
 
 

 

D1.2 Digitalisation of the building renovation process  1/61 

  

 

 

 

 

 

 

WP1 

D1.2 Digitalisation of the building 

renovation process 
 

  

Ref. Ares(2019)3858163 - 17/06/2019



 
 

 

D1.2 Digitalisation of the building renovation process  2/61 

  

Project Data 

Project Acronym  BIM4Ren 

Project Title  
Building Information Modelling based tools & technologies for fast and 
efficient RENovation of residential buildings 

Grant Agreement 
number  

820773 

Call identifier  H2020-NMBP-EEB-2018 

Topic identifier  
LC-EEB-02-2018 

Building information modelling adapted to efficient renovation (RIA) 

Funding Scheme  Research and Innovation Action  

Project duration  48 months Project start date October 1st, 2018 

Coordinator  Nobatek/INEF4 

Website  http://bim4ren.eu/ 

Deliverable Document Sheet 

Deliverable No. D1.2 

Deliverable title  Digitalisation of the building renovation process 

Description  

This deliverable summarizes the activities carried out in task T1.2 – 
Digitalisation of the building renovation process. It describes the 
methodology applied to transform the implicit knowledge from the 
stakeholders involved in a renovation process and their current 
practices, which are not structured enough for automation, into a digital 
process. The roles and data input and outputs that will allow to transfer 
the practitioners’ skills into digital based tools are also presented. The 
outcome of the task is the IDDS ready workflows that represent the 
renovation process and information requirements according to the 
sector segmentation, rooted on the analysis of stakeholders’ 
requirements and needs. These BIM based workflows will be the basis of 
the technical specifications to be developed in WP2 activities. 

Lead Beneficiary  TEC 

Author(s)  
Natalia Lasarte, Peru Elguezabal, Rosa San Mateos, Alberto Armijo (TEC) 

Matthias Weise, Magdalena Tarkiewicz (AEC3) 

Contributor(s)  GBC, R2M, LOG, NOB, ATI 

Type Deliverable 

Language English – GB 

Due Date 28/02/2019 Submission Date 17/06/2019 

Dissemination Level 

PU Public x 



 
 

 

D1.2 Digitalisation of the building renovation process  3/61 

CO 
Confidential, only for members of the consortium  
(including the Commission Services) 

 

 

 

 

 

 

 

Document history 
 

VER Date Author Comment 

01 17/12/2018 TEC TOC 

07 17/04/2019 TEC, AEC3 Initial content and review 

08 25/04/2019 TEC Formatting to new template 

Added chapter 2 content 

081 26/04/2019 TEC Added acronyms 

082 22/05/2019 TEC Added supporting content to 
chapter 3 based on workshop 
conclusions 

090 31/05/2019 AEC3 Refinement of chapter 3 

095 03/06/2019 TEC Draft 

096 04/06/2019 NBK Revision 

099 05/06/2019 TEC Version for revision 

100 14/06/2019 ATI Revision 

101 17/06/2019 NBK Correction 

 

 

 

  



 
 

 

D1.2 Digitalisation of the building renovation process  4/61 

 

 

Disclaimer 
 

The opinion stated in this report reflects the opinion of the authors and not the opinion of the 

European Commission. 

  

All intellectual property rights are owned by BIM4Ren consortium members and are protected by the 

applicable laws. Reproduction is not authorised without prior written agreement.  

 

The commercial use of any information contained in this document may require a license from the 

owner of that information. 

 

 

Acknowledgement 
 

This project has received funding from the European Union’s Horizon 2020 research and innovation 

programme under grant agreement Nº 820773. 

 

 

  



 
 

 

D1.2 Digitalisation of the building renovation process  5/61 

Executive summary  

The Energy retrofitting of the European Building stock appears to be one of the most effective 

measures to accomplish the EU Objectives in terms of sustainability. The Energy retrofitting offers 

meaningful and tangible benefits beyond energy cost saving, such as the reduction of C02 emissions 

and demolition wastes or others which give added value to the building such as comfort for its 

inhabitants.  

On the other hand, the common complexity and low cost-efficiency of the renovation process make 

often the retrofitting unaffordable. In addition, the renovation process is a sequence of activities, with 

many interlinked dependencies between several stakeholders, usually in a very fragmented market. 

All these drawbacks hinder the growth of this sector, which requires a comprehensive understanding 

to undertake the transformation of the sector. 

The activities performed in task T1.2, which give rise to the writing of this deliverable, deals with the 

digitalization of the renovation process based on the elicitation of stakeholder’s requirements and 

constraints carried out during task 1.1 execution. This identification comprises the understanding of 

the connection among stakeholders, also between phases as well as the sort of information exchanges, 

focusing on their needs to streamline the process and transform it into a more cost-effective and 

seamless process. Thus, task 1.2 took as input the analysis of the main barriers of renovation process 

from all the perspectives to improve the process through digitalisation, and consequently optimize the 

renovation process leveraging agile collaboration between actors, simulation and design tools. 

First, the report provides information about some key concepts on Building information modeling 

(BIM), focusing on the exchange of information capabilities and the sharing of a common and up to 

date source of information as a digital twin that allows faster decision making, such as better acoustic, 

energetic or luminance simulations to improve the design, building and maintenance phases within 

the lifecycle of a building. 

Once the BIM methodology is presented, the buildingSMART open standards (OpenBIM) are 

introduced as enablers to streamline the description of digital processes and data exchange 

requirements. Task 1.2 leverages IDM (Information Delivery Manual) standards, which allow describing 

processes and information flows that occur between them using natural language. These standards 

promote digital collaboration between participants in the construction processes. 

In this report, the graphic language BPMN (Business Process Modelling Notation) was used to provide 

a graphic notation to understand and represent the communication between participants and 

processes, i.e. describe the processes. The BPMN allows the collaboration of business-oriented 

stakeholders with technical developers. Thus, BPMN provides a common language, bridging the 

communication gap that frequently occurs during design and implementation of a digital process. As 

a result, the renovation work typologies identified in T1.1 were transformed into Use Cases and BPMN 

diagrams. 

In addition to the process description, for the AEC industries to work seamlessly, it is advisable for all 

the participants of a project to precisely know when information must be communicated and what 

kind of information needs to be shared. Thus, based on the description of the processes through 

BPMN, the main objectives of the IDM are to define which user and at which specific point in time 

must provide and group together the required information, i.e. the required data formulated as 
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Exchange Information Requirements (EIR) and listed in a tabular format. These EIR focus on the high-

level data to be exchanged during the process and then define the software tools to use. 

The IDM methodology is closely tied to the Model View Definition (MVD) method as IDM doesn’t offer 

low level information or guidelines on the technology that should be used to exchange the information 

from the building models. Thus, such a guideline needs to be added separately, that e.g. recommends 

the use of a certain subset of IFC (Industry Foundation Classes).  
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1 Introduction 

The Energy retrofitting of the European existing building is a powerful way to achieve the 40-27-27 EU 

objectives1. The building sector has an enormous impact in sustainability and environment in Europe, 

representing 40% of the overall and 36% of greenhouse gases generated. Furthermore, in Europe more 

than 70% of the building stock was built before the first energy crisis (70’s) without any consideration 

of Energy Efficiency criteria. Taking into account these data, the successful accomplishment of the 

emission reduction target by 2050, involves the need to retrofit almost all the European building stock 

at a rate of 2.9% of buildings per year, versus current 1.2 %. Therefore, this scenario leads to strongly 

promote the renovation rate in Europe in order to boost the re-use of the buildings rather than 

demolition, enhance the Energy Efficiency of the building stock and consequently, fulfil the 

sustainability policies. 

On the other hand, although currently the European Directives are mostly the drivers for Energy 

Retrofitting, it is foreseen that in a short future the drivers will be the energy savings for the building 

owners. Nevertheless, currently the renovation processes are still complex, not cost-effective, with 

many uncertainties, and disturbing for the occupants, which imply some reluctance to the renovation 

from the building owners.  

Thus, in order to ensure the acceptance of the refurbishment culture, it is necessary to improve the 

quality of the renovation, reduce the time of all phases and between phases (planning, design, 

construction, operation and maintenance), minimize the impact on the residents and guarantee that 

the cost/benefits targets are accomplished. Moreover, coordination among stakeholders during all 

phases is fundamental to ensure tight deadlines and particularly with the occupants, which are strongly 

affected by the discomfort and intrusiveness caused by the renovation works. 

In this context, digitalisation is the key challenge that may support the renovation interventions to do 

it more collaborative, cost efficient, and time saving, critical issues to ensure a successful renovation. 

At the same time, it may guarantee the process quality along all the phases (planning, design, 

construction and management), solving some of the hinders due to uncertainty of the process. When 

it comes to digitalisation, the use of Building models where the information about the existing building 

is kept and shared is a crucial point to avoid uncertainties and allow the stakeholders to feed that 

model through Building Information Modelling (BIM). 

Furthermore, the need of digitalisation must be adopted by the whole chain of the process to achieve 

its full potential.  Thus, it must start for the identification of the current barriers of renovation and BIM 

implementation from all the insights and in all phases, which implies considering all the stakeholders 

involved in the process. Only this holistic perspective may lead to a successful implementation of BIM 

in the complex universe of renovation. 

 

                                                           
1 http://ec.europa.eu/clima/policies/2030/index_en.htm . 40% domestic reduction in greenhouse gas emissions by 2030 
compared to the 1990 baseline, 27% renewable energy in the total energy consumption at EU-level in 2030, 27% 
improvement of energy efficiency in 2030 compared to projections of future energy consumption based on the current 
criteria and 15% electricity interconnections between Member States 

http://ec.europa.eu/clima/policies/2030/index_en.htm
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1.1 Scope and objectives 

This deliverable arises as the result of the task T1.2 Digitalisation of the building renovation process. It 

is devoted to leverage the analysis of the current processes, constraints and barriers of the retrofitting 

sector identified in T1.1 Elicitation of Stakeholders' Requirements and Constrains to transform the 

practical knowledge from the stakeholders involved in a renovation process and their current 

practices, which are not structured enough for automation, into a digital process defining also the roles 

and data input and output that will allow to transfer the practitioners’ skills into digital based tools. 

The outcome of the task is the different IDDS (Integrated Design and Delivery Solutions) ready 

workflows for the renovation process according to the sector segmentation, from the analysis of 

stakeholders’ requirements and needs which will be the basis of WP2. 

This deliverable provides a new IDDS ready BIM based workflow, where the stakeholder roles and 

requirements are encompassed in the whole value chain into the BIM collaborative platform serving a 

quicker, collaborative and most efficient process for renovation. The designed digital workflows will 

help the definition of the system architecture in WP2. 

As a summary, the targets addressed in the report are: 

• Leverage the harmonized terminology defined in T1.1 about the renovation process in terms 

of stakeholders and phases, based on standards used on new construction 

• Process information from stakeholders around Europe about current practices in renovation 

and BIM, as well as barriers for its implementation 

• Allow a translation of business requirements (WP1) into technical requirements (WP2) using 

BPMN and Exchange Information Requirements (EIR) 

• Allow the identification of software tools that will support the data exchange between 

stakeholders and software systems 

• Allow the application of Model View Definition (MVD) as a subset of the IFC schema that is 

needed to satisfy the Exchange Requirements in the renovation process 

• Enable the implementation of BIM in renovation through the BIM4Ren digital ecosystem 

environment and the collaborative platform 

1.2 Audience 

The current deliverable deals with formalizing information exchange between stakeholders in 

retrofitting projects. As such, this document can be of interest for: 

- BIM Managers who want to apply some BIMing (i.e. building information modelling) in such 

projects 

- BIM developers as an initial draft of requirements for users in a renovation context. 

The current work is to be considered as the first step of the work being done in WP1 to guide the 

technical specifications in WP2. As such, BIM4Ren partners involved in WP2 should refer to this 

document, and in particular to the different BPMN diagrams (Section 2.4) and the general IDDS refined 

workflow (3.1.2). 

Finally, the work has mostly been driven by the expertise and knowledge of practitioners within the 

BIM4Ren consortium. The application of the workflow to the BIM4Ren pilot sites (Section 3.1.3) is 

therefore particularly relevant for WP7 partners who will revise and refine its implementation. 
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1.3 Definitions / Glossary 

Survey a sampling opinion used to indicate what a complete analysis about renovation process 

Stakeholders: individuals and organizations who are actively involved in the project, or whose interests 

may be positively or negatively affected because of project execution or successful project completion. 

In BIM4Ren project the term “stakeholder” is used in 2 senses: 1) group of individuals and companies 

supporting the project as involved in the Pilots or as Early Adopters or Project followers who are 

inquired in order to achieve information about subjects related to the project and 2) In general, all the 

agents in the value chain of construction sector who must be considered  

Validation: Confirmation, through provision of objective evidence that the requirements for a specific 

intended use or application have been fulfilled. 

BIM: It can be used to denote the process of producing and managing the digital information of the 

building process (Building Information Modelling) as well as the digital model itself (Building 

Information Model) 

 

1.4 Abbreviations 

 

AEC Architecture, Engineering and Construction 

BIM4Ren Project “Building Information Modelling based tools & technologies for fast and efficient 
RENovation of residential buildings” 

BIM Building Information Modelling/ Building Information Model 

BPEL Business Process Execution Language 

BPMN Business Process Model and Notation 

EIR Exchange Information Requirements 

HVAC Heating Ventilation and Air conditioning 

IDDS Integrated Design and Delivery Solutions 

IDM Information Delivery Manual 

IEQ  Indoor Environment Quality 

IFC Industry Foundation Classes 

KPI Key Performance Indicator 

LL Living Lab 

MVD Model View Definition 

OMG Object Management Group 

RES Renewable Energy Source 

SME Small and medium-sized enterprises 

TOC Table of Content 

UML Unified Modelling Language 

WP  Work Package  
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1.5 Relation to other activities  

This report D1.2 is the second one of the WP1 Operational framework for a digital driven renovation 

ID process, aimed at setting the operational framework and overall requirements for the digitalized 

IDDS ready BIM based renovation process in BIM4Ren.  

WP1’s aim in the BIM4Ren project is to set the basis for future developments oriented to ensure a 

success implementation of BIM in renovation process. The WP1 is interconnected with most of the 

WPs of the project, giving inputs for future developments and feeding by the progresses in Living Labs 

and Communications and Dissemination Strategy.   

  

 

 
 

 Figure 1 : Interaction between WP1 and other WPs within the project 

As it is depicted in Figure 1, there is a strong interaction between WP1 , WP7 and WP9. Regarding WP7, 

since the pilots are considered as Living Labs where the barriers are preliminary identified and 

regarding WP9 because the community of stakeholder’s participant in communication and 

dissemination activities are key to contrast the results. 

The relationship with WP2 is crucial as the technical specifications of the BIM4Ren environment are 

based on the analysis of the renovation framework which leads to the creation of BIM based workflows 

for renovation, defined in WP1. 

Additionally, the WP1 outcomes regarding the user requirements for implementing BIM in renovation 

foster the specific development of a tools and a platform devoted to the renovation. The platform and 

associated tools will be oriented to encompass the different stakeholders adjusted to their particularly 

needs and a variety of renovation typologies. The conclusions of the WP1 addressing all these aspects 

will boost the developments according to the specific requirements.  

Finally, the tasks in WP1 are strongly connected among them, as it is depicted in Figure 2. It is 

particularly relevant the results of Task T1.1 Elicitation of Stakeholders' Requirements and Constrains 

to feed the rest of tasks. The tools brought up in this task, such as the survey, interviews and workshops 

allow to obtain information to define the digital workflows (T1.2 Digitalisation of the building 

renovation process) and about the Key Performance Indicators (KPI) according the stakeholder’s 
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expectations (T1.3 Measurement and verification protocol of the BIM4Ren renovation process). Lastly, 

the T1.4. Setting overall requirements for the integration of tools & services in the BIM4Ren digitalized 

renovation Workflows will set the overall requirements for the integration of tools & services in the 

BIM4Ren digitalized renovation workflows, which will be defined in WP2.  

 

 
 

Figure 2 : Interaction between tasks in WP1  
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2 Renovation IDDS ready process workflows 

2.1 Introduction to BIM and interoperability issues 

BIM – Building Information Modeling (BIM) – is a methodology and a process comprising the 

collaborative generation and evolution of digital representations of buildings and infrastructures, as 

digital twins. These models provide the stakeholders involved in a building actuation with a trusted 

source of geometric and semantic information that can be extracted and exchanged to support 

decision making, such as better acoustic, energetic or luminance simulations to improve the design, 

building and maintenance phases within the lifecycle of a building. BIM based software is currently 

used in the AEC industry as to plan, design, construct, and maintain diverse infrastructures, such as 

buildings, districts, bridges, roads, etc. 

Several disciplines are involved in the construction and maintenance, including renovation, of a 

building. In most of the cases, those different actors will also be using different software applications, 

systems and components. Since actors need to collaborate and work together, it would be desirable 

that those systems could function in synch and could exchange information. The very basic concept of 

two or more systems to be able to exchange information/functionalities and to use the exchanged 

information is defined as interoperability. The exchange of information should also be achieved 

without special effort on the part of the customer. Interoperability is usually no issue when all actors 

use the same software. Thus, there would need to be a software application that can cover all the 

domains and use-cases, which results quite idealistic if not outright impossible. However, there are 

several ways to solve the interoperability barriers: 

• In general, software applications from the same vendor offer good interoperability as it is in the 

interest of the vendor, that the customer buys any needed applications from the vendor. 

Nevertheless, it can hardly be ensured that on a project everyone uses software from one single 

vendor, in particular, in highly fragmented and heterogeneous building industry 

• Software from different vendors can communicate if communication rules have been agreed on. 

However, this requires one vendor to document and release its exchange format and the other 

vendor to follow the same rules. Again, this scenario is not realized very often in reality 

• Interoperability can also be achieved by using open standards fostered by neutral organizations 

for enabling and promoting the information exchange. This is the most often used pattern 

leveraged in computing environments and also in BIM methodology 

• Using enterprise service buses (ESB) and web services (SOA), non-interoperable software systems 

can be made interoperable. The service will take data in the proprietary data format and will filter 

and map it to the data format of the other system. Creating such interoperability between multiple 

services needs knowledge of all the involved proprietary data formats of all participant software 

systems and thus is highly complex 

The architecture, engineering and construction (AEC) industry as well as the facility management 

industry are characterized by their high volume of information processing and interaction between 

actors and software systems. Nowadays, more than ever with the proliferation of big data, information 

needs to be massively interpreted and exchanged by various actors. In recent years, the importance of 

software solutions continues to grow in AEC and FM (Facility Management) industries. This leads to a 

growing supply of different software applications used by the different actors. Hence, interoperability 

is often a major issue regarding barrier-free exchange of data and information. This technical issue is, 

if performed inadequately, a waste of time, efforts and costs on its own. Thus, it is desirable to reduce 

the barriers that impede the flow of information. Recent developments indicate that by broadening 
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the scope and definition of interoperability as well as the corresponding interoperability framework it 

is possible for new collaborative project delivery systems, emerging technologies and processes to be 

more seamless in the flow of information. This means that interoperability will, aside from its 

technological issues (i.e. how to connect systems and applications on a technical level), touch other 

domains, such as the organizational and procedural domains. For example, interoperability should also 

be achieved regarding business processes and how they impede technical connections or whether they 

enable them at all. A seamless collaborative project delivery system would greatly benefit BIM as it 

would improve its efficiency as well as effectiveness. These deliberations would see interoperability 

touching and existing in multiple different dimensions beside the technological dimension (i.e. 

procedural, organizational). 

2.2 BIM Standards 

BIM is a collaborative work methodology that allows the integral management of building projects or 

civil works, in all its phases and throughout the life cycle of the structure, by means of a digital twin, 

or in other words, the digital representation of the structure. This methodology integrates all the 

agents involved in the life cycle of the building or infrastructure, such as developers, architects, 

engineers, builders, facility managers, etc. and establishes a transverse communication flow between 

them. BIM manages the entire life cycle of the structure, from design, execution, exploitation and 

maintenance, to demolition or rehabilitation, as seen in Figure 3. Thus, BIM allows to have in a single 

data repository all the information design, construction and management of any type of structure.  

 
Figure 3. BIM life cycle concept (source: thebimhub.com) 

The implementation of BIM has several stages, called BIM maturity phases. They are based on the BIM 

maturity levels proposed by Bew-Richards (see Figure 4). The maturity levels range from level 0 to level 

3: 

• Level 0: Drawings and physical and digital 2D drawings, without collaboration between agents. 
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• Level 1: Use of 2D to generate documentation and use of 3D for conceptual design, although 

there is still no coordination between agents. 

• Level 2: 3D modelling and start of collaborative work. 

• Level 3: 3D modelling in the cloud and collaborative work in real time on a single file. This is 

called Open BIM. 

 
Figure 4. Bew-Richards BIM Maturity Model 

Another important concept of the BIM methodology is the LOD (Level of Development) that defines 

the level of development or maturity of information which defines an element of the model, and this 

is the part of a component, constructive system or assembly of the structure (see Figure 5). 

 
Figure 5. BIM LOD (source: fabricantes.bimetica.com) 

2.2.1 Open Standards for BIM (OpenBIM) 

The main organization promoting standardization in BIM is buildingSMART International (BSI), which 

has numerous chapters by country or geographical area. Its main objective is to define, maintain and 

promote open and neutral international standards, which can be grouped into categories, depending 

on their purpose (see Figure 6). It should be noted that many of them are already ISO standards. 
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Figure 6. BIM Basic Standards (source: www.buildingsmart.org) 

IDM (Information Delivery Manual) allows describing processes and information flows that occur 

between them using natural language. There are standards for IDM such as ISO 29481-1, which 

promotes digital collaboration between participants in the construction processes. It is usually 

complemented with the graphic language BPMN (Business Process Modelling Notation) that provides 

a graphic notation to understand and represent the communication between participants and 

processes. 

The IFC (Industry Foundation Classes) is an object-oriented data model that allows the exchange of a 

BIM modelling without loss of data. IFC defines the geometry and semantics of the different objects of 

a building in its different areas: architectural, installations, structural model and recently it is extending 

towards the domain of infrastructure and city, although it is not yet supported. It is an open data 

standard, not controlled by any software vendor, created to facilitate interoperability between the 

different BIM software that exist in the market. It is the BIM standard the most supported by 

commercial tools (more than 150 applications). 

BCF (BIM Collaboration Format) is a standard that is used to coordinate changes in the model 

throughout the project phase, a kind of "tags" that are placed in the IFC, which allow different users 

from different software to report problems, request changes, etc. without the need to exchange the 

complete IFC model. 

The IFD (Information Framework for Dictionaries) is a mechanism to bring together different 

taxonomies and classification systems used in different countries. It enables to look-up definitions and 

translations to other languages/classification systems, and thus will foster international 

communication. The IFD is a catalogue of products named in a specific way (vocabulary). This 

vocabulary is composed of a data package common to the different disciplines involved in the 

construction process. 
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The MVD (Model View Definition) is a subset of the IFC scheme being relevant for supporting a set of 

data exchange requirements. It thus enables to translate processes into a formal specification on top 

of the IFC standard, which needs to be implemented by software interfaces in order to be able to fulfil 

the data exchange requirements stated by domain experts. Such MVD is also used by bSI for software 

certification that helps to select software packages. 

2.2.2 Open Standards applied in BIM4Ren 

In the context of BIM4Ren task T1.2, the Information Delivery Manual (IDM) standard was applied to 

root the digitalization of the building renovation process.  

To streamline the digitalization of the renovation process, the Business Process Modelling Notation 

(BMPN) has been leveraged in BIM4Ren. BPMN is meant to close the gap between business process 

design and process implementation, therefore the general objective of BPMN is to support business 

process management by providing a standard notation that is easily understandable by the technical 

user, such as the technical developers, as well as by the business users, such as business analysts. 

Hence, BPMN must be able to represent complex process semantic while still be intuitive enough to 

be used by business users. BPMN is based on flowcharting technique that is very similar to activity 

diagrams from the Unified Modeling Language (UML). BPMN defines Business Process Diagrams (BPD), 

which are made up of a set of graphical elements. For example, activities are rectangles and decisions 

are diamonds. This allows the BPMN to create diagrams that are easily readable by business analysts 

as they closely resemble a flowchart diagram. BPMN2.0 was used for modelling the project related Use 

Cases presented in chapter 2.3 making use of the Use Cases and Actors described in D1.1 (see chapter 

3.4). 

Furthermore, for the AEC industries to work seamlessly, it is advisable for all the participants of a 

project to precisely know when information must be communicated and what information needs to 

be communicated. The IDM methodology aims to capture and specify processes and information flows 

during the life-cycle of a building (ISO 29481-1). The standard itself only describes the methodology on 

how to produce such a manual for the information exchange. Thus, based on the definition of the 

processes through BPMN, the main objectives of the IDM are to define which user and at which specific 

point in time must provide and group together the required information, i.e. the required data 

formulated as Exchange Information Requirements (EIR) and listed in a tabular format. The EIR for a 

sample Use Case is presented in chapter 3.1. For each model view, (3D design, data capture and 

digitalization, energy simulation, web-based visualization and interaction, etc.) interactions with the 

model can be structured in: 

• “Who”: which tool/actor is the responsible for creating the data and can query specific aspects. 

The data could have associated responsibilities, supporting documentation, etc.  

• “When”: in which stage of the process-flow the above data are involved to allow the detection 

of dependencies 

• “What”: input data required by the module/process and output data generated in the server 

• “How”: the data must be locally accessed? Web-based? Will it be automatically created, 

imported or manually entered? In which resolution/accuracy level? 

The IDM methodology is closely tied to the Model View Definition (MVD) method as IDM doesn’t offer 

low level information or guidelines on the technology that should be used to exchange the information 

from the building models. Thus, such a guideline needs to be added separately, that e.g. recommends 

the use of a certain subset of IFC. More information on MVD will follow in WP2. 
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2.3 Identification of renovation Use Cases 

To elaborate the BPMN workflows, several interviews were carried out with relevant stakeholders 

linked to the renovation processes, who were selected among the pilots’ participants, Early Adopters 

of the project and other key agents, all of them belonging to the BIM4Ren extended community. The 

main goal of the interviews was to discover implicit knowledge from key actors having a relevant role 

in one or more renovation typologies. Each renovation work typology is considered as a Use Case. 

From the software engineering perspective, a Use Case is a list of actions that define the interactions 

between an actor and a system to achieve a goal or requirement. Table 1 shows a summary of the Use 

Cases identified from the interviews that were carried out during T1.1. Each Use Case is eventually 

mapped to a BPMN file. 

Table 1. Renovation Use Cases identified from the interviews 

ID WORKFLOWS SOURCE OF 

INFORMATION 

USE CASE  BPMN FILE 

1 General Renovation 

workflow simplified 

with main phases. 

Own sources U3.2 Façade 

renovation  

GENERAL 

DIAGRAM-

TEC.bpmn 

2 Façade renovation 

process from the 

perspective of the 

Architect who 

develops the Pilot   

Interview with the 

Architect of the pilot in 

San Sebastian 

U3.2 Façade 

renovation 

U3.2 ARCHITEC-

TEC.bpmn 

3 Façade renovation 

process from the 

perspective of the 

private owner of a 

pilot’s dwelling 

Interview with the 

Architect of the pilot in 

San Sebastian 

U3.2 Façade 

renovation 

U3.2 PRIVATE 

OWNER-TEC.bpmn  

4 Façade renovation 

process from the 

perspective of a public 

owner who manage 

social housing 

Interview with an Early 

Adopter (VVMM) 

U3.2 Façade 

renovation 

U3.2 PUBLIC 

OWNER SOCIAL 

HOUSING-

TEC.bpmn  

5 Façade renovation 

process from the 

perspective of the 

main contractor and a 

subcontractor who 

provide material for 

services  

Interview with 

different profiles of the 

Contractor of the pilot 

in San Sebastian 

(KURSAAL) and an Early 

Adopter (SALTOKI) 

U3.2 Façade 

renovation 

U3.2 CONTRACTOR 

AND 

SUBCONTRACTOR-

TEC.bpmn  

6 Façade renovation 

process from the 

perspective of a façade 

Interview with an Early 

Adopter (EFEUVE) 

U3.2 Façade 

renovation 

U3.2 FACADE 

INSTALLER-

TEC.bpmn  
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installer for energy 

retrofitting.  

7 Building renovation 

process from the 

perspective of the 

Architect who 

develops the project 

Interview with the 

Architect Arch. Levra 

Levron as designer+ 

site supervisor 

Renovation of a 

family Villa in 

Mathi (To), Italy 

diagram-Levra 

Levron.bpmn 

8 Building renovation 

process from the 

perspective of the 

Architect who 

develops the project 

Interview with the 

Architect Renovation 

of a family Villa in 

Castiglione (To), Italy 

Renovation of a 

family Villa in 

Mathi (To), Italy 

diagram-

Magnabosco.bpmn 

9 Building renovation 

process from the 

perspective of the 

Contractor who 

develops the project 

Interview with the 

Andrea Peruzzo – 

project manager + 

budget administration 

+ quality check + safety 

manager 

A deep energy 

renovation of an 

existing 

multifamily 

building in Vicenza 

diagram-

Pozza.bpmn 

10 Building renovation 

process from the 

perspective of the 

Engineering company 

who develops the 

project 

Interview with the 

Massimo Buson – 

project manager 

(coordinator of the 

executive design team 

and BIM manager) 

Deep renovation 

of a tower building 

from the 60s, the 

construction of 

new basement 

floors and of a new 

building 

diagram-

TEKNE.bpmn 

ID WORKFLOWS SOURCE OF 

INFORMATION 

USE CASE  BPMN FILE 

11 Building renovation 

process from the 

perspective of the MEP 

Engineer  
 

Interview with the MEP 

Engineer 

1.1 Energetic Survey 

+ 5.1 HVAC + 5.3 

Electricity + 5.4 

Plumbing and 

Sewage 

ATI-Engineer.bpmn 

12 Building renovation 

process from the 

perspective of the 

Architect 

Interview with the 

Architect 

1.2 Technical 

Inspection of the 

building + 2.3 

Partition and 

internal space 

remodelling + 3.1 

Framing and glazing 

replacement + 3.2 

Façade retrofitting 

ATI-Architect.bpmn 

13 Data gathering and 

surveying process by 

Interview with a 

technician in Nobatek – 

usual practices 

1.1 Energetic Survey   NBK-

EnergyAudit.bpmn 



 
 

 

D1.2 Digitalisation of the building renovation process  21/61 

an energy audit 

company 
 

14 Renovation conception 

from the energy and 

lighting engineering 

point of view 

Interview with a 

technician in Nobatek – 

usual practices 

1.2  NBK-

EnergyEngineering-

Design.bpmn  

 

On the one hand, the first workflow called “General Renovation workflow simplified with main phases” 

is a generic diagram that contains the lifecycle phases or tasks of a generic renovation process, while, 

on the other hand, the rest of workflows are specific diagrams that represent subprocesses of the 

generic diagram, as depictured in Figure 7. 

 
Figure 7. Generic and Specific BPMN diagrams 

In this regard, the generic BPMN workflow (ID1) can be observed in Figure 8, where each of the 

subprocesses (rectangular items) represent a life cycle phase in a general deep renovation project, as 

defined in chapter 2.4.2 in D1.1. 
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Figure 8. Generic BPMN diagram 

As described above, on this basis, the rest of specific BPMN workflows specify the tasks (subprocesses) 

involved in the life cycle phases from the point of view of the stakeholders. For example, the BPMN 

diagram displayed in Figure 9 expands the generic diagram with the detailed tasks and Exchange 

Information Requirements (EIR) from the point of view of the architect in the façade renovation 

process in San Sebastian pilot. 

 
Figure 9. Specific BPMN diagram (ID2) 

The complete set of BPMN workflows are presented in chapter 2.4.2. On the other hand, in chapter 3, 

the BPMN diagrams of different stakeholders are brought into a single process diagram with 

identification of EIRs.  
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2.4 Elaboration of the IDDS renovation workflow using BPMN 

2.4.1 BPMN description 

The Business Process Model and Notation2 (BPMN) is an Object Management Group (OMG) standard 

that supports business process modelling, providing a graphical notation (see Figure 10) for specifying 

business processes based on a flowcharting technique very similar to activity diagrams from Unified 

Modelling Language (UML). The main objective of BPMN is to provide a standard notation 

understandable by all business stakeholders: 

• Business analysts: create and refine the processes 

• Technical developers: implementation  

• Business managers: monitor processes 

 
Figure 10. Example of a Business Process Model and Notation 

Thus, BPMN provides a common language, bridging the communication gap that frequently occurs 

during design and implementation. 

In addition, the BPMN specification also provides a mapping between the graphics of the notation and 

the underlying constructs of execution languages, particularly Business Process Execution Language 

(BPEL). Version 2.0 of BPMN was released in January 2011, at which point the name was adapted to 

Business Process Model and Notation as execution semantics were also introduced. This means that 

the BPMN 2.0 notation would allow the direct IT deployment of the workflows in a workflow engine 

compliant with the BPMN 2.0 standard. 

The BPMN 2.0 specification represents the amalgamation of best practices within the business 

modelling community to define the notation and semantics of Collaboration diagrams, Process 

diagrams, and Choreography diagrams. The intent of BPMN is to standardize a business process model 

and notation in the face of many different modelling notations and viewpoints. In doing so, BPMN will 

provide a simple mean of communicating process information to other business users, process 

implementers, customers, and suppliers. A very important aspect of defining process maps via BPMN 

                                                           
2 http://www.bpmn.org/ 

http://www.bpmn.org/
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is to identify data exchange between stakeholders. Afterwards, this data exchange can then be defined 

in more detail. 

The BPMN models are built as simple diagrams constructed from a limited set of graphical elements. 

For both business users and developers, they simplify understanding of business activities' flow and 

process. BPMN's four basic element categories are: 

• Flow objects: Flow objects are the main describing elements within BPMN and consist of three 

core elements: events, activities, and gateways (see Figure 11, Figure 12 and Figure 13). An 

Event is represented with a circle and denotes something that happens (compared with an 

activity, which is something that is done). An activity is represented with a rounded-corner 

rectangle and describes the kind of work which must be done. An activity is a generic term for 

work that a company performs, and it can be atomic or compound. To finish with, a gateway 

is represented with a diamond shape and determines forking and merging of paths, depending 

on the conditions expressed. 

 
Figure 11. BPMN Events 

 

 
Figure 12. BPMN Activities 
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Figure 13. BPMN Gateways 

• Connecting objects: Flow objects are connected to each other using Connecting objects, which 

are of three types: sequences, messages, and associations (see Figure 14). A Sequence Flow is 

represented with a solid line and arrowhead and shows in which order the activities are 

performed. A Message Flow is represented with a dashed line, an open circle at the start, and 

an open arrowhead at the end. It informs on what messages flow across organizational 

boundaries (i.e., between pools). An Association is represented with a dotted line. It is used to 

associate an Artefact or text to a Flow Object. 

 
Figure 14. BPMN Connectors 

• Swim lanes: are a visual mechanism of organizing and categorizing activities, based on cross 

functional flowcharting, and in BPMN consist of two types: pools and lanes. A pool represents 

major participants in a process, typically separating different organizations. A pool contains 

one or more lanes (like a real swimming pool). A lane is used to organize and categorize 

activities within a pool according to function or role. A lane contains the flow objects, 

connecting objects and artefacts 
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Figure 15. BPMN Pool 

• Artefacts: allow developers to bring some more information into the model/diagram. In this 

way the model/diagram becomes more readable. There are three pre-defined Artefacts and 

they are data objects, group and annotation. Data objects show the reader which data is 

required or produced in an activity. A Group is represented with a rounded-corner rectangle 

and dashed lines. The group is used to group different activities but does not affect the flow in 

the diagram. An annotation is used to give the reader of the model/diagram an understandable 

impression. 

 

These four categories enable creation of simple business process diagrams (BPDs).  An example of 

BPMN can be observed in Figure 16. 

 
Figure 16. Message flows connecting to flow objects within two pools 

Software can claim compliance or conformance with BPMN 2.0 if and only if the software fully matches 

the applicable compliance points as stated in the specification. Software developed only partially 

matching the applicable compliance points can claim only that the software was based on this 

specification but cannot claim compliance or conformance with this specification. The specification 
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defines four types of conformance namely Process Modelling Conformance, Process Execution 

Conformance, BPEL Process Execution Conformance, and Choreography Modelling Conformance. 

The implementations claiming Process Modelling Conformance must support the following BPMN 

packages: 

• The BPMN core elements, which include those defined in the Infrastructure, Foundation, 

Common, and Service packages 

• Process diagrams, which include the elements defined in the Process, Activities, Data, and 

Human Interaction packages 

• Collaboration diagrams, which include Pools and Message Flow 

• Conversation diagrams, which include Pools, Conversations, and Conversation Links 

As an alternative to full Process Modelling Conformance, there are three conformance sub-classes 

defined: 

• Descriptive: concerned with visible elements and attributes used in high-level modelling. It 

should be comfortable for analysts who have used BPA flowcharting tools 

• Analytic: contains all of Descriptive and in total about half of the constructs in the full Process 

Modelling Conformance Class. It is based on experience gathered in BPMN training and an 

analysis of user-patterns in the Department of Defence Architecture Framework and planned 

standardization for that framework 

Common Executable: focuses on what is needed for executable process models 

2.4.2 BPMN Workflows 

This section (see Table 2) provides an overview of the Use Cases and Workflows described in Table 1. 

Thus, provides a transformation of the Use Cases into BPMN 2.0 workflows. The sequence flows, 

indicating the orchestration between manual and automated tasks (services orchestration) are 

provided. The sequence flows are represented by a solid black line with black arrow. The manual tasks 

involve human interaction, while automated tasks involve the communication with a software system. 

The fully detailed BPMN diagrams shown in Table 2 can be accessed in digital format: 

http://cloud.bim4ren.eu/index.php/s/fBT8bTmmw2jGBfG. 
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Table 2. BPMN 2.0 Workflows 

GRAPHICAL WORKFLOWS 

ID1: General Renovation workflow simplified with main phases. 
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ID2: Façade renovation process from the perspective of the Architect who develops the Pilot   
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ID3: Façade renovation process from the perspective of the private owner of a pilot’s dwelling 
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ID4: Façade renovation process from the perspective of a public owner who manage social housing 
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ID5: Façade renovation process from the perspective of the main contractor and a subcontractor who provide material for services  
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ID6: Façade renovation process from the perspective of a façade installer for energy retrofitting.  
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ID7: Building renovation process from the perspective of the Architect who develops the project 
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ID8: Building renovation process from the perspective of the Architect who develops the project 
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ID9: Building renovation process from the perspective of the Contractor who develops the project 
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ID10: Building renovation process from the perspective of the Engineering company who develops the project 
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ID11: Building renovation process from the perspective of the MEP Engineer  
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ID12: Building renovation process from the perspective of the Architect 
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ID13: Data gathering and surveying process by an energy audit company 
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ID14: Renovation conception from the energy and lighting engineering point of view 
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3 Enhancement of the renovation process 

workflows through BIM digitalization 

3.1 Elaboration of general BIM based BPMN 2.0 workflows 

3.1.1 Introduction 

Based on the workflow definitions presented in chapter 2.4 this chapter provides an analysis of BIM 

related tasks and information requirements. The main goal of the work presented in this chapter was 

to determine an agreed general BIM-oriented workflow which serve the determination of high-level 

exchange information requirements (to be reported in D1.4) and the further definition of the technical 

specifications of the developed or adapted tools in the frame of the BIM4Ren platform (to be 

elaborated in WP2). 

The following procedure has been used in order to elaborate a general BIM based workflow: 

• Analysis of the results on workflows  

o Analysis of surveys 

o Analysis of BPMN-workflow diagrams for renovation determined in section 2.4 

o Filtering and highlighting the BIM-relevant tasks 

o Refactoring of the digital renovation workflow and bringing the BPMN diagrams of 

different stakeholders into a single process diagram (one detailed stakeholder neutral 

workflow needed) 

o Specification of the subtasks (necessary for the definition of EIRs) 

• Validation loop: 

o Verification of the enhanced BIM workflows in the frame of the common workshop by all 

project partners 

o Analysis of the workshop results (The remarks and conclusions from the validation process 

by project partners are described in section 3.1.3) 

o Update of the BIM-workflow 

• Validation loop: 

o Verification of the updated data by selected representatives of pilot projects in Spain, Italy 

and France  

o Analysis of the remarks 

o Final update of the BIM-oriented workflow / determination of an agreed BIM based 

workflow (s. 3.1.2.) 

The agreed BIM based workflow consists of the following information: 

• Phases  

• Tasks  

• Subtasks 

• Tasks sequencing  

• Data transformation / exchange 

• Roles / actors 
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Figure 17 shows a sample of a BIM based BPMN diagram with a presentation of its structure and 

elements. 

 
 

Figure 17. Structure of the BIM based BPMN diagrams 

3.1.2 BIM based BPMN workflows  

This section provides an overview of the agreed general BIM based BPMN workflow diagrams that 

were created according to the procedure described in chapter 3.1.1. for each project phase, from the 

strategic planning to handover and close out, including maintenance. It displays the detailed tasks that 

are relevant for the BIM process in renovations in each project phase as well as the position of the 

data exchange (EIR) between different stakeholders. The remarks of the project partners from the 

validation phase (workshop and individual validation) regarding the workflows were already integrated 

during the creation of the final version of the diagrams presented in the figures 18 – 24. The description 

of the definition of the Exchange Information Requirements will be presented in the next section. 

 

  

 

 

 

Task 

Subtask 

Phase 

Data Exchange 
(description in 3.2)  

Role / Actor 
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Figure 18. BIM based BPMN workflow diagram for the Strategic Planning Phase 
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Figure 19. BIM based BPMN workflow diagram for the Data Gathering Phase 
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Figure 20. BIM based BPMN workflow diagram for the Diagnosis Phase 
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Figure 21. BIM based BPMN workflow diagram for the Conceptual Design Phase 
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Figure 22. BIM based BPMN workflow diagram for the Technical Design Phase 
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Figure 23. BIM based BPMN workflow diagram for the Tendering and Construction Phase 
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Figure 24. BIM based BPMN workflow diagram for the Handover, Close out and Maintenance phase 

The proposed global workflow covers the full retrofitting lifecycle, until the hand-over and 

maintenance phases. Nevertheless, the BIM4Ren project focuses its developments on the initial 

phases, from the strategic planning to the technical design. But having an overview of the actions and 

needs of actors at the construction, hand-over and maintenance phases is relevant to ensure a good 

continuum. In a BIM approach, the model must be usable for future interventions and usages. 

Therefore, elements in Figure 23 and Figure 24 will be used in the elaboration of specifications in WP2 

to ensure the delivered model in BIM4Ren can be used further. 
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3.1.3 Relation to the Project Pilots 

The definition of previous BIM based BPMN workflow diagrams as well as their usefulness in the 

BIM4Ren renovation use cases in Spain, Italy have been verified by the project partners during the 

common workshop and in form of an individual analysis by the selected representatives of the pilot 

projects, in particular for the French pilot site3. It is important to mention that this workflow definition 

represents the current view of project partners and will be revised based on new insight throughout 

implementation and later use in the pilot projects. The following remarks, concluded in the workshops, 

have been integrated in order to determine the agreed BIM based workflow presented above (3.1.2): 

 

Workshop 1 : French Pilot 

1. Building Description 
- 6 Buildings Blocks including 600 dwellings 
- Existing Heating Systems: Centralised Geothermal Energy System consisting of ground loops 
- Retrofitting Solution given by the client:  

o Envelope insulation  
o Windows replacement  
o Connect DHW System to the network 

 

2. Stakeholders Plan (see flowchart notes from WS) 
- The client is also the building owner 
- The client is involved throughout all phases of the project  
- The client calls for tenders/proposals 
- The client hires contractors/subcontractor 
- Building must achieve C-level according to the French Building Regulation  

 

3. Conclusions 
- There are tender stages not shown in the flowchart. As the client is also the building owner 

and the developer of the project, he/she is the responsible for a high number of activities at 
different stages of the project 

o There is a first tender led by the Client at Diagnosis stage in order to appoint a Design 
Team 

o There is Second Tender at Technical Design Stage 
- Lack of Feedback Loops throughout the phases. The client reviews outcomes from Diagnosis, 

Design and Construction. Therefore, the end of a phases is not accomplished until the results 
are checked by the client 

- Commissioning stage missing. This phase includes monitoring, Post-Occupancy evaluation and 
validation. It should last at least one year. 

 

Workshop 2 :  Spanish Pilot 

Main inputs about the reviewing process of the Workflow as discussed in the Workshop in GM: 

- In the strategic planning phase: 
o The agent identified as “BIM Manager / Consultant” should be the Architect 
o For the feasibility study. Some technical information should be exchanged 

- In the data gathering phase: 
o The model collection task is not performed at this stage 

                                                           
3 No workshop with the working team could be organized for this site because of delays caused by public 
tenders process in selecting the team. 
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o The 3D scanning is performed onsite specifically for complex geometry moulding 
modelling 

o Although it was not performed in the first pilot case, Kursaal highlights the necessity of 
performing pull off tests in all the façade renovation works to have a good understanding 
of the actual state of the mechanical behaviour of the façade 

- In the diagnosis phase: 
o The task “Analysis of geometric space data” just applies to the façade. Therefore, it should 

be mentioned as “Analysis of façade data” instead 
o In the “analysis of occupants (needs and behaviour)” task, the interest of the occupants of 

solving “humidity and moisture problems” is a Key aspect for the Pilot in San Sebastian 
This is one of the main reasons for the intervention, and the information about before and 
after the renovation needs to be reflected as a KPI and part of the EIR interchanged 

o The task “analysis of the existing systems” is not relevant for this pilot case as the works 
are just located in the envelope of the building and none specific intervention is considered 
for systems 

o Same as above for “analysis of GIS data…”. 
- In the conceptual design phase: 

o For the “Visualization of BIM model” Task, there’s a strong interest in developing options 
for displaying a variety of intervention solutions to be presented with the project. Ideas to 
be presented relate to “different technologies for solving the renovation”, “Visual aspects 
related with aesthetics, such as colours, textures…” 

o In the “preliminary energy simulations, a Key parameter (probably a KPI as well) is the U 
value of the façade. Before and after the intervention 

- In the Construction phase: 
o The tendering process is missing. This is a very important process for the contractor and 

needs to be included as well 
o The accuracy of the information exchanged is critical for the Tendering. All the information 

exchanged and collected needs to provide feasibility to the project. All the uncertainties 
in the building’s conditions represents an issue for the tendering and for offering. The 
lower the definition level is, the higher deviations that will occur (This affects to the 
“review deviations” task) and the unsatisfaction of the client increases, because the final 
price of the solution is different to the one initially offered by the contractor. In addition, 
if the contractor needs to make the offer with few information the risk level for the 
tendering is also very high 

o The collaborative feature in the “development / review the work progress” task is very 
important to keep informed all of those that are affected by the works (occupants, users, 
shops, neighbours…). One of the complaints of occupants is that they do not receive 
information, feedback about how the works are progressing 

- In the handover and close out phase: 
o In the “IFC model processing” task. 

 

Workshop 3 : Italian Pilot 

General information about the pilot: 

- There are two projects in the frame of the use case: one with the implementation of BIM and 

the second without BIM. The analysis of the BIM-oriented workflow is based on the first case 

that represent the base case. 

Main inputs about the reviewing process of the Workflow as discussed in the Workshop in GM: 

- In the strategic planning phase: 
o The agent identified as “BIM Manager / Consultant” should be the Architect or Consultant.  
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o For the feasibility study. Some information about the current condition should be 
delivered (short briefing). 

- In the data gathering phase: 
o The model collection task is performed off-site, not on-site. 
o The on-site scanning is used not only for the specification of complex geometry but also 

for the data collection of the current state, equipment and material characterization. 
o Besides 3D-scanning also Sensoring is used for the data collection on-site. 
o All data collected on-site are used for the off-site analysis (not one to one mapping as in 

the diagram) 
o The tasks are performed iteratively for the validation of the results 

- In the diagnosis phase: 
o Both tasks “analysis of the existing systems” and “analysis of geometric space data” are 

relevant for this pilot case 
o The task “comfort analysis” (CO2, temperature) is missing 
o “Economic analysis (cost-benefit)” should be a part of each stage 

- In the conceptual design phase: 
o Besides 3D-modelling also material and products choice have to be done (subtask) in the 

frame of the concept creation 
o The tasks are performed iteratively for the validation of the results 
o As mentioned above, “Economic analysis (cost-benefit)” should be also a part of this stage 

- In the technical design phase: 
o The final architectural project contains the precise material data  
o The task “calculations by external consultants” should be complemented by comfort 

simulations 
o The subtasks “converting IFC model to gbXML” “generation of 2nd level space boundaries” 

serve as an input for the simulations  
- In the construction phase: 

o The commissioning process of the whole building and special systems is missing. This is a 
very important process and needs to be included in the workflow diagram as well. 

o The role of the construction manager has to be added 
- In the handover and close out phase: 

o The revision process has to be done in the construction phase (see commissioning process) 
o The following phase of maintenance is missing for the whole life cycle of the building 

 

As a conclusion, the participants missed the tendering phase as in the French and Spanish pilot as well 

as the commissioning and maintenance phase, like in the French and Italian pilot. This is fundamental 

in these use cases since the idea is to leverage a Measurement & Validation plan to monitor the pre 

and post intervention after the handover.  The tendering phase was integrated into the sixth project 

phase (construction phase) and shown in a common workflow diagram, whereby the maintenance 

phase was added as a separate phase (number 8) and presented together with the handover and close 

out phase in the last workflow diagram. Some tasks that are relevant only for several pilot projects 

were marked with a dashed straight line. 
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3.2 Initial definition of Exchange Information Requirements (EIR) 

3.2.1 Introduction 

The BIM oriented BPMN diagrams presented in chapter 3.1 serve the further identification of the 

relevant data exchanges in use cases. These allow ultimately the further technical specification of the 

BIM4Ren tool development. This chapter will basically identify the following information about the 

expected dataflow between tasks:  

• who is the owner/sender of information? 

• who is the receiver (i.e. the use case/task that requires the information)? 

• what is the content in details 

In this project phase project partners started to identify Exchange Information Requirements as high-

level components. The procedure by their definition is similar as by the creation of the agreed BIM 

oriented BPMN workflows and consists of the following steps: 

• Analysis of the results on workflows (WP1) and identification of the relevant data exchanges 

(see chapter 3.1) 

• Analysis of the results on the BIM oriented BPMN workflows (position of the EIRs in the 

diagrams) 

• Creation of the first draft of the Exchange Information Requirements for each phase and 

selected tasks 

• 1. Validation loop:  

• Verification of work in the frame of the common workshop by all project partners 

• Analysis of the workshop results  

• Update of EIR-tables 

• 2. Validation loop: 

• Verification of the updated data by selected representatives of WPs: practitioners and 

software developers 

• Analysis of the collected remarks  

• Update of the high-level Exchange Information Requirements for the specification of the 

detailed requirements on the low-level 

 

The Exchange Information Requirements are collected in EIR-tables containing the following basic 

information: 

Information Characterization 

Exchange name The name corresponds to the performed task and indicates the 
representation of the result (report, documentation, etc.), the 
numbering of EIRs corresponds to the phase number (e.g. 1. 
strategical planning ; 1.EIR 1 general scope description) 

BPMN phase involved Project phase defined in the BPMN diagrams (see chapter 2.4) 
for that the exchange requirements are formulated in the 
particular table 

BPMN tasks involved Tasks that are involved in the process of data exchange and 
assigned to the particular BPMN project phase 

External Data (ED) Additional data delivered from external systems needed for 
the performance of the task 
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Sending Actor  Person who is responsible for the performance of the task and 
delivery of the information to the project partner 

Receiving Actor(s) Person who receives the information and based on it performs 
the next project task 

Possible Tools  Software that can be used in order to perform the task 

Description Exchanged Data  Information that has to be exchanged in order to perform the 
next task 

Exchange Models Type of models that have to be exchanged in order to perform 
the next task 

Data Exchange File type / format that will be used in order to exchange the 
data between the actors and tools 

 
Figure 25. Structure of the Exchange Information Requirement Tables 

3.2.2 Exemplary Exchange Information Requirements 

Following this example of the concept design phase, the key tasks and roles as well as the process of 

data exchange and the exchange requirements (EIR) are illustrated below: 
 

 
 

Figure 26. Process of the data exchange in the Concept Design Phase 



 
 

 

D1.2 Digitalisation of the building renovation process  56/61 

• The Architect / design team starts the process in the Conceptual Design Phase by creating the 

preliminary project and preparing an appropriate documentation (models, PDFs, etc.) (4.EIR 1, i.e. 

preliminary project documentation) 

• Based on the selected data from the ER1 (4.EIR 1A Documentation for Preliminary energy 

simulations) the Consultant performs in the next step preliminary energy simulations and collects 

the results in 4.EIR 2A (Technical Report:  Preliminary Energy Simulation Report) 

• In the next step, Architect or Design Team validates the project concept using all reports from 

preliminary calculations (4.EIR 2). For the validation of some parts of the concept is used a part of 

the previous results. E.g. for the elaboration of the life cycle analysis Design Team uses as an input 

the KPIs and client requirements defined in 1.EIR 1 as well as the material and structure 

characterization and energy simulation results from 4.EIR 2A, 2B and 4.EIR 3B. 

• Etc. 

The definition of the Exchange Information Requirements for the selected tasks are demonstrated in 

the following example of the EIR-table for the Technical Report:  Preliminary Energy Simulation Report 

(4.EIR 2A) from the Conceptual Design Phase: 

Exchange name 4.EIR 2A TECHNICAL REPORT:  Preliminary Energy Simulation 

BPMN phase involved Conceptual Design 

BPMN tasks involved # Preliminary Energy Simulations / Dynamic thermal simulation, 
Simulation of occupant activities, generation of 2nd level space 
boundaries, converting IFCmodel to gbXML 

External Data (ED) - 

Sending Actor  Engineer 

Receiving Actor(s) Architect 

Possible Tools IES VE2018, SMACH 

Description Exchanged Data  Description of input: 

- Project Information, Building type, function, orientation 
- Climate data 
- HVAC systems 
- User Types, Number of occupants, Occupants’ schedule 

- Construction and materials properties, U-Value, g-value 
- Room data; Geometric attributes, dimensions, wall surfaces, 

room volumes, glazing 

Description of output: 

- Requirements on Energy Efficiency (matching) described as 
energy targets (e.g. sustainable, environmental, energy, 
internal comfort) 

- Use of Renewable Energy Source (%) 
- Primary energy consumption for heating, cooling and 

process (kWh/m2) 
- Cooling results: cooling demand, coolings demand per m2, 

cooling load, cooling load per m2 
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- Heating results: heating demand, heating demand per m2, 
heating load, heating load per m2 

- Annual CO2 reduction potential (coal, wood, oil, gas, district 
heat, electricity) 

- Daylight results: solar radiation from window, Annual solar 
transmittance 

- Internal load (people, equipment) 
- Comfort analysis  
- Recommendations and strategies 
- Cost estimation 
- Conformance to owner requirements 

Exchange Models Simulation graphs, report 

Data Exchange gbXML, XLS, text/csv etc., IFC, PDF  

 

The results of the definition of Exchange Information Requirements on the high-level with the 

complete set of EIR-tables and integrated results from workshops will be presented in the deliverable 

1.4 after the validation of these contents by the tool development group. The software developers will 

perform a tool mapping with tasks and phases and based on it will complete the EIR-tables with the 

specification of possible tools, exchange models and formats as well as detailed description of the 

exchanged contents.  

3.3 Further procedure: Structuring of the BIM requirements 

After finalizing the definition of the high-level Exchange Information Requirements, the next step 
foresees the structuring of the collected information with help of the BIMQ tool. BIMQ follows the 
IDM/MVD methodology from buildingSMART and thus brings all pieces together, namely the actors, 
phases, use cases, exchange requirements (broken down into object and properties) and its 
representation in a data structure such as IFC. Main steps are shown in the next BIMQ screenshots, 
showing for instance the set-up of project phase as agreed by project partners (see Figure 27). 
  

 
Figure 27. Structuring of the basic contents as project phases with BIMQ 
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The detailed information on the low-level will be extracted based on the EIR-tables (Description 
Exchanged Data). Here is basically an identification of all required objects and properties necessary.  

The content will be differentiated in 4 main categories: 

• Element types like Wall, Slab, Window, ... 

• Properties like Name, FireRating, ThermalTransmittance value, ... (these properties are later 
linked to element types) 

• Geometry, basically a description of the expected level of detail (this is more abstract and should 
be described in the description). 

• Discipline Models like Architectural Model, Structural Model, Plumbing Model, Electrical Model, 
... (this is typically similar to identified actors) 

 
This content that is also presented in the Figure 28 is the final step for domain experts. 
 

   

 
 

Figure 28 Recording of the identified objects and properties with BIMQ 

In the subsequent process the recorded elements can be mapped to IFC and other data structures 
(gbXML, ...). The screenshot below (Figure 29) illustrates the position where the appropriate links will 
be added. 

 

 
Figure 29 Mapping the contents to IFC and other data structures with BIMQ 
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4 Conclusions 

The deliverable D1.2 deals with the systematization and digitalization of the renovation process based 

on the elicitation of stakeholder’s requirements and constraints carried out during task T1.1. This 

identification involved the understanding of the connection among stakeholders, also between phases 

as well as the understanding of information exchanges, focusing on their needs to streamline the 

process and transform it into a leaner process. Thus, task T1.2 took as input the analysis of the main 

barriers of renovation process from all the perspectives to improve the process through digitalisation, 

and consequently optimize the renovation process leveraging agile collaboration between actors and 

simulation and design tools. 

First, the report provides information about some key concepts about Building information modeling 

(BIM), focusing on the exchange of information capabilities and the sharing of a common and up to 

data source of information as a digital twin that allows faster decision making, such as better acoustic, 

energetic or luminance simulations to improve the design, building and maintenance phases within 

the lifecycle of a building. 

Once the BIM methodology is presented, the buildingSMART open standards (OpenBIM) are 

introduced as enablers to streamline the description of digital processes and data exchange 

requirements. Task T1.2 leverages IDM (Information Delivery Manual) standards, which allow 

describing processes and information flows that occur between them using natural language. The 

standards promote digital collaboration between participants in the construction processes. 

The BPMN (Business Process Modelling Notation) was used to provide a graphic notation to 

understand and represent the communication between participants and processes, i.e. describe the 

processes. The BPMN allows the collaboration of business-oriented stakeholders with technical 

developers. Thus, BPMN provides a common language, bridging the communication gap that 

frequently occurs during design and implementation of a digital process. As a result, the renovation 

work typologies identified in T1.1 were transformed into Use Cases and, in turn, BPMN diagrams. 

In addition to the process description, for the AEC industries to work seamlessly, it is sensible for all 

the participants of a project to precisely know when information must be communicated and what 

information needs to be communicated. Thus, based on the description of the processes through 

BPMN, the main objectives of the IDM are to define which user and at which specific point in time 

must provide and group together the required information. This information was formulated as 

Exchange Information Requirements (EIR) and listed in a tabular format. These EIR focus on the high-

level data to be exchanged during the process and then define the software tools to use. 

The IDM methodology is closely tied to the Model View Definition (MVD) method as IDM doesn’t offer 

low level information or guidelines on the technology that should be used to exchange the information 

from the building models. Thus, such a guideline needs to be added separately, that e.g. recommends 

the use of a certain subset of IFC. 

Eventually, the digital workflows designed will help the definition of the system architecture and 

technical requirements in WP2 by means of applying a (Model View Definition) MVD to define a subset 

of the IFC schema that is needed to satisfy one or many Exchange Requirements of the AEC industry. 

Summarizing, this deliverable presents the activities carried out in task T1.2 – Digitalisation of the 

building renovation process. It describes the methodology applied to transform the implicit knowledge 

from the stakeholders involved in a renovation process and their current practices, which are not 
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structured enough for automation, into a digital process. The roles and data input and outputs that 

will allow to transfer the practitioners’ skills into digital based tools are also presented. The outcome 

of the task is the IDDS-BIM ready workflows that represent the renovation process and information 

requirements according to the sector segmentation, rooted on the analysis of stakeholders’ 

requirements and needs. The IDDS-BIM based workflows were agreed by the French, Spanish and 

Italian pilot partners and represent the current view of project partners. These workflows, which will 

be revised throughout the whole project, will incorporate the detailed EIR tables according to the 

approach described in this deliverable (chapter 3.2.2). The EIR tables will be documented in D1.4 

deliverable. The BIM workflows and the EIR definitions will be the basis of the technical specifications 

to be developed in WP2 activities. 
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