
ACCORD - Automated Compliance Checks for Construction, Renovation or Demolition Works  

 

 

 

 
Best Practices of Modern Digital Building  

Permitting Processes in Europe  

 

 

 

 

 

This project has received funding from the 
European Union's Horizon Europe research 
and innovation programme under grant 
agreement no. 101056973. 

UK Participants in Horizon Europe Project 
[ACCORD] are supported by UKRI grant 
numbers [10040207] (Cardiff University), 
[10038999] (Birmingham City University) and 
[10049977] (Building Smart International). 

 

Funded by the European Union. The views and opinions expressed are those of the author(s) 

only and do not necessarily reflect those of the European Union or the European Health and 

Digital Executive Agency (HaDEA). Neither the European Union nor the granting authority can 

be held responsible for them.  

 



 

D5.1 Best Practices of Modern Digital Building 

Permitting Processes in Europe 
Version 1.0 

 

GA No: 101056973                                                                                  2/107 

Project Title 
ACCORD - Automated Compliance Checks for Construction, 
Renovation or Demolition Works, grant agreement No: 101056973. 

Deliverable: 
D5.1 Best Practices of Modern Digital Building Permitting Processes in 
Europe 

Type: Report 

Dissemination level: Public 

Work package: WP5 

Lead Beneficiary: VTT Technical Research Centre of Finland 

Deliverable leader: VTT Technical Research Centre of Finland 

Contributing partners: 
SOL, CP, KeM, FUI, FHG, OGC, HAM, ONTO, TEGEL, BCU, AE, 
FUNITEC, IteC 

Due date: 30.5.2025 

Date: 26.8.2025 

Status ï version, 
date: 

Final version, 26.8.2025 

Authors: 

Petr Hradil, Markku Kiviniemi, Rita Lavikka (VTT) 

Sven Anton (KeM) 

Katja Breitenfelder, Rafael Horn (FhG) 

Gonçal Costa (FUNITEC) 

Franco Cheung (BCU) 

Thomas Beach (CU) 

Kai-Uwe Krause, Hülya Lasch, Cigdem Askar (HAM) 

Konstantin Schneider (TEGEL) 

Nataliya Keberle, Arkadiusz Chadzynski (ONTO) 

Reviewer 1: Thomas Beach 

Reviewer 2: Larissa C. De Rosso 

Approved by: Rita Lavikka (VTT) 

  



 

D5.1 Best Practices of Modern Digital Building 

Permitting Processes in Europe 
Version 1.0 

 

GA No: 101056973                                                                                  3/107 

DOCUMENT HISTORY 
 

Version  Date % Complete  Comments  
Main Authors 
(organisation)  

0.10 12/2023 5% 
Initial Deliverable Structure and Table of 
Contents. 

Petr Hradil 

0.20 05/2024 10% 
Revised Deliverable Structure and Table 
of Contents. 

Petr Hradil, Rita 
Lavikka (VTT) 

0.30 06/2024 15% General description of the Use Cases. Petr Hradil (VTT) 

0.40 08/2024 20% 
Section 1 of the report (demo projects, 
RASE, regulations and methodology). 

Tom Beach (CU) 

0.5-1 11/2024 25% Reporting on the Use Cases. 
Markku Kiviniemi, 
Rita Lavikka (VTT) 

0.5-2 11/2024 30% 
Proposed changes and commented on 
overall structure. 

Katja Breitenfelder 
(FhG) 

0.61 03/2025 40% 
Structural draft of German demo related 
chapters, added introduction to the 
German demo and Use Cases. 

Katja Breitenfelder 
(FhG) 

0.6-2 03/2025 50% 
Description of the POUM regulation, 
Spanish use cases, and demonstrations. 

Gonçal Costa 
(FUNITEC) 

0.6-3 03/2025 60% Added info on German demo projects. 
Konstantin 
Schneider (TEGEL) 

0.6-4 03/2025 70% 
Described rule formalisation approach 
related to German UC. 

Arkadiusz 
Chadzynski(ONTO) 

0.6-5 03/2025 80% 
Added info on regulations, introduction 
and BIM model work for German UC1 . 

Hülya Lasch (HAM) 

0.7 04/2025 90% 
Added descriptions and examples of 
CityGML-to-RDF workflows for and API 
implementation for German UC1.  

Nataliya Keberle 
(ONTO) 

0.8 05/2025 92% Updated German factsheet. 
Konstantin 
Schneider (TEGEL) 

0.9-1 06/2025 93% Final draft for QA. Petr Hradil (VTT) 

0.9-2 08/2025 100% 

Added German demo projects 
descriptions, regulatory frameworks and 
info on UC3. Corrected info on German 
UC1 and UC2. 

Katja Breitenfelder 
(FhG) 

1.0 
FINAL 

08/2025 100% Final internal review and submission. Rita Lavikka (VTT) 

 



 

D5.1 Best Practices of Modern Digital Building 

Permitting Processes in Europe 
Version 1.0 

 

GA No: 101056973                                                                                  4/107 

Statement of originality 

This deliverable contains original unpublished work except where clearly indicated otherwise. 

Acknowledgement of previously published material and of the work of others has been made through 

appropriate citation, quotation or both. 

The information in this document is provided "as is", and no guarantee or warranty is given that the 

information is fit for any particular purpose. The above referenced consortium members shall have 

no liability for damages of any kind including without limitation direct, special, indirect, or 

consequential damages that may result from the use of these materials subject to any liability which 

is mandatory due to applicable law.  

Executive summary 

This report is part of the EU project ACCORD (Automated Compliance Checks for Construction, 

Renovation or Demolition Works). The project aims to digitalize permitting and compliance 

processes using BIM and other data sources to improve productivity and quality in design and 

construction, support climate-neutral building designs, and advance a sustainable built environment 

in line with the EU Green Deal and the new European Bauhaus initiative. It develops a semantic 

framework and a cloud architecture for European digital building permitting processes, regulations, 

data, and tools, driving rule formalization and integration of existing compliance tools as 

microservices. The project supports work programme Key Strategic Objectives (KSOs) of the 

Horizon Europe Strategic Plan by developing interoperability, automating environmental regulation 

checks, involving stakeholders through co-creation, and creating information guidelines for 

structured data models. 

The cloud architecture developed in the ACCORD project was used to prepare specific service 

setups for several use cases in 5 countries and to demonstrate the automated compliance checking 

process in real environments using 12 current and future building regulations and 9 different digital 

models of existing buildings, their structures or urban areas subject to the scope of these regulations. 

This report demonstrates digital permitting and compliance checking processes implemented in 

construction projects in Finland, Estonia, Germany, the UK and Spain. The demonstrations carried 

out in Work Package (WP) 5 of the ACCORD project, which serve to validate the semantic model 

and the rule formalisation tool (developed in WP2) and the use of the developed solutions (Work 

Package 4) and assist in evaluating the new process (developed in WP3) against current permitting 

and compliance processes. WP5 also supports the development of the requirements for digitalising 

permitting and compliance processes (WP1) in describing the current country-specific permitting 

processes and identifying current challenges and opportunities for digital permitting. The basic 

structure of WP5 and its relation to the other Work Packages of the ACCORD project is illustrated in 

the following diagram (Figure 1). 
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Figure 1. Demonstration process (WP5) and its connection to different Work Packages of the 

ACCORD project 

The demonstration work is divided into three stages: (1) planning, (2) rule formalisation and model 

enrichment, and (3) demonstration. In the planning stage, the partners select the relevant regulations 

and secure access to digital models that were typically developed outside of the project. In the rule 

formalisation and model enrichment stage, the partners select and formalise relevant rules from the 

regulations and define the additional information requirements for the digital models. The 

formalisation process utilises the outcomes of WP2. The information is then obtained (e.g. by 

calculations or simulations) and inserted into the models, typically in collaboration with the original 

designers. In the demonstration stage, the compliance checks are executed and documented. The 

documentation serves as a basis for this report and for the training materials used in webinars 

organized by WP6. In the last part of this stage, the demonstrations are presented and discussed 

with the relevant stakeholders, and their feedback is summarised and evaluated. 
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Glossary 

ACC Automatic Compliance Checking (ACC) is the process where the subject from a 

construction project is automatically matched to the corresponding building 

requirement, provided that regulatory data and the construction information are 

represented in a compatible machine-readable format. 

AEC Architecture, Engineering, and Construction 

AEC3PO Architecture, Engineering, and Construction Compliance Checking and 

Permitting Ontology (AEC3PO) is an ontology developed in the ACCORD project 

to capture all aspects of building compliance and building permitting in AEC. 

API Application Programming Interface (API) is a set of rules and protocols that 

allows different software applications to communicate with each other and 

exchange data, features, and functionality. 

BCRL Building Compliance Rule Language (BCRL) is a domain-specific rule language 

to express checking rules. 

BIM Building Information Model (BIM) is a digital representation of the physical and 

functional characteristics of a facility. 

bSDD BuildingSMART Data Dictionary (bSDD) is a service by buildingSMART 

International that provides a collection of interconnected data dictionaries with 

definitions of terms to describe the built environment. 

CityGML An open standardised data model and exchange format to store digital 3D 

models of cities and landscapes based on GML. 

CityRDF A rendition of CityGML in OWL/RDF to store digital 3D models of cities and 

landscapes based on RDF. 

Clause The selected part of the Regulation or its English translation in its original form. 

The Clause is further analysed and converted into one or more Rules. 

Cloud Architecture The structure describing the ACCORD project software system that comprises 

existing and newly developed components, relations among them, and 

properties of both components and relations. 

Component The element (software service, database or API) of the ACCORD Cloud 

Architecture. 

Demo Country One of the countries (Finland, Estonia, Germany, UK or Spain) involved in WP5 

as demonstrator. 

Demo Project The construction, renovation or demolition project, which is used for compliance 

checking in the ACCORD project as demonstrator. 

DGNB ñDeutsche Gesellschaft für Nachhaltiges Bauen (DGNB)ò is the German 

Sustainable Building Council. 

Digital Model Digital model of the building, its structure or urban area represented in an open 

format such as IFC or CityGML. 

DPP Digital Product Passport according to the EU Ecodesign for Sustainable 

Products Regulation and Construction Products Regulation. 

EHR Ehitisregister (EHR) is an Estonian building register. 

Enrichment An activity to enhance a Digital Model by adding data, such as analysis results 

or compliance information. In this report, it focuses on the support processes 

such as structural integrity checks or other performance validations. 

EPD Environmental Product Declaration (EPD) is a form of environmental declaration 

that quantifies environmental information about the life cycle of a product. 

FEA Finite Element Analysis (FEA) is a numerical method for solving problems of 

engineering and mathematical physics. 

FME Feature Manipulation Engine (FME) is an enterprise automation environment 

that enables running data integration workflows on a schedule, in response to 

events, or in real-time. 
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GeoSPARQL GeoSPARQL defines filter functions for GIS queries using open standards such 

as GML and WKT. 

GIS Geographic Information System (GIS) is a computer system designed to 

capture, store, manipulate, analyse, manage, and present spatial or geographic 

data. 

GML Geography Markup Language (GML) is the XML grammar defined by the Open 

Geospatial Consortium to express geographical features. 

GraphDB Graphwise GraphDB is an enterprise-ready semantic graph database, compliant 

with W3C standards. 

GWP Global Warming Potential (GWP) is an index measuring the radiative forcing 

following an emission of a unit mass of a given substance, accumulated over a 

chosen time horizon, relative to that of the reference substance, carbon dioxide. 

IDS  Information Delivery Specification (IDS) is a standard developed by 

buildingSMART that allows project information requirements to be defined in a 

human-readable and computer-interpretable XML format, ensuring the delivery 

and validation of BIM data across various project stages and stakeholders. 

IFC Industry Foundation Classes (IFC) is a set of standardized, digital descriptions of 

the built asset industry. It is an open, global standard published under a Creative 

Commons license and recognized as ISO 16739. 

IfcOWL IfcOWL provides an Ontology Web Language (OWL) representation of the IFC 

schema. 

JSON JavaScript Object Notation (JSON) is a lightweight data interchange format that 

is easy for humans to read and write, and easy for machines to parse and 

generate. 

KSO Key Strategic Objective (KSO) of the Horizon Europe Strategic Plan. 

LCA Life Cycle Assessment (LCA) is a methodology for assessing environmental 

impacts associated with all the stages of the life cycle of a commercial product, 

process, or service. 

LOD Level of Detail (LOD) is a set of specifications that gives professionals in the 

AEC industry the power to document, articulate, and specify the content of BIM 

effectively and clearly. 

LOIN Level of Information Need (LOIN) is a framework that groups requirements 

related to geometry, information and documentation in BIM projects. 

MEP Mechanical, Electrical, and Plumbing (MEP) refers to the installation of services 

which provide a functional and comfortable space for the building occupants. 

OpenAPI Interoperable, machine-readable, and human-friendly format specification that 

relies on JSON schema to describe the HTTP API's underlying data 

OWL Web Ontology Language (OWL) is a family of knowledge representation 

languages for authoring ontologies. 

PoC Proof of Concept 

QNB ñQualitªtssiegel Nachhaltiges Gebªudeò is the German Sustainable 

Building Quality Seal. 

RASE Requirement, Application, Selection, Exception (RASE) is a method of adding 

logical concepts to regulations. 

RDF Resource Description Framework (RDF) is a method to describe and exchange 

graph data. 

Regulation Term summarizing legal or normative documents used to create machine 

readable and machine executable Rules for specific requirements. 

Rule An abstraction of the specific part of the regulatory text (clause) that can be 

expressed in the rule language as independent check. 
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Rule Formalization Summary of various activities on the building authority side that are related to 

formalising building codes and regulations, utilisation of a domain-specific rule 

language and managing building codes and rules. 

RVT Autodesk's proprietary file format used for Revit software, which is one of design 

tool on BIM. 

Service Setup ACCORD Service Setups illustratethe implementation of ACCORD Cloud 

Architecture in the context of demo-specific Use Cases. 

SHACL Shapes Constraint Language (SHACL) is a World Wide Web Consortium (W3C) 

standard language for describing RDF graphs. 

SKOS Simple Knowledge Organization System (SKOS) is a W3C recommendation 

designed for representation of thesauri, classification schemes, taxonomies, 

subject-heading systems, or any other type of structured controlled vocabulary. 

SPARQL SPARQL Protocol and RDF Query Language is a query language that enables 

users to query information from databases or any data source that can be 

mapped to RDF. 

TRL Technology Readiness Level (TRL) is a standardized metrics used to assess the 

maturity of a technology from initial concept to fully operational system. 

UC Use Case (UC) is the demonstration of compliance checking of one Regulation 

or its part against one or more Demo Projects. 

UTR Urban Tech Republic (UTR) in the former Tegel airport area, Berlin. 

W3C World Wide Web Consortium (W3C) is an international organization that 

develops web standards and guidelines for accessibility, internationalization, 

privacy, and security. 

YAML Yet Another Markup Language (or YAML Ain't Markup Language) is a human-

readable data serialization language. 

XBau Standardised data format used in municipal software solutions for building 

supervisory procedures. 

XML Extensible Markup Language (XML) is a markup language and file format for 

storing, transmitting, and reconstructing data in both human-readable and 

machine-readable format. 

XPlanung Open data exchange format built on GML for loss-free transfer of urban land-use 

plans, spatial planning documents, and landscape plans between different IT 

systems. 
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1. Introduction 

1.1 ACCORD project 

ACCORD (Automated Compliance Checks for Construction, Renovation or Demolition Works) is an 

international project funded by the European Commissionôs Horizon Europe programme and the UK 

Research and Innovation funding agency, UKRI. It aims to digitalise permitting and compliance 

processes using BIM and other data sources to improve the productivity and quality of design and 

construction processes, support the design of climate-neutral buildings and advance a sustainable 

built environment in line with the EU Green Deal and the new European Bauhaus initiative. These 

digitized processes are human-centred, transparent and cost-effective for the permit applicants and 

authorities. Another objective is to develop and integrate technical solutions for automating 

compliance checking of buildings in their design, construction and renovation/demolition lifecycle 

phases. All this will be based on open and neutral data exchange standards. 

The project develops a semantic framework for European digital building permitting processes, 

regulations, data and tools. This framework drives rule formalization and integration of existing 

compliance tools as microservices. Solutions and tools are developed, providing consistency, 

interoperability and reliability with national regulatory frameworks, processes and standards. The 

solutions are implemented and demonstrated across architectural projects in various EU regulatory 

contexts: the UK, Finland, Estonia, Germany and Spain.  

The project supports work programme KSOs, expected outcomes and impacts by developing an 

open API allowing local authorities to choose their digital services without a lock-in, automating the 

checking of environmental regulations (CO2 emissions, LCA and circular economy) by developing 

machine-readable rules, thus steering the digital and green transition, and involving relevant 

stakeholders through co-creation, and creating information guidelines for structured data models to 

increase the value of buildings and reduce their operating costs and providing the open ACCORD 

framework based on microservices allowing businesses to connect and develop solutions resulting 

in a scalable, durable and flexible permitting ecosystem. 

1.2 Objectives of this report and connections to project work 

This report demonstrates digital permitting and compliance checking processes implemented in 

architectural projects across Europe (Finland, Estonia, Germany, the UK and Spain). The 

demonstrations carried out in Work Package 5 of the ACCORD project, which serve to validate the 

semantic model and the rule formalisation tool (developed in WP2) and the use of the developed 

solutions (WoP4) and assist in evaluating the new process (developed in WP3) against current 

permitting and compliance processes. Work Package 5 also supports the development of the 

requirements for digitalising permitting and compliance processes (WP1) in describing the current 

country-specific permitting processes and identifying current challenges and opportunities for digital 

permitting.   
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2. Demonstration methodology 

All demonstrations described in this report are connected to the regulations converted to machine-

executable format. They include the description of the permitting and compliance process related to 

the regulation and definition of requirements for digital building models to be checked in the project 

development, design, and construction phases. The demonstrations are carried out with the 

solutions for automated compliance checking (ACC) developed in WP4. These solutions are 

configured and validated to specific requirements for demonstration projects and regulations as part 

of the overall BIM-based permitting process. Finally, the demonstration work summarizes the 

feedback from end-users and provides recommendations for developing permitting processes in 

Europe to support further development of the technical guidelines. Demonstrations are done with 

real project data in cooperation with stakeholders of selected construction projects.  

The generic semantic web-based ACC process includes the following steps: 

¶ Step A : A digital model of a building is developed using a BIM authoring tool and exported 

in the open format (e.g. IFC standard or GIS).  

¶ Step B  (optional) : Simulation or calculation processes are undertaken using specialist 

software. Their results will be fed back to the model in the next step until a working design is 

completed. 

¶ Step C : The model is enriched with the information required for the ACC based on the 

simulation/calculation process from the previous step or other sources.  

¶ Step D : A micro(service) is utilised to extract ACC-related information from the BIM model 

and other sources. Models are submitted then the ACCORD cloud architecture components 

map this (using the BCRL) to the microservice. Simulation or calculation processes may be 

part of the extraction to provide the required information.  

¶ Step E : Compliance is checked automatically for each relevant statement of the machine-

readable building regulations. 

To demonstrate this checking in different regulatory environments, software platforms and digital 

models, the extended workflow was prepared (see Figure 2) with three basic stages: 

¶ Planning stage : In this stage, the partners select the relevant regulations and secure access 

to digital models typically developed outside the project (Step A). 

¶ Rule formalisation and model enrichment stage : In this stage, the partners select and 

formalise relevant rules from the regulations and define the additional information 

requirements for the digital models. The formalisation process utilises the outcomes of WP2. 

The information is then obtained (e.g. by calculations or simulations ï Step B) and inserted 

into the models (Step C), typically in collaboration with the original designers. 

¶ Demonstration stage : In the last stage of the Work Package 5 workflow, the compliance 

checks are executed (Steps D and E) and documented. The documentation serves as a basis 

for this report and for the training materials used in webinars organized by Work Package 6. 

In the last part of this stage, the demonstrations are presented and discussed with the 

relevant stakeholders, and their feedback is summarised and evaluated. 
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Figure 2. Demonstration process flowchart.  
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2.1 Demonstration plans 

During the planning stage of WP5, the partners collected all the necessary information about the 

planned demonstrations in Finland, Estonia, Germany, the UK and Spain (see Figure 3). This 

specifically included information about the demonstration projects (described in more detail in 

Section 2.5) and regulations (described in more detail in Section 2.6), and also about the existing 

technologies and software components to be used in the demonstrations and those developed in 

WP4 of the ACCORD project. 

 

Figure 3. Demo countries. 

Based on the collected information, the demonstrations were divided into 13 Use Cases, each 

representing one specific regulation. The Use Cases were then classified according to their expected 

maturity level at the end of the project, as described in Table 1. 

Table 1. Maturity levels of ACCORD Use Cases 

Maturity 

level 

Description Example 

A 
The Use Case is implemented as a public 

or commercial service. 

The demonstrated Service Setup was 

implemented in the existing compliance 

checking platform available to permit applicants. 

B 

Use Case represents the complete service 

setup but is not implemented as a public or 

commercial service. 

The demonstrated Service Setup is complete, 

including visualisations and interpretation of 

rules, and can be offered to the checking 

authorities. 

C 

Use Case is tested as proof-of-concept and 

requires further development before it can 

be fully deployed. 

The Service Setup was demonstrated but 

without some functionalities needed for its full 

deployment, such as visualisations, translations, 

and implementation of BCRL. 

D 

Use Case does not represent the complete 

checking process because some parts of 

the Service Setup are not available and 

could not be developed within the project 

scope. 

All components developed in WP4 were 

demonstrated, but the demonstration represents 

only part of the Service Setup, e.g. because the 

relevant legislation was not yet implemented in 

the demonstration country. 
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The individual components of each ACCORD Service Setup were then classified according to their 

achieved Technology Readiness Level (TRL) in WP4 [1]. An overview of the Use Cases is presented 

in Table 2. 

Table 2. ACCORD Use Cases 

Use Case name, number  

and country code 

Permit type Maturity 

level 

Partners involved 

FI1 
Building project 

notification 
Building permit A VTT, SOL, CP 

FI2 Accessibility Building permit B VTT, SOL, CP 

FI3 CO2e calculation Building approval1 D VTT 

FI42 Operational safety Building permit B VTT, SOL, CP 

EE1 Fire safety Building permit C3 KeM, FUI 

EE2 Accessibility Building permit C KeM, FUI 

EE3 CO2e calculation n/a4 D KeM, VTT 

EE4 
School and kindergarten 

requirements 
Building permit C KeM, FUI 

GE1 Land use permitting Planning permit C 
FHG, ONTO, 

HAM, TEGEL 

GE2 
Environmental 

compliance 
Green building certification C FHG, TEGEL 

GE3 

Architectural Design 

Compliance of Timber 

Construction Systems 

Building Permit (technical validation)5 C FhG 

UK1 
Structural integrity of steel 

components 
Building permit (structural approval) B BCU, AE 

ES1 
Compliance with urban 

regulations 
Planning permit B FUNITEC, AMM 

 

Use Cases related to the carbon checking of IFC models (FI3 and EE3) were planned only to 

demonstrate specific parts of the service setup, as the relevant regulation existed only as a draft in 

Finland and was not available in Estonia. In several cases, machine-readable rules were developed 

but not fully implemented in the demonstration (EE1, EE2 and EE3) because the existing checking 

service already had the capability to interpret the rules using its own rule formalisation. 

 

 

1 CO2e checking (FI3) Use Case was originally planned for the building permit, but the corresponding regulation 

was still under development and changed during the implementation of WP5. 
2 Operational safety (FI4) Use Case was included during the implementation of WP5. 
3 Although some of the demonstrated rules are already available in the Estonian public service, they are not 

checked according to the ACCORD Service Setup (e.g. donôt rely on BCRL). 
4 The relevant regulation for the CO2e checking (EE3) Use Case was not available during the implementation 

of WP5. 
5 German Use Case GE1 demonstrates pre-checks for design compliance with the German Model Timber 

Construction Code (MHolzBauRL) as part of the technical validation process supporting building permit 

procedures. 
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2.2 Requirements and rule formalisation  

The regulations within the Use Cases of the ACCORD project (except the German Use Case GE1) 

were formalised using the ACCORD manual digitisation methodology. This methodology results in 

the processing of each regulatory text into a knowledge graph, a single one that represents both 

human-readable and machine-executable regulations. This process is described in more detail in 

Deliverable 2.2 of the ACCORD project [2]. This section describes the specific implementation of 

this process in the demonstrations conducted in WP5. Specifically, this process, as implemented in 

WP5 demos, is:  

1. Conversion to a machine-readable document. 

2. Identification of clauses and formalisation of logical relationships. 

3. Identification of rules and formalisation of logical relationships. 

4. Formalization of rules. 

5. Mapping of terms to execution context.  

 

Each step is described in more detail below, with demonstration-specific variations described in 
Table 3. 

Table 3. Rule Formalisation Process Variations. 

Demonstration Use of Rule Formalisation Process 

FI1 
The process was not applied as there is no regulatory text to formalise within this 
demonstration. 

FI2 Full process applied to this demonstration. 

FI3 
No text was available during the implementation, so text was drafted by the ACCORD 
project. Thus, step 1 was skipped. 

FI4 Full process applied to this demonstration. 

EE1 Full process applied to this demonstration. 

EE2 Full process applied to this demonstration. 

EE3 See FI3 

EE4 Full process applied to this demonstration. 

GE1 
Due to regulations available in standardized XPlanung format, an alternative approach 
was used, see Section 2.3.2. 

GE2 
No text was available during the implementation; text was drafted by the ACCORD 
project. Thus, step 1 was skipped. 

GE3 Process tested in demonstration; limited application due to the regulatory structure.6 

UK1 Full process applied to this demonstration. 

ES1 Full process applied to this demonstration. 

 

6 The revised German Model Timber Construction Guideline (MHolzBauRL 2024) was adopted by the 

Conference of Building Ministers on September 27, 2024, and became binding in Berlin on May 2, 2025, 

through its inclusion in the Technical Building Regulations. 
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2.2.1 Conversion to a machine-readable document 

To implement this step, each document will be manually transformed into a spreadsheet-based 

format that can then be automatically parsed to produce initial input for the digitisation methodology. 

This is demonstrated in Figure 4 with the input spreadsheet format and the structured output. 

 

 

Figure 4. Conversion to a Machine-Readable Document.  

2.2.2 Identification of clauses and formalization of logical relationships  

In this next stage, clauses that contain regulations will be identified using the RASE methodology. 

More details on the RASE methodology are given in Deliverable 2.3. This step enables each clause 

to be identified and its logical relationship formalized, by allocating it to one of the four RASE tags 

(Requirement, Application, Selection, Exception).  An example of this is shown in Figure 5. 

2.2.3 Identification of rules and formalization of logical relationships 

Once RASE tags have been allocated at a clause level, each clause must be broken down, and 

RASE tags inserted at the word level. Here, individual words are allocated a RASE tag depending 
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on their relationship with other words in the sentences around them. An example is shown in Figure 

5; more detailed are provided in Deliverable 2.2. 

 

Figure 5. RASE Example. 

2.2.4 Formalization of rules 

Once each word (or group of words) that forms a rule has been allocated a RASE tag, the rule they 

represent must then be formalized. This formalizes each logical decision. In most cases, this will be 

a simple logical operation; however, a simple expression language is used to deal with complex 

cases. Table 4 (taken from Deliverable 2.2) provides some simple examples of this, from the simplest 

to the most complex. 

Table 4. Rule Formalisation Examples. 

Example Expression  Description  

:IsExternal == true  Checks if a given object is outside of the building 

(or part of it is outside). 

:Width > 1.2 :M  Checks if the width is greater than 1.2 metres 

:type == :House  Checks if the type of an object is a house. 

:UsageCategory==:IV  Checks if the usage category of a object matches 

the classification code IV 

:Walls exists => (:IsExternal == true)  Checks if a given object has a wall that is external 

:AdjacentSpaces forAll => 

(:FireSafeDesign==true)  

Checks if all adjacent spaces have a fire safe 

design 

(:tan( ( :Slope *(pi/180) ) )*100) > 5%  Checks the following formula is > 5% where x is the 

slope of the given object. 

:Contains exists => (  

:type == :LiftingDevice && :IsPermanent 

== true && :SuitableForWheelchair == 

true && :SuitableforWalkingFrame == 

true)  

Checks if a given object contains another object 

that is a permanent lifting device that is suitable for 

wheelchairs and walking frames. 
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2.2.5 Mapping of terms to execution context 

The final step in the process is mapping each term in these expressions to its execution context. 

What this means practically, is how can the data for that term be retrieved from a model or 

calculation. This is performed using the buildingSMART data dictionary (bSDD); terms identified in 

the previous steps of the methodology are mapped to terms within the bSDD. The definitions stored 

within this data dictionary will inform how the data associated with those terms can be 

retrieved/calculated. 

This entire process is supported by the rule formalization tool documented in Deliverable 2.3 of the 

ACCORD project [3]. This tool has been designed to provide a user interface to support steps 1-4 of 

this process. More information is provided in Deliverable 2.3, and an image of the tool is shown in 

Figure 6. 

 

Figure 6. Rule Formalization Tool. 

2.2.6 Other requirements and rule formalization approaches 

In German Use Case GE1, some of the applicable regulatory clauses were already included in the 

machine-readable format of XPlanung and related regulations in documents referred to by it. This 

format allows for the inclusion of relevant regulatory text between XML tags and attaching it directly 

to the relevant parts of the land use plan where they are applicable. This makes rules based on those 

regulations tightly coupled with the land parcels to which they apply. In such cases, the rule 

formalisation process must take this into consideration and produce rules bound to the spatial 

context to which they apply, not generalising beyond that. The text attached to land parcel segments 

within XPlanung has not been formalised and tagged according to the RASE methodology. A 

separate rule extraction and formalisation process is needed. 
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In the first step, regulatory text was manually translated into clauses corresponding to the RASE 

tags, identifying what is permitted and not permitted by each rule, where a particular rule applies, 

and what it permits or does not permit by exception. This allowed to translate such rules into a set 

of statements corresponding to necessary conditions for a particular rule to be true, in the second 

step. Such sets of statements were implemented in the form of SPARQL SELECT query statements. 

Executing queries on models containing the XPlanung model in RDF and a building model in 

CityRDF [5] with topology relationships between elements of both models described using 

GeoSPARQL ontology allowed to assess whether conjunctions of such statements are satisfied by 

the underlying joint model. In cases where models satisfy conjunctions of statements corresponding 

to conditions required for the rule to pass, mentioned SPARQL queries return true. They return false 

when one or more statements corresponding to conditions required for the rule to pass are not 

satisfied by the model.  

2.3 Model enrichment process 

The model enrichment process in Work Package 5 was an iterative work, in many cases involving 

the designers or external consultants with the capabilities to implement the required changes to the 

original models. The level of formalisation of the requirements varied between the Use Cases. In the 

cases with lower maturity levels (e.g. FI3 and EE3), the process was more agile and informal. Several 

Use Cases relied on the specifications developed outside of the project (e.g. FI1), and some Use 

Cases defined their Level of Information Needs as the IDS (Information Delivery Specification) 

document (e.g. UK1).  The use of IDS is the recommended solution for the generic ACC process 

and, therefore, is explained in more detail in this section. 

To ensure the BIM model contains all the necessary information for ACC, information delivery 

specification (IDS) is used in some cases to validate the data embedded in the model. IDS is a 

machine-readable standard developed by buildingSMART, which defines information exchange 

requirements in a structured and interpretable format [4]. Each IDS file is written in XML and specifies 

how objects, attributes, classifications, units, and relationships must appear in a model, thus 

ensuring consistency across project stakeholders and software platforms. 

In the context of the UK demo case, which is focused on modular lightweight steel house 

construction, IDS plays a critical role in preparing BIM data for structural compliance checks. This is 

particularly important given that the proposed ACC workflow involves downstream processes such 

as Finite Element Analysis (FEA) and semantic rule checking. Therefore, the completeness, 

consistency, and validity of the IFC model prior to ACC are essential for ensuring accuracy and 

minimising the risk of data translation errors during simulation or compliance evaluation. 

As illustrated in Figure 7, the process begins with the ACC platform generating a project-specific IDS 

file that captures all the information required to perform structural checks. This IDS specification 

includes entity-level requirements for IFC elements such as beams and columns, and their properties 

like materials, load-bearing status, and predefined types. It may also include higher-level spatial 

structure components such as IfcProject, IfcBuilding, and IfcBuildingStorey, which must contain 

metadata such as units, name, placement, and classification. 

Once the IDS is shared, the designer downloads the file and models the project in BIM software such 

as Revit, Tekla, or BlenderBIM, following the required information structure. Before submission, the 

designer shall use an IDS validator (e.g. ifcTester) to run a local validation of the IFC model against 

the IDS. This step ensures that the delivered model complies with the expected structure, reducing 

iteration cycles and promoting higher quality at the handover point. 
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Following this, the designer uploads the BIM model to the ACC platform. The platform then 

automatically checks the IFC model against the IDS requirements. If the model passes validation, it 

proceeds to the next stage, where the IFC2CA tool is used to convert the model into a format 

compatible with Code Aster, the open-source FEA solver. If the model fails validation, it is returned 

to the designer for revision.  

In this workflow, IDS serves as an agreed specification for information exchange, supporting 

interoperability and reducing ambiguity around required content. Importantly, while IDS currently 

focuses on alphanumeric and classification data, it lays the foundation for automated quality 

assurance and downstream rule-checking, such as SHACL-based compliance with building 

regulations. The enriched BIM model resulting from this workflow forms the basis for semantic 

inference and further compliance automation steps in the UK demo case. 

In future implementations, the IDS validation could be fully integrated into the IFC2CA tool, enabling 

continuous and automatic compliance throughout the design and analysis process. This would 

remove the need for manual pre-validation and support a fully integrated digital compliance pipeline, 

improving traceability and reducing the cost of regulatory assurance. 

 

Figure 7. Utilising IDS to validate the IFC model. 
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2.4 Demonstration process 

2.4.1 Integration of the solutions 

Integration within an Automated Compliance Checking (ACC) system using a Semantic Web-based 

approach involves several key steps, as explained in Section 0, that ensures seamless data 

exchange and processing across different platforms.  

Middleware tools extract compliance-related data from the BIM model and convert this data into 

ontology instances. This data transformation process ensures the model is semantically enriched 

and ready for compliance checking. The middleware acts as a bridge between the BIM model and 

the compliance-checking platform, facilitating smooth data flow. Once the data is extracted, ontology 

instances are introduced to a compliance-checking platform using a Semantic Web tool. The 

ontology used should accommodate building regulations and compliance requirements, allowing 

cross-platform integration. Compliance is then automatically checked against relevant regulations 

by applying ontological rules. The entire process integrates various software and tools, ensuring that 

data can be transferred and processed between different systems, enhancing the flexibility and 

scalability of ACC applications across different construction disciplines. 

2.4.2 Compliance checking 

The compliance checking process in this Semantic Web-based approach involves ontology-based 

validation, automated rule application and reporting. Once the BIM model is semantically enriched, 

the ontology-based system automatically verifies compliance with predefined regulatory 

requirements. These requirements can be represented as numerical checks, category checks, or 

certifications, depending on the specific regulation being checked. The system typically applies rules 

using an ontology (such as OWL) and predefined constraints to assess whether the design satisfies 

the relevant regulatory statements. A validation report is automatically generated, highlighting any 

areas of non-compliance, allowing designers to adjust the models before final approval. 

2.4.3 User feedback 

During the mapping of the generic building permitting process, the partners identified several areas 

which may be significantly affected (positively or negatively) by the implementation of ACC 

technology. It was agreed to convert these areas into performance categories (see Table 5) that will 

serve the partners as a guide for collecting feedback from the end users. These categories replaced 

the originally planned performance criteria, which were not possible to consistently collect due to the 

large diversity of the Use Cases. The feedback was then collected by the project partners by different 

means, for instance, by organizing a dedicated workshop (e.g. UK1), interviews with external 

stakeholders (e.g. FI1, FI2, FI3 and ES1) or members of the partnersô organizations (e.g. EE1, EE2 

and EE4), or during public presentations (e.g. FI3 and EE3). 
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Table 5 Performance categories 

Performance categories relevant for the 

building authorities 
Examples 

1 Time and costs 
Time spent on review, costs related to maintaining the 

service, including investment 

2 Complexity of the manual work Number of manual checks 

3 Quality of the final buildings 
Interventions of the authority after the permit to require 

some corrections 

4 Scale of performed checks 

Checking rules that were not possible to check before, 

checking every instance of rules that were checked only 

randomly 

5 
Consistency between different checker 

tools 
More specific interpretation of ambiguous rules 

6 Demand for qualified personnel Need for training and qualification, education of people 

Performance categories relevant for the 

applicants, architects and designers 
Example 

7 Time and costs 
Time from submission to permit, cost for additional 

software tools, libraries, training, etc. 

8 
Complexity of the designerôs and 

applicantôs work 

Need for model enrichment to comply with the 

information delivery specifications 

9 
Transferability and repeatability of the 

design   

Possibility to use BIM libraries of qualified models, 

international classification systems and data dictionaries 

10 Transparency of the checking process 
Possibility to use pre-checking service, availability of the 

rules in open formats 

11 Intellectual property and data protection 

Need for filtering out specific data from the models used 

for the checking process taking into account different 

parties involved in the models review. 
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2.5 Demonstration Projects 

This section will summarize basic information about the construction, renovation or refurbishment 

projects used in the ACCORD demonstrations. The projects are not strictly linked to the Use Cases, 

as one project may be used in several Use Cases (e.g. EE1-4), or several projects may be used in 

the same Use Case (e.g. FI1, ES1). In Germany, the projects are related to one development area, 

the former airport Berlin Tegel. 

2.5.1 Courthouse in Pori 

Table 6. Finnish Demonstration Project 1: Courthouse in Pori. 

 

Construction work New building 

Work schedule 2023 ï 2025 

Floor area 5419 m2 

Estimated cost 23 Mú 

Building owner Senate Properties 

Architect Arkkitehtitoimisto Rosberg Ikävalko Oy 

BIM coordinator Gravicon Oy 

 

The client for this demonstration project (Table 6) is the Ministry of Justice, and the project is 

developed by Senate Properties, a state-owned organisation that manages premises for the Finnish 

government. The new courthouse is built on the same plot as the existing one, which will be 

demolished when the operations have moved to the new building in the summer of 2025 (Figure 8). 

The new building will cover approximately 5.400 gross square metres and will provide new premises 

for the Satakunta District Court, the sessions of the Vaasa Court of Appeal, the Enforcement 

Authority, the Prosecutor's Office and legal aid and guardianship. The total cost estimate of the 

project is 23 million ú, and it is procured with an alliance contract with contractorôs contribution in 

development.  
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Figure 8. View of the Pori courthouse site in July 2023. Behind an old courthouse that was 

demolished after the new one was built. 

The architectural design of the project was done by architect consultant Rosberg Ikävalko Oy, and 

they have experience with previous projects for the Ministry of Justice. They used Graphisoft 

Archicad software version 25 for modelling in this project. In the first compliance testing phase, the 

IFC schema version of the model was exported in IFC2x3 format, and in the final phase, the IFC4 

was exported, including the IFC quantity information for CO2e emissions calculation. 
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2.5.2 Courthouse in Vantaa 

Table 7. Finnish Demonstration Project 2: Courthouse in Vantaa. 

 

Construction work New building and renovation 

Work schedule 2024 ï 2026 

Floor area 10664 m2 

Estimated cost 44 Mú 

Building owner Senate Properties 

Architect AFRY Ark Studio and A-Konsultit Oy 

BIM coordinator Granlund Oy 

 

The second demonstration project (Table 7) in Finland is also a courthouse for the Ministry of Justice 

and Senate Properties are responsible for implementation. The courthouse will provide premises for 

the Itä-Uusimaa District Court, the Trusteeship Office and the Legal Aid Office, as well as for the 

Prosecutor's Office and the Enforcement Office. The project is in City of Vantaa, located next to the 

capital, Helsinki. The architectural design is divided into architectural consultancies, AFRY Ark 

Studio (AFRY Finland Oy) and A-Konsultit Oy, with AFRY acting as the principal designer required 

by legislation.  

The project contains a new building replacing the demolished part and renovation of the rest of the 

existing building complex. The renovated building shall meet the same compliance requirements as 

the new building. The renovated building was modelled in architectural design in the same way as 

the new building, and the design model for the whole building was used for BIM-based automated 

compliance checking. The new part of the Vantaa courthouse will house offices and a common 

customer service area. The courtrooms, of which there will be 20 in total, will be designed in the area 

to be renovated and will make use of the existing courtrooms. 
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2.5.3 School in Tallinn 

Table 8. Estonian Demonstration Project: School in Tallinn. 

 

Construction work New building 

Work schedule In construction; permit granted on 08.06.2023 

Floor area 3149 m2 

Estimated cost - 

Building owner Tallinn Property Department 

Architect Helina Maalt 

BIM coordinator - 

 

A new school building in Tallinn, owned by the Tallinn Property Department, was selected as the 

demo project (Table 8). The IFC model included both the existing (grey building) and the new annex 

(brown building). Only the newly designed annexôs model was enriched with all the required IFC 

properties. 
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2.5.4 Terminal building of the former airport Berlin-Tegel 

Table 9. German Demonstration Project 1: Terminal building of the former airport Berlin-Tegel 

 

Construction work Redevelopment 

Work schedule 2025 ï 2029 (date of construction: 1974) 

Floor area 29.547 m2 (German gross floor area, BGF) 

Estimated cost n/a 

Building owner Tegel Projekt GmbH 

Architect gmp Architekten (original design and redevelopment) 

BIM coordinator Formitas AG, Porr Design & Engineering (BIM4TXL) 

 

Terminal B of the former Berlin-Tegel ñOtto Lilienthalò airport, was completed in October 1974, 

designed by gmp Architekten. The buildingôs primary structure consists of reinforced concrete with 

core stiffening elements. Tegel airport was conceived as a central arrival point for motorized traffic. 

In addition to technical rooms, storage areas, medical stations, offices and police facilities, the 

building housed check-in counters, catering services and retail spaces. The layout was designed to 

minimize walking distances and optimize passenger flow, reflecting the ñDrive-In Airportò concept 

that shaped Tegelôs identity. In 2019, the building was designated a protected monument under 

Berlinsô heritage preservation law, recognizing its outstanding architectural concept, modularity and 

historical role in aviation. The preservation order adds complexity to its redevelopment, requiring 

preservation or reconstruction of original elements. Following the airportôs closure in November 

2020, the site is being transformed into the new Urban Tech Republic (UTR) (Table 9). The 

refurbished terminal will serve as a congress and innovation hub, hosting international conferences 

on urban development and sustainability. Berlin University of Applied Sciences (BHT) will relocate 

to Terminal A, fostering collaboration between academia, start-ups and industry. Public spaces such 

as the ñBalcony of the Republicò and the former main hall (now envisioned as a mall) will offer 

meeting points for residents, visitors and entrepreneurs. The surrounding Forum will create visual 

and spatial links to Berlinôs city center, reinforcing Tegelôs role as a landmark of urban transformation. 
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2.5.5 Energy Center of the Former Berlin-Tegel Airport 

Table 10. German Demonstration Project 2: Energy Center of the Former Berlin-Tegel Airport 

 

Construction work Refurbishment 

Work schedule 2025 ï 2028 (date of construction: 1973) 

Floor area 4182 m2 (gross floor area, BGF; after conversion) 

Estimated cost n/a 

Building owner Tegel Projekt GmbH 

Architect gmp Architekten (original design and refurbishment) 

BIM coordinator Formitas AG, Porr Design & Engineering (BIM4TXL); 

Planen-Bauen 4.0 GmbH 

 

Like Terminal B, the former Energy Center E1 (Table 10) is also a listed monument and forms part 

of the decommissioned Berlin-Tegel ñOtto Lilienthalò Airport. The building was officially opened in 

October 1973 and originally cost 18.7 million German marks, which corresponds to around 70 million 

euros in 2025. The tower-like core structure, featuring a full basement and a quarter-circle hall, 

functioned as a cooling tower and housed facilities for heating and cooling energy generation, power 

supply and emergency generators, storage areas, fantilation systems and a 20.000-liter oil tank for 

backup energy provision. 

Following the airportôs closure, a reuse concept was also developed for building E1 that respects its 

status as a protected monument while enabling partial functional transformation. 

The former energy centerôs showroom is set to become a central venue for demonstarting urban 

technologies within the UTR. Technical systems and mechanisms can be showcased directly on 

site. The special configuration of the showroom is flexible and allows for a wide range of potential 

uses. The final utilization concept will depend on the future operator. 
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2.5.6 Schumacher Quartier of the Former Berlin-Tegel Airport 

Table 11. German Demonstration Project 1: Schumacher Quartier of the Former Berlin-Tegel Airport  

 

Construction work Development of new urban district (Schumacher Quartier) 

Work schedule 2026 - 2035 

Floor area ~740.000 m2 (gross floor area, BGF) 

Estimated cost 3500 ï 4000 ú/m2 (residential area) 

Building owner Berlin's state-owned housing associations (ñLandeseigene 

Wohnungsbaugesellschaftenñ) 

Architect Not applicable (design responsibility distributed across blocks) 

BIM coordinator Not applicable (coordination handled separate for each block) 

 

The Schumacher Quartier (SQ) is being developed on the eastern section of the former Berlin-

Tegel airport site). Over 5.000 apartments for more than 10.000 residents are planned, alongsite 

commercial and public infrastructure. The district will include an educational campus with two 

schools, sports and youth facilities, and six daycare centres. Originally considered as a potential 

Olympic Village in 2014, the site has long been associated with sustainable and ecological urban 

design. SQ is now set to become Europeôs largest timber-built urban district: all buildings in the first 

phase must contain at least 50% timber, with higher shares in later phases.To ensure affordability 

and diversity, 50% of housing units are allocated to Berlinôs state-owned housing associations 

(degewo, GESOBAU, Gewobag), which use design-build contracts (ñGeneralübernehmer-

verfahrenò). The remaining plots are awarded via concept-based allocation under ñErbbaurechtò  to 

cooperatives and socially oriented investors. 

Tegel Projekt GmbH acts as building owner for one reference plot at the southeastern edge of SQ. 

Ahead of the 2024 design competition, its planning team defined technical and architectural 

requirements for this showcase building, which will serve as a model for future timber-based 

developments across the district.  
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2.5.7 Lightweight steel modular house 

Table 12. UK Demonstration Project 

    

Construction work New building 

Work schedule n/a 

Floor area 94 m2 (a typical 2 storey detached house) 

Estimated cost 184 kú (except foundation and site preparation) 

Building owner n/a 

Architect Hadley Group 

BIM coordinator Hadley Group 

 

The UK demonstration case focuses on the use of modular lightweight steel construction for typical 

suburban housing applications, including bungalows, terraced, semi-detached, and detached homes 

(Table 12). The case adopts a 2-storey steel-framed house configuration, designed using repeatable 

factory-built components to demonstrate the potential of automatic compliance checking (ACC) in 

offsite construction workflows. 

The construction system used in the case study is based on a modular assembly approach, in which 

panelised sub-elementsðspecifically, 2 floor panels and 4 wall panelsðare combined to form a fully 

braced structural pod. Each pod functions as a volumetric unit with integrated frame geometry and 

standardised connection details. These pods can be assembled in a repeatable manner to create 

complete house structures. 

For the purposes of the demo case, six pods are used to create a two-storey house (three pods per 

floor). The resulting configuration is suitable for 2- to 3-bedroom homes that comply with UK national 

space standards. The pods are stackable and self-supporting, and are designed to optimise 

transportation, on-site craning, and rapid assembly ð making them well-suited for digital workflows 

and automated compliance checking. 

The demonstration scenario involves the validation of an IFC model representing this house layout. 

Each pod and its constituent panels are modelled with key properties ð such as material 

specification, load-bearing designation, and predefined type ð structured according to a project-

specific Information Delivery Specification (IDS). This ensures that all required data is included prior 

to compliance checking using tools like IFC2CA and Code_Aster.  
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2.5.8 Cultural center in Malgrat De Mar 

Table 13. Spanish Demonstration Project 1: Cultural center in Malgrat De Mar. 

     

Construction work Renovation 

Work schedule 2022 ï 2023 

Floor area 910 m2 

Estimated cost 1.679.999 ú 

Building owner Malgrat de Mar City Hall 

Architect Eduard Fernández 

BIM coordinator FUNITEC 

 

This is a renovation project for the cultural centre located in Malgrat de Mar, which is owned by the 

town council (Table 13). The actions proposed in the renovation project consist of complying with 

fire regulations in relation to evacuations, and structural stability, and other fire safety measures. The 

removal of the old fibber cement roof and the formation of a new roof in the main room to avoid 

current leaks and dampness. The updating and legalization of the electrical, air conditioning and 

telecommunications installation. The lighting and scenography improvement of the scenic 

equipment. The renovation of floors, walls and armchairs in the main room. Renovate the ground 

floor of the building to condition a new hall, as well as the new spaces intended for local radio. 

Adaptation and relocation of the building's communication stairs. New health facilities are built to 

have a sufficient number and capacity. 
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2.5.9 Production plant AGC in Malgrat De Mar 

Table 14. Spanish Demonstration Project 2: Production plant AGC in Malgrat De Mar. 

 

Construction work New building 

Work schedule 2024 ï 2025 

Floor area 35.924,86 m² 

Estimated cost 6.854.447 ú 

Building owner AGC company 

Architect Adrià Tormos Virgili 

BIM coordinator AGC company 

 

This project is based on the construction of a new building as part of the fine chemical plant APCE2 

by the company AGC Pharma Chemicals Europe, SLU (Table 14). The project contemplates new 

facilities for the production process of the chemical plant for the manufacture of active 

pharmaceutical ingredients.  
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2.6 Regulations 

2.6.1 Finnish Building Act 

The new Building Act came into force at the start of 2025, with some transition periods for selected 

causes. At the start of 2026, it will be required to apply for a building permit by providing the main 

drawings required by legislation, in the format of BIM or in ñmachine-readableò format. The detailed 

definitions of the allowed data formats and contents are under development, and those will be 

published in 2025 as a Decree of the Ministry of the Environment on the content of construction 

design models and official inspections. These regulatory requirements have been prepared and 

tested in national development projects. General definitions of the national Rava3Pro project results 

with new developments of ACCORD rule formalization methods for the used national detailed 

regulation have been used for demonstrations in ACCORD. 

Another new requirement of the Building Act at the start of 2026 will be providing a ñclimate 

declarationò indicating that the given regulatory limit values for CO2e-emissions calculated with the 

given method have been undercut (see details in Section 2.6.4). This climate assessment must be 

provided to authorities at the handover phase of a project. The emission data in the assessment 

must be based on the national conservative emission database (co2data.fi) or based on installed 

products verified Environmental Product Declarations (EPD). The CO2e limit values are probably 

easier to reach with real EPD data, as the conservative public data will include 20% additional 

emissions over the typical emission value of the product category. The usage of actual product data 

will also provide better knowledge of the real levels of emissions in different building types.  

2.6.2 Finnish decree on the population information system 

The Finnish decree on the population information system sets requirements for the building and 

apartment data that must be provided to authorities in the building permit application. Municipal 

authorities collect this information, and it is forwarded to the national Digital and Population Data 

Services Agency to be stored in the national-level registries.  

In the ACCORD project, the regulation ñ2010/128 Finnish decree on the population information 

systemò (Valtioneuvoston asetus vªestºtietojªrjestelmªstª) was used, which defines what 

information shall be provided in a building permit application. These requirements are detailed as an 

XML schema stored in KuntaGM7) repository maintained by The Association of Finnish Cities and 

Municipalities. The repository contains several schemas for managing municipal data in ICT 

systems. The building and apartment data schemas have been implemented in the municipal and 

national information systems, enabling M2M data transfer. 

It needs to be noted that as part of the renewal of the Building Act, some changes to the building 

data management will also happen. A new Built environment information system8 is under 

development, and it significantly increases the amount of data collected in a national repository. It is 

a new nation-level information system bringing together in one place the land use and construction 

data from the information systems of municipalities and central government authorities, making this 

information easier to utilize in allowed use cases. Its first services have been implemented, and 

 

7 https://github.com/Kuntaliitto/kuntagml 
8 https://ryhti.syke.fi/en/ 

https://github.com/Kuntaliitto/kuntagml
https://ryhti.syke.fi/en/
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municipalities and regional councils will start providing data to the system gradually, no later than 

the beginning of 2029. 

2.6.3 Finnish decree on accessibility of buildings 

Accessibility regulation targets equal opportunities for all to participate in society activities, access 

services, work, live in their homes, and choose where to live and work. The Accessibility Regulation 

is part of the national implementation of the UN Convention on the Rights of Persons with Disabilities. 

This national accessibility regulation sets requirements, for example, passageway width and height, 

steepness and properties of ramps, free space and thresholds around doors and dimensions and 

properties of toilet spaces. 

The official decree is ò241/2017 Valtioneuvoston asetus rakennuksen esteettºmyydestªò, and there 

is a non-legally binding translation in English: Government Decree on Accessibility of Buildings that 

has been used in rule formalization in ACCORD project9.  

2.6.4 Finnish decree on the climate assessment of buildings 

The decree of the Finnish Ministry of the Environment on the climate assessment of buildings 

(Ympäristöministeriön asetus rakennuksen ilmastoselvityksestä) is part of the planned revision of 

the Finnish Building Act, and its purpose is to define the requirements for the declaration of carbon 

footprint and handprint of the new and renovated buildings and their sites. Since the revision process 

is still ongoing during the demonstration of the compliance checking in the ACCORD project, we are 

using a draft version of the document from 30.9.2022. The decree itself does not define the 

requirements for the building design but specifies the information needed to check compliance with 

the calculated carbon footprint against the limit values. The methodology for the calculation of the 

carbon footprint and handprint of the buildings (Figure 9) was released already in 201910, and the 

limit values were published in a separate Decree. 

 

Figure 9. Whole life carbon assessment of buildings in Finland. 

 

9 https://ym.fi/documents/1410903/35099218/Accessibility%20of%20Buildings.pdf/56f06cd3-4a27-6ee3-

e553-e35731ffa70b/Accessibility%20of%20Buildings.pdf 
10 

https://julkaisut.valtioneuvosto.fi/bitstream/handle/10024/161796/YM_2019_23_Method_for_the_whole_life_

carbon_assessment_of_buildings.pdf?sequence=1  

https://ym.fi/documents/1410903/35099218/Accessibility%20of%20Buildings.pdf/56f06cd3-4a27-6ee3-e553-e35731ffa70b/Accessibility%20of%20Buildings.pdf
https://ym.fi/documents/1410903/35099218/Accessibility%20of%20Buildings.pdf/56f06cd3-4a27-6ee3-e553-e35731ffa70b/Accessibility%20of%20Buildings.pdf
https://julkaisut.valtioneuvosto.fi/bitstream/handle/10024/161796/YM_2019_23_Method_for_the_whole_life_carbon_assessment_of_buildings.pdf?sequence=1
https://julkaisut.valtioneuvosto.fi/bitstream/handle/10024/161796/YM_2019_23_Method_for_the_whole_life_carbon_assessment_of_buildings.pdf?sequence=1
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2.6.5 Finnish decree on the operational safety of buildings 

In general, regulations set obligations to the principal designer, building designer and specialised 

designer to ensure that the building is designed to fulfil the essential technical, functional and 

operational safety requirements for its purpose. The operational safety requirements are set in 

ñDecree of the Ministry of the Environment on the operational safety of buildingsò11. Official Finnish 

version is: 1007/2017 Ympäristöministeriön asetus rakennuksen käyttöturvallisuudesta). 

The regulation sets requirements, for example, for structures like staircases, railings and landing 

ramps, or glass structures, surfaces, doors and gates or lighting, as well as for several types of 

spaces and areas depending on the purpose of those.  

2.6.6 Estonian fire safety requirements for the building 

The regulation12 sets out the fire safety requirements for buildings and the requirements for 

firefighting water supply to prevent fire and its risk. Requirements are related to the following topics: 

¶ Fire resistance, specific combustion load and fire sensitivity 

¶ Prevention of fire and its risk (e.g. load-bearing capacity of the building structure, fire barrier 

sections) 

¶ Fire safety of heating and ventilation systems 

¶ Fire safety installations 

¶ Ensuring evacuation (e.g. minimal length to the nearest evacuation point) 

¶ Ensuring the safety of rescue operations and rescue teams 

2.6.7 Estonian building requirements for the special needs of disabled people 

The regulation13 establishes requirements for a building, taking into account the special needs of 

people with disabilities, with the aim of ensuring the barrier-free use of the building by people with 

disabilities. The regulation applies to the following building or part thereof: 

¶ where a service directed to the public is provided; 

¶ a public road within a settlement and a private road accessible to the public; 

¶ a building or part thereof that, according to the plan or design conditions, must meet the 

requirements arising from the special needs of people with disabilities. 

 

All requirements are related to ensuring accessibility to the building, including requirements for 

parking lots, roads and railway crossings and pedestrian traffic lights. 

 

11 

https://ym.fi/documents/1410903/0/YMa%20k%C3%A4ytt%C3%B6turvallisuus%201007_2017%20EN.pdf/e

e85f7a4-0ef7-d489-a450-

70a2469a2361/YMa%20k%C3%A4ytt%C3%B6turvallisuus%201007_2017%20EN.pdf 
12 The full text of the regulaton in Estonian: https://www.riigiteataja.ee/akt/104042017014?leiaKehtiv  
13 The full text of the regulation in Estonian: https://www.riigiteataja.ee/akt/131052018055  

https://ym.fi/documents/1410903/0/YMa%20k%C3%A4ytt%C3%B6turvallisuus%201007_2017%20EN.pdf/ee85f7a4-0ef7-d489-a450-70a2469a2361/YMa%20k%C3%A4ytt%C3%B6turvallisuus%201007_2017%20EN.pdf
https://ym.fi/documents/1410903/0/YMa%20k%C3%A4ytt%C3%B6turvallisuus%201007_2017%20EN.pdf/ee85f7a4-0ef7-d489-a450-70a2469a2361/YMa%20k%C3%A4ytt%C3%B6turvallisuus%201007_2017%20EN.pdf
https://ym.fi/documents/1410903/0/YMa%20k%C3%A4ytt%C3%B6turvallisuus%201007_2017%20EN.pdf/ee85f7a4-0ef7-d489-a450-70a2469a2361/YMa%20k%C3%A4ytt%C3%B6turvallisuus%201007_2017%20EN.pdf
https://www.riigiteataja.ee/akt/104042017014?leiaKehtiv
https://www.riigiteataja.ee/akt/131052018055
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2.6.8 Estonian health protection regulation for schools 

The regulation14 establishes health protection requirements for schools, their land, buildings, 

premises, furnishings, indoor climate and maintenance. The regulation applies to basic schools and 

upper secondary schools and regulates mainly the following topics: 

¶ land, buildings, rooms and room interior 

¶ indoor climate and maintenance 

 

For the purpose of the demo, the requirements set for the building and its rooms were tested. 

2.6.9 Planned land use in Germany: Legal framework and digital encoding with XPlanung 

This section outlines the legal foundations relevant to the digital encoding of land-use plans in 

XPlanGML, as applied in German Use Case 1. 

The development plan ñBebauungsplan 12-50ba óUTR Campus Westôò, which includes Terminal B 

of the former Berlin-Tegel Airport, was officially adopted by the Berlin Senate Department for Urban 

Development and Housing (ñSenatsverwaltung f¿r Stadtentwicklung und Wohnen Berlinò) on 22 

November 202115. The plan, along with its official justification (ñBegr¿ndung zum Bebauungsplan 

12-50ba óUTR Campus Westôñ), was published in the Official Gazette of Berlin (ñAmtsblatt f¿r Berlinò) 

on 11 December 202116. Together, the plan and its justification form the regulatory basis for spatial 

planning decisions. 

The development plan itself is provided as a digital XPlanung model encoded in XPlanGML17. 

However, in practiceðparticularly in Berlinðcertain key planning parameters such as maximum 

building heights or plot coverage are not always included in the formal plan text. Instead, they are 

specified in the justification document (ñBegr¿ndungò), which must be consulted to ensure a 

complete and legally sound interpretation. While not encoded directly in XPlanGML, these 

supplementary details were considered during the rule formalization process to support accurate 

 

14 The text of the regulation in Estonian: https://www.riigiteataja.ee/akt/128082013010?leiaKehtiv 
15 Senate Department for Urban Development and Housing Berlin. Bebauaungsplan 12-50ba óUTR Campus 

Westô, 22 November 2021. Published in the Official Gazette of Berlin (ñAmtsblatt für Berlinò), Issue No. 86, 11 

December 2021, pp. 1301-1308. The plan consists of three sheets, available online: Sheet 1 -  Overview and 

primary zoning provisions: https://fbinter.stadt-berlin.de/ScansBPlan/12_rei/1200050ba_Bl1.pdf; Sheet 2 - 

Detailed zoning provisions for the western area, including Terminal B: https://fbinter.stadt-

berlin.de/ScansBPlan/12_rei/1200050ba_Bl2.pdf; Sheet 3 - Supplementary provisions (e.g. green spaces, 

traffic infrastructure): https://fbinter.stadt-berlin.de/ScansBPlan/12_rei/1200050ba_Bl3.pdf.  
16 Senatsverwaltung für Stadtentwicklung und Wohnen Berlin: Begründung zum Bebauungsplan 12-50ba 

ñUTR Campus Westñ, 22 November 2021. Published in Official Gazette of Berlin (ñAmtsblatt für Berlin), Issue 

No. 86, 11 December 2021, pp. 1301ï1308. Available online: 

https://fbinter.stadt-berlin.de/ScansBPlan/12_rei/1200050ba_12-50ba.pdf 
17 Accessible via an OpenAPI interface offering feature-level access in XML/GeoJSON format: 

https://xplan.ldproxy.develop.diplanung.de/xplanCoretable. The Berlin Senate Department for Urban 

Development is preparing the centralized provision of complete plan data through the DiPlanung Berlin portal, 

as part of the cityôs implementation of the XPlanung standard. 

https://www.riigiteataja.ee/akt/128082013010?leiaKehtiv
https://fbinter.stadt-berlin.de/ScansBPlan/12_rei/1200050ba_Bl1.pdf
https://fbinter.stadt-berlin.de/ScansBPlan/12_rei/1200050ba_Bl2.pdf
https://fbinter.stadt-berlin.de/ScansBPlan/12_rei/1200050ba_Bl2.pdf
https://fbinter.stadt-berlin.de/ScansBPlan/12_rei/1200050ba_Bl3.pdf
https://fbinter.stadt-berlin.de/ScansBPlan/12_rei/1200050ba_12-50ba.pdf
https://xplan.ldproxy.develop.diplanung.de/xplanCoretable
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digital representation18. Although these non-binding parameters may inform interpretation or support 

exemption procedures, they cannot serve as the sole basis for permitting decisions. Building 

authorities assess formal compliance based on the binding provisions of the development plan, and 

any deviation requires a separate legal justification, such as a formal exemption under Article 31 

BauGB. 

The legal framework for building permitting in Germany is governed by both federal planning law and 

state-level building regulation law. A detailed overview of the administrative structure, permit types, 

and procedural steps is provided in Deliverable D1.1 ACCORD Landscape Review Report, section 

6.3.2. 

Planning law (ñBauplanungsrechtò) is regulated at the federal level, primarily through the Federal 

Building Code (ñBaugesetzbuch ï BauGBò) and the Land Use Ordinance (ñVerordnung über die 

bauliche Nutzung der Grundstücke - BauNVOò). The BauGB empowers municipalities to manage 

urban development via preparatory land-use plans (ñFlächennutzungsplanò) and binding 

development plans (ñBebauungsplanò, abbreviated ñB-Planò). It also includes rules for land 

readjustment, urban renewal and development promotion. The BauNVO complements the BauGB 

by defining land use categories (e.g. residential, commercial, mixed-use) and technical zoning 

parameters (the ñdegree of land useò), such as floor space index, building height, number of full 

storeys and plot coverage. In German Use Case 1, the BauNVO is particularly relevant - especially 

Articles 8 and 10, which regulate commercial areas and special areas, as well as Articles 16-23, 

which define general building-related metrics19. These provisions are reflected in the B-Plan, which 

incorporates the relevant zoning categories and building parameters applicable to the area.  

The planning provisions defined in BauGB and BauNVO form the semantic foundation of the 

XPlanGML schema. These legal instruments provide the zoning categories, land-use definitions, 

and technical parameters that are digitally encoded in the development plan and represented in 

XPlanGML. 

Building regulation law (ñBauordnungsrechtò), on the other hand, is governed at the state level. While 

not directly represented in XPlanGML, it plays an important role in the permitting process. It 

addresses technical and safety aspects of construction and is state-specific, based on the Model 

Building Regulations (ñMusterbauordnung - MBOò), which serves as a non-binding template for 

Germanyôs 16 federal states. Each state adapts the MBO to its own needs20 - for example, the 

Building Code for Berlin (ñBauordnung f¿r Berlin - BauO Blnò) applies MBO principles to regulate 

individual construction projects, addressing fire safety, accessibility, environmental standards, and 

public safety. 

This conceptual distinction between area-based planning lawðcovering development plans that can 

be encoded in XPlanGMLðand object-based building regulation governing the design and execution 

 

18 The justification document (ñBegr¿ndungò) typically includes planning motivations, explanatory notes, and 

supplementary parameters such as conditional building heights, setback rules, or conditional allowances for 

exceeding specific zoning provisions defined in the development plan. These elements are not legally binding 

unless explicitly adopted in the formal plan text or drawing, and are therefore not encoded in XPlanGML. 
19 These metricsðsuch as floor space index, number of full storeys, and building heightðare typically defined 

in the legally binding plan text. However, in some cases, detailed definitions or calculation methods may only 

be found in the justification document (ñBegr¿ndungò), which complements the binding provisions. 
20 The MBO is published by the German Conference of Building Ministers (ARGEBAU) and regularly updated 

to reflect technical and legal developments. 
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of buildings was practically applied in the Berlin TXL redevelopment area, where Terminal B served 

as a reference project in German Use Case 1. 

2.6.10 Environmental building compliance via DGNB and QNG criteria in Germany 

In Germany, the buildingôs environmental performance is assessed using the DGNB Indicator 

ENV1.1 - Life Cycle Assessment, developed by the German Sustainable Building Council (ñDeutsche 

Gesellschaft für Nachhaltiges Bauen - DGNB e.V.ò). The indicator is a core component of DGNB 

certification, with calculation rules and benchmarks published in the official DGNB criteria document.  

The calculation follows the European standard EN 15978 - Sustainability of construction works - 

Assessment of environmental performance of buildings - Calculation method, which provides a 

methodological framework for building life cycle assessments (LCAs). It is supplemented by 

additional specifications for service life definition, end-of-life scenarios, model completeness and 

documentation. 

For the LCA, current datasets such as ÖKOBAU.DAT21 and Environmental Product Declarations 

(EPDs)22 according to EN 15804:2012+A2:2019 - Sustainability of construction works - 

Environmental product declarations - Core rules for the product category of construction products 

are used. In this specific case, the 2018 version of the DGNB ENV1.1 indicator was applied23.  

The ENV1.1 indicator is also a key component of the Sustainable Building Quality Seal 

(ñQualitªtssiegel Nachhaltiges Gebªude - QNBò) labelling criteria. QNG is a government-backed 

sustainability label issued by the Federal Ministry for Housing, Urban Development and Building 

(BMWSB)24. It defines minimum and enhanced sustainability criteria for buildings and is a 

prerequisite for eligibility under the Federal Funding for Efficient Buildings (òBundesfºrderung f¿r 

Effiziente Gebäude - BEGò) scheme. 

To qualify, a building must achieve at least a DGNB Silver certificate and meet the QNG criteria, 

which include ecological, socio-cultural and economic quality aspects. In addition to life cycle 

impacts, QNG also includes parameters related to the buildingôs future operational phase, such as 

energy demand, indoor air quality and user comfort. These are often assessed using planning 

models and scenario-based estimations. The goal is to ensure that buildings not only meet 

 

21 ÖKOBAU.DAT is the official German database for environmental lifecycle data of construction products and 

processes, maintained by the Federal Ministry for Housing, Urban Development and Building (BMWSB). It 

provides harmonized and quality-assured datasets for use in sustainability assessments and certification 

schemes. 
22 Environmental Product Declarations (EPDs) are standardized documents that quantify the environmental 

impacts of construction products over their lifecycle. They follow the EN 15804 framework and are verified by 

independent third parties. 
23 The updated 2023 version is not yet integrated into the DGNB API and therefore cannot be used for 

compliance verification at this stage. Relevant versions of the DGNB Indicator ENV1.1: 

ñDGNB System - Kriterienkatalog Gebäude Neubau - Version 2018ñ (German): dgnb-kriterium-env1-1-

gebaeude-neubau-version-2018.pdf; DGNB System - New buildings criteria set - Version 2020 International, 

available at: dgnb-criteria-env1.1-new-construction-version-2020.pdf; ñDGNB System - Kriterienkatalog 

Gebäude Neubau - Version 2018ñ, available at: dgnb-kriterium-env-1-1-gebaeude-neubau-version-2023.pdf 
24 Bundesministerium des Innern, für Bau und Heimat (BMI) (2019). Leitfaden Nachhaltiges Bauen. 

Available at: https://www.bmwsb.bund.de/SharedDocs/downloads/DE/veroeffentlichungen/bauen/leitfaden-

nachhaltiges-bauen.pdf?__blob=publicationFile&v=3 

https://www.dgnb.de/filestorages/Downloads_unprotected/dokumente/kriterien/dgnb-kriterium-env1-1-gebaeude-neubau-version-2018.pdf
https://www.dgnb.de/filestorages/Downloads_unprotected/dokumente/kriterien/dgnb-kriterium-env1-1-gebaeude-neubau-version-2018.pdf
https://www.dgnb.de/filestorages/Downloads_unprotected/dokumente/kriterien/dgnb-criteria-env1.1-new-construction-version-2020.pdf
https://www.dgnb.de/filestorages/Downloads_unprotected/dokumente/kriterien/dgnb-kriterium-env-1-1-gebaeude-neubau-version-2023.pdf
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sustainability benchmarks at the time of certification but also perform efficiently and healthily 

throughout their lifecycle. 

2.6.11 German Model Directive on fire protection requirements in wood construction 

(MHolzBauRL) 

The German Model Directive on fire protection requirements for structural elements and exterior wall 

coverings in wood construction (ñMuster-Holzbau-Richtlinieò - MHolzBauRL) defines fire safety and 

technical requirements for buildings constructed with timber or timber-based construction materials. 

It is issued by the German Conference of Building Ministers (ñBauministerkonferenzò 

- ARGEBAU) and serves as a model directive for state-level building codes. A revised edition was 

adopted at the federal level in September 202425. Legal applicability arises once the guideline is 

adopted into a stateôs regulatory framework, typically via the Administrative Regulation on Technical 

Building Rules (ñVerwaltungsvorschrift Technische Baubestimmungen - VV TBò). 

In Berlin, the revised 2024 edition of the MHolzBauRL was formally adopted on 2 May 2025 through 

its inclusion in the VV TB Berlin. This makes it binding for building permit procedures in the capital 

and ensures that local technical review procedures are harmonized with updated national and 

European standards. 

The 2024 revision introduced several key changes relevant to modular timber systems: 

¶ Extended applicability to building class 5 (ñGebªudeklasse - GK 5ò): Timber systems are 

now permitted in building class 5, which includes multi-storey residential and office 

buildings with higher fire safety and structural demands. This marks a significant expansion 

beyond previous limitations to GK 3 and GK 426. 

¶ Simplified verification procedures: Standardized timber systems - such as Cross-Laminated 

Timber (CLT), Laminated Veneer Lumber (LVL) and timber frame assemblies with certified 

fire-resistant cladding - can now be used with reduced documentation and testing, provided 

they follow predefined configurations outlined in the annex of the MHolzBauRL. 

¶ Typified ceiling assemblies (Annex 2): The 2024 revision introduced typified ceiling 

constructions with verified fire resistance, enabling system-based approvals and eliminating 

the need for individual fire testing. 

¶ Recognition of modular and prefabricated systems: The code explicitly includes modular 

components (e.g. volumetric units, wall panels) and defines technical criteria for joints, fire 

separation and transport tolerances. This supports industrialized construction workflows 

and system-based approvals. 

 

25 
https://fm.rlp.de/fileadmin/04/Themen/Baurecht_und_Bautechnik/Technische_Baubestimmungen/240924_M
HolzBauRL_fuer_VV_TB_RP.pdf. The European Commissionôs Technical Regulation Information System 
(TRIS) offers the download of MHolzBauRL draft versions in diverse European languages: https://technical-
regulation-information-system.ec.europa.eu/en/notification/26448 
26 Under German building regulations, structures are classified into five building classes (ñGebªudeklassenò ï 

GK 1 to GK 5) based on factors such as height, occupancy and fire safety requirements.  

https://fm.rlp.de/fileadmin/04/Themen/Baurecht_und_Bautechnik/Technische_Baubestimmungen/240924_MHolzBauRL_fuer_VV_TB_RP.pdf
https://fm.rlp.de/fileadmin/04/Themen/Baurecht_und_Bautechnik/Technische_Baubestimmungen/240924_MHolzBauRL_fuer_VV_TB_RP.pdf
https://technical-regulation-information-system.ec.europa.eu/en/notification/26448
https://technical-regulation-information-system.ec.europa.eu/en/notification/26448
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¶ Updated references to harmonized European standards: The revision replaces outdated 

national norms with EU standards, facilitating CE-marked components and cross-border 

certification. 

The 2024 revision also aligns with the federal ñGebªudetyp Eò initiative, published by the Federal 

Ministry for Housing, Urban Development and Building (BMWSB) in July 2024. This initiative 

promotes simplified, cost-efficient construction through standardized, repeatable timber solutions. 

The revised MHolzBauRL supports this approach by enabling modular timber systems with reduced 

verification requirements and system-based approvals. 

In Berlin, the revised MHolzBauRL enables modular timber buildings to reach greater heights and 

benefit from streamlined approval processes. Certified systemsðsuch as standardized ceiling 

assemblies with verified fire and structural performanceðcan now be used in GK 4 without requiring 

full custom fire testing. This reflects a shift from individual case-by-case verification to standardized 

system-based approvals. During the permit process, the lower building authority (ñUntere 

Bauaufsichtsbehºrdeò) verifies that certified systems are used in accordance with the predefined 

configurations and documentation outlined in the MHolzBauRL. 

Repeated use of modular systems is enabled through type approval (ñTypenzulassungò) under 

Article 19 of the Model Building Regulations (MBO). This process requires prior technical certification 

and is governed by the German Construction Products Act (ñBauproduktengesetz - BauPGò), which 

implements the EU Construction Products Regulation (305/2011). The German Institute for Building 

Technology (DIBt) acts as the national technical assessment body. 

2.6.12 Eurocode 3: Design of Steel Structures 

Eurocode 3 (EN 1993) is the European standard for the design of steel structures, developed under 

the mandate of the European Commission to ensure safety, durability, and serviceability across the 

construction sector. It is part of the broader Eurocode suite and works in conjunction with EN 1990 

(Basis of Structural Design) and EN 1991 (Actions on Structures). Part 1-1 of EN 1993 provides 

general rules for steel design and additional provisions specifically for buildings. 

In the context of the UK demonstration case within the ACCORD project, this regulation forms the 

technical basis for structural compliance checking of modular steel housing. The case study involves 

a two-storey house built from six steel-framed volumetric pods, each constructed using cold-formed 

lightweight steel panels. These elements are modelled in BIM and enriched with the required data 

for automated, rule-based checking. 

The compliance checking tool developed in the project applies three specific clauses from Section 6 

(Ultimate Limit States) of EN 1993-1-1: 

Clause 6.2.5: Resistance of cross-sections to bending moment ï ensuring structural elements can 

safely carry applied moments. 

Clause 6.2.6: Resistance to shear ï verifying that cross-sections have sufficient strength against 

transverse loading. 

Clause 6.3.1: Buckling resistance of members in compression ï evaluating the stability of 

compressed members to prevent global or local failure. 
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These rules are implemented through semantic logic and connected to IFC-based models enriched 

via project-specific Information Delivery Specifications (IDS). The tool validates whether the model 

includes all necessary structural properties (e.g., cross-section class, material grade, length, loading) 

to assess compliance with these Eurocode provisions. If the model satisfies the IDS and passes all 

checks, it can proceed to finite element analysis using Code_Aster. 

2.6.13 Municipal urban planning plan (POUM) of Malgrat de Mar 

The urban planning plan of Malgrat de Mar (Pla dôOrdenaci· Urban²stica Municipal, POUM, in 

Catalan) is the revised text of the Municipal Urban Planning Plan definitively approved by the 

Territorial Urban Planning Commission of Barcelona on 13-7-2005. Published on 21 October 2005 

in the DOGC number 4494, the revised text of the Municipal Urban Planning Plan is executive since 

22 October 2005. Municipal urban planning plans are the instrument for comprehensive urban 

planning of the territory and generally cover a single municipal area, although they can also cover 

more than one. 

It corresponds to the municipal urban planning plans, at least: 

¶ Classify the land with the aim of establishing its corresponding legal regime. 

¶ Define the urban implementation model and the determinants for urban development. 

¶ Define the general structure of the territory's urban planning and the guidelines for its 

development. 

¶ Determine the circumstances that may lead to its modification or revision. 

 

Current urban planning legislation precisely establishes the planning processing procedure and 

establishes mechanisms for the participation of citizens and institutions during the document 

preparation process. These mechanisms have the following objectives: 

¶ Enable participation, given that planning affects the regulation of private property and 

conditions the future development of the quality of life. 

¶ Contribute to giving democratic legitimacy to plans, as well as influencing their effectiveness, 

which should be favoured by knowledge of the standard. 

 

The formulation of a POUM, with the scope of a single municipality, corresponds to the city council 

in accordance with article 76.2; without prejudice to the specificities provided for multi-municipal 

POUMs. POUMs are a figure of urban planning that is regulated by Legislative Decree 1/2010, of 

August 3, which approves the Consolidated Text of the Urban Planning Law (article 57) (DOGC No. 

56867 of August 5), modified by Law 3/2012, of February 22, modifying this Legislative Decree 

(DOGC No. 6077 of February 29, 2012). 
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3. Demonstrations in Finland 

3.1 Objectives and overview 

The Finnish demonstrations in the ACCORD project provide an opportunity to showcase and further 

develop how Finland will implement BIM-based building permitting starting in 2026. The country has 

recently approved a new national legislation requiring building permits to be applied with the IFC 

format if the building design is done with BIM. IFC format has also been approved for long-term 

archiving by authorities.  

In Finland, a building permit is applied for in one phase with architectural design. The required 

information content for the permitting phase with architectural design is defined at a general level in 

the regulation. In the permit decision, the authorities set detailed requirements for other design 

disciplines of detailed design, and also for site control activities. All these requirements must be 

complied with before the authorityôs final review can be approved. 

The Finnish demonstration collected user feedback on using the Cloudpermit service for the BIM-

based building permit process. The ACCORD project is raising the ambition for BIM-based permitting 

in Finland. The new added value is created with the semi-automated formalisation of detailed 

regulations and conversion of those into a general non-legacy BCRL rule format developed in 

ACCORD. One of the goals of the Finnish demonstration is to test how the Solibri checking service 

can apply these general rules for actual compliance checking. Another goal is to test how the building 

permit applicant can use the Cloudpermit service to validate the IFC model and communicate the 

possible non-compliances indicated by the Solibri service. Cloudpermit is a building permitting 

service with applicant and authority user interfaces for the building permit process. Cloudpermit and 

Solibri services have been integrated via an API in the ACCORD project.  

In Finland, detailed construction regulations are given as government decrees forming the National 

Building Code of Finland27, which the Ministry of the Environment maintains. Based on the 

regulations, the following four use cases were selected for the Finnish demonstration.  

¶ Read the IFC to extract core building, project and dwelling data needed for the national 

building registry.  

¶ Automate the compliance checking of selected geometry-based accessibility requirements.   

¶ Develop and test a method for carbon footprint evaluation according to the forthcoming 

Finnish Decree on Climate Declaration.   

¶ Automate the compliance checking of selected geometry-based requirements of operational 

safety. 

Two courthouse construction projects in the cities of Pori and Vantaa (see 2.5.1 and 2.5.2) served 

as demonstration projects. The construction projects were implemented in 2023-2025. 

Demonstrations were organised in cooperation with Senate Properties, which owns the buildings 

and represents the client, the Ministry of Justice, in the construction projects.  

 

27 https://ym.fi/en/the-national-building-code-of-finland  

https://ym.fi/en/the-national-building-code-of-finland
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3.2 Implementation of Finnish demonstrations  

The indispensable preliminary work enabling demonstrations with real data has been done on 

ACCORD work packages WP2 and WP4. In the deliverables ñD2.3 Rules Toolsetò and ñD2.4 

ACCORD Semantics Documentationò, the procedures to convert written legal texts into a general 

machine-readable BCRL format have been described. The needed software implementations for 

Finnish demonstrations by Cloudpermit and Solibri have been described especially in ñD4.2 

ACCORD Building Compliance Checking Components, Microservices and APIsò. The following 

sections describe the details for checking the compliance of the selected use cases. 

Firstly, in the demonstrations, the targets and needed guidance were introduced, especially to 

architectural designers responsible for building permit applications and BIM content. In both projects, 

the demonstration was done after the actual building permitting, as the timing of the permit 

application had to follow the projectôs schedule requirements. The demonstrations needed additional 

information for the design models, as there was currently in the models. In enriching the BIMs for 

the demonstrations, the national Rava3Pro projectôs guidance was used. This guidance was finished 

in early 2024. In both projects, the architects updated the native BIM and exported a new version in 

IFC 4 format, as in the project, the IFC 2x3 was in use. 

For the Finnish use cases 1, 2, and 4, demonstration sessions were organized in cooperation with 

the demo projectsô stakeholders (see 2.5.1 and 2.5.2). In both projects, common remote meetings 

were organized (Pori 14.1.2025, Vantaa 31.1.2025) with ACCORD partners and construction project 

stakeholders: owner, local building authorities and architectural designers responsible for permit 

application and BIM data. In these meetings, the proposed BIM-based permitting process was 

demonstrated by representatives of Cloudpermit and Solibri interacting with other stakeholders. 

Researchers interviewed each stakeholder separately afterwards to collect feedback and further 

development propositions. Also, some selected video interviews were done for dissemination.  

The demonstration sessions went through the following steps: a) introduction of the new features of 

the Cloudpermitôs Lupapiste service and options for configuring the service for municipalities needs, 

b) uploading BIM model, c) validation of the model and discussion of found issues, d) running 

compliance checks and discussion of the issues, e) introduction of features for BIM visualisation in 

the serviceôs user interface (UI), and f) introduction of testing version of UI for communication 

between applicant and authorities for found issues within the service. 
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3.3 FI1: Building data for the national building registry 

Table 15. Finnish Use Case 1. 

Demo Projects Courthouse in Pori, Courthouse in Vantaa 

Regulations Finnish Building Act, Finnish decree on the population information 

system 

Components, 

microservices and APIs 

Lupapiste.fi (Cloudpermit), Solibri Cloud Checking 

 

This use case tests a BIM-based method for collecting the building and project information required 

in the regulation ñ2010/128 Government Decree on the Population Information Systemò28 (Table 15). 

In the permitting process, this information is collected and stored in the building registry maintained 

by the Digital and Population Data Services Agency (The Finnish Digital Agency) with the help of the 

cadastral register of the National Land Survey of Finland. This information is master data for various 

authorities and statistics over the lifecycle of the building. The information is used, e.g. in real estate 

taxation.  

The collected information contains real estate information like unit identifiers, owner details, and 

building and construction project information. Building information includes main technical 

characteristics like the purpose of use (building type), gross floor area, number of storeys, primary 

construction materials and systems, and heating method. The required information on dwellings 

creates identifiers for apartments and provides their main information. For spatial information, 

buildings' addresses, building codes and centre point coordinates form the basis of the nationwide 

address information system.  

In the past, the applicant provided the requested information manually by entering the information 

into web forms using Cloudpermitôs web-based permitting service. The new approach will include 

this information in the design model, export the information into the IFC file, and retrieve the required 

information during the BIM-based permitting process. 

ACCORD Service Setup 

Cloudpermitôs Lupapiste.fi service was used as a permitting platform with UIs for applicants and 

authorities in the demonstration. During the ACCORD project, Cloudpermit has developed 

functionalities into the platform to configure the service to municipalitiesô needs, upload and store 

BIMs, visualize those in a 3D view, call compliance checking services, and communicate with clients 

about non-compliances. Before ACCORD developments, the service had functionalities for 

managing document-based permitting. Solibri developed the Solibri Cloud Service with its native API 

to check compliance. Rule formalization methods were not used in the use case (see details below).  

Model enrichment 

The data definitions for the required building registry data in Finland exist as an XML schema. That 

has been converted into a definition of the national IFC propertyset covering all required properties 

 

28 https://dvv.fi/en/real-estate-building-and-spatial-information  

https://dvv.fi/en/real-estate-building-and-spatial-information
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and allowed values. This definition work had been started before the ACCORD project in the national 

Rava2 -project  and the definitions were adjusted and detailed during ACCORD. 

In both demonstration projects, the architects updated the design models to comply with the data 

requirements for the building registry. Feedback on this model enrichment is presented in the section 

3.6. 

Rule formalisation 

ACCORD rule formalisation methods were not used as there were national machine-interpretable 

definitions for the required data, and Solibri had created native checking rules for those.  

Rule checking 

The compliance of building registry data in the IFC file was checked with Solibri rules. Cloudpermitôs 

service provided the IFC file and the Solibri ruleset for checking through the Solibri API, and 

responses were returned to be shown in Cloudpermitôs UI and as a BCF file.  

The rule checking includes that correctly named (national) propertysets and properties exist, and 

actual values exist in the correct value type and within allowed values where required. Results are 

shown in Cloupermitôs UI as approved or unapproved. If all building registry data is approved, the 

user stores it for the building permit application. 
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3.4 FI2 and FI4: Accessibility and operational safety 

The Finnish use cases 2 (Accessibility) and 4 (Operational safety) followed identical demonstration 

procedures, so they are presented here together.  

Table 16. Finnish Use Case 2 and 4. 

Demo Projects Courthouse in Pori, Courthouse in Vantaa 

Regulations 241/2017 Government Decree on Accessibility of Building 

1007/2017 Finnish decree on the operational safety of buildings 

Components Lupapiste.fi (Cloudpermit), Solibri Cloud Checking, Rule 

formalization tool 

 

In these use cases, the selected clauses of existing detailed regulations were converted to BCRL 

rules using the ACCORD rule formalization method (Table 16). Solibri created a generic 

implementation to run these BCRL-rulesets within Solibri's cloud-based checking service. The 

interpretation of terms and concepts in BCRL rulesets was done manually by mapping them to 

Solibriôs corresponding concepts.  

In the future, there is an option to define the BCRL terms as buildingSMART Data Dictionary items 

that can be more efficiently used in converting BCRL to some native software rule language. 

However, this definition of identified national regulationsô terms and concepts shall be done in a 

harmonized way to avoid duplicating terms that mean the same term.  

ACCORD Service Setup 

The rule formalization methods developed in ACCORD were used to convert the Finnish detailed 

regulation into BCRL format. Cloudpermitôs Lupapiste.fi service was used as a permitting platform 

with UIs for applicants and authorities. The platform has functionalities for a) configure the service 

to municipalityôs needs (selecting rules to be checked), b) upload and store design model files (IFC), 

c) validate the file format and IFC data compliance with requirements, d) visualize BIM in 3D view, 

e) call external Solibriôs rule checking compliance service, and d) communicate with a client of non-

compliances. Figure 10 and Figure 11 are examples of the user interface of Cloudpermitôs 

Lupapiste.fi service. 

Model enrichment 

The compliance checking of the selected clauses for accessibility and operational safety requires 

the correct identification of the building objects and spaces defined in the regulation. During the 

ACCORD project in Finland, a national Rava3Pro project was ongoing, which set out how to define 

the needed information in IFC. The building objects shall be modelled with the correct IFC entity, 

and its PredefinedType shall be set following the enumeration defined in the IFC standard. However, 

in the national development, this method has not been applied to MEP objects as the expressiveness 

of IFC was considered insufficient, and national naming conventions were created for MEP systems 

and components. The national guidance also requires the usage of other typical IFC attributes 

defining characteristics of building objects, like boolean values IsExternal, LoadBearing or FireExit, 

depending on the type of the IFC entity.  
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Figure 10.  Example view of BIM visualisation in Lupapiste.fi service. 
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Figure 11.  Example view of compliance checking in Lupapiste.fi service. 

For the rooms, a space type identifier was given based on a nationally created space naming 

convention. The space type identifiers filter the inspection rules only to the spaces specified in the 

regulations. 

The architects of the demonstration projects input the enrichment data for those objects that were 

needed in the selected clauses in their native modelling tool. In the Vantaa demonstration, the client 

ordered this input work separately, as it required studying and testing how the data was correctly 

exported in IFC. MEP definitions were unnecessary in this phase, as only architectural design is 

used to apply for the building permit.  

Rule checking 

The compliance checking procedure consists of two phases: first, checking compliance of the IFC 

file against nationally defined IFC requirements and second, checking against the actual regulation 

clauses (ñValidation checkò and ñCompliance checkò in Figure 11). Compliance with accessibility and 

operational safety was checked with Solibri implementation to execute formalized BCRL rules for 

the selected regulation clauses. Cloudpermitôs service provided the IFC file and the BCRL ruleset 

for checking through the Solibri API. The IFC file validation and rule compliance checking results 

were returned to be shown in Cloudpermitôs user interface, but also as a BFC file (BIM collaboration 

format). 
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3.5 FI3 and EE3: Environmental compliance 

Table 17. Finnish Use Case 3. 

Demo Projects Courthouse in Pori, School in Tallinn 

Regulations Finnish decree on the climate assessment of buildings 

Components AC(CO2)RD climate declaration and carbon checking 

Information services Finnish construction emissions database co2data.fi 

 

This demonstrationôs core component is a proof-of-concept (PoC) tool developed in the project for 

automating the calculation of building LCA in the Finnish context (Table 17). Because the plan of the 

Estonian Ministry of Climate considers adapting the Finnish carbon checking methodology and 

database format, it was decided that the same tool will also be used in the Estonian case EE3.  The 

PoC was used to study the modelling requirements for further automation of building LCA based on 

BIM. Two workshops were organised in 2023 to get feedback on the PoC, and the tool was 

demonstrated at the DBPô24 conference in Barcelona [12]. 

Calculation process 

The tool automatically extracts the information from the IFC model and relevant environmental 

databases, combines them and generates the report without user interaction. Therefore, the process 

is designed to overcome barriers caused by insufficient or 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 Finnish regulations and IFC requirements. If the automated 

conservative solutions can be applied to all such potential problems, the PoC tool would be able to 

run in the background of the building permitting platform without any user interaction. 

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 principles of 

EN 15978 0 (seeTable 18). It should be noted that only selected parts of Module 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. These additional impacts are not consistent with 

any standard methodology. The specific modelling requirements are listed in Table 19. 
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Table 18. Lifecycle stages are 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 

Modules  

required  

in the Decree 

A1-A3 A4 A5 B4 
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Table 19. Modelling requirements for the Finnish Climate Declaration. 
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§ 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. 
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§ Each material should have a unique name and/or identifier that can be recognised in the 
lifecycle database(s) used in the LCA calculation. Note: For the materials 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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§ 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, cooling, fire 

protection and power systems 
§ Lifts and escalators 
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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 

calculated using all the model data (e.g., all the entities represented by 3D geometry), but 

some exceptions may apply. For instance, the building regulation restricts the LCA 

calculation only to certain product groups. It is therefore necessary to provide a model, where 

it is possible to identify such products according to their IFC class, predefined type, or any 

other identifier in the linked property sets. The conservative approach is to calculate the 

impact of each entity unless it can be explicitly excluded from the assessment. 

¶ Missing information about the material: In certain cases, the entities may not have associated 

materials, or the material names may be ambiguous (ñUndefinedò, ñDefaultò etc.). The 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 practice, 

the only information about the material in the permitting phase is its name assigned by the 

designer, the BIM authoring tool, or its template. This name is typically not pointing directly 

to any specific record in the environmental database. The PoC tool, therefore, uses an 

extensive mapping dictionary of common material names linked to the Finnish national 

database. 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 harmonised 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 

relevant 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 

element 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 

calculation, but other methods (such as tetrahedral meshing) are also possible, if they return 

conservative results. 

¶ Missing entities: In the permitting stage, verifying if the designer provided a 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 information package about the problematic entities and materials.   
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3.6 User feedback/discussion 

Method for feedback collection 

For collecting feedback on Finnish use cases 1 (Building Registry), 2 (Accessibility) and 4 

(Operational safety), two online sessions were organised for the Pori and Vantaa projects, in which 

the project stakeholders participated remotely. The attendees represented building control 

authorities, property owner, architects and BIM coordinator consultancy. The representatives of each 

attended organisations were afterwards interviewed separately to collect feedback comprehensively. 

VTT conducted a total of seven remote group interviews involving eight building control authorities 

from three municipalities, four architects from three consultancies, and one BIM coordinator.  

The automated compliance checking procedure was evaluated with Cloudpermitôs national 

ñLupapisteò-service. The attendees were using the public version of the service in their work and 

were familiar with the basic user interface. The evaluation focused on new BIM-based functionalities 

in Cloudpermitôs testing environment. The following functions were reviewed a) service settings, b) 

uploading model, c) 3D viewing, d) prechecking IFC data, c) compliance checking and d) non-

conformance reporting. Some functionalities in the service were experimental at the time of demo 

implementation. 

In the Vantaa project, the property owner ordered from the architect and BIM coordinator reports of 

the findings for preparing the design model for permitting following the national guidance existing in 

spring 2024. These findings were also explained in the interviews and included in the feedback. 

Feedback from building control authorities 

For evaluating authoritiesô responses to the demonstration, the following review categories were 

defined: (1) Time saving, (2) Reducing the number of manual checks, (3) Checking things that were 

not possible to check before, checking every instance, (4) Reducing errors / increasing the quality of 

buildings, (5) Consistency between different checkers, municipalities, (6) Training and qualification, 

education of people, (7) Costs related to use, including investment, (7) What could be your strategy 

for implementing such a system, collecting BIM models. 

The main feedback for time savings  was that in the short term, automated compliance checking 

requires some more time for training and familiarization with new methods. In the longer term, the 

total time in permitting might not change, but authorities may concentrate on more value-adding 

activities than routine, detailed compliance checking.   

The automated compliance checking of the tested use cases has a limited impact on total permitting 

time, as there are other required regulatory evaluation activities, like building control, that require 

opinions from others. In Finnish practice, automated compliance checking will cover a wider set of 

regulations than those tested in ACCORD, and checking will be based on nationally defined Solibri 

native rulesets.  

The reduction of manual checks  in Finland's design compliance checking is a twofold issue. It is 

obvious that automated compliance checking is more comprehensive  when applicable 

compared to current practice, but in feedback, it was emphasized that the authorities are not 

obligated to do comprehensive checking. In any case, the applicant is responsible for compliance 

with the design and regulations. Authorities place greater emphasis on evaluating the essential 
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qualifications of the designers and ensuring that all mandatory information is submitted for permitting. 

Of course, if authorities recognize any non-conformity, they notify the applicant.   

The feedback for reducing errors and increasing quality  with a BIM-based approach was positive 

or neutral, i.e. having no impact on quality. A more important impact for building and design quality 

was expected to be reached by combining and coordinating different disciplinesô models in later 

design phases, not in the permitting phase with just architectural design. 

The interviewed authorities expected that compliance checking with BIM would improve 

consistency  between individual building control authorities and municipalities. The automated 

checking will be done in municipalities using the same checking service. The authorities provide 

cooperation and national guidance for interpreting regulations, but there remains room for 

independent interpretation. 

Training and personal experiment needs are changing in BIM-based compliance checking, but it was 

not overemphasized in the feedback. The attending building authorities had followed the national 

developments and had trained the first BIM experts who would support other building control officers 

when needed. According to Finnish regulations, starting in 2026, there will still be a requirement to 

provide the main 2D drawings with BIM to allow officers to manage the change gradually. 

Automated compliance checking will add some costs to the current permitting platform costs. The 

actual costs will be seen when BIM functionalities become available on Cloudpermitôs Lupapiste 

service, used in hundreds of municipalities in Finland. Interview feedback raised some questions 

about small municipalities' ability to manage these issues. However, it was noted that the 

municipalities can set the fees for permits, so in the short term, the costs can be transferred to fees. 

For the Finnish municipalities, it is not a strategic decision  to implement automated compliance 

checking as regulation requires that by the start of 2026. The question is more on how to implement 

automated checking and handling of BIMs provided with applications. In this new situation, the permit 

application must still include traditional drawings, allowing the actual permitting process to be 

conducted using current practices, but a BIM-based approach will need to be implemented 

eventually. 

Other feedback from building control authority interviews in demonstration projects 

In the interviews, the building control authorities were also asked open questions about the benefits 

and possible drawbacks the BIM-based automated compliance checking process might bring. In 

general, the benefits of permitting can be recognized later when more experiences have been 

gained. One authority emphasized that the BIM-based method should not be developed for the 

authorities, but rather create more added value for the construction process and stakeholders. It was 

considered that systematic modelling would enable better utilization of BIM data in the construction 

and lifecycle of the building. The provision of BIM will also enable new methods for city landscape 

review, neighbour hearing or authority building control at the site with 3D viewing. Also, BIMs would 

support the creation of the city model, and long-term archiving may support circular economy needs 

at the end of the life of the building. In some cases, the 3D presentation was seen as beneficial over 

2D drawings. 

The major concern was the additional work for applicants to include required data in BIM. Also, 

automated checking may produce, in some cases, a lot of findings, so there have to be functionalities 
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to manage those. However, this is more of a matter of the applicant running the pre-check before 

sending the application. 

Authorities also noted that there are municipal detailed requirements and recommended 

interpretations of the national regulations that should also be considered in checking. An additional 

topic is compliance checking with the city plan, but this was not applied in the Finnish 

demonstrations. 

Some detailed comments on modelling practice were also provided. Fire protection and escape 

routes should be presented in a more formal way. Any confidential information should not be included 

in BIM. Those need to be introduced to authorities if required, but documentation shall be done using 

secure methods. In the feedback, it was noted that BIM would support the preparation of LCA 

calculations to check compliance CO2e limit values (Use case 3) and listing of major products and 

materials of the building for circular economy needs. These are required to be provided to authorities 

in the new Finnish Building Act. 

Feedback from building permit applicants 

In Finland, the party engaging in a building project (most typically the owner) normally authorises the 

principal designer to apply for a building permit. The principal designer's role is defined in the 

regulation, and the principal designer is responsible for coordinating the design, and the role is 

usually given to an architect consultant. The following feedback is collected from three architect 

consultancies and one BIM coordinator consultancy. 

For the evaluation of architect feedback, the following categories were defined to collect findings: (1) 

How hard is it to prepare the model for automatic checking? (2) How will the national BIM library and 

example models help? (3) How will the harmonized classification system (materials, products, 

spaces) be difficult to implement? (4) Self-service pre-checking, how will it help? (5) Any concerns 

about sharing the model? 

Preparing the design of BIM for permitting requires more work hours from the architect  to input 

the required data into the model. This was expected to happen at least when switching to a new 

method, and it may get lower when designers are trained for the BIM-based application. The needed 

work consists of inputting required data more systematically and adding some new data types that 

have not been included in the model in the current practice. In the demonstration projects, the data 

requirements defined in the national Rava3Pro project were applied. The official national 

requirements for the IFC model for permitting were under preparation in spring 2025.  

The new data types in the IFC file are, for example, the building registry data (Finnish Use case 1, 

see 0) that is stored mostly in a nationally defined property set. Some property data of the IFC entities 

shall be set in a systematic way. In formal modelling, those should be set in current practice, but this 

has not always been done. These are, for example, characteristics of the structures, like identifying 

bearing structures or components belonging to the building envelope or fire rating. 

Currently, there is limited national guidance on setting up a BIM  for permit applications. At the 

current national development status, there are initially developed requirements for data contents, but 

no detailed guidance on how to input the data in native authoring software. According to feedback, 

the bigger architectural consultancies have the capability to develop such procedures and design 

templates. The smaller consultancies have to rely on external expert services or on national 

developments. In the Vantaa project, the architect reported that they used 150 hours to study 
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national requirements and how those should be put into authoring software to get the required IFC 

output. In addition to this, they used approximately another 150 hours to input the required data into 

the model.  

Automated compliance checking requires the correct identification of components and spaces in the 

model. The national Rava3Pro guidance required a slightly different classification for components 

and spaces as are used in consultant-specific practices. In the Vantaa project, this resulted in 

duplicated classification, which caused some technical problems and increased workload. For 

example, the naming conventions for spaces recognized by checking rules may differ from the 

naming set by the client. In the drafted Finnish BIM-based permitting, the applicant will run validation 

of IFC data and automated compliance checking as a self -service before sending the application  

officially for permitting. According to the feedback, this pre-checking will not be a substitute for 

architects' internal pre-checking with the Solibri software that designers use. Validation and pre-

checking in the permitting portal were considered useful in communicating with authorities, especially 

when minor deviations were found.  

The architects were not concerned with sharing the IFC file  with the permitting portal. The IFC 

format is just a data transfer format and does not include any modelling tool developments of the 

architectôs office. The model in native format will not be shared. The interviewed stakeholders were 

more concerned about cybersecurity and ensuring that confidential information not needed in 

permitting is not included in the permitting model. Confidential data may be introduced to building 

authorities in classified projects where data can be shared over the Internet even if not included in 

the shared design or model. 

Other feedback from interviews of applicantôs consultants 

As a general benefit, it was considered that the authorities would reach more easily the required 3 

months permitting time when the applicant will do pre-checking before the authorities' processing 

period starts. The allowed 3-month time limit has been set in the new Building Act. Other benefits for 

architects are expected from more consistent interpretations of the regulations in different 

municipalities. The required information content in BIM will require more work from architects. It was 

considered a risk that total hours would stay at the current level, and BIM enrichment would take 

resources from other design work. Also, the time for the concept design phase may be shortened to 

be able to do more work for permitting. It was noted that in BIM-based permitting, the model must 

be at a higher level of detail than in current practice.  

3.7 Lessons learned 

The main result of the Finnish demonstrations in the context of ACCORD was a successful proof of 

concept for using BCRL rules for automated compliance checking. The open, ACCORD-developed 

BCRL rule format can represent machine-interpretable regulation and be used in automated 

compliance checking. However, implementing BCRL-based checks is time-consuming. When 

implementing the checks, the software engineers must frequently revisit the textual building code to 

see how it is translated to BCRL in the formalization process. This can be seen as additional quality 

assurance in the Finnish demonstration. Since BCRL is to be executed by software, the processing 

of BCRL needs to be approached as a programming exercise. To be sure that the results are correct, 

lots of tests need to be created. There must also be a readiness to iterate the BCRL with the feedback 

coming from the implementations since it will almost inevitably have errors. Luckily, iteration was 

possible in the ACCORD project. 
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A key to the future success of BCRL is the standardization of terms used in the language. For 

example, when thereôs a need to check the gradient of a ramp, it should always be expressed in 

BCRL with the same term irrespectively of the original building code language. Without this, the 

technology cannot be scaled. This would be implemented by defining terms in e.g. buildingSMART 

Data Dictionary (bSDD) and referring in BCRL to those terms. In Finland, a governmental body 

provides a national data dictionary29 for terms used in authorisation services. In order to create 

European interoperability in permitting services, the national terms should be mapped to European 

concepts, and currently, in the construction domain, the solution would be bSDD. 

In the ACCORD project, the BIM-based permitting functionalities were developed in a permitting 

platform that provides user interfaces to applicants and authorities. The permitting platform uses the 

needed external compliance checking services and has interfaces to the municipalityôs information 

management and archiving systems. The main finding was the importance of the applicantôs pre-

checking of the BIM as a self-service in the permitting platform. This will reveal gaps in data content 

and compliance with regulations to be fixed before officially applying for the permit. This will speed 

up the authorities' permitting process by providing automated guidance to the applicant to update 

BIM contents. It was also noted that if minor deviations were found in pre-checking, the applicant 

should have the opportunity to provide justification for each of those for the authorityôs evaluation. 

The Finnish operating environment for BIM-based permitting supported the ACCORD 

demonstrations, as the first nationally defined requirements for IFC data needed in automated 

compliance checking were available. Also, the attending stakeholders of demonstration projects 

were motivated to test, as at the start of 2026, the Building Act requires the provision of BIM or 

machine-readable data for permitting. These requirements will lead to some changes in architectural 

modelling. The architect shall input some new data into the model, but also ensure that all data is 

input in a systematic way, following the requirements. In demonstration projects, architects had extra 

tasks to get familiar with detailed requirements and the implementation of those in design authoring 

tools and inputting the actual data. This additional burden can be eased by creating detailed 

guidance and templates on how the needed BIM data can be input correctly into the architectsô 

authoring software. Also, common training, examples and exchange of experiences would help in 

the transition to BIM-based permitting. 

Authorities emphasized that the designer is always responsible for the design and its compliance.  

In this sense, it was noted that BIM requirements should support the actual design and construction 

process and not be specifically produced for authorities. Transformation towards BIM-based 

permitting can be seen as a wider target to promote digitalization in the construction domain to 

enable new, more efficient processes. Requirements for BIM contents will improve data quality in 

the permitting phase, and this will support downstream operations, like quantity take-off and other 

data management needs. From the authorities' perspective, BIM-based permitting will support 

achieving the 3-month timeframe for permitting as established in the new regulation. The automated 

pre-checking of BIM data by the applicant will ensure that a sufficiently developed design is 

submitted for evaluation by the authorities. 

 

29 https://dvv.fi/en/interoperability-platform 
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4. Demonstrations in Estonia 

4.1 Objectives and overview 

In Estonia, the BIM-based permitting system was already in development before the ACCORD 

project was started, and the first version was implemented in the Estonian Building Register (EHR). 

EHR enables the submission of digital applications for building permits.  

Before BIM functionality was added to EHR, the procedure was only document-based, where the 

applicant filled in given forms using additional tools like national maps and other national databases. 

But Estonia wants to move from document-based procedure to BIM-based, and for that reason, the 

ñBIM moduleò service was developed for EHR. Demo videos of the BIM functionality in HER are 

published on YouTube30. 

Since February 2025, BIM-based permitting has been LIVE in Estonia, and the first building permits 

have also been issued with the help of BIM and automated compliance checks (Figure 12). 

 

Figure 12. Demonstration building in the Clearly.BIM user interface. 

For the ACCORD project, we decided to use Clearly.BIM as the environment for piloting and 

demonstration because it is more flexible than the government EHR system, has a more up-to-date 

version of the software and allows all project partners to access the system. 

 

30 https://www.youtube.com/watch?v=VScFHKwcbxM&list=PLjEcPVdRIpku0T3p1D_5r_uY0kM2KJJQK  

https://www.youtube.com/watch?v=VScFHKwcbxM&list=PLjEcPVdRIpku0T3p1D_5r_uY0kM2KJJQK
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Three regulatory use cases were selected for the automated compliance checking pilot in ACCORD 

(Table 20): 

¶ Fire safety requirements for the building (use case EE1)31; 

¶ Building requirements arise from the special needs of disabled people (use case EE2)32;  

¶ Health protection requirements for schools (use case EE4)33. 

 

The process of defining checks was manual. Regulations were broken down into individual checks 

and converted into JSON code for execution in Clearly.BIM. It would be possible to read the BCRL 

regulation checks via the ACCORD API by Clearly.BIM. However, converting BCRL to JSON code 

or making it directly executable by Clearly.BIM requires further development that was not in the 

scope of the ACCORD project. 

 

A new school building in Tallinn, owned by the Tallinn Property Department, was selected as the 

demo project. The IFC model included both the existing (grey building) and the new annex (brown 

building). Only the newly designed annex model was enriched with all the required IFC properties. 

4.2 EE1, EE2 and EE4: Estonian Use Cases 

Table 20. Estonian Use Cases.  

Demo Projects School in Tallinn  

Regulations Fire safety requirements for the building (use case EE-1) with the following 

checks developed and implemented in Clearly.BIM: 

¶ Fire Rating 

¶ Fire Exits 

¶ Fire safety class 

¶ Fire resistance of load-bearing structures 

¶ Fire resistance of fire protection sections 

¶ Fire resistance fire protection section area 

¶ Fire safety doors 

¶ Load Bearing consistency 

Building requirements arise from the special needs of disabled people (use 

case EE2) with the following checks developed in Clearly.BIM: 

¶ Minimum Room Height (Figure 14) 

¶ Type of Room - Handicap Accessible 

¶ Elevator requirement 

¶ Apartment entry using common space 

Health protection requirements for schools (use case EE-4, Figure 15). 

¶ Room area 

¶ Height of study rooms must be at least 2.5m 

¶ Restrooms on every floor 

Components Clearly.BIM web application and Clearly.BIM API 

 

31 https://www.riigiteataja.ee/akt/123022021013  
32 https://www.riigiteataja.ee/akt/131052018055  
33 https://www.riigiteataja.ee/akt/128082013010  

https://www.riigiteataja.ee/akt/123022021013
https://www.riigiteataja.ee/akt/131052018055
https://www.riigiteataja.ee/akt/128082013010
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Visual examples of the checks in Clearly.BIM user interface (Figure 13): 

 

Figure 13. Fire Rating (EE1). 

 

Figure 14. Minimum room height (EE2). 
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Figure 15. Minimum study room area (EE4). 

4.3 User feedback/discussion 

The general feedback from users is that the automation and visualization of the checks using 

interactive BIM models is a huge improvement over the manual drawings-based checking method.  

 

However, the project team learned a crucial lesson: do not mistake digital tools for a silver bullet.  

We initially leaned heavily on automated rule-based checks for IFC files, but quickly discovered that 

the reliability of these checks was entirely dependent on the quality of the BIM data we received. 

Poorly modelled information led to inaccurate and inconsistent results, creating more work for us in 

the long run. 

 

We found that a multi-layered approach was necessary. Implementing an initial IFC validation step 

helped us catch some fundamental data issues early on. Exploring more advanced algorithmic 

checks, like voxelization, showed potential for deeper analysis but often required significant 

processing power and expertise to set up and interpret. 

 

Ultimately, human review remained an indispensable part of the process.  While automation 

helped to filter and identify potential issues, the nuanced understanding and visual confirmation 

provided by the ACCORD technical developer Future Insight were essential for ensuring accuracy 

and completeness, especially for complex compliance requirements. 

 

Our key takeaway is that a successful digital permit checking workflow requires a balanced 

strategy.  This includes clearly defined information requirements for BIM submissions, a focus on 

ensuring the quality and consistency of the models themselves, the strategic application of advanced 

technology, and, critically, the continued involvement of trained human reviewers. Focusing too 
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heavily on one of these areas will likely lead to unreliable outcomes and undermine the efficient 

gains the ACCORD project hoped to achieve. 

 

Feedback from authorities 

¶ The quality of reviews would improve extensively with automated checking since thousands 

of details must be checked. In an example of a schoolhouse (demo case) , 1652 checks 

were executed, and more than half of them  provided already useful information. For 

example, in a social house, there were more than 3000 checks. Until now, this amount 

of data has been inhumane to be covered with manual checks; thus, clerks have 

mostly relied on the general and first look . But now, we can go into details. 

¶ The current approach is building-based, but often, the issues are related to planning and 

whether the building is complaint with restrictions set in different plannings. Thus, to move 

towards automation, a system that understands planning is needed as well.  

 

Feedback from designers 

¶ Automated checks can be used as tools to improve the model  way before the model is 

ready for the application. 

¶ BIM-based permitting helps to build a common language in BIM  that has been missing. 

¶ BIM-based permitting helps to make use of data that is already there; no need to fill in 

applications that often take even days of redundant work. 

4.4 Lessons learned 

One of the most important lessons is that it is not easy to automate the conversion of regulations 

into machine-readable code. We went through the regulation and selected clauses that are potential 

candidates for automated checks, but most clauses were excluded because they were: 

¶ not defining a requirement (general legal explanations, requirements, or responsibilities not 

related to the building), 

¶ defining a requirement that is not applicable to projects in the permitting phase, 

¶ defining a requirement that cannot be quantified (e.g. generally defined attributes like 

ñdurabilityò, ñstrengthò, ñcontrastò, ñnot being slipperyò). 

 

Although the ACCORD project developed a semi-automated way to convert regulations into 

machine-readable checks in BCRL format, the process still relies heavily on manual work, which 

lowers the benefit of automation through the ACCORD process. This highlights the need to update 

regulations to be more machine -friendly with better definitions and more quantifiable 

requirements  that do not leave too much room for interpretation. 

 

Some additional key lessons 

 

¶ Assemble a focused, multi -disciplinary team for check configuration . When defining 

checks and information needs, ensure your team includes at least a permit issuer, legal 

counsel, and a technical expert. This targeted collaboration is crucial for accurately 

translating regulations into automated checks and establishing minimal yet realistic 

requirements. 
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¶ Prioritize automatically processable requirements . Avoid essential requirements for 

housing solely in static formats like Excel or PDF. To enable automated quality checks of IFC 

files, make sure the defined requirements are available in a machine-readable format like 

IDS. 

¶ Minimize reliance on manual data entry . Recognize the potential for errors with manual 

input, especially for complex values. Whenever feasible, leverage libraries containing correct 

and certified values and automate their linkage to relevant objects, utilizing solutions such as 

buildingSMART International's Data Dictionaries. 

¶ Democratize access to quality checking for IFC creators . Make the quality check process 

as user-friendly and accessible as possible for those generating the IFC datasets. 

Empowering BIM authors to self-check their work through readily available testing tools 

significantly increases the likelihood of high-quality models. Utilize buildingSMART 

International's BIM Collaboration Format for efficient communication regarding potential 

model enhancements. 

¶ Leverage official IFC validation services . For a reliable assessment of IFC data quality, 

utilize the official buildingSMART International IFC Validation service. 
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5. Demonstrations in Germany 

5.1 Objectives and overview 

The German demonstrator focuses on digitizing and automating planned land use permits, 

environmental compliance and building permit processes. Solutions being developed for three use 

cases aim to support the transition to digital, BIM-based and automated building permit and 

compliance checking processes in Germany. This is realized based on interoperable data exchange, 

the use and further development of processes and open data standards and the integration of 

machine-readable regulations and guidelines. The demonstrator comprises the following use cases 

arising from the renovation, adaptive reuse and new planning of buildings located at the former 

Berlin-Tegel Airport (Figure 16): 

¶ Planned Land Use Permitting, 

¶ Environmental Compliance (Life Cycle Assessment for Green Building Certification) 

¶ Architectural Design Compliance of Timber Construction Systems 

 

 

Figure 16. Rendering illustrating the redevelopment of existing and the development of new 

buildings in the core area of the former Berlin-Tegel Airport (© TEGEL Projekt GmbH / Macina). 

The Fraunhofer Institute for Building Physics IBP, the Tegel Projekt GmbH, the Agency for 

Geoinformation and Surveying of Hamburg, Sirma SE (Ontotext), and the Open Geospatial 

Consortium (OGC) collaborated on this effort. The Senate Department for Urban Development and 

Housing, Berlin, supports the validated solutions as a responsible building permitting authority. 

Tegel Projekt GmbH is tasked with managing and developing Berlin TXL: providing its demo partners 

with digital building models for use cases GE1 and GE2. The area of Berlin TXL comprises the Urban 

Tech Republic, being dedicated to the adaptive reuse of existing buildings or new planning, and the 
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Schumacher Quartier, which is essential to Berlinôs strategy for timber housing and urban 

development on a large scale (Figure 17). 

 

Figure 17. Berlin-Tegel project. 

Germany is actively progressing through the stages of digital transformation in building permitting, 

but the maturity level remains uneven across stakeholders and regions. While advanced pilot 

projects and federal-level strategies (e.g. BIM for Federal Buildings, XBau/XPlanung standards) are 

in place, nationwide integration is still ongoing. The process is currently positioned between semi-

digital and semi-automated stages, with a growing number of municipalities adopting digital 

workflows, yet many still rely on manual or hybrid processes. Full automation remains a long-term 

goal, requiring the alignment of legal frameworks, technical tools and stakeholder capacities. 

The implementation of digital building permit processes in Germany is shaped by federal and state-

level requirements, grounded in standards such as XBau (for process communication) and XPlanung 

(for spatial planning). Since February 2023, all municipalities have been required to adopt these 

standards, although the degree of implementation varies. At the federal level, BIM became 

mandatory for large-scale projects in mid-2023 under the ñBIM for Federal Buildingsò strategy, with 

a strong focus on structured information requirements aligned with Level of Information Need (LOIN) 

principles.  

Despite these regulatory advancements, several challenges persist - including inconsistent 

implementation across states and the absence of standardized checking rules. Addressing these 

gaps is essential to enable reliable rule-based compliance checking, ensure consistency in model 

submissions, and support interoperable data workflows across jurisdictions. 

Further insights on the current status, strategies, and stakeholder-specific recommendations can be 

found in deliverable D3.1 Transformation Pathways Report.  
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5.2 GE1: Planned Land Use Permitting 

Table 21. German Use Case 1. 

Demo Projects Building terminal B of the former Berlin-Tegel Airport 

Regulations Land use development plan ñ12-50ba óUTR Campus Westôò and 

justification document (ñBegr¿ndungò) 

Components, 

microservices and APIs 

Planned Land Use Building Compliance Checking Microservice 

(using GraphDB API for compliance checking), Land Use Information 

Service, API(3) Land Use OpenAPI for Features 

 

General objective 

German Use Case 1 (GE1) focuses on automating the planned land use building permit processes 

by enabling digital compliance checks of BIM models against urban development regulations (Table 

21). The goal is to support the shift toward fully digital, standardized and integrated planning and 

permitting procedures through interoperable data formats and systems. Use Case GE1 addresses 

key challenges such as semantic modelling of both the built and planned environment, automated 

compliance verification, digitization of regulatory texts, and the application of BIM in permitting 

processes (Figure 18). 

 

Figure 18. German Demo Use Case 1. 

The integration of planning standards like XPlanung and XBau is essential for improving 

interoperability between BIM tools and permitting systems. While simpler checks, such as use 

conformity and footprint validation, can already be partially automated, more complex issues like 

facade design or material requirements still require manual assessment. 
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A major outcome of Use Case GE1 is the definition of preliminary and exemplary validation checking 

rules that enable an automated cross-check between BIM models and urban development plans 

through machine-readable, linked-data-enabled XPlanung data. These rules support legal 

compliance and reduce planning errors before formal submission. Use Case GE1 contributes to the 

ongoing development of the XPlanung object model, the standard for urban development planning. 

It promotes a better understanding of how IFC data can be used and validated in permitting 

workflows. In particular, the automated validation of IFC and CityGML models against development 

plans and linked data infrastructures is seen as a potential best-practice approach for regulatory 

checks. Moreover, new workflows have been tested for converting urban land use plans into 

European INSPIRE PLU data models and current OGC standards (OpenAPI for features). 

Use Case GE1 demonstrates how BIM-based planning can be synchronized with administrative 

processes, allowing for earlier and more dynamic validation. This shift reduces friction between 

planners and authorities and helps prevent discrepancies during later approval stages or post-

submission changes. For example, an automated cross-check between usage units assigned to the 

BIM model and the designated land use in XPlanung can help prevent discrepancies before formal 

submission or during the permitting and post-permitting change process. 

Overall, the use case provides valuable insights and experimental evidence for developing 

automated, digital permitting systems. It lays the groundwork for best practices, supports regulatory 

standardization efforts, and informs future strategies for harmonizing planning, BIM and permitting 

at the national level, while addressing challenges and contributing to ongoing efforts at the European 

level. 

Use Case GE1 comprises a structured workflow that spans BIM model conversion, semantic rule 

formalization, automated compliance checking, and the development of a prototypical microservice 

with a user interface for interactive validation. The following steps outline the technical and 

procedural components implemented in the demonstrator (Figure 19): 

1. BIM model preparation and RDF conversion 

a) IFC data cleaning 

b) IFC-to-CityGML conversion and semantic enrichment via FME 

c) CityGML-to-CityRDF conversion using xSPARQL  

d) Iterative alignment with rule formalization 

2. Requirements formalization 

a) Legal and semantic encoding with XPlanGML 

b) Workflow and format selection 

c) XPlanGML-to-RDF conversion 

3. Rule formalization 

4. Compliance checking and results 

5. Information requirements and BIM modelling guidelines 

6. Prototype microservice and user interface 

7. User Feedback (see section 5.5). 

 



 

D5.1 Best Practices of Modern Digital Building 

Permitting Processes in Europe 
Version 1.0 

 

GA No: 101056973                                                                                  72/107 

 

Figure 19. Workflow of German Use Case GE1: BIM model conversion, requirements/rule 

formalization and compliance checking, complemented by microservice and UI prototype. 

 

BIM model preparation and RDF conversion  

a) IFC data cleaning 

The BIM model of Terminal B of the former Berlin-Tegel Airport serves as the test case for this 

initiative (Figure 20). It is located within the main campus area of the Urban Tech Republic (UTR). 

The BIM models were received from TEGEL as the public building owner. Originally created in 

Autodesk Revit, the central model of the terminal building was exported in the IFC4 schema. A data 

cleaning process was applied to remove objects outside the defined building area, such as people 

and additional loop objects in front of the building. 

 

Figure 20. View of the IFC model of Terminal B in Solibri. 

b) IFC-to-CityGML conversion and semantic enrichment via FME 
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The IFC models were converted into CityGML using an FME workflow developed to support 

semantic compliance checking within the digital permitting process. This workflow included essential 

steps such as identifying and mapping IFC classes and properties to corresponding CityGML 

features, as well as transforming the coordinate reference system from the local BIM model 

coordinates (EPSG:3068 ï Berlin Soldner) to the official German spatial reference system 

(EPSG:25833 ï ETRS89 / UTM zone 33N). This reprojection ensured spatial consistency between 

the BIM model and the development plan. 

IFC objects were written as lod4MultiSurface in CityGML, with unique IFC IDs mapped to gml_id. 

Several key information - such as RoomUsageDIN277, Level, FloorHeight and RoomArea - were 

successfully transferred, though some others could not be preserved. Representing 

BuildingInstallation and Furniture in full Level of Development (LOD) 4 geometry led to large file 

sizes (~600 MB), while converting all elements to lod4MultiSurface reduced this to approximately 

140 MB. The coordinate transformation ensured correct georeferencing but introduced minor 

positional inaccuracies (Figure 21). 

 

Figure 21. CityGML model converted from IFC using FME, viewed in the FME Data Inspector. 

A recurring issue in the IFC model was that IfcWindow elements were not consistently linked to 

IfcWall, which disrupted relationships in the CityGML output. This was addressed using the 

NeighbourFinder transformer in FME, which assigned windows to the nearest wall. The same 

method was applied to doors, furnishings and proxies (IfcElementProxy entities). A test run without 

NeighbourFinder produced a smaller file (~85 MB) but lacked the detail necessary for rule checking 

and visualization. Several workflows were tested to find an optimal balance between accuracy, 

completeness and file size for further use in validation processes. 
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To support semantic compliance checking within the digital permitting process, the provided BIM 

models were reviewed for key properties required for the planned rule-based validation logic. Based 

on this assessment, data enrichment was performed where needed, including the manual addition 

of four essential attributes that were not automatically transferred during conversion. 

The FME workflow for converting IFC to CityGML is illustrated in Figure 22 and is available in the 

ACCORD Projectôs GitHub repository34. It was developed using the FME workspace described in an 

article by Liz Sanderson on the FME Support Center35, where the workspace is also available for 

download. Licensing conditions for the FME software can be found in the FME® Software License 

Agreement36. 

 

Figure 22. Extract from the FME Workflow IFC-to-CityGML. 

c) CityGML-to-CityRDF conversion using xSPARQL  

 

IFC-to-RDF conversions described in the literature, such as ifcOWL[9] and IFCtoLBD [10], while 

 

34 https://github.com/Accord-Project/Tegel-scripts/blob/main/fme/IFCtoCityGML-lod4city_ACCORD.fmw 
35 https://support.safe.com/hc/en-us/articles/25407718003341-BIM-to-GIS-Intermediate-IFC-LOD-300-to-

LOD-4-CityGML 
36 https://www.safe.com/legal/#fme-software-license-agreement 
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preserving all the information from the initial BIM models, generate overcomplicated OWL/RDF, 

leading to almost a 10 times increase in the file size. Simplification of ifcOWL files is proposed in 

[11], it still requires obtaining a fully converted ifcOWL file, which prolongs the overall processing 

time. 

Given the complexity and size of the BIM model and the limited maturity of available IFC-to-RDF 

conversion solutions, the team adopted an alternative approach: the BIM model was first converted 

from IFC to CityGML using the FME. A custom xSPARQL script was then used to convert the  

CityGML-encoded building information model into RDF/Turtle. 

Unlike XPlanGML, which lacks a standardized RDF representation, CityGML has been rendered to 

CityRDF[5], introduced through joint efforts of ONTO and the Open Geospatial Consortium as a 

proposal for CityGML 3.0 in OWL. 

d) Iterative alignment with rule formalization 

 

This overall process was designed to be iterative: as compliance rules were formalized and refined, 

corresponding adjustments were made to the data requirements and the conversion workflow. This 

allowed the project team to gradually align the exported BIM data with evolving regulatory and 

informational needs. 

Requirements formalization  

a) Legal and semantic encoding with XPlanGML 

 

The requirement formalization process for Use Case GE1 focused on providing machine-readable 

regulations derived from the development plan ñBebauungsplan 12-50ba óUTR Campus Westô", 

based on the German Federal Building Code (BauGB) and the Land Use Ordinance (BauNVO). The 

BIM model of Terminal B of the former Berlin-Tegel Airport was evaluated against this plan, which 

was transformed into the standardized XPlanung format using a linked-data-enabled XPlanGML file. 

Regulations encoded in XPlanGML were assessed both geometrically and semantically to support 

automated compliance checking. 

 

Urban development plans in Germany are encoded using the XPlanung data model, an XML-based 

standard for spatial planning data exchange. These plans contain both textual and cartographic 

regulations, which were processed through the OGC API Webservice (OAF) and enriched for linked-

data applications. Although international formats such as INSPIRE PLU were considered, 

XPlanGML proved more effective for compliance automation and was therefore selected for further 

transformation into RDF using Graphwise GraphDB (see Section 2.2.6). 

 

Figure 23 illustrates the land use development plan ñBebauungsplan 12-50ba óUTR Campus Westôò 

(adopted on 22.11.2021), including the attached textual regulations and justification document. The 

textual regulations, bundled as Sheets 1ï2ï3, serve as the implementation of the BauNVO and 

define key construction parameters such as building type, number of full stories, floor space index, 

permissible lot coverage, emission control, green space requirements, and roof structures. 

 

The justification document (ñBegr¿ndungò) complements the plan by providing interpretative context 

for the BauNVO provisions and explaining any intentional deviations or local planning considerations. 
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While not legally binding unless explicitly adopted in the plan text or drawings, the justification was 

consulted during rule modeling to support the formalization of constraints not encoded in XPlanGML. 

 

Building on this semantic foundation, the team designed a structured workflow to process and enrich 

the XPlanGML data for compliance automation. 

 

 

Figure 23. Land use development plan òBebauungsplan 12-50ba óUTR Campus Westôñ (adopted 

on 22.11.2021), attached documents and Land Use Ordinance (BauNVO). 

b) Workflow and format selection 

The transformation workflow, developed and led by the HAM team, is illustrated in Figure 24 and 

described below. It consists of several key steps focused on XPlanGML-related tasks, including 

English translations and a test workflow for INSPIRE PLU compatibility. 



 

D5.1 Best Practices of Modern Digital Building 

Permitting Processes in Europe 
Version 1.0 

 

GA No: 101056973                                                                                  77/107 

 

Figure 24. Workflow to XPlanGML Transformation for OAF and GraphDB/RDF Representation. 

Urban development plans are encoded using the XPlanung data model, an XML-based standard for 

spatial planning data exchange in Germany. These plans contain both textual and cartographic 

regulations, which are transformed into machine-readable land use requirements using the 

XPlanGML standard and processed through the OGC API Webservice (OAF). 

To support semantic enrichment and linked-data applications, XPlanGML was further processed into 

an RDF-compatible format. In parallel, test workflows were conducted to convert the plans into the 

European INSPIRE PLU data model, also via the OAF interface. While INSPIRE PLU was 

considered, XPlanGML proved more suitable for automated compliance checks due to its detailed, 

structured encoding of spatial planning data [13]. 

Based on these results, the project proceeded with transforming XPlanGML into RDF using 

Graphwise GraphDB (Figure 25). A detailed description of this XPlanGML-to-RDF formalization 

approach is provided in Section 2.2.6. 
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Figure 25. XPlanGML in QGIS. 

c) XPlanGML-to-RDF conversion 

To enable rule-based querying and integration into the GraphDB triplestore, a tailored RDF 

conversion was implemented using xSPARQL[6]. Important XML elements and their properties, 

carrying information necessary for a particular compliance check (or group of checks), were identified 

by joint efforts of HAM and ONTO teams, translated into English, and stored in the spreadsheet, 

serving as a source of the ground truth. xSPARQL script looks at the XML elements, identifies 

relevant (and ignores irrelevant) elements and creates triple sets according to XML element 

structure.  

The fragment of the source XPlanGML file is given in Figure 26, and its RDF rendition is given in 

Figure 27. 
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Figure 26. Extract from the XPlanGML source file. 

Regulations are presented as resources having their own URIs, hence they can be referenced from 

other statements. Codelists and enumerations, available in XPlanGML and used in the Use Case 

GE1 land use data, were encoded in RDF/Turtle as thesauri using Simple Knowledge Organization 

System (SKOS) elements skos:ConceptScheme and skos:Concept. The example of the definition of 

the enumeration ñrechtscharakterò (òlegal natureò) is given in Figure 27 and Figure 28. 
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Figure 27. Extract from the RDF/Turtle file after conversion. 

 

 

Figure 28. XPlanGML enumeration / codelist rendition in SKOS. 

Rule formalization  

Based on regulatory requirements, a list of all possible compliance checks was created using 

SPARQL query language. A total of 12 checking rules and compliance questions have been defined, 

covering key requirements of the land use development plan and attached documents. Some critical 

queries include whether the project falls within the scope of a binding development plan, whether it 

is within a permissible lot coverage area and aligns with the specified land use, and whether zoning 

regulations permit the intended structural use of the building. Additionally, calculated parameters 

such as floor space index and height limits were evaluated, and an assessment was made of whether 

the project respects boundary restrictions of the construction placement.  
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Compliance checking and results  

Compliance checks were implemented through a SPARQL query pipeline using the Graphwise 

GraphDB engine. The details of the internal organization of the corresponding repositories are 

described in deliverable D2.4 [7]. Based on this setup, the following 12 checking rules were 

implemented to validate submitted IFC files against land use requirements: 

Á Rule 1 - Check if the building is within the planning area defined by the land use development 
plan (XPlan) 

Á Rule 2 - Check if the building is within the Permissible Lot Coverage area in XPlan 

Á Rule 3 - Check if residential use (Room Usage according to DIN277 ï IFCSpace) compliance 

with the max 5% permitted residential usage for commercial areas in XPlan 

Á Rule 4 ï Check if the area of spaces with commercial and commercial-related use (Room 

Usage according to DIN277 ï IFCSpace) in the building sub-area with a special type of 

building use commercial area in XPlan is more than 60% of the total area of spaces with any 

use. 

Á Rule 5 ï Check whether the total area of spaces used for university, education, research and 

development, and related purposes is 90% or more of the total area of all spaces assigned 

a use within the XPlan building sub-area that has the special type of building use designated 

as "University" 

Á Rule 6 ï Check if the actual floor space index is less or equal to the XPlan floor space index 

Á Rule 7 ï Check if the building and building parts (inner and outer zone) are not higher than 

permitted by XPlan  

Á Rule 8 ï Check if the building is within the heritage protection law area in XPlan 

Á Rule 9 ï Check if the building is not crossing the XPlan Building Boundary and lies entirely 

within it, or overlaps with the Building Boundaries and the related Permissible Lot Coverage 

area lines 

Á Rule 10 ï Check if the building is constructed exactly on the building line in XPlan and 

overlapping with the building line in XPlan and must not cross it 

Á Rule 11 ï Check if the majority of the 2D Footprint of the building is within specified zoning 

area as Building Sub Area, that contains unique usage information 

Á Rule 12 ï Check if the building is within the noise protection area, regulated by additional 

contingent noise rules  

 
The query texts are written in such a way that they produce a single result: ñtrueò (1) or ñfalseò (0).  

For example, the SPARQL query for the compliance check ñLocation Verification: Is the project within 

the scope of a binding land-use plan?ò is given in Figure 29. 
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Figure 29. SPARQL query implementing the compliance check: ò Rule 1 - Check if the building is 

within the planning are defined by the land use development plan (XPlan)ò. 

 

Information requirements and BIM modelling guidelines  

To enable standardized and automated compliance checks, the specification of clear information 

requirements (IRs) is essential. These requirements define the necessary objects and attributes 

within IFC files submitted for regulatory review. 

As part of future development, an Information Delivery Specification (IDS) is planned, alongside a 

complementary set of IRs aligned with the Level of Information Need (LOIN) normative framework, 

as required for federal building projects in Germany. Together, these IRs and BIM modelling 

guidelines will help ensure that submitted IFC files meet the prerequisites for rule-based validation 

workflows in planned land use permitting processes. 

Prototype microservice and user interface  

To operationalize the semantic compliance checking workflow developed in Use Case GE1, FhG 

implemented a prototype microservice: the Planned Land Use Building Compliance Checking 

Microservice. This service enables automated validation of BIM models against land use regulations 

encoded in RDF, using SPARQL-based rule logic. 

The definition of German to-be processes, the specification of user and technical requirements (as 

documented in Deliverables D1.2 and D4.1), insights from the use caseôs iterative rule formalization 

process, and additional API requirements based on GraphDBôs specification formed the foundation 

for a) defining user personas, b) developing a service blueprint, and c) prototyping the microservice 

and user interface. Development and testing were carried out in close collaboration with German 

demonstration partners.  

The microservice is built with FastAPI, a Python framework that enables asynchronous processing 

and provides an OpenAPI 3 interface for seamless integration into digital permitting workflows. For 

deployment, the microservice is containerized using Docker, allowing flexible and portable use 

across different environments. 
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In parallel, a React-based user interface is being developed to visualize compliance results, display 

rule logic, and provide interactive feedback. The frontend supports users in interpreting rule 

outcomes and understanding validation logic. 

The microservice was deployed in a test environment and connected to a UI mockup. This interface 

allows users to access a project dashboard, submit planned land use requirements (in XplanGML 

format) and cityGML models to  GraphDB Graphwise, trigger compliance checks, and view results 

in a structured format. 

The interface not only delivers binary rule outcomes ("true"/"false") but also provides contextual 

information that helps users interpret the results within the regulatory framework. Each rule check 

returns a complete response, including references to the relevant planning regulation. 

Further planned developments include the integration of formalized Information Requirements (IRs) 

for Federal Buildings via the API interface to the national BIM portal. In addition, land use 

requirements encoded in XPlanGML are expected to be made accessible through an OpenAPI-

based feature service. To enrich the regulatory context of compliance checks, future iterations will 

also incorporate data extracted from the ñjustification documentsò accompanying development 

plans37. Object-level traceability via XPlanGML IDs is supported and under active development to 

enable more precise feedback in future iterations. The system will support identification via 

XPlanGML IDs and object features, enabling traceability between planning requirements and 

submitted models. This allows users to understand which planning elements triggered rule outcomes 

and how they relate to the submitted CityGML data. 

  

 

37 Requirements posed by the justification documents related to the exemplary urban development plan have 

so far been considered manually during the rule formalization process. 
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5.3 GE2: Environmental compliance 

Table 22. German Use Case 2. 

Demo Projects Energy Center of the former Berlin-Tegel Airport   

Regulations DGNB System - New buildings criteria set - Version 2018, 

Sustainable Building Quality Seal (QNB) requirements 

Components Environmental Compliance Checking Microservice (using 

GENERISs® for LCA modelling and prechecking, and DGNB API for 

compliance checking), Information Service: Material Database 

(ÖKOBAU.DAT) 

 

General objective 

German Use Case GE2 enables environmental compliance checking for renovation and adaptive 

reuse measures applied to the Energy Centre of the former Berlin-Tegel Airport (Table 21). It 

addresses two certification frameworks: the DGNB System - New Buildings Criteria Set - Version 

2018, and the Sustainable Building Quality Seal (QNB) requirements. The DGNB Certification 

Schema was made machine-executable through the implementation of the DGNB XML-based API. 

Enriched BIM models and Fraunhofer IBPôs GENERIS® web software were used to develop a 

microservice prototype for BIM-based LCA and Green Building Certification, supporting both DGNB 

and QNB assessments (Figure 30). 

BIM Model preparation and enrichment 

While a fully digital workflow was not realized, the handover of material information and quantities 

was achieved using a semi-automated approach exemplified through setting up constructions in the 

LCA model. During the enrichment process, a mapping to existing LCA datasets and the 

specification of key lifecycle information (service life and end-of-life scenario) were required, 

complemented by a rescaling for inconsistencies between applied units (e.g. from volume to mass). 

Therefore, the respective secondary unit was sometimes required to be manually adjusted. The 

applied dataset was not entirely machine-readable, especially with regard to material classification 

and secondary information on units. 

DGNB assessment 

The use case focuses on verifying full-scale life-cycle assessment (LCA) compliance against the 

DGNB LCA calculation rules, specifically criterion ENV1.1 ï Life Cycle Assessment of the Building. 

As a fully automated IFC-based LCA model setup was not achievable, a semi-automatic approach 

was pursued. The model was finalized in the native LCA web software GENERIS® and automatically 

checked using the DGNB API for compliance verification and point calculation. During the final 

submission step, the API also enables direct submission of the certification-ready model. 
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Figure 30. Process map of environmental compliance checking including LCA model creation using 

GENERIS®, compliance checking and LCA result submission. 

The modelling parameters are extracted in a semi-automatic process from the IFC, and the actual 

LCA model is completed using the web software GENERIS®. GENERIS® then requests 

environmental compliance to be specified in the context of the private sustainability scheme of DGNB 

e.V with the Indicator Env1.1 ï Life Cycle Assessment of the Building. The DGNB provides an XML-

based API for compliance checking and point calculation (necessary to meet the requirements of 

specific ambition levels within the system) as well as submission of building LCA models. 

This checking procedure covers, among others, the checking of environmental impact values on the 

building level for availability and consistency and their comparison against benchmark values. An 

XML model was set up in GENERIS® and was checked for compliance against the DGNB API, 

focusing on overall compliance (successful model check, returning ñ200ò) and point calculation 

based on Global Warming Potential (GWP) values, which quantify the climate impact of greenhouse 

gas emissions over the buildingôs life cycle38. The calculation includes impacts from construction, 

operation, replacement and end-of-life stages. Importantly, it also incorporates Module D, which 

accounts for potential environmental benefits or burdens beyond the buildingôs life cycle, such as 

recycling or energy recovery of building components after demolition. Module D enables a more 

holistic view by considering avoided impacts in future systems, aligning with the European standard 

EN 15978:2011 - Sustainability of construction works - Assessment of environmental performance 

of buildings - Calculation method. The API returned an XML file with the achieved points based on 

these aggregated GWP values. The compliance of the IFC file received only exemplary feedback, 

indicating that the model was not fully validated against a comprehensive set of LCA-related data 

requirements.   

QNB assessment 

To improve model completeness, additional data were extracted from the IFC model of the Energy 

Centre. This included enriched material definitions, geometric parameters and component-level 

informationðeither embedded in the model, manually added or programmatically derived. The goal 

was to establish a more comprehensive digital chain enabling applied LCA calculations under the 

 

38 GWP is expressed in kilograms of COϜ-equivalents and serves as a key indicator for embodied carbon 

performance. 
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Sustainable Building Quality Seal (QNB) certification requirements. This included an operational 

phase assessment based on planning data and aligned with German Building Energy Act 

(ñGebªudeenergiegestez - GEGò) methodology, which defines energy performance requirements for 

buildings in Germany and provides calculation rules for primary energy demand, system efficiency, 

and renewable energy use. 

Two key performance metrics were targeted: 

¶ Comparison with the reference building's primary energy demand 

¶ Fulfilment of QNG sustainability criteria. 

 

One challenge encountered was the absence of cardinal orientation data in the IFC model, which is 

critical for energy simulations and operational phase assessments. This missing information was 

planned to be supplemented to enable more accurate scenario modelling. 

Information Requirements 

This will be further supported by the technical recommendation VDI 2552 Sheet 11.4 - Building 

Information Modeling - Exchange Requirements - Life Cycle Assessment, which defines information 

requirements for IFC models used in LCA handover, with a focus on sustainability certification. 
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5.4 GE3: Design Compliance of Timber Construction Systems 

Table 23. German Use Case 3. 

Demo Projects  Schumacher Quartier of the former Berlin-Tegel airport    

Regulations  Model Directive on Fire Protection Requirements for Components and 
Exterior Wall Cladding in Timber Construction (MHolzBauRL)  

Components   Timber Construction Compliance Checking Microservice, Timber 
Construction Database 

 

General objective  

Use Case GE3 of the ACCORD demonstrator addresses the rule-based validation of modular timber 

construction systems within BIM-based building permitting processes (Table 21). The German 

regulatory landscape has shifted significantly during the ACCORD project period: the introduction of 

the new building category ñGebäudetyp Eò by the Federal Ministry for Housing, Urban Development 

and Building (BMWSB), alongside the recent revision of the Model Directive on Fire Protection 

Requirements for Components and Exterior Wall Cladding in Timber Construction (MHolzBauRL) in 

autumn 2024, creates new opportunities for simplified technical approval procedures for timber 

construction systems. The revised MHolzBauRL has already been adopted in Berlin - the 

demonstratorôs reference region, using the Schumacher Quartier at the former Tegel airport as an 

example - while implementation across other federal states is still pending (see Section 2.6.1). These 

developments increase both the urgency and relevance of digital compliance checking in timber 

construction.  

Previous research has explored the automation of BIM-based permitting processes for timber 

buildings, focusing on isolated aspects of technical validation - such as fire safety - and selected 

phases of the building lifecycle, including design and prefabrication. The revised MHolzBauRL opens 

a new possibility: Modular timber systems can now be pre-certified and thereby qualify for typified 

building approvals under simplified procedures, as enabled by Article 19 of the German Model 

Building Regulations (MBO). 

A further complexity lies in the representation of timber-specific requirements in BIM models, 

particularly in the IFC format. While initial approaches to defining information requirements for timber 

construction exist, a standardized modelling practice is still lacking. The German buildingSMART 

expert group on timber construction has only recently begun its work, and no technical solutions 

currently exist that could be adopted in practice to ensure accurate modelling and semantic 

annotation of timber systems - especially at the interface between geometry and regulatory logic.  

In this use case, selected requirements from the revised MHolzBauRL were tested for semantic 

modelling and rule-based validation using simplified IFC mock-ups of timber construction systems, 

particularly those incorporating typified panelised elements now eligible for simplified approval under 

the revised guideline. These mock-ups were enriched with topological and regulatory metadata to 

enable automated checking. Interim results were discussed with stakeholders from timber 

construction companies, and a proof-of-concept microservice was developed to validate technical 

rules using RDF and SHACL technologies (Figure 32).  

The demonstrator illustrates how semantic technologies - such as graph-based modelling and rule 

formalisation - can support the technical certification of modular timber systems. While no formal 



 

D5.1 Best Practices of Modern Digital Building 

Permitting Processes in Europe 
Version 1.0 

 

GA No: 101056973                                                                                  88/107 

ontology was developed at this stage, the approach lays the groundwork for future ontology-driven 

validation workflows. In the future, such solutions could be deployed by fire safety or timber 

construction engineers and accredited testing bodies to digitally certify systems and make them 

retrievable by permitting authorities for simplified technical checks. This opens the possibility of fully 

automated validation workflows and, in the long term, typified approvals for modular timber buildings.  

To ensure semantic precision, requirement and rule formalization was developed primarily in 

German, reflecting both the source regulation and the IFC model exports. For interoperability with 

the ACCORD rule formalization approach, an English mapping supports cross-national alignment 

and future ontology development. 

German Use Case 3 thus lays the foundation for further research and development in the field of 

digital rule checking and system certification in timber construction. 

 

Figure 31. Compliance Chelcing Framework Use Case GE1. 

 

Requirement Formalization 

The format of the MHolzBauRL presents distinct challenges for technical formalization. 

Requirements are embedded in PDF documents and rarely stated explicitly. Instead, they appear as 

descriptive text, cross-references to other clauses, normative citations (e.g. DIN EN standards in 

German), tabular data on permissible construction layers, and annotated 2D drawings with legends. 

This fragmented structure requires a tailored approach to extract and organize relevant content for 

rule-based checking in BIM environments. 

Use Case GE3 focuses on selected clauses from the directive, targeting timber panel wall and ceiling 

elements eligible for simplified approval under specific regulatory conditions. Requirement selection 

guided the identification of BIM model elements needed for mockup creation. The selected 

requirements address key fire safety aspects such as fire resistance classification, material 

combustibility, cladding continuity and installation constraints. These topics reflect typical failure 

points in fire safety inspections and are directly applicable to modular and prefabricated timber 
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construction. Their inclusion supports both regulatory compliance and structured rule definition, 

aligned with expert criteria from the German fire safety navigator (Brandschutznavigatorò) 

catalogue39.  

Although not explicitly referenced in the MHolzBauRL, the ñEncapsulation Criterionò 

(ñKapselkriteriumò) plays a key role in assessing fire resistance without full-scale testing. According 

to DIN EN 13501-2:2023-12, Section 5.2, REI classification can be derived from verified layer 

composition and enclosure quality, provided combustible core materials are sufficiently 

encapsulated. This criterion is integrated into the validation logic to enable automated checking of: 

¶ Material class and thickness 

¶ Cladding continuity 

¶ Treatment of penetrations 

¶ Complete enclosure of combustible components 

Encapsulation ratings (e.g. K30, K60) are treated as standalone validation targets, optionally linked 

to REI logic. 

While the primary workflow operates independently of ACCORDôs BCRL format, a representative 

clause was formalised in BCRL and mapped to SHACL to demonstrate compatibility with the 

ACCORD toolchain. 

Rule Formalization 

To enable rule-based validation, a custom workflow was developed using SHACL and YAML. 

Selected regulatory clauses were translated into SHACL constraints, allowing semantic validation of 

RDF models of the timber construction mock-ups. The execution of these rules was orchestrated via 

YAML to specify the model input, rules and output format. 

The selected rules focused on key fire safety aspects derived from the revised MHolzBauRL. 

Particular attention was given to the ñEncapsulation Criterionò, which enables REI classification 

without full-scale testing. This criterion was modelled as a standalone SHACL constraint, targeting 

attributes such as material class, thickness, cladding continuity, and enclosure quality. 

BIM modelling and enrichment 

Modular timber elementsðincluding panel walls and floor slabsðwere modelled in Autodesk Revit 

and exported as IFC4 files. To support the modelling of modular timber components, several Revit 

add-ins tailored for timber construction were tested. The wall and slab assemblies were designed in 

accordance with the MHolzBauRL. Selected constructions were validated against the timber 

construction database dataholz.eu40, which provides standardized wall and ceiling configurations, 

joint solutions, and performance-related parameters. Where applicable, assemblies were integrated 

into the mock-ups via persistent URLs. While not formally certified, these systems offer reliable, 

norm-based reference data for timber construction detailing and layer composition. 

 

39 Technical University of Munich (ed.) (2025). Brandschutznavigator. Availlable online: 

https://www.brandschutznavigator.de 
40 Austrian Forest Products Research Society (ed.) (2025). dataholz.eu. Available online: 

https://www.dataholz.eu/en/index.htm 
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Three modelling approaches were explored: 

¶ Individual construction parts 

¶ Three-layer model (outer layer, structural core, inner layer)41 

¶ Complete building elements 

Information Requirements (IRs) were defined iteratively to reflect regulatory attributes such as fire 

resistance duration, in alignment with MHolzBauRL specifications. Existing IRs from German federal 

building initiatives and results from national research projects42 were reviewed and incorporated 

where applicable. 

To enable semantic enrichment and rule-based validation, IFC files were converted into RDF format 

using the Python library RDFlib. A small-scale prototype was developed to test the enrichment of 

existing BIM models using TopologicPy, by embedding topological metadata and semantic attributes 

directly into modular timber components. These were represented as CellComplexes, allowing 

attributes such as fire resistance and structural layer classification to be linked to individual 

construction layers. 

The enrichment workflow remained compatible with conventional BIM processes while enabling 

enhanced rule readability and traceability. Semantic annotations were exported as RDF triples to 

support the following compliance verification. 

In parallel, a second modelling strategyðbased on native graph construction in Topologicðwas 

conceptually explored. This approach aims to define reusable, semantically rich system types 

directly as topological entities, and is intended for further development in future. 

 

Compliance Checking and results 

Formalised fire safety rules from the MHolzBauRL were applied to semantically enriched RDF 

models of modular timber components. Validation via pySHACL confirmed that key requirements, 

especially the encapsulation criterion, can be reliably checked. Two modelling strategies were 

tested: IFC-based enrichment using TopologicPy, and graph-native modelling in Topologic. The 

latter showed advantages for representing enclosure and layer logic, but requires further 

development. However, it may offer long-term potential for defining certifiable system types with 

embedded compliance metadata. 

Prototype microservice and user interface   

A lightweight microservice was developed using Python and Streamlit to demonstrate rule-based 

validation of semantically enriched timber construction models. It combines a SHACL validation 

engine with an intuitive user interface, enabling model uploads, rule selection, and direct feedback 

on compliance status. The prototype establishes a functional foundation for future extensions, 

 

41 The three-layer-model was developed in the framework of the research project BIMwood (2019-23), see 

Technische Universität München (2023). BIMwood ï Entwicklung von Building Information Modeling basierten 

Lösungen für projektbezogene Kooperation in der Wertschöpfungskette vorgefertigter Holzbauten 

(Schlussbericht). Lehrstuhl für Architektur und Holzbau. Funded by the Federal Ministry of Food and 

Agriculture (BMEL) through the Agency for Renewable Resources (FNR). Available online: 

https://www.arc.ed.tum.de/fileadmin/w00cgv/holz/04_Forschung/bimwood/230228-

BIMwood_Schlussbericht.pdf 
42 Idem. 
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including ontology-driven validation, integration of certified system types and role-based access for 

users. In future, the microservice could be adapted to support technical validation processes 

conducted by accredited testing bodies or regulatory authorities. In this context, future integration 

with structured timber construction cataloguesðwhether standardized or formally approvedðcould 

enhance traceability and facilitate typified approval procedures based on enriched BIM data. 

5.5 User feedback/discussion 

User feedback on planned land use permitting 

The interview with André Vothron, a software provider at VSK.software (BIMpermit) and the German 

representative of the EU BIM Task Board, offered valuable insights into the technical, practical, and 

strategic aspects of rule-based digital building permitting, with a focus on the German Use Case 

GE1. 

Vothron highlighted key challenges in calculating room areas using GeoSPARQL, where 

inconsistencies can occur between different mesh engines. For Use Case 1, however, room areas 

were already reliably provided through CityGML, which was extracted via FME, making 

recalculations unnecessaryðthis was seen as a clear advantage. This helped to avoid performance 

issues with real-time calculations. VSK also explored the transformation of XPlanung data into IFC 

to enable BIM-based compliance checks. This process required filtering specific attributes, handling 

georeferencing, and aligning data structures. Vothron especially appreciated the structured handling 

of IFC, CityGML and XPlanung data, and the goal to build interoperable systems that can support 

municipalities in pre-validation models. Transparency, traceability, and long-term archiving of rules 

were emphasized as essential for wider adoption. 

While performance, rule definition and system architecture presented challenges, Vothron 

acknowledged that GE1ôs use of open formats and its efforts toward software independence were 

important steps forward. However, SPARQL was considered impractical for large models in web 

environments due to high memory usage, long execution times, and limited human readability.  

As a result, Vothron emphasized a low-code or no-code approach and the need for hybrid rule 

definitions that are both machine- and human-readable. He stressed the importance for transparency 

and traceability in automated checks, noting that in some cases, rule logic embedded in proprietary 

tools reduces clarity. Open data formats, flexibility in software options, and the ability to archive and 

document rule sets were seen as essential. Standardization efforts for IFC in RDF continue, but 

practical performance and clarity in rule execution remain critical for the adoption in digital building 

permitting processes. 

User feedback on environmental compliance 

The interview was conducted with Sebastian Goitovski, from the department WB 4 ï Digital 

Transformation in Construction (òReferat WB 4 ï Digitale Transformation des Bauwesensñ) at the 

Federal Institute for Research on Building, Urban Affairs and Spatial Development (òBundesinstitut 

für Bau-, Stadt- und Raumforschung - BBSRñ). 

The conversation focused on overarching barriers and potentials associated with an IFC-based 

digital workflow, as proposed in the ACCORD Cloud Architecture. Initial challenges in applying Life 

Cycle Assessment (LCA) were identified, particularly in relation to modelling practices and data 
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processing. Nevertheless, the approach was considered to hold substantial potential for integrating 

LCA into mainstream planning processes, especially within BIM-based methodologies. 

User feedback on architectural design compliance of timber construction systems 

This feedback is based on interviews with representatives from the buildingSMART working group 

on BIM in timber construction, including timber manufacturing and software developing companies, 

as well as a research representative involved in BIM for federal buildings. 

¶ BIM requirements and implementation challenges: Stakeholders emphasized the urgent 

need for clear modelling guidelines and structured information requirements across all project 

phases - from early design to fabrication, assembly and operation. Requirements from later 

stages should be considered early to avoid rework and ensure buildability. Consistent 

terminology and data structures are essential for interoperability. The lack of harmonized BIM 

object catalogues - on federal level and beyond - was identified as major barrier. Fragmented 

outputs and inconsistent standards continued to create uncertainty in the industry. 

¶ Integration of specialist knowledge:  Early integration of fire protection and timber-specific 

engineering expertise is as critical for safety and constructability. Effective coordination of 

discipline-specific models should be embedded in BIM workflows and validation tools. 

¶ Role of standards:  The buildingSMART working group plays a key role in defining use cases 

for model handover from execution planning to production. Stakeholders noted that the Level 

of Information Need (LOIN) framework, introduced as part of the BIM strategy for federal 

buildings in Germany, is increasingly referenced in strategic discussions. However, both 

manufacturers and software developers expressed uncertainty about how LOIN 

requirements should be translated into modelling practices or integrated into existing tools 

and workflows. 

¶ Permit procedures and technical approval: Simplifying permitting procedures and 

technical checks is welcomed, but proposed solutions must be reliable and embedded in 

recognized standards. There is concern that planners are already overwhelmed by existing 

BIM processes. New tools should therefore improve technical verifiability and reduce 

complexity - not add to it. 

5.6 Lessons learned 

Lessons learned on planned land use permitting 

Use Case GE1 explored the potential of automating the building permitting process through BIM and 

its integration with planning regulations, especially XPlanung. The demonstrator provided valuable 

insights into technical, legal and organizational challenges. A central focus was evaluating how BIM 

models can be automatically checked against the development plan (ñBebauungsplanò) using formal 

rule definitions and semantic technologies.  

¶ Clarify stakeholder roles and establish a common language : A key insight is the need to 

clearly define the roles and responsibilities of stakeholders in the automated land use 

permitting process - especially authorities, software developers, urban planners, and 

architects. This includes distinguishing between legal requirements, technical rules, and 

private certifications. Assigning clear responsibility for defining and validating checking rules 

is essential for transparency and accountability. Consistency and legal certainty can only be 

achieved through a shared understanding of who is responsible for what. One of the biggest 

challenges was bridging the gap between developers, who implement rule queries, and 
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planners and authorities, who define the rules. Establishing a common languageðthrough 

better rule standardization and stronger communication between developers, authorities, and 

plannersðis therefore crucial. 

¶ Digitise and integrate requirements from justification documents : Currently, no 

standardized digital format or integration strategy exists for requirements from justification 

documents in BIM-based permitting. These elements are still manually considered during 

rule formalization. Establishing a standard would enable consistent, automatable integration 

into semantic compliance checks. A structured formalization processðdeveloped with legal 

experts and authoritiesðshould translate non-binding elements into rule logic and support 

future automation. 

¶ Develop a framework for the checking rules : Use Case GE1 emphasized the need for a 

structured approach to define checking rules, including example rule catalogues and 

standardized methods to specify what, how, and when to check. The process should follow 

phased stepsðpreliminary checks, BIM upload, collaborative validation, and final 

compliance checks. The potential for automation should be evaluated at each step of the 

process: some checks, like verifying building height limits or location-based restrictions, can 

be automated, while othersðsuch as unique architectural features or special use casesð

require human review. Defining the rules was an iterative process, involving alignment of 

available data with legal regulations, converting these into executable queries, and ensuring 

that the rules are both human-readable and machine-verifiable. 

¶ Ensure BIM readiness for development plan validation : A key challenge in Use Case 

GE1 was whether BIM models already included the necessary data for permitting, or if it had 

to be added manually. Effective checks against urban development plans (XPlanung) require 

accurate geometric and semantic data, yet IFC models often lacked key elements like use 

categories, geometries, floor areas, verified 2D footprints, or regulatory calculations and 

exceptions. In some cases, this data had to be generated or inferred using tools like FME. 

¶ Address legal issues of BIM storage and ownership : Use Case GE1 revealed legal 

uncertainties around BIM model ownership, storage duration, and the validity of digital 

signatures. Clear regulations are needed to define responsibilities, access rights, and long-

term storage rules for digital models during and after the approval process. 

¶ National and European strategies and stakeholder readiness : The use case 

demonstrated that national and EU-level digital strategies are keys to scaling automated 

permitting. This includes integrating BIM with machine-readable regulations like 

XPlanung/XBau in Germany, aligning with buildingSMART standards, and standardizing 

processes across regions and countries. lApplicants need training and user-friendly tools; 

service providers must ensure interoperability and support standardization. Authorities 

should invest in digital infrastructure, enable early checks, and resolve legal issues like digital 

signatures and traceability. Overall, success depends on clear rule definitions, legally sound 

frameworks, and coordinated collaboration among all stakeholders. 

 

Lessons learned on environmental compliance 

Overall, the integration of Life Cycle Assessment (LCA) in compliance checking is still seen as an 

emerging topic, especially BIM-based workflows. At the level of LCA integration, key challenges 
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have been identified, including unclear roles and responsibilities among actors in both public and 

private construction, and a lack of clarity in workflows and data structures. 

Key enablers have been identified in the ongoing integration of regulations and funding schemes, as 

well as in the creation and public promotion of flagship projects, and the development of easy-to-

access training materials and entry-level solutions.  

For key stakeholders, the integration of BIM-based LCA is not yet considered beneficial, due to a 

lack of skills and resources, and because the tools and methods available are too diverse and 

fragmented to support clear integration processes. This also leads to low trust in existing solutions, 

partly due to concerns about reliability. 

LCA integration needs to be seen as a supportive tool that builds on existing information, rather than 

as an extra burden with limited benefits beyond documentation. 

Existing developments and initiatives that foster the mainstreaming of BIM-based LCA include 

European regulations at the building level (EPBD) and product level (CPR), as well as 

standardization and pre-standardization efforts in the areas of LCA, BIM, and Digital Product 

Passports (DPP). Additional synergies are identified in activities of the EU BIM Task group, 

buildingSMART initiatives, EcoPlatform, and various national programs, which also require further 

harmonization. 

Lessons learned on architectural design compliance of timber construction systems 

The demonstrator on architectural design compliance of timber construction systems highlighted the 

need for targeted strategies to formalize technical rule sets from timber construction regulations, 

which are often presented in fragmented formats such as PDFs, tables and annotated drawings. To 

support digital workflows and rule-based validation, these directives should be developed into 

modular, machine-readable formats that can be integrated into open BIM environments and 

compliance-checking systems. 

Semantic technologies like RDF and SHACL proved effective for validating fire safety requirements, 

particularly the encapsulation criterion. IFC-based enrichment using tools such as TopologicPy 

enabled rule readability and traceability, while graph-native modelling approaches showed potential 

for defining reusable timber construction element types with embedded compliance metadata. 

These enriched construction element types could serve as certifiable reference configurations for 

type approvals. In future developments, this approach could be extended beyond individual 

assemblies to modular timber building systems, enabling scalable certification workflows that 

support system-level compliance and reuse across projects. By linking regulatory attributes directly 

to construction layers, manufacturers and testing bodies may digitally pre-certify assemblies. This 

would allow permitting authorities to verify conformity more efficiently, without relying solely on 

manual geometric inspection. The prototype microservice demonstrated that lightweight validation 

tools can support all involved stakeholders - ranging from manufacturers and certifiers to planners 

and engineers - while maintaining technical reliability and usability. 
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6. Demonstrations in the United Kingdom 

6.1 Objectives and overview 

The UK demonstration case focuses on enhancing the efficiency and reliability of compliance checks 
of structural integrity by integrating advanced digital tools and methodologies. It seeks to leverage 
the latest technological advancements in BIM and structural analysis to ensure that modular housing 
components meet the Euro codes in terms of strength checks of structural steel members. This 
involves utilising BIM-based inputs and Finite Element Analysis (FEA) to assess and verify 
compliance with relevant building regulations.  

This demonstration case is innovative in its use of Semantic Web technologies to automate 
compliance checks. It employs a proprietary tool to bridge open-source FEA software with BIM data, 
enabling automatic verification against regulatory requirements through advanced data processing 
and ontology management. This integration represents a significant step forward in the digitisation 
of compliance processes in the building sector. 

6.2 UK1: Structural integrity of steel modular house components 

Table 24. UK Use Case. 

Demo Projects  

Lightweight steel modular house 

Regulations Eurocode 0, 1 and 3 

Components, 

microservices and APIs 

Structural members, including beams and columns, Building Codes 

& Rules API, Structure members compliance API 

 

The steel modular system used for the demonstration follows a kit-of-parts logic, as illustrated in 
Figure 32. The repeatability of pods and panels supports the broader objective of modular housing: 
to improve quality, reduce waste, and enable digital traceability throughout the design, 
manufacturing, and compliance process. 

In this demonstration case, IFC data is used to perform Automatic Compliance Checking (ACC) of 
the structural integrity of modular steel house construction. Modular construction lends itself to ACC 
particularly well, as the standardised modules depends on reduce the complexity and ñone-offò 
design cases often found in traditional construction. Moreover, the offsite manufacturing process 
already involves a digital element, which can be integrated with Semantic Web approaches. At the 
same time, it is a sector whose considerable potential has largely not been realised, in part due to 
incompatible digital workflows [14]. 

For the purposes of the demonstration case, the core member checks have been automated: 

¶ Beam checks against uniaxial bending moment 

¶ Beam checks against beam shear 

¶ Column checks against buckling 

Eurocode 3 is used as the core standard for those checks, with Eurocode 0 and 1 provisions taken 
into account where needed. While the demonstration case concentrates on a few fundamental 
member checks, the process and workflow are easily expandable to other checks (Table 24). 
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The ACC process we have developed43 has been applied to the demonstration case of modular 
house construction. However, it is generalisable to all structural designs of buildings and, potentially, 
infrastructure. 

 

 

Figure 32. Module unit formation. 

The process is as follows: 

¶ Step 1: An IFC model, containing geometry, material information, and section profiles, is 

developed by the designers. The specification for this IFC model is based on an IDS file 

provided to the designers. The IFC model is validated against the IDS for conformity to the 

specification. 

¶ Step 2: An open-source FEM solver, Code_Aster, is utilised to perform Finite Element 

analysis of structural members. The IFC2CA tool, discussed in Section 4.2, is utilised to 

automate the Input/Output (I/O) process between the IFC model and Code_Aster.  

¶ Step 3: The results of the FEM analysis are fed back to IFC2CA, and the IFC model is 

enriched with those.  

¶ Step 4: Ontology instances are generated for the compliance checking, and intermediate 

calculations for optimisation are performed, using a middleware tool, IFC2BCO. 

 

43 Published in the paper: Patlakas, P., Christovasilis, I., Riparbelli, L., Cheung, F. K., & Vakaj, E. (2024). Semantic 

web-based automated compliance checking with integration of Finite Element analysis. Advanced Engineering 

Informatics, 61, 102448. 


























