.

E U n et4D B P 10 European Network for Dig:]tzssu:ill;jeizgdlzirr?;tts
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Programme of the conference
The programme of the conference is here reported.

The presentations slidesfor keynotes and sponsor talks are linked to the titles in the text that
follows, while for the abstracts presented, the slides ardinked to the titles of the abstracts of
each contribution in this book, whether available

Keynotes of the DBP Conference 2024

Towards a more resilient, green and digital construction ecosystem Michael Flickenschild ,
Senior Consultant, Ecorys High Level Construction Forum

Digital building permits and procedures from a legal perspectiveere does Switzerland stand?
David SchwaningeBlum&Grob Attorneys at Law, Switzerland

Enriching building permit process from social science perspectiveHannele Kerosuo, Faculty of
Education, University of Helsinki

ECTP and Built4People Partnership: perspectives on future digitalisation of Construction value
chains T Alain Zarli, ECTP secretary General, B4P Management team

Development and process of the BIM building permit in the State of Ge@plglie Vincendon Etat
de Gerdve, Switzerland

Al Thinks Your Building is Compliaht Robert Amor University of Auckland, New Zealand

Sponsor talks

CYPEBeyondBIMandDigitalizationinConstructionindustfyablo Gilabert

BDTA: Stay ahead shaping the future of the Building Digital Twin Indu&dpard Loscos
Future Insight-1 6 ! 105 ¢ R q n Ox 1J q-bdsd@peannditiing] now! Rlgah Exarf ~

Recording of the event

Videosof the recordings are published in theeUnet4DBP YouTube channel
Digital Building Permit conference 2024r Day 1 18/04/2024 h.900-11:00
Digital Building Permit conference 2024r Day 1 18/04/2024 h.11:3012:50
Digital Building Permit conference 2024 Day 1 18/04/2024 h.14:0016:00
Digital Building Permit conference 2024r Day 1 18/04/2024 h.16:3018:20
Digital Building Permit conference 2024r Day 2 19/04/2024 h.9:0811:00
Digital Building Permit conference 2024r Day 2 19/04/2024 h.11:3013:05
Digital Building Permit conference 2024r Day 2 19/04/2024 h.14:0015:30
Digital Building Permit conference 2024r Day 2 19/04/2024 h.16:0017:00
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DAY 1-18" April 2024
8.30-9.00 Welcome and Registration
9.00-9.20  Opening by Francesca Noardo (Open Geospatial Consortium, Belgium) and Judith Fauth (University of Cambridge, United Kingdom)
Legislative System
9.20-9.40 Keynote| Towards a more resilient, green and digital construction ecosystem
Michael Flickenschild (Ecorys and EC High Level Construction Forum)
Chair | Adrian Wildenauer (University of Applied Sciences Bern, Switzerland)
9.40-10.00 Keynote| Digital building permits and procedures from a legal perspective - where does Switzerland stand?
David Schwaninger (Blum&Grob Attorneys at Law, Switzerland)
10.00 - 10.12 Research Paper (12')| Building Permit Digitisation in Saudi Arabia
Eyad Jalal (University College London, United Kingdom)
10.12-10.24 Research Paper (12')| Req lysis and acceleration of app [ procedures for federal highways in Germany
Niklas Pauls (SchuBler-Plan Digital GmbH, Germany)
10.24-10.36 Research Paper (12')| When DBP meets DBL - Conceptual alignment on process level
Pedro Méda (University of Porto, Portugal)
10.36-10.46 Research Paper (12')| A Theoretical Approach For Adopting Smart Contracts In Granting Building Permits For Individual Houses In Vietnam
Quan Nguyen (Hanoi University of Civil Engineering, Vietnam)
10.46 - 10.50 Presentation (10')| Checking 50yrs: Overview of Requil on DBP from
Odilo Schoch (FEDRO, Switzerland)
Technological System -1
10.50-11.00 Sponsor talk (10')| Beyond BIM and Digitalization in Construction Industry
CYPE | Pablo Gilabert
11.00-11.30 Coffe Break
Chair | Christian Schranz (Technische Universitat Wien, Austria)
11.30-11.42 Research Paper (12')| Geometry level of information needs for digital building permit regulations
Siham El Yamani (Delft University of Technology, Netherlands)
11.42-11.54 Research Paper (12')| Code compliance checking approach for implicitly c in g models
Simon Fischer (Research Unit Digital Building Process, Technische Universitat Wien, Austria)
11.54-12.06 Research Paper (12')|/ls Space
Rolf Jonker (G R )
12.06 - 12.18 Research Paper & Sponsor Talk (12')| Design and P of a digital ¢ e h DBP format
Nicholas Nisbet (AEC3 Ltd & University College London)
12.18-12.30 Research Paper (12')| IFC-Based Platform Prototype for Rule Editing and Code Compliance Check
Bruno Muniz (University of Minho, Portugal)
12.30-12.40 Presentation (10')| An approach to GeoBIM using 3D City Database and BIMServer
Bruno Rienzi (Facultad de Ingenieria, Universidad de la Republica, Uruguay)
12.40-12.50 Presentation (10')| ACABIM: Open Compliance Audit for New Zealand Regulations
Robert Amor (University of Auckland, New Zealand)
13.00-14.00 Lunch

Organisational System

Chair | Silvia Mastrolembo Ventura (University of Brescia, Italy)
14.00 - 14.30 Keynote| Enriching building permit process from social science perspective
Hannele Kerosuo (University of Helsinki, Finland)
14.30 - 14.42 Research Paper (12')| Adaptability Of Digital Permits For Building-As-A-Service Asset
Adrian Wildenauer (University of Applied Sciences Bern, Switzerland)
14.42-14.54 Research Paper (12')| Starting With Why: Shaping The Future Of Planners By Empowerment Of Necessary Competences At
Universities To Enable Integral Digital Construction
Matias Penrroz (University of Applied Sciences Bern, Switzerland)

D of a public road authority

E U n et4 D B P 12 European Network for Dig:g?::ill;jézgdlzir.?;tts




) '24 Digital Building Permit conference 2024
187119 April 2024t Barcelona COAC

14.54 - 15.06 Research Paper (12')| Enhance the digitalization of Building Permit Processing with Recognition-Primed Decision Making
Peter Nerkjer Gade (University College of Northern Denmark)
15.06- 15.18 Research Paper (12')| Towards automated building lifecycle assessment calculation
Petr Hradil (Sova3D Oy Ltd., Finland)
15.18 - 15.30 Research Paper (12')| A Maturity Model for Digital Building Permit: a path towards the digital transition
Mariana Ataide (Fraunhofer Italia Research)
15.30-15.40 Presentation (10')| Digitalizing the built environment - leading people through change with the power of experimental culture. Is a cultural
revolution necessary for the digitalization of the built environment?
Tiina Talvitie (City of Helsinki, Finland)
15.40-15.50 Presentation (10')| Digital Built Environment - Support public authorities in digitalising their building permit systems
Miguel Pereira and Giulio Milanesi (PwC Luxembourg)
15.50-16.00 Presentation (10')| e-Delivery report by CEBC
Sasa Galonja (Consortium of European Building Control)
16.00-16.10 Sponsor talk (10') | Why wait? Let's start with BIM-based permitting now!
Future Insight | Jaan Saar
16.10-16.30 Coffe Break

Country-specific experiences

Chair | Jaan Saar (Future Insight, Netherlands)
16.30- 16.40 Country specific (10°)| Germany’s Digital Building Application as a Trailblazing Guarantee for Accelerated Pianning and Implementation of
Nationwide Construction Projects
Christoph Vollmer and Eckhard Riege (Ministry of the Interior, Building and Digitalisation, Germany)
16.40 - 16.50 Country specific (10')| “One-for-All” - experiences and perspectives of the digital building permit in Germany
Ronny Weinkauf and Andreas Fiedler (Merseburg University of Applied Sciences, Germany)
16.50- 17.00 Country specific (10°)| Implementing a digital building permit system in Slovenia - current status and aspirations for the future
Jernej Tekavec (University of Ljubljana, Slovenia)
17.00-17.10 Country specific (10")| Developing automated building permitting in Finland
Antero Hirvensalo (Tampere University, Finland)
17.10-17.20 Country specific (10%)| Automatic Legislation/GIS/IFC Integration in Brazil
Paulo Sergio Teixeira (Torch Engenharia, Brazil)
17.20-17.30 Country specific (10%)| LandLogic: Determining Applicable Law Agencies for Digital Building Permitting in Ontario, Canada
Saeid Emamgholian (AECO Innovation Lab, Canada)
17.30-17.40 Country specific (10")| Information Model based Urban Planning prototype in Estonia
Christopher-Robin Raitviir (City of Tallinn, Estonia)
17.40-17.50 Country specific (10")| Transformative Journey: Dubai Municipality’s BIM Adoption for Building Permitting and Regulatory Compliance
Nasser ALshaibani (Dubai Municipality)
17.50-18.00 Country specific (10")| From paper to NOPaper: A 10-year journey of digital transformation for building permits in Vila Nova de Gaia
Carla Pires (Gaiurb EM, Portugal)
18.00-18.20 Keynote| ECTP and Built4People Partnership: perspectives on future digitalisation of Construction value chains
Alain Zarli (European Construction Technology Platform, ECTP)

20.00 Dinner | HOTEL 1898, La Rambla 109 - 08002 Barcelona

DAY 2 - 19" April 2024
Procedural System
9.00-9.20 Keynote|Development and process of the BIM building permit in the State of Geneva
Ophélie Vincendon (Etat de Genéve, Switzerland)
Chair | Judith Fauth (University of Cambridge, United Kingdom)
9.20-9.32  Research Paper (12')| BIM-based building permit process: Finland’s implementation path
Anna-Riitta Kallinen (ARK Consulting, Finland)
9.32-9.44 Research Paper (12')| Stakeholder attitudes and process readiness towards digital building permit processes in five European countries
Rita Lavikka (VTT Technical Research Centre of Finland)
9.44-9.56 Research Paper (12')| Investigation And Comparison Of Building Permit Processes In Different Sized Municipalities At National Level: The ltalian Case
Kavita Raj (University of Brescia, Italy)
9.56-10.08 Research Paper (12')| Process Analysis and Comparative Evaluation of Building Permitting - PACE-BP
Tanya Bloch (Technion Israel Institute of Techology)
10.08 - 10.20 Research Paper (12')| Analyzing Building Permit Processes Across Europe
Peter Nerkj®r Gade (University College of Northern Denmark)
10.20- 10.32 Research Paper (12')| Automated Regulatory Compliance: Insights from a Design Research
Joao Soliman-Junior (University of Huddersfield, United Kingdom)
10.32-10.42 Presentation (10')| Designers as Catalysts for Change Towards Digital Building Permitting (DBP)
Borja Martinez (SIA Architects, Luxembourg)
10.42-10.45 Short Pitch (3')| Building Permit Process Digitalization : A Municipal Implementation Process Map
Orjola Braholli (Fraunhofer Italia Research)
10.45-10.48 Short Pitch (3')| Building Standards Compliance for SMEs: A Case study of Scotland
Michael Tong (Glasgow Caledonian University, United Kingdom)
10.48 - 10.51 Short Pitch (3')| A conceptual framework for managing the building permitting process in Brazilian municipalities
Douglas Malheiro de Brito (Federal University of Bahia, Brazil)
10.51-11.00 Q&A(10')
11.00-11.30 Coffe Break
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Chair | Harald Urban (Technische Universitat Wien, Austria)

11.30- 11.33 Short Pitch (3')| Transformer-based ic Parsing of Building Re Towards Supporting Regulators in Drafting Machine-Readable Rules
Robert Amor (University of Auckland, New Zealand)
11.33-11.36 Short Pitch (3')| The IDS As A Means Of Exchanging Information Req 's In Public Admii ions: The Use Case Of The Digital Building Permit

Giancarlo de Marco (Fraunhofer Italia Research)

11.36- 11.39 Short Pitch (3')| A Concept for Leveraging Road Digital Twins for Enhanced Planning and Building Permit Processes
Judith Fauth (University of Cambridge, United Kingdom)

11.39- 11.42 Short Pitch (3')| Aligning BIM, DBP, and Sustainability: Insights from a Venn Diagram Analysis
Stefanie Brigitte Deac Kaiser (The Polytechnic University of Timisoara, Romania)

11.42-11.45 Short Pitch (3')| Methodology to analyse privacy and IPR problems in digital building permits: BPMN processes taxonomy and simulations
Pablo Vicente Legazpi (Building Digital Twin Association, Belgium)

11.45-11.48 Short Pitch (3') | Definition Of BIM And 3DCitymodel Information Requirements For Digital Building Permits
Sara Comai (University of Brescia, Italy)

11.48-11.50 Short Pitch (3')| B/IM models and 3D City Model as part of the building permit in Finland
Petri Kokko (Sova3D Oy, Finland)

11.50-12.00 Q&A (10')

Technological System - 2

Chair | Rita Lavikka (VTT Technical Research Centre of Finland)

12.00-12.10 Sponsor talk (10') | Stay ahead shaping the future of the Building Digital Twin Industry
BDTA - Eduard Loscos

12.10- 12.22 Research Paper (12')| Breaking the boundaries of Automated Code Checking through Semantic Enrichment and Graph Neural Networks
Tanya Bloch (Technion Israel Institute of Techology)

12.22-12.34 Research Paper (12')| Formalization of building codes and regulations in knowledge graphs
Gongal Costa (Ramon Llull University, Spain)

12.34 - 12.44 Research Paper (12')| Achieving Extensibility within a Standards-based Platform for the Digital Building Permit in Montevideo
Laura Gonzalez (Facultad de Ingenieria, Universidad de la Republica, Uruguay)

12.44-12.54 Presentation (10')| Enhancing Smart Cities through Semantic Planning Law Data - The ACCORD-project and the Use-Case Berlin TXL
Stefan Hoffken (Tegel Projekt gmbH, Germany)

12.54-13.04 Presentation (10')| Checking of Urban Planning Regulations with GeoSPARQL and BIM SPARQL
Vladimir Alexiev (Ontotext AD, Bulgaria)

13.05-14.00 Lunch

Technological System -3

Chair | Gongal Costa (Ramon Llull University, Spain)

14.00 - 14.30 Keynote| Al thinks your building is compliant!
Robert Amor (University of Auckland, New Zealand)

14.30- 14.40 Presentation (10')| Building Permits Management Data Space
Francisco Javier Diez (Tekniker, Research and Technology Centre, Spain)

14.40- 14.50 Presentation (10')| CHEK technology architecture: achieving interoperability for a modular approach
Ane Ferreiro (CYPE, Spain)

14.50- 15.00 Presentation & Sponsor Talk (10") | Enabling BIM in Building Permitting: The Critical Role of the Permitting Platform
Illkkka Mattila (Cloudpermit, Finland)

15.00- 15.03 Short Pitch (3') | Al-supported, automatic document checking for digital submission and processing of building applications in Germany
Lisa Lenz (Building Information Cloud GLWG GmbH, Germany)

15.03-15.06 Short Pitch (3') | Al Assisted compliance in the built environment
Max van Riel (Struck, Netherlands)

15.06 - 15.09 Short Pitch (3') | Advancing Automated Compliance Checking Through Visual Programming in the Context of Australian Building Codes
Nikoo Mirhosseini (University of Melbourne, Australia)

15.09-15.12 Short Pitch (3')| 3D Cartographic Generalization of Indoor Spaces using Corpora of Geospatial Natural Language with Parsimony of Description
Daniel Dos Santos (Military Institute of Engineering, Brazil)

15.12-15.22 Q&A(10')

15.30-16.00 Coffe Break

Technological System -4

Chair | Eduard Loscos (Building Digital Twin Association, Belgium)

16.00- 16.12 Research Paper (12')| Optimisation of the fire safety certificate process in the digital and model-based building permit procedure
Janna Walter (THM - University of Applied Sciences, Germany)

16.12- 16.24 Research Paper (12')| Automatic verification of requirements in BIM models for building permit
Filippo Chiappini (University of Brescia, Italy)

16.24- 16.36 Research Paper (12')| Mapping the processes and developing the rule sets for automated compliance checking of health and safety regulations
Zijing Zhang (University College London, Aston University, Arcadis Consulting, United Kingdom)

16.36 - 16.48 Research Paper (12')| DMN as a visual interface for building constraint creation
Emma Nuyts (Ghent University, Belgium)

16.48 - 16.58 Presentation (10')| Use of augmented reality in the openBIM building authority process
Harald Urban (Technische Universitat Wien, Austria)

17.00 Closing remarks
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Building Permit Digitisation in Saudi Arabia

Eyad Jald, Claire Elluf, Ben Clifford®

aDepartment of Civil, Environmental and Geomatic Engineeringyniversity College London / UK
bBartlett School of Planning, University College London / UK

General Statement

In recent years, efforts to digitise the building permit processes and regulations havedreased
at different levels. Countries and municipalities have put strategies in place to use and adopt the
benefit of technology to manage data and design cities sustainabil], [2], [3]

A building permit is an official document the responsible authority must grant before the
construction phase begins[4]. Designing a new building should consider several aspects: the
design quality and the geographical relationship of the new building to its context. For a permit to
be issued, the proposedbuilding must comply with the related building regulations. Currently
they are written in the form of (text), read, and interpreted by peopls].

However, studies[2], [6], [7], [8]found that issuing a building permit encounters issues including:
1) The processes aretime-consuming and costly.
2) Regulations are open to interpretation.
3) Assessment is subject to human error
4) Lack of transparency in the application assessment

5) Lack of use of technology in the assessment processes

Problem Statement

Digitally enabled gemi-automated) building permit application processing couldhelp overcome
these issues[9], [10], [11]and investigations have been carried out in various countrie], [12],
[13], [14], [15], [16] However, to date, very little work has been done in the context of Saudi
Arabia.

Context T Saudi Arabia

Saudi Arabiais the biggest nation in the Middle East and the fourteenth largest globally. Saudi
cities are witnessing dramatic urban growth due togrowing populations [17], [18]. [19]Saudi
Arabia is one of the most urbanised countriesvorldwide, with an approximate population of30
million, with 84% residing in cities in 202 [19], predicted to rise t0[20]39.1 million by 2025[20].
Consequently, this will result in increases in housing demand[21], restrictions on green
infrastructure, carbon emissions, and trafficrestrictions and congestion [22].

Research Questions

The Saudiplanning systemprovides an opportunity to extend and further validate approaches to
digital building permits, both in terms of the rapid urbanisation of the country and in terms of the
challenges that may be presented by the use of the Arabic language (and hence character
set/alphabet) to encode regulations. The desert climate also means that the regulations may
have a different focus than those traditionally encountered in existing case studies (which are
mostly based in Northern Europe).

¢ Y 18 European Network for DigitaBuilding Permits
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This paper takes preliminary steps towards exploring these issues, providing initial answers to
two questions:

1 To what extent does Saudi Arabia adopt similar approaches and face similar
challenges to other countries in the context of digital building permits?

9 What is the potential to apply existing approaches towards the digitisation of building
permit regulations in Saudi Arabia?
Methods

A two-step approach was taken to answer tese questions.

Step 1: A literature review (of both academic literature and grey literature as well as official
government publications in English and Arabic) was conducted to identify and document the
processes used in obtaining building permits in Saudi Arabia and any existimgsearch on this
topic. The resulting planning and permits workflows and issuesre then compared to those
already documented for other countries.

Step 2:Digitally encoded andparse-able building permits are a prerequisite of any digital permit
system to automate or semi-automate regulations checks. However, to date, most countries
create their regulations in PDF format (although digital processes may be usedd¢oeate the PDFs
initially). To frame further research, a review of existing approaches to planning regulations
encoding from PDF to digital format wasonducted to identify any specific challenges that will
be faced if these are applied in aifferent cultural/linguistic context.

Preliminary Results
Step la: The Saudi Building Permit Process

Saudi municipalities use a basic esystem Baldy) for issuing building permits[23]. Issuing the

building permit starts whenthe applicant assigneesand discusses the design preferences with a

certified engineering office. Then, the engineering office starts preparing the drawings following

qélWe GG RAc Uqkt WI Whe RI 1Jdadduglbadsdhe tetiifes BogumBnsto W1 1IN 2 O «
Baldy in PDF format.Next, the municipality conducts an administrative review to ensure the

application includes the required documents and a manual content review to ensure the

proposed design complies with building andplanning regulations. Lastly, the municipality makes

the decision, and the applicant is notified in Baldy17], [23]. As shown in Figure 1the process of

obtaining a building permit in SaudArabia is closely similar to that ofother countries.

l Saudi workflow
UKworkflow

Harmonised workflow
for some European
countries

Application Application review Issuing Sart
submission and content building

f " construction
regulation checks permit

Application Neighbors Application review Issuing S

submission consultin and content building i
g regulation checks permit construction

Ste
inspections
during
constructio
n

Completion
Final | certificate/

inspection use permit

issuing

Issuing
- building
permit

Pre- Application Neighbors Application review
consultation submission consulting and regulation check

Sart
construction

Completion
and
notification

Fig. 1. Comparison of building permit workflow . Adopted from [8]
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Step 1b: Existing Challenges for Saudi Building Permits

[17]Saudi cities face issues associated with the regulations and policies in the building permit

cycle and among decisiormakers and notifying the applicant of the states of the building permit,

which islengthy and fragmented[17]. Moreover,the studyfound that Saudi municipalities need

to adopt new technology for issuing permits and enhariag city management performance

Further, the study found that manyengineering officeshave improved their capabilities anduse

of digital models to ensure that proposals# Y 0 G ! Ws Raé Waqé WWie URARGE TG RaQRI
the building height, prior to submitting a building permit application However, checking

processes are taking significant time and effort andresults can beinaccurate (ibid). A study by

[24] found that the time required to issue a building permit for an apartment building is one to six

months, and for a villa is about four months. This is due to the fact that:

9 The submitted drawings often do not comply with the regulations.
9 The regulations are subject to interpretation by officials
9 The processes are not transparent for both officials and consultant construction firms

These issues were confirmed by the Ministry of Municipal and Rural Affairs (MOMRA) report,
which revealed that about 75% of public construction projects are delayed and need to meet the
planned time [25].

Step 2: Applying Existing Approaches to Digitising the Saudi Planning Regulations

To develop an automated compliance checkingsystem, it is essential to digitise the building
regulations, where the regulation must be translated from natural human language into computer
language[14], [26]. Digitising the related building regulations is one of the most challenging tasks
in digitising the building permit procesq14], [27], [28] In this context,[29], [30]developed a mark

up method, namely Requirement, Applicability, Selection and Exception (RASE), which aims to
transform the regulations text into a computable form. This method has been used in different
contexts. For example,[15] modified the RASE method to interpret the Turkish zoning regulations
in the English language. Another project is the CHEK project, which applies the RASE method in
four municipalities in Italy, Portugal,and Czechia[14].

Saudi planning regulations are provided in Arabi@s text in PDF format.Some regulation
documents include images and tables to illustrate specific cases,such as building height and
percentage, as shown in Figure 2In some casesT e.g. Jeddah City T all the regulations are
conveniently contained in one document[31].
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Fig. 2: Rear parcelbuilding percentage and building height rule . Adapted from [31]

The RASE method was applied to a selecteglanning rule (building percentageand building
height) of Jeddah's municipality.Preliminary results show the general applicability of the RASE
method in the Arabic language. However, careful consideration of sentence structure and
vocabulary is needed as certain words can alter the meaning of the rule, resulting in different
interpretations. Considering the following sentence from{31]:

we A4 My Vi@ & G lo IyT iy s a67806 ) VI CHIF

Once applying the RASE method, this sentence can be interpreted as a Requirement (Rear Parcel:
take the rear area system in useand the height is as follows), or as an Exception (Rear Parcel:
take the rear area system in useput the height is as follows).Hered L q 6 1J Il mdah belll /b
translated into English as (AND) or (BUT).

Conclusion and Future Work

Our review shows that theconstruction sector in SaudiArabiais performing poorly in terms of
service provsion (time and cost) [32], and the planning and permits sector faces similar
challenges to those encountered elsewhere Additionally, planning and permit workflows are, in
fact, relatively similar to those adopted in other countries. Regulations areT as in many other
countries T provided in PDF documents, however, in Arabid his means that existing approaches,
such asRASE are applicable in the Saudi context

More broadly, implementing new practices and advancements in the construction industry is
important but requires altering the regulations and reducing or eliminatingbstacles. In addition,
digitising the building permit process in the Saudi Arabian context is rarely discussed. Further
work will involve a more indepth review of benefits, processes and regulations, including a more
in-depth study of the applicability of RASE to the planning regulations and an investigationtbé
impacts of GeoBIMbased automated compliance checking on the building permit process
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Requirements analysis and acceleration of approval
procedures for federal highways in Germany
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Andreas Bach, Markus Koni§
aSchufler-Plan Digital GmbH, Diisseldorf, Germany

bComputing in Engineering, Ruhtniversity Bochum, Bochum, Germany
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The research project "BeGeBIM" was initiated in June 2023 for the purpose of investigating the
effectiveness of the BIM method in acceleration of the approval procedures in Germany. The
project aims to establish the essential requirements and solutions fora digital, modeldriven
approval process in the construction of road infrastructure. The project partners aim to outline
requirements for BIM models, analyze traditional approval processes within existing legal
regulations, and develop and evaluate digithverification routines for possible implementation in

a model-based approval process.[1]

The contribution centres on the results of the initial phase of the project. The objective was to
analyze the current asis processes of the approval procedure and identify (sub)processes whose
improvement could accelerate the entire approval process.

Ensuring a resilient transport infrastructure is an important task for the public sector. The current
need for expansion and renovation results from the increasing wear and tear on highways and
bridges due to the sharp rise in traffic volumes. Cumbersomerad lengthy construction approval
procedures lead to a considerable amount of time being spent, meaning that these procedures
need to be accelerated in the interests of the national economy. Recognising the intrinsic link
between efficient transportation networks and economic prosperity, expediting the approval
processes becomes paramount. Acceleration not only addresses the immediate challenges of
infrastructure degradation but also serves as a catalyst for economic growth. Streamlining these
procedures demands a strategic approach that balances speed with the maintenance of rigorous
standards, ensuring the sustained safety and environmental integrity of the infrastructure.

The early adoption of an engo-end digital process chain appears to be a practicable solution.
Implementing a comprehensive digital process can accelerate decisiormaking, enhance
transparency, reduce administrative bottlenecks, and minimize the margin foerror. The Building
Information Modeling (BIM) method is founded on the principle that all information is stored and
transmitted in a three-dimensional model throughout the planning, construction, and operation
of a building or a construction. Nowadaysnumerous construction projects are being executed
as BIM projects. Presently, there is a media discontinuity when submitting planning documents
to the approval authority, as twedimensional plans must be submitted for approval. This requires
additional work from the planners to create the plans. The use of models in the approval process
is expected to lead to more consistent data exchange and simplify the process of checking for
approvability. Countries in which the BIMbased approval process has already ben introduced
are Singapore, Norway, Estonia, Finland and the Netherland2]. It has already been shown that
a lot of information in an approval process can be objectified and quantified and is therefore
suitable for integration into a BIMbased workflow [3]. In building construction, the successful
use of BIM in the approval process has already been evaluated and it has been shown that a
partially automated inspection using digital models is possible with the help of comprehensive
checking rule definitions[4].
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The objective of the initial phase of the research project was to analyse the current -&s
processes of the approval procedure. To begin with, it was necessary to document the current
approval procedure in detail to understand the specific tasks and depetencies. Formal process
maps help to visualise and comprehend the connections between individual specialist
departments and the submitted documents involved in an approval process. The current
approval process was captured with the special knowledge of exgrts from the Federal Trunk
Road Authority and formalized using Business Process Model and Notation 2.0 (BPMN). BPMN
2.0 has emerged as the standard for business process diagrams. It is designed for stakeholders
involved in designing, managing, and implemmating business processes. These principles are
detailed in a publicly accessible specification[5]

| Preliminary planning

|
i - ™~ |
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Fig. 1: Overview of the approval process including the relation to the preliminary examination as a sample
process for the second level
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projects takes place and consists of three main phases, as outlined in the guidelines for the

"Planning procedure and the uniform design of planning documents in road constructions].
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ensure clarity and manage complexity, the process map was modelled with four levels of detail.

The first level represents the overall process of the successive pises. The second level models

the processes of each phase, with a focus on clearly outlining communication processes

between the project owner and the approval authority. The third level concentrates on

procedures and processes within one of the reviewin@rganisations. For instance, the review

process from the assignment of approval documents to the aggregated review result. The fourth

level, which is the most detailed, illustrates specific workflows of the inspectors, such as the

inspection of technical equipment. The level structure is depicted in figure 2.
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Fig. 2: Hierarchy of the individual process modelling levels

The potential for process improvement was identified through two methods. Firstly, an evaluation
scheme was developed that prioritises individual processes consistently. With respect to the
project objectives, an assessment was carried out in the categorg"suitability for use of the BIM
method", "dependencies”, "legal framework" and "demonstrator capability & transfer". High
priority processes include, for example, reviewing the content of the approval documents. This
example can now be used to explain tb second way of identifying potential for improvement.
Process maps were used to identify uniform process sequences suitable for automation due to
their repetitive nature. In the content review process, the communication channels, access to
authorization documents, and aggregation of results are identical. The approval procedure
involves checking various documents, such as the project location and overview, plans for
immission control measures, and plans for drainage measures, rather than just technical
equipment.

The next step of the research project will be to formulate target processes based on the-&s
analysis of the approval procedure processes and prioritisation. These processes should address
potential issues through the consolidation of process flows, digalisation, and automation. One
possible solution is to create a federated model at the beginning of the approval process. This
model should cover all the information requirements of the individual inspections in the same
way as the approval documents. Ddhing the information requirements (LOIN) for different
specialised models is necessary as it provides the basis for a federated model. Subsequent steps
in the development process can facilitate the creation of checking rules and routines that can be
applied to the authorisation models. These semautomated checking rules can significantly
speed up the checking process, reduce human error, and ensure the quality of the planning.

A semiautomated approval procedure undoubtedly offers advantages such as efficiency gains
and process acceleration. However, the question remains as to whether it is merely a shetigrm
measure or whether it will be sustainable in its current form in théong term. In principle, it is
crucial to identify potential challenges and risks, especially in the evaluation phase, to ensure
that it meets the needs of all stakeholders and complies with legal requirements. In answering
this question, it is important to consider not only the current state of technology, but also the
progress made, particularly in the areas of Natural Language Processing (NLP) to seamlessly
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convert standards and guidelines into machinereadable formats and artificial intelligence (Al) to
achieve a higher level of automation.

Although legal framework conditions currently prevent an endo-end digital process in Germany,
demonstrating the feasibility of such a procedure and partially automating process steps will
make the potential transparent and remove hurdles to an accelerat@ digital authorisation
procedure in the long term. To optimize the process, select the highest priority and most
automation and acceleration potential processes. The aim is to develop target processes, create
necessary specifications for digital foundatians, use technical systems for implementation, and
carry out an exemplary implementation. Accompanying measures, such as measuring
throughput times, are intended to evaluate the efficiency increase resulting from process
digitization.
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The digitalisation of the building permitting (DBP) process is suffering a significant push, with
several researchers actively working and supported by the European Commission's (EC) ambition
of setting a common framework for it.

Similarly, following several European Union (EU) studies, a common framework of requirements
to ensure data traceability at the building level and throughout the built entity life cycle is also
being proposed and trialled. This information container, whictcan collect data and set links to
different databases, is defined as the Digital Building Logbook (DB[1)] [2].

As a starting point, both initiatives have existing processes that can vary substantially from
country to country or even from public authority to public authority in the same region.
Notwithstanding, the processes they aim to improve, expand, or replacere critical, either for
compliance checking against regulations, establishing and verifying performance or
environmental indicators, obtaining a license for building use, and recording changes from
interventions or other events, among different possible eemples. Additionally, some aspects are
common. DBP and DBL share the same scope: the building and its life cycle and similar flaws are
identified by many researchers, where data loss and the absence of traceability are among the
ones raising more concerng3].

Given the investment to better understand and establish guidelines at the EU level supporting the
digitalisation and standardisation of building permits and building logbooks, and given the
common aspects shared by both, it is the authors' intuition thats key to seeking potential links,
merging partially the systems architecture and identify the requirements and inherent data that
should be shared, if applicable.

Although several studies are investigating the processes, the data and the requirements
surrounding each concept, few studies exist focusing on understanding if both concepts overlap
and, facing a positive answer, how they overlap or complement each other.

The present study aims to answer the following questions:
n Are DBP and DBL related concepts?
n If yes, how should they relate at the process level?

Based on the intuition of the relationship between DBP and DBL, the CIFE horseshoe
methodology was established as the framework{4]. Action research and its system model

constitute the core method, where the preparation, the realisation of a workshop and the

RaqWUl ¢ qRYUt Ws Rag6 WU+ Gl qt Wt 2 GGY I q ¢ b Blndipodiermh Yo Y DR #H
surveys were used for the iteration process. The discussion period was used for spreading ideas

and focusing on specific aspects, leading to issues clustering, and enabling the main findings and
contributions.
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Fig. 3: Methodological approach based on CIFE horseshoe (simplified) and Action research.

The findings lead to the overall perception that DBP and DBL are related concepts, overlapping in
processes and data, meaning that technological links or similar or, at least, compatible reference
architectures should be adopted.

j [ RDWZmwWRGGeat ql ¢cqlt W6 WWHRYUUWUHqRY Ut WYUWe WG YHIIL
DBL layer is based on Méda, 202[5], while the DBP level is based on a digital building permit
taxonomy based on Fauth, 20247]. The interconnections between the two layers are shown. In
addition, and based on current practices and law, milestones are fixed stages within the process.
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Fig. 4: Process level connections between DBP and DBL.

Additionally, thoughts were shared about the linking concerns to other databases containing
relevant data, and that must be kept as the source of that data. The maturity of these databases
and the fact that they are not being fully established for the corieuction sector raise
compatibility issues and the question of how the boundary conditions should be defined. From a
technological viewpoint, tools and standards exist to support information exchanges. However,
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most of them are limited in scope to the construction sector. Other initiatives can also bring
valuable contributions to the DBP and DBL developments, such as the INSPIRE Directive, Digital
Product Passports, Asset Management systems, and smart buildings amagement systems][8]
[9]. Likewise, opportunities and challenges arise from these possibilities.

The study delivers insights and guidance for ongoing developments by clarifying the potential
relationships between DBP and DBL. Additionally, this contribution is significant at the strategic
level as EU grey literature should assume this as a starting jm for actions, guiding principles
and implementation roadmaps. Although the findings are relevant to all construction sector
stakeholders, these are more meaningful to researchers and strategists working on twin
transitions in construction. In these, goernments and public authorities are included. It is also
essential to highlight the importance of the outcomes to the relevant stakeholders engaged in
aspects surrounding Digital Twins and Asset management systems, among other topics where
much experiencealready exists and where relevant contributions can be built based on it.

This work also provides insights into how DBP and DBL dependencies can work and to which

extent one can be part othe other. Although some conclusions are presented in this respect and
G¢cRUG! WnY#Het RUNDWYUWq6 WG YRIJE L Kkt WGWI + GUHqR2 1A LWqGE
in future research, namely in what relates to the relevant data to be exchanged attaeti to each

process.
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A theoretical approach for adopting smart contracts in
granting building permits for individual houses invietnam
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Vietham has been going under its urbanisation since its economic reform in 1986, but the
urbanisation rate has increased significantly for about 15 years. This urbanisation has led to the
booming in housing development in the country, both for housing inrpjects and individual
houses. According to the current regulations, for most of the cases of individual houses, the
house owners must apply for a building permit from districievel government before they can
start the construction work [1]. Statistical figures show that the number of permits issued for
individual houses accounts for more than 90% of the number of Building Permits issued by
provinces. The Building Permit process is often subjective, long and complicated, then error
prone [2]. Civil servants in charge or processing the building permit applications keep claiming to
be overloaded. This practice leads to less efficient use of public assets and low level of quality in
public service provision. Digitalisation has been proved to ba solution for facilitating the building
permit issuance [2]. BIM model and web application can be used for reviewing the building permit
applications. However, the building permit can only be granted if all the conditions are met, while
the conditions are very subjective which leads to a lot of different cases toe reviewed. Previous
publications have stated that smart contracts can be applied to granting building permitf3, 4].

According to Nick Szabo[5]AW ¢ Wt G ¢l qWHYUql ¢AqUWRt We WHY O Ge qll R
executes the terms of a contract. The general objectives of smadontract design are to satisfy

common contractual conditions (such as payment terms, liens, confidentiality, and even
enforcement), minimise exceptions both malicious and accidental, and minimise the need for

ql et qUT WRUqWI GUT R¢!I Rt IOwWf OWYq6 I Ws YI T4+ AWt Gl ql
G¢l qRIJY Ws | RaqlUWe qlldlJc j5epll R 0 HIGq L & NI B d ILdH ¢ GLE @ 171 st ¥
logical statement written on the blockchain. When the predefined conditions are met and

verified, a computer network executes the functions. Apparently, the conditions in granting

building permits can be convertedinto codes then smart contracts can be used for the issuance

of building permits. Parties engaged in the smart contract must agree on the terms that govern

the transactions, the methods by which data and transactions are recorded on the blockchain,

the investigation of any exceptions, and the creation of a dispute resolution mechanism. In

building permit issuance, different agencies need to agree on the conditions to grant the permit,

similar to the way the users approve a transaction in blockchain.

A typical smart contract process is presented in Figure 1. Parties must first decide when to work
together and decide on the goals for each party in order to construct a smart contract. Any
potential exchange of value, such as products or services, may falnder this category. They then
need to specify the requirements that must be fulfilled for an exchange to take place. These could
be set off by the individuals involved, by outside circumstances, or by particular benchmarks.
After this, programmatic writing of all the specifications and contract terms is done utilizing
computer logic and code. After that, the smart contract may be added to the blockchain, where
it will automatically run when certain criteria are mef{6].
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Identify Opportunies

Decide on terms of contract and come to an agreement

Create Contract

|¢

Write conditions for execution in code so that action can be automated

|¢

Deploy Contract
Deploy contract to the blockchain and wait for the conditions to be met

Execute contract

|¢

Send trigger to contract and if conditions are met, contract will self-execute

|¢

Record outcomes
Outcomes are recorded on the blockchain permanently and updated across all nodes

Fig.1: A typical smart contract process [6]

Literature shows that smart contracts have been applied to automate different kinds of
processes in the built environment. Table 1 summarizes selectedpplications.

Tab.1: Selected applications of smart contracts in the built environment

No Smart contract application Sources

1 Automatic verification of the compliance of the digital deliverables [7]
provided by Exchange Information Requirements

2 Automated Code Compliance Checking for Building Envelope Design [8]

3 Improving supply chains, supply chain management [6, 9]

4 Automatically recording and calculating reimbursed costs,profits, and [10]
cost savings for each member of a construction project

5 Automatic payment in the construction industry [11-13]

6 Eliminating or reducing payment issues in construction contracts [14]

According to the current regulations, a typical process for granting Building Permit for individual
houses can be divided into 5 steps (Figure 2). The timeframe for granting a Building Permit for new
construction is presented in Table 2.
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Step 1: Application Submission

!

. St Step 2A: Return
Step 2: Application No s )
Validity Check —— Appllcauo_n and Provide
Guidance
l OK
Consultation (if ¢ St ; 7
: _On_bu_a_lo_rl(l_dfw_ _Step 3: Application Appraisal and Site <
[ Jspection Additional
I 12 days 1 documents
| st 41 ) aQ
| Step 3A: Invalid I* E"’ Yes Step 3B: Inform
I documents? House Owner
I
i No l 2nd time Yes
Step 4B: Consulted : No Step 4A: Inform House
Government Management . — — ., Step 4 (;ompleted — Owner and Higher
Agencies in time? Management Body
Written reply
1 Yes
Refusal
Step S: Result Issuance -
Fig.2: Building Permit business processes for individual houses
Tab. 2: Building Permit: key timeframes for an application for new construction
Activities Duration

(if any)

Request for additional document| Within 7 working days afterreceiving the application.

Applicant to have maximum 2 times to submit required
additional documents

documents

Checking the first supplemented | Local government agency is given 5 working days f

checking the first supplemented documents

Refusal notification (if applicable) | If supplemented documents still do not satisfy, a refusal

notification needs to be sent out within 3 working days

Building Permit decision

Since the time the applicationis complete with required
documents, a decision must be sent out within 15 days
an extension may be applicable in special cases but no
more than 10 days

Comments/feedback from | Government agencies being consulted must respond
consulted government agencies | within 12 days, if not, they are considered to agree wit

the application

Source: [15]

The documents to be submitted for applying for a building permit are summarised in Table 3.

Tab.3: Building permit for individual houses: application documents
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No Building Permit Application Documents Remarks
1 | Aletter of application for a Building Permit Original/scanned copy
2 | A copy of one of the proofs of land use rights as prescribed lj Certified/electronic
the land law copy
3 Construction design drawings: Original/electronic
co
1 Work plan on the land plot, enclosed with the work Py
location diagram
1 Floor plan, elevations and sections of the work
1 Footing plan and sections enclosed with connection
diagram of infrastructure outside the work including
water supply and drainage, power supply
4 | Additional documents (if any): Original/
1 fire safety design appraisal certificates Certified/  electronic
copy

1 copy of design practice certificates of designers,
design reviewers

9 construction design review report on safety issues

1 adjacent works safety assurance commitment

Source: [16]

The conditions for granting a building permit can be grouped into: Validity of the application
documents, Conformity of the application documents and Timeframes in the business
processes. A general if/fthen framework for application of smart contracts can & developed
based on these conditions (Figure 3).

|
[ | |
Validity of the Conformity of the Timeframes in the
application documents application documents: business processes
— Types — Relevgnt == Total duration
regulations
| - l Additional
documents
Waiting for
s Quantity sy The reality other
agencies

Fig.3: General if/then conditions for using in the smart contracts

Selected checkpoints then need to be taken into account, according to the current regulations
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[16]:
- if the house is in the list of construction permission waiver or not;

- houses with 7+ storeys and having another function may need a certificate for firefighting and
prevention.

- houses with 7+ storeys and/or with from 2 basements require a qualified design review
consultant

- if there is any adjacent building, a letter of commitment for securing the safety of the adjacent
buildings is needed.

- houses with basement(s), GFA of greater than 250m2 or having from than 3 floors or having a
height of at least 12m need to hire qualified people or organization to design

A theoretical framework for application of smart contracts in granting building permits for
individual houses in Vietnam is then developed (Figure 4, 5, 6, 8, 9).

Applicant Construction Permit Agency
Create Contract 1 Terminate Contracts l
Letter of

application Redacy

Account

Transaction

Proofs of land
use rights

Smart Contracts

— |

Create Contract 2, 3, 4

Withdraw Contract 1

Construction
design drawings

Consultation

Transaction

Additional
documents

Specific regulations, architecture management rules
and other rules

Related Government
Agencies (if any)

Fig.4: General Framework for Application of Smart Contracts
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Application Validity Check

One-door system
Application
documents
P Application
Let?er ° documents received
application
SR —aii Construction
= Permit
Applicant Proofs .Of land Eantraci il
use rights c
@ . signed )
! > Initially check documents w
Submission types and contents
House Application
design In Documents
J—
] l No
Additional Contract 1 Contract 2
documents |- terminated signed
J—
A
Refusal
Letter

Fig.5: Application Validity Check

Smart Contract 1: Application Validity Check

BEGIN

IF the house type is in the list of Building Permit exemption

Issue Refusal Letter

Return the Application Documents

ELSE

IF each application document is correct in type

ELSE

IF the number of document types is enough in quantity
Issue Application Receipt Form

Handover to Department in charge

Set time for processing at 15 days

CREATE Smart Contract 2

END IF

Issue Refusal Letter
Provide Guidance

Return the Application Documents

END IF

END IF

TERMINATE Smart Contract 1
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END
One-door system
Application review & Site Inspectiom Additional
Application | Document
& Site No i Request
Recheck Construction
Yes Permit
Applicant eframe Additional Agency
@ SO documents O
Need to consults T
n y | other government No

agencies

Other
agencies

l Yes

Refusal

Letter

Contract 3
signed

Contract 4
signed

Contract 2

Terminated

Fig.6: Document Check and Site Inspection
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Fig.7: Agencies to be consulted for building permits
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BEGIN
IF there are documents missing, improper or untrue to reality
Issue Additional Document Request (once only) with timeframe
IF additional documents submitted within the timeframe AND are satisfied
Reset the processing time to 0
ELSE
Issue Refusal Letter
Return the Application
END IF
END IF
IF there is a need of consulting other government authorities
CREATE Smart Contract 3
ELSE
CREATE Smart Contract 4
END IF
TERMINATE Smart Contract 2
END

One-door system

Request sent to I

other Agencies

il

1
e

Related Government Construction

Agencies (if any) Permit
Waiting Agency
time
<=12 days .

Applicant >12 days
@

Responses
of related

A

Automatic conform agencies
relevant information
b Contract 3
= Terminated

Contract 4
signed

Fig. 8: Related Government Authorities Consultation
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Smart Contract 3: Related Government Authorities Consultation

BEGIN
IF Related Government Authorities respond in writing within 12 days
CREATE Smart Contract 4

ELSE
Set the information requested from Related Government Authorities as conforming
CREATE Smart Contract 4
END IF
TERMINATE Smart Contract 3
END
One-door system
Processing <l
time
Construction
>15 days No Refusal il
Applicant . Letter Agency
@ ©
' No

Need

longer

time? Yes

' \ 4
Inform Applicant & Contract 4
Higher Management terminated
2
\ 4
Construction
Permit
Fig.9: Final Decision
Smart Contract 4: Final Decision

BEGIN

IF processing time is within 15 days
IF application documents are all valid
Issue Building Permit
Az HUORt W72 RGT RUNWANI G RaqWYULWGYHEOWN
END IF
TERMINATE Smart Contract 4
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ELSE
IF extra days are needed for processing the application
Inform Applicant
Report to higher management level
ELSE
Issue Building Permit automatically
TERMINATE Smart Contract 4
END IF
END IF
END

The proposed solution can bring in a number of benefits, such as: (i) reducing the duration for
processing and exchanging correspondences among related government authorities, then
increasing the state management efficiency, (ii) enhancing the level of professionalism of related
authorities which leads to higher productivity and quality of public services, (jii) facilitating the
building permit automation and enhancing the accuracy,(iv) the decision making process is
digitally recorded for future use and decision, and (v) providing applicants a means for easy track
the building permit process, then improving the process transparency.

The limitation of this study is that it only proposed a conceptual framework for the application of
smart contracts to building permits for individual houses. Future works will need to deal with the
programming, and also to address a wider approach for ieggrating all types of building permits,
not only for individual houses but also for building projects in general for a better total efficiency
of public assets.
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Introduction

N6 JWHYUt ql e#qRYUWRUT 2t gl ! k+ Wt RDURNRACUqWRG Ge Ha Wl
energy consumption, with buildings projected to emit a substantial amount of carbon dioxide by

2030 [1], underscores the urgency of adopting sustainable practicesin the United States,

buildings consume a significant amount of energy resources, contributing to 40% of global CO2

emissions [2] mainly from building operations, such as heating, cooling, lighting, and electrical

appliance usage [3]. Recognizing these chienges, the United Nations introduced 17 Sustainable
Development Goals (SDG) in 2015, with Goal 11 focusing on creating inclusive, safe, resilient,

and sustainable cities and human settlements [4].

Amidst this backdrop, digital building permits (DBP) emerge as a transformative solution,
replacing traditional paper-based methods with an efficient online system, allowing automated
code compliance check streamlining the building permitting process. Bydveraging technology,
DBP ensures design proposals meet regulations while digitizing processes to enhance
transparency, predictability, and accuracy. Moreover, the shift towards digital permits brings
sustainability benefits like reduced CO2 emissions angaper usage, alongside cost savings and
streamlined workflows [5].

In response to the growing demand for efficient, sustainable buildings, designers are exploring
methods to minimize environmental impact and energy usage [3]. Collaborative BIM platforms
like Autodesk Revit play a pivotal role in this endeavor, contributgnto Building Sustainable
Assessment (BSA) methods [6]. These platforms enable the comprehensive assessment of
sustainable criteria, with emphasis on environmental performance monitoring and data
collection.

Despite these advancements, a notable research gap persists in understanding the
interconnectedness of sustainability, DBP, and BIM. While individual studies have explored these
domains separately, there remains limited research addressing their collectivémpact. Thus, a
comprehensive literature review is necessary to identify overlaps and connections between
sustainability, DBP, and BIM, paving the way for proposing integrated solutions. This study aims
to fill this gap by examining the relationship betwen these concepts and addressing key research
guestions surrounding their intersection.

Research Approach

The methodological framework that guided this research started with identifying the
commencement of the three concepts of sustainability, DBP, and BIM, through literature review,
and proceeded to the utilization of a Venn diagram to identify the common guad. A Venn
diagram stands for a graphical representation of logical sets, represented as circles or closed
curves enclosed within a rectangle [7]. The shared elements among the sets are visually conveyed
through the intersections of the circles, which repesent the interconnection between the sets
[7]. Through Venn diagrams relations of different subjects, inclusion and the operations of union,
intersection and complementation can be represented [8]. Evaluating the suitability of these
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representations is crucial for ensuring that the related concepts are comprehended and
effectively applied in relevant fields, such as Architecture, Engineering, Construction, Owner
Operator (AECOO) [5].

Findings

The relationship between the aspects of sustainability, DBP and BIM, can be shown graphically
by the Venn Diagram (Figure 1) composed of the three overlapping circles, with each circle
representing a distinct concept, whereas the intersections showcase thespecific shared
characteristics based on literature review. The size of each circle and its extent with the other two
can be adjusted to represent the perceived significance of each aspect in relation to the others
and the extent to which these dimensionsare interconnected by sharing common elements [5].
The circles in Venn diagram are arranged symmetrically around the central area, where all three
circles meet, designating the integration of the nominally achievement [5]. Transitioning to the
individual circles of our Venn diagram (Figure 1), the blue circle represents BIM concepts, the red
circle represents DBP, and the green circle stands for sustainability. Initially, each concept was
identified independently, followed by the identification of theiroverlaps.

The study started with specifying the key characteristics of each individual concept through the
literature review. Starting with sustainability, where long term environmental considerations in
the building industry are most specific. They are supported bgreen building standards and
certifications, such as LEED (Leadership in Energy and Environmental Design) or BREEAM
(Building Research Establishment Environmental Assessment Method). While building
regulations have progressed towards incorporating sustaiable requirements, there remains a
scarcity of green building standards and certifications beyond air tightness test certificates and
EPCs (Energy Performance Certificates). Furthermore, DBP is uniquely characterized by its ability
to automate code compliance checks, streamlining the permitting process. lllustrating the
dynamics of BIM, that already functions as a collaborative efficiency in the digitalization of
building permitting processes, its potential can surpass conventional boundaries. Through the
utilization of BIM and openBIM, it enables the integration of multiple types of information related
to the building project, as well as the parametric modeling techniques.

The overlap between the green and red circles in the Venn diagram highlights the integration of
BIM enabled DBP, streamlining information flow during project development. Successful projects
require comprehensive permit data, including design details. Intgration of BIM enabled DBP
makes possible the coordination among stakeholders. This integration enhances accuracy and
tasks like energy optimization and automated code compliance checks, improving collaborative
efficiency among stakeholders. Countries likeSingapore, Estonia, Finland, and Norway are
already adopting BIMenabled DBP processes, with Singapore's "CORENETSebmission
system" leading electronic permit processing since 2015 [9], [10]. In Finland, over 60% of
municipalities use "Lupapiste" for digital permit interactions, building on the success of the
"KIRAdIgi" project, which demonstrated the viability of accessing permit data directly from BIM
models [9], [11], [12].

In the overlap between the red and blue circles representing DBP and sustainability, common
elements crucial for urban development include energy efficient standards, green building
certification requirements, as well as provisions for renewable energy syems. These aspects
play a pivotal role in promoting environmentally and resourceful building practices. Ikram et al.
(2021) conducted a study to identify how certain sustainability standards align with specific
Sustainable Development Goals (SDGSs), providg valuable insights for various stakeholders
[13]. With knowledge from these studies, stakeholders can work towards harmonizing
sustainable regulations within the building permit system, by promoting environmentally
responsible and resourceefficient building practices. This involves integrating new green
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building certification requirements and exploring provisions for renewable energy systems,
ultimately fostering sustainable construction practices.

DBP

- AUTOMATE CODE COMPLIANCE CHECK
- STREAMLIME THE PERMITTING
PROCESS

-UNIFYING BUSTAINABLE REGULATIONS
-FROMOTING ENVIRDNMENTALLY RESFONEIELE &
RESDURLCE EFFICIENT BEUIDLING PRACTICES
-ENERGY EFFICIENT STANDARDS
- NEW GREEN BUILDMNG CERTIFICATION
REQUIREMENETS
- FROVISIONS FOR RENEWAELE
- IMPROVING THE QUALITY ENERGY SYSTEMS
OF BUILT ENV 0 -IMPLEMENTATION OF
- SUSTAINABLE DESIGN AND SUSTAINAELE
CONSTRUCTION PRA T
- ACHIEVE SUSTAINABILITY ¢ iELES
MEETING LATORY REQUIREMENTS
JMPLIANCE WITH
SUSTAINABILITY STANDARDS
- ENVIRONMENTAL IMPACT ASSESSMENT

BIM SUSTAINABILITY

- LOW CAREON BUILDING DESHGH OFTIMEATION
- DFERATIONAL EFFICIENGY EFFICIENT SIMULATION
-STREAMLINING THE QUTCOME OF
ENVIRONMENTAL CONSCIOUSHESS
- PARAMETRIC - OFTIMIZATION OF ENERGY EFFICIENCY - LONG -TERM ENVIRONMENTAL
MODELING TECHMNIQUES . 5”‘“:"":'!"'5 :“"_r“m"' usAce CONSIDERATIONS
- INFORMATION INTEGRATION T e E - GREEN BUILDING STANDARDS AND
OF THE PROJECT -REDUCING CARBON CERTIFICATIONS:

- OPEMBIM UTILIZATION EMISSIONS LEED, BREEAM
FROM BUILDING

- COORDMNATION AMONG STAKEHOLDERS
- ENHANCE ACCURACY AND EFFECTIWVENESS
COLLARBOATIVE EFFIGIENCY
AUTOMATE CODE COMPLIANCE CHECK
- EFFICIENT AND ETREAMLINED PERMIT
AFFROVAL FROCESS

FROJECTS

Fig.1: Venn Diagram: Sustainable Building Synergy: BIM & DBP Intersection

The interrelation of both blue and green circles, BIM wittsustainability practices, drives
advancements in lowcarbon building design optimization. Zhao et al. (2022) propose a
methodology leveraging BIM and enhanced genetic algorithm to optimize energy efficiency and
daylighting performance. Byincorporating building data into BIM models, this approach enables
efficient simulation, optimization, and informed decision-making towards sustainability goals
[14]. Additionally, Carvalho et al. (2020) investigate the effectiveness of integrating BIM dnt
SBTool, comparng its alignment with LEED and BREEAM standards. They focus on identifying
which BSA methods benefit most from BIM and highlight energy and materadlated criteria as
particularly significant [15]. The study reveals that BIM, especially with Autodesk Rgvcan
assess energy and material aspects effectively [15]. Furthermore, digital tools for leearbon
technologies and carbon emission reduction can seamlessly integrate into BIM workflows.
Assessing the environmental impact of construction materials dumg the design phase enables
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optimization of building processes [16], including efficient logistics and justin-time delivery
strategies to minimize unnecessary material storage. Continuous monitoring, preventive
maintenance, and proactive asset management further enhance sustainability efforts [16]. The
sustainable application of BIM holds promises in advancing Smart Cities and urban development
through the introduction of innovative software and lowcarbon technologies.

Discussion

The Venn Diagram reveals the interconnectedness of BIM, DBP, and sustainability, emphasizing

the need to consider them together for practical applications and policy development. Integrating
sustainability into BIMIJU ¢ AHG IJT W? 7 Ak + WY n'n 1J oriunitg fad grbaé devetopfrient, ¢ aq R 2 1J W
BU6cURRUNW q6 W Ae RiqW WU2RI YOG WUkt WheectaRa! Wadl Y
practices. By streamlining compliance with sustainability standards, DBP, workflows facilitate

effective collaboration among stakeholders to achieve sustainability goals while meeting

regulatory requirements. Additionally, BIM technology enables comprehensive environmental

impact assessment, informing sustainable decisionrmaking in DBP processes. While our study

provides valuable insights, imitations exist due to the complexity of the concepts and study

constraints. The study aimed to get a broad overview of the connection of the concepts on high

granularity level. Due to time constraints, it lacks detailed investigations. By overcoming tise

limitations, future studies can enhance our understanding of sustainability, BIM, and DBPs,

driving more effective and sustainable urban development practices.

Conclusion

In conclusion, our study highlights the interconnectedness of sustainability, BIM, and DBP,
underscoring the significance of their integration for advancing sustainable urban development.
Through the analysis of the Venn Diagram, we have demonstrated howMBenabled DBPs hold
the potential to drive lowcarbon building design optimization and ensure managed sustainable
development. The integration of low carbon technologies and life cycle assessment tools into BIM
workflows enhances environmental consciousness and promotes energyefficient practices in
urban development projects. Despite certain limitations, our study lays the groundwork for future
research endeavors aimed at exploring the potential of sustainable DBPs and addressing the
insufficient exploitation of building energy forms. By overcoming these challenges, we can pave
the way for more effective and sustainable urban development practices in the future. Our study
emphasizes the importance of considering BIM, DBP and sustainability together to deia change

in the built environment, while contributing to more resilient, inclusive, and sustainable cities.
Future research is exploring the transformative potential of an energgentric approach to
sustainable DBPs, addressing the underutilization of bilding energy forms. The case studies of
Denmark, Germany, and Romania are analyzed and seek the integration of sustainability
principles into BIM-enabled processes.
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Achieving the Sustainable Development Goals is a critical factor that is being pushed by
supranational organisations, like the United Nations (UN). These 17 UN goals specify how the
climate targets can be achieved with targeted, interlinked measures. Theoastruction and
property industry plays a key role in this. Novel approaches will be needed to fulfil these global
goals and make the potential savings possible on a larger scale. The use of Building Information
Modelling (BIM) is a first step towards makig the construction industry more digital. Still, it will
not be sufficient to generate tangible added value if it is not used comprehensively over the life
cycle [1] in terms of a data supply tool and supplier of information for the facility management.

One of these approaches to further develop BIM and extend the use of data over the life cycle in
line with the SDGs is Buildingas-a-Service, in which buildings and their use are rethought.
Building-as-a-Service is a hew concept to fulfil the sustainabilif development goals (SDG) of the
United Nations (UN) [2] and other political institutions. It involves using information management
and technology to construct buildings in such a way that they are able to offer adaptive services
themselves over their lifecycle. Therefore, it is not about the type of services provided in a
building, but about services provided by the building [3]. It is important to understand that the way
buildings have been planned and constructed up to now has always been subject to excific
purpose [4]. Thus, a school building was built to provide education; an office building to offer
commercial services etc. Following this approach, buildings were always designed for one use
typology, which led to vacancies during economic crises apvercrowding during economic peaks,
which in turn had to be compensated for at great expense: either with monetary losses in the
event of underoccupancy or with costs for conversion measures and technical installations if
more people were to carry out tieir respective activities in the same space [5]. Moreover, facilities
are always intended for a specific use for which the relevant supervisory authorities have
authorised them. However, this rigid approach often fails to account the dynamic nature of urlma
environments and societal needs. For instance, in cities with a significant float population,
buildings may remain unutilised for extended periods when seasonal workers leave, or remote
working affects dramatically the daily basis of companies. Similarlyn smaller communities,
valuable spaces like schools remain idle during summer months. Such examples underscore the
limitations of traditional building permits that are automatically revoked if there is a change in
usage. This inflexibility means that bui facilities are afforded the luxury of only being used for a
specific purpose and risk losing their operating license if used for another one, even when general
building requirements like room occupation rate, average temperature, and fire protection
requirements remain compliant within a certain range. Due to increasingly limited resources and
a growing number of costsaving programmes at national, European and international levels, it is
necessary to plan, build and operate resourceefficiently [6]. Resource efficiency can only mean
that buildings and their utilisation must become more flexible and smart(er) [7].

In this context, more flexible means that a building must be adaptable in its use regardless of the
planned life cycle: it must be built more connected, digital and ecesocial [8]. For a typical school,
for example, classrooms could be used as meeting roomor workspaces during holidays, without
having to restrict operations for security reasons. The fundamental question of security and
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accessibility of the respective buildings and legal handling must be worked out and contractually
agreed.

This would allow temporarily vacant buildings to be used for a specific purpose without imposing
any underlying restrictions. To achieve this, several, preferable maintenane®w or -free sensors
are needed in the respective rooms to monitor occupancy areport back if a room is empty for
a certain period of time. Coupled with sensors for light, climate and window opening, various
optimisation measures can be implemented at room and building level, which can be coupled
with their respective digital twinsfor a continuous remote monitoring.

It requires a new thinking of building licences, which are usually strict [9]. To overcome this
burden, it requires coordinated information management, smart applications supported by
sensors, actuators [10;11] and the flexible organisation and structurin@f buildings in terms of
modularity [12].

However, transitioning to this new paradigm poses challenges, especially when considering the
traditionally rigid nature of building permits. It is therefore proposed that authorisations for the
construction of buildings no longer depend on the purpose fowhich the building was designed
in the planning, but rather on the range of services a building could potentially fulfil over its
lifespan. This means that buildings are no longer linked to a specific purpose, but the flexibility of
the building is assessd and permitted. This can be achieved by using digital tools and methods
to analyse the potential of a building at the start of the official approval process. Digital test
criteria can be used to analyse which sensors and actuators are required to enabibe building
to perform additional functions.

The concept of Buildingas-a-Service (BaaS) can be exemplified through the multifunctional use
of the school building. Firstly, we can investigate additional functionalities the building could
provide, such as the utilisation of the sports hall outside shool hours or the transformation of
classrooms into co-working spaces during holidays. Secondly, the identification of necessary
technical aids to offer these services is essential, including access and billing systems, along with
sensors for lighting, heding, and other utilities. Thirdly, how high a possible utilisation of the
building would be. In this way, after initial costs for the equipment, the operating costs can be
reduced during the utilisation and a higher occupancy rate can be generated.

To further enhance this model, integrating a digital system that couples services into primary,
FIARYUT ¢l AWwe Ul Waqlll qRel ! Wt ql eAqgel JWs Rg6RUWq6 JWHe
allows for a more accurate and efficient allocation of servicesclosely aligning them with the

He RGT RUNKkt W2¢l RYet WneUqRYUcGWac! U1+ IOWN6RE WT RNR
precise analysis and simulation of different usage scenarios. Consequently, it makes the

technical and constructive aspects of alaptability significantly more manageable.
Consequently, it enables buildings to transcend their physical adaptability and achieve a

functional versatility that covers a broader spectrum of needs and scenarios. This maximises

both their utility and efficiency.

In the field of digital building permits, adopting a BaaS approach revolutionises the permit
RttecUHNDWG!I YHIJt L IOWAWI GRqt Ws Yedl WOYWGaYUNWII WHAHIDWHE
purpose but instead, be based on its ability to adapt to various serviamles over its lifespan. This

shift towards a serviceoriented, flexible permitting process is in sync with the evolving dynamics

of urban spaces and societal needs. Implementing purposéndependent permit processes

requires a departure from conventionaldesign and planning paradigms. This evolution compels

architects, developers, and property owners to embrace innovative building typologies that
CHAYAAOGYT cqUWE WAL YeT I W ¢UnPywWYniwet 3 W e RI BGWUqt
regulatory frameworks must evolve to assess buildings based on the diversity of services they can

offer rather than their originally intended purposes. This approach requires a +&valuation of
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current zoning laws, building codes, and urban development policies to support a more versatile
and resilient urban fabric. At the same time, it encourages sustainable development by
optimising existing structures for multiple uses, thus reducing the needor new construction, and
contributing to resource conservation.

In conclusion, integrating the BaaS model with specific service categories with a digital building
permit system represents a significant advancement in urban planning and development. With
the BaaS approach briefly presented here, greater flexibility angsability is possible than before,
which must be legally and permitrelated clarified. It acknowledges and harnesses the potential
of buildings as adaptable, multifunctional assets within our communities. This approach not
only aligns with modern sustainaility goals but also ensures that our built environment remains
responsive and relevant to the evechanging fabric of urban life.
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"STARTING WITH WHY": Shaping the future generation
of planners by empowerment of necessary
competences at universities to enable integral digital
construction
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The practical utilisation of theoretical knowledge and the development of the associated
competencies is one of the indispensable tasks of practiceoriented universities in Switzerland.
fUWE Ws YI GT WYnWml ¢qeWY2131 0YeT wdA HRmpIER of lfrghafidn LG Y 1 13 LU
materialisation. In this context, the competence of information materialisation is the ability to
research in a targeted manner, to make a meaningful selection of information and to grasp the
deeper meaning/relevance of informatia [1]. The use of Building Information Modelling (BIM) is
seen as an enabler that can improve productivity of a construction project [2], but it leads to a
considerable amount of data and information which needs to be handled and used for making
the right decisions for the project. This approach must be learnt anew, especially with regard to
the sustainability goals of national and international government initiatives, such as the European
Green Deal or the United Nations Sustainable Development Goals (SDG)

The principles of the United Nations SDG are summarised in 17 goals that governments and
governmentrelated organisations shall implement to achieve the goals of sustainable
stewardship of the planet (United Nations [UN], [3]). However, governments are nisidependent

entities but rather individual organisations that are composed of individuals with individual
competencies. In order to enable this information materialisation in the context of the SDGs,

additional competencies are required, which are referrd to in this context as "Inner Development

Goals" (IDG). These are rarely taught by universities and, thus must be acquired independently by

tgel DO0qt WOWNGS It YWf 2] WHYUL Rt qWYnWme Wnl ¢GWs Y1 ¢ WYn LW
grouped in 5 dimensions, whose cultivation can help to build a sustainable future for people and
GuacUWqWe UT WeTT 1T P¥HY WET ¢eGaqR2UIWHAScGaUNIIY wWHEH T WY U
team of thought leaders, experts and international researchers following extensiveutreach

HYUt eligcaqRYUwllane o

The relevance of these competencies becomes particularly evident in the context of digital

He RGT RUNWGHWI GRat AlI¢ WHI RRACTWGU!I RYT WRUWaqéIWaY Ut
and contribute to the SDGs. The construction industry, a signifiag player in the realisation of

sustainable living environments, faces a persistent challenge: the slow and often cumbersome

process of obtaining building permits. This bottleneck not only delays construction projects but

also discourages investment in howsing from both private and public sector undermining efforts

to resolve housing shortages and contribute to SDG goals like sustainable cities and
communities (SDG11). Digital building permits, while a step towards streamlining this process,

introduce new complexities that demand a workforces equipped with both technical knowhow

and a deep understanding of sustainable development principles. The IDGs, in this case, are not

just educational tools but vital instruments for bridging the gap between the ambitigs targets set

by the SDGs and the practical realities of the construction sector.

Progressive universities no longer emphasise the mere transfer of knowledge, but also the
empathic and social skills needed to work purposefully. The focus is no longer on theoretical
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knowledge alone [5], but on specific application across all project phases, including permits,
which are often seen as a "black box" in the construction process; especially when it comes to
digital approvals and the new competences that are required from dith sides: the approving
persons and the submitting companies [6]. These competencies include dealing with complexity
and its responding awareness, the associated critical thinking and dealing with communication
in a digital context based on a longerm orientation and visioning while providing with
comprehensive understanding of more technical skills to assess data overload and redundancy
in complex processes.

This educational gap highlights the need for a revised pedagogical approach, particularly in fields
such as digital construction and planning. The introduction of this framework into the educational
system, especially in applied science universities, is dransformative step towards creating a
workforce that is not only skilled in their respective fields but also conscious of their role in
achieving the broader SDG objectives.

NS IW7 3l UWOUR21UI+ Rq! WYnlW GGIRWI WEARRINDUHDY W7 cb AWY
sciences, employs a comprehensive methodology to enhance construction education by

integrating targeted training in competencies essential for digital workbws within the

HYUt ql efqRYUW2c¢cde DWHSEcRUKOWNG Rt WIRURQqRE qR2IJWeE RGOt W
process requirements through holistic development processes and methods for ordering,

producing, structuring, and validating data acrossthe planning and execution phases of

HYUt ql eAqRYUWGI YTUHqgt HWOgRIRt RUNWERGYUWERUWDYE ¢kt U
2UT Wt qeUT RUNW q6 W w5 6! wll AW RUT W ecHaqRYUL AW 6 1JW G
comprehension among students, enabling them tadevelop not only inter and transdisciplinary

technical skills through realcase scenarios but also personal competencies in a seltlriven

environment. Furthermore, integrating Inner Development Goals (IDG) with Building Information

Modeling (BIM) and intgral planning methods marks a significant evolution in higher education,

extending the learning scope beyond conventional technical training. This approach equips

students with the technical proficiencies required for digital construction processes, along&le

HI RqRHACIOWgS6RUt RUNAWe UT Wt YRARcOW t RGO WUWNHEIDE L ¢l ! Wa
industry. Through this methodology, BFH aims to teach and implement competencies that

tel Gett W6 WWRUT R2RIT 2¢ ikt WY HHe:2 Goswydundecstardig adn R G 1J A LU
application of these skills in realworld contexts.

EGGG6c¢ct Rt RUNDWf?2]+t WRUOWAYUTeURqRYUWs Rq6W7f ~WRUOT RH
understanding and a purposedriven mindset in students. This methodology aligns with
international sustainability efforts, including the European Green Deal and the Uted Nations

Ezgt q¢c RUCHOINW?2 W20 YGaGWNUqW] Yeat IOWNSIH WDWRURqRE qR2 It
of global environmental stewardship. By incorporating these aspirations into its curriculum, BFH

prepares learners not just as competent professinals but as insightful, compassionate

contributors to sustainable development.

This educational model, inspired by Sinek's Golden Circle, shifts the focus from simple
knowledge transfer to a deeper exploration of the motivations behind design and construction
processes. This shift is crucial at a time of significant digital advancesffering both opportunities
and challenges. The curriculum's attention to issues ranging from digital building permits to all
the necessary digital workflows prepares students to deal in depth with the complex and ethical
aspects of their future fields. h this context, it is also necessary to start with the why: education
is necessary to be able to provide the correct information in projects but also in everyday
personal life - in the everfaster pace of digital change.

f UWHYUHG2t RYUAW7[ ckt WEGGI YeHEWIGII! NIt Wet We UWRUOY
era. Knowledgebased design should also be mentioned in this context, as the aim here is to be
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able to make correct and valid decisions based on all available information. It aims to cultivate a
new group of construction professionals who are not only technically adept but also morally
aware and ready to make valuable contributions towards a sustaable future. This pioneering
approach serves as a benchmark for educational institutions, underscoring the need for teaching
strategies that adapt to the dynamic demands of our contemporary world.
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A Call to Enhance the Digitalization of Building Permit
Processing with RecognitionPrimed Decision Making

Peter Ngrkjeer Gadé

aTechnology & BusinessUniversity College of Northern Denmark

In the construction industry, the process of obtaining building permits is a cornerstone of
ensuring safe, legal, and efficient use of land and resources. Building permits serve as a crucial
checkpoint, aligning architectural designs with established buildng codes and urban planning
principles. However, the journey to securing a building permit is often fraught with complexities
and delays, posing significant challenges for designers and stakeholders alike [1,2]. As we
convene at this conference, dedicatedto unraveling the intricacies of building permit processes,

it becomes imperative to address the underlying decisiormaking mechanisms that govern these
processes. One of the less explored terrains in this field is the decisiemaking aspect of building
permit processing. The issuance or denial of permits hinges on a series of decisions made by
various authorities, often under constraints of time, information, and regulatory pressure.
Designers, striving to create structures that are both innovative and copliant, frequently
encounter roadblocks due to opaque or inefficient decisioamaking processes. This not only
stifles architectural creativity but also can lead to a prolonged permit approval process,
escalating costs, and potential legal entanglements [3

The field of decisiorrmaking psychology offers valuable insights into how decisions are made in
complex, uncertain environments. Central to this field is the RecognitiorPrimed Decision (RPD)
model [4], which explains how experienced decisiormakers use their knowledge and intuition to
rapidly identify viable solutions in challenging situations. The RPD model suggedtsat effective
decision-making, especially in highstake and timesensitive scenarios, relies more on the
recognition of patterns and cues from experience than on methodical, analytical processing, see
Fig 1. This perspective could be particularly enlight@ng in the context of building permit
processing, a domain where decisions are made under varying degrees of uncertainty and
pressure.

generates

to affect the

MENTAL
SIMULATION

assessed
through

ACTION
SCRIPTS

lead to
recognition of

that activate

Fig. 1: A simplified representation of the RPD model, adapted from Klein 2009 [5]
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The RPD model, as outlined by Klein [6], provides a comprehensive framework for understanding
decision-making in naturalistic settings. The RPD model emphasizes the integration of three
critical elements: perception of the situation, knowledge about the duation, and knowledge
about potential actions. At the heart of this model lies the concept of pattern recognition, which
is pivotal in decisionrmaking processes. This model posits that human expertise is key to
recognizing patterns within the available iformation for a specific situation, thereby facilitating
accurate situational diagnosis. Expert pattern recognition is crucial; without it, the decision
making process is compromised, characterized by poor diagnosis, weak linkage between
situation and action, and an inability to identify appropriate actions.

A situation is influenced by several factors: the goals of the decision maker, the identification of
critical cues, expectations regarding the evolution of the situation, and typical actions pertinent
to such scenarios. Situational patterns are composed ofelevant cues that are interconnected
through conditional, causal, or temporal relationships, reflecting goals, constraints, and
expectations. These patterns form an integral part of the planner's knowledge base and are
essential to their expertise. Within the RPD framework, planners utilize these patterns to pinpoint
critical system states and simplify the system's complexity to a manageable number of cues. This
simplification enables the recognition of prototypical situations. Consequently, nonalgorithmic
decision-making in planning and permitting processes hinges on a pattern matching process. In
this process, current information is juxtaposed with stored patterns in the planner's knowledge
base, facilitating the immediate retrieval of a potential courg of action. A decision is then
reached when the preferred course of action is confirmed through mental simulation, namely the
cognitive anticipation of the potential consequences of a decision.

Applying the RPD model to the realm of building permit decisiemaking presents a promising
avenue for improvement. The model's emphasis on experienebased recognition and intuitive
judgment can streamline decisionmaking processes, reducing delays and icreasing efficiency.
For designers, an understanding of how permit authorities make decisions can guide the creation
of designs that better align with legal and regulatory expectations, reducing the likelihood of
permit denial. For instance, consider a sceario where a building authority is evaluating a
complex design proposal. Utilizing the RPD model, the decisiemaker can rapidly assess the
design based on accumulated experience and recognized patterns, leading to a quicker and more
informed decision. THs approach contrasts sharply with a purely analytical model that might
require extensive time and resources, often leading to bottlenecks in the permit approval
process.

The RPD model's integration into building permit decisicimaking can serve as a catalyst for more
responsive and adaptive processes, benefiting both the authorities and the designers. The RPD
model is based on the idea that experienced professionals can nie rapid, yet effective
decisions by recognizing patterns that they have encountered before. In the context of building
permits, this means that officials can draw on their past experiences with similar cases to make
qguicker and more informed decisions. Tk RPD model does not disregard analytical thinking but
integrates it with intuitive judgment [7]. This hybrid approach is particularly beneficial in the
building permit process, where decisions often involve both interpreting technical details and
considering broader urban planning principles. Moreover, it can assist in improving consistency
and reducing bias by formalizing the intuitive decisiormaking process through the RPD model,
decision-makers can become more aware of their thought processes. This aweness can help
in identifying and mitigating problematic biases, leading to more consistent and fair decisions.

Implementing RPD in training programs for officials involved in building permit processing can
cultivate a more structured approach to decisionmaking. Moreover, by aligning decisiormaking
practices with the intuitive and experiencebased principles of the RPD model, there is potential
to foster a more collaborative environment. Designers could receive more immediate and
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context-relevant feedback, allowing for iterative improvements in design that comply with legal
standards without compromising creative integrity. This synergy between psychological insight
and practical application could redefine the dynamics of buildingpermit processing, setting a
new standard for efficiency and effectiveness. Despite its potential, the application of decision
making psychology, particularly the RPD model, in the context of building permit processing
remains markedly underexplored. Curr@t research predominantly focuses on the technical,
bureaucratic, and regulatory aspects of the process, with less attention paid to the cognitive and
psychological mechanisms underpinning decisionrmaking. This gap signifies a critical missed
opportunity for innovation and improvement in this field.

This abstract opens dialogue to accomplish several key objectives. Firstly, it aims to elucidate the
decision-making processes involved in building permit approval, grounded in the principles of
psychological decision-making theories like the RPD model. Ssndly, it endeavors to explore
how these insights can be applied to enhance the efficiency of permit processing and the
compliance of designs with building laws. Finally, it intends to open a dialogue for further
interdisciplinary research, combining psydological theories with urban planning, architectural
practices, and also new technological perspectives. The integration of rule checking systems in
building permit processes, aligned with the RPD model, represents a significant advancement.
Rule checking an automated process that verifies compliance with established codes and
regulations, can be effectively combined with the experiential and intuitive decisiormaking
approach of the RPD model.

In practice, this means leveraging automated systems to scrutinize building permit applications
against a comprehensive database of zoning laws, safety regulations, and urban planning
guidelines. This method facilitates a potential to rapid identificationof compliance issues and
potential red flags, enabling decisionmakers to focus their attention on areas that require
nuanced judgment and expertise. By marrying the efficiency of rule checking with the seasoned
intuition emphasized by the RPD model, the bilding permit process can potentially become
more streamlined, accurate, and consistent, thereby reducing the problematic subjectivity and
variability often associated with these decisions.

Moreover, the application of Artificial Intelligence and Machine Learning technologies to enhance
decision-making in building permit processing aligns with the principles of the RPD model. Al and
ML algorithms, particularly those specializing in pattern reognition, can be trained on extensive
historical data pertaining to building permit decisions. Such systems can identify complex
patterns and anomalies that might not be immediately apparent to human reviewers, thus
complementing the rule-checking process This capability is particularly beneficial in the context
of the RPD model, which values the use of experience and intuition in decisionaking. By
providing decisionrmakers with Akdriven insights, which mirror the depth and nuance of
experiential intuition, the decision-making process can become more efficient and informed.

This integration of technology with cognitive principles can potentially enhance the ability of
officials to make balanced, weltinformed decisions that are both compliant with regulations and
sympathetic to the practicalities of urban development using tehnology and assist in developing
better technology. The synergistic application of Atlriven pattern recognition and rule checking
within the framework of the RPD model offers a new paradigm in building permit decisianaking.
This approach not only streanlines the process of checking compliance with building codes and
regulations but also adds a layer of sophisticated analytical capability, enhancing the decision
makers' ability to handle complex and ambiguous cases. The incorporation of these
technological solutions within the RPD framework allows for a more adaptive, responsive, and
accurate decision-making process. Decisiorrmakers are equipped to rapidly identify key issues
and make informed decisions based on a combination of rukbased compliance checks and
nuanced understanding derived from pattern recognition and past experiences. This integration
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signifies a move towards a more advanced, efficient, and reliable building permit process, where
decisions are grounded in a robust blend of empirical data, technological innovation, and
cognitive expertise.

An integral component of this exploration is the Level of Information Need (LolIN), which plays a
pivotal role in the seamless integration of Building Information Modelling (BIM) and Geographic
Information Systems (GIS) within the building permit process. &ined by standards such as EN
ISO 19650 and BS EN 17412, LolN specifies the detail and precision of data required at different
stages of the construction process, ensuring decisioamakers have access to essential
information. LoIN can enhance the evalution of complex designs and their compliance with
urban planning constraints, thereby streamlining decisioamaking in building permit approvals.
Distinguishing this paper from existing literature, we provide a nuanced analysis of building
permit decision-making through the RPD model, emphasizing the innovative integration of LoIN
within a BIMGIS environment. Unlike previous research focusing primarily on the bureaucratic
and regulatory facets of permit processing, our interdisciplinary approach sheds lighbn the
cognitive and psychological aspects underpinning decisioamaking, offering fresh insights into
optimizing building permit processes.

Furthermore, our methodology includes a comprehensive examination of how building permit
requirements are identified whether through manual interpretation of bylaws or the involvement
of governmental bodies and automated tools. This clarification enhancesinderstanding of the
research approach, highlighting the potential for technology to improve the accuracy and
efficiency of identifying compliance requirements. Lastly, our discussion extends to the
significance of semantic requirements in the context of BM-models. While geometric
requirements are often emphasized, recognizing, and identifying semantic requiremenys
relating to the meaning and context of building elements and spacssis critical. Addressing both
semantic and geometrical requirements can leado more comprehensive and automated review
processes, facilitating a deeper understanding of design proposals and enhancing the efficiency
of building permit processes.

Lastly, this is a call to allinterested parties in opening a novel field of research within the domain
of digital enhanced decisionmaking, not only in the domain of building permits but in general, as
it constitutes an under researched field with much potential to improve how usersfaechnology
in the construction industry implement existing technologies, but also improve how we think
about the users and their practices when we develop solutions that are meant for improvement.
Currently, research is underway, in validating how RPDhodel can enhance users decision
making in regards to circular design of buildings.
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Towards automated building lifecycle
assessment calculation

Petr HradiP, Rita Lavikkd, Tarja Mékelainef
aVTT Technical Research Centre of Finland, P.O. Box 100002044 VTT, Finland

Introduction

Building information modelling (BIM) is being increasingly adopted in building permit processes

[1-2]. At the same time, countries are announcing compulsory climate declarations, mostly

based on the building lifecycle assessment (LCA) [4]. For example, iland will require such

climate declaration and the use of BIM when applying for a building permit starting in 2025. These

new requirements may burden the design offices, especially the small ones, without dedicated

LCA and BIM experts and access to theelevant tools and databases. Hence, a national

construction emission database was created [5] to support this transition and harmonise

[ RUG¢UT bt Wx9 Wl IGYlI qRUNIOW @t YAWIGRGRt WnY! Waé6 JWH:
following years.

LCA calculation is a complex and timeconsuming task due to the large amount of information
being processed. The work requires deep knowledge of processes involved in the lifecycle of the
studied system, ability to model such processes, extract quantitiesn | Y O W q6 LW+ !+ ald
documentation and match each material or product flow to its emission data, which can be in
various databases. An LCA expert is usually needed to analyse and interpret the results. Building
LCA is typically performed on a standardised modlar system described in [6]. Therefore, only
guantity take-off and assignment of the materials to the impact categories are needed. The
results depend on the quality of the assessment tool [7]. During the early building permit phase,
the architectural BIM model is on a rougher detail level, usually without product and material
information. Thus, transparency of the building LCA methodology used is needed to trace the
origin and purpose of the calculation outcomes because the accuracy and reliability of theesults
may not be sufficient for the other purposes.

Research on BlMbased LCA has generally increased over the past ten years@ Integrating BIM
and LCA is expected to reduce manual work and time used for the LCA calculation and reduce
embodied emissions during the design phase [940]. However, difficuties exist in performing an
accurate building LCA based on BIM due to the quality of BIM models and interoperability
between BIM tools and LCA tools [11].

Currently, BIM is mainly used to generate a bill of materials. This information is then entered into

LCA software, where the materials are usually matched with their emission data either manually

or semi-automatically [12]. Native BIM software can also inkeide a plugin for emission databases,

but no automatic process for BIMbased building LCA exists up to date, although the data

operations performed during LCA can already be automated. Thus, this study aims to advance

the automation of BIMbased building 9 OWNGS JWn RU¢ G WNY ¢ G WRY WY W KT 2 #IJ
¢Ul WGWI GRqlWcaqd6 Yl RaRIJt k WI 13t Yel #It WOBEIT 3T Wn Yl Wt
buildings. Moreover, the findings will support software developers of the LCA services related to

building permitting.

Methodology

This study developed a proebf-concept (PoC) tool for automating the calculation of building LCA
in the Finnish context [13]. The PoC is used to study the modelling requirements for further
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automation of building LCA based on BIM. Two workshops were organised in 2023 to get feedback
on the PoC and we are planning to communicate with the developers of the Finnish national
construction emissions database and with CEN/TC350 concerning thetarpretation of the
environmental data.

Calculation process

The tool automatically extracts the information from the IFC model and relevant environmental
databases, combines them and generates the report without user interaction. Therefore, the
process is designed to overcome barriers caused by insufficient or misaiched data in the model
and/or databases by automatically generating conservative assumptions and providing feedback
to the designer about the parts of the model that can be improved. Additional barriers may still
arise because of the ongoing developmentf the Finnish regulation and IFC requirements. If we
can provide automated conservative solutions for all such potential problems, the PoC tool
would demonstrate the ability of such a service to run on the background of the building
permitting platform.

General modelling principles

According to the current Finnish proposal for the Climate Declaration Decree, the global warming
potential (GWP) of the building site and the building shall be provided separately in kgCO2eq per
square meter of heated floor area of the building or its pawith a specific use category and per
year of the assessment. The carbon footprint is divided into Modules A to C following the
principles of EN 15978 (see the attachment Table 1). It should be noted that only selected parts
of Module B are considered, andhe additional impacts beyond the system boundary (called
carbon handprint in the Decree) shall be reported separately as Modules D1 to D6 [14]. These
additional impacts are not consistent with any standard methodology. The specific modelling
requirements are listed in the attachment Table 2.

Findings and discussion
Data quality

While developing and testing the PoC tool, we discovered several substantial challenges related
to the quality of the model data or records in the environmental databases. In addressing the
challenges, we followed two basic principles: (1) The calculatioshall be fully automated and (2)
in the case of any uncertainties, the most conservative results shall be produced.

8§ Selection of appropriate entities: The environmental impact of the building is typically
calculated using all the model data (e.g., all the entities represented by 3D geometry), but
some exceptions may apply. For instance, the building regulation restricts the LCA
calculation only to certain product groups. It is therefore necessary to provide such a model,
where it is possible to identify such products according to their IFC class, predefined type,
or any other identifier in the linked property sets. Theanservative approach is to calculate
the impact of each entity unless it can be explicitly excluded from the assessment.

¢ Y 61 European Network for DigitaBuilding Permits
EUnet4DBP



Digital Building Permit conference 2024
18119 April 2024t Barcelona COAC

i - ] A

Table 1. Lifecycle stages covered by different data sources.
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Table 2. Modelling requirements for the Finnish Climate Declaration

8 All rooms should have space modelled as an IfcSpace element.

§ All spaces should have net floor area declared.

§ All spaces shall have an indication if they are heated. Note: If the heating is n
declared, the space may be considered unheated, resulting in higher impact
per square meter of heated floor area.

g 8 All spaces shall have an indication of whether they are new, renovated, or ol
E Note: Only new and renovated spaces are considered for climate declaration.
= § All elements should have material and net volume declared.
IS § Building use name and/or category shall be declared in the IfcBuilding elemen
E Alternatively, the use can be declared in IfcSpace or its aggregation (e.g. IfcZo
8 or IfcStorey) in multiuse buildings.
8 The area of the building site shall be provided.
§ Earthwork is calculated as general impact per square meter (co2data.fi) and i
not to be modelled.
§ Building services are calculated as general impact per square meter (co2data.f
and are not to be modelled.
8§ Each material should have a unique name and/or identifier that can b
- recognised in the lifecycle database(s) used in the LCA calculation. Note: For th
= = materials not recognised in the database(s), conservative LCA values may |
5 8 used.
g ‘E 8 When using Environmental Product Declaration (EPD), material identificatio
© shall contain UUID and may contain the URL of the specific ILCD+EPD databa
- to be used in LCA calculation. Alternatively, the exact hame of the ILCD+ER
process can be provided tgether with the relevant database URL.
- &_) § Permanent building identification number
c 2 —| 8 Planned number of occupants/users of the building.
% E > 8 Calculated energy consumption of the building separated by energy source.
€ o '@ § Length of theassessment period used.
..g % @ 8 The main construction material of the loadbearing structures included in the
= 28 assessment.
S § Target lifetime of the building.
Building site:

§ Ground and external structures and supports

§ Surface materials of the site

§ Foundations

Building:

§ Building frame and roof structures including basements

8 Floors, ceilings, walls with surface treatments

§ External walls and partitions, including doors, windows and stairs

§ Terraces and balconies

§ Spaceequipment (fixtures, kitchen appliances)

§ Chimneys and fireplaces

8§ Space elements (e.g. bathroom modules)

§ Main components of the heating, water supply, sewerage air conditioning
cooling, fire protection and power systems

§ Lifts and escalators

Elements to be included in the model
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8§ Missing information about the material: In certain cases, the entities may not have
ctt YRREqUT WGcqll Reht AWY! WaqdWWacaqlll ReawWwWUe Gt Wa
etc.). The tool assumes conservative values of C{@missions for such entities as the highest
possible value in the database for a certain product class.

8 Material not matching the records in the environmental databaseiln common design
practice, the only information about the material in the permitting phase is its name assigned

by the designer, the BIM authoring tool, or its template. This name is typically not pointing
directly to any specific record in the environmetal database. The PoC tool, therefore, uses
an extensive mapping dictionary of common material nhames linked to the Finnish national
database. If the material name is not in the dictionary, thetool automatically uses
conservative emissions for this material. It should be noted that the Finnish national
database is not harmonised with any standard classification system, although it contains
some references to the Finnish TALO2000 classificatiofl5].

§ Missing information about the quantities:Environmental data is typically related to a certain
unit flow, for instance, mass, volume, surface area or just the number of products. The
relevant quantities must be recognisable from the model. The PoC tool mainly relies on IFC
BaseQuantities, but ifthe information is not found in the model, a thorough search of all
element properties is performed. The last option is to calculate the quantities directly from
the model geometry to ensure that a conservative reduis delivered in any situation. The
PoC tool uses only bounding boxes of the elements to optimise the performance of the
calculation, but other methods (such as tetrahedral meshing) are also possible, if they return
conservative results.

§ Missing entities: In the permitting stage, verifying if the designer provided digital model of all
components required for the compliance check is impossible. Therefore, in this case, the
PoC tool cannot guarantee the conservativeness of the calculated results. Thereford, is
recommended to repeat the LCA assessment using abuilt building information data, at
least when such a shortcoming is discovered.

Feedback to the designer

The automated LCA tookannot provide accurate outputs without user interaction but may be
configured to return a conservative impact estimation. This value may be sufficient for reaching
regulatory limits in some cases, but the designer may need to resubmit an improved modettie
estimation is too high.

For this purpose, the PoC tool provides a detailed calculation log and overall feedback
information package about the problematic entities and materials.

Conclusions

This study provides an understanding of opportunities and challenges for automating Bibased
building LCA calculations. The presented PoC tool is developed to meet the anticipated
requirements of the upcoming Finnish regulations [14], and therefore it wdd need adjustments
to be used in a different context. The environmental data format is compatible with the Swedish
and future Estonian databases. Currently, there is omgoing discussion on realworld
implementation demonstration with partners of ACCORD pwject, Solibri, Cloud Permit and
Future Insight.
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Building permits ensure construction complies with building codes and urban regulations, but
the traditional paper-based permitting workflows are often inefficient, nontransparent, overly
complex, and prone to errorg1]. The digital transformation of building permit systems promises
improved quality, transparency, and efficiency[2]. However, the process, involving building
authorities, landowners, designers, constructors, and various other stakeholders each of them
with their procedures and methods- often falls short of adapting their own practices to an ugo-
date technology, ard taking advantage of potential benefits. There is a distinct lack of transparent
communication, standardised data and procedures, besides data sharing and interoperability
issues throughout the process.

Going from a paperbased or early digital (for instance the use of PDF documents) to a fully
digitalised system is not a simple transition. It requires a holistic change encompassing process
and information digitalisation, automation, systems integration, in addition to legal and
organisational adaptation. To integrate the new technological methods and tools, organisations
must assume a clear path to plan the implementation. Organisations should be supported in
achieving their desired level of digitalisatio, based on their current state, by providing them with
a reference matrix that outlines the maturity scale for each aspect of the involved system, such
as technology, information, organisation, and process. There are existing frameworks that
evaluate the adoption of BIM or GI§3¢6]. However, maturity models currently lack customised
focus on complete regulatory approval workflows. With wide variance across municipalities,
structured methodologies are needed to assess readiness and guide staged advancement
towards integrated digital pa@mitting ecosystems.

Most maturity models available in literature concentrate on individual technologies,
components, or dimensions rather than taking an universal view of the process digitalisation and
organisational change management required for complete transformatiorf7¢10]. Furthermore,
there is a need for tailored evaluation methods and tools to weigh building permit procedures and
assist in the gradual enhancement of digitalisation processes and systems.

Additionally, the literature highlights that most digital building permit implementations are still in
their early digital stages, with a focus on document management and model rlehecking, while
some few leading cities have tested more advanced capabiles [11]. Nevertheless, mainstream
adoption still lags the visionary potential for endto-end integration. Though automating discrete
permitting phases shows benefits, challenges persist in devising interconnective frameworks,
ecosystems, and strategic roadmaps fo the full digital process transformation. Therefore, a
maturity assessment methodology tailored to the nuances and goals of digital building permit
transformation could provide invaluable implementation guidance for building authorities
navigating this canplex transition.

This study is guided by two central questions that emerge from the current body of literature. First,
how can municipalities and other organisations involved in the building permitting process
accurately assess their existing maturity across key dimensionssuch as procedural,
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technological, organisational, and data structural? Second, how can these institutions leverage
such assessments to devise strategic roadmaps that incrementally guide them towards the
target future vision for digital transformation?

To answer the research questions, the present study defines the CHEK Digital Building Permit
Maturity Model (CDBPMMJ12]A s 6 RAEG Ws ¢+ WI W2 10 YGUIT Wet WGE ! quyYn Wa
72 RO RUNWA 131 HorRan wridjectd ainted at digitalising building permits. The maturity
model was developed through a comprehensive approach integrating insights from multiple
existing maturity models across various domain areas, academic literature on BIM, GIS and
digital permitting procedures, and consultation with building permit and BIM/GIS experts. This
knowledge was crossreferenced with the objectives based on a fully automated digital building
permit process [13]* synthesizing the CDBPMM. The roadmap was drafted using the maturity
model, by formulating actions linked to each key maturity area to progress from one level of
maturity to another. The tiers are dependent within each category. This approach enables an
assessment of the current maturity status and identification of the targeted level, facilitating the
formulation of a plan detailing actionable steps necessary to reach the desired level of maturity.

The CDBPMM comprises 35 key maturity areas (KMASs) spanning four categorieBrocess,
Organisation, Technology, and InformationKig. 1). Each KMA is assessed on a zero to five scale
across six levels. The levels of maturity for each KMA evolve from LevelNbn-Existent, where
that capability does not currently exist in the organisation, indicating a complete lack of digital
maturity; to Level 5- Optimised/Automated, where the capability has full integration, automation,
analytics-driven improvement, andstrategic alignment. This last level is often envisaging some
progress that might be done in the future and might be not achievable yet.

BAL YRV mW B qUNYI T W WUl WqYWqd8lW Gl YHIT 21 It AW
management of the building permit process. Its 8 KMAs analyse the maturity: gfermit workflow

steps; the level of workflow automation and integration; optimisation aspects like benchmarks,

response times, and process standardisation. Improved process maturity reflects more
streamlined, standardised permitting enabled by data technabgies.

w81 NEUREt ¢cqRYUmWHEqUINYI ! W2c¢cdecqldt W6 Wt ql eHagal ¢
data-driven digital permitting. Its 9 KMAs examine: leadership vision, planning and governance for

change adoption; staff knowledge, training, and internal collabration to develop needed skills;

and external ecosystem alignment across partners. Higher organisational maturity entails having

the institutional support, workforce capabilities, and a cultural environment to transform

traditional workflows.

BNUARSUOYOTYN! mwWHREqUNYI!L ! W Wedt WsRaS6WRAGGOWGWUqe qRYUL
enabling automated information flows for permitting decisions. Its 12 KMAs evaluate the maturity

of: software infrastructure, tools and platforms availability; exent of systems interoperability and

data exchange; and cybersecurity. Higher technology maturity means having robust, secured IT
infrastructure fully in place to enable seamless digital regulatory workflows, likely interconnected

within a flexible and ineroperable distributed software ecosystem.

[ RUctd! AWmf UnYl GcqRYUwWHECqUNY! ! WnYHat Wt WYOWT ¢ qc¢
quality, analytics, and sharing capabilities required to make sound digital permitting
determinations. Its 6 KMAs assess the maturity of: open data access framewakacross the

workflow; breadth of reattime data; use of common standards ensuring compliance to

Findability Accessibility Interoperability and Reusability (FAIR) principldd.4].

21 Available at:https://chekdbp.eu
22 Available at: https://chekdbp.eu/wp -content/uploads/2023/04/D1.1 CHEK_101058559 CHERBP-process-
map_V1.0Final.pdf
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Fig. 1: CDBPMM structure and key maturity areas.

The assessment by means of the maturity model allows for the definition of a structured
roadmap. The roadmap outlines a strategic action plan for advancing through the maturity model
by targeting foundational capabilities first to enable subsequent progresion. It leverages
mapped dependencies between key maturity areas (KMAsyvhere advancement of certain KMAs
relies on attaining maturity in their prerequisites. By linking these relationships, the roadmap
strings together a logical order for maturing caphilities across the maturity model categories

(Fig.2).
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Fig.2: Dependencies between KMA's of the maturity model.

The roadmap provides guidance on specific actions needed to achieve higher KMA target maturity
levels based on an organisation's priorities. It presents a clear progression plan tailored to the
organisation's context, assisting local municipalities in navjating the challenges of multifaceted
digital transformation. As lessons are incorporated, the roadmap and model improve decisien
making support for strategic capability building.

This research presents the customised CDBMM and Roadmap, providing municipalities with a
comprehensive approach to identify current weaknesses, define objectives, and establish a
strategic plan for their permitting system. By revealing critical gaps and dlining development
pathways, municipalities can realise the extensive quality, efficiency, and transparency gains
promised by integrated digital permitting.

The framewaorks' significance rests in enabling cities to kicktart their improvement efforts by
means of selfassessment, while guiding them through the complex changes involved in the
digital transformation via a simple and clear tool, which is accessit# also to nonexperts and is
granular enough to allow planning small feasible steps to reach tangible outcomes. With
constant technological change, the maturity model undertakes continual recalibration and
configuration support so building authorities can adapt emerging best practices. As digital
transformation penetrates permitting ecosystems, this research empowers stakeholders to gain
a strategic vantage point in navigating the path ahead.

For future work, besides further testing the tool in the CHEK project and via the CHEK Community

of Practice®*A W ¢ WaqVYVYalWs RAGGWHIWT 3230 YGUT WAH! WARYGHRURUNWGq
H6cUNUWGcUecNWGWUqW2RI qeaciallct t Rt qc UquwlOWINSGRY WYY
assess autonomously how mature their processes are and develogtrategies for navigating the

digital transformation. By identifying gaps in key areas and assessing how different regulatory

approval components should mature, as well as providing advice and instruments (primarily

derived from the CHEK results) to suppdreach step, to empower cities on designing specific

plans to improve the assessment, quality, efficiency, and transparency of their building

permitting systems.

23 Available at:https://chekdbp.eu/?page_id=5734
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Introduction

Many countries are interested in applying Building Information Modelling (BIM) to streamline
building permit application, review, and approval because the current permit practices are
considered time consuming and sometimes cause delays in construction priects [1,2].
However, developing a BlMbased building permit process is difficult because the phenomenon
is multifaceted, including technologies, multiple stakeholders, permit practices, and the legal
environment.

Research shows that technological, organisational, and environmental factors must be
considered when implementing BIM (Ullah, Witt and Lill, 2022). For example, the permit
applicants and authorities need technologies for submitting, reviewing, and approvinthe permit

application. Also, stakeholders need competencies in applying BIM and be motivated to use BIM.

Several countries have had development projects to digitalise the building permit processes
(Noardo et al., 2022). Still, studies providing advice on how to implement digital building permit
processes are scarce, even though papers focusing on implementinchange exist [1,3,5]. Some
researchers argue that four maturity levels of digital building permit implementation exist: 1)
manual paper-based, 2) digital document and workflow management using an online permit
service, 3) digital information and workflonmanagement applying BIM and GIS, and 4) automated
plan and design review [6,7].

Finland has been a forerunner in developing and implementing BIM tools [8]. Also, the
digitalisation of the Finnish building permit processes has been ongoing for several yearsr|3],
but the actions taken so far and their importance for the digitalizatio of permit processes is not
yet analysed. This study describes the transformation process from papdsased workflows to
digital building permit processes. The study has two research questions: 1) What is the maturity
level in the Finnish building permit pocesses? 2) What has been done to achieve that level?

Methodology

Data consists of public reports, three building permit experinterviews, and 25 survey answers by
Finnish permit experts in spring 2023. The interviewees represented Finnish building permit
process authorities. A consent form was provided.

The study adopts the Technology, Organization and Environment (TOE) Framework [14] in
categorising findings on transformation. The TOE framework can be used to understand
innovation implementation; in this case, the implementation of BIM modelling practics, building
permit services, and compliance checking software. The TOE framework has been used in other
studies on BIMbased building permit implementation [1,3].

Findings and discussion
The current digitalisation level of the Finnish building permit processes

In Finland, 83% of 309 municipalities use an online building permit service. Two building permit
services exist, and both allow the submission of Industry Foundation Classes (IF®ased
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building designs for the permit approval process. Though, the current submission process also
cudYst WnY!l WGT nWl YR2GWUqWt eHGRY RYUY IOWEY G WWa e URAR
to review the design if an IFC file has been submitted to the pernsérvice. The communication

between the permit applicant and various permit authorities is handled through the building

GUI G RaqWt WI 2RAVIOWNS JWUWRNG6AY 21 + kW6We¢l RUNDWHe UWE Gt Y
has provided email address.

The first residential BIMbased building permit was issued in Jarvenpaa city in 2022 [15]. The IFC

model needed to include information on the structure, materials, and facilities of the building, as

well as overall areas/volumes. The architecture followedhe national common BIM requirements
ANZeWe Ul W6 WWie URAHRGECORq! Kkt WAz RGT RUNWHYUq! Yokt W
reviews of the building in the environment were carried out using the 3D service of Jarvenp&a.
Regulatory compliance was marially checked in the Solibri Model Checker program. Since then,

other BIMbased building permits have been issued. If the applicant inserts building projeet

specific data into the IFC, it can be automatically read in the permit service and added to the
application.

Following the digital building permit implementation levels [6,7], the Finnish building permit
processes seem to be on level two, where digital documents are used through an online permit
service. However, the processes are moving toward level three, wheBiM and GIS are used.

Actions toward digital building permit processes

The digitalisation of building permit processes started in 2001 when a data transfer schema was
TU200YGUT WaqYWal ¢Utnl WT¢qeWHWqs JWUWq6WWae URARGE
Gl YHIJL+ I3t KWt !t qldat Wsa N= e oWwE R U A2A028)dédvé] tibshlidéhdukctddl Y 2 + WA C
where technological solutions have been developed and demonstrated for digitalising building

permit processes. Most of these development projects have been financially supported by

national R&D funding bodies, such as Business Finlandr the Finnish Ministry of the
Environment. One of the success factors for digitalisation has been the involvement of different

user groups T designers, building control, software providers, consultants, construction

companies, associations, and property avners T in the R&D projects. This has helped in the

adoption of the new BlMbased building permit process.

In 2016, the municipalities were allowed to use digital archiving for official lonterm archives
without requiring archiving of paper documents. From the beginning of 2025, the new Building Act
will allow the archival of IFCs in the new Built Environmenbformation System.

In addition to technological developments and digital archiving, the national BIM requirements
(2012) and municipalities' BIM modelling guidelines have advanced modelling quality and thus
played a role in advancing digital building permit processes. BIM edation has also been crucial.
The Finnish Ministry of Environment has financially supported the BIM coordinator educational
program (202%2022), producing BIM experts.

Table 1 lists and categorises the actions toward digitalising building permit processes into
technological, organisational, and environmental actions. The table shows that bottorrup
developmental actions, taking place through technological and organisatioal actions, have
been quite extensive. The R&D projects have always included both types of actions: technologies
and digital solutions have been developed but at the same time, the educational needs of various
stakeholders have been taken into account. Tlsi has been important since technological
advancements necessitate users to properly take them into use.

Top-down (EU and national regulatory) environmental actions are not that many, but their impact
is also noteworthy, especially the digital archiving of IFC and development of a national built
environment information system, which will allow the datadriven analysis of the built
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environment and hopefully allow the monitoring and steering toward lovzarbon initiatives in the

sector.

Table 1: The technological, organisational and environmental actions that have supported the digitalisation of
the Finnish building permit processes.

ENVIRONMENTAL
YEARS) | TECHNOLOGICAL ACTIONS ORGANISATIONAIACTIONS
ACTIONS
mnlWueUqgce] ~x Wt #
transfer data betwgen MW ¢ qRYUGEGLWE I ¢
Pt qlat WYnWae| gypported the development of
technical and environmental | y5tive BIM modelling tools
service processes [12]. (2002). m WE Ok t Wf U
Work was done in KuntaGML MW ¢ qRYUC WAL YU Directive require
and_ KRYSP development developed national openBIM f[he i
pI’OJEE:tS (2007—2909). building construction process |mplementat|on of
2001- |n WUNG6 IJWn R lak-aq LWt (2003-2005). a service for .
2015 service-version of the WWENUE qUIWAL ¥ G providing spatial
building permit service BIM requirements (2007). data_r(_elat.e.d t(:) the
platform (2015) in the joint . Lo municipalities
SADe development program mlW ¢caqRYUCTW?T ~U enironment
of the state and (2012)’_003”\_4291.2; (2007).
municipalities to digitalise mill ¢cqRYUCGUW7f ~U
Finnish public N M Wh 2 { RUI’JII.!.IY GlLU7
administration services GUI 6 RqUWGIH YHIt K
(2009-2015) [13].
n Wu-tidi project developed -
o Az RGT RUDWHY Uql ¥ v WNG LW
m W WUc aqRgUc O W yles and digital archiving of IFC| Municipalities
program in 20162019 models (RAVAL, 2017). [10] were allowed to
included three R&D projects MWEqe OT ¢1 T R CaF use digital
2016 on digit_alis_ing puilding classification nomenclature for argh_iving for
2019 permitting in Elnland [11]'. .| all building design disciplines, off|C|.aI Iong—term
For example, interoperability first version (2017). archives without
between the needed A 2 s u0at U the requirement of
information systems was mllADe RI WulUg archiving paper
developed. new COBIM (2018). documents
7 LU. s W9 87f ~=ZM=N\ (2016).
requirements.
MWwosg7f ~=M=MWG n WA é =ZWGI-20TINFAqu WNE W[ R
2022), the first part of the financed by the Finnish Ministry | Ministry of
COBIM2020, is a continuum | of Environment, defined the first | Environment is
of the RAVA2 project. The | national propertyset and use renewing the Land
project updated the BIM cases for the regulatory Use and Building
2020- | guidelines to support BIM (minimum) BIM-based Building | Act. The Finnish
2025 based regulatory building Permit process. [18] parliament
permitting. n W 7Hased building permitt approved, in its
mWNGS W ¢ qRYUc¢| scaling clinic (2021) developed | plenary session
of Finland is scanning the and unified BIMbased building | on the 1st of
whole nation with 5 point/m2 | permit practices in several March 2023, the
accuracy and is converting | municipalities. The project was | new Building Act,
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YEAR(S)

TECHNOLOGICAL ACTIONS

ORGANISATIONAIACTIONS

ENVIRONMENTAL
ACTIONS

the buildings in CityGML at
the LOD2 level. This
information is available in
the public National
Topographic Database and
can be used to present a city
model without photo
textures.
mWNGWDWHe RGT RU
development project,
RAVA3Pro, led by the City of
Helsinki and funded by the
Ministry of Finance, tested
the automation of the
building permit processes.
The project includes 23
Finnish municipalities.
nlWA é OAl YWGI
supported integrating
cityscape services into
building permit services for
neighbours' hearing (2023).
nlWA é OAI YWt 2
integration of 4D scheduling
into city model software,
which is used for visualising
building processes,
environments and timelines
together (2023).

w WWT RT 31 We t 13w
checking in building control
(2023).

MWEN2 11 ¢ 0WHRQ
prepared a 3D city model
either as a photogrammetry
based mesh model with
photo texture or a laser
scanned model with photos
converted in CityGML,
usually with Terrasolid Ltd
tools.

funded by the Finnish Ministry of
the Environment, Finnish
Property Owners and project
partners.[19]

n LLHWéek BIM coordinator
education program for building
controllers in 2021-2022 (100
persons/year, total 500,
supported by the Ministry of
EU2RI YUGUUqUWMAC
nWA é OAl YWGe HD
He RGT RUNDWRHRYUq! Y
guidelines, use cases,
propertysets, rulesets, and

other studies and reports

(2023). RAVA3Pro project also
included BIM education for
municipalities to increase BIM
maturity level. [20]

ni 998A2LWcYI RAY
project (2022-2025) develops
the process for BIMbased
building permit processes,
building on nextlevel
development after the
RAVA3Pro results.

m WAl YTUOHRqWA! 6 qF
Semantic data interoperability in
the built environment and 2) The
built environment information
system Ryhti. The semantic part
focuses on defining logical
information models and
vocabularies/codes for
enhancing data inteoperability

in the built environment. It
concentrates on data types
OuET T WRUWa6 1JWe
processes. For example,
information on zoning plans and
building permits will be

compiled and processed into a
coherent and accessible form.
The Ryhti informaton system is
a national storage service for all
planning and building permit
related datasets. The first

which will enter
into force from the
beginning of 2025.
The building
permits and land
use plans will be
made machine-
readable and
stored in the new
Built Environment
Information
System Ryhti in
IFC 4.0.2.1
format.

m WNG W[ RU
National Archives
has approved the
IFC 4.0.2.1 format
as the official
archiving format
(2023).
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ENVIRONMENTAL

YEARS) | TECHNOLOGICAL ACTIONS ORGANISATIONAIACTIONS
ACTIONS

functionalities will be available
in 2024.[21]
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Conclusions

Finland is one of the most advanced European countries in terms of digital building permit
processes. The permit applicants use online building permit services that allow submitting IFC
files with project-specific information. Some municipalities can do auomatic code compliance
checks, city 3D reviews, and online neighbour hearings. Next, the country is more widely adopting
BIM-based building permit and automatic compliance checking processes, including digital
archiving of IFCs to a national built enviroment information system. The findings of this study
shed light on the technological, organisational and environmental actionst ranging from
technological and process development R&D projects to BIM educatiom that have supported
the implementation of BIMbased building permit processes in Finland. Future research is
needed to identify which of the identified actions could best support other European countries in
digitalising the building permit processes.
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Introduction

The digitalisation of building permit processes refers to using digital technologies to streamline

building permit application, review and approval. For example, the permit applicant can use an

online service to submit digital designs and other required fiormation, and the authorities may

use software to conduct automatic code compliance checks. A digital building permit process
HcUWRGGI Y2UDWa2a URHRGCECUORQRIUY k W NN RAERVUA! AW T e HIU
applicants to navigate the process [1]lt can also reduce the time required for the designers' and

authorities' review of regulatory compliance and increase the transparency of the design and
construction process. Despite these benefits, the building permit process in many countries is

still manual, and information is exchanged on paper or digitally in PDF.

Research on digital building permits has mainly focused on developing technical solutions 3]

and somewhat neglected process, data quality, and people perspectives [B]. A few studies

have examined industry attitudes towards digital building permits andhe reasons for slowing

down digitalisation. For example, according to a UK industry survey, the automation of building

permit processes is desirable and feasible if human oversight is maintained [9]. The same survey

revealed challenges to digitalising bilding permit processes: the lack of machinereadable

regulations and rules, the low maturity level of building information modelling (BIM) and the low

number of compliance-H#6 WAt RUNDWqYVYat Wadetow UYqdéldl Wt qel ! WER
expertise inBIM-based building permit processes [10].

This study aims to contribute to advancing the adoption of digital building permit processes. It
considers this phenomenon an innovation implementation challenge and empirically
investigates two research questions in five European countries: 1) What are ghindustry
stakeholders' attitudes toward digital building permit processes? 2) What is the level of adoption
of the digital building permit processes?

Methodology

The study applied a survey to gather expert views on the adoption and benefits of digital building
permit processes and automated compliance checking in Europe. The survey inquired about the
national adoption of digital building permit processes, possibleoutcomes, obstacles, and
requirements for adopting digital building permits from technological, commercial, and political
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perspectives. The survey was translated into multiple European languages and was open from
28.11.2022 to 31.1.2023.

The survey was advertised on social media and received 472 responses from 16 European
countries and seven countries outside the EU. Most (346) of the responses came from lItaly,
followed by Spain (39), Finland (25), and Estonia (12). The respondents repretl various
disciplines, primarily architects (391), building control authorities (29), project managers, and
other design disciplines.

In addition to the survey, the current building permit processes in five European countries were
modelled using the Business Modelling Process Notation (BPMN) to understand the differences
between the processes. Finland, Estonia, Germany, the UK, and Spaivere selected as they
represent countries with various sizes, geographical areas in Europe, and maturity levels in the
digitalisation of building permit processes. Three interviews were conducted in each country to
support the modelling. Researchers idenified the interviewees with local experts, who usually
represented the countries' building permit authorities. A consent form was delivered to the
interviewed persons.

The interview data was categorised using the Technology, Organisation, and Environment (TOE)
framework for innovation implementation [11], as this study aims to understand innovation
implementation. The Technology includes technologies needed for innovatioimplementation.
The Organisation refers to the organisation's resources in which the technology will be adopted.
Finally, the Environment refers to the environment in which the organisation operates.

The study applies the maturity framewaork for digital building permit processes [12] to map the

#Ya Uql RIJt Kk WT RNRac¢tdWHaRGT RUNWGW!I GRaqWGI YHRIJt t WG Cqel
first level resembles a traditional paperbased permit process wth a manual design review. On

the second level, basic epermitting, the applicant uses an online service to submit designs as a

PDF, and the authority manually reviews digital drawings. The third level, automated model

based epermitting, necessitates submitting the IFC model and semiautomated code

compliance checking. Finally, the fourth level, fully integrated epermitting, includes the

integration of BIM and GIS and an integrated planning review with automated code compliance

checking.

Findings and discussion
Stakeholder attitudes towards digital building permit processes

The survey results show that partial or full automation is considered possible in the next ten years.
However, most respondents prefer maintaining a final human sigoff regardless of the level of
automation achieved within the process, which confirms eaiier findings [9]. Some countriest
the UK, Finland, France, and Romaniafavour partial automation, where some key aspects are
automatically assessed. Estonia, Spain, and Italy trend toward automation with human approval.
Building control professionals think partial automation is possible, whereas project managers
envisage more automation.

The survey results reveal that the key desired outcomes from digital building permit processes
and automated compliance checking are time savings, increased information certainty, cost
savings, and a decrease in ambiguous information during the design amnstruction process.
The key obstacles to adopting digital building permit processes are differing processes between
municipalities, lack of digital skills, lack of software tools, and lack of standard specifications of
design documentation. These finding support earlier findings [10].
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The survey results show that the key requirements for digital building permit processes are
standardised submission processes, the ability to link BIM to GIS, intuitive user interfaces,
training and support, and open access to higHevel result data.

Process readiness towards digital building permit processes

The modelled building permit process in each country is generic because it differs somewhat

depending on the building type and size. The states and municipalities are local sajbverning

bodies with the right assigned to manage the local permit process wiin the limits set by the laws.

Therefore, the permit practices between states and municipalities of the country may differ.

cYs U200 AWlgsdWwH#Y2 Uql Rt «k WNWUWI RAWH2 RGT RUNWGWI & Raq LW
stakeholders in each country are e building permit applicant (often the principal architect),

neighbours, the local building control authority, and other authorities, such as the rescue
department, depending on the type and size of the building. The permit applicant can consult the

building permit authorities before submitting the application.

Currently, the design is submitted as a PDF in each country. Estonia and Finland allow the
submission of an IFC file. In some Finnish municipalities, submitting the IFC file and locating it in
a city model for cityscape assessment is already technically pssible. In all countries, authorities
conduct compliance checking mainly manually by reviewing the PDF drawings. Estonia and
Finland are working towards automatic compliance checking, where certain codes related to,
e.g., accessibility, are automatically decked, but the checking results are verified by the
authority, thus preserving human oversight.

The processes between countries also differ to some extent. For example, the number of building

permit types varies from three to six. Also, the number of permits varies from a few thousand to

several hundred thousand per year. The building control processm England differs a bit from

Y6l weYeUql RIJY Kk WGI YHRIJE L Dt OW[ YI WRW+F¢cdGaWAWq6 WWRLU
issues can be undertaken by private providers. Also, while preferred design codes exist, Building
Regulations in England allow vadus ways to demonstrate that an adequate standard has been

met, including past versions of design standards or guidance in approved documents.

N¢ HONWNWW+FGoecRUt WadDWT RNDRgcecdWGcaqel Ra! WGWI2130 WY W
the TOE framework for innovation implementation. All countries have online services for

submitting designs as PDFs, but compliance checking is mainly done nmaally. Thus, all

countries are currently on the basic epermitting level, but Finlandis close to reaching the next

G210 ALWnA ¢ e atased ddd | LIGRYG g IUNK A s 6 11 D Waé WWe GGaRHAc Uqt L
authorities use software for automated codecompliance checking with human oversight. R&D

projects have already proved this successful, but the countwide implementation takes time,

even though BIM guidelines exist. The changes in the regulatory landscape seem to enhance

permit process digitalisation. Estonia launched a country-s R1T JWh ¢ 2 q VY Gaspl B G YT D
GUI 6RaqqRUNK WRUWI[ WAl 2¢1 ! W=M=ZNIO

Germany is creating a uniform basis, with national information exchange specifications, for the
automated checking of building code requirements with BlMbased testing tools. Requirements
for BIM models will also be developed. The UK has conducted nationB&D projects to develop
tools for compliance checking. Spain is involved in R&D projects and closely follows the best
practices for implementation.

It seems thatatopl Ys UAWI WUNadc¢cqY!l ! WhGet 6k W6¢t Whe Rqwl AU
their journeys toward BIMbased building permit processes. However, it might be that these

countries have also benefited from being small in terms of country g& and number of
stakeholders and somewhat agile in implementing technologies, such as BIM (see e.f13]), and

IFC-based submission and compliance checking services.
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Building permit applicants and authorities in all countriesneed BIM educationto benefit from the
BIM-based building permit process fully However, further research is needed to identify each
countrieskc UT Wt q¢ t WS YOT I+ k W GUARNRHWIT eHecqRYUc WO

Table 1. Technological, organisational and environmental (TOE) factors in the building permit processes of the

five European countries.

TOE Finland Estonia Germany UK Spain
factors
Two online
L .| All'79
building permit s
. . municipalities .
services exist . A variety of
use the Estonian
and ~70% of - . systems are
building permit
309 . used to
o service of the
municipalities Buildin XPlanung and manage
use a system. - 9 . XBau are submissions.
. Registry. Permit .
Permit . national Many local .
. applicants can e o Electronic
applicants can . . specifications authorities use -
. submit IFC files. . : submission
Technolo | submit IFC . for exchanging the Planning .
. : The service . of building
gical files. Some and processing Portal to . .
VR allows for 47 ) S permits using
factors municipalities . information in manage the -
automatic - . A digital
have BIM . administrative submission or g
checks against certificates.
software to - procedures the metadata
) : the Building .-
visually inspect .. | under building that goes along
Code. The permit . .
BIM models ) . regulations law. | with an
o applicant or its o .
and/or Solibri rocessor does application via
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Conclusions

The study pictures positive attitudes among industry stakeholders towards the automation of
building permit processes. Project managers are slightly more interested in full automation than
permit authorities, but both parties prefer human oversight. Timeavings, increased information
certainty, and cost savings are expected, but differing processes between municipalities and a
lack of digital skills and software tools slow down the implementation of digital building permit
processes. All countries apply otine services to submit designs as pdf. However, Finland and
Estonia allow submitting IFC files and semiautomated compliance checks with human
oversight. These findings provide a basis for further research in the ACCORD Horizon Europe
project to support permit applicants and authorities in implementing digital building permit
processes in each country.
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The importance of digitalizing building permits internationally plays a key role in breaking down
the barriers that characterize its timeconsuming and human errorprone process as being based
on manual controls. The standardization and digitalization of bilding permit procedures brings
several benefits that can positively impact both the competent authorities and applicants.
Benefits include achieving greater efficiency through automation of control processes that can
further speed up approval times. Thes aspects are complemented by the achievement of a more
transparent and accessible process that ensures the correct application of regulations, thereby
reducing the risk of human errors. Additionally, there is an improvement in the quality of decisions
and a reduction in errors in planning, design, and construction, which also benefits the context of
environmental sustainability.

The European Network of Digital Building Permit (EUnet4DBP) has identified three pillars covering
three issues that need to be addressed for building permit: (1) the analysis of the process, (2)
building permit regulations and relevant requirements, and (Btechnologies to run the process
digitally. Regarding these objectives, there arises the necessity to understand the processes as
carried out by public authorities in order to develop a solution that is scalable and adaptable on
an international scale. Ths is crucial to avoid the implementation of a solution that, by not taking
into account the needs of endusers, may prove ineffective once appliedl1]. It is critical to
address current problems, to evaluate and compare each scenario to study a better process, and
with the awareness that tailored solutions are needed to overcome known obstaclgg].

Several studies can be identified in the literature on the analysis of the building permit process
and the comparison of different processes at the international level. Pedr{3], in their study,
analyse and compare the construction permit processes in 27 European nations, providing an
overview that, at a general level, reveals many similarities but, in detail, highlights various
specificities. In Ruckert's report (2011)[4], processes in Germany, Denmark, Poland, and
Lithuania were also compared, identifying similarities and divergences with the aim of supporting
standardization and transparency. Similarly, the study conducted by Refvifs] compared and
analysed processes in selected nations across Europe, America, Asia, and Australia, identifying
significant differences in the of the construction sector, considering national procedures for
permit issuance. An indepth investigation is exemgified by the comparative analysis of the
procedural methodologies employed in Croatia and Slovenig6]. This examination unveiled
shared procedural patterns, thereby presenting certain prospective implementations that remain
subject to further consideration. The conclusions highlight the potential of implementing each
process with the best practices analy®d, leading to benefits especially for the legal aspects,
stages and stakeholders involved. Noardd7] elaborate a comparison and harmonization of
processes in the United Kingdom, the Netherlands, Sweden, and Slovenia based on an
investigation of current processes. The harmonized workflow is higlevel but is outlined to
provide a foundation for the implenentation of Building Information Modelling (BIM) and
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Geographic Information System (GIS), known as GeoBIM. Fauth and Soibelni8h considering
the United States and Germany, have outlined a scalable framework, starting from a systematic
mapping of asis processes, aimed at international standardization. Within the context of the EU
funded CHER project [9], a study was carried out to compare and harmonize the processes of
four European municipalities- of different scales- in Italy, Portugal and the Czech Republifl0].
The asis processes were investigated, mapped and harmonized into a final workflow that is the
input for the adoption within it of BIM and GIS. Regarding the building permit process in Italy,
Fauth[11] investigated the case of South Tyrol. This study highlights what information and digital
needs, on the organizational level, by presenting the knowledge acquired through the comparison
with other processes for building permits.

These studies assess differences among various national models, aiming to identify best
practices and areas for improvement to pursue the goals of efficiency and transparency in
processes. However, such solutions risk not adapting to the procedural diversi that
characterizes some countries resulting from different realities such as the size or number of
inhabitants of municipalities. In the context of such diversity on a national territory, different ways
and timescales might be identified so that any saltions harmonized on an international scale
may risk not being functional for the most local realities.

The analysis of the process at the national level, in order to compare it with the equivalent result
in other countries, runs the risk of not delving into the specificity of the national context itself. The
mapping of the national process, which is generdy valid because it is based on normative
references or interviews with individual realities, risks missing typical nuances of how the same
process is applied in different forms, for example in small, medium and large realities. This is even
more evident h countries like Italy, where seventy percent of the municipalities have less than
5,000 inhabitants.

Within the EUnet4DBP research context, for the Italian case, three municipalities were selected
based on population size to identify a compared process that considers possible diversity and
best-practices. Have been selected a largesized (more than 500,00 inhabitants) a medium
sized (between 500,000 and 50,000), and a smadized municipality (less than 50,000
inhabitants). The methodology used for data collection and analysis involves the use of a semi
structured interview guideline from the research ofFauth [12]. The guide helps the interviewer
touch on all the key points of the building permit process. In addition, using the same interview
structure makes it possible to collect data in a systematic and comparable way. The methodology
required to involve people vorking within the municipalities for managing the building permit
process (table 1). The interviews were recorded and transcribed to be analysed. The transcript
allowed for qualitative content analysis to be conducted on the text following a coding scheme
that mainly reflects the structure of the interview guideline. The qualitative analysis of the text
made it possible to identify some common patterns within the processes investigated for each
municipality for subsequent rendering in visual form. The Busiass Process Model and Notation
(BPMN) standard was used for process mapping, which allows the responsibilities and roles of
the stakeholders involved to be related as well as providing a chronological dimension of the flow.

~2URARGECEIORQR NYnWieURHARGE OR  Length of audio recording

involved in each interview (min)
Small 1 40
Medium 2 90
Large 1 90

Tab.5: Number of interviewees and length of audio recording.
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The application of themethodology to the Italian case, using a guide for conducting interviews in
data collection and implementing a coding scheme for mapping, allowed for a comparison of
processes on a national scale. Indeed, based on the coding scheme, common phases were
identified: (1) submission, (2) assignment, (3) administrative check, (4) content check, (5)
participation of external/internal parties, (6) Issuance of the permit. A final map (figure 1,2) was
generated through the comparative analysis of processes in each mnmicipality. These steps are
identifiable in all three processes, and this aspect derived from the national regulations
framework. The applied method is suitable for comparing processes across municipalities of
different scales, revealing common patterns bu also highlighting specific organizational and task
division distinctions instructed by local needs.
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The analysis and comparison of processes according to the number of inhabitants of
municipalities brings to light aspects that cannot be omitted in order to ensure that international
solutions do not lead to adoption barriers. In fact, although many aspesctare largely driven by
the national regulatory framework,-and are well identifiable in each processthe organizational
and procedural setup for issuing building permits can differ significantly at the national level
depending on the size of municipaliles. Aspects such as staff size should not be overlooked,
which lead to upskilling needs and training programs. In detail, in small municipalities the same
officers may be involved in different stages of the process while in large municipalities there may
be a specialized staff with distinct roles for processing the applications. Other factors to consider
and compare are technology and automation aspects, which in small municipalities may be
limited compared to larger municipalities that are equipped with @vanced information systems
and automation to expedite the bureaucracy.

The method applied to Italian municipalities makes it possible to bring to light the characteristics
that result from their size and organizational assets, which allow a comparison to be made at the
national level before making a comparison and standardiz#on of processes at the international
level. The obtained results, also, can be refined by increasing the number of interviews, allowing
for the development of three comparative processes for each level of dimension before
developing a single comparativeprocess. Although the approach employed does not solely rely
on data quantity, considering in the future a larger number of data derived from a larger number
of interviews, may impact the analysis process and the obtained results, leading to a more
detailed understanding of the studied phenomenon and enhancing the validity of the
conclusions.

The approach applied, supports the definition of solutions that are adapted to local realities
ensuring a higher compliance of the result. While this study represents a first systematic
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approach to comparing building permit processes, it is important for future developments to
investigate them further, based on the goals that want to be pursued with digitalization and the
introduction of new technologies for their automation. In addition,it is crucial to investigate the
sub-processes in more detail by identifying which steps are the most critical in order to align any
divergence more effectively.

Acknowledgement

This project has received funding from the European Union under the Horizon Europe Research &
Innovation Programme (grant agreement no. 101058559 CHEK). Views and opinions expressed
are however those of author(s) only and do not necessarily reflect thosd the European Union.
Neither the European Union nor the granting authority can be held responsible for them.

References

[1]

(2]

3]

[4]

[5]

[6]

[7]

[8]

9]

[10]

[11]

[12]

Noardo, F., G. Malacarne, S. Mastrolembo Ventura, L. C. Tagliabue, A. L. C. Ciribini, C. Ellul, D.

Guler, L. Harrie, L. Senger, A. Waha, and J. StoterM= MH OWmBf Ugq Nl ¢ gRUN W+ G qRt
data-driven digital building permitstq 6 JWWE® ERNMN?2 7 AtOwWf UqloWl | #EOWASYqVY NI
Inf. Sci., XLIV4/W1-2020: 103r110. https://doi.org/10.5194/isprs-archives-XLI\t4-W1-2020-103-

2020.

Meijer Frits, and Henk J. Visscher. Building regulations from an European perspective. (2008).
COPRA, September 2008, ISBN 97B84219-434-8.
https://api.semanticscholar.org/CorpuslD:152541287.

AJT I YAWs W7 OAW[ lOW~WJRTWI Awe U7 WceclowWéRt + #6131 HOW = MN N oL
Eel YGU¢UWOURYUWRY2Uq!l RIJt tOwWAf 9EW9 YUt ql WOWAI YGHOW9 Y U

Ruckert, K. 2011. Legal requirements: report on legal sustainability requirements and building
permission procedures; a comparison of the legal framework in Germany, Denmark, Poland and
Lithuania. Berlin: TU Berlin Publ.

Refvik, R., M. Skallerud, P. Slette, and A. Bjaalanfl.M N I FOLL /b5 7Statogsuridy| @f solutions and
Rt t et W PaW2¢cUqugYWqsé W B2PWaYGGWUqWYNW7! NN 1Jqq O LWL

sY2¢UY2RAAWNIOAW OW | Rt qY2URt dWwe UT WNOWAKWX 2Nél RA OLU
Gl YRIUT 21 Ut WRUWEGY2WURcWeUT W9l YéqRcecalll D200 YGGWUqUWY
Urban Manag., 11 (2): 823. JSTOR.

Noardo, F., C. Ellul, L. Harrie, I. Overland, M. Shariat, K. Arroyo Ohori, and J. Stoter. 2020a.
BEGGY! qaURqRIJt WeUT WHGECGANUNIY WnVYIl W] VY7 fcaskiRULWE 2| Y G
raise awareness and examine technical interoperability challedd D 13t O s OWE G ¢ wRB3WE # R H0A LW
https://doi.org/10.1080/14498596.2019.1627253.

[ceq6AlWls OAWE UT Wx WOWEYRAWGGec UW=MZZOWmBI YUHIGqe ¢ G W[ |

Lessons Learned from a Comparison between Germany and the United States regarding thelés

72RGT RUNDWANI GRqWAI YHIJt | 1Jt O H/AGIRID/OURIINGSH 2830688, LLbI P b a WX O
CHEK® 2022. CHEK 9 6 ¢ UNWWqVYYdt RaWnyY! WT RNDRacdWHzRIGT RUNWGH
Horizon Europe programme under Grant Agreement N0.101058558ttps://chekdbp.eu/.

Braholli, O., Ataide, M., Di Blasio, I., Raj, K., Siegele, D., 20Z3EK Tebe Digital Building Permit
process map. https://doi.org/10.5281/ZENODO.7789035.

Fauth, J., Monizza Pasetti, G., & Malacarne G. (2023) Understanding processes on digital building
permits T a case study in South Tyrol, Building Research & Information, 51:5, 5582, DOI:
10.1080/09613218.2023.2178372.

[ ¢ 2 qé ALlWs HOW= NEcAEdIdesisiad @bdeél#brdetermining the permitability of construction
Gl Y T ) FDipsetouich, BauhausUniversitat Weimar. https://doi.org/10.25643/bauhaus

m 89 European Network for Digital Building Permits
E U n et4 D B P https://eud4dbp.net



J '24 Digital Building Permit conference 2024
18119 April 2024t Barcelona COAC

universitaet.4602.

m 90 European Network for Digital Building Permits
E U n et4 D B P https://eu4dbp.net



J '24 Digital Building Permit conference 2024
18119 April 2024t Barcelona COAC

Process Analysis and Comparative Evaluation of
Building Permittingt PACEBP

Tanya Bloch, Judith Fautht, Lucio Soibelmarf

aFaculty of Civil and Environmental Engineering, Technion Israel Institute of Technology, Haifa, Israel
b Department of Engineering, University of Cambridge, Cambridge, United Kingdom
¢ Sonny Astani Department of Civil and Environmental Engineering, University of Southern California, Los Angeles,
California, USA

Introduction

The Architecture, Engineering, and Construction (AEC) industry is undergoing transformative
changes driven by technological advancements, with a particular focus on digitalization and
automation opportunities. One key area of interest is the building permprocess. Building permit
processes are complex and multidisciplinary[1]. While the core activities may be comparable
across countries, the local laws, regulations, and policies governing these processes introduce
significant variations [214]. This divesity hinders meaningful global comparisons, making it
challenging to establish standards and guidelines for building permit process modelling [5]. The
absence of a standardized approach for comparing these processes has been a longstanding
issue in literature [6]. Existing methods for evaluating business process models often fall short
when applied to building permit processes as they lack the ability to effectively capture specific
complexities in these processes. The framework developed by [5] enhances alty within
individual processes but lacks a standardized approach for meaningful global comparisons.
Bridging this gap is essential for advancing the understanding of building permit processes and
fostering global improvements in efficiency, transparency and consistency. Hence, our goal in
this work is to introduce a systematic approach for evaluating and comparing building permit
processes globally.

The PACEBP Methodology

The proposed Process Analysis and Comparative Evaluation approach for building permitting
(PACEBP) is designed to provide a systematic and objective way to evaluate individual processes
and compare between processes in different countries. The method hedly relies on a previously
developed framework for building permit process mapping and modelling5]. Hence, as a pre
stage to implementing PACEBP, a series of irdepth interviews with domain experts must be
conducted and process maps using Business Procgs and Notation (BPMN) produced.
Recognizing the complexity of tradeoffs faced by different countries and stakeholders, PACBP
goes beyond simply ranking the individual processes. It incorporates qualitative insights through
interviews and literature todefine evaluation parameters that include time consumption, data
and information loss, resource consumption, coordination efforts, transparency, decision
robustness, corruption vulnerability, flexibility, citizen friendliness and societal and political
impact. These parameters are systematically assessed using measurable indicators that can be
easily extracted directly from the BPMN maps, coupled with a defined correlation matrix that
presents the relationships between the measurable indicators and the evahtion parameters.
Measurable indicators are for example the number of involved stakeholders visible through the
swim lanes in the BPMN, the number of handoffs between the stakeholders visible by the
connections, etc. This process generates representativesectors for eventually calculating a
similarity score between the given process maps.
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Results and Discussion

The proposed process was demonstrated using four process maps f@sermany, USA [5], Italy
(the region of South Tyrol in particular) [7], and Israel [8The results were compared to the insight
gained during the indepth interviews performed in each of the countriesThe research findings
demonstrate that building permit processes cannot be simply ranked as best or worst. PACEB
methodology introduces a new approach for evaluation, focusing on robustness and objectivity.
The quantitative indicators derivedfrom the methodology provide deeper insights into the
differences between building permit processes across different contexts.

Practically speaking, policymakers and other stakeholders can leverage the proposed
methodology to identify areas for improvement, leading to informed decisioimaking about
regulatory changes, procedural adjustments, and new policy development. Local authdies,
through feedback on organizational performance, can tackle key inefficiencies through
organizational changes. Although there are cultural and geographical differences between the
countries that reflect in the processes, we expect the main steps o&pplying, checking and
issuing a permit to be present in most, making a comparison possible and meaningful.

It should be noted that the proposed methodology is focused on the viewpoint of authorities,
hence, further research is required to include perspectives from different stakeholders, such as
policymakers and additional experts not interviewed during the itial research. Quantitative
research is essential for the validation of identified parameters and the correlation matrix,
expanding the methodology's perspective. In conclusion, the PAGEB methodology provides a
valuable resource for stakeholders seekingo enhance and harmonize these processes across
diverse contexts, fostering a more standardized and transparent global landscape for building
permit processes.
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The issuance of building permits is a critical process for urban development, ensuring
compliance with legal standards and sustainability goals. This process presents a complex web
of processes, regulations, and methodologies in Europe. Despite its importece in shaping urban
landscapes, detailed investigations into the building permitting process have yet to be limited
[1,2]. This knowledge gap obstructs optimizing these processes and curtails the potential for
digital transformation, a crucial step in updating administrative functions. A study conducted by
members of EU4DBP aims to address this deficiency by conducting a comparative analysis of
building permitting processes in 19 European countries.

The goal is to lay a foundation for enhancing process efficiency and fostering a comprehensive
European perspective. The insights from this study are expected to contribute to developing more
effective policies and encourage the creation of improved solutins and practices in building
permits. Our study adopts a multifaceted methodological approach to conduct a comparative
analysis of the building permitting processes. The primary objective is to unearth commonalities
and variations across different regions thereby providing a comprehensive understanding of the
intricacies involved in the permitting process. The methodology comprises several key phases:
data collection, data preparation, data analysis, and validation processes.

The data collection phase is centered around conducting interviews with individuals who are
experts in the field of building permits, primarily employed in municipalities across Europe. These
interviews are designed to extract detailed, qualitative data mgarding the various processes,
regulations, and practices of issuing building permits. A standardized guideline was developed
based on prior research and studies to maintain consistency and quality across all interviews.
This ensured that the data collecte was reliable and comparable across different municipalities.
Once the data was collected, it entered the data preparation phase. Here, the focus was
transcribing the interviews and organizing the information to facilitate efficient analysis. The
transcription process is meticulous, ensuring the qualitative data is accurately captured and
ready for analysis. This phase is crucial as it lays the groundwork for the subsequent analysis,
forming the backbone of the research.

In the data analysis phase, a qualitative approach is adopted. The transcribed texts are
scrutinized using a shared coding scheme. This coding scheme is designed to identify key

themes, patterns, and variations within the data. One of the unique aspects @iur analysis is the

use of the Business Process Model and Notation (BPMN) 2.0 standard, as seen in Figure 1. This
tqeUT el TWeadVYst Wet WagYWHI BeqPlWNIUOWlI ¢aRADT Wace Gt U
representing the building permitting processes and tghlighting the similarities and differences

across various regions.
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Fig. 1: Example of a BPMN diagram based on interviews from Germany.

A comprehensive validation process is implemented to ensure the validity and reliability of our
findings. This includes several components, such as consistent interview guidelines, the
engagement of multiple interviewers to avoid bias, a unified coding sy&am to ensure consistency
in data analysis, peer debriefing, and member checking. Furthermore, collaborative efforts within
the research team are emphasized to ensure a thorough and unbiased interpretation of the data.
This methodology provides a robust fimework for understanding the complexities of European
building permit processes. By employing a systematic approach to data collection, preparation,
analysis, and validation, the study aims to offer valuable insights into the current state of building
permitting processes and pave the way for future advancements in digital transformation and
process optimization.

The study seeks to contribute significantly to the field by uniformly modeling building permitting
processes and offering a detailed understanding of these systems. This foundational work is
poised to guide future studies to optimize these processes and deelop solutions that more
effectively meet the needs of municipalities across Europe. The study underscores the potential
benefits of digital transformation in this sector, paving the way for a more streamlined and
technologically advanced approach to urban development processes.

One of the most notable findings is the sheer diversity of regulatory frameworks governing

building permits. Each country exhibits a unique regulatory landscape molded by its historical,

cultural, and socio-political background. This diversity reflectsthee URtue 13U I3t + WY n WIJ¢ #E L
approach to urban planning and development and poses significant challenges for harmonizing

practices across Europe. Despite the variability in regulatory frameworks, common challenges

resonate across the board. Bureaucratic omplexities are a ubiquitous issue, often leading to

significant delays in the processing of permits.

A key trend observed in several countries is the shift towards digitalizing the building permit
process. Adopting digital tools and platforms is potentially enhancing efficiency, expediting
processes, and fostering transparency. For instance, countries li Estonia and Denmark have
made significant strides in digitalizing their building permit processes using comprehensive-e
submission systems. Yet, the use of BIM in the permit processes is limited. However, the extent
and effectiveness of digital adoptionvary widely, with some countries still in the nascent stages
of implementing digital solutions.

The study also highlighted several practices and innovations in certain countries, ranging from
streamlined application procedures to integrated platforms that allow for multragency
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coordination through e-submission systems. For example, a few countries have implemented
such systems where applicants can complete all necessary procedures in a single platform,
significantly reducing the complexity and duration of the permit process. Tlee best practices
offer valuable insights and models that other countries could adapt to enhance their building
permit systems.

The findings from this study have significant policy implications. They highlight the need for
policies adaptable to the specific contexts of different countries and conducive to adopting best
practices. Policymakers are encouraged to consider both the unue challenges and the shared
experiences of different countries in formulating building permit policies. Moreover, there is a
clear indication that policies should support and facilitate digital transformation in the building
permit process, as this has leen shown to enhance efficiency and transparency. Additionally, the
study underscores the importance of stakeholder engagement in policy development, suggesting
that inclusive and collaborative approaches can lead to more effective and widely accepted
building permit systems.

In conclusion, the comparative analysis of building permit processes in 19 European countries
reveals a complex landscape marked by diversity in regulatory frameworks, common challenges,
varying degrees of digital transformation, innovative best practicesthe significance of
stakeholder engagement, and fareaching policy implications. These findings contribute to a
deeper understanding of the building permit processes in Europe and provide a foundation for
future reforms and improvements in this criticalaspect of urban development.
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Regulatory compliance is an essential driver in the design of building projects, spanning across
different development stages and relating to the fulfilment of constraints, rules and
recommendations expressed in regulatory documents. In this process, desigers generally abide
by the rules and constraints described in the requirements (i.e., adopting a prescriptive approach
to design); or use regulatory information to prompt their own creative process [1].

The nature of design has been described by existing research in several ways, considering its
iterative, complex, and evolutionary character. Design problems are generally mutdimensional
and highly interactive, in which the development of a solution imtgrates and addresses a series
of different and potentially conflicting requirements [2, 3]. Design consists of a cyclic process
through which partial solutions are developed, refined and evaluated over time [4].

An important characteristic of design relates to the problemsolution co-evolution, as design
problems and solutions are interdependent, developed simultaneously and complementary [3,
5]. This process does not consist of fixing a problem and searching fan acceptable solution but
developing and refining simultaneously both the problem and ideas of potential solutions,
through analysis, synthesis and evaluation [3, 5]. During design, these two notional design spaces
(i.e., problem and solution spaces) aragenerally bridged through cognitive processes associated
with creativity and subjectivity [5].

Human knowledge is needed to interpret and translate requirements either to develop a design
solution [6] or to assess and check design against requirements [7], whereas subjectivity and
creativity are intrinsic to both processes [5]. However, regulatoryampliance is often understood
as detached from the overall design development [8]. Existing digital compliance approaches do
not properly consider the iterative design character, as well as its intrinsically creative and
subjective nature, also reflected n current regulatory frameworks through ambiguity [9, 10]. The
above suggests a disconnection between the building design process and existing digital
regulatory compliance approaches, which is associated with several limitations observed in
practice and research.

This abstract builds upon the development of a PhD research that adopted Design Science
Research (DSR) as a methodological approach. During the research process, a series of 11 semi
structured interviews was developed with designers and professionals inveéd in the design of
healthcare buildings in the UK, in addition to two empirical studies conducted within the
healthcare design process. The different sources of evidence used to support the research
development led to a rich information repository of quétative data, which was analysed
following an inductive approach. Although the research was focused on the construction of a
model to enable automated regulatory compliance in healthcare building design, important
insights related to the interplay betweenthe design process and digitalautomated regulatory
compliance emerged during its development and are reported in this abstract.

Designers suggested that the iterative nature of the design process is closely related to design
decision-making from the perspective of (i) translating regulatory requirements into design
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attributes and specifications; but also (ii) regarding the verification of whether they meet
expected regulatory requirements. This process confirms the important relationship between
regulatory compliance and design decisioamaking expressed by existingiterature. It suggests

that regulatory information (and the associated compliance process) should be better integrated
with the design resolution considering the characteristics which are intrinsic to this process (e.g.,
iteration, interdependency, problem-solution co-evolution), as opposed to mainly feeding
automated regulatory compliance checking systems.

The exploration developed within the design development process highlighted that there is an
YURDYRUNDWHGcUNIWYOWT Wt RNDOVIt kWGWI RUGqRYUOW I INel 1
automation) to address regulatory compliance. As reported on [11], the mastream view of

automation as a substitute for humanbased activities is limited and paradoxical due to the
H6caauuUNWt wel RYRUNDWNIE YOGWI DhueRI WGWUqt kWt 2 ATUHQR?2
understanding of digital and automated approaches to sG G Y | q WI 13+ R N Wnkking wakdll JHRt R
observed during the empirical stage of this research, with a major focus on addressing regulatory
compliance as an input to decisiond ¢ t RUNAWI ¢ qd 1 WagéecUWYUG! Wwet t+ 13t + RU
decision-making. This evdving perception is presented in Figure 1, with the traditional approach

for automated regulatory compliance represented in (a), whereas the evolving understanding
represented in (b). It is important to highlight that the process represented in (a) is prerio a

considerable number of noncompliances, which are generally identified at late design stages

leading to extensive rework. The process outlined in (b) helps incorporating regulatory
compliance into design decisionmaking, and, therefore, reducing the number of non

compliances observed in design solutions and in reviews / gateways.

The analysis of these processes suggests that both approaches complement each other,
occurring in different stages of the design process (i.e., before and towards decisiemaking; and
after decision-making), and supporting the development of better compliat design solutions.
Furthermore, the approach represented in (b) suggests a shift in the way automated regulatory
compliance is perceived in practice and explored from a research perspective, allowing this
process to be better aligned with design itselfand its intrinsic characteristics. It also highlights
the need to foster the development of digital platforms, databases and interfaces that are well
aligned with the overall design characteristics, processes and tools, as evidenced by designers.

From an implementation perspective, different software tools and systems may be able to

support this process, which is largely associated with (i) Information Delivery Specifications (IDS)
considering the validation of Industry Foundation Classes (IFC) di$; as well as with (ii)

HYGO Ul ARcOGWeca qYaceqlT WHEWHE ROUNW Ynas ¢l 1MW 1JONOAWE Y
management more broadly (e.g., Activity Databasa ADB, which is a commercial software

application that aims to support the development d healthcare-related projects in England).

The format in which current regulatory documents are developed and published has been
described by the research participants as increasing the challenge of automated regulatory
compliance from the design perspective. There are practical issues reported ldesigners related

to: (i) accessing regulatory information, due to the high number of individual documents and the

fact they are dispersed over different domains, increasing the complexity of the regulatory
compliance process; (ii) relevance of regulatoryinformation, as in many cases documents are
outdated and inconsistent; and (iii) language and format in which regulatory information is
presented, which are generally highly ambiguous and unfit for existing digital approaches for
automated regulatory compiiance. In this context, the use of papetbased (or digital PDF)

T YR20UUqt W RUAI et Ut W q6 W #6caadUNIIt W ¢ttt YRRE qUIT
standardisation, traceability and comprehensiveness, which consist of essential elements of a
digitally-enabled! 1Jtue RI 3G W Uqt k WG ¢ UecNUGUWUqWGI YHIDE T WaNZ=e o
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As a result of the challenges outlined above, during the empirical activities developed as part of
the research process, regulatory documents were often consulted and referred to in relation to
compliance following an inconsistent approach. This has increaed the difficulties associated
with the implementation of automated regulatory compliance in practice, especially considering
the diversity of requirements identified in regulatory documents, which can be subjective,
ambiguous and ilkdefined.

a) traditional approach for automated regulatory compliance

Regulatory
Documents

Non-
compliances
] Automated Compliance
Design Process — Checking
Rework
b) evolving understanding of automated regulatory compliance
Regulatory
Documents

Digital / Automated Support to

Design tools Decision-making

Regulatory
Documents

Non-
compliances

Automated Compliance

> Design Process

1

Checking

Rework

Fig. 1: Evolving understanding of automated regulatory compliance from the design perspective.

The exploration of automated regulatory compliance from a design perspective provided several
contributions, enabling the identification of important insights needed to further support its
implementation and achieve the practical benefits that have been dicussed by existing literature
for several years. This study highlighted that automated regulatory compliance could assume a
steering role in the design process, supporting decisiormaking and changing the paradigm upon
which research on this subject has leen mostly focused so far. By analysing regulatory
compliance from a design point of view, it was possible to better understand why subjectivity and
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ambiguity manifest in regulatory requirements. They consist of intrinsic characteristics of the
design process and cannot be simply disregarded from research on automated regulatory
compliance. Further exploration is needed on how such characteristics carbe adequately
addressed as part of automated regulatory compliance approaches, including their practical
implementation with existing software and tools yet to be developed, as well as their dependency
on human consideration in a context of datadriven dedsion making.
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Introduction

A building permit is a legal authorization granted by municipal authorities to start the construction
after verifying the proposed design adheres to building and urban planning regulatiof]. Its
process is vital for safe and sustainable development but remains complex and inefficient for
both applicants and building authorities. It involves extensive paperwork submissions that
undergo exhaustive manual verification checks to ensure compliane across codes and
regulations pertaining to construction, zoning, safety, accessibility and morél].

On the other side, cities today face massive development and infrastructure demands to support

urban growth and sustainability goals2* Traditional permitting processes act as a major
AYqqaUWUUHETt AWaeH#t RUNDWql ¢ Ut Gel WU#H! Awe UT Wl 3t gYUt R2 1
climate goals.

Digitalization and process reengineering offer a transformative solution to address these long
standing problems. Digitalization can significantly improve efficiency and productivity by
streamlining workflows, reducing processing times, and minimizing eors through automation
[2,3]. Digital platforms and building information modelling (BIM) provide a transparent and
auditable trail, enhancing accountability and reducing inconsistencies[4]. Automated rule-
checking and compliance validation using BIM models ensure that proposed designs adhere to
building codes, zoning regulations, and relevant standards, improving overall quality and safety
[5,6]. Fourthly, BIM models and digital platforms facilitate seamless collaboration and
information sharing among stakeholders, such as architects, engineers, developers, and
regulatory authorities[7].

Moreover, by integrating BIM models with geographic information systems (GIS) data and urban
planning tools, digitalized permitting processes support sustainable and resilient urban
development, enabling better analysis and decisioamaking related to enery efficiency,
resource utilization, and environmental impact[8]. Finally, modular and flexible digital permitting
systems can be adapted and scaled to meet the unique needs of different municipalities,
enabling a consistent and standardized approach across regions or countrig9].

This extended abstract presents a comprehensive framework for transforming the building permit
process through digitalization and process reengineering, addressing the critical challenges
faced by traditional methods and unlocking numerous benefits for stkeholders and urban
environments.

Challenges in traditional building permit process and mapping the transformation process.

The CHEK projecf analyses processes in 6 European municipalities to establish a harmonised
baseline. The findings expose extensive inefficiencies stemming from redundant documentation,

2pvailable at:Urban Development Overview (worldbank.orgiccessed: 08.03.2024.
25 Available at:D1.1_CHEK_101058559 CHERBP-process-map_V1.0Final.pdf (chekdbp.eu)
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duplicate compliance reviews across agencies, and data silos from the use of fragmented tools

cUT Wt '+ quGt IOWNSRY W6¢a G+ WYnnRARCEOY KWHEGEHR! Wa®
despite urgent needs. There is a pressing necessity to modernize peitting through
comprehensive digitization coupled with optimized, holistic workflows based on machine

readable building data models. This research maps a bold vision to transform permitting through

digitization and process reengineering.

Transitioning from manual processes requires clearly defining an optimized digital workflow. The
transformations must outline detailed steps to enable integrated data sharing, automated
parametric compliance checks and validations while retaining the necesary quality control
safeguards and security measures for responsible oversight.

The absence of such clearly documented transformation guidance is a key barrier deterring
municipalities from embarking on digitization initiatives despite their need and will. Defining
detailed specifications around evolving to advanced digital permittingsystems could catalyse
modernization.

Though specific procedures vary, commonalities exist in building permitting processes
internationally and across Europe, with identifiable macrephases including submission,
documentation/content control and review, permit issuance, and thirdparty authorizations
[2,3,10,11]. Despite lack of standardization, European countries share similarities in
responsibilities, tasks, and overarching phases encompassing application, compliance
checking, approval, and external stakeholder input.

The BlMbased digital building permit process map presented in CHEKffers municipalities a
structured framework to streamline permitting and reduce errors through enhanced
collaboration, transparency, and efficiency. By following this digitalized process, stakeholders
can access shared information to consistently review gbmissions. Moreover, BIM can semi
automate compliance checking. This process map can provide municipalities tools to implement
digitalization, moving towards automated and optimized builihg permit workflows.

Proposed approach: Digital building permit process

Furthermore, the study addresses the scalability gap in digital building permitting solutions by
testing solutions across diverse representative municipalities and extending implementation
more broadly. The modular "deconstruct and reconstruct” design ofhte CHEK tebe process map
increases adaptability to local procedures and needs. This modular structure enhances
scalability, allowing the map to be customized for use by a wider community of municipalities.

To address the issues, the study leveraged the assessment insights from studying current
municipal workflows to systematically re-conceptualize an optimal building permit digitization
strategy. Referencing also previous studies[3,4,11T16] on process mapping it employed
business process modelling techniques to map and redesign the existing workflows.

The building methodology of the tebe process map focuses on unifying historically siloed data,
systems and stages into a streamlined digital fabric centralized around machineeadable
building data models. This building information modelling approach usig international non
proprietary data schemas like Industry Foundation Classes (IFC) aims to embed verifiable
compliance by design rather than through document reviews. The visual models formally capture
all regulatory parameters at the outset enabling autmated checking.

The output delivers an indepth building permit process map laying out 13 phases from data
collection, unofficial and official validation, e-submission, procedural data verification and

automated rule-checking, integration of thirdparty evaluators to occuypancy permits and city GIS
updates. Each phase prescribes the essential actors, activities, checks, tool chains, validations
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and level of transparency required to guide adoption. This structured pathway is intended to
provide actionable directions for administrators and technology implementers.

Transformation phases

The research produced a comprehensive building permit digitalization process map tailored for
municipalities to adopt in a staged manner at their own pace. The guidelines deliberately support
flexibility in deployment and allow integrating different techndogy solutions for various
components like online portals, document management, workflow coordination, visualization,
analysis, and reporting tools[9].

However, the process map fundamentally envisages transforming current permitting by

holistically centralizing and streamlining all historically fragmented systems, processes, data,

and departments around interactive geospatial information and building infomation

t 2AGRY t RYUt IOWNG R Wt 6 M dq W WIGHR U 'R Iile dRR Y UL Y Y gy | Y
reinvent largely manual workflows struggling to support the pace and complexity of now days
urbanization trends.

The process has three main phases pre-submission, digital building permit and postapproval.
Each of the phases is divided into sukphases and actions. Fig. 6 illustrates the process in a
summarized way.

Fig. 6: CHEK TOBE process map.

The tobe process map modernizes permit approvals across three key phases:

Pre-submission: The applicant collects permit data specifications like building codes, zoning
regulations and assessment rules from the municipal geospatial data portal. Custom 3D
templates can be generated. A converter utility transfers relevant spatialantext into the BIM
authoring software for integrating site constraints into early design stages. The applicant models
the development proposal and runs automated compliance diagnostics against regulations using
the self-same libraries which the authorities employ. This precheck provides predictive visibility
allowing proactive modifications prior to submission if rules are infringed rather than corrective
work after rejection.

Digital Building Permit: The applicant submits the model for an automated validity check on
whether it meets open BIM standards to ensure data interpretability. Structured metadata is also
extracted into the workflow system. If compliant, it would be posdble to initiate rule checking
workflows and further visual assessments in a transparent process tracking comments and
versions. The automated validation routines assess designs against parametric building code
requirements. OQutcomes are categorized as passfail or manual review. Failed rules generate
change requests notified to the applicant. The process iterates correction cycles until full
compliance.
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Post-Approval: The applicant is mandated to update a$lza R T q LW G Y Tfcthipletiorlifd® Y t q
regulators to confirm conformance. The municipality can additionally integrate the verified asset
models into its GIS infrastructure inventory for analytics, maintenane planning, emergency
response and future permitting. This continual digital twin enrichment enhances civic
operations?®.

The reengineered process intends to balance innovation aspirations with pragmatic adoption
barriers like change aversion, thin resources, and technical debt constraints. It allows flexible
tools adoption across phases while advancing the system capabiliéis in a sustainable cadence

through incremental maturation rather than disruptive replacement.

Each has detailed steps ranging from rule checking and needed data specifications through final
as-built updates. All requisite validations, software tools, algorithms, automation routines, data
ingestion APIs and governance policies are delineated for ehc milestone to help the
municipalities structure implementation process maps attuned to local realities and priorities.
Officials can readily actuate changes suited to immediate resource availability while maintaining
continuity towards the end-vision.

Benefits and scalability

This research delineates a clear tebe process map for phasing in a futurestate digital building
permit system guided by CHEK principles. It provides granular requirements and allows flexibility
in technology solutions. The framework aims to contribute tahe re-shaping process of the
building permit practices across Europe, starting from the analysis of current processes to ensure
enhanced compliance of the result. Widespread adoption can set the stage for ecosysteimased
construction regulation powered by accurate information models and automated analytics. The
impact could remake how we build and develop modern sustainable cities.

The work emerging from this research provides cities a launch pad to enhance the process of how
we responsibly build and develop urban spaces and buildings. The methodologies and findings
yield an important template for replication in a larger scale.
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Introduction

Despite many research efforts to achieve higher levels of digitalization and even some
automation for the building permitting process, the common practice in many municipalities
around the world has been the simple conversion of permitting manual, based ompaper
documentation, for the implementation of digital document management systems, but with
manual analysis.

However, according to Bloch and Fauth (2023), the next level of digitalization is focused on
managing information rather than documents, through the adoption of systems based on models
developed in accordance with the building information modelling (BIM) ethodology, integrating
information from the geographic information system (GIS). Finally, at the highest level of maturity,
the digital process will be integrated with decisioamaking support tools, based on automated
code checking.

From a scientific point of view, there is a gap between research that investigates cases in a top
down approach, in which there is no detail necessary to support digitalization and automation,
and studies aimed at developing automated tools in a bottorrup approach, which has great
limitations for generalizing and connecting individual efforts into a holistic solution (Bloch; Fauth,
2023).

In this sense, Fauth et al. (2023) emphasize the need for a broad understanding of the building
permitting process itself, including processes, regulations and tools used, instead of providing
decentralized autonomous solutions, which do not consider, evalate and digitalize all the sub
processes involved. The cited authors also highlight that the quantitative measurement of
parameters, such as time savings and increased satisfaction, constitute opportunities for
contributions to future research.

Therefore, it is possible to identify a research gap in proposing frameworks that enable the
understanding, execution and monitoring of actions to digitalize the building permits by
municipalities. The main objective of this study is to propose a conceptudramework of a model
for managing the digitalization process of building permitting in Brazilian municipalities. This
study is part of doctoral research that proposes a model for managing the process of digital
building permitting in medium to large Braitian municipalities at the construction permit stage.

Research Method

The research method adopted is Design Science Research (DSR), also known as Constructive
Research, in which the researcher understands a question, designs and evaluates a possible
solution (HEVNER et al., 2004).

The first stage encompasses a comprehensive review of existing initiatives and literature on
digital building permits and automating code checking. In addition to evaluating scientific papers,
regulations (such as 1S@G19650) and technical publications, doauments issued by the Regulatory
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Room of buildingSMART International, ongoing projects by the European Network for Digital
Building Permits (EUnet4DBP), and the guidelines proposed in the Construa Brasil Project (2022)
are considered to identify the factors that influence the sequencing rad prioritization of the
digitalization stages. Sequencing is an important part of digitalization planning, as construction
permit types require several digitalization steps.

At the same time, a case study was conducted in the municipality of Salvador in Brazil, which has
around three million inhabitants. The choice was made because it is one of the pioneering
municipalities in Brazil to begin in 2016 the digitalization process for BIM applications of the type
of construction permits for single-tower multi-residential housing.

Data collection occurred through document analysis and sentstructured interviews on site and
via video conference with the responsible team from the municipality and the company that
developed the Tekto platform for digital building permitting, aiming tanap the main processes,
stakeholders and their interrelationships, as per detailed in Brito et al. (2023). Furthermore, the
collection also sought to identify possible metrics for estimating and monitoring performance
and benefits in relation to traditiond processes.

Then, based on the identification of international initiatives and the case study, the conceptual
framework for managing the digitalization process of building permitting in Brazilian
municipalities was explained in the stages of planning and sequencing; igitalization, and
monitoring until restarting the process. Finally, the discussion stage of the results aims to
formalize this research's theoretical and practical contributions.

Findings

The proposed conceptual structure is represented in Figure 1 through a roadmap, the first stage
of which covers the planning and sequencing of digitalization, where the municipality explains the
types of existing construction permits according to prioritiation criteria, current maturity levels
and intended and the selection of indicators for monitoring performance in relation to traditional
processes. As a result of this first stage, part of the existing construction permits is prioritized,
according to the quantity demanded and the current concession deadlines.

The next stage is the digitalization of the permits prioritized in the municipality, which will be
supported by the artifacts delivered by the model in the previous stage, such as a structure for
defining the information requirements of projects that use BM and a requirements protocol for
development and implementation of the Common Data Environment (CDE) for digital permits.
The completion of this stage occurs when the digital permits is available for request by
applicants, which may generate a new digithzation stage or the monitoring of already digital
permits using a protocol for monitoring performance and benefits achieved.

Monitoring will take place until it is possible to update legislation and the municipal Building
Code, supported by a protocol of best practices for evaluating codes, aiming to enable the
resumption of new digitalization stages with more automation in cheks and, consequently,
higher levels of maturity, restarting the proposed roadmap.

The municipality analysed in the case study completed the first stage of digitalization in mid
2022, when it made the construction permit available to applicants for projects submitted in BIM,
modelled using Revit software, for the typology of singlower multi-residential. The forecast is
that digitalization will be expanded, sequentially, to other types of construction permits existing
in Salvador, such as: other residential, commercial and infrastructure projects, which can be
planned and sequenced basa on the application of this framework.
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The model's prioritization criteria for planning and sequencing digitalization involve the historical
average of the number of requests and average deadline for approval for each type of
construction permit, prioritizing those proportionally most requested or time consuming.
Furthermore, the model suggests an extension, characterized by the number of types of
construction permits prioritized simultaneously in digitalization, proportionally smaller as the
municipality intends to reach higher levels of matuty, which involve the use of BIM models and
the automated code checking.

ROADMAP

Available to New stage of Is it possible to update
applicants? digitalization? o municipal legislation?

Digitalization Digitization of <\ Monitoring of
o planning and e prioritized Y < digital building

sequencing permits @ Yes @ No permits @ Yes

Proposal of ,
permits types to
digitized

e Restart of new Update of
digitalization (= e municipal

stage legislation

Fig. 1: Conceptual framework for managing the digitalization process of building permitting in Brazilian
municipalities.

As well as the extent of digitalization, the model recommends other categories of indicators for
monitoring the transition, such as: reduction of deadlines and time for analysis; reduction in the
number of requests for clarification or design changes; ina@ased capacity to issue permits, and
potential return on investment. Figure 2 shows the proposed indicators for each category.

The main theoretical contribution is the proposition of a conceptual framework that enables the
understanding, implementation and monitoring of digitalization. The results contribute to filling
the research gap in generating more holistic solutions, whickonsider bottom-up and top-down
approaches, as well as suggesting quantitative indicators for measuring digitalization.

As a practical contribution, the model can guide professionals involved in digitalization in
Brazilian municipalities and can assist in the development and evaluation of strategies to
overcome challenges and barriers to advancing digitalization. Future stges of the research will

operationalize the conceptual structure into a model to be applied in some Brazilian
municipalities in the process of digital building permitting, aiming to evaluate the potential, ease
of adoption, barriers and impacts of using tie model.
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Categories Indicators

Fercentage of permits that can be issued

digitally in the municipality
Extension . _ ) i
Percentage of digital permits issued in relation

to the total number issued

Average percentage of reduction in the
issuance deadline in relation to the traditional
process

Reduction of deadlines and
time for analysis

Reduction in the number of Average percentage of reduction in the number
requests for clarification or of clarifications or changes in design for issuing

design changes digital permits
Increased capacity to issue Average percentage of increase in permit
permits issuance capacity
Fotential payback time on digitalization
Potential return on inv estment
investment Potential increase in annual revenue from

issuing permits

Fig. 2: Categories of indicators for monitoring performance in relation to traditional processes.
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Abstract

In the evolving landscape of digitalization, automating building permit processes are crucial for
municipalities and other governmental bodies. Our research addresses the complexities of
modeling digital building permit regulations, considering the level ithe information needs (LoIN)
for geometry-based regulations in four municipalities (Prague, Lisbon, Vila Nova de Gaia, and
Ascoli Piceno) as case study. We propose a methodology and guidelines for geometrical building
modeling, addressing challenges of ntegrating geoinformation with Building Information
Modeling (BIM) for environmental based digital building permit (DBP) checks. This paper provides
BIM-IFC geometrical interpretation choices, ensuring a seamless conversion into 3D city models.
It offers insights for software companies, developers, and standardization organizations towards
in implementing DBP checks, and preliminary results for a future scalable approach.

Key words: Digital building permit, CHEK project, GEOBIM, BIM, IFC.

Introduction

The increasing adoption of Building information models (BIM) in early urban design phases and
developments in digital systems have highlighted the need for automating building permit
processes worldwide. Current manual, 2D plarbased methods suffer from inaccuracies and
inefficiencies, causing errors and delays in the construction pipeline. These outdated processes
lack adaptability, leading to multiple resubmissions and significant financial setbacks for
municipalities and the Architecture, Engineering, Construction, and Operation (AECO)
Industry[1], [2].

To address these issues, (partly) automated DBP processes can be considered. Through digital
processes it will be possible to avoid errors in regulations interpretations and improve
consistency because the complexity of 3D geeelated regulations can be assessed and
measured accurately (e.g., building height, distance buildingouilding).

Despite prior attempts worldwide to digitize and automate building permit processes, including
notable initiatives like the European network for Digital Building Permit (EUnet4DBP)
there remains a predominant focus on analyzing building data sets, often using Industry
Foundation Classes (IFC), without adequately integrating BIM and 3D city models for
comprehensive geometrical modeling in digital building perntichecking[3], [4].

The Open GeoSpatial Consortium (OGC) offers standards like CityGML and CityJSON for
integrating and digitizing 3D city models. These standards, including CityGML and CityJSON,
employ the concept of Level of Detail (LoD) to define the granularity of both gmetric and
semantic information in building and city data models. Recently, CityGML has updated its LoD
classification in version 3.0 to cater to various applications.
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In the context of Building Information Modeling (BIM), concepts such as Level of Development,
Level of Accuracy, and Level of Information have been introduced to extend the model
framework. However, these concepts often lack standardization, resulting in igderse
interpretations of the required level of detail, especially concerning geometric requirements.

To address this issue, BuildingSmart has introduced Level of Information Need (LoIN) as a new
standard (EN 174121). LoIN emphasizes tailoring information granularity to suit specific needs
for information exchange based on contextual use. The evolution @he Level of Development
concept is progressing through the concept of Level of Information Need (LOIN), which serves as
a necessary foundation for developing notions of Level of Geometry (LOG) and Level of
Information (LOI).

While previous research has focused on specific aspects of digital building permit requirements,
such as building height in Rotterdam or LoIN in Victoria, there remains a lack of a scalable
approach for addressing the geometric information needed across fferent regulatory contexts.
Our project addresses this gap by analyzing the geometric requirements of four municipalities
across different European scales. We provide insights based on developed GEOBIM solutions for
extracting envelope data and convertingt to CityJSON format. This approach, which has been
lacking in previous research, aims to address the challenge of scaling geometric information from
BIM to geospatial data, offering a tested and feasible solution for the entire process.

This paper aims to harmonize the involved BIM and GEO information to provide the necessary
geometrical information for digital building permit checking. This involves a methodology that
considers the BIM and GEO connection, incorporating proper generalizah techniques.
The objective is to offer a comprehensive solution to interpret geometrical modeling
requirements for effective digital building permit checking.

N6 Rt W 13t B¢l HEWRY WHEE!I | RUT WYe qWeét WGE !l q WCHEKE 6 JW9 ¢ E
project is a European initiative to develop digital tools and methods for DBP checks based on the
integration of building and 3D city data.

This project combines multidisciplinary and multisectoral aspects, aiming to support
municipalities in the transformation towards DBP.

This work aims to propose a scalable methodology detailed in the following section, to assist
designers and software developers in modeling data requirements to support DBP processes.
The goal is to facilitate optimal geometrical decisions for theconversion from BIM to 3D
geoinformation, aligning with regulatory interpretations and supporting scalable building permit
regulations for municipalities a shown in Figure 1. To ensure scalability and accessibility, we have
chosen to use international open standardsy specifically, CityGML/CityJSON by the Open
Geospatial Consortium and Industry Foundation Classes (IFC) by BuildingSmgras our
reference data formats[5].

Methodology

The methodology focuses on implementing BIM guidelines to be able to extract the required
geometry from BIM models, facilitating the conversion from IFC to CityJSON/CityGML to align with
DBP regulations. The guidelines are tailored to the selected projectgulations, encompassing
BIM, 3D city models, legal requirements, and urban zones, each presenting unique complexities
and data inputs.

The primary emphasis is on geometrical regulations, including Distance from other city objects,
Maximum Building Height, Minimum Area, and Maximum Buildability Index. The goal is to
comprehensively analyze these regulations across the four municipalitiespffering suitable
interpretations. Then, data requirements are identified based on LoINs and modeled to deliver a
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structured IFC with geometrical information, enabling designers and architects to convert it into
a 3D city environment (CityGML/CityJSON), and to verify the specified regulations.

Regulations are chosen based on thorough investigatiorisconducted across the four
municipalities.

8
- »
Municipalities
v
.
_ ; Change toolkit for DBP (CHEK)

Fig. 1: Goal of a scalable approach to facilitate the implementation and integration of BIM with GEO data for
municipalities and assist stakeholders in the process of  digitalization.

Municipalities pilot

4D LISBOA
IPR——
PRAGUE TR, ‘
1 = 5 Maximum = Minimum Aera . Maximum
Vs | DBRIeguistions | Distance ' piiiding Height  Building Space . Buildability Index |
BIM2GEO ; t VI P - % T | s | e
geometrical i Accuracy :: Georeferencing Stpac?s i, envelope rFacade t i ex:-;la?;iron
requirements | L2 erecion. O SITVUIR St ]
. Geometrical LoIN . Municipalities Designers dSoftlwares
: guidelines/BIM-IFC . requirements perspectives Svooppar
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Fig. 2: methodology steps for BIM based regulations geometrical requirements.

Figure 2 outlines the methodology steps, emphasizing legal regulations chosen by the four
municipalities as preliminary guidelines for the DBP process. The automation of these regulations
involves identifying geometrical requirements for 3D building modelssuch as the building
envelope, floors, facade, and georeferencing information. The outcome comprises geometrical
LolIN guidelines to guide designers and software developers in meeting these requirements during
the design phase. In the following, we will ddress the issues to be considered in the geometrical
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LoIN guidelines as identified by the interpretation of the selected regulations in the four
municipalities, which will be further elaborated in the proposed paper.

1. Distance:

Analyzing building permit issuance at the BIM level involves primarily assessing BIM
requirements. In contrast, the BIM2Geo conversion incorporates the new design into a 3D city
model, enabling distance checks in relation to its environment for four ragations: (1) distance
building-building, (2) buildingparcel boundaries distance, (3) buildingroad distance, and (4)
balconies-road distance. BIM2Geo conversion enables accurate distance measurements by
meeting the geometrical data needs, such as opening) facade details, balcony overhangs,
footprint/ground floor extraction, and BIM georeferencing (Figure 3).

Building-road distance Balconies-parcel boundaries distance

Fig. 3: illustrates Distance data requirements for the Municipality of Vila Nova de Gaia (reference: CHEK project
Deliverable).

2. Maximum Building Height:

The building height is determined from the building's footprint at ground level to the roof's highest
point. This calculation requires factors like facade details, extracted envelopes, and
georeferencing (to refer the building to the height model of the stounding terrain). Calculations

use ground level as a baseline, excluding underground parts. Measurement starts from ground
level, or the lowest vertex of the building as shown in Figure 4 as an example based on GAIA and
LISBON municipalities national reglations definition of building height.

The maximum building height is defined differently depending on each municipality it can be
either a maximum height number, or calculated based on the average surrounding building height
and in some cases based on the maximum building floors as the case Bbrtuguese regulations.

1. Minimum Area: Building Spaces

Compliance with municipality regulations determining the minimum arearequires extracting BIM
spaces, encompassing area and volume determinations.
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illustrations credits to University of Minho).

2. Maximum Buildability Index :

Determining the buildability index of a parcel involves ground floor extraction for the built area,
extruded to the building's height level.

The geometrical requirements that arise from the abowenentioned regulations, need to be
further analyzed to make the optimal choices in terms of the most suitable level of information
need to prepare the IFC to be converted, so that the output contains ¢éhaccurate relevant
geometries. In the final paper we will describe the results from our research on the correct
interpretation of regulations in terms of geometrical requirements, addressing various aspects as
presented in Figure 5:

- Accuracy: Our research covers identifying the minimum accuracy requirement for
municipalities, understanding accepted tolerances in practice, and determining the
Level of Detail (LOD) necessary for the conversion to 3D City models.

- Georeferencing: We will define the source and target coordinate reference systems,
including their specifications, and ensure their proper storage within the BIM
environment. Additionally, we will clarify the version of IFC used and ensure the
accurate storage of georefeencing and conversion data within the IFC file. The
relevant information is stored in IFC using IfcProjectedCRS and IfcMapConversion.

To facilitate this process, we have developed a georeferencing tool called IfcGref, a
web application designed for controlling, assigning, or modifying georeferencing
information in IFC models, which are the standard format for exchanging BIM data.
IfcGref allows users to visualize the roof outlines of IFC models on the target
coordinate reference system (CRS) map. This Fladkased tool, accessible at
https://ifcgref.bk.tudelft.nl , offers a comprehensive solution for designers, engineers,
and software developers.

It supports georeferencing operations from IFC 4 onwards, ensuring backward
compatibility with earlier versions. By leveraging attributes like SourceCRS,
TargetCRS, and other key parameters, IfcGref enables precise coordinate
transformations. Its user-friendly interface simplifies file upload and verification
processes.

- Spaces extraction: The feasibility of extracting rooms from BIMfcSpace is further
analyzed and guidelines will be formulated for structuring spaces correctly. It is also
considered whether to export areas as elements and spaces as complexes.
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Voxelization appears to be the most reliable method for approximating spaces,

despite its inherent inaccuracies in room shape and dimensions (height, area, and
volume). A challenge arises from the fact that data stored in the IFC file may not
always be enirely reliable. In BIM software like Revit, IfcSpaces are often invisible
shapes that may not fully align with surrounding geometry (e.g., walls, floors),
complicating detection of potential issues for BIM modelers. Furthermore, BIM

software may alter geonetry during export to IFC, posing challenges for resolution by
modelers.

Even if room geometry is accurately extracted, there remains a concern regarding
incorrect semantic classification. While IfcSpace can be categorized as "partial,”
"Element,” or "Complex," they are typically labeled as elements, making it difficult to
differentiate rooms from other building components.

Given these challenges, conducting a voxelization comparison by comparing the
footprint's area and the room’'s volume with that of the voxelated shape can serve as
a straightforward indicator of potential geometric inaccuracies. If significant
discrepancies are observed, it could alert users to potential issues with specific
rooms, indicating possible geometric inconsistencies.

- Building envelope extraction: The elements of the BIM to be considered are
identified, exploring the use of specific IFC models within the BIM, and assessing
spatial structure segmentations like storeys and bounding boxes for approximating
the envelope. The references surface and critga for generalizing the building
envelope are also be determined.

To accomplish this, we employ the IFC BuildingEnvExtractor, a tool developed by van
der Vaart (2023), available attps://github.com/jaspervdv/IFC BuildingEnvExtractor.
This tool extracts multiple abstracted Levels of Detail (LoD) shells from IFC files,
aligning with the LoD specifications outlined by Biljecki et al. (2016). The number of
extractable shells depends on the input model's quality. Theool defines three
extraction levels, each with similar methods. Lowlevel shells (LoD0.0 & 1.0) are
generated by approximating the smallest bounding box around the input model,
applicable to any valid IFC file. Midevel shells (LoDO0.2, 1.2, 1.3 & 2.2) @ate the roof
structure of the input model, projecting or downward extruding it. Accurate output
depends on a weltmodelled roof. Highlevel shells (LoD3.2) are derived from the
surfaces of objects constructing the outer envelope, requiring weltonstructed
objects in the original BIM model for accurate extraction.

- Facade alignment: The right geometrical tolerance for facade details and overhangs
are analyzed, including considerations for the Level of Detail (LOD) necessary to
guarantee overhang accuracy.

Overhangs require evaluation at LoD3.x to ensure precision; lower LoDs do not
adequately support overhangs. However, for buildings with simpler shapes, LoD2.x
may suffice. The choice between footprintbased or roof outlinebased LoD2.x
depends on the evalation requirements.

An intriguing option arises when considering larger tolerances. At LoD3.x, the shell
extractor employs 1e6 tolerances. Thus, a successful LoD3.x export likely accurately
reflects the IFC shell geometry. However, at a city scale, this level of accuracyadften
unnecessary. Utilizing a voxelized shape may suffice, particularly for slightly flawed
models, providing satisfactory results for most evaluation purposes. Additionally, it
supports overhangs, which LoD2.x does not.
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- Floor extraction: A methodology for extracting floors based on IfcBuildingStorey and
IfcSlab, the proper modeling of IfcBuildingStorey features, and exploring the potential
for rule-based automation in floor extraction[6]

While floor extraction seems straightforward in theory, it proves more challenging in
practice.Our current approach, LoDO0.2, involves:

1. Retrieving IfcBuildingStorey objects.
2. Obtaining IfcSlab objects associated with each IfcBuildingStorey.
3. Generating outlines of these slabs.

However, there are challenges. Sometimes IfcBuildingStorey objects are missing
from the model, which can be rectified by notifying the BIM modeler. Additionally, not
all objects are correctly linked to IfcBuildingStorey, though this issue is partially
mitigated by analyzing a subset of related objects (specifically, the slabs).
Nevertheless, incorrect slab associations may still pose challenges.

‘4| 9

Georeferencing Building Envelope Extraction
Accuracy
Floor Extraction Space Extraction Fagade Alignement

Fig. 5: BIM2GEO Geometrical LoIN approach

3. Case study

The case study of this research involves four municipalities, each defining their regulations
differently. For instance, for maximum building height, the Prague municipality defines regulated
building height as the distance from the lowest point of adjacenterrain to the level of the main
cornice. One of the scenarios to be tested is the extraction based highest point roof until the level
of footprint to assess the maximum building height of this specific case.

During the regulations data requirements interpretation, the information to be included in the
data requirements, either for building or city information, or both are reported in the third and/or
fourth columns, as well as any additional detail understandale from the regulations or reported
by the municipality technician about their specification (level of detail, object to be represented,
accuracy needed, semantic information and so on).

This information will be reviewed with developers of the checking software to clarify with them
which software will check what regulations, and, consequently, how the information needs to be
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further specified and mapped to the reference standards (IFC and CityGML/CityJSON). Check the
methodology illustration Figure 6.

From a broader perspective, the maximum building height complexities across the four
municipalities can be categorized as followg(Figure 7)

1. Regulations' definitions regarding maximum building height may overlap and vary
depending on national or municipal levels.

2. At the municipal level, the approach to computing building height can be based on either
the number of building floors or vertical dimension calculation.

3. On sloped terrain, there may be varying tolerances in building height computation
between municipalities (e.g., 1.5m for Portuguese regulations).

4. When existing roads are present near the building surroundings, the computation of
building height from the lowest part may be based on either the nearest sidewalk
elevation or the road elevation, with different road requirement levels, as depicted in the
figure.

3

Mapping 1o standards 4.Software analysis / Modelling
{ CtyGMLCityJSON, INSPIRE —————————————————— >
olc)

(mapping to standard IFC, ClyGML)

2 2. Data
(buliaing or city context

Data source : DTM

. L7 Toerain
i f
Building Height Extenor Wal Existing Bullking —»  CityGML LOD 1
\
s \.

'"‘- T TX~» Root Geometry “L NewBuilding > IFC (HcWAL Etc.) q
L : :

Buildability Index

Cadastral Unt
Minimum Area

Distances

Fig. 6: Methodology followed for regulations interpretation and formalization for information need definition as
an input to software's developers.

4. Results :

Apart from further detailing our methodology as well as further refining the geometrical LoINs
based on the regulation analyses of the four municipalities, the final paper will include testing
the feasibility of automating the selected regulations based o the developed extraction
approach, aligning with municipalities' interpretations.

From these experiments, guidelines will be proposed to ensure stakeholders comply with these
guidelines when modeling BIM for the DBP process.

Accurate georeferencing and precise extraction of building envelopes are paramount for
conducting meticulous measurements, such as computing distances between buildings or
determining building heights from ground level to the roof. Without precise georefencing, these
computations may lead to inaccuracies. An illustrative case study involving four municipalities
with distinct regulatory frameworks showcases the importance of these processes. For instance,
in Prague, regulated building height is defined athe distance from the lowest point of adjacent
terrain to the main cornice level. To demonstrate, when assessing maximum building height in
the Portuguese context using an IFC model from Vila Nova de Gaia (IFC4), the workflow involves
validating IFC geomety, georeferencing the model using tools like the IFC Georeferencing
solution, visualizing outcomes to ensure accuracy and compliance, extracting building
envelopes through a voxelization approach like the extracticthased highest point roof method,
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and finally computing building heights based on regulatory requirements and the footprint

elevation introduced in the tool(Figure 8)

Building Height - Level of complexities :
1-At the same Regulation level of applicability :

GAIA and LIS example, regulations overlap and different
computations definitions :

- National level : based on vertical dimension computation,
and 45° rule (a)

- Municipality level : Building height based on floor numbers
(b)

- Pilot Case level : Based on overlaping both definition and
specifities depending on urban zor~

oy

3- A sloped terrain :

For a sloped terrain different tolerance of the
building height :

GAIA+LIS : the building height is measured from
the building median plan with tolerance of 1.5m
to both building extremities.

APC: If slope < 15% max height is measured on
the lower part of the fagade (the highest front

2-At the Municipalities latiane dafinit

Computation based

e —

) () APC:
This is the height of each par of the elevation into which
1he building can be broken down, including setbacks,
measured from tha ground lina o the roof lina.

{b) LIS+GAIA {natioral):

Building height:

Tha haight of the building is the vertical dimension
measured:

(¢} Pragua:

=¥ from the thrashaid to the highest paint of the
building, ol and

it.
& but axcluding:

plus the slevation of the threshold, where splicable.

4- Existence of Road/Roads :

Taking the elevation of the next as the starting point
of the building height computation but the
specificities and level of information needed is quite
different (Road, sidewalk, etc).

height is considered)

Prague : In the case of buildings on a slope,
height can be stipulated separately for parts of
buildings.

Fig. 7: complexities of building height and maximum building height 4 municipalities.

IFC Geometry > -
Validation Georeferencing

IfcEnvelopeExtractor
R —

Building Height

Bullding Envelope =
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Modeling requirements

IFC model Vila Nova de GAIA (IFC4)

Computed Building height(LOD2.2)

Fig. 8: Building height computation results based on the IfcEnvelopeExtractor and geometrical modeling
requirements to be submitted to designers [6].
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Conclusion

Our ongoing efforts involve finalizing geometrical information requirements based on regulations
from four municipalities, upgrading the IfcEnvelopeExtractor tool, and aiding software developers
in implementing regulation computations. However, we face chllenges such as navigating
regulatory complexities, structuring IFC models for designers, collecting municipal data for
software developers, and coordinating pilot case demos.

From our endeavors, we've learned several valuable lessons. Flexibility is crucial in digitalizing
building permit processes, and the true impact of implementation is best understood through
practical use cases. Modeling guidelines must be iterative, andt's essential to consider
differences in tolerances and accuracy between human and digital processes. These insights
form a solid foundation for advancing digitalization efforts in building permit processes.
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Code compliance checking approach for elements
implicitly contained in building models

Simon Fischef, Daniel Pfeiffe?, Harald Urbart, Christian Schran?
aResearch Unit Digital Building Process, TU Wien, Karlsplatz 13/288, 1040 Vienna, Austria

Digital building permission is a rising use case of BIM in recent years. As reported by Noardo et al.
[1] research in this field has focused most on the development of code compliance checking
systems. The objective of a code compliance checking system ithe automation of code
checking with a high degree of automation. However, fully automated checking is not feasible for
all requirements. One hurdle is ambiguity in the building code, which requires human
interpretation. This challenge was already recognisd in literature [116]. A second hurdle
concerns elements (and their information) that are not explicitly modelled and therefore must be
generated first from the information implicitly contained in a building model. The use of implicit
information has the advantage of reducing redundant information that might contradict itself.
However, problems occur when the implicitly contained information allows different options to
generate the new elements. This challenge was detected in the research project BRISENnna
for the escape route and fire compartment analysis. BRISKEienna [7] is a Etfunded research
project conducted in Austria that developed a comprehensive digital permission process for the
Vienna Building Authority [810].

The development of automated checking approaches for escape routes and fire compartments
started with a comprehensive analysis of the building code requirements, followed by the
definition of general approaches to address the challenges identified. The mosromising
approach was then implemented and validated.

The case of escape route analysis for the code compliance checking system of BRiSEnna is
described in detail in Fischer et al. [11]. An escape route analysis concerns an escape route
network that consists of several individual routes. Each individualaute itself must fulfil certain
requirements, like a maximum route length. The escape route network must fulfil requirements
on a combination of escape routes, like using doors and rooms that provide enough space for the
cumulative number of people from dfferent escape routes. Building models provide information
about the course (geometry of the building elements) and the combinability (humber of people in
starting locations) of escape routes implicitly. Therefore, individual escape routes and combined
escape route networks can be generated. However, buildings often provide more than one
escape route from a particular starting location (see Fig. 1). Thus, different combinations for
escape route networks exist and can be found by automatic generations. Byi#fy it remains
unclear which escape route network corresponds to the planner's intention.

A second example of the problem occurred for the checking of fire compartments. Possible
boundaries of fire compartments are given implicitly by the defined fire ratings of room boundary
elements. The requirements on these potential boundaries of fire comgrtments increase with
the area of the fire compartment. Therefore, the use of different room bounding elements for fire
compartments effects the requirements and the checking result. The existence of different
combinations leads again to uncertainty aboutq) 6 IJ WG G ¢ OUWI + k WRUq U qtO

The problem can be described generally as follows: Validation of elements not explicitly defined
in the building model while the implicitly contained information allows different options to
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generate them. Within BRISE/ienna different approaches to solve the problem were analysed
according to their fit in the openBIM permission process of the Vienna Building Authority.

TTH

Starting
location

Fig. 1: Different options for an escape route to connect the left and right entrance.

The first approach is a fully automated generation and checking of the escape routes. Using an
iterative algorithm enables the calculation of a possible combination of the required elements if
one exists. However, a legal problem occurs regarding the opeiid permission process[11]. The
party that specifies information like the exact course of escape routes is liable for it. If the building
authority uses a fully automated generation to define the escape routes, the building authority is
liable for these ekements. This means a reversal of liability (from the planner to the building
authority). This is not feasible in Austria because of legal reasons.

Another approach is to request the planners to explicitly define the escape routes and fire
compartments in the BIM model. By this, the advantage of the BIM model containing the relevant
information implicitly is lost. The planning must be done beforehandoy the planners and is
decoupled from the permission.

A third approach is to divide the process in two separate automatic steps: generation and
validation (see Fig2). This allows human interference between two automated steps. The
generation determines possible options for the generated elements and therefore provides a pool
of options for planners. During the manual selection the individual elements are combined tone
desired network. The second automated step, the validation, checks the combined elements
considering the requirements for the network. Planers use it before and building authority
agents after submission. The manual selection of desired elements between the two automated
steps makes planners liable for them and this approach applicable to the building permission
process of the Vienna BuildingAuthority.
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Fig. 2: Process of the Generation -Validation approach.

In BRISEVienna the concept of generation and validation was implemented for escape route
analysis[11]and formally prepared for fire compartment analysis. We developed an escape route
checking rule for the software Solibri Officg12]which was used in BRISE/ienna generally. Solibri
Office provides an API (application programming interface) based on the programming language
JAVA that enables the creation of an individual checking rule. The developed algorithms were
validated using a ictional escape route test model and realworld models (see Fig3). The
fictional model included test cases for special requirements relevant for the escape route
analysis. The realworld models were provided during a pilot phase and served to validatthe

algorithms under realistic circumstances. The escape route test mode]13] and one of the real
world models [14] are publicly available.

B T

Fig. 3: 3D-view (first row) and generated escape routes (second row) of four real -world models [11].

Fig.4 shows the difference between the implemented escape route generation and validation for
the office rooms on the ground floor of the escape route test model. While the escape route
generation provides several possible paths for the start rooms (left), thescape route validation
only includes routes selected by the planner (right). However, both automated steps use the
same operating principle, which can be broken down into three core components: Generating an
indoor navigation model, applying a patHinding algorithm, and checking the elements along the
determined paths. The selection of escape routes between the two steps was realised by
predefining sequences of doors. In the escape route analysis of Fischer et §l1], two routes are
considered as different, if they do not use the same sequence of doors. Therefore, the sequence
of doors is a valid feature to predefine different routes.
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For fire compartment analysis the concept works similarly. For the generation, planners are
automatically given several different variants of possible fire compartment configurations
depending on the total area, longitudinal extent, and number of storeyslhe planners can then
select the preferred variant, whereby a variant consists of several fire compartments and a fire
compartment consists of several associated rooms. The validation by the Vienna Building
Authority afterwards can be conducted automaticaly using the same criteria (total area,
longitudinal extent, and number of storeys) but only considering one selected configuration.

Fig. 4: Comparison between the escape route generation (left) and escape route validation (right) methods in
the escape route test model [11].

The results of the implementation in Fischer et al[11] demonstrate the functionality of the
developed concept. We use implicit data of building models to generate and validate elements.
This reduces the effort to explicitly define or model information that is already contained in the
building model. This alsoprovides a single source of truth, because explicitly modelled elements
might contradict the information implicitly defined by other elements. Furthermore, the
combination of automated generation and validation with a manual selection in between
Gl Y2RI Ut WeWERNEWIWN2KdWYnWeeqYaecaqRYUWeUT W qRG O WHY
planners retain control over the final decision of the desired elements by manually defining them
in the BIMmodel. Existing research has emphasised the importance of such human oversight in
automated systems due to ambiguity and the need for domain knowledgftt6]. The results
encourage to avoid explicit modelling of virtual elements that can be generated fromtloer
information in the building model. Doing so, the specific model requirements for the BIM use case
digital building permission can be reduced. The approach was tested for two specific use cases.
Therefore, future work should include an analysis of otheregulations related to this approach.
Moreover, implicitly contained information is harder to visualize and distribute. A promising
extension for future work is to permanently save the generated elements by creating new IFC
domain models, like an escaperoute model. By this, the generated explicit elements can be used
in other use cases and the single source of truth is maintained, since they are derived from
implicit information.
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ILS Space: applying and extracting a higher order
spatial taxonomy from IFCbuilding models

Rolf Jonket, Thomas Krijnefi, Abe Reuring3
Bart de Lathouwet

aRotterdam Municipality
b AECgeeks, The Netherlands

Background

The evolution of Building Information Modeling (BIM) offersinprecedented capabilities for
collaboration and data management in the construction sector. However, limitations remain in
terms of capturing, representing and extracting the more implicit, higher order functional
concepts that are integral to building pemit evaluation. Examples of this include zones that
aggregate spaces, such as the group of spaces representing a single apartment, or the complete
rentable area of a storey and a consistent singular representation of the building envelope or
facade.

In principle, within the IFC schema, it is possible to provide additional representations to the
IfcBuilding or provide a multitude of IfcSpatialZones. However, doing so would place an immense
burden on the modeler. Offthe-shelves tools also do typically not have the functionality to
provide these additional higher order forms. Most importantly, it ought to be possible to infer
these from the more explicit lower level representations that are provided. Technology should
make our lives easier, not harder.

State of the art

The challenges with varying quality and content contained in BIM models and examples of
geometric methods to counter such challenges are investigated in [3]. Many other works
acknowledge the lack of certain higher order constructs in IFC. [1] proposes a smntic
enrichment for pre-processing BIM models to contain richer constructs. [5] describes a
translation of legal documents to semiformal language combined with a preprocessing step to
derive content from BIM models. The importance of modelling and exahge of spaces in a legal
context is investigated in [4] and Existing work shows how voxelization can be used to close gaps
between space geometries [2].

ILS Space

This research builds upon the ideas formulated in ILS Space. ILS Space is an Information Delivery
Specification (IDS) defining data exchange requirements for information about spaces in and
around buildings based on the IFC Schema. ILS Space encompasses@mprehensive taxonomy

of interior and exterior space categories. It is derived from local Dutch building regulations and
norms such as NEN 2580, a standard for calculating areas and contents of buildings. As such, it
differentiates between exterior areassuch as built, unbuilt, overbuilt, and underbuilt areas.
Interior areas include for example Gross Floor Area, Net Floor Area, Tarra Area, Living area and
Functional area. In addition ILS Space is based on the new Environment Buildings Decree (Bbl) of
the Netherlands. An important principle of the Bbl is to maximize the freedom of an architect or
entrepreneur in organizing a building when applying for a building permit, during construction,
and also for changes to the layout in the future. The technical budiing regulations in the Dutch
decree are therefore aimed at setting the regulations at the highest possible level, for the largest
possible architectural area. The practical implementation of this is done in the Bbl, by defining
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different types of space. In addition to the taxonomy of the NEN2580, ILS Space outlines and
exemplifies the procedures by which rooms are to be geometrically fused in order to derive
composite areas, based on the Bbl. Hereby there is a distinction betweespaces bounded by
load-bearing and norload-bearing partitions as loadbearing partitions can be removed or
adjusted by the tenants and are therefore included in areas such as Rentable Area.

Ruimte voor gebouwinstallaties / MEP/HVAC Spaces
Parkeerruimte / Parking space

o ebrui Verticaal verkeersoppervlak / Vertical Circulation Area
oe Oppervial |_Horizontaal verkeersoppervlak / Horizontal Circulation Area
Opp (GO Rijwielstalling /
BVO uttig tionee bicycle shed
sel Op g Sanitaire ruimten /
o ace Oppervia sanitary room

Bergruimte/ storage
Prog
ona 5
cd Rea eme
Indelingsverlies / Unusable space
Seperatiewanden / Partition wall
Glaslijncorrectie / Aditional area bounded by glassline
Scheidingsconstructies tussen gebouwde functies / Partition structures between built functions
Niet toegankelijke leidingschachten / Inaccessible utility shafts
Statische bouwdelen / Structural components
Ruimtes lager dan 1,5 m / Spaces lower than 1,5m

Verblijfsruimte /
Habitable space

Functieruimten /
Functional spaces

Gebruiksfunctie /
Usage Function

Gebruiksgebied /
Usage Area

é// Or.\ben_oemde Ont:benc_'emde

ruimte in ruimte in
gebruiksfunctie / Functiegebied of
Unnamed verblijfsgebied /
spacein Unnamed space
usage area in functional or habitable

zone

Fig. 1: Different type of spaces defined by the NEN 2580 (top) and the Dutch Enviroment Buildings Decree
(bottom)

When aggregating adjacent spaces separated by artitioning element into such a higher order

area, only the segment of that partition that lies between both spaces is to be incorporated. While
the wall may extend beyond that, the protruding portions of that bounding element should not be
considered part of the aggregated area. Geometrically speaking we're not looking for the union of
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those two spaces and the wall, but an operation more akin to extruding a facet of that space to
meet the other space insofar it doesn't interfere with the load bearing structure.

Fig. 2: The logic behind space aggregation: a) two spaces and a norntloadbearing wall on the left b) the boolean
union of these, which is not the intended end -result as it misses the door void and includes a part of the wall
that extends beyond the spaces a nd c)

The primary goal of ILS Space is to support the information need for digital building permit checks,
asset management and to interoperate with cadastral systems. Our focus is on minimizing the
workload for modelers.

BIM and IFC

BIM primarily serves as a collection of physical products as construction documentation, rather
than a holistic conceptual model of the building's functional behavior. IFC, while a widely
adopted standard for BIM data exchange, is best perceived as a poitd-point communication
mechanism between parties rather than a comprehensive conceptual representation of the
entire building. While information delivery specifications are getting more widespread, the
expressiveness of these specifications is often limigd and complying with them is sometimes
hard. Digital building permit procedures are often at the end of the data lifecycle in which it is not
often possible anymore to impose constraints on the exchanges. In BIM, the individual products
are modelled as irdividual solid volumes in their own coordinate system, which results in
precision issues when joining them.

Solution

A geometrically robust and semantically flexible approach is sought that is able to build up higher
order spatial structures from the individual spaces in BIM models. We aim to impose as little
requirements on the data as possible. For that matter, we foexample do not depend on space
boundaries (the optional relationship in IFC to encode the specific areas where spaces touch
their enclosing elements), because availability of these is limited, validity often not ideal and
there is a fundamental limitation with being unable to create relationships between different
aspect models (the complementary models provided by subcontractors for their specific
discipline are typically exchanges as separate files).

The developed procedure can be outlined as follows. Initial assessments involve the evaluation
of individual spaces and building elements as polyhedral solid volumes, which are subsequently
decomposed into convex subsets. These convex portions are then esgssed as the intersection

of a set of halfspace solids, creating a hierarchical structure of [element] > [convex part] > [half
space plane equation]. This hierarchical representation is encoded in an RDF graph and enriched
with geometric predicates suchas [touching] and [opposites].

To identify spatial connections, SPARQL queries are employed. These queries help identify all
pairs of neighbouring spaces, the intervening element, and the corresponding hapace plane
equations by which these connections are established. By iteratingwer the query results, the
necessary rewriting steps for facilitating contact between spaces are determined. Note that
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vertices and edges within the set of halbpaces are implicitly defined as the intersection of these
half-spaces. Therefore, rewriting the plane equations from one side of the wall to the opposite is
adequate to extend the volumes and ensure that the spaceare in contact. The approach makes
use of CGAL's exact computation paradigm to ensure robustness in the computations.

Furthermore, the SPARQL query enables the selective matching of space pairs for merging based
on their category and allows for filtering enclosing elements based on loabearing
characteristics or other attributes. The solution is made available as a miciervice that rewrites
IFC models to contain richer aggregates semantics on spaces and areas and also has a User
Interface for manual inspection.

select 711 712 ?el ?e2 2w ?wil ?wi2 where { ?sp2 <http://example.org/classes/boundedBy> ?7r
7elem a <http://example.org/classes/Element> .
?elem <http://example.org/classes/ifcType> "IfcWall" . ?q <http://example.org/classes/hasEquation> ?eql .
?elem <http://example.org/classes/LoadBearing> FALSE . ?r <http://example.org/classes/hasEquation> ?eq2 .
7elem <http://example.org/classes/boundedBy> 7p1 . ?sp1 <http://example.org/classes/hasIndex> 7i1 .
?elem <http://example.org/classes/boundedBy> ?p2 . ?sp2 <http://example.org/classes/hasIndex> ?i2 .
?p1 <http://example.org/classes/hasIndex> ?wil .
?p1 <http://example.org/classes/opposite> ?p2 . ?p2 <http://example.org/classes/hasIndex> ?wi2 .
Zelem <http://example.org/classes/hasIndex> 7w .
?p1 <http://example.org/classes/touches> ?q . ?q <http://example.org/classes/hasIndex> ?el .
?p2 <http://example.org/classes/touches> ?r . ?r <http://example.org/classes/hasIndex> ?e2 .
?sp1 <http://example.org/classes/ifcType> "IfcSpace” . filter(?p1 != 7p2)
2sp2 <http://example.org/classes/ifcType> "IfcSpace” . ¥

?spl1 <http://example.org/classes/boundedBy> ?q .

Fig. 3: SPARQL query being used to interrogate the network of halfspace solids, illustrating the combination of
geometric predicates and semantic content from the IFC model, in order to query for the pairs of halfspaces.

Conclusion

In building permit evaluation there is a need for describing or deriving higher order spatial
constructs. ILS Space provides a taxonomy of such spaces and zones for the Dutch regulatory
landscape. An implementation has been built and described in this papewith the computational
means to construct such zones from individual physical spaces based on the aggregation logic in
ILS Space. This can enable digital support for regulatory compliance checks where space of
higher order is a crucial component.

R Gomoonte
S S el

Space hierarchy service
Ruimtes en gebieden
> Verblifsgetied &,
Butengebied &
Netto Viooropperviok &,
Restgebied &,
> Gobruksopporviok &,
Notificaties

A No informatanon present on whether walls are load bearng
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Fig. 4: A screenshot of the developed platform with a random color on individual spaces to highlight the
demarcation between the spaces.

- S Gomoente
38 Rottacdam

Space hierarchy service
Ruimtes en gebieden
> Origineal
Butengebied &,
Netto Viooropporviok &,
- Restgobied &,

> Gobruksopporviok &

Notificaties

A\ No mformation present on whethor walls are lbad boanng

Fig. 5: The result after processing in the service, showing the aggregated area for all living areas and bedrooms
as computed by the platform.
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Abstract

This paper reports on the design and development of a digital compliance workbench. It examines

a series of experimental developments over the course of 15 years to allow domain experts from

the regulatory sector and from the design sector to create and gdoy automated compliance

H6 WAt RUNDWOWf qWIFGa Yl Ut Wagd WWHI Rl Rec W6 ¢ aqllt 2 #G WE W
stage approach. Conclusion are drawn about the requirements for such a system, and the future
development of the workbench and other sautions.

Problem statement

Many authors have summarised the research effort on automated compliance checking over the
last 20 years. Most papers have focussed on the deployment of specific technologies related to
BIM so as to implement a selected clause or class of clauses. Theras been relatively little work

on how this research work could be implemented as a complete system. A paradigm based on
direct coding was established around the turn of the century by the Solibri desktop (2023) and
Singapore ePlanCheck service (Solihin,@.8) and was described by Eastman (2009). Lee et al.
(2020) reviewed IfcDoc, KBim, ePlanCheck, ACABIM, and SNACC, though not all of those are
intended as automated compliance checking solutions. The direct coding paradigm has been
unchallenged at least unil the DCOM project (Beach et al, 2023). Zhang (2023) has offered some
criteria from the point of view of designers. Bloch et al (2023) and Fauth et al (2022) have looked
at the building permitting process in several jurisdictions from the point of viewfdhe authority.

Specific research question

There is a gap in envisioning how applicants and inspectorates might implement newer
techniques. and what the benefits might be over traditional coding approaches.

Method

N6Rt WWGE GUI WUI+¢ GRUWY W Wl W20aYGaWUqWYneWeeqVYhcec
exploiting opportunities for increased accuracy, efficiency and completeness, so as to explore

the requirements for and obstacles to the deployment of compliance checing. Using Eastmans

4 steps (2019)

fquUl ¢cqRYUWBING Wbl 20 DWRUqUI Gl DgecqRYUWEUT Wi YNRHAC

fquUl ¢cqRYUWbZb WAz ROGT RUNWGAGYT DOWGI WGEl ¢qRYUALWSs
A6 WAt RUNDWRY WGl WGe ! U1 w6 LW

faqll ¢cqRYUWbOb Wbqé Wl 2d0WI+IHRe qRYUWGSEEE DAWs 6 RF
fquUl ¢cqRYUWbMNb W6 W WGYI qRUNDWY N Waq6 W 1t 20 at HOwE
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Introduction

RASE is a knowledge ontology that can be represented as coloured manik in regulatory

documents. The RASE methodology was first developed in 2007 to support the US ICC in their
SmartCodes initiative. The motivation for a new method was that neither thexesting desktop

compliance tool (Solibri) not bespoke programmed solution (ePlanCheck) could deliver the

accuracy and efficiency needed to automate the range of building code (regulation) found in 3000

county jurisdictions across the USA. A second motivabn was that it was found that no
spreadsheet/database template could manage the syntactic complexity of the ICC regulations.

The RASE ontology was adopted as a flexible and efficient solution. Initially an-tdfe-shelf XML

editor was usedto addthe RASE ¢ | t e GWRUqVYWf 99kt WGl YGI RUqgc¢l ! Wa~xW
HYOGOGRI T RYUUT WaqVYWT W2 10YGWe Wh E G ¢ -upyp@o¥ebslahdeniddieY | & Wa Y
technicalities of XML. Three separate rule engines were developed to demonstrate a fully
automated code compliance system. Both Solibri and ePlanCheck were reconfigured to load and

execute rules generated from the markeee GLUT YHz G JU0Uqt toWW WUWs Wt Yie qRYL(
developed by AEC3 UK Ltd to exploit the methodology further including fully customized regiog

and the generations of explanations and recommendations around the checking results. All three

solutions consumed the rules as IFC constraint model and used IFC as the target project model.

In work for the USACE, RASE was generalized for use with HTML, reverting to athefEhelf XML
editor. Text to be marked up was scraped from the WBDG website as HTML. Tables of medical
room requirements were mapped systematically into HTML sentences wittmark-up added
systematically. This approach embedded several notvalue-adding processes and assumptions.

In order to allow domain experts to engage with the process, AEC3 began considering what a
compliance workbench might look like.

Narrative

This paper considers the subsequent design and development of a compliance workshop so as
to explore the requirements for and obstacles to the deployment of compliance checking. Using
Eastmans 4 steps (2019)

faqUll ¢cqRYUWbING Wil 20 WWRUqUI Gl WagecqRYUWe U7 WE YNRHAC
stage of the development reduced the interpretation required, replacing it with RASE

colored markup and where needed additional metadata to confirm numeric costraints.

Multiple presentations (beyond the IFC constraint model) were developed to support the

validation and re-use of the normative content.

faqUll ¢cqRYUWb=Zb WmpHaRGT RUNDWG YT DOWGI WGel ¢qRYUAWS
HE6 WALt RUNDWRY WG WGeE ! U w6 W6 R W q¢ DLW Whe R 1JT Waq 6
of mappings, and further development of the handling of unknowns.

faqUl ¢cqRYUWbOb Wmpaqd Wl 2dlWUFIHez qRYUWGSEet DAWSs 6
required the implementation of a Case based approach where multiple federated
regulations can be checked against multiple federated models.

fquUl ¢cqRYUWbNb W6 W WEGYI qRUNWYnWq6 W 13t 20 aqt Ow6 LWa
implemented as a standalone command line application. Several refinements were introduced,

including the reporting and enquiry for unknown values, the gemation of certificates and other
presentations. Other outputs include BCF. Finally a 3d view was added

Discussion

DCOM mirrors in a distributed architecture the same functions as found within the workbench.
EN201 ¢caWnWeaqel Dt WYnWh E9OWAWNheRI UNKk W Wad¢ RUWe URue
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1 The flexibility of presentations and integrations from the RASE markup.

1 The flexibility and deep diagnostics from the results.

9 Authoring interfaces for managing dictionary resources.

i The management of a case as the key metaphor for applicants and inspectorates.
1 The management of supplementary submittals.

Conclusion

The development of the compliance workbench has evolved to become a complete solution to
the decision making element of a full DBP process, handling both the inputs and the common
knowledge. If automated compliance checking is going to be adopted widelyhen alternatives
to the conventional coding paradigm are needed. The development of the compliance workbench
has evolved to become a complete solution to the decision making element of a full DBP process.
It provides a benchmark of functionality and oppeotunities which can be used in the next
generation of solutions such as DCOM and the current EU projects.
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Although urban permitting is one of the main tools for guaranteeing the quality and performance
of the building stock, it is characterized by procedures that are poorly assisted by technological
resources. Indeed, current procedures for permitting are largly based on the analysis of twe

T RGWULt RYUc W I ¢35 RUN1] Dherefdrallderys findsHlivid HlildicgGeritdl are
common and are considered one of their main issues, alongside the frequent complaints about
lack of clarity and subijectivity in the entire process of evaluation2]. The large regulatory

frameworks also imply a challenge, which has historically been combated at the European level
through measures to reduce control and transfer responsibilities to private individualg3].

The BIM methodology, which focuses on the sharing of building information and is backed up by
technological resources, has helped to optimise the permitting process by enabling it to be
digitalised, which is evident in several welestablished cases of imdementation [4]. In this
context, the main benefit is the use of building information models to automate the process of
compliance checking of designs against the requirements of building regulationg5].
Nevertheless, there is still much room for improvement, especially when it comes to interpreting
the extensive regulatory framework and implementing them in machininterpretable format [6].

Another crucial challenge lies in the scalability of applications, which are mostly based on closed
solutions or have limited rule editing capabilitieg7]. Hence, the scope for carrying out automatic
checks is limited by the inability to easily code and edit regulation§8]. In turn, several studies
propose not only the development of applications capable of editing verification rules but also
the use of visual programming languages that are easily accessible to building permit specialists
[8112].

The development of a system capable of creating machinaterpretable regulations must
promote an intermediate layer of abstraction between a building data model and building permit
regulations. This can be done by implementing methods such as RA$E3], for the extraction of
semantic components from natural language, in combination with the development of an object
model [2,14], which can then be mapped to the building data model.

To deal with these challenges, this work has developed a prototype platform that allows machine
interpretable regulations to be created from a visual language and compliance checks to be
carried out from IFC files. In order to fulfil this objective, 2 majotasks had to be performed: (i) the
implementation of an object model that implements the entities and concepts found in the
regulations used in building permit processes; (ii) the development of the prototype platform for
performing checks and the visualprogramming language to be used for coding and editing the
rules of the regulations.

The first task was to analyse a sample of clauses from Portuguese national and municipal
regulations used in permitting. The RASE methodology was used to semantically systematise the
concepts found in the texts of these clauses, which served as the basisoif developing a
conceptual model of permit entities and properties. Afterwards, by analysing the IFC data model
and attempting to map it to the conceptual model, it was possible to implement the permit object
model using tools such as IfcOpenShell. The magng was essential for establishing which
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resources would need to be adopted to obtain information from the IFC file, which demonstrated
a significant need to adopt classification systems adapted to the building permit concepts in
order to allow, for example, differentiation between spaces.

The work also relied on geometric processing in order to obtain some information from the IFC,
which while potentially a solution for generating more succinct information requirements, also
proved to be a major programming challenge. Therefore, this worktegrated the Trimesh mesh
processing library with IfcOpenShell's model query resources, in order to facilitate the
information and processing of geometric information with methods at a higher level of
abstraction.

The second task, which consisted of developing the prototype platform and the visual
programming language, was facilitated through the use of a series of frameworks and libraries,
the most important of which were: (a) Django, a framework used for integrath with the object
model, database management and the creation of APIs (b) React, a framework used to create
user interfaces through a modular structure, which provides greater scalability and ease of
integration with the libraries for viewing models andhe library for editing verification rules; (c)
Blockly, a library for creating block visual programming languages and implementing editors; (d)
Xeokit, a library for viewing IFC files.

The process of creating the programming language involved programming block generators that
could create code, in Python language, that utilised the objects created using the permit object
model. In this way, by combining programming blocks, which have adgh level of abstraction, it

is possible to automatically generate lower level code, store it and then use it to run the checks.
The implementation of the rule editor also enabled the coding of the verification rules simpler and
straightforward, which can make, allied with other visual features such as a colour palette to
distinguish the different types of blocks created, the coding of machinénterpretable regulations
more accessible to people that are not specialised in programming languages.

"WLIMA # 3 =1

RPOML Artigo 43.7 1

.

[ RNDal DWNKWAGeqn VYl Gkt W 2dWIT RVl 1O

The work has confirmed that the compliance check process can be partially automated,
considering the work was based on a limited set of clauses. This automation can involve the use
of visual programming languages, based on open formats and tools. In additi, the use of an
object model that implements the concepts used in building permits at a high level can promote
a greater layer of abstraction and facilitate the implementation of scalable verification systems,
which employ objects that can be reused to ode various verification rules. Finally, the
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implemented systems can serve as the fundamental components of a serautomatic
verification system and can be expanded to create an increasingly comprehensive system
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Introduction

Development of Building Information Modelling (BIM) has introduced an opportunity to automate
various processes in the Architecture, Engineering and Construction (AEC) domain, including
design review. Yet, in practice, despite the presented opportunitiesgesign review processes
continue to involve cumbersome paper trails and timeconsuming manual work. The concept of
Automated Code Checking (ACC) has been introduced as early as 1975 in a visionary paper
written by Eastman[1]. The subject has been an active research area sin¢2], however even the
most advanced developments in the field are limited in the scope of regulations they can address,
and the level of automation that can be achievedExisting commercial tools for ACC often rely on
hard-coded rules applied to BIM models, leading to challenges such as arbitrary object
representations and the absence of a unified naming conventions. The need for precise and rich
data representation hinders the development of fully automated code checking tools. Semantic
Enrichment (SE) of BIMmodels [3] offers an automated method to align conceptual
representations in models with those specified in rule sets. Majority of work on SE heavily relies
on the use of logical constructs to represent and manipulate information within the models, for
deducing newfacts about the models[4], [5], [6], [7], [8], [9], [10] However, with the construction
industry gradually transitioning to a more datadriven paradigm, recent research has shifted its
focus towards exploring Machine Learning (ML) approaches for semantic enrichmefit1], [12],
[13], [14]. Moreover, researchers are exploring the application of Graph Neural Networks (GNNSs)
for semantic enrichment [15], leveraging the unique capabilities of GNNs in capturing
relationships and dependencies within graphstructured data. While there has been a suggested
paradigm shift for ACC by framing it as a classification task for ML or GNIN6], it is crucial to
emphasize that these models are still heavily reliant on data extraction, processing, and
enrichment. Even with advanced ML techniques, these models cannot perform optimally on raw
BIM data, underscoring the importance of prgprocessingand enrichment as critical steps in the
data preparation phase. This indicates that the quality and richness of data in BIM models remain
pivotal for successful of code checking processes.

Aims and Methodology

The overall goal of this work is to demonstrate the applicability of GNN models for complex
semantic enrichment tasks in support of ACC workflows. We do so by focusing on a complex
clause from the Israeli Home Front command regulations for security rooml7]. Security rooms

(bomb shelters) are designated spaces within a building specifically designed and constructed to
provide protection during emergency situations related to military actions. According to the
regulations, these rooms are required to be vertially stacked, forming a shaft that may also

incorporate other functional spaces. Any modifications, such as the removal of walls or the
addition of openings within these spaces, can potentially detach the security room from its
foundational structure. Theregulations allow for some vertical discontinuity, subject to specific

conditions. A crucial determining factor necessitates additional measures is based on the
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percentage of walls in each security room that continuously reach the foundation. The
regulations specify three ranges for vertical continuity, each prescribing additional requirements:
1) scenarios where at least 70% of the walls are continuous and reathe foundation, 2) the ratio
of supporting walls falls between 50% and 70%, and 3) the ratio of supporting walls is less than
50%. The manual calculation of this supporting walls ratio involves careful consideration of
various factors. These complex calcudtions are avoided by addressing this task as a node
classification task performed by GNN.

Implementation and results

Upon identifying the security rooms, they are assembled into a shaft, inclusive of any walls falling
geometrically within the bounding box of these rooms. This process aims to recognize supporting
walls associated with other functional spaces. Subsequently the shaft undergoes automatic
translation into a graph, encompassing security rooms, walls, doors, and windows. We then
develop and implement a twelayer GNN designed for node classification, specifically to
categorize security components based on the rao of supporting walls. The GNN is trained to
classify nodes into three distinct classes, determined by vertical connection length proportions
(>70%, 5070%, <50%), complemented by an additional "dummy" category denoted as "not
applicable" for nodes representing windows and doors.

The training phase was performed using a synthetic data set that consists of 710 BIM models of
shafts representing security rooms and other components that are expected to be found in these
shafts. The synthetic data set was generated and labelled manuallyOverall, the graph
representation of the data set consists of 51,630 nodes and 78,811 edges, capturing the
connections and relationships between the components in the shafts. The training was
performed several times, using different combinations of datagraph structures and different
GNN model architectures, and achieved a commendable accuracy rate ranging between &4%.
Among the different GNN models we tested, the Graph Attention Network (GAT) model was the
best data structure, reaching the top accuray of 94.58%. The trained model was utilized for
generating predictions on a real test case model, and achieved a prediction accuracy of 86.84%.

Discussion and Conclusions

Semantic enrichment of BIM models holds significant promise for improving ACC processes.
Previous studies of semantic enrichment demonstrated a variety of applicable computational
methods, including rule-based systems, ML, and grapfbased approaches. Graphanalysis for
building representation offers an opportunity to address the intricate challenge of evaluating
regulatory restrictions that consider the interconnected nature of model elements. Notably,
GNNs emerge as a powerful tool in classifying model eteents into meaningful categories,
exhibiting efficacy without the necessity for precise humerical values. The ability to tackle such
complex code clauses by leveraging semantic enrichment to enhance ACC, can pave the way for
achieving higher levels of autmation in the process for a wider scope of regulations that can be
checked automatically.

Despite the promising results achieved in this work, it is important to note that GNNs are not the
best solution for all regulatory requirements. In fact, additional work needs to be done for
understanding the nature of the different regulations and matchig each with the most promising
method for automation. In addition, GNN based process faces certain limitations, primarily the
lack of reatworld models for training purposes. Many designers and professionals are hesitant to
share their models, leading toa scarcity of realworld data. The diversity in regulations presents
another challenge, requiring the generation of more synthetic data to cover all possible cases that
might be encountered in real design. Addressing these limitations is crucial for furtmedvancing
the effectiveness and applicability of semantic enrichment and GNNs in the context of ACC.
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1. Introduction

The Architecture, Engineering and Construction (AEC) industry is subject to many building codes
and regulations that apply to the design and construction of buildings. These regulations often
involve complex language and technical vocabulary that can giwise to different interpretations,
depending on their context and purpose, and therefore a difficulty in their application. The
introduction of Building Information Modelling (BIM), as well as authoring tools capable of
creating and exporting 3D representaons of buildings, is paving the way for compliance checking
to become more automated and less dependent on interpretation. This should allow for better
quality by reducing the time needed for checking and avoiding human errors. However, despite
attempts to provide new BIMbased methods and approaches to achieve this goal in the past two
decades, none of these methods have proven to be close to being a definitive solution.

The basis for checking compliance against regulations using a BIM model is to have a description
of the regulations in a computable form. In turn, this makes it necessary to define data
requirements for models, guaranteeing that regulations can be checkedonsistently. Within this
framework, several scenarios can be considered to address the problem. One is to consider the
descriptive part of the regulation separate from the execution part, that is, compliance checking
procedures. Typically, those in chargeof writing the regulations publish them in plain text
documents in PDF format. Therefore, the next evolutionary step is to manage construction
regulations in a machinereadable way underpinned by semantics, thus ensuring they can be
interpreted precisely by the software used for checking buildings against them.

One approach to address automation in regulatory compliance checking, considering the above
scenario, is using Semantic Web technologies, ontologies, and semantic rule languag@sWithin
this context, the contribution of this article is to present the rule formalization process aimed at
transforming building codes and regulations described in plain text into machingeadable
documents using a domainspecific rule language. The fanalisation process has been devised
during the development of the Automated Compliance Checks for Construction, Renovation or
Demolition Works (ACCORDY, a research project funded by the Horizon Europe program.
ACCORD aims to digitalize building permit and compliance processes. The research focuses on
the use of BIM and GIS models along with other data sources to automate the regulatory
compliance checking process through a semantic framework that integrates processes,
regulations, data, and digital construction permit tools.
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m 142 European Network for Digital Building Permits
E U n et4 D B P https://eud4dbp.net



https://docs.google.com/presentation/d/1UO8bH9LY_KprjZhrSHFV7QKq2d8r_fjF/edit?usp=sharing&ouid=106897137418871821882&rtpof=true&sd=true
https://docs.google.com/presentation/d/1UO8bH9LY_KprjZhrSHFV7QKq2d8r_fjF/edit?usp=sharing&ouid=106897137418871821882&rtpof=true&sd=true
https://accordproject.eu/

J '24 Digital Building Permit conference 2024
18119 April 2024t Barcelona COAC

2. Methodology

The methodology that underpins the rule formalisation process depicted in Figure Ir consists
of the following four steps:

1.

Content extraction and conversion to structured data format:  most building regulations
and codes are currently provided in plain text documents via PDF format. However, their
content is commonly organized into a list of chapters, sections, or articles, each addressing
a specific aspect the building must comply with(e.g., Structural Safety or Accessibility),
together with the corresponding title and the text itself. One way to provide structured
content can be through a spreadsheet document.

Identify clauses and formalise logical relationships: in this step, paragraphs, clauses and
individual words and phrases that contain regulatory content are identified, and how these
paragraphs and clauses logically interact is also formalised. A method that can be used to
carry out this step is RequirementApplication, Selection, Exception (RASH). The method
consists of enriching the text with metadata, highlighting the formal logical relationships
between individual terms. The result is a hierarchical structure of nested boxes, with
highlighted text forming the leaf elements of this structure. Tis allows other readers,
including machines, to pick out the key phrases and how they logically relate.

Rule formalisation: this step formalises the extraction of individual logical decisions. This
may involve simple logical operations, a simple mapping of a term to a value (e.g., width = 5),
or complex logical relationships involving several terms. To deal with complex casesnh
additional rules language can be used to define them.

Mapping words to execution context: the mapping to the execution context is performed
using the buildingSMART data dictionary (bSDD) service. This way, those terms identified in
the previous steps are mapped to terms within the bSDD. The definitions stored within this
data dictionary inform how the data associated with those terms can be
retrieved/calculated.

Two approaches are considered for the implementation of the methodology described above: a
manual process using the RASE method and through Natural Language Processing (NLP). Figure
1 also provides more details of each of these approaches.

Fig. 1: Rule formalisation process.

m 143 European Network for Digital Building Permits
E U n et4 D B P https://eud4dbp.net

































































































































































































































































































































































































































