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Abstract: European strategies are increasingly pushing for the optimisation of building energy 

performance, a goal that demands structured, in-depth knowledge of the existing built heritage. In 

this scenario, digitalisation emerges as a key enabler, offering the opportunity to consolidate critical 

building lifecycle information through the progressive development of a Digital Building Logbook. 

Central to this process are openBIM models, which go beyond traditional geometric representations 

by introducing a semantic framework that integrates 3D geometry, spatial relationships, and 

descriptive data, making the logic of the asset visible and queryable. This study presents a systematic 

methodology to link data from Energy Performance Certificates, structured in eXtensible Markup 

Language, with the Industry Foundation Classes standard. The proposed workflow includes a 

detailed analysis of data formats, classification of energy-related information, and the mapping of 

correlations, whether through existing standards or custom Property Sets. The methodology is 

validated through the Italian case study, with data integration tested via visual programming. 

Looking ahead, the workflow will be automated to support the development of a visualiser capable 

of integrating both energy and Building Information Model domains. In doing so, representation 

evolves from a static tool into a dynamic interface for managing and analysing information, 

expanding the potential of digital drawing to describe, interrogate, and simulate the energy 

behaviour of the built environment. 

Keywords: openBIM; building information modelling; digital building logbook; energy performance 

certificate; Attestato di Prestazione Energetica; IFC mapping; GEEDI; energy services 

 

1. Introduction 

1.1. Background and Motivation 

Digital technologies are increasingly finding applications in the Architecture, Engineering, 

Construction and Operations (AECO) sector for the design, construction, operation and maintenance 

of infrastructure and buildings. By leveraging digital tools such as Building Information Modeling 

(BIM), Internet of Things (IoT) and Digital Twins (DT), stakeholders can optimise energy efficiency 

[1,2], extend the lifespan of structures [3,4], and enhance sustainability [5,6]. These aspects are vital 

when considering the environmental impact of the construction industry. In fact, the building sector 

is among the largest contributors to global resource consumption in terms of energy consumption 

[7,8] and greenhouse gas emissions [9,10,11]. In 2022, buildings have been estimated to be responsible 

for 37% of global CO2 emissions [12] and nearly one-third of total final energy consumption [13]. 

Additionally, studies estimate that approximately 75% of the existing building stock exhibits low 

energy efficiency, and projections indicate that over 85% of the buildings currently in use will remain 

operational by 2050 [14]. Consequently, the built environment represents a key sector for 

substantially reducing energy demand and carbon emissions, emphasising the imperative for large-

scale renovation and implementing energy-efficient retrofitting strategies. In Europe, through the 
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Green Deal, the so-called Renovation Wave and the Energy Performance Building Directive (EPBD), 

particular attention has been paid to both the concepts of sustainability and technological innovation 

[15], which are considered vital for both the development of digitisation and the ecological transition. 

The first [16], focuses on smart technologies [17] and big data [18] to achieve climate neutrality by 

2050. The second [19], aims to accelerate building renovation by integrating IoT [20] and Digital Twin 

[21] to improve efficiency. The third [22], promotes the use of digital solutions, such as the Digital 

Building Logbook (DBL) [23], Building Renovation Passport (BRP) [24] and Smart Readiness 

Indicator [25], to monitor and optimise the energy performance of buildings. Despite the emphasis 

on the importance of new technologies for the sustainable development of the construction sector, 

the fragmented nature of the industry [26,27], which necessitates the participation of multiple 

stakeholders at various stages of a building’s lifecycle, and the challenges related to data 

interoperability [28] can be a limitation for digitalisation processes. In this context, the DBL can 

provide concrete support to overcome these challenges. Indeed, according to the definition provided 

by the European Union in 2020, [29] DBL is “a common repository for all relevant building data. It facilitates 

transparency, trust, informed decision making and information sharing within the construction sector, among 

building owners and occupants, financial institutions and public authorities”. It is considered a dynamic 

register in that the information within it can be updated as the actual state of the building object 

changes, e.g. because of renovations, maintenance, changes of ownership or other interventions. 

According to a survey conducted by the European Commission [30], 83% of participants identified 

access to information as the primary benefit of using a DBL. By adopting a structured approach, DBLs 

not only optimise data organisation and accessibility [31] but also streamline construction procedures 

[32], with an even more significant impact on building maintenance and renovation [33], where 

accurate information management is crucial. Furthermore, adopting DBLs fosters better collaboration 

among stakeholders [34] by facilitating transparent and secure data exchange and informed decision-

making throughout the various phases of the building lifecycle [35]. This leads to an improvement in 

operational and administrative efficiency [36], enhancing regulatory compliance. Among all the data 

that can be collected and managed within the DBL, sources agree [29,37] on the importance of 

collecting and integrating Energy Performance Certificates (EPC) as they are able not only to define 

the energy and performance characteristics of buildings but also the general characteristics of 

architectural and systems. EPCs play a key role in promoting the energy efficiency improvements 

needed for the ecological transition of the building sector. As standardised tools for assessing and 

communicating the energy performance of buildings, they provide valuable information on the 

building stock [38,39] and can support decision-making processes regarding renovation strategies 

[40,41]. Integrating EPCs with digital solutions, such as the DBL and the BRP, enhances their 

effectiveness by enabling continuous monitoring and facilitating the transition towards a more 

sustainable approach. In this context, several EU-funded projects have been developed in recent 

years, such as iBRoad, X-Tendo and ALDREN [42,43,44]. The integrative, cooperative, and synergistic 

process proposed by DBL optimises information flows and data quality and enables a range of 

functionalities, enhancing decision-making processes, efficiency, and transparency. Among these, the 

automatic integration of data from BIM models is considered one of the most important [29]. Through 

BIM, it is possible to develop parametric three-dimensional models capable of collecting, managing, 

and enhancing information related to every aspect of a project throughout the entire lifecycle of the 

asset [45]. Its potential is also demonstrated by the variety and diversity of data types that can be 

shared within BIM models, as it can possess geometric or non-geometric attributes and collect 

functional, semantic, or topological information [46]. To enable interoperability between systems and 

among various stakeholders, innovative methodologies known as openBIM have been emerging and 

becoming increasingly structured in recent years [47]. These methodologies are based on open 

standards, like Industry Foundation Classes (IFC), that facilitate the sharing of geometric entities and 

associated information. Initially introduced by the International Alliance for Interoperability (IAI), 

now renamed buildingSMART [48], IFC was developed to facilitate synergy between different 

software and stakeholders in the construction sector, enhancing collaboration and efficiency 

throughout a building’s lifecycle. Today, it is the most effective means of BIM data exchange and has 

been internationally recognised and registered by ISO, with ISO 16739:2013 and subsequent versions, 
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and by the EU BIM Task Group in 2017 [49] as an open, non-proprietary, and vendor-neutral file 

format. If the EPC is an important data source for energy data, IFC can represent a rich data source 

for everything related to the building, from its architectural, structural, and technological 

components. Integrating energy data and documents with openBIM models helps address challenges 

of energy efficiency, informed decision-making, and interoperability within the DBL paradigm. In 

the research strand outlined, the Gestione Energetica degli Edifici attraverso processi di Data analysis e 

building Information modelling (GEEDI) project, founded by the Italian National Recovery and 

Resilience Plan (PNRR), aims to create a platform of digital services to support energy requalification 

and management activities. In addition to advanced tools for energy mapping, benchmarking, and 

simulation of retrofit interventions, GEEDI analyses the possibility of consulting data from Energy 

Performance Certificates through OpenBIM models, as will be described in this contribution. 

1.2. Literature Review 

The use of the IFC format in building renovation has been extensively explored in the literature, 

especially for its role in supporting energy simulation analyses. IFC is often adopted for its high 

interoperability [50,51,52], enabling the transfer of parametric models to specialise platforms for 

energy performance simulation. This capability facilitates the assessment of various improvement 

scenarios, allowing for the optimisation of intervention strategies based on advanced simulations 

[53]. One of the key aspects of IFC is its semantic structure, which supports integration with 

optimisation algorithms and methodologies [54], enhancing the generation of Building Energy 

Models (BEM). Several studies have demonstrated how IFC can be used to model building elements 

with increasing Levels Of Detail (LOD), from single components [55] to complex systems [56,57] and 

space boundary definitions [58,59,60,61,62]. However, despite continuous efforts to expand its 

domains and specifications by releasing new schema versions [63], the IFC standard still shows some 

limitations due to the complexity of data management and representation in buildings and 

infrastructures. In [64,65], to overcome these limitations, it is proposed to extend the BIM model 

thanks to existing mechanisms in the data model, such as user Property Sets (PSETs). The 

IfcPropertySet mechanism allows users to attach additional attributes and extensions to any element 

without modifying the standard, offering significant flexibility. In [66], this methodology is applied 

in the energy domain, focusing on integrating energy simulation results into BIM models through a 

"BEM-to-BIM" approach. Moreover, recent efforts across European countries to harmonise their 

energy performance certification strategies [67], alongside the growing digitalisation of certification 

data in machine-readable formats such as eXtensible Markup Language (XML) [68], have opened 

new opportunities. Rather than being a language, this data format defines a set of rules that enable 

users to create custom markup languages tailored to specific data exchange needs [69]. This flexibility 

has established XML as a widely adopted standard for transmitting, storing, and managing EPC-

related energy data across European countries. In Greece, the national EPC database, overseen by the 

Ministry of Environment and Energy and operated by CRES, relies on XML files for data storage [70]. 

Similarly, Slovenia's central EPC registry, managed by the Ministry of Infrastructure (MZI), provides 

publicly accessible EPC data in an open and structured format [71]. In Croatia, the XML plays a 

crucial role in facilitating the import of calculated energy performance indicators and building 

characteristics into the central registry, managed by the Ministry of Physical Planning and 

Construction, allowing smooth interoperability with EPC calculation software [72]. In Hungary, a 

national central database managed by LECHNER (previously named VATI), acting on behalf of the 

Ministry of Interior, supports a pre-defined XML format [73]. In Austria, particularly in the county 

of Salzburg, EPCs are stored in the ZEUS database, where multiple data files, including XML, 

accompany each certificate to ensure data integrity and compatibility with the energy performance 

calculation software [74]. In Spain, EPCs are managed at the regional level, with each certificate 

containing over 180 data [75], which are stored in the EPC register in XML format to ensure 

standardised data collection and interoperability [76]. A similar decentralised approach is found in 

Italy, where EPCs are also managed at the regional level, with two XML file versions available, 

developed by the "Software-house" Advisory Group of CTI (Comitato Termotecnico Italiano) in 

collaboration with several Regions [77]. These structured datasets can now be integrated into 
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regulatory databases and DBL [78] and directly within BIM environments, enhancing the 

interoperability and usability of energy-related information throughout the building lifecycle.  

1.3. Significance of the Study 

This research provides a significant contribution to the growing body of literature on openBIM 

by introducing an original methodology for integrating and consulting energy certification data 

through openBIM models. The study addresses key technical and methodological challenges at the 

intersection of energy performance analysis and digital building representation, offering both 

theoretical insight and practical tools. 

The main contributions of the study are: 

• Scalable data integration: proposing a replicable methodology for enriching IFC files with external 

data sources, specifically those from EPCs. 

• Cross-domain interoperability: bridging the gap between BIM-based information and energy-related 

data to foster a unified and coherent digital representation. 

• Semantic enhancement of openBIM: analysing the semantics of IFC models to improve 

interoperability and ensure consistent representation of energy characteristics. 

• Data quality assessment: comparing EPC data with both the physical and analytical models of the 

building to evaluate accuracy and reliability. 

• Technical gap resolution: addressing the current limitations of energy software, particularly the lack 

of support for exporting IFC files enriched with energy data. 

• To achieve these outcomes, the study is structured around a series of targeted objectives: 

• Identify correlations between the EPC XML schema and the IFC data structure. 

• Quantify the degree of alignment between EPC parameters and existing IFC standards. 

• Develop a mapping strategy for non-standard parameters through custom PSETs. 

• Validate the methodology using a real-world case study based on Italian EPC data. 

• Test data transfer and consistency using a visual programming language in a preliminary workflow. 

Figure 1 visually summarises the proposed framework, illustrating the connection between the 

DBL, EPC data, and openBIM models. The paper is structured as follows: Section 2 details the 

methodological and technical foundations of EPC and IFC integration; Section 3 presents the 

method's application through a case study, focusing on the Italian XML schema; Section 4 discusses 

the main findings, implications, and directions for future work; and Section 5 concludes with a 

synthesis of the study's contributions.  

 

Figure 1. Connection between the DBL, EPC data, and openBIM models. 

2. Materials and Methods 

The proposed methodology enables the integration of EPC data into openBIM models using IFC 

standard, enhancing interoperability and data exchange within the BIM ecosystem. This approach is 

applicable to any EPC schema; however, automation of the integration process is feasible if the data 
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is available in a machine-readable format, such as XML. When an XML Schema Definition (XSD) is 

available, it serves as a fundamental reference for interpreting the data structure and organization. 

The XSD facilitates the systematic extraction and mapping of relevant EPC attributes to their 

corresponding IFC representations, ensuring accuracy and scalability in the integration process. 

The proposed methodology, outlined in Figure 2 and detailed in the following sections, consists 

of several key steps: 

• EPC Data Analysis: partitioning EPC data into clusters to improve the efficiency of IFC mapping. 

This approach ensures better alignment and interoperability between energy performance data and 

openBIM workflows, facilitating seamless BIM integration. 

• IFC Mapping Definition: aligning EPC data with the IFC framework to ensure interoperability and 

efficient data exchange. It addresses discrepancies by using a hybrid approach of international and 

regional standards, enabling fluent integration of energy performance data into BIM systems. 

• Data Integration: enriching IFC entity attributes within a BIM environment using EPC data, mapping 

and transferring values from the EPC to corresponding parameters, and creating the necessary PSETs 

for proper IFC model export. 

• Testing and Validation: verifying the proposed methodology by applying it to the Italian EPC. The 

process involved clustering EPC data, mapping the APE XML to IFC attributes, and enriching the 

BIM model with energy performance information. This last part will be further elaborated in Section 

3. Results. 

 

Figure 2. Methodology schema. 

2.1. EPC Data Analysis 

The EPC covers a broad spectrum of data across various domains, and these data do not always 

adhere to a classification system that is optimized for seamless integration with the IFC framework. 

In fact, EPC data are primarily designed to support specific requirements rather than interoperability 

with openBIM standards. They provide a comprehensive assessment of a building's energy 

performance, including factors such as energy consumption, insulation, heating, and cooling 

efficiency, and overall sustainability. On the other hand, the IFC standard, primarily focuses on the 

digital representation of building components, systems, and their relationships within a construction 

project lifecycle [79]. A systematic classification approach is needed to facilitate the transformation of 

EPC data into an IFC-compliant structure. By grouping relevant data logically and systematically, it 

becomes possible to ensure that the energy performance metrics are effectively integrated into the 

building model, enabling a more coherent representation of both the physical and energy-related 

attributes. Furthermore, specific data and metadata do not consistently integrate into the default IFC 

structure, due to incompatibility or misalignment with the openBIM methodology. As a result, these 

data points may require further refinement and adaptation to ensure proper incorporation into the 

BIM model, preserving its integrity and functionality. When integration is not feasible, such data will 

be excluded from the mapping process. Additionally, some data may be deemed irrelevant or non-

essential to the specific context and, therefore, excluded. This phase of analysis and categorization is 

essential for streamlining the process, ensuring that only the most relevant and impactful data are 

retained. By systematically filtering out less pertinent information, this step helps focus on the key 

aspects of a building's energy performance and characteristics, ultimately enhancing the quality and 

efficiency of the integration process. To address these issues, nine distinct data clusters have been 

identified to categorize EPC data systematically and facilitate IFC mapping. These clusters are 

designed to group related information logically and enhance data interoperability. The identified 

clusters are as follows:  
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1. Building Identification: Fundamental details about the building, such as information related to 

geolocation (geographic coordinates, address, cadastral data), building intended use and properties. 

2. Qualitative Data: Descriptive information about the building, including typology, construction 

characteristics and year of construction or renovation. 

3. Quantitative Data: Encompasses numerical parameters such as surface areas, volumes, and other 

physical dimensions. 

4. Energy Data: Focuses on energy-related parameters including, for example, energy demand, primary 

energy consumption, renewable energy contributions, and CO₂ emissions. 

5. System Data: Covers details about building systems considered in the calculation of energy 

performance, such as heating, cooling, ventilation, domestic hot water production, lighting, and the 

transportation of goods or people. 

6. Certificate Data: Includes metadata about the EPC itself, such as the certification type, validity period, 

issuing authority, and regulatory framework under which the certification was conducted. 

7. Upgrade Data: Contains recommendations for energy efficiency improvements, including suggested 

retrofitting measures. 

8. Certifier Data: Provides information about the entity or professional responsible for issuing the EPC, 

including credentials, accreditation details, and contact information. 

9. Excluded Data: Captures elements that are either redundant or unsuitable for direct IFC mapping. 

Organizing EPC data into these structured clusters makes the IFC mapping process more 

efficient and coherent. As depicted in Figure 3, the proposed classification methodology serves as a 

foundational step toward bridging the gap between energy certification records and openBIM 

workflows. It facilitates better alignment and interoperability, ensuring a smoother integration of 

energy performance data into the BIM model. 

 

Figure 3. Workflow for the EPC data clustering. 

2.2. IFC Mapping Definition 

To achieve the integration of energy performance data within the IFC standard, it is necessary 

to explore and establish correspondences between the EPC and the buildingSMART standards [80]. 

This involves a systematic mapping of relevant data elements from both standards to create a 

framework that enables seamless data exchange and interoperability within BIM environments. 

Establishing a detailed mapping (Figure 4) between the EPC and IFC standards requires identifying 

commonalities and discrepancies between the data structures of both. This involves not only aligning 

the attributes related to energy performance with their corresponding attribute within the IFC model 

but also ensuring that the data remains consistent and valid across different software platforms. 

 

Figure 4. IFC Mapping structure. 

Techniques such as semantic mapping [81,82] and interoperability standards [83] must be 

employed to enable this integration effectively. This will ensure that the EPC data can be interpreted 

and utilised within the IFC framework, ultimately creating a cohesive system for managing both the 
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architectural and energy-related aspects of buildings. Initially, it’s necessary to examine the 

specifications of each IFC version [84] to understand the differences and evolutions in concepts and 

data structures, to identify common areas and potential discrepancies. However, due to the highly 

specific nature of the EPC data, which is both tied to national standards and specific calculation 

methods, which vary significantly across countries [85], it is not always possible to map all the 

elements directly to the IFC standard. This makes it challenging to find exact counterparts in the 

global IFC standard, as it is designed to be broadly applicable but may not cover all regional specifics. 

If the specifications provided by the buildingSmart standard are not sufficient to map the elements 

of the EPC, a flexible and adaptable approach is required. In many cases, it becomes necessary to map 

EPC elements by creating and mapping custom properties. The primary objective of this phase is to 

establish an updated and coherent reference framework that promotes convergence toward shared 

standards. The first step is determining which "IFC Class" the new attributes should be associated 

with. For instance, properties related to the site area are assigned to IfcSite, those concerning the 

building to IfcBuilding, and those related to technological systems and installations to IfcSystem. 

Understanding this aspect is essential as it establishes the hierarchical framework and context for the 

mapped data. Once the appropriate entity is established, the next step is identifying the 

corresponding PSET. The "Pset_Xxx" naming convention is used for standard sets. Furthermore, any 

user-defined PSETs may be included, with the condition that their Name attribute does not begin 

with the "Pset_" prefix [86]. The “Attribute name” identifies the specific attribute within the PSET 

being referenced. It serves as a label that pinpoints the exact data point. The "Property Type" 

elaborates on the kind of property being described. This could relate to physical dimensions, material 

specifications, or performance criteria, helping to clarify what aspect of the element is being 

discussed. The next field, the "Data Type", involves classifying the type of attribute, known as IfcValue. 

This classification can include simple data types, the IfcSimpleValue, such as integers (IfcInteger), real 

numbers (IfcReal), text (IfcText), unique identifiers (IfcIdentifier), dates (IfcDate), or Boolean values 

(IfcBoolean). Additionally, it may involve measurement-related values, such as IfcMeasureValue, which 

defines basic measurement units according to ISO 10303-41:1992 [87], or IfcDerivedMeasureValue, 

which represents a category of derived measurement values, which are not part of the fundamental 

units of measurement but are derived from operations on them. This approach ensures that critical 

information is accurately represented while maintaining international and national standards 

consistency. Lastly, the "Attribute Description" offers a detailed explanation of the attribute's purpose 

and relevance. This description is vital for human users to understand the context and application of 

the data point, enabling effective communication and collaboration across disciplines.  

This workflow (Figure 5) facilitates the seamless integration of the new attributes into the 

established framework, maintaining compatibility and consistency with the existing standards. By 

aligning with the available codifications and structures, the new PSETs can support the overall goal 

of interoperability while ensuring that the new attributes are appropriately categorized and 

accessible within the IFC model. 

 

Figure 5. Workflow for the IFC Mapping definition. 

2.3. Data Integration 

The methodology illustrated in Figure 6 proposes a systematic workflow for automatically 

integrating EPC data into IFC files. It operates through a series of interconnected stages to enrich the 
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BIM model consistently. This automated process is designed to minimize manual interventions, 

ensure precision, and enhance the efficiency of data integration. The first step involves extracting the 

information contained in the IFC Mapping. This analysis is crucial as it identifies which attributes 

have been mapped and which have been excluded. This step establishes a foundation for identifying 

relevant attributes that enrich the IFC file. Once the attributes are selected, the algorithm extracts their 

specifications automatically, laying the groundwork for subsequent operations. The next phase 

involves extracting the specifications and data directly from the EPC. The extraction process is 

straightforward and efficient if the EPC is available in a machine-readable format, such as XML. XML 

files are structured to allow easy parsing and data retrieval, facilitating automatic synchronization 

into the BIM environment. However, if the EPC is not available in a machine-readable format, it 

becomes necessary to extract the elements and their corresponding values manually. These elements 

and values must then be organized into a machine-readable format, such as a .csv file. This ensures 

that even non-structured data can be incorporated effectively into the automated workflow. With the 

attributes identified and the data extracted from the EPC, the workflow proceeds to the automatic 

generation of IFC attributes within the BIM environment. This step involves categorizing the 

attributes by type to streamline the creation of parameters. Subsequently, a rigorous filtering process 

is implemented to exclude all IFC attributes that lack corresponding values in the EPC, as well as to 

remove unnecessary PSETs. In fact, in this algorithm, it was decided not to generate IFC attributes 

unless the EPC values them. This filtering process ensures that the resulting IFC file is both accurate 

and efficient, containing only the attributes that add value to the BIM model. Following the 

categorization and filtering of attributes, the next phase involves selecting or generating IFC 

attributes. In some cases, the BIM environment may already contain certain IFC attributes that adhere 

to BuildingSMART standards. If these attributes are present, they can be selected for use. If they are 

not present, it becomes necessary to create them. This step may also involve the creation of new 

custom PSETs, which must be linked to the relevant attributes to ensure a coherent and accurate IFC 

exportation. Creating custom PSETs is essential for accommodating unique data requirements and 

ensuring that all relevant information is captured in the IFC file. Once the IFC attributes are identified 

and verified, the algorithm proceeds with assigning values extracted from the EPC to the 

corresponding IFC attributes. This function is crucial as it establishes a direct link between the EPC 

data and the IFC model, ensuring the data is accurately and contextually integrated. Finally, the 

enriched IFC file is exported and made available for use on various platforms. It is essential to verify 

that the attributes are correctly exported, ensuring they are connected to their respective PSETs 

through appropriate export properties. This verification process is crucial to maintaining the data's 

integrity and coherence, guaranteeing that all information is accurately represented and functional 

within different BIM environments. In conclusion, the methodology described offers a systematic and 

detailed approach to integrating EPC data into BIM models. Following this workflow, one can 

enhance the quality and utility of IFC files, making them more informative and functional for a wide 

range of analytical and project applications. This process not only facilitates the management of 

energy performance data but also contributes to the creation of more robust and comprehensive BIM 

models. 
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Figure 6. Workflow for the data integration. 

3. Results 

The proposed methodology was tested by applying it to the Italian EPC, Attestato di Prestazione 

Energetica (APE). In Italy, the XSD for energy certification is available in two different versions, each 

characterized by a different level of detail [77]. The first version (v.12) is a simplified format that 

includes only the information in the Energy Performance Certificate, following the national standard. 

The second (v.5) is a more comprehensive format, which not only integrates the EPC data but also 

provides additional details on building characteristics as input data, along with intermediate and 

final calculation results as output data. The management of the EPC is delegated to individual 

regions, which have the autonomy to define operational methods for collecting and managing energy 

data. Consequently, each region can decide which version of the XML schema to adopt for collecting 

and storing EPC-related information. An analysis of the choices made by different local 

administrations [88] reveals that version v.12 is the most widely used nationwide. In fact, out of a 

total of twenty regions, twelve have decided to adopt the simplified format for managing APEs. To 

test the methodological workflow proposed in this study, version v.12 (Figure 7) of the XML schema 

was selected. The decision was motivated by the fact that this version is the most widespread and, 

therefore, representative of the operational reality of the energy certification sector in Italy. Moreover, 

choosing the simplified version allows for verifying the effectiveness of the developed methodology 

in a widely used context, facilitating its large-scale application. Another advantage of this choice lies 

in the structure of the XSD v.5 itself, which includes all the data present in version v.12. This means 

that any future evolution of the methodological system towards integration with the extended 

version would be facilitated, ensuring continuity and consistency in the management of building 

energy information. 
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Figure 7. Representation of the APE XSD schema (v.12). 

3.1. EPC Data Analysis 

The standard simplified format of the APE consists of 15 main element clusters (Figure 8). The 

elements that make up the clusters belong to different domains, which are not always aligned with 

the cluster to which they belong. 
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Figure 8. APE XSD schema (v.12) data analysis. 

This issue is clearly seen in the "general data" cluster within the APE XSD schema. This elements 

group aggregates various types of information that, while useful for EPC reporting, do not 

necessarily belong to a single logical category when transitioning to IFC. For instance, this cluster 

includes multidisciplinary information about the building's geographical position, climatic data such 

as the climate zone, basic information like the year of construction, quantitative parameters such as 

heated and cooled surface areas and building volumes, specification of which energy services are 

included in the EPC calculation (such as heating, cooling, ventilation, lighting, and transportation of 

goods or people) and administrative information related to the EPC itself. The results of the APE data 

analysis are presented in Figure 9, divided into the nine clusters described in Section 2.1. Several 

elements were excluded from the analysis as they were duplicated or unsuitable for implementation 

in the IFC format. For example, the APE schemas contain some unit specifications as separate 

attributes and references to external files, such as photographic documentation of the certified 

building unit.  
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Figure 9. Cluster-based representation of the APE XSD schema (v.12). 

3.2. IFC Mapping Definition 

Following the methodology illustrated in Figure 5, the first phase involved identifying potential 

correspondences between the data elements contained in the Italian EPC and the IFC standard 

defined by buildingSMART. However, as shown in Figure 10, it became immediately evident that 

these correspondences were extremely limited. This limitation is primarily due to the national 

specificity of many data fields, which are closely tied to Italy’s regulatory framework and calculation 

conventions for energy performance [89], as well as to other administrative domains such as the 

national land registry. Another critical factor lies in the structure of the APE XSD schema v.12 format 

itself, which associates most of its data to the overall building, the site, or to entire systems, rather 

than to specific, localized elements. While newer versions of the IFC schema, specifically IFC 4 [90] 

and IFC 4.3 [91], have expanded the domain coverage for energy-related information, the available 

attributes remain primarily oriented toward discrete, object-specific elements rather than system-

wide or context-based data. At the national level, various custom IFC property definitions have 

already been adopted in Italy to accommodate local regulatory needs. These so-called national 

custom mappings are typically tailored to reflect the structure and semantics of region-specific data, 

particularly in the energy domain. The Public Land Agency (Agenzia del Demanio, ADM) and the 

Italian National Agency for New Technologies, Energy and Sustainable Economic Development 

(ENEA) have developed independent IFC codifications as reference frameworks. The ADM mapping 
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[92] includes elements partially related to energy performance, whereas the ENEA codification [93] 

focuses entirely on the energy domain. Both initiatives adopt methodologies grounded in open, non-

proprietary standards, ensuring alignment with national regulations and fostering interoperability 

across platforms and disciplines. Integrating EPC data with such existing specifications is strongly 

recommended, as it enhances interoperability between software tools and project stakeholders. This 

alignment facilitates a smoother data exchange and helps maintain consistency throughout the BIM 

process. In cases where national custom mappings are followed, the recommended approach is to 

map new attributes to existing PSETs wherever possible. When such mappings do not exist, new 

PSETs should be proposed, adhering closely to established naming conventions and semantic 

structures to ensure compatibility and future extensibility.  

 

Figure 10. APE XSD schema (v.12) with corresponding IFC standards. 

As shown in Figure 11, the mapping of entity reveals that almost half of the APE elements are 

associated with the IfcBuilding entity. This indicates that much of the information in the APE pertains 

to the overall characteristics and attributes of the building, such as geometry, construction year, 

building use, and global performance indicators. One-quarter of the IFC attributes are associated with 

the IfcSystem entity, confirming the critical role of building systems in energy performance 

certification. A smaller share (6%) of the data points relates to IfcSite, capturing location-specific 

aspects such as geographic information and context-related variables, which are relevant for 
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determining the building’s environmental conditions. The 5% of the information corresponds to the 

IfcActor entity, as it relates to the roles and responsibilities of stakeholders involved in the energy 

certification process. This includes data about the energy certifier, such as their identification and 

qualifications. Roughly 10% of the elements are related to the EPC certificate, including metadata and 

technical information. 

 

Figure 11. APE XSD schema (v.12) with mapped IFC entities. 

This schematic representation, shown in Figure. 12, provides a detailed characterization of the 

IFC attributes within the APE XSD schema (v.12). The innermost ring illustrates the data clusters 

identified through the clustering methodology outlined in Figure 3. The intermediate ring maps the 

clusters to the corresponding PSETs, offering a structured view of how attributes are grouped within 

the IFC data model. Finally, the outermost ring displays the data types associated with each attribute, 

enabling a comprehensive overview of their technical specification. The cluster-based organization 

reveals its usefulness in guiding the definition and refinement of PSETs. This is particularly evident 

in the cluster encompassing energy-related data, systems, and the energy performance certificate, 

where the alignment between clustered data and corresponding PSETs is consistent. In contrast, the 

cluster associated with building administration exhibits a lower degree of internal consistency. This 
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fact reflects the broader heterogeneity of administrative data, which often includes diverse types of 

information that are more difficult to unify under a single semantic or functional theme. 

 

Figure 12. Schematic representation of the APE XSD schema (v.12), showing clustered IFC attributes, 

corresponding Property Sets (PSETs), and associated data types. 

3.3. Data Integration 

In order to evaluate the effectiveness of the methodology outlined in Figure 6, which focuses on 

integrating EPC data into the BIM environment, a custom workflow was developed within Revit, 

leveraging the advanced capabilities of Dynamo [94] for data manipulation and automation. Through 

Visual Programming Language (VPL) [95], entities can be automatically identified, their respective 

attributes can be determined or created and subsequently enriched based on the data provided in the 

certificate. Specifically, the implementation was carried out using Revit 2024 in conjunction with 

Dynamo version 2.18.1. An external package called JsonData 2.0.2 was utilized to manage the loading 

and handling of the APE file in XML format. Several Python script nodes were developed to parse 

the XML file and extract the necessary data to manage the lists efficiently. 

The process was tested using the class IfcBuilding, as it emerged from the mapping as the entity 

with the highest number of associated attributes. Furthermore, data types were restricted to text and 

number, which were selected as representative categories for the analysis. The algorithm (Figure 13) 

began with reading two input files: the XML file (v.12) containing the EPC data and the IFC Mapping 

file, which served as a reference for establishing the semantic correspondence between the energy 

data and the IFC properties. The mapping file extracted relevant IFC classes, PSETs, and associated 

attribute names during the IFC Mapping analysis phase. The XML elements corresponding to the 

mapped attributes were identified during the EPC Data Reading phase. This enabled extracting 

relevant data from the EPC document in the subsequent Attribute Value Extraction phase. Once the 

mapped elements were located within the XML, the corresponding energy performance values were 

retrieved for integration. To support accurate and automated parameter creation, the IFC Attribute 

Classification by Type phase involved organizing all attributes based on their data type. This allowed 

unmapped or incompatible attributes to be excluded and ensured data integrity. Where required, 

semantic adjustments were made, especially in cases where EPC values used incompatible formats 

(e.g., unsignedByte). These values were converted into formats semantically consistent with the BIM 

data model. The IFC Attribute Creation phase focused on filtering out mapped attributes that were 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 23 May 2025 doi:10.20944/preprints202505.1793.v1

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202505.1793.v1
http://creativecommons.org/licenses/by/4.0/


 16 of 24 

 

unpopulated in the EPC. New IFC parameters were created accordingly. Simultaneously, the IFC 

Attribute Selection phase involved identifying and selecting IFC attributes already present in the 

Revit model, such as the building address, to avoid redundancy and maintain coherence between 

existing and imported data. Following this, the Value Assignment phase was carried out, where both 

newly created and pre-existing IFC attributes were populated with the corresponding values 

extracted from the EPC. This step finalized the semantic and numerical enrichment of the BIM model. 

To ensure the proper export of all newly defined IFC parameters, the final IFC User-Defined 

Properties phase involved the creation of a .txt file. This file defines custom export rules, enabling all 

added parameters to be correctly recognized during IFC export, by openBIM and interoperability 

standards and allowing each attribute to be associated with its corresponding PSET and type. 

 

Figure 13. Dynamo script for the automated integration of data from EPC into BIM environment. 

4. Discussion 

This study's results demonstrate the proposed methodology's effectiveness in integrating 

Energy Performance Certificates data into BIM workflows, with a specific focus on mapping XML 

data into the IFC format. The method's effectiveness has been validated through an Italian EPC case 

study. 

4.1. Findings 

One of the primary challenges encountered was the structural mismatch between EPC data and 

the IFC schema, a disparity further compounded by the national specificity of EPC formats, as 

observed in the Italian context. Nevertheless, the findings demonstrate that this complexity can be 

managed through a structured and systematic approach that effectively integrates EPC data within 

BIM models. The workflow adopted, encompassing data analysis, classification, and mapping, 

including using custom Property Sets where needed, proved capable of aligning the two domains. 

Automation of the mapping and attribute creation processes facilitated efficient and consistent data 

transfer into the BIM environment. This integration ensured that energy performance data and 
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architectural information could coexist within a unified digital model, enhancing both the accuracy 

and manageability of energy-related data across the building lifecycle. The study further highlights 

that, despite the technical and regulatory barriers to EPC–IFC integration, a rigorous data mapping 

methodology can overcome these obstacles. The proposed approach supports the operational use of 

EPC data within BIM environments and contributes to advancing data interoperability and 

information management in digital construction.  

Concerning the Digital Building Logbook, integrating EPC data into BIM models is a key 

contribution to the long-term documentation, monitoring, and evolution of building performance. 

The DBL, as defined in the literature, is conceived as a dynamic repository that evolves alongside 

changes in building operation, energy use, and maintenance over time. The methodology developed 

aligns with this framework, enabling EPC data to be systematically linked to BIM models via IFC 

mapping and data integration processes. In particular, the implementation within the Revit–Dynamo 

environment allows for automated data transfer from EPC documents to BIM models, thereby 

facilitating the creation of a continuously updatable digital record of a building’s energy 

performance. This approach supports the development of a DBL that serves as a reliable and evolving 

information source for building managers, energy auditors, and other stakeholders. Overall, the 

study offers a practical contribution toward bridging the gap between static EPC data and dynamic 

BIM-based models. It enables the generation of semantically enriched, interoperable datasets 

essential for effective energy management in the built environment. 

The integration process between EPC and IFC is helpful for a wide range of stakeholders 

involved in the management, design, and regulation of building stock. The main target groups and 

their benefits are listed below: 

• Designers: direct access to certified energy data within the BIM model, proper when upgrading, 

energy diagnosis or designing improvements. 

• Energy auditors and energy certifiers: possibility to automate the reading, analysis and verification 

of EPC data via the BIM model, enabling cross-checking with geometric and plant data. 

• Facility managers and building managers: centralised and updatable access to energy and building 

data is useful for planning maintenance and performance monitoring. 

• Public bodies and regulatory authorities: Facilitation of regulatory control, transparency and 

comparability of data for public or incentive-based buildings. 

• BIM and energy software producers: possibility to develop more interoperable and intelligent tools 

capable of managing information flows between BIM models and energy databases. 

• Researchers and academics: new study scenarios on semantic interoperability for building lifecycle 

management and creating a digital twin. 

4.2. Future Works 

Future research and development efforts should advance along several key directions. First, a 

more in-depth investigation is required by considering the second version of the APE XSD (v.5) which 

represents a more comprehensive format. In this context, it will be crucial to investigate the 

correlation of energy data with specific building elements at the object level, particularly regarding 

the association of EPC parameters with discrete IFC entities. While current efforts have primarily 

focused integrating aggregated or zone-level data, further refinement is needed to map energy 

information directly onto individual building components such as walls, floors, roofs, and openings. 

This will require precisely aligning element typologies and classification systems across the EPC and 

IFC schemas. In parallel, greater attention must be devoted to system-level components, including 

HVAC elements, distribution networks, and control circuits. The representation and differentiation 

of mechanical systems, particularly when multiple systems coexist within the same thermal zone, 

present unique data structure and interoperability challenges. Mapping these components 

semantically within openBIM frameworks will be essential to ensure accurate simulation, 

monitoring, and management of building energy performance. 

Future developments should also consider the following directions: 

• Cross-standard harmonisation: Developing ontologies or translation layers to facilitate 

interoperability between national EPC schemas and international IFC standards. 
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• User interface development: Creating user-friendly visualisation and query tools for stakeholders 

(designers, auditors, facility managers) to interact dynamically with integrated energy-BIM models. 

• Automation and AI-assisted mapping: Leveraging machine learning techniques to automate data 

recognition, classification, and assignment in complex BIM models. 

• Integration with monitoring systems: Linking the static data from EPCs with real-time building 

monitoring systems to support continuous performance tracking within the DBL. 

• Scalability and cloud implementation: Ensuring that the proposed methodology is scalable across 

large datasets and can be deployed within cloud-based DBL platforms for public or institutional use. 

By addressing these areas, future research will strengthen the semantic interoperability between 

energy and BIM domains and contribute to a more intelligent, responsive, and sustainable digital 

representation of the built environment. 

5. Conclusions 

This research underscores the critical importance of data interoperability in establishing a 

centralized repository capable of harmonizing and automating the integration of heterogeneous data 

formats, which aligns with the objectives of DBL. Through the GEEDI project, this approach is 

explored within the energy domain, focusing on the integration of data derived from XML schemas 

and IFC models. Nevertheless, the proposed methodological framework is designed to be scalable 

and transferable across different contexts and disciplines. By tackling key challenges related to data 

accessibility and expanding its applicability, the framework offers a robust foundation for enhancing 

multidisciplinary analyses of the building stock. 
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Abbreviations 

The following abbreviations are used in this manuscript: 

AECO Architecture, Engineering, Construction and Operations 

ADM Agenzia del Demanio 

ALDREN Alliance for Deep RENovation in Buildings 

APE Attestato di Prestazione Energetica 

BEM Building Energy Modeling 

BIM Building Information Modeling 

BRP Building Renovation Passport 

CTI Comitato Termotecnico Italiano 

DBL Digital Building Logbook 

DT Digital Twin 

EPBD Energy Performance Building Directive 

EPgl,ren Renewable Global Energy Performance index 

EPgl,nren Non-Renewable Global Energy Performance index 

EPC Energy Performance Certificate 

IBRoad Individual building renovation roadmaps 

IFC Industry Foundation Classes 
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IoT Internet of Things 

LOD Levels Of Detail 

nZEB nearly Zero Energy Building 

PSET Property Set 

VPL Visual Programming Language 

XML eXtensible Markup Language 

XSD XML Schema Definition 
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