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Building Permit Digitisation in Saudi Arabia 

Eyad Jalal a, Claire Ellul a, Ben Clifford b 

a Department of Civil, Environmental and Geomatic Engineering, University College London / UK 
b Bartlett School of Planning, University College London / UK 

 

General Statement  

In recent years, efforts to digitise the building permit processes and regulations have increased 
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 sustainably [1], [2], [3].  

A building permit is an official document the responsible authority must grant before the con-
struction 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 proposed building must comply with the related building regulations. Currently, they 
are written in the form of (text), read, and interpreted by people [5].  

However, studies [2], [6], [7], [8] found that issuing a building permit encounters issues including: 

1) The processes are time-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 (semi-automated) building permit application processing could help overcome 
these issues [9], [10], [11] and investigations have been carried out in various countries [7], [12], 
[13], [14], [15], [16]. However, to date, very little work has been done in the context of Saudi Ara-
bia. 

Context т Saudi Arabia   

Saudi Arabia is the biggest nation in the Middle East and the fourteenth largest globally. Saudi 
cities are witnessing dramatic urban growth due to growing populations [17], [18]. [19]Saudi Ara-
bia is one of the most urbanised countries worldwide, with an approximate population of 30 mil-
lion, with 84% residing in cities in 2021 [19], predicted to rise to [20]39.1 million by 2025 [20]. 
Consequently, this will result in increases in housing demand [21], restrictions on green infra-
structure, carbon emissions, and traffic restrictions and congestion [22]. 

Research Questions  

The Saudi planning system provides 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/al-
phabet) 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).  
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This paper takes preliminary steps towards exploring these issues, providing initial answers to 
two questions: 

¶ To what extent does Saudi Arabia adopt similar approaches and face similar chal-
lenges to other countries in the context of digital building permits? 

¶ 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 these questions.   

Step 1: A literature review (of both academic literature and grey literature as well as official gov-
ernment publications in English and Arabic) was conducted to identify and document the pro-
cesses used in obtaining building permits in Saudi Arabia and any existing research on this topic. 
The resulting planning and permits workflows and issues are then compared to those already 
documented for other countries. 

Step 2: Digitally encoded and parse-able building permits are a pre-requisite of any digital permit 
system to automate or semi-automate regulations checks. However, to date, most countries cre-
ate their regulations in PDF format (although digital processes may be used to create the PDFs 
initially). To frame further research, a review of existing approaches to planning regulations en-
coding from PDF to digital format was conducted to identify any specific challenges that will be 
faced if these are applied in a different cultural/linguistic context.  

Preliminary Results  

Step 1a: The Saudi Building Permit Process  

Saudi municipalities use a basic e-system (Baldy) for issuing building permits [23]. Issuing the 
building permit starts when the applicant assignees and discusses the design preferences with a 
certified engineering office. Then, the engineering office starts preparing the drawings following 
ƣőĲШċƓƓũŔĦċŰƣќƚШƖĲƕƨŔƖĲůĲŰƣƚШċŰĬШĤƨŔũĬŔŰŊШƖĲŊƨũċƣŔŸŰƚ and uploads the required documents to 
Baldy in PDF format. Next, the municipality conducts an administrative review to ensure the ap-
plication includes the required documents and a manual content review to ensure the proposed 
design complies with building and planning regulations. Lastly, the municipality makes the deci-
sion, and the applicant is notified in Baldy [17], [23]. As shown in Figure 1, the process of obtaining 
a building permit in Saudi Arabia is closely similar to that of other countries.  

 
 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 decision-makers and notifying the applicant of the states of the building permit, 
which is lengthy and fragmented [17]. Moreover, the study found that Saudi municipalities need 
to adopt new technology for issuing permits and enhancing city management performance. Fur-
ther, the study found that many engineering offices have improved their capabilities and use of 
digital models to ensure that proposals ĦŸůƓũǃШƽŔƣőШƣőĲШůƨŰŔĦŔƓċũŔƣŔĲƚќШƖĲŊƨũċƣŔŸŰƚЯШƚƨĦőШċƚШƣőĲ 
building height, prior to submitting a building permit application. However, checking processes 
are taking significant time and effort and results can be inaccurate (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: 

¶ The submitted drawings often do not comply with the regulations.  

¶ The regulations are subject to interpretation by officials.  

¶ 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 checking system, it is essential to digitise the building reg-
ulations, 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 process [14], [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 Arabic as text in PDF format. Some regulation docu-
ments include images and tables to illustrate specific cases, such as building height and percent-
age, as shown in Figure 2. In some cases т e.g. Jeddah City т all the regulations are conveniently 
contained in one document [31].  
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Fig. 2: Rear parcel building percentage  and building height rule . Adapted from [31] 

The RASE method was applied to a selected planning rule (building percentage and 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 vocab-
ulary is needed, as certain words can alter the meaning of the rule, resulting in different interpre-
tations. Considering the following sentence from [31]:  

џ ЙГЧЮϜ ϣуУЯϷЮϜ :ϻ϶ϓϦ аϝЗж ϣЧГзгЮϜ ϣуУЯϷЮϜ сТ аϜϹϷϧЂъϜ ϝвϒ ИϝУϦϼъϜ днЫуТ ϝгЪ сЯт: Ѡ 

Once applying the RASE method, this sentence can be interpreted as a Requirement (Rear Parcel: 
take the rear area system in use, and the height is as follows), or as an Exception (Rear Parcel: 
take the rear area system in use, but  the height is as follows). HereЯШƣőĲШƽŸƖĬШљ ϝвϜњ can be trans-
lated into English as (AND) or (BUT). 

Conclusion and Future Work  

Our review shows that the construction  sector in Saudi Arabia is performing poorly in terms of 
service provision (time and cost) [32], and the planning and permits sector faces similar chal-
lenges to those encountered elsewhere. Additionally, planning and permit workflows are, in fact, 
relatively similar to those adopted in other countries.  Regulations are т as in many other coun-
tries т provided in PDF documents, however, in Arabic. This means that existing approaches, such 
as RASE, are applicable in the Saudi context.  

More broadly, implementing new practices and advancements in the construction industry is im-
portant but requires altering the regulations and reducing or eliminating obstacles. In addition, 
digitising the building permit process in the Saudi Arabian context is rarely discussed. Further 
work will involve a more in-depth review of benefits, processes, and regulations, including a more 
in-depth study of the applicability of RASE to the planning regulations and an investigation of the 
impacts of GeoBIM-based automated compliance checking on the building permit process.  
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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 pro-
ject aims to establish the essential requirements and solutions for a digital, model-driven ap-
proval process in the construction of road infrastructure. The project partners aim to outline re-
quirements for BIM models, analyze traditional approval processes within existing legal 
regulations, and develop and evaluate digital verification 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 as-is 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. Cumbersome and 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 pro-
cesses becomes paramount. Acceleration not only addresses the immediate challenges of infra-
structure degradation but also serves as a catalyst for economic growth. Streamlining these pro-
cedures 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 end-to-end digital process chain appears to be a practicable solution. 
Implementing a comprehensive digital process can accelerate decision-making, enhance trans-
parency, reduce administrative bottlenecks, and minimize the margin for error. The Building In-
formation 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. Nowadays, numerous construction projects are being executed 
as BIM projects. Presently, there is a media discontinuity when submitting planning documents 
to the approval authority, as two-dimensional 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 BIM-based approval process has already been introduced 
are Singapore, Norway, Estonia, Finland and the Netherlands [2]. It has already been shown that 
a lot of information in an approval process can be objectified and quantified and is therefore suit-
able for integration into a BIM-based 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 
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automated inspection using digital models is possible with the help of comprehensive checking 
rule definitions [4]. 

The objective of the initial phase of the research project was to analyse the current as-is pro-
cesses of the approval procedure. To begin with, it was necessary to document the current ap-
proval procedure in detail to understand the specific tasks and dependencies. Formal process 
maps help to visualise and comprehend the connections between individual specialist depart-
ments and the submitted documents involved in an approval process. The current approval pro-
cess was captured with the special knowledge of experts 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 design-
ing, managing, and implementing business processes. These principles are detailed in a publicly 
accessible specification.[5]  

 
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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љÂƖĲũŔůŔŰċƖǃШƓũċŰŰŔŰŊњЯШљ?ĲƚŔŊŰШƓũċŰŰŔŰŊњЯШљ7ƨŔũĬŔŰŊШƓĲƖůŔƚƚŔŸŰШċƓƓũŔĦċƣŔŸŰњШċŰĬШљ?ĲƣċŔũĲĬШĬĲр
ƚŔŊŰњШыĦŉЮШŉŔŊЮШΝьЮШ?ƨƖŔŰŊШƣőŔƚШƓũċŰŰŔŰŊШƓĲƖŔŸĬЯШƣőĲШċƓƓƖŸƻċũШƓrocess for federal infrastructure pro-
jects takes place and consists of three main phases, as outlined in the guidelines for the "Plan-
ning procedure and the uniform design of planning documents in road construction" [6]. These 
ƓőċƚĲƚШċƖĲШљÂƖĲũŔůŔŰċƖǃШĲǂċůŔŰċƣŔŸŰњЯШљÂƖĲũŔůŔŰċƖǃШĬƖċŉƣњШċŰĬШљ?ƖċŉƣШĬĲĦũċƖċƣŔŸŰњЮШÑŸШĲŰƚƨƖĲШ
clarity and manage complexity, the process map was modelled with four levels of detail. The first 
level represents the overall process of the successive phases. The second level models the pro-
cesses 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 pro-
cesses within one of the reviewing organisations. For instance, the review process from the as-
signment 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 tech-
nical 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 pro-
ject objectives, an assessment was carried out in the categories "suitability for use of the BIM 
method", "dependencies", "legal framework" and "demonstrator capability & transfer". High-pri-
ority processes include, for example, reviewing the content of the approval documents. This ex-
ample can now be used to explain the second way of identifying potential for improvement. Pro-
cess 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 author-
ization documents, and aggregation of results are identical. The approval procedure involves 
checking various documents, such as the project location and overview, plans for immission con-
trol 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 as-is 
analysis of the approval procedure processes and prioritisation. These processes should address 
potential issues through the consolidation of process flows, digitalisation, 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. Defining the information requirements (LOIN) for different spe-
cialised 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 semi-automated checking rules can significantly 
speed up the checking process, reduce human error, and ensure the quality of the planning.  

A semi-automated approval procedure undoubtedly offers advantages such as efficiency gains 
and process acceleration. However, the question remains as to whether it is merely a short-term 
measure or whether it will be sustainable in its current form in the long 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 machine-readable formats and artificial intelligence (AI) to 
achieve a higher level of automation. 

Although legal framework conditions currently prevent an end-to-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 accelerated digital authorisation pro-
cedure 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 foundations, 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 sev-
eral 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, which can collect data and set links to 
different databases, is defined as the Digital Building Logbook (DBL) [1] [2].    

As a starting point, both initiatives have existing processes that can vary substantially from coun-
try to country or even from public authority to public authority in the same region. Notwithstand-
ing, the processes they aim to improve, expand, or replace are critical, either for compliance 
checking against regulations, establishing and verifying performance or environmental indica-
tors, obtaining a license for building use, and recording changes from interventions or other 
events, among different possible examples. 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 
concerns [3]. 

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 com-
mon aspects shared by both, it is the authors' intuition that is key to seeking potential links, merg-
ing 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 sur-
rounding 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: 

и Are DBP and DBL related concepts? 

и If yes, how should they relate at the process level? 

 

Based on the intuition of the relationship between DBP and DBL, the CIFE horseshoe methodol-
ogy 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 iterations with experts 
ƚƨƓƓŸƖƣШċũũШůĲƣőŸĬŸũŸŊŔĦċũШƚƣĲƓƚЯШċƚШƓƖĲƚĲŰƣĲĬШŔŰШљ[ŔŊШΝњШ[5]. Insights from surveys were used for 
the iteration process. The discussion period was used for spreading ideas and focusing on spe-
cific 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.  

ј[ŔŊШΞљШŔũũƨƚƣƖċƣĲƚШƣőĲШĦŸŰŰĲĦƣŔŸŰƚШŸŰШċШƓƖŸĦĲƚƚШũĲƻĲũШĦŸŰƚŔĬĲƖŔŰŊШƣőĲШĤƨŔũƣШĲŰƣŔƣǃШũŔŉĲĦǃĦũĲЮШÑőĲШ
DBL layer is based on Mêda, 2022 [6], while the DBP level is based on a digital building permit 
taxonomy based on Fauth, 2024 [7]. The interconnections between the two layers are shown. In 
addition, and based on current practices and law, milestones are fixed stages within the process.   

 
Fig. 4: Process level connections between DBP and DBL. 

Additionally, thoughts were shared about the linking concerns to other databases containing rel-
evant 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 construction 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, most of them 
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are limited in scope to the construction sector. Other initiatives can also bring valuable contribu-
tions to the DBP and DBL developments, such as the INSPIRE Directive, Digital Product Pass-
ports, Asset Management systems, and smart buildings management systems [8] [9]. Likewise, 
opportunities and challenges arise from these possibilities. 

 

The study delivers insights and guidance for ongoing developments by clarifying the potential re-
lationships between DBP and DBL. Additionally, this contribution is significant at the strategic 
level as EU grey literature should assume this as a starting point 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 transi-
tions in construction. In these, governments and public authorities are included. It is also essen-
tial 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 ex-
perience already 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 ex-
tent one can be part of the other. Although some conclusions are presented in this respect and 
ůċŔŰũǃШŉŸĦƨƚŔŰŊШŸŰШƣőĲШƓƖŸĦĲƚƚќƚШƓĲƖƚƓĲĦƣŔƻĲЯШƣőĲШƚƣƨĬǃШŔĬĲŰƣŔŉŔĲƚШƚĲƻeral issues to be worked out 
in future research, namely in what relates to the relevant data to be exchanged attached to each 
process. 
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CONTRACTS IN GRANTING BUILDING PERMITS FOR 
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Vietnam has been going under its urbanisation since its economic reform in 1986, but the urban-
isation rate has increased significantly for about 15 years. This urbanisation has led to the boom-
ing in housing development in the country, both for housing in projects 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 district-level government before they can start the construc-
tion work [1]. Statistical figures show that the number of permits issued for individual houses ac-
counts 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 prac-
tice leads to less efficient use of public assets and low level of quality in public service provision. 
Digitalisation has been proved to be a 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 to be reviewed. Previous publications have 
stated that smart contracts can be applied to granting building permits [3, 4]. 

According to Nick Szabo [5]ЯШċШƚůċƖƣШĦŸŰƣƖċĦƣШŔƚШљċШĦŸůƓƨƣĲƖŔǍĲĬШƣƖċŰƚċĦƣŔŸŰШƓƖŸƣŸĦŸũШƣőċƣШĲǂĲр
cutes the terms of a contract. The general objectives of smart-contract design are to satisfy com-
mon contractual conditions (such as payment terms, liens, confidentiality, and even enforce-
ment), minimise exceptions both malicious and accidental, and minimise the need for trusted 
ŔŰƣĲƖůĲĬŔċƖŔĲƚЮњШfŰШŸƣőĲƖШƽŸƖĬƚЯШƚůċƖƣШĦŸŰƣƖċĦƣƚШċƖĲШљċŰШċŊƖĲĲůĲŰƣШċůŸŰŊШůƨũƣŔƓũĲШƓċƖƣŔĲƚШƽƖŔƣр
ƣĲŰШċƣШũĲċƚƣШŔŰШƓċƖƣШŔŰШĦŸůƓƨƣĲƖШĦŸĬĲњШ[5]ЮШÉůċƖƣШĦŸŰƣƖċĦƣƚШċƖĲШŉŸũũŸƽŔŰŊШљŔŉоƣőĲŰњШũŸŊŔĦċũШƚƣċƣĲр
ment 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 
converted into codes then smart contracts can be used for the issuance of building permits. Par-
ties 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, dif-
ferent 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 poten-
tial exchange of value, such as products or services, may fall under 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 auto-
matically run when certain criteria are met [6]. 
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Figure 1. A typical smart contract process [6] 

Literature shows that smart contracts have been applied to automate different kinds of pro-
cesses in the built environment. Table 1 summarizes selected applications. 

Table 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 pro-
vided by Exchange Information Requirements 

[7] 

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 
cost savings for each member of a construction project 

[10] 

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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Figure 2. Building Permit business processes for individual houses 

Table 2. Building Permit: key timeframes for an application for new construction  

Activities  Duration  

Request for additional document 
(if any) 

Within 7 working days after receiving the application. Ap-
plicant to have maximum 2 times to submit required ad-
ditional documents 

Checking the first supplemented 
documents 

Local government agency is given 5 working days for 
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 application is complete with required 
documents, a decision must be sent out within 15 days; 
an extension may be applicable in special cases but not 
more than 10 days 

Comments/feedback from con-
sulted government agencies 

Government agencies being consulted must respond 
within 12 days, if not, they are considered to agree with 
the application 

Source: [15] 

The documents to be submitted for applying for a building permit are summarised in Table 3. 
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Table 3. Building permit for individual houses: application documents 

No Building Permit Application Documents  Remarks 

1 A letter of application for a Building Permit Original/scanned copy 

2 A copy of one of the proofs of land use rights as prescribed by 
the land law 

Certified/electronic 
copy 

3 Construction design drawings: 

¶ Work plan on the land plot, enclosed with the work lo-
cation diagram 

¶ Floor plan, elevations and sections of the work 

¶ Footing plan and sections enclosed with connection 
diagram of infrastructure outside the work including 
water supply and drainage, power supply 

Original/electronic 
copy 

4 Additional documents (if any):  

¶ fire safety design appraisal certificates 

¶ copy of design practice certificates of designers, de-
sign reviewers  

¶ construction design review report on safety issues 

¶ adjacent works safety assurance commitment 

Original/ 

Certified/ electronic 
copy 

Source: [16] 

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

- 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 individ-
ual houses in Vietnam is then developed (Figure 4, 5, 6, 8, 9). 

 

 

Figure 4. General Framework for Application of Smart Contracts 
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Figure 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 

  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 

 ELSE 

  Issue Refusal Letter 

  Provide Guidance 

  Return the Application Documents 

 END IF 

END IF 

TERMINATE Smart Contract 1 
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END 

 

 

Figure 6. Document Check and Site Inspection 
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Figure 7. Agencies to be consulted for building permits 

 

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 
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Figure 8. Related Government Authorities Consultation 

 

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 

 

 

Figure 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 
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  Publish 7ƨŔũĬŔŰŊШÂĲƖůŔƣШŸŰШũŸĦċũШŊŸƻĲƖŰůĲŰƣќƚШƽĲĤƚŔƣĲ 

 END IF 

 TERMINATE Smart Contract 4 

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 in-
creasing the state management  efficiency, (ii) enhancing the level of professionalism of related 
authorities which leads to higher productivity and quality of public services, (iii) facilitating the 
building permit automation and enhancing the accuracy, (iv) the decision making process is dig-
itally 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 integrating 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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Achieving the Sustainable Development Goals is a critical factor that is being pushed by supra-
national organisations, like the United Nations (UN). These 17 UN goals specify how the climate 
targets can be achieved with targeted, interlinked measures. The construction and property in-
dustry 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 making the construction industry more digital. Still, it will not be suf-
ficient 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 Building-as-a-Service, in which buildings and their use are rethought. 
Building-as-a-Service is a new concept to fulfil the sustainability development goals (SDG) of 
the United Nations (UN) [2] and other political institutions. It involves using information man-
agement and technology to construct buildings in such a way that they are able to offer adaptive 
services themselves over their life cycle. 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 a 
specific 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 or overcrowding during economic 
peaks, which in turn had to be compensated for at great expense: either with monetary losses in 
the event of under-occupancy or with costs for conversion measures and technical installations 
if more people were to carry out their respective activities in the same space [5]. Moreover, facil-
ities 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 ur-
ban 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. Similarly in 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 built 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 gen-
eral 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 cost-saving programmes at national, European and international lev-
els, it is necessary to plan, build and operate resource-efficiently [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 eco-social [8]. For a typical 
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school, for example, classrooms could be used as meeting rooms or workspaces during holi-
days, without having to restrict operations for security reasons. The fundamental question of se-
curity and 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 impos-
ing any underlying restrictions. To achieve this, several, preferable maintenance-low or -free 
sensors   are needed in the respective rooms to monitor occupancy and report 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 twins for a continuous remote monitoring. 

It requires a new thinking of building licences, which are usually strict [9]. To overcome this bur-
den, it requires coordinated information management, smart applications supported by sen-
sors, actuators [10;11] and the flexible organisation and structuring of 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 for which 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 assessed and permitted. This can be achieved by using digital tools and meth-
ods 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 enable the building 
to perform additional functions.  

The concept of Building-as-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 school 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, heating, 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, 
ƚĲĦŸŰĬċƖǃЯШċŰĬШƣĲƖƣŔċƖǃШƚƣƖƨĦƣƨƖĲШƽŔƣőŔŰШƣőĲШĤƨŔũĬŔŰŊќƚШċƖĦőŔƣĲĦƣƨƖĲШŔƚШĦƖƨĦŔċũЮШÉƨĦőШċШƚǃƚƣĲůШċũр
lows for a more accurate and efficient allocation of services, closely aligning them with the 
ĤƨŔũĬŔŰŊќƚШƻċƖŔŸƨƚШŉƨŰĦƣŔŸŰċũШũċǃĲƖƚЮШÑőŔƚШĬŔŊŔƣċũШĦċƣĲŊŸƖŔƚċƣŔŸŰШŉċĦŔũŔƣċƣĲƚШċŰШĲċƚŔĲƖШċŰĬШůŸƖĲШ
precise analysis and simulation of different usage scenarios. Consequently, it makes the tech-
nical and constructive aspects of adaptability 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 issu-
ċŰĦĲШƓƖŸĦĲƚƚЮШÂĲƖůŔƣƚШƽŸƨũĬШŰŸШũŸŰŊĲƖШĤĲШĦŸŰƚƣƖċŔŰĲĬШƣŸШċШĤƨŔũĬŔŰŊќƚШŸƖŔŊŔŰċũШŔŰƣĲŰĬĲĬШƓƨƖƓŸƚĲШ
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but instead, be based on its ability to adapt to various service roles over its lifespan. This shift 
towards a service-oriented, flexible permitting process is in sync with the evolving dynamics of 
urban spaces and societal needs. Implementing purpose-independent permit processes re-
quires a departure from conventional design and planning paradigms. This evolution compels 
architects, developers, and property owners to embrace innovative building typologies that ac-
commodate a broader range of user requirementƚШƣőƖŸƨŊőШċШĤƨŔũĬŔŰŊќƚШũŔŉĲĦǃĦũĲЮШ9ŸŰĦƨƖƖĲŰƣũǃЯШ
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 re-evaluation 
of current zoning laws, building codes, and urban development policies to support a more ver-
satile and resilient urban fabric. At the same time, it encourages sustainable development by 
optimising existing structures for multiple uses, thus reducing the need for 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 and usability is possible than be-
fore, which must be legally and permit-related clarified. It acknowledges and harnesses the po-
tential of buildings as adaptable, multi-functional assets within our communities. This ap-
proach not only aligns with modern sustainability goals but also ensures that our built 
environment remains responsive and relevant to the ever-changing fabric of urban life.  
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The practical utilisation of theoretical knowledge and the development of the associated com-
petencies is one of the indispensable tasks of practice-oriented universities in Switzerland. In a 
ƽŸƖũĬШŸŉШљĬċƣċШŸƻĲƖũŸċĬњЯШŔƣШŔƚШĲƻĲŰШůŸƖĲШŔůƓŸƖƣċŰƣШƣŸШŔůƓũĲůĲŰƣШthe basics of information ma-
terialisation. In this context, the competence of information materialisation is the ability to re-
search in a targeted manner, to make a meaningful selection of information and to grasp the 
deeper meaning/relevance of information [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 Euro-
pean 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 gov-
ernment-related organisations shall implement to achieve the goals of sustainable stewardship 
of the planet (United Nations [UN], [3]). However, governments are not independent 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 compe-
tencies are required, which are referred to in this context as "Inner Development Goals" (IDG). 
These are rarely taught by universities and, thus must be acquired independently by students. 
ÑőĲƚĲШf?]ШĦŸŰƚŔƚƣШŸŉШљċШŉƖċůĲƽŸƖťШŸŉШΞΟШƚƓĲĦŔŉŔĦШŔŰŰĲƖШƕƨċũŔƣŔĲƚЯШċĤŔũŔƣŔĲƚШċŰĬШƚťŔũũƚЯШŊƖŸƨƓĲĬШŔŰШΡШ
dimensions, whose cultivation can help to build a sustainable future for people and planet and 
ċĬĬƖĲƚƚШċĬċƓƣŔƻĲШĦőċũũĲŰŊĲƚњШĤċƚĲĬШŸŰШƣőĲШÉ?]ЮШљÑőĲШŉƖċůĲƽŸƖťШƽċƚШĬĲƻĲũŸƓĲĬШĤǃШċШƣĲċůШŸŉШ
thought leaders, experts and international researchers following extensive outreach consulta-
ƣŔŸŰњШяΠѐЮ 

The relevance of these competencies becomes particularly evident in the context of digital 
ĤƨŔũĬŔŰŊШƓĲƖůŔƣƚЯШċШĦƖŔƣŔĦċũШƓĲƖŔŸĬШŔŰШƣőĲШĦŸŰƚƣƖƨĦƣŔŸŰШƚĲĦƣŸƖќƚШċĤŔũŔƣǃШƣŸШċĬĬƖĲƚƚШőŸƨƚŔŰŊШĦƖŔƚĲƚШ
and contribute to the SDGs. The construction industry, a significant 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 housing from both private and public sector undermining efforts 
to resolve housing shortages and contribute to SDG goals like sustainable cities and communi-
ties (SDG11). Digital building permits, while a step towards streamlining this process, introduce 
new complexities that demand a workforces equipped with both technical know-how and a 
deep understanding of sustainable development principles. The IDGs, in this case, are not just 
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educational tools but vital instruments for bridging the gap between the ambitious 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 em-
pathic and social skills needed to work purposefully. The focus is no longer on theoretical 
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 both sides: the approving 
persons and the submitting companies [6]. These competencies include dealing with complex-
ity and its responding awareness, the associated critical thinking and dealing with communica-
tion in a digital context based on a long-term orientation and visioning while providing with com-
prehensive 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 edu-
cational system, especially in applied science universities, is a transformative step towards cre-
ating a workforce that is not only skilled in their respective fields but also conscious of their role 
in achieving the broader SDG objectives.  

ÑőĲШ7ĲƖŰШÖŰŔƻĲƖƚŔƣǃШŸŉШ ƓƓũŔĲĬШÉĦŔĲŰĦĲƚШы7[cьЯШŸŰĲШŸŉШÉƽŔƣǍĲƖũċŰĬќƚШũċƖŊĲƚƣШƨŰŔƻĲƖƚŔƣŔĲƚШŸŉШċƓр
plied sciences, employs a comprehensive methodology to enhance construction education by 
integrating targeted training in competencies essential for digital workflows within the construc-
ƣŔŸŰШƻċũƨĲШĦőċŔŰЮШÑőŔƚШŔŰŔƣŔċƣŔƻĲШċŔůƚШƣŸШċũŔŊŰШƓċƖƣŔĦŔƓċŰƣќƚШĲǂŔƚƣŔŰŊШƚťŔũũƚШƽŔƣőШƣőĲШĬŔŊŔƣċũШƓƖŸĦĲƚƚШ
requirements through holistic development processes and methods for ordering, producing, 
structuring, and validating data across the planning and execution phases of construction pro-
ŢĲĦƣƚЮШÖƣŔũŔƚŔŰŊШÉŔůŸŰШÉŔŰĲťќƚШ]ŸũĬĲŰШ9ŔƖĦũĲШƣőĲŸƖǃШяΤѐЯШƽőŔĦőШĲůƓőċƚŔƚĲƚШƨŰĬĲƖƚƣċŰĬŔŰŊШƣőĲШ
љƽőǃњШĤĲőŔŰĬШċĦƣŔŸŰƚЯШƣőĲШƓƖŸŊƖċůШŉŸƚƣĲƖƚШůŸƣŔƻċƣŔŸŰШċŰĬШĬĲĲƓĲƖШĦŸůƓƖĲőĲŰƚŔŸŰШċůŸŰŊШƚƣƨр
dents, enabling them to develop not only inter- and transdisciplinary technical skills through 
real-case scenarios but also personal competencies in a self-driven environment. Furthermore, 
integrating Inner Development Goals (IDG) with Building Information Modeling (BIM) and integral 
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, alongside critical thinking, and social 
ƚťŔũũƚШŰĲĦĲƚƚċƖǃШƣŸШŰċƻŔŊċƣĲШƣőĲШĦŸůƓũĲǂŔƣŔĲƚШŸŉШƣŸĬċǃќƚШĦŸŰƚƣƖƨĦƣŔŸŰШŔŰĬƨƚƣƖǃЮШÑőƖŸƨŊőШƣőŔƚШ
ůĲƣőŸĬŸũŸŊǃЯШ7[cШċŔůƚШƣŸШƣĲċĦőШċŰĬШŔůƓũĲůĲŰƣШĦŸůƓĲƣĲŰĦŔĲƚШƣőċƣШƚƨƖƓċƚƚШƣőĲШŔŰĬŔƻŔĬƨċũќƚШŸĦр
cupational profile, promoting a comprehensive understanding and application of these skills in 
real-world contexts.  

EůƓőċƚŔƚŔŰŊШf?]ƚШŔŰШĦŸŰŢƨŰĦƣŔŸŰШƽŔƣőШ7f~ШŔŰĬŔĦċƣĲƚШ7[cќƚШĬĲĬŔĦċƣŔŸŰШƣŸШŔŰƚƣŔũũŔŰŊШċШĬĲĲƓШƨŰĬĲƖр
standing and a purpose-driven mindset in students. This methodology aligns with international 
sustainability efforts, including the European Green Deal and the United Nations Sustainable 
?ĲƻĲũŸƓůĲŰƣШ]ŸċũƚЮШÑőĲƚĲШŔŰŔƣŔċƣŔƻĲƚШƓũċĦĲШƚƣƨĬĲŰƣƚќШĲĬƨĦċƣŔŸŰШŔŰШƣőĲШũċƖŊĲƖШĦŸŰƣĲǂƣШŸŉШŊũŸĤċũШ
environmental stewardship. By incorporating these aspirations into its curriculum, BFH pre-
pares learners not just as competent professionals but as insightful, compassionate contribu-
tors 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 
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processes. This shift is crucial at a time of significant digital advances, offering both opportuni-
ties 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 eth-
ical aspects of their future fields. In this context, it is also necessary to start with the why: edu-
cation is necessary to be able to provide the correct information in projects - but also in every-
day personal life - in the ever-faster pace of digital change. 

fŰШĦŸŰĦũƨƚŔŸŰЯШ7[cќƚШċƓƓƖŸċĦőШĲůĲƖŊĲƚШċƚШċŰШŔŰŰŸƻċƣŔƻĲШĲĬƨĦċƣŔŸŰċũШůŸĬĲũШШШċƓƣШŉŸƖШƣőĲШĬŔŊŔƣċũШ
era. Knowledge-based design should also be mentioned in this context, as the aim here is to be 
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 sustainable future. This pioneering 
approach serves as a benchmark for educational institutions, underscoring the need for teach-
ing strategies that adapt to the dynamic demands of our contemporary world.  
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A Call to Enhance the Digitalization of Building Permit Pro-
cessing with Recognition-Primed Decision Making 
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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 building 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, dedicated to unraveling the intricacies of building permit processes, 
it becomes imperative to address the underlying decision-making mechanisms that govern these 
processes. One of the less explored terrains in this field is the decision-making 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 compliant, frequently 
encounter roadblocks due to opaque or inefficient decision-making 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 decision-making psychology offers valuable insights into how decisions are made in 
complex, uncertain environments. Central to this field is the Recognition-Primed Decision (RPD) 
model [4], which explains how experienced decision-makers use their knowledge and intuition to 
rapidly identify viable solutions in challenging situations. The RPD model suggests that effective 
decision-making, especially in high-stake and time-sensitive 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 enlightening in the context of building permit 
processing, a domain where decisions are made under varying degrees of uncertainty and 
pressure. 

 
Fig. 5: 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 understand-
ing decision-making in naturalistic settings. The RPD model emphasizes the integration of three 
critical elements: perception of the situation, knowledge about the situation, and knowledge 
about potential actions. At the heart of this model lies the concept of pattern recognition, which 
is pivotal in decision-making processes. This model posits that human expertise is key to recog-
nizing patterns within the available information for a specific situation, thereby facilitating accu-
rate 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 of relevant cues that are interconnected 
through conditional, causal, or temporal relationships, reflecting goals, constraints, and expec-
tations. 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 sim-
plification enables the recognition of prototypical situations. Consequently, non-algorithmic de-
cision-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 course 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 decision-making presents a promising 
avenue for improvement. The model's emphasis on experience-based recognition and intuitive 
judgment can streamline decision-making processes, reducing delays and increasing effi-
ciency. 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 likeli-
hood of permit denial. For instance, consider a scenario where a building authority is evaluating 
a complex design proposal. Utilizing the RPD model, the decision-maker can rapidly assess the 
design based on accumulated experience and recognized patterns, leading to a quicker and 
more informed decision. This 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 decision-making 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 make 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 
quicker and more informed decisions. The 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 decision-making process through the RPD model, 
decision-makers can become more aware of their thought processes. This awareness can help 
in identifying and mitigating problematic biases, leading to more consistent and fair decisions.  
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Implementing RPD in training programs for officials involved in building permit processing can 
cultivate a more structured approach to decision-making. Moreover, by aligning decision-mak-
ing practices with the intuitive and experience-based principles of the RPD model, there is po-
tential to foster a more collaborative environment. Designers could receive more immediate 
and 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 building permit processing, set-
ting a new standard for efficiency and effectiveness. Despite its potential, the application of de-
cision-making psychology, particularly the RPD model, in the context of building permit pro-
cessing remains markedly underexplored. Current research predominantly focuses on the 
technical, bureaucratic, and regulatory aspects of the process, with less attention paid to the 
cognitive and psychological mechanisms underpinning decision-making. 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. Secondly, it endeavors to ex-
plore 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 inter-
disciplinary research, combining psychological theories with urban planning, architectural prac-
tices, 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 reg-
ulations, can be effectively combined with the experiential and intuitive decision-making ap-
proach 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 guide-
lines. This method facilitates a potential to rapid identification of compliance issues and poten-
tial red flags, enabling decision-makers 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 building permit process can potentially become more 
streamlined, accurate, and consistent, thereby reducing the problematic subjectivity and varia-
bility often associated with these decisions.  

Moreover, the application of Artificial Intelligence and Machine Learning technologies to en-
hance decision-making in building permit processing aligns with the principles of the RPD 
model. AI and ML algorithms, particularly those specializing in pattern recognition, 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 re-
viewers, thus complementing the rule-checking process. This capability is particularly benefi-
cial in the context of the RPD model, which values the use of experience and intuition in deci-
sion-making. By providing decision-makers with AI-driven 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 of-
ficials to make balanced, well-informed decisions that are both compliant with regulations and 
sympathetic to the practicalities of urban development using technology and assist in 
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developing better technology. The synergistic application of AI-driven pattern recognition and 
rule checking within the framework of the RPD model offers a new paradigm in building permit 
decision-making. This approach not only streamlines the process of checking compliance with 
building codes and regulations but also adds a layer of sophisticated analytical capability, en-
hancing the decision-makers' ability to handle complex and ambiguous cases. The incorpora-
tion of these technological solutions within the RPD framework allows for a more adaptive, re-
sponsive, and accurate decision-making process. Decision-makers are equipped to rapidly 
identify key issues and make informed decisions based on a combination of rule-based compli-
ance checks and nuanced understanding derived from pattern recognition and past experi-
ences. This integration signifies a move towards a more advanced, efficient, and reliable build-
ing 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 (LoIN), which plays a 
pivotal role in the seamless integration of Building Information Modelling (BIM) and Geographic 
Information Systems (GIS) within the building permit process. Defined by standards such as EN 
ISO 19650 and BS EN 17412-1, LoIN specifies the detail and precision of data required at differ-
ent stages of the construction process, ensuring decision-makers have access to essential in-
formation. LoIN can enhance the evaluation of complex designs and their compliance with ur-
ban planning constraints, thereby streamlining decision-making in building permit approvals. 
Distinguishing this paper from existing literature, we provide a nuanced analysis of building per-
mit decision-making through the RPD model, emphasizing the innovative integration of LoIN 
within a BIM-GIS environment. Unlike previous research focusing primarily on the bureaucratic 
and regulatory facets of permit processing, our interdisciplinary approach sheds light on the 
cognitive and psychological aspects underpinning decision-making, 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 enhances understanding of the 
research approach, highlighting the potential for technology to improve the accuracy and effi-
ciency of identifying compliance requirements. Lastly, our discussion extends to the signifi-
cance of semantic requirements in the context of BIM-models. While geometric requirements 
are often emphasized, recognizing, and identifying semantic requirementsуrelating to the 
meaning and context of building elements and spacesуis critical. Addressing both semantic 
and geometrical requirements can lead to more comprehensive and automated review pro-
cesses, facilitating a deeper understanding of design proposals and enhancing the efficiency of 
building permit processes.  

Lastly, this is a call to all interested parties in opening a novel field of research within the do-
main of digital enhanced decision-making, not only in the domain of building permits but in gen-
eral, as it constitutes an under researched field with much potential to improve how users of 
technology 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 im-
provement. Currently, research is underway, in validating how RPD-model can enhance users 
decision-making in regards to circular design of buildings. 
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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) [3-4]. For example, Finland 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 the relevant tools and databases. Hence, a national construc-
tion emission database was created [5] to support this transition and harmonise Finland's LCA 
ƖĲƓŸƖƣŔŰŊЮШ ũƚŸЯШũŔůŔƣƚШŉŸƖШƣőĲШĤƨŔũĬŔŰŊƚќШĦċƖĤŸŰШŉŸŸƣƓƖŔŰƣШƽŔũũШĤĲШŔŰƣƖŸĬƨĦĲĬШŔŰШƣőĲШŉŸũũŸƽŔŰŊШǃĲċƖƚЮ 

LCA calculation is a complex and time-consuming 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 quantities ŉƖŸůШƣőĲШƚǃƚƣĲůќƚШĬŸĦƨůĲŰр
tation and match each material or product flow to its emission data, which can be in various da-
tabases. An LCA expert is usually needed to analyse and interpret the results. Building LCA is 
typically performed on a standardised modular system described in [6]. Therefore, only quantity 
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 the results may not be sufficient 
for the other purposes. 

Research on BIM-based LCA has generally increased over the past ten years [8-9]. 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 [9-10]. However, difficulties exist in performing an 
accurate building LCA based on BIM due to the quality of BIM models and interoperability be-
tween 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 include a plugin for emission databases, 
but no automatic process for BIM-based building LCA exists up to date, although the data opera-
tions performed during LCA can already be automated. Thus, this study aims to advance the au-
tomation of BIM-based building L9 ЮШÑőĲШŉŔŰċũШŊŸċũШŔƚШƣŸШƖĲĬƨĦĲШĤƨŔũĬŔŰŊШƓĲƖůŔƣШċƓƓũŔĦċŰƣƚќШċŰĬШ
ƓĲƖůŔƣШċƨƣőŸƖŔƣŔĲƚќШƖĲƚŸƨƖĦĲƚШŰĲĲĬĲĬШŉŸƖШĲƚƣŔůċƣŔŰŊШƣőĲШĲŰƻŔƖŸŰůĲŰƣċũШŔůƓċĦƣƚШŸŉШƓũċŰŰĲĬШĤƨŔũĬр
ings. Moreover, the findings will support software developers of the LCA services related to build-
ing permitting. 

Methodology  

This study developed a proof-of-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 auto-
mation of building LCA based on BIM. Two workshops were organised in 2023 to get feedback on 
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the PoC and we are planning to communicate with the developers of the Finnish national con-
struction emissions database   and with CEN/TC350   concerning the interpretation of the envi-
ronmental 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 pro-
cess is designed to overcome barriers caused by insufficient or mismatched 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 development of 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 permit-
ting 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 part with a specific use category and per 
year of the assessment. The carbon footprint is divided into Modules A to C following the princi-
ples of EN 15978 (see the attachment Table 1). It should be noted that only selected parts of Mod-
ule B are considered, and the 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 calculation shall be fully automated and (2) 
in the case of any uncertainties, the most conservative results shall be produced. 

§ Selection of appropriate entities: The environmental impact of the building is typically cal-
culated 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 pos-
sible to identify such products according to their IFC class, predefined type, or any other 
identifier in the linked property sets. The conservative approach is to calculate the impact of 
each entity unless it can be explicitly excluded from the assessment. 
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Table 1. Lifecycle stages covered by different data sources.  

Reporting  
category Carbon footprint Carbon handprint 

Building  
lifecycle stage Product Construction 

process Use End of life Potential benefits and 
loads 
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A1-A3 A4 A5 B4 
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Table 2. Modelling requirements for the Finnish Climate Declaration  

G
en
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al

 p
rin

ci
pl

es
 

§ 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 not 

declared, the space may be considered unheated, resulting in higher impacts 
per square meter of heated floor area. 

§ All spaces shall have an indication of whether they are new, renovated, or old. 
Note: Only new and renovated spaces are considered for climate declaration. 

§ All elements should have material and net volume declared. 
§ Building use name and/or category shall be declared in the IfcBuilding element. 

Alternatively, the use can be declared in IfcSpace or its aggregation (e.g. IfcZone 
or IfcStorey) in multi-use buildings. 

§ The area of the building site shall be provided. 
§ Earthwork is calculated as general impact per square meter (co2data.fi) and is 

not to be modelled. 
§ Building services are calculated as general impact per square meter (co2data.fi) 

and are not to be modelled. 

M
at

er
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l 
id
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n

 § Each material should have a unique name and/or identifier that can be recog-
nised in the lifecycle database(s) used in the LCA calculation. Note: For the ma-
terials not recognised in the database(s), conservative LCA values may be used. 

§ When using Environmental Product Declaration (EPD), material identification 
shall contain UUID and may contain the URL of the specific ILCD+EPD database 
to be used in LCA calculation. Alternatively, the exact name of the ILCD+EPD 
process can be provided together with the relevant database URL.  
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 IF
C § Permanent building identification number  

§ Planned number of occupants/users of the building. 
§ Calculated energy consumption of the building separated by energy source. 
§ Length of the assessment period used. 
§ The main construction material of the load-bearing structures included in the 

assessment. 
§ Target lifetime of the building. 
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Building site:  
§ Ground and external structures and supports 
§ Surface materials of the site 
§ Foundations 

Building:  
§ Building frame and roof structures including basements  
§ Floors, ceilings, walls with surface treatments 
§ External walls and partitions, including doors, windows and stairs 
§ Terraces and balconies 
§ Space equipment (fixtures, kitchen appliances) 
§ Chimneys and fireplaces 
§ Space elements (e.g. bathroom modules) 
§ Main components of the heating, water supply, sewerage air conditioning, cool-

ing, fire protection and power systems 
§ Lifts and escalators 
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§ Missing information about the material: In certain cases, the entities may not have associ-
ċƣĲĬШůċƣĲƖŔċũƚЯШŸƖШƣőĲШůċƣĲƖŔċũШŰċůĲƚШůċǃШĤĲШċůĤŔŊƨŸƨƚШыљÖŰĬĲŉŔŰĲĬњЯШљ?ĲŉċƨũƣњШĲƣĦЮьЮШÑőĲШ
tool assumes conservative values of CO2 emissions for such entities as the highest possible 
value in the database for a certain product class. 

§ Material not matching the records in the environmental database: In common design prac-
tice, 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 di-
rectly to any specific record in the environmental database. The PoC tool, therefore, uses an 
extensive mapping dictionary of common material names linked to the Finnish national da-
tabase. If the material name is not in the dictionary, the tool automatically uses conservative 
emissions for this material. It should be noted that the Finnish national database is not har-
monised with any standard classification system, although it contains some references to 
the Finnish TALO2000 classification [15]. 

§ 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 rele-
vant quantities must be recognisable from the model. The PoC tool mainly relies on IFC 
BaseQuantities, but if the information is not found in the model, a thorough search of all el-
ement properties is performed. The last option is to calculate the quantities directly from the 
model geometry to ensure that a conservative result is delivered in any situation.  The PoC 
tool uses only bounding boxes of the elements to optimise the performance of the calcula-
tion, but other methods (such as tetrahedral meshing) are also possible, if they return con-
servative 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. Therefore, it is 
recommended to repeat the LCA assessment using as-built building information data, at 
least when such a shortcoming is discovered. 

 
Feedback to the designer  

The automated LCA tool cannot 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 model if the 
estimation is too high. 

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

 

Conclusions  

This study provides an understanding of opportunities and challenges for automating BIM-based 
building LCA calculations. The presented PoC tool is developed to meet the anticipated require-
ments of the upcoming Finnish regulations [14], and therefore it would 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 on-going discussion on real-world implementation 
demonstration with partners of ACCORD project, 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, non-transparent, overly 
complex, and prone to errors [1]. The digital transformation of building permit systems promises 
improved quality, transparency, and efficiency [2]. However, the process, involving building au-
thorities, 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 up-to-
date technology, and taking advantage of potential benefits. There is a distinct lack of transparent 
communication, standardised data and procedures, besides data sharing and interoperability is-
sues throughout the process. 

Going from a paper-based or early digital (for instance the use of PDF documents) to a fully digi-
talised system is not a simple transition. It requires a holistic change encompassing process and 
information digitalisation, automation, systems integration, in addition to legal and organisa-
tional adaptation. To integrate the new technological methods and tools, organisations must as-
sume a clear path to plan the implementation. Organisations should be supported in achieving 
their desired level of digitalisation, based on their current state, by providing them with a refer-
ence matrix that outlines the maturity scale for each aspect of the involved system, such as tech-
nology, information, organisation, and process. There are existing frameworks that evaluate the 
adoption of BIM or GIS [3ς6]. However, maturity models currently lack customised focus on com-
plete regulatory approval workflows. With wide variance across municipalities, structured meth-
odologies are needed to assess readiness and guide staged advancement towards integrated dig-
ital permitting ecosystems.  

Most maturity models available in literature concentrate on individual technologies, compo-
nents, or dimensions rather than taking an universal view of the process digitalisation and organ-
isational change management required for complete transformation [7ς10]. Furthermore, there 
is a need for tailored evaluation methods and tools to weigh building permit procedures and as-
sist 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 rule-checking, while 
some few leading cities have tested more advanced capabilities [11]. Nevertheless, mainstream 
adoption still lags the visionary potential for end-to-end integration. Though automating discrete 
permitting phases shows benefits, challenges persist in devising interconnective frameworks, 
ecosystems, and strategic roadmaps for the full digital process transformation. Therefore, a ma-
turity assessment methodology tailored to the nuances and goals of digital building permit trans-
formation could provide invaluable implementation guidance for building authorities navigating 
this complex 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 accu-
rately assess their existing maturity across key dimensions such as procedural, technological, 
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organisational, and data structural? Second, how can these institutions leverage such assess-
ments to devise strategic roadmaps that incrementally guide them towards the target future vi-
sion for digital transformation? 

To answer the research questions, the present study defines the CHEK Digital Building Permit 
Maturity Model (CDBPMM) [12]ЯШƽőŔĦőШƽċƚШĬĲƻĲũŸƓĲĬШċƚШƓċƖƣШŸŉШƣőĲШљ9őċŰŊĲШƣŸŸũťŔƣШŉŸƖШ?ŔŊŔƣċũШ
7ƨŔũĬŔŰŊШÂĲƖůŔƣњШы9cEuь1 Horizon project, aimed at digitalising building permits. The maturity 
model was developed through a comprehensive approach integrating insights from multiple ex-
isting 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 cross-referenced with the objectives based on a fully automated digital building 
permit process [13]2 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 ma-
turity to another. The tiers are dependent within each category. This approach enables an assess-
ment of the current maturity status and identification of the targeted level, facilitating the formu-
lation of a plan detailing actionable steps necessary to reach the desired level of maturity. 

The CDBPMM comprises 35 key maturity areas (KMAs) spanning four categories - Process, Or-
ganisation, Technology, and Information (Fig. 6). Each KMA is assessed on a zero to five scale 
across six levels. The levels of maturity for each KMA evolve from Level 0- Non-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, and strategic alignment. This last level is often envisaging some 
progress that might be done in the future and might be not achievable yet. 

љÂƖŸĦĲƚƚњШĦċƣĲŊŸƖǃШƖĲŉĲƖƚШƣŸШƣőĲШƓƖŸĦĲĬƨƖĲƚЯШƽŸƖťŉũŸƽƚЯШċŰĬШŊĲŰĲƖċũШċƓƓƖŸċĦőШĬŔŊŔƣċũШůċŰċŊĲр
ment of the building permit process. Its 8 KMAs analyse the maturity of: permit workflow steps; 
the level of workflow automation and integration; optimisation aspects like benchmarks, re-
sponse times, and process standardisation. Improved process maturity reflects more stream-
lined, standardised permitting enabled by data technologies. 

љ§ƖŊċŰŔƚċƣŔŸŰњШĦċƣĲŊŸƖǃШĲƻċũƨċƣĲƚШƣőĲШƚƣƖƨĦƣƨƖċũШƖĲċĬŔŰĲƚƚШŸŉШƣőĲШůƨŰŔĦŔƓċũШĤŸĬǃШŉŸƖШċĬŸƓƣŔŰŊШ
data-driven digital permitting. Its 9 KMAs examine: leadership vision, planning and governance for 
change adoption; staff knowledge, training, and internal collaboration 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 tradi-
tional workflows. 

љÑĲĦőŰŸũŸŊǃњШĦċƣĲŊŸƖǃШĬĲċũƚШƽŔƣőШŔůƓũĲůĲŰƣċƣŔŸŰШċŰĬШŔŰƣĲŊƖċƣŔŸŰШŸŉШĦŸƖĲШƚǃƚƣĲůƚШŉƨŰĦƣŔŸŰċũŔƣǃШ
enabling automated information flows for permitting decisions. Its 12 KMAs evaluate the maturity 
of: software infrastructure, tools and platforms availability; extent 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 interoperable distributed software ecosystem. 

[ŔŰċũũǃЯШљfŰŉŸƖůċƣŔŸŰњШĦċƣĲŊŸƖǃШŉŸĦƨƚĲƚШŸŰШĬċƣċШċŰĬШůĲƣċĬċƣċШċƻċŔũċĤŔũŔƣǃЯШƚƣċŰĬċƖĬŔƚċƣŔŸŰЯШƕƨċũр
ity, analytics, and sharing capabilities required to make sound digital permitting determinations. 
Its 6 KMAs assess the maturity of: open data access frameworks across the workflow; breadth of 
real-time data; use of common standards ensuring compliance to Findability Accessibility In-
teroperability and Reusability (FAIR) principles [14]. 

 
1 Available at: https://chekdbp.eu 
2 Available at: https://chekdbp.eu/wp-content/uploads/2023/04/D1.1_CHEK_101058559_CHEK-DBP-process-
map_V1.0-Final.pdf 

https://chekdbp.eu/
https://chekdbp.eu/wp-content/uploads/2023/04/D1.1_CHEK_101058559_CHEK-DBP-process-map_V1.0-Final.pdf
https://chekdbp.eu/wp-content/uploads/2023/04/D1.1_CHEK_101058559_CHEK-DBP-process-map_V1.0-Final.pdf
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Fig. 6: 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 progression. It leverages 
mapped dependencies between key maturity areas (KMAs) - where advancement of certain KMAs 
relies on attaining maturity in their prerequisites. By linking these relationships, the roadmap 
strings together a logical order for maturing capabilities across the maturity model categories 
(Fig. 7). 
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Fig. 7: 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 navigating the challenges of multifaceted 
digital transformation. As lessons are incorporated, the roadmap and model improve decision-
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 stra-
tegic plan for their permitting system. By revealing critical gaps and outlining development path-
ways, municipalities can realise the extensive quality, efficiency, and transparency gains prom-
ised by integrated digital permitting. 

The frameworks' significance rests in enabling cities to kick-start their improvement efforts by 
means of self-assessment, while guiding them through the complex changes involved in the dig-
ital transformation via a simple and clear tool, which is accessible also to non-experts and is 
granular enough to allow planning small feasible steps to reach tangible outcomes. With con-
stant technological change, the maturity model undertakes continual recalibration and configu-
ration support so building authorities can adapt emerging best practices. As digital transfor-
mation 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 Practice3ЯШċШƣŸŸũШƽŔũũШĤĲШĬĲƻĲũŸƓĲĬШĤǃШĦŸůĤŔŰŔŰŊШƣőĲШ9?7Â~~ШċŰĬШƖŸċĬůċƓаШƣőĲШљ9cEuШĦőċŰŊĲШ
ůċŰċŊĲůĲŰƣШƻŔƖƣƨċũШċƚƚŔƚƣċŰƣњЮШÑőŔƚШƣŸŸũШƽŔũũШőĲũƓШůƨŰŔĦŔƓċũŔƣŔĲƚШċŰĬШŸƖŊċŰŔƚċƣŔŸŰƚШƣŸШċƚƚĲƚƚШċƨр
tonomously how mature their processes are and develop strategies 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 support each step, to empower cities on designing specific plans to improve 
the assessment, quality, efficiency, and transparency of their building permitting systems. 
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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 con-
sidered time consuming and sometimes cause delays in construction projects [1,2]. However, 
developing a BIM-based building permit process is difficult because the phenomenon is multi-
faceted, including technologies, multiple stakeholders, permit practices, and the legal environ-
ment.  

Research shows that technological, organisational, and environmental factors must be consid-
ered when implementing BIM (Ullah, Witt and Lill, 2022). For example, the permit applicants and 
authorities need technologies for submitting, reviewing, and approving the 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 implementing change 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 ser-
vice, 3) digital information and workflow management 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 digitalisa-
tion of the Finnish building permit processes has been ongoing for several years [9т13], but the 
actions taken so far and their importance for the digitalization of permit processes is not yet ana-
lysed. This study describes the transformation process from paper-based workflows to digital 
building permit processes. The study has two research questions: 1) What is the maturity level in 
the Finnish building permit processes? 2) What has been done to achieve that level?   

Methodology  

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

The study adopts the Technology, Organization and Environment (TOE) Framework [14] in cate-
gorising findings on transformation. The TOE framework can be used to understand innovation 
implementation; in this case, the implementation of BIM modelling practices, building permit ser-
vices, and compliance checking software. The TOE framework has been used in other studies on 
BIM-based 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 (IFC)-based 
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building designs for the permit approval process. Though, the current submission process also 
ċũũŸƽƚШŉŸƖШƓĬŉШĬŸĦƨůĲŰƣШƚƨĤůŔƚƚŔŸŰƚЮШÉŸůĲШůƨŰŔĦŔƓċũŔƣŔĲƚќШċƨƣőŸƖŔƣŔĲƚШƨƚĲШŰċƣŔƻĲШ7f~ШƚŸŉƣƽċƖĲШ
to review the design if an IFC file has been submitted to the permit service. The communication 
between the permit applicant and various permit authorities is handled through the building per-
ůŔƣШƚĲƖƻŔĦĲЮШÑőĲШŰĲŔŊőĤŸƨƖƚќШőĲċƖŔŰŊШĦċŰШċũƚŸШĤĲШĬŸŰĲШƻŔċШƣőĲШƓĲƖůŔƣШƚĲƖƻŔĦĲШŔŉШƣőĲШŰĲŔŊőĤŸƨƖШőċƚШ
provided email address.  

The first residential BIM-based building permit was issued in Järvenpää 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 followed the national common BIM requirements 
яΝΣѐШċŰĬШƣőĲШůƨŰŔĦŔƓċũŔƣǃќƚШĤƨŔũĬŔŰŊШĦŸŰƣƖŸũќƚШ7f~ШŊƨŔĬĲũŔŰĲƚШяΝΤѐЮШÑőĲШĦŔƣǃƚĦċƓĲШċŰĬШũŸĦċƣŔŸŰШƖĲр
views of the building in the environment were carried out using the 3D service of Järvenpää. Reg-
ulatory compliance was manually checked in the Solibri Model Checker program. Since then, 
other BIM-based building permits have been issued. If the applicant inserts building project-spe-
cific data into the IFC, it can be automatically read in the permit service and added to the appli-
cation.  

Following the digital building permit implementation levels [6,7], the Finnish building permit pro-
cesses seem to be on level two, where digital documents are used through an online permit ser-
vice. However, the processes are moving toward level three, where BIM 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 
ĬĲƻĲũŸƓĲĬШƣŸШƣƖċŰƚŉĲƖШĬċƣċШĤĲƣƽĲĲŰШƣőĲШůƨŰŔĦŔƓċũŔƣŔĲƚќШƣĲĦőŰŔĦċũШċŰĬШĲŰƻŔƖŸŰůĲŰƣċũШƚĲƖƻŔĦĲШƓƖŸр
ĦĲƚƚĲƚќШƚǃƚƣĲůƚШяΝΞѐЮШÉŔŰĦĲШƣőĲŰЯШƻċƖŔŸƨƚШÅѼ?ШƓƖŸŢĲĦƣƚШыΞΜΝΣ-2023) have been conducted 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 Finland or the Finnish Ministry of the Environment. One of the 
success factors for digitalisation has been the involvement of different user groups т designers, 
building control, software providers, consultants, construction companies, associations, and 
property owners т in the R&D projects. This has helped in the adoption of the new BIM-based 
building permit process. 

In 2016, the municipalities were allowed to use digital archiving for official long-term 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 Environment Information 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 education has also been crucial. 
The Finnish Ministry of Environment has financially supported the BIM coordinator educational 
program (2021-2022), producing BIM experts.  

Table 1 lists and categorises the actions toward digitalising building permit processes into tech-
nological, organisational, and environmental actions. The table shows that bottom-up develop-
mental actions, taking place through technological and organisational 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 stakehold-
ers have been taken into account. This 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 
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environment information system, which will allow the data-driven analysis of the built environ-
ment and hopefully allow the monitoring and steering toward low-carbon initiatives in the sector.  

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

YEAR(S) TECHNOLOGICAL ACTIONS ORGANISATIONAL ACTIONS ENVIRONMENTAL AC-
TIONS 

2001-
2015 

иШuƨŰƣċ]~xШƚĦőĲůċШƣŸШ
transfer data between sys-
ƣĲůƚШŸŉШůƨŰŔĦŔƓċũŔƣŔĲƚќШƣĲĦőр
nical and environmental ser-
vice processes [12]. Work 
was done in KuntaGML and 
KRYSP development pro-
jects (2007-2009).   
иШÑőĲШŉŔƖƚƣШƚŸŉƣƽċƖĲ-as-a-ser-
vice -version of the building 
permit service platform 
(2015) in the joint SADe de-
velopment program of the 
state and municipalities to 
digitalise Finnish public ad-
ministration services (2009-
2015) [13]. 

иШ ċƣŔŸŰċũШéĲƖċШÅѼ?ШƓƖŸŢĲĦƣШ
supported the development of 
native BIM modelling tools 
(2002). 
иШ ċƣŔŸŰċũШÂƖŸШfÑШÅѼ?ШƓƖŸŢĲĦƣШĬĲр
veloped national openBIM build-
ing construction process (2003-
2005). 
иШÉĲŰċƣĲШÂƖŸƓĲƖƣŔĲƚШĬĲƻĲũŸƓĲĬШ
BIM requirements (2007). 
иШ ċƣŔŸŰċũШ7f~ШƖĲƕƨŔƖĲůĲŰƣƚШ
(2012), COBIM2012. 
иШ ċƣŔŸŰċũШ7f~ШƖĲƕƨŔƖĲůĲŰƣШÂċƖƣШ
14 ћƨƚŔŰŊШŸƓĲŰ7f~ШŔŰШĤƨŔũĬŔŰŊШ
ƓĲƖůŔƣШƓƖŸĦĲƚƚќШыΞΜΝΠьЮ 

иШEÖќƚШfŰƚƓŔƖĲШ?Ŕр
rective require the 
implementation of 
a service for 
providing spatial 
data related to the 
municipalities' en-
vironment (2007). 

2016-
2019 

иШ ШŰċƣŔŸŰċũШufÅ-digi pro-
gram in 2016-2019 included 
three R&D projects on digi-
talising building permitting 
in Finland [11]. For example, 
interoperability between the 
needed information systems 
was developed. 

иШufÅ-digi project developed 
ĤƨŔũĬŔŰŊШĦŸŰƣƖŸũќƚШŔŰƚƓĲĦƣŔŸŰШ
rules and digital archiving of IFC 
models (RAVA1, 2017). [10] 
иШÉƣċŰĬċƖĬŔƚċƣŔŸŰШċŰĬШŰċůŔŰŊШ
classification nomenclature for 
all building design disciplines, 
first version (2017). 
иШÅĲƕƨŔƖĲůĲŰƣƚШƚƣƨĬǃоƖĲƓŸƖƣШŉŸƖШ
new COBIM (2018). 
иШ ĲƽШ9§7f~ΞΜΞΜШŰċƣŔŸŰċũШ7f~Ш
requirements. 

иШÑőĲШůƨŰŔĦŔƓċũŔр
ties were allowed 
to use digital ar-
chiving for official 
long-term ar-
chives without the 
requirement of ar-
chiving paper doc-
uments (2016). 

2020-
2025 

иШ9§7f~ΞΜΞΜШƓċƖƣШΝΠШыΞΜΞΝ-
2022), the first part of the 
COBIM2020, is a continuum 
of the RAVA2 project. The 
project updated the BIM 
guidelines to support BIM-
based regulatory building 
permitting. 
иШÑőĲШ ċƣŔŸŰċũШxċŰĬШÉƨƖƻĲǃШ
of Finland is scanning the 
whole nation with 5 point/m² 
accuracy and is converting 
the buildings in CityGML at 

иШÅ é ΞШƓƖŸŢĲĦƣШыΞΜΞΜ-2021), fi-
nanced by the Finnish Ministry 
of Environment, defined the first 
national propertyset and use 
cases for the regulatory (mini-
mum) BIM-based Building Per-
mit process. [18] 
иШ7f~-based building permit т 
scaling clinic (2021) developed 
and unified BIM-based building 
permit practices in several mu-
nicipalities. The project was 
funded by the Finnish Ministry of 

иШÑőĲШ[ŔŰŰŔƚőШ~ŔŰр
istry of Environ-
ment is renewing 
the Land Use and 
Building Act. The 
Finnish parlia-
ment approved, in 
its plenary session 
on the 1st of 
March 2023, the 
new Building Act, 
which will enter 
into force from the 
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YEAR(S) TECHNOLOGICAL ACTIONS ORGANISATIONAL ACTIONS ENVIRONMENTAL AC-
TIONS 

the LOD2 level. This infor-
mation is available in the 
public National Topographic 
Database and can be used 
to present a city model with-
out photo textures. 
иШÑőĲШĤƨŔũĬŔŰŊШƓĲƖůŔƣШĬĲƻĲũр
opment project, RAVA3Pro, 
led by the City of Helsinki 
and funded by the Ministry 
of Finance, tested the auto-
mation of the building per-
mit processes. The project 
includes 23 Finnish munici-
palities.  
иШÅ é ΟÂƖŸШƓƖŸŢĲĦƣШƚƨƓр
ported integrating cityscape 
services into building permit 
services for neighbours' 
hearing (2023).  
иШÅ é ΟÂƖŸШƚƨƓƓŸƖƣĲĬШƣőĲШ
integration of 4D scheduling 
into city model software, 
which is used for visualising 
building processes, environ-
ments and timelines to-
gether (2023).  
иШШìŔĬĲƖШƨƚĲШŸŉШŰċƣŔŸŰċũШƖƨũĲШ
checking in building control 
(2023). 
иШÉĲƻĲƖċũШĦŔƣŔĲƚШőċƻĲШƓƖĲр
pared a 3D city model either 
as a photogrammetry-based 
mesh model with photo tex-
ture or a laser-scanned 
model with photos con-
verted in CityGML, usually 
with Terrasolid Ltd tools. 

the Environment, Finnish Prop-
erty Owners and project part-
ners.[19] 
иШΝΡ-week BIM coordinator edu-
cation program for building con-
trollers in 2021-2022 (100 per-
sons/year, total 500, supported 
by the Ministry of Environment 
ΜЯΟШ~қоǃĲċƖь 
иШÅ é ΟÂƖŸШƓƨĤũŔƚőĲƚШŰċƣŔŸŰċũШ
ĤƨŔũĬŔŰŊШĦŸŰƣƖŸũќƚШ7f~ШŊƨŔĬĲр
lines, use cases, propertysets, 
rulesets, and other studies and 
reports (2023). RAVA3Pro pro-
ject also included BIM educa-
tion for municipalities to in-
crease BIM maturity level. [20] 
иШACCORD Horizon Europe pro-
ject (2022-2025) develops the 
process for BIM-based building 
permit processes, building on 
next-level development after the 
RAVA3Pro results. 
иШÂƖŸŢĲĦƣШÅǃőƣŔШőċƚШƣƽŸШƓċƖƣƚаШΝьШ
Semantic data interoperability in 
the built environment and 2) The 
built environment information 
system Ryhti. The semantic part 
focuses on defining logical infor-
mation models and vocabular-
ies/codes for enhancing data in-
teroperability in the built 
environment. It concentrates on 
data types needed in the author-
ŔƣŔĲƚќШƓƖŸĦĲƚƚĲƚЮШ[ŸƖШĲǂċůƓũĲЯШ
information on zoning plans and 
building permits will be com-
piled and processed into a co-
herent and accessible form. The 
Ryhti information system is a 
national storage service for all 
planning and building permit-re-
lated datasets. The first func-
tionalities will be available in 
2024.[21] 

beginning of 2025. 
The building per-
mits and land use 
plans will be 
made machine-
readable and 
stored in the new 
Built Environment 
Information Sys-
tem Ryhti in IFC 
4.0.2.1 format. 
иШÑőĲШ[ŔŰŰŔƚőШ ċр
tional Archives 
has approved the 
IFC 4.0.2.1 format 
as the official ar-
chiving format 
(2023). 
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Conclusions  

Finland is one of the most advanced European countries in terms of digital building permit pro-
cesses. The permit applicants use online building permit services that allow submitting IFC files 
with project-specific information. Some municipalities can do automatic 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 ar-
chiving of IFCs to a national built environment information system. The findings of this study shed 
light on the technological, organisational and environmental actions т ranging from technological 
and process development R&D projects to BIM education т that have supported the implementa-
tion of BIM-based 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 information, and the authorities may 
use software to conduct automatic code compliance checks. A digital building permit process 
ĦċŰШŔůƓƖŸƻĲШůƨŰŔĦŔƓċũŔƣŔĲƚќШĲŉŉŔĦŔĲŰĦǃЯШƖĲĬƨĦĲШƓċƓĲƖШƽċƚƣĲЯШċŰĬШůċťĲШŔƣШĲċƚŔĲƖШŉŸƖШƓĲƖůŔƣШċƓƓũŔр
cants to navigate the process [1]. It can also reduce the time required for the designers' and au-
thorities' review of regulatory compliance and increase the transparency of the design and con-
struction 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 [2т5] 
and somewhat neglected process, data quality, and people perspectives [5т8]. A few studies 
have examined industry attitudes towards digital building permits and the 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 building permit processes: the lack of machine-readable reg-
ulations and rules, the low maturity level of building information modelling (BIM) and the low num-
ber of compliance-ĦőĲĦťŔŰŊШƣŸŸũƚШяΦѐЮШ ŰŸƣőĲƖШƚƣƨĬǃШőŔŊőũŔŊőƣĲĬШƣőĲШċƨƣőŸƖŔƣŔĲƚќШũċĦťШŸŉШĲǂƓĲƖƣŔƚĲШ
in BIM-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 investi-
gates two research questions in five European countries: 1) What are the industry 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, possible outcomes, obstacles, and re-
quirements 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 coun-
tries and seven countries outside the EU. Most (346) of the responses came from Italy, followed 
by Spain (39), Finland (25), and Estonia (12). The respondents represented 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 Spain were selected as they rep-
resent countries with various sizes, geographical areas in Europe, and maturity levels in the digi-
talisation of building permit processes. Three interviews were conducted in each country to sup-
port the modelling. Researchers identified the interviewees with local experts, who usually 
represented the countries' building permit authorities. A consent form was delivered to the inter-
viewed 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 im-
plementation. The Technology includes technologies needed for innovation implementation. The 
Organisation refers to the organisation's resources in which the technology will be adopted. Fi-
nally, the Environment refers to the environment in which the organisation operates.  

The study applies the maturity framework for digital building permit processes [12] to map the 
ĦŸƨŰƣƖŔĲƚќШĬŔŊŔƣċũШĤƨŔũĬŔŰŊШƓĲƖůŔƣШƓƖŸĦĲƚƚШůċƣƨƖŔƣǃЮШÑőŔƚШŉƖċůĲƽŸƖťШĦŸŰƚŔƚƣƚШŸŉШŉŸƨƖШũĲƻĲũƚЮШÑőĲШ
first level resembles a traditional paper-based permit process with a manual design review. On 
the second level, basic e-permitting, 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 e-permitting, necessitates submitting the IFC model and semi-automated code compli-
ance checking. Finally, the fourth level, fully integrated e-permitting, 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 sign-off regardless of the level of 
automation achieved within the process, which confirms earlier findings [9]. Some countries т 
the UK, Finland, France, and Romania т favour 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 sav-
ings, and a decrease in ambiguous information during the design and construction process. The 
key obstacles to adopting digital building permit processes are differing processes between mu-
nicipalities, lack of digital skills, lack of software tools, and lack of standard specifications of de-
sign documentation. These findings support earlier findings [10].  

The survey results show that the key requirements for digital building permit processes are stand-
ardised submission processes, the ability to link BIM to GIS, intuitive user interfaces, training and 
support, and open access to high-level result data. 
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Process readiness towards digital building permit processes  

The modelled building permit process in each country is generic because it differs somewhat de-
pending on the building type and size. The states and municipalities are local self-governing bod-
ies with the right assigned to manage the local permit process within the limits set by the laws. 
Therefore, the permit practices between states and municipalities of the country may differ. How-
ĲƻĲƖЯШƣőĲШĦŸƨŰƣƖŔĲƚќШŊĲŰĲƖŔĦШĤƨŔũĬŔŰŊШƓĲƖůŔƣШƓƖŸĦĲƚƚĲƚШƚőċƖĲШƚŸůĲШŉĲċƣƨƖĲƚЮШ[ŸƖШĲǂċůƓũĲЯШƣőĲШ
stakeholders in each country are the building permit applicant (often the principal architect), 
neighbours, the local building control authority, and other authorities, such as the rescue depart-
ment, depending on the type and size of the building. The permit applicant can consult the build-
ing permit authorities before submitting the application.  

Currently, the design is submitted as a PDF in each country. Estonia and Finland allow the sub-
mission 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 possible. In all countries, authorities 
conduct compliance checking mainly manually by reviewing the PDF drawings. Estonia and Fin-
land are working towards automatic compliance checking, where certain codes related to, e.g., 
accessibility, are automatically checked, 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 process in England differs a bit from 
ŸƣőĲƖШĦŸƨŰƣƖŔĲƚќШƓƖŸĦĲƚƚĲƚЮШ[ŸƖШĲǂċůƓũĲЯШƣőĲШŔŰƚƓĲĦƣŔŸŰШċŰĬШĦĲƖƣŔŉŔĦċƣŔŸŰШŸŉШĤƨŔũĬŔŰŊШĦŸŰƣƖŸũШŔƚр
sues can be undertaken by private providers. Also, while preferred design codes exist, Building 
Regulations in England allow various ways to demonstrate that an adequate standard has been 
met, including past versions of design standards or guidance in approved documents.  

ÑċĤũĲШΝШĲǂƓũċŔŰƚШƣőĲШĬŔŊŔƣċũШůċƣƨƖŔƣǃШũĲƻĲũШŸŉШƣőĲШĦŸƨŰƣƖŔĲƚќШĤƨŔũĬŔŰŊШƓĲƖůŔƣШƓƖŸĦĲƚƚĲƚЯШŉŸũũŸƽŔŰŊШ
the TOE framework for innovation implementation. All countries have online services for submit-
ting designs as PDFs, but compliance checking is mainly done manually. Thus, all countries are 
currently on the basic e-permitting level, but Finland is ĦũŸƚĲШƣŸШƖĲċĦőŔŰŊШƣőĲШŰĲǂƣШũĲƻĲũЯШћċƨƣŸр
mated model-based e-ƓĲƖůŔƣƣŔŰŊќЯШƽőĲƖĲШƣőĲШċƓƓũŔĦċŰƣƚШƚƨĤůŔƣШċŰШf[9ШůŸĬĲũЯШċŰĬШƣőĲШċƨƣőŸƖŔƣŔĲƚШ
use software for automated code compliance checking with human oversight. R&D projects have 
already proved this successful, but the country-wide implementation takes time, even though 
BIM guidelines exist. The changes in the regulatory landscape seem to enhance permit process 
digitalisation. Estonia launched a country-ƽŔĬĲШћċƨƣŸůċƣĲĬШůŸĬĲũ-based e-ƓĲƖůŔƣƣŔŰŊќШŔŰШ[ĲĤƖƨр
ary 2024. 

Germany is creating a uniform basis, with national information exchange specifications, for the 
automated checking of building code requirements with BIM-based testing tools. Requirements 
for BIM models will also be developed. The UK has conducted national R&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 that a top-ĬŸƽŰЯШƖĲŊƨũċƣŸƖǃШћƓƨƚőќШőċƚШƕƨŔƣĲШƖĲĦĲŰƣũǃШĤĲŰĲŉŔƣĲĬШ[ŔŰũċŰĬШċŰĬШEƚƣŸŰŔċШŔŰШ
their journeys toward BIM-based building permit processes. However, it might be that these 
countries have also benefited from being small in terms of country size and number of stakehold-
ers and somewhat agile in implementing technologies, such as BIM (see e.g., [13]), and IFC-based 
submission and compliance checking services.  

Building permit applicants and authorities in all countries need BIM education to benefit from the 
BIM-based building permit process fully. However, further research is needed to identify each 
countriesќ ċŰĬШƚƣċťĲőŸũĬĲƖƚќШƚƓĲĦŔŉŔĦШĲĬƨĦċƣŔŸŰċũШŰĲĲĬƚЮ 
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Table 1. Technological, organisational and environmental (TOE) factors in the building permit processes of the 
five European countries.  

TOE fac-
tors  Finland  Estonia  Germany UK Spain 

Techno-
logical 
factors  

Two online 
building permit 
services exist 
and ~70% of 
309 municipali-
ties use a sys-
tem. Permit ap-
plicants can 
submit IFC 
files. Some 
municipalities 
have BIM soft-
ware to visually 
inspect BIM 
models and/or 
Solibri Model 
Checker for 
code compli-
ance checks. 

All 79 municipal-
ities use the Es-
tonian building 
permit service of 
the Building Reg-
istry. Permit ap-
plicants can 
submit IFC files. 
The service al-
lows for 47 auto-
matic checks 
against the 
Building Code. 
The permit appli-
cant or its pro-
cessor does not 
need additional 
software. 

XPlanung and 
XBau are na-
tional specifica-
tions for ex-
changing and 
processing infor-
mation in admin-
istrative proce-
dures under 
building regula-
tions law. 

A variety of sys-
tems are used 
to manage sub-
missions. Many 
local authori-
ties use the 
Planning Portal 
to manage the 
submission or 
the metadata 
that goes along 
with an appli-
cation via a 
web-based in-
terface. 

Electronic 
submission 
of building 
permits using 
digital certifi-
cates. 

Organisa-
tional fac-
tors  

Few municipal-
ities provide 
guidelines for 
BIM-based 
building permit 
processes. Na-
tional BIM 
guidelines for 
building permit 
processes are 
developed. The 
Finnish Minis-
try of Environ-
ment has fi-
nancially 
supported BIM 
education in 
the sector. 

National BIM 
guidelines for 
automated com-
pliance checking 
exist.  

A uniform basis 
for the auto-
mated checking 
of building code 
requirements 
with BIM-based 
testing tools will 
be created. Re-
quirements for 
BIM models will 
also be devel-
oped. 

Local authori-
ties may have 
various work-
flow manage-
ment tools to 
help them 
manage and 
assign submis-
sions to build-
ing control pro-
fessionals 
once submit-
ted. Still, these 
only manage 
data in PDF for-
mat and are of-
ten repurposed 
document 
management 
systems. 

There is no 
record of any 
city council 
processing 
permits auto-
matically us-
ing BIM/GIS 
models. 
There is a pi-
lot initiative 
of BIM- and 
Blockchain-
based com-
pliance 
checking led 
by the Profes-
sional Asso-
ciation of 
Building Engi-
neers. 

Environ-
mental 
(regula-
tory) fac-
tors  

The new Build-
ing Act in 2025 
will allow the 
delivering IFC 
models to a 
forthcoming 
national regis-
try.   

The mandate for 
using the Build-
ing Registry is set 
in Building Code 
§40. 

Federal govern-
ment's Online 
Access Law of 
administrative 
processes. 

The law does 
not require the 
adoption of 
model-based 
submissions. 

The Common 
Administra-
tive Proce-
dure of Public 
Administra-
tions 
(39/2015). 

Maturity 
of build-
ing permit 

Basic e-permit-
ting, but work 
is ongoing 

Basic e-permit-
ting with some 
automated 

Basic e-permit-
ting, but work is 

Basic e-permit-
ting but R&D 
projects 

Basic e-per-
mitting 
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pro-
cesses 

toward semi-
automated 
IFC-based e-
permitting. 

checks for tech-
nical data in the 
permit system 
since 2016 and 
semi-automated 
IFC-based e-per-
mitting option 
since February 
2024. 

ongoing for digi-
talisation.  

looking at digi-
talization.  

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. Time savings, 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 online services to submit designs as pdf. However, Finland and 
Estonia allow submitting IFC files and semi-automated compliance checks with human over-
sight. 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 time-consuming and human error-prone process as being based 
on manual controls. The standardization and digitalization of building permit procedures brings 
several benefits that can positively impact both the competent authorities and applicants. Bene-
fits include achieving greater efficiency through automation of control processes that can further 
speed up approval times. These aspects are complemented by the achievement of a more trans-
parent and accessible process that ensures the correct application of regulations, thereby reduc-
ing 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 en-
vironmental 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 (3) technologies 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. This is crucial to avoid the implementation of a solution that, by not taking 
into account the needs of end-users, may prove ineffective once applied [1]. It is critical to ad-
dress 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 obstacles [2]. 
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. Pedro [3], in their study, an-
alyse and compare the construction permit processes in 27 European nations, providing an over-
view that, at a general level, reveals many similarities but, in detail, highlights various specifici-
ties. In Rückert's report (2011) [4], processes in Germany, Denmark, Poland, and Lithuania were 
also compared, identifying similarities and divergences with the aim of supporting standardiza-
tion and transparency. Similarly, the study conducted by Refvik [5] compared and analysed pro-
cesses in selected nations across Europe, America, Asia, and Australia, identifying significant dif-
ferences in the of the construction sector, considering national procedures for permit issuance. 
An in-depth investigation is exemplified by the comparative analysis of the procedural methodol-
ogies employed in Croatia and Slovenia [6]. This examination unveiled shared procedural pat-
terns, thereby presenting certain prospective implementations that remain subject to further 
consideration. The conclusions highlight the potential of implementing each process with the 
best practices analysed, leading to benefits especially for the legal aspects, stages and stake-
holders involved. Noardo [7] elaborate a comparison and harmonization of processes in the 
United Kingdom, the Netherlands, Sweden, and Slovenia based on an investigation of current pro-
cesses. The harmonized workflow is high-level but is outlined to provide a foundation for the im-
plementation of Building Information Modelling (BIM) and Geographic Information System (GIS), 
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known as GeoBIM. Fauth and Soibelman [8], considering the United States and Germany, have 
outlined a scalable framework, starting from a systematic mapping of as-is processes, aimed at 
international standardization. Within the context of the EU-funded CHEK© project [9], a study was 
carried out to compare and harmonize the processes of four European municipalities - of differ-
ent scales - in Italy, Portugal and the Czech Republic [10]. The as-is 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 pre-
senting the knowledge acquired through the comparison with other processes for building per-
mits. 

These studies assess differences among various national models, aiming to identify best prac-
tices and areas for improvement to pursue the goals of efficiency and transparency in processes. 
However, such solutions risk not adapting to the procedural diversity that characterizes some 
countries resulting from different realities such as the size or number of inhabitants of municipal-
ities. In the context of such diversity on a national territory, different ways and timescales might 
be identified so that any solutions harmonized on an international scale may risk not being func-
tional 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 generally valid because it is based on normative refer-
ences or interviews with individual realities, risks missing typical nuances of how the same pro-
cess is applied in different forms, for example in small, medium and large realities. This is even 
more evident in 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 large-sized (more than 500,000 inhabitants) a medium-
sized (between 500,000 and 50,000), and a small-sized municipality (less than 50,000 inhabit-
ants). The methodology used for data collection and analysis involves the use of a semi-struc-
tured interview guideline from the research of Fauth [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 working within the municipalities for managing the building permit process (ta-
ble 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 possi-
ble to identify some common patterns within the processes investigated for each municipality for 
subsequent rendering in visual form. The Business 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. 

 

~ƨŰŔĦŔƓċũŔƣŔĲƚќШƚŔǍĲ  ҄ШŸŉШůƨŰŔĦŔƓċũŔƣǃќƚШƽŸƖťĲƖƚШ
involved in each interview  

Length of audio recording 
(min) 

Small 1 40 

Medium 2 90 

Large 1 90 

Tab. 8: Number of interviewees and length of audio recording.  
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The application of the methodology 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 iden-
tified: (1) submission, (2) assignment, (3) administrative check, (4) content check, (5) participa-
tion 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 municipality. These steps are identifiable 
in all three processes, and this aspect derived from the national regulations framework. The ap-
plied method is suitable for comparing processes across municipalities of different scales, re-
vealing common patterns but also highlighting specific organizational and task division distinc-
tions instructed by local needs. 

 

[ŔŊЮΝаШfƣċũǃќƚШĦŸůƓċƖĲĬШĤƨŔũĬŔŰŊШƓĲƖůŔƣШƓƖŸĦĲƚƚШůċƓШы7Â~ ШΞЮΜШƚƣċŰĬċƖĬШƖĲƓƖĲƚĲŰƣċƣŔŸŰьШыÂ ÅÑШΝьЮ 
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Fig. ΞаШfƣċũǃќƚШĦŸůƓċƖĲĬШĤƨŔũĬŔŰŊШƓĲƖůŔƣШƓƖŸĦĲƚƚШůċƓШы7Â~ ШΞЮΜШƚƣċŰĬċƖĬШƖĲƓƖĲƚĲŰƣċƣŔŸŰьШыÂ ÅÑШΞьЮ 

The analysis and comparison of processes according to the number of inhabitants of municipal-
ities 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 aspects are largely driven by the national 
regulatory framework, -and are well identifiable in each process- the organizational and proce-
dural set-up for issuing building permits can differ significantly at the national level depending on 
the size of municipalities. Aspects such as staff size should not be overlooked, which lead to up-
skilling 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 advanced 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 standardization 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 develop-
ing a single comparative process. 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 inter-
views, may impact the analysis process and the obtained results, leading to a more detailed un-
derstanding 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 en-
suring a higher compliance of the result. While this study represents a first systematic approach 
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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. 
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Introduction  

The Architecture, Engineering, and Construction (AEC) industry is undergoing transformative 
changes driven by technological advancements, with a particular focus on digitalization and au-
tomation opportunities. One key area of interest is the building permit process. 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 [2т4]. This diversity hinders meaningful global comparisons, making it chal-
lenging to establish standards and guidelines for building permit process modelling [5]. The ab-
sence 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 com-
plexities in these processes. The framework developed by [5] enhances clarity 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 in-
troduce a systematic approach for evaluating and comparing building permit processes globally. 

The PACE-BP Methodology 

The proposed Process Analysis and Comparative Evaluation approach for building permitting 
(PACE-BP) is designed to provide a systematic and objective way to evaluate individual processes 
and compare between processes in different countries. The method heavily relies on a previously 
developed framework for building permit process mapping and modelling [5]. Hence, as a pre 
stage to implementing PACE-BP, a series of in-depth interviews with domain experts must be con-
ducted and process maps using Business Process and Notation (BPMN) produced. Recognizing 
the complexity of trade-offs faced by different countries and stakeholders, PACE-BP goes beyond 
simply ranking the individual processes. It incorporates qualitative insights through interviews 
and literature to define evaluation parameters that include time consumption, data and infor-
mation 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 ex-
tracted directly from the BPMN maps, coupled with a defined correlation matrix that presents the 
relationships between the measurable indicators and the evaluation parameters. Measurable in-
dicators are for example the number of involved stakeholders visible through the swim lanes in 
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the BPMN, the number of handoffs between the stakeholders visible by the connections, etc. This 
process generates representative vectors for eventually calculating a similarity score between 
the given process maps. 

Results and Discussion  

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

Practically speaking, policymakers and other stakeholders can leverage the proposed methodol-
ogy to identify areas for improvement, leading to informed decision-making about regulatory 
changes, procedural adjustments, and new policy development. Local authorities, through feed-
back on organizational performance, can tackle key inefficiencies through organizational 
changes. Although there are cultural and geographical differences between the countries that re-
flect in the processes, we expect the main steps of applying, 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 initial research. Quantitative re-
search is essential for the validation of identified parameters and the correlation matrix, expand-
ing the methodology's perspective. In conclusion, the PACE-PB methodology provides a valuable 
resource for stakeholders seeking to enhance and harmonize these processes across diverse 
contexts, fostering a more standardized and transparent global landscape for building permit pro-
cesses. 
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The issuance of building permits is a critical process for urban development, ensuring compli-
ance with legal standards and sustainability goals. This process presents a complex web of pro-
cesses, regulations, and methodologies in Europe. Despite its importance in shaping urban land-
scapes, 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 mem-
bers 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 solutions and practices in building per-
mits. Our study adopts a multifaceted methodological approach to conduct a comparative anal-
ysis of the building permitting processes. The primary objective is to unearth commonalities and 
variations across different regions, thereby providing a comprehensive understanding of the intri-
cacies 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 ex-
perts in the field of building permits, primarily employed in municipalities across Europe. These 
interviews are designed to extract detailed, qualitative data regarding the various processes, reg-
ulations, 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 collected was reliable and comparable across different municipalities. 
Once the data was collected, it entered the data preparation phase. Here, the focus was tran-
scribing the interviews and organizing the information to facilitate efficient analysis. The tran-
scription 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 scruti-
nized using a shared coding scheme. This coding scheme is designed to identify key themes, pat-
terns, and variations within the data. One of the unique aspects of our analysis is the use of the 
Business Process Model and Notation (BPMN) 2.0 standard, as seen in Figure 1. This standard 
ċũũŸƽƚШƨƚШƣŸШĦƖĲċƣĲШŊĲŰĲƖċũŔǍĲĬШůċƓƚШŉŸƖШĲċĦőШůƨŰŔĦŔƓċũŔƣǃќƚШƓƖŸĦĲƚƚЯШƻŔƚƨċũũǃШƖĲƓƖĲƚĲŰƣŔŰŊШƣőĲШ
building permitting processes and highlighting the similarities and differences across various re-
gions. 



 

Digital Building Permit conference 2024 
18т19 April 2024 т Barcelona COAC 

 
 

 

81 European Network for Digital Building Permits 
https://eu4dbp.net  

 
 

Fig. 9: 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 engage-
ment of multiple interviewers to avoid bias, a unified coding system to ensure consistency in data 
analysis, peer debriefing, and member checking. Furthermore, collaborative efforts within the re-
search team are emphasized to ensure a thorough and unbiased interpretation of the data. This 
methodology provides a robust framework for understanding the complexities of European build-
ing permit processes. By employing a systematic approach to data collection, preparation, anal-
ysis, and validation, the study aims to offer valuable insights into the current state of building per-
mitting 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 develop solutions that more ef-
fectively 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 tech-
nologically advanced approach to urban development processes.  

One of the most notable findings is the sheer diversity of regulatory frameworks governing build-
ing permits. Each country exhibits a unique regulatory landscape molded by its historical, cul-
tural, and socio-political background. This diversity reflects the ƨŰŔƕƨĲŰĲƚƚШŸŉШĲċĦőШĦŸƨŰƣƖǃќƚШċƓр
proach 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 complexities are a ubiquitous issue, often leading to sig-
nificant delays in the processing of permits.  

A key trend observed in several countries is the shift towards digitalizing the building permit pro-
cess. Adopting digital tools and platforms is potentially enhancing efficiency, expediting pro-
cesses, and fostering transparency. For instance, countries like Estonia and Denmark have made 
significant strides in digitalizing their building permit processes using comprehensive e-submis-
sion systems. Yet, the use of BIM in the permit processes is limited. However, the extent and ef-
fectiveness of digital adoption vary widely, with some countries still in the nascent stages of im-
plementing digital solutions. 

The study also highlighted several practices and innovations in certain countries, ranging from 
streamlined application procedures to integrated platforms that allow for multi-agency 



 

Digital Building Permit conference 2024 
18т19 April 2024 т Barcelona COAC 

 
 

 

82 European Network for Digital Building Permits 
https://eu4dbp.net  

 
 

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, sig-
nificantly reducing the complexity and duration of the permit process. These 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 poli-
cies adaptable to the specific contexts of different countries and conducive to adopting best 
practices. Policymakers are encouraged to consider both the unique 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 been 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 practices, the significance of stake-
holder engagement, and far-reaching policy implications. These findings contribute to a deeper 
understanding of the building permit processes in Europe and provide a foundation for future re-
forms and improvements in this critical aspect 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 recommen-
dations expressed in regulatory documents. In this process, designers generally abide by the 
rules and constraints described in the requirements (i.e., adopting a prescriptive approach to de-
sign); 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 it-
erative, complex, and evolutionary character. Design problems are generally multi-dimensional 
and highly interactive, in which the development of a solution integrates 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 problem-solution 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 for an 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) are generally 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 cre-
ativity are intrinsic to both processes [5]. However, regulatory compliance 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 in current regulatory frameworks through ambiguity [9, 10]. The above sug-
gests a disconnection between the building design process and existing digital regulatory com-
pliance approaches, which is associated with several limitations observed in practice and re-
search. 

This abstract builds upon the development of a PhD research that adopted Design Science Re-
search (DSR) as a methodological approach. During the research process, a series of 11 semi-
structured interviews was developed with designers and professionals involved 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 devel-
opment led to a rich information repository of qualitative 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 between the design process and digital-automated 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 ex-
pected regulatory requirements. This process confirms the important relationship between regu-
latory compliance and design decision-making expressed by existing literature. 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., it-
eration, interdependency, problem-solution co-evolution), as opposed to mainly feeding auto-
mated regulatory compliance checking systems.  

The exploration developed within the design development process highlighted that there is an on-
ŊŸŔŰŊШĦőċŰŊĲШŸŰШĬĲƚŔŊŰĲƖƚќШƓĲƖĦĲƓƣŔŸŰШƖĲŊċƖĬŔŰŊШƣőĲШċƓƓũŔĦċƣŔŸŰШŸŉШĬŔŊŔƣċũШƣŸŸũƚШыċŰĬШċƨƣŸůċƣŔŸŰьШ
to address regulatory compliance. As reported on [11], the mainstream view of automation as a 
substitute for human-based activities is limited and paradoxical due to the challenges arising 
ŉƖŸůШƖĲƕƨŔƖĲůĲŰƣƚќШƚƨĤŢĲĦƣŔƻŔƣǃШċŰĬШċůĤŔŊƨŔƣǃШŔŰШƣőŔƚШĦŸŰƣĲǂƣЮШ ŰШĲƻŸũƻŔŰŊШƨŰĬĲƖƚƣċŰĬŔŰŊШŸŉШĬŔŊŔƣċũШ
and automated approaches to suƓƓŸƖƣШĬĲƚŔŊŰĲƖƚќШĬĲĦŔƚŔŸŰ-making was observed during the em-
pirical stage of this research, with a major focus on addressing regulatory compliance as an input 
to decision-ůċťŔŰŊЯШƖċƣőĲƖШƣőċŰШŸŰũǃШċƚƚĲƚƚŔŰŊШĬĲƚŔŊŰќƚШĦŸůƓũŔċŰĦĲШċŉƣĲƖШĬĲĦŔƚŔŸŰ-making. This 
evolving perception is presented in Figure 1, with the traditional approach for automated regula-
tory compliance represented in (a), whereas the evolving understanding represented in (b). It is 
important to highlight that the process represented in (a) is prone to a considerable number of 
non-compliances, which are generally identified at late design stages leading to extensive rework. 
The process outlined in (b) helps incorporating regulatory compliance into design decision-mak-
ing, 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, occur-
ring in different stages of the design process (i.e., before and towards decision-making; and after 
decision-making), and supporting the development of better compliant design solutions. Further-
more, the approach represented in (b) suggests a shift in the way automated regulatory compli-
ance is perceived in practice and explored from a research perspective, allowing this process to 
be better aligned with design itself, and 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 sup-
port this process, which is largely associated with (i) Information Delivery Specifications (IDS) 
considering the validation of Industry Foundation Classes (IFC) files; as well as with (ii) commer-
ĦŔċũШċƨƣŸůċƣĲĬШĦőĲĦťŔŰŊШƚŸŉƣƽċƖĲШыĲЮŊЮЯШÉŸũŔĤƖŔьШċŰĬШĬċƣċĤċƚĲƚШƣŸШƚƨƓƓŸƖƣШƖĲƕƨŔƖĲůĲŰƣƚќШůċŰр
agement more broadly (e.g., Activity Database т ADB, which is a commercial software application 
that aims to support the development of healthcare-related projects in England). 

The format in which current regulatory documents are developed and published has been de-
scribed by the research participants as increasing the challenge of automated regulatory compli-
ance from the design perspective. There are practical issues reported by designers 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 compli-
ance process; (ii) relevance of regulatory information, 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 reg-
ulatory compliance. In this context, the use of paper-based (or digital PDF) documents increases 
ƣőĲШĦőċũũĲŰŊĲƚШċƚƚŸĦŔċƣĲĬШƽŔƣőШƖĲƕƨŔƖĲůĲŰƣƚќШƚƣŸƖċŊĲЯШƖĲƨƚĲЯШƚƣċŰĬċƖĬŔƚċƣŔŸŰЯШƣƖċĦĲċĤŔũŔƣǃШċŰĬШ
comprehensiveness, which consist of essential elements of a digitally-enabled ƖĲƕƨŔƖĲůĲŰƣƚќШ
management process [12]. 
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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 increased 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, ambig-
uous and ill-defined. 

 

Fig. 10: 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 im-
plementation and achieve the practical benefits that have been discussed by existing literature 
for several years. This study highlighted that automated regulatory compliance could assume a 
steering role in the design process, supporting decision-making and changing the paradigm upon 
which research on this subject has been mostly focused so far. By analysing regulatory compli-
ance 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 de-
sign process and cannot be simply disregarded from research on automated regulatory compli-
ance. Further exploration is needed on how such characteristics can be adequately addressed 
as part of automated regulatory compliance approaches, including their practical implementa-
tion with existing software and tools yet to be developed, as well as their dependency on human 
consideration in a context of data-driven decision making. 
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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 mod-
eling digital building permit regulations, considering the level of the 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 mod-
eling, addressing challenges of integrating 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 im-
plementing 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 plan-based 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                
municipalit ies 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 geo-related regulations can be assessed and meas-
ured accurately (e.g., building height, distance building-building). 

Despite prior attempts worldwide to digitize and automate building permit processes, including 
notable initiatives like the European network for Digital Building Permit (EUnet4DBP)1,                       
there remains a predominant focus on analyzing building data sets, often using Industry Founda-
tion Classes (IFC), without adequately integrating BIM and 3D city models for comprehensive ge-
ometrical modeling in digital building permit checking [3], [4].  

The Open GeoSpatial Consortium (OGC) offers standards like CityGML and CityJSON for integrat-
ing 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 geometric and semantic 
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information in building and city data models. Recently, CityGML has updated its LoD classifica-
tion in version 3.0 to cater to various applications. 

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 frame-
work. However, these concepts often lack standardization, resulting in diverse 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 17412-1). LoIN emphasizes tailoring information granularity to suit specific needs 
for information exchange based on contextual use. The evolution of the 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 Infor-
mation (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 ap-
proach for addressing the geometric information needed across different 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 converting it 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 generalization techniques.                    
The objective is to offer a comprehensive solution to interpret geometrical modeling                                    
requirements for effective digital building permit checking. 

 

ÑőŔƚШƖĲƚĲċƖĦőШŔƚШĦċƖƖŔĲĬШŸƨƣШċƚШƓċƖƣШŸŉШƣőĲШ9cEuШƓƖŸŢĲĦƣЮШÑőĲШћ9őċŰŊĲШƣŸŸũťŔƣШŉŸƖШ?7Âќ (CHEK)2,3 
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 municipal-
ities 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 the conversion from BIM to 3D geoinfor-
mation, aligning with regulatory interpretations and supporting scalable building permit regula-
tions for municipalities a shown in Figure 1. To ensure scalability and accessibility, we have cho-
sen to use international open standardsуspecifically, CityGML/CityJSON by the Open 
Geospatial Consortium and Industry Foundation Classes (IFC) by BuildingSmartуas our refer-
ence data formats [5]. 
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Fig. 11: 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.  

Methodology  

The methodology focuses on implementing BIM guidelines to be able to extract the required ge-
ometry from BIM models, facilitating the conversion from IFC to CityJSON/CityGML to align with 
DBP regulations. The guidelines are tailored to the selected project regulations, 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 com-
prehensively analyze these regulations across the four municipalities, offering suitable interpre-
tations. Then, data requirements are identified based on LoINs and modeled to deliver a struc-
tured 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 investigations4 conducted across the four municipal-
ities. 
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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 mu-
nicipalities as preliminary guidelines for the DBP process. The automation of these regulations 
involves identifying geometrical requirements for 3D building models, such as the building enve-
lope, floors, façade, and georeferencing information. The outcome comprises geometrical LoIN 
guidelines to guide designers and software developers in meeting these requirements during the 
design phase. In the following, we will address the issues to be considered in the geometrical 
LoIN guidelines as identified by the interpretation of the selected regulations in the four munici-
palities, which will be further elaborated in the proposed paper. 

 

 

1. Distance:  

   Analyzing building permit issuance at the BIM level involves primarily assessing BIM require-
ments. In contrast, the BIM2Geo conversion incorporates the new design into a 3D city model, 
enabling distance checks in relation to its environment for four regulations: (1) distance building-
building, (2) building-parcel boundaries distance, (3) building-road distance, and (4) balconies-
road distance. BIM2Geo conversion enables accurate distance measurements by meeting the 
geometrical data needs, such as openings, façade details, balcony overhangs, footprint/ground 
floor extraction, and BIM georeferencing (Figure 3). 
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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 georeferenc-
ing (to refer the building to the height model of the surrounding 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 mu-
nicipalities national regulations definition of building height. 

 

The maximum building height is defined differently depending on each municipality it can be ei-
ther 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 of Portuguese regulations.  

 
[ŔŊЮШΠаШŔũũƨƚƣƖċƣĲƚШ7ƨŔũĬŔŰŊШőĲŔŊőƣШċŰĬШůċǂŔůƨůШĤƨŔũĬŔŰŊШőĲŔŊőƣШĬĲŉŔŰŔƣŔŸŰƚШŉŸƖШxŔƚĤŸŰШċŰĬШ] f ќƚШƖĲŊƨũċƣŔŸŰƚШыШ

illustrations credits to University of Minho).  
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3. Minimum Area: Building Spaces  

Compliance with municipality regulations determining the minimum area requires extracting BIM 
spaces, encompassing area and volume determinations. 

 

4. 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 above-mentioned regulations, need to be fur-
ther 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 the accurate 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 environ-
ment. Additionally, we will clarify the version of IFC used and ensure the accurate 
storage of georeferencing and conversion data within the IFC file. The relevant infor-
mation 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 in-
formation 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 coordi-
nate reference system (CRS) map. This Flask-based 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 com-
patibility 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. 

  

 

 

https://ifcgref.bk.tudelft.nl/
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- Spaces extraction: The  feasibility of extracting rooms from BIM-IfcSpace 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. 

Voxelization appears to be the most reliable method for approximating spaces, de-
spite its inherent inaccuracies in room shape and dimensions (height, area, and vol-
ume). A challenge arises from the fact that data stored in the IFC file may not always 
be entirely 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 
geometry during export to IFC, posing challenges for resolution by modelers. 

Even if room geometry is accurately extracted, there remains a concern regarding in-
correct semantic classification. While IfcSpace can be categorized as "partial," "Ele-
ment," or "Complex," they are typically labeled as elements, making it difficult to dif-
ferentiate rooms from other building components. 

Given these challenges, conducting a voxelization comparison by comparing the foot-
print'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 discrep-
ancies are observed, it could alert users to potential issues with specific rooms, indi-
cating possible geometric inconsistencies. 

 

-   Building envelope extraction: The elements of the BIM to be considered are identi-
fied, exploring the use of specific IFC models within the BIM, and assessing spatial 
structure segmentations like storeys and bounding boxes for approximating the enve-
lope. The references surface and criteria 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 at https://github.com/jaspervdv/IFC BuildingEnvExtractor. 
This tool extracts multiple abstracted Levels of Detail (LoD) shells from IFC files, align-
ing with the LoD specifications outlined by Biljecki et al. (2016). The number of ex-
tractable shells depends on the input model's quality. The tool defines three extrac-
tion levels, each with similar methods. Low-level shells (LoD0.0 & 1.0) are generated 
by approximating the smallest bounding box around the input model, applicable to 
any valid IFC file. Mid-level shells (LoD0.2, 1.2, 1.3 & 2.2) isolate the roof structure of 
the input model, projecting or downward extruding it. Accurate output depends on a 
well-modelled roof. High-level shells (LoD3.2) are derived from the surfaces of ob-
jects constructing the outer envelope, requiring well-constructed objects in the origi-
nal BIM model for accurate extraction. 

 

-      Façade alignment:   The right geometrical tolerance for façade details and over-
hangs 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 ade-
quately support overhangs. However, for buildings with simpler shapes, LoD2.x may 
suffice. The choice between footprint-based or roof outline-based LoD2.x depends on 
the evaluation requirements. 

https://github.com/jaspervdv/IFC
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An intriguing option arises when considering larger tolerances. At LoD3.x, the shell 
extractor employs 1e-6 tolerances. Thus, a successful LoD3.x export likely accurately 
reflects the IFC shell geometry. However, at a city scale, this level of accuracy is often 
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. 

 

- 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, LoD0.2, 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 miti-
gated by analyzing a subset of related objects (specifically, the slabs). Nevertheless, 
incorrect slab associations may still pose challenges. 

 
Fig. 5: BIM2GEO Geometrical LoIN approach  

3. Case study  

 

The case study of this research involves four municipalities, each defining their regulations differ-
ently. For instance, for maximum building height, the Prague municipality defines regulated build-
ing height as the distance from the lowest point of adjacent terrain 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 foot-
print to assess the maximum building height of this specific case. 
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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 understandable 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 
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 munici-
palities can be categorized as follows (Figure 7): 

1. Regulations' definitions regarding maximum building height may overlap and vary de-
pending 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 be-
tween municipalities (e.g., 1.5m for Portuguese regulations). 

4. When existing roads are present near the building surroundings, the computation of build-
ing 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. 

 

 

 
Fig. 6: Methodology followed for regulations interpretation and formalization for information need definition as 
an input to software's developers.   
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Fig. 7: complexities of building height and maximum building height 4 municipalities.  

 

 

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 on the developed extraction ap-
proach, 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 con-
ducting meticulous measurements, such as computing distances between buildings or deter-
mining building heights from ground level to the roof. Without precise georeferencing, these com-
putations 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 as the distance from the lowest point of adjacent ter-
rain 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 val-
idating IFC geometry, 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 extraction-based highest point roof method, and finally compu-
ting building heights based on regulatory requirements and the footprint elevation introduced in 
the tool (Figure8). 
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Fig. 8: Building height computation results based on the IfcEnvelopeExtractor and geometrical modeling re-
quirements to be submitted to designers [6]. 

 

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 challenges such as navigating regu-
latory 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, and it's essential to consider differ-
ences 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 im-
plicitly contained in building models 

Simon Fischera, Daniel Pfeiffera, Harald Urbana, Christian Schranza 
a Research Unit Digital Building Process, TU Wien, Karlsplatz 13/235-03, 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 sys-
tems. The objective of a code compliance checking system is the automation of code checking 
with a high degree of automation. However, fully automated checking is not feasible for all re-
quirements. One hurdle is ambiguity in the building code, which requires human interpretation. 
This challenge was already recognised in literature [1т6]. 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 oc-
cur when the implicitly contained information allows different options to generate the new ele-
ments. This challenge was detected in the research project BRISE-Vienna for the escape route 
and fire compartment analysis. BRISE-Vienna [7] is a EU-funded research project conducted in 
Austria that developed a comprehensive digital permission process for the Vienna Building Au-
thority [8т10]. 

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 defini-
tion of general approaches to address the challenges identified. The most promising approach 
was then implemented and validated. 

The case of escape route analysis for the code compliance checking system of BRISE-Vienna is 
described in detail in Fischer et al. [11]. An escape route analysis concerns an escape route net-
work that consists of several individual routes. Each individual route itself must fulfil certain re-
quirements, 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 different escape routes. Building models provide information 
about the course (geometry of the building elements) and the combinability (number 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 es-
cape route from a particular starting location (see Fig. 1). Thus, different combinations for escape 
route networks exist and can be found by automatic generations. By this, 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 compartments 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 com-
binations leads again to uncertainty about ƣőĲШƓũċŰŰĲƖƚќШŔŰƣĲŰƣЮ 

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-Vienna different approaches to solve the problem were analysed 
according to their fit in the openBIM permission process of the Vienna Building Authority. 

 
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 openBIM 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 elements. This means a reversal of liability (from the planner to the building au-
thority). 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 com-
partments in the BIM model. By this, the advantage of the BIM model containing the relevant in-
formation implicitly is lost. The planning must be done beforehand by the planners and is decou-
pled from the permission. 

A third approach is to divide the process in two separate automatic steps: generation and valida-
tion (see Fig. 2). 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 to one desired 
network. The second automated step, the validation, checks the combined elements considering 
the requirements for the network. Planners use it before and building authority agents after sub-
mission. 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 Building Authority. 
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Fig. 2: Process of the Generation -Validation approach.  

In BRISE-Vienna 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 Office [12] which was used in BRISE-Vienna 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 val-
idated using a fictional escape route test model and real-world models (see Fig. 3). The fictional 
model included test cases for special requirements relevant for the escape route analysis. The 
real-world models were provided during a pilot phase and served to validate the algorithms under 
realistic circumstances. The escape route test model [13] and one of the real-world models [14] 
are publicly available. 

 

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 gen-
eration provides several possible paths for the start rooms (left), the escape 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 path finding algorithm, and checking the elements along the deter-
mined 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 al. [11], 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 au-
tomatically given several different variants of possible fire compartment configurations depend-
ing on the total area, longitudinal extent, and number of storeys. The planners can then select the 
preferred variant, whereby a variant consists of several fire compartments and a fire compart-
ment consists of several associated rooms. The validation by the Vienna Building Authority after-
wards can be conducted automatically 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 devel-
oped 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 build-
ing model. This also provides 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 provides a high level of 
ċƨƣŸůċƣŔŸŰШċŰĬШƚƣŔũũШĦŸůƓũŔĲƚШƽŔƣőШéŔĲŰŰċќƚШũĲŊċũШƚŔƣƨċƣŔŸŰЮШ ĬĬŔƣŔŸŰċũũǃЯШƓũċŰŰĲƖƚШƖĲƣċŔŰШĦŸŰƣƖŸũШ
over the final decision of the desired elements by manually defining them in the BIM model. Ex-
isting research has emphasised the importance of such human oversight in automated systems 
due to ambiguity and the need for domain knowledge [4т6]. The results encourage to avoid ex-
plicit modelling of virtual elements that can be generated from other 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 other regulations related to this approach. Moreover, implicitly con-
tained 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 escape 
route model. By this, the generated explicit elements can be used in other use cases and the sin-
gle source of truth is maintained, since they are derived from implicit information. 
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Background 

The evolution of Building Information Modeling (BIM) offers unprecedented capabilities for col-
laboration and data management in the construction sector. However, limitations remain in 
terms of capturing, representing and extracting the more implicit, higher order functional con-
cepts that are integral to building permit evaluation. Examples of this include zones that aggre-
gate spaces, such as the group of spaces representing a single apartment, or the complete rent-
able 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 im-
mense burden on the modeler. Off-the-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 geo-
metric 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 semantic enrich-
ment for pre-processing BIM models to contain richer constructs. [5] describes a translation of 
legal documents to semi-formal language combined with a preprocessing step to derive content  
from BIM models. The importance of modelling and exchange of spaces in a legal context is in-
vestigated 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 Deliv-
ery Specification (IDS) defining data exchange requirements for information about spaces in and 
around buildings based on the IFC Schema. ILS Space encompasses a comprehensive taxon-
omy 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 areas such as built, unbuilt, overbuilt, and underbuilt ar-
eas. 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 
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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 building 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 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 between spaces 
bounded by load-bearing and non-load-bearing partitions as load-bearing partitions can be re-
moved or adjusted by the tenants and are therefore included in areas such as Rentable Area. 

 

 

 

 

 

 

 

 

 

 

Fig. 1: Different type of spaces defined by the NEN 2580 (top) and the Dutch Enviroment Buildings Decree 
(bottom)  
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When aggregating adjacent spaces separated by a partitioning 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 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. 

a) b)  c)  

Fig. 2: The logic behind space aggregation: a) two spaces and a non-loadbearing 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 mini-
mizing 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 point-to-point communication 
mechanism between parties rather than a comprehensive conceptual representation of the en-
tire building. While information delivery specifications are getting more widespread, the expres-
siveness of these specifications is often limited 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 of-
ten possible anymore to impose constraints on the exchanges. In BIM, the individual products 
are modelled as individual solid volumes in their own coordinate system, which results in preci-
sion 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 for example 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 differ-
ent 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 subse-
quently decomposed into convex subsets. These convex portions are then expressed as the in-
tersection of a set of half-space solids, creating a hierarchical structure of [element] > [convex 
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part] > [half-space plane equation]. This hierarchical representation is encoded in an RDF graph 
and enriched with geometric predicates such as [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 half-space plane 
equations by which these connections are established. By iterating over the query results, the 
necessary rewriting steps for facilitating contact between spaces are determined. Note that ver-
tices and edges within the set of half-spaces 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 spaces are 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 load-bearing char-
acteristics or other attributes. The solution is made available as a microservice that rewrites IFC 
models to contain richer aggregates semantics on spaces and areas and also has a User Inter-
face for manual inspection. 

 
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 con-
structs. ILS Space provides a taxonomy of such spaces and zones for the Dutch regulatory land-
scape. An implementation has been built and described in this paper with 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.  
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Fig. 4: A screen-shot of the developed platform with a random color on individual spaces to highlight the 

demarcation between the spaces.  

 

 

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 development of a digital compliance workbench. It examines a series of 
experimental developments over the course of 15 years intended to allow domain experts from 
the regulatory sector and from the design sector to create and deploy automated compliance 
checking. It explores the criteria that such a system must meet.  

The RASE methodology was first developed in 2007 to support the US ICC in their SmartCodes 
initiative. This paper considers the subsequent design and development of a compliance work-
bench so as to explore the requirements for the deployment of compliance checking. Using East-
mans 4 steps (2009) : 

 ыΝьШљƖƨũĲШŔŰƣĲƖƓƖĲƣċƣŔŸŰШċŰĬШũŸŊŔĦċũШƚƣƖƨĦƣƨƖŔŰŊШŸŉШƖƨũĲƚШŉŸƖШƣőĲŔƖШċƓƓũŔĦċƣŔŸŰњбШƣőĲШĬĲƻĲũŸƓр
ment reduced the interpretation required. Multiple presentations supported the valida-
tion and re-use of the normative content.    

 ыΞьШљĤƨŔũĬŔŰŊШůŸĬĲũШƓƖĲƓċƖċƣŔŸŰЯШƽőĲƖĲШƣőĲШŰĲĦĲƚƚċƖǃШŔŰŉŸƖůċƣŔŸŰШƖĲƕƨŔƖĲĬШŉŸƖШĦőĲĦťŔŰŊШ
ŔƚШƓƖĲƓċƖĲĬњбШĬĲƻĲũŸƓůĲŰƣШċĬĬĲĬШċŰШШŔŰƣĲƖŉċĦĲШƣŸШċШůċƓƓŔŰŊШĬŔĦƣŔŸŰċƖǃЮШ 

 ыΟьШљƣőĲШƖƨũĲШĲǂĲĦƨƣŔŸŰШƓőċƚĲЯШƽőŔĦőШĦċƖƖŔĲƚШŸƨƣШƣőĲШĦőĲĦťŔŰŊњбШċШĦċƚĲ-based interface 
allowed federated regulations to be checked against federated models using a concise 
algorithm.  

 ыΠьШљƣőĲШƖĲƓŸƖƣŔŰŊШŸŉШƣőĲШƖĲƚƨũƣƚЮњбШůƨũƣŔƓũĲШƓƖĲƚĲŰƣċƣŔŸŰƚШŸŉШƖĲƚƨũƣƚШƽĲƖĲШĬĲƻĲũŸƓĲĬЯШĦĲƖр
tificates and 3D.   

The development of the compliance workbench has evolved to become a complete solution to 
the decision making element of a full DBP process.   
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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 largely based on the analysis of two-
ĬŔůĲŰƚŔŸŰċũШĬƖċƽŔŰŊƚШċŰĬШÂ?[ƚќШŸƖШƓċƓĲƖШ[1] Therefore, delays in issuing building permits are 
common and are considered one of their main issues, alongside the frequent complaints about 
lack of clarity and subjectivity in the entire process of evaluation [2]. The large regulatory frame-
works also imply a challenge, which has historically been combated at the European level 
through measures to reduce control and transfer responsibilities to private individuals [3]. 

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 digi-
talised, which is evident in several well-established cases of implementation [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 regulations [5]. Nevertheless, there is 
still much room for improvement, especially when it comes to interpreting the extensive regula-
tory framework and implementing them in machine-interpretable format [6]. 

Another crucial challenge lies in the scalability of applications, which are mostly based on closed 
solutions or have limited rule editing capabilities [7]. Hence, the scope for carrying out automatic 
checks is limited by the inability to easily code and edit regulations [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 
[8т12]. 

The development of a system capable of creating machine-interpretable regulations must pro-
mote an intermediate layer of abstraction between a building data model and building permit reg-
ulations. This can be done by implementing methods such as RASE [13], for the extraction of se-
mantic 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 car-
ried out from IFC files. In order to fulfil this objective, 2 major tasks had to be performed: (i) the 
implementation of an object model that implements the entities and concepts found in the regu-
lations used in building permit processes; (ii) the development of the prototype platform for per-
forming checks and the visual programming 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 regu-
lations used in permitting. The RASE methodology was used to semantically systematise the con-
cepts found in the texts of these clauses, which served as the basis for developing a conceptual 
model of permit entities and properties. Afterwards, by analysing the IFC data model and at-
tempting to map it to the conceptual model, it was possible to implement the permit object model 
using tools such as IfcOpenShell. The mapping was essential for establishing which resources 
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would need to be adopted to obtain information from the IFC file, which demonstrated a signifi-
cant 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 work integrated the Trimesh mesh 
processing library with IfcOpenShell's model query resources, in order to facilitate the infor-
mation 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 program-
ming 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 integration with the object model, da-
tabase management and the creation of APIs (b) React, a framework used to create user inter-
faces through a modular structure, which provides greater scalability and ease of integration with 
the libraries for viewing models and the 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 a high 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 dis-
tinguish the different types of blocks created, the coding of machine-interpretable regulations 
more accessible to people that are not specialised in programming languages. 

 
[ŔŊƨƖĲШΝЮШÂũċƣŉŸƖůќƚШƖƨũĲШĲĬŔƣŸƖЮ 

The work has confirmed that the compliance check process can be partially automated, consid-
ering 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 addition, 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 code various verification rules. Finally, the 
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implemented systems can serve as the fundamental components of a semi-automatic verifica-
tion 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 de-
sign review. Yet, in practice, despite the presented opportunities, design review processes con-
tinue to involve cumbersome paper trails and time-consuming manual work. The concept of Au-
tomated 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 since [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 achieved. Existing commercial tools for ACC often rely on 
hard-coded rules applied to BIM models, leading to challenges such as arbitrary object represen-
tations and the absence of a unified naming conventions. The need for precise and rich data rep-
resentation hinders the development of fully automated code checking tools. Semantic Enrich-
ment (SE) of BIM models [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 new facts 
about the models [4], [5], [6], [7], [8], [9], [10]. However, with the construction industry gradually 
transitioning to a more data-driven paradigm, recent research has shifted its focus towards ex-
ploring Machine Learning (ML) approaches for semantic enrichment [11], [12], [13], [14]. Moreo-
ver, researchers are exploring the application of Graph Neural Networks (GNNs) for semantic en-
richment [15], leveraging the unique capabilities of GNNs in capturing relationships and 
dependencies within graph-structured data. While there has been a suggested paradigm shift for 
ACC by framing it as a classification task for ML or GNN [16], it is crucial to emphasize that these 
models are still heavily reliant on data extraction, processing, and enrichment. Even with ad-
vanced ML techniques, these models cannot perform optimally on raw BIM data, underscoring 
the importance of pre-processing and 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 se-
mantic 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 rooms [17]. Security rooms (bomb 
shelters) are designated spaces within a building specifically designed and constructed to pro-
vide protection during emergency situations related to military actions. According to the regula-
tions, these rooms are required to be vertically stacked, forming a shaft that may also incorporate 
other functional spaces. Any modifications, such as the removal of walls or the addition of open-
ings within these spaces, can potentially detach the security room from its foundational struc-
ture. The regulations allow for some vertical discontinuity, subject to specific conditions. A cru-
cial determining factor necessitates additional measures is based on the percentage of walls in 
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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 reach the foundation, 2) the ratio of supporting walls falls be-
tween 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 cal-
culations 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 de-
velop and implement a two-layer GNN designed for node classification, specifically to categorize 
security components based on the ratio of supporting walls. The GNN is trained to classify nodes 
into three distinct classes, determined by vertical connection length proportions (>70%, 50-70%, 
<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 manually. Overall, the graph represen-
tation 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 data, graph structures and different GNN model architectures, 
and achieved a commendable accuracy rate ranging between 81-94%. Among the different GNN 
models we tested, the Graph Attention Network (GAT) model was the best data structure, reach-
ing the top accuracy 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. Pre-
vious studies of semantic enrichment demonstrated a variety of applicable computational meth-
ods, including rule-based systems, ML, and graph-based approaches. Graph analysis 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 elements into meaningful categories, exhibiting efficacy 
without the necessity for precise numerical 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 automation 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 under-
standing the nature of the different regulations and matching each with the most promising 
method for automation. In addition, GNN based process faces certain limitations, primarily the 
lack of real-world models for training purposes. Many designers and professionals are hesitant to 
share their models, leading to a scarcity of real-world 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 further advancing 
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 give rise to different interpretations, 
depending on their context and purpose, and therefore a difficulty in their application. The intro-
duction of Building Information Modelling (BIM), as well as authoring tools capable of creating 
and exporting 3D representations of buildings, is paving the way for compliance checking to be-
come 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 BIM-based 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 require-
ments for models, guaranteeing that regulations can be checked consistently. Within this frame-
work, several scenarios can be considered to address the problem. One is to consider the de-
scriptive part of the regulation separate from the execution part, that is, compliance checking 
procedures. Typically, those in charge of writing the regulations publish them in plain text docu-
ments in PDF format. Therefore, the next evolutionary step is to manage construction regulations 
in a machine-readable way underpinned by semantics, thus ensuring they can be interpreted pre-
cisely 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 languages [1]. 
Within 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 machine-read-
able documents using a domain-specific rule language. The formalisation process has been de-
vised during the development of the Automated Compliance Checks for Construction, Renova-
tion or Demolition Works (ACCORD)4, 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 compli-
ance checking process through a semantic framework that integrates processes, regulations, 
data, and digital construction permit tools. 

 
4 https://accordproject.eu/  

https://accordproject.eu/
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2. Methodology 

The methodology that underpins the rule formalisation process т depicted in Fig. 12 т 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 con-
tent 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), to-
gether with the corresponding title and the text itself. One way to provide structured content 
can be through a spreadsheet document. 

2. 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 Requirement, Application, Selection, Exception (RASE) [2]. The method 
consists of enriching the text with metadata, highlighting the formal logical relationships be-
tween individual terms.  The result is a hierarchical structure of nested boxes, with high-
lighted text forming the leaf elements of this structure. This allows other readers, including 
machines, to pick out the key phrases and how they logically relate. 

3. 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 cases, an ad-
ditional rules language can be used to define them. 

4. 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/calcu-
lated. 

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. 
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Fig. 12: Rule formalisation process. 

 

The implementation of the methodology has required the development of a semantic data model 
to represent the building codes and regulations and a building compliance rule language. An on-
tology in OWL provides a semantic representation of a data domain. Its purpose for the rule for-
malisation process is to cover both general concepts (e.g., time, processes, and file/document 
metadata) and domain-specific aspects related to the AEC industry (e.g., building topology and 
construction projects) for this domain. To create the ontology, the reuse of existing ones in the 
AEC field was considered, either adopting their terminology and vocabulary or aligning with them. 
A benchmarking criterion was used to evaluate and compare them according to a set of metrics 
(accessibility, online availability, and evaluation methods: FAIR, OOPS, OQuaRE). The result was 
the Architecture Engineering and Construction Compliance Checking and Permitting Ontology 
(AEC3PO5) [3]. The ontology acts as an interface connecting: (1) knowledge-providing, building 
codes, regulations, and standards, (2) compliance and permitting processes and documenta-
tion, and (3) compliance and permitting actors. AEC3PO has been validated through a survey with 
different experts and through the OOPS (OntOlogy Pitfall Scanner!) evaluation tool [4]. 

Connected to AEC3PO is the Building Compliance Rule Language (BCRL), which complements 
the instances by providing a description of the checks using a specific and dedicated grammar. 
Additionally, NLP techniques have been applied to automate part of the rule extraction to help 
regulatory experts in the rule formalisation process. 

3. Results 

A set of regulations has been selected from different countries (Finland, Estonia, Germany, the 
United Kingdom, and Spain). Each non-English regulation has been translated into English to have 
a common linguistic base to simplify the complexities in a first development version of the pro-
cess. From these regulations, a set of formalised regulatory documents has been generated in an 
open, machine-readable format, in YAML-DL [5] and RDF formats for each regulation. 

 
5 https://w3id.org/lbd/aec3po/     

https://w3id.org/lbd/aec3po/
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Figs. Fig. 13 and Fig. 14: Excerpt of the same text shown in  show an example of how the part of a 
regulatory text is tagged following the RASE method. Then, Fig. 15 shows how one of the clauses 
of this text is transformed into the ACCORD domain-specific rule language in YAML-DL format. 

4. Next steps 

Once the rule formalisation process has been satisfactorily applied to generate a set of machine-
readable documents, the next step is the development of a rule formalisation tool that will assist 
regulatory experts in the process of formalising regulations into the ACCORD domain-specific 
rule language. The tool is developed for professionals who are experts in regulations and building 
codes but unaware of the internal implications of their formalisation. It is also expected to be able 
to apply NLP techniques to provide an alternative to the current manual method with the aim of 
generating documents automatically. Nevertheless, the most significant step involves providing 
access to the microservices designed to perform the checks reusing the semantic rules, there-
fore demonstrating the validity of the proposed approach in ACCORD. Such microservices will be 
part of the ACCORD compliance checking orchestration platform to be developed. Finally, the 
focus group method will be applied through surveys and interviews, first to verify the conceptual-
isation approach of the tool and then to evaluate the user experience to provide better support 
and interaction. 

 

 

Fig. 13: Extract from the Finnish regulations on the operational safety of buildings. 
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Fig. 14: Excerpt of the same text shown in Fig. 13 tagged using the RASE method. 

 

Fig. 15: Excerpt of the generated part of the document using the ACCORD domain-specific rule 
language in YAML-DL format corresponding to the clause shown at the top. 

 

5. Conclusions  

We introduced a rule formalisation process to automate compliance checking of building codes 
and regulations against building models. The basic components of our solution include the 
AEC3PO ontology and a novel Domain Specific Language (DSL) for building compliance built 
upon AEC3PO. The next step will involve implementing the rule formalisation process in a graph-
ical tool. An issue to be resolved here is finding an appropriate method for transforming the con-
tent provided in images and tables into structured data. The use of Semantic Web and NLP tech-
nologies has proven to be useful for solutions in the field of building compliance checking. 
However, how to provide accurate and complete regulation data, the complexity of modelling 
compliance requirements, and the difficulty of interpreting natural language texts still require 
more research. 
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The automation of the Building Permit (BP) process is of utmost importance for the digital trans-
formation of the Architecture, Engineering and Construction (AEC) sector [1]. Indeed, several Dig-
ital Building Permit (DBP) solutions aiming to automate this process have emerged during the last 
years [2] as well as guidelines for developing such solutions which, in particular, recommend the 
use of standards to promote their interoperability and portability [1]. Extensibility [3] is another 
relevant quality attribute when building these solutions, to be able to expand them in order to 
verify additional BP requirements or to leverage functionality provided by other software compo-
nents, without the need of modifying the core of the solutions. 

This work describes how extensibility was achieved within a standards-based DBP platform de-
veloped for Montevideo (capital of Uruguay) [4], in the context of a program for the innovation in 
public services [5] of the national research and innovation agency of Uruguay (ANII) [6]. This de-
velopment was carried out by an interdisciplinary team with members with diverse DBP-related 
skills (e.g. AEC, BIM, software engineering) and coming from organizations of different sectors: 
Intendencia de Montevideo [7] (public administration), Facultad de Ingeniería [8] (academia), 
Pyxis [9] (software industry), Dica & Asociados [10] (AEC industry). 

The following paragraphs: i) analyze related work; ii) present a general description of the DBP ap-
proach [4] and, in particular, of the DBP platform; iii) describe how extensibility was achieved 
within this platform to be able to verify new BP requirements and leverage additional software 
components; iv) illustrate the operation of the extensible platform by describing how a BP require-
ment applying to Montevideo is verified; and v) describe how the proposal was assessed as well 
as how the results of this work may be leveraged. 

Several DBP solutions have emerged during the last years [1][2]. Pilot projects have been carried 
out for specific locations (e.g. Smart Build Environment in Sweden [11], and XPlanung / XBau in 
Germany [12]). There are also proposals for specific 3D modeling tools such as Revit (e.g. SMAR-
Treview APR [13], SoftTech BIMDCR [14]). In addition, some solutions enable the definition of 
checking rules using a proprietary language to verify BP requirements on building models speci-
fied in standard formats (e.g. Solibri Office [15]). Although these initiatives have provided contri-
butions to the DBP area, most existing solutions are usually partial, tailored-made or tool-spe-
cific, hindering the achievement of software quality attributes such as extensibility, 
interoperability and portability. 

In order to continue advancing in the DBP area and to promote the accomplishment of such qual-
ity attributes, in our previous work we proposed an open and standard-based approach for the 
DBP in Montevideo [4]. The proposal leverages Building Information Modeling (BIM) and follows 
current guidelines for DBP such as interdisciplinary work, open standards, and machine readable 



 

Digital Building Permit conference 2024 
18т19 April 2024 т Barcelona COAC 

 
 

 

127 European Network for Digital Building Permits 
https://eu4dbp.net  

 
 

requirements [16]. Particularly, it uses several standards such as Industry Foundation Classes 
(IFC) [17], BIM Collaboration Format (BCF) [18] and Decision Model and Notation (DMN) [19], aim-
ing to promote interoperability with other systems, portability of solutions (e.g. BP verification 
logic), and vendor neutrality (by enabling AEC applicants and municipalities to select standards-
compliant products that best fit their needs and constraints). The proposal was developed based 
on Design Science Research (DSR) [20], resulting in two main artifacts: a compliance manage-
ment life cycle and a DBP platform supporting such cycle. 

Fig. 16 shows the general idea of the approach [4]: i) AEC Applicants model a building project us-
ing some BIM tool and following guidelines (e.g. Uniclass 2015 as classification system); ii) appli-
cants export the project to an IFC File and upload it to the platform; iii) the platform validates its 
structure using an IFC Checker; iv) the platform verifies BP requirements, by leveraging data pro-
viders (to obtain data regarding models) and a repository of digitalized and executable BP require-
ments (based on DMN); v) the platform generates a BCF File to communicate compliance viola-
tions (if any) using a BCF Reporter; vi) applicants download the BCF File and visualize its content 
in some BIM tool. 

 
Fig. 16: Open and Standards-based DBP Approach (adapted from [4]) 

The platform supports extensibility of BP requirements and data providers by design, without the 
need of modifying its core code. To this end, specific elements (e.g. data providers, BP require-
ments) are explicitly considered at the conceptual and component design levels of the platform. 

Fig. 17 presents an excerpt of the conceptual model of the proposed platform. BP Requirements 
require data from the building / environment (i.e. control data) in order to be verified using a DMN 
Decision. A datum may require other data to be obtained. Data providers obtain these data using 
different mechanisms which characterize them as: Extractors (process IFC files to extract data), 
Calculators (calculate data with specialized libraries), or Consumers (obtain data from external 
systems). 

 
Fig. 17: Conceptual Model of the Platform (adapted from [4]) . 

Fig. 18 presents the general design of the platform including its main components. The core of 
the DBP platform is composed of a frontend (DBP Frontend) and a backend (DBP Backend). The 
main database (Main DB) stores information of: i) the BP requirements that are supported by the 
platform; ii) the data required to verify these requirements; iii) the providers that obtain these 
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data; and iv) identifiers of the DMN decisions that enable the verification of each BP requirement. 
The state database (State DB) stores building data that are obtained from data providers. The 
DMN Engine stores executable DMN decisions, that enable the verification of BP requirements. 
Data providers (i.e. Data Consumers, Data Calculators, Data Extractors) obtain building data as 
requested by DBP Backend. Given that obtaining these data may be a time-consuming task, the 
interaction between DBP Backend and data providers is based on asynchronous messaging. In 
particular, data providers asynchronously return obtained data through the completeCalcula-
tionChannel. 

 
Fig. 18: DBP Platform Development View . 

In order to extend the platform with a new BP requirement such as the Maximum Height require-
ment: i) its information (e.g. requirementID = MAXHEIGHT) has to be stored in the Main DB, in-
cluding the data needed to verify it (e.g. buildingHeight, parcelMaxHeight) and the identifier of the 
DMN Decision containing the associated verification logic; ii) this DMN decision has to be de-
ployed within the DMN Engine; and iii) if the needed data have not been yet required by other re-
quirement, a data provider has to be extended or included to obtain such data. 

In order to extend the platform with a new data provider: i) its information has to be stored in the 
Main DB, including its name, description, communication channel for data requests, type (e.g. 
Extractor) and the data it provides; and ii) the data provider has to be implemented (e.g. leveraging 
a software library to perform specialized geometric calculations). All data providers have to re-
ceive data requests in a dedicated channel, send data responses to a predefined channel, and 
adhere to a message structure. 

Fig. 19 illustrates the operation of the extensible platform by presenting the interactions that are 
performed when verifying the MAX-HEIGHT requirement. This requirement states that buildings 
height cannot exceed the permissible maximum height for their parcels. The interactions involve 
four main components: DBP-Core, IFC-APY (an IFC data extractor), DMN Engine and IDM-GIS (a 
data consumer which interacts with a Geographic Information System to obtain information re-
garding parcels). After a verification request, DBP-Core obtains which data are required (i.e. 
buildingHeight, parcelMaxHeight) to verify MAX-HEIGHT (1). DBP-Core obtains data dependen-
cies (2) (parcelNumber is required to obtain parcelMaxHeight). DBP-Core obtains Data Providers 
for the required data (3). DBP-Core interacts with IFC-APY to obtain the values of buildingHeight 
and parcelNumber (4). Using the parcelNumber value, DBP-Core interacts with IDM-GIS to obtain 
the parcelMaxHeight value (5). DBP-core interacts with the DMN Engine to verify the MAX-HEIGHT 
requirement based on the obtained data values (6). 
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The technical feasibility of the approach was validated through the development of a prototype 
[4], which supports the verification of fifteen BP requirements applying to Montevideo and is 
based on diverse open-source and standards-compliant solutions such as BIM Modeling Tools 
(e.g. BlenderBIM [21]), libraries (e.g. IfcOpenShell [22], SymPy [23], BIMTester [24]) and engines 
(e.g. jBPM [25]). Particularly, the extensibility of the platform was assessed during the iterations 
of the DSR process [26], as new BP requirements were included in each of them and data provid-
ers (three in total) were incorporated when required (e.g. to perform specialized calculations such 
as geometries intersection). 

 
Fig. 19: Verifying MAX-HEIGHT Requirement (adapted from [4]). 

These results may be leveraged by researchers and practitioners working on DBP solutions, as 
they provide a detailed design and a reference implementation to support extensibility within a 
standards-based DBP platform. Additional material regarding the DBP approach, platform, refer-
ence implementation prototype and demos is available in [27]. 
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Optimisation of the fire safety certificate process in 
the digital and model-based building permit proce-

dure 
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Fire safety is considered a key public safety issue worldwide, with different countries taking dif-
ferent approaches. Despite national differences, most countries in Europe and around the world 
agree on the basic objectives of their fire safety regulations. These objectives include the protec-
tion of human and animal life, the prevention of fire injuries and the protection of property and 
building contents. In particular, the focus is on measures to prevent the outbreak of fire, prevent 
the spread of fire and smoke, enable the rescue of people, and assist firefighting. National regu-
lations specify the necessary fire safety requirements for various aspects, which vary depending 
on the building, use and activities. In countries such as Germany, Austria, Switzerland, the United 
States or the United Kingdom, a fire safety certificate is required as part of the building permit 
process to demonstrate that the relevant fire safety requirements have been met in order to com-
ply with public law regulations and their protection objectives. 

In Germany, the fire safety certificate usually consists of a textual part and visualisations, which 
are generally produced digitally. Digital submission of the building application is already required 
by law in some German federal states. Some parts of Germany, such as Hesse, multiple printed 
documents are still required [1]. This time-consuming and costly media disruption is to be re-
placed in future by the digital building application or BIM-based building application. The "digital 
building application" mainly refers to the submission of the conventional building application in 
electronic form in order to comply with the requirements of the Federal Government's Online Ac-
cess Act. In the future, however, the aim should be to work with generated machine-readable in-
formation and digital building information models created using the BIM planning method, rather 
than with scanned versions of previous documents and plans. Due to the lack of standardisation 
of fire safety processes and information within the BIM approach, those involved in fire safety de-
sign are not yet able to fully exploit the potential and benefits of digital building information mod-
els [2], [3]. Individual fire design processes can already be implemented based on models [2], [3], 
[4], [5]. 

This research aims to highlight current developments and future prospects in the field of fire 
safety in the context of the digital and model-based building application process. The study anal-
yses the detailed process steps from the creation of a fire safety certificate to the handover to the 
architect or the submission of the building application. This analysis forms the starting point for 
identifying the specific information requirements at each stage of the digital and model-based 
process. As part of the work of the VDI and buildingSMART committees, the conventional fire 
safety process was analysed based on AHO Booklet 17 [6], which deals with fire safety services 
under building regulations. The Association of German Engineers (VDI) is an organisation that rep-
resents technical experts and engineers in Germany and develops standards and guidelines. The 
AHO (Committee of the Associations and Chambers of Engineers and Architects for the Fee 
Structure) is an association of engineering and architectural organisations whose main task is to 
represent and coordinate the fee and competition interests of engineers and architects. This was 
used as the basis for the model-based process, which, among other things, enabled the pro-
cesses to be compared and analysed. The committees are made up of fire engineers, fire 



 

Digital Building Permit conference 2024 
18т19 April 2024 т Barcelona COAC 

 
 

 

132 European Network for Digital Building Permits 
https://eu4dbp.net  

 
 

equipment manufacturers, insurers and academics. The individual process phases were ana-
lysed in detail in the context of information requirements, which enabled the identification of spe-
cific information requirements for each phase of the digital and model-based process [7], [8]. 

The study shows that the conventional process for the digital certification of fire safety by the fire 
safety planning section already achieves the requirements for the implementation of the digital 
building application. Obviously, fire certificates are generally digital and only need to be up-
loaded. However, the current practice of having to print out the certificates and send them by 
post is time consuming and costly. However, this also requires an adaptation of the legal basis in 
the federal states, which does not yet fully meet the requirements for the electronic submission 
of applications, notifications and construction documents. For model-based fire safety certifica-
tion in the BIM-based building permit process, the analysis shows that, on the one hand, the work 
process in the individual process steps of a fire safety engineer will change. On the other hand, a 
standardisation of fire safety-related information and processes is required for the transparent 
provision of fire safety-related information in the building information model. In the context of fire 
safety verification procedures in Germany, both national DIN (German Institute for Standardisa-
tion) standards and harmonised CEN standards must be considered in order to comply with legal 
requirements and standards. In addition to these standards, the specific legal requirements in 
Germany must also be considered. This is an indication of the complexity of fire safety and the 
need for standardisation. 

The research provides architects and engineers with practical findings and tools for the effective 
fulfilment of information requirements in the fire protection verification process. Building author-
ities benefit from the simplification of the approval process and the provision of all necessary 
information. Construction companies can plan and realise construction projects more efficiently 
by knowing all the information requirements. For society and users, the research ensures that 
buildings meet the highest fire safety standards, and that the construction process is transparent 
and efficient. 

The results of this research serve as a basis for the development and optimisation of information 
requirements in the digital and model-based building application process. This not only contrib-
utes to significant efficiency gains and cost savings, but also ensures that construction projects 
fulfil the highest standards in terms of fire safety and quality. It also serves as a basis for further 
research in an international context on the standardisation of fire safety-relevant information for 
the building permit process. 
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Introduction  

Nowadays, the digitalization of the Architecture, Engineering, Construction and Operation 
(AECO) industry is challenging many interdisciplinary stakeholders. People involved in this field 
are used to do their job using traditional approaches based on many years of experience. How-
ever, digitalization requires a change and adaptation to today's occupational requirements. A 
greater specialization in many areas within the construction sector necessitates a deeper analy-
sis to allow checking compliance of processes, with greater control and clarity of the workflow 
aimed at the success of projects. It is well known that AECO is one of the most fragmented sec-
tors, where it is quite difficult to achieve a detailed overview of a whole project. However, the in-
troduction of Building Information Modeling (BIM) has helped to manage issues related to the ex-
change of information between different stakeholders (e.g., clients, architects, engineers, 
construction companies) [1]. However, further steps need to be taken to achieve a clear interop-
erability of data within the construction process [2]. This is useful for creating greater cooperation 
between the various stakeholders involved in the project, in order to achieve better coordination. 

The adoption of these technologies and processes is still an open issue for public authorities. The 
authorities that issue building permits should specify the path to be followed. The review of mod-
els for a specific property regarding local legal conditions is an elementary component and, in a 
modified form, essential in many countries. In this way, the control carried out by the municipal-
ities from the 2D drawings to the BIM models could improve the quality of the inspections con-
cerning the requirements expressed in building regulations. The following Figure 1 is a list of the 
requirements it has been attempted to verify. 

 
Fig. 1: Requirements considered  






































































































































































































































































































