
 

           
 

       IGOR SILVA GUILHERME        
 

VISUALIZATION OF DATA ANALYTICS USING BIM MODELS FOR 

ENHANCED DECISION-MAKING 

 

VIZUALIZACIJA REZULTATOV PODATKOVNE ANALITIKE Z 

UPORABO MODELOV BIM ZA IZBOLJŠANO SPREJEMANJE 

ODLOČITEV 

 

 

 

 

   

 

Master thesis No.: 004:69(043.2) 

 

 

Supervisor:    

Assist. Prof. Tomo Cerovšek, Ph.D.  

 

Co-Supervisor: 

Andraž Starc, MSc Str. Eng., MSc BIM 

 

 

                 

President of the Committee  

Prof. Goran Turk, Ph.D. 

 

Co-Supervisor: 

Miha Bečan, Eng. (Tutor in 

company) 

 

 

 

 

      Ljubljana, 2025           

 

  



Silva Guilherme, I. 2025. Visualization of Data Analytics using BIM Models for Enhanced Decision-Making. II     
Master Thesis. Ljubljana, UL FGG, Second Cycle Master Study Program Building Information Modelling – BIM A+ 

 

   

 

ERRATA 

Page  Line  Error  Correction 

 

 

  



Silva Guilherme, I. 2025. Visualization of Data Analytics using BIM Models for Enhanced Decision-Making. III     
Master Thesis. Ljubljana, UL FGG, Second Cycle Master Study Program Building Information Modelling – BIM A+ 

 

   

 

 

 

 

 

 

 

 

 

 

 

 

 



Silva Guilherme, I. 2025. Visualization of Data Analytics using BIM Models for Enhanced Decision-Making. IV     
Master Thesis. Ljubljana, UL FGG, Second Cycle Master Study Program Building Information Modelling – BIM A+ 

 

   

 

BIBLIOGRAFSKO – DOKUMENTACIJSKA STRAN IN IZVLEČEK 

UDK:  004:69(043.2)   

Avtor:  Igor Silva Guilherme  

Mentor:  Doc. dr. Tomo Cerovšek  

Somentor:  Andraž Starc, mag. inž. grad., Miha Bečan, Inž. (tutor v podjetju) 

Naslov: Vizualizacija rezultatov podatkovne analitike z uporabo modelov BIM 

za izboljšano sprejemanje odločitev  

Tip dokumenta: Magistrsko delo   

Obseg in oprema: 62 str, 47 sl, 8 pregl.  

Ključne besede: Informacijsko modeliranje stavb (BIM), analiza podatkov (DA), 

integracija podatkov v realnem času, Power BI, BIM in Power BI, 

nadzorna plošča BIM 

Izvleček: 

Strateški potencial informacijskega modeliranja gradenj (BIM) v analitičnih delotokih ostaja večinoma 

neizkoriščen, zlasti v sektorju prenosa in distribucije energije. Kljub široki uporabi orodij poslovne 
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poslovnimi podatki. 

To magistrsko delo obravnava to vrzel z zasnovo in predlaga nov analitični sistem za podjetje ELES, 

operater prenosnega sistema v Sloveniji. Jedro rešitve je vzpostavitev robustne povezave med 

obstoječimi modeli BIM in platformo Microsoft Power BI. Povezava temelji na stabilnih identifikatorjih 
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Abstract: 

While analytics are now fundamental for guiding investment and operations in modern infrastructure, a 

significant disconnect persists. Despite the widespread adoption of Business Intelligence (BI) tools, the 

strategic potential of Building Information Modelling (BIM) remains largely untapped within analytic 

workflows, particularly in the energy transmission and distribution sector. 

The present work focuses on tackling this implementation gap. It details the design and deployment of 

an original, BIM-connected analytics pipeline developed for ELES, Slovenia’s transmission system 

operator. The core of this work establishes a robust link between existing BIM models and enterprise 

data within Microsoft Power BI. This connection is forged through stable identifiers, primarily the 

organization's own alphanumerical tags filled into the models, supplemented where possible by the 

universal IfcGUID. The research operationalizes and critically compares four distinct technical 

pathways for this integration: VCAD, the Autodesk Data Connector, Speckle and Flinker Connectors.  

The main contributions of this work are many. It provides a reproducible blueprint for integrating BIM 

with Power BI in a live operational environment. It establishes a transparent, organization-specific 

mapping strategy for identifiers. The findings equip ELES and similar entities with actionable insights 
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1 INTRODUCTION 

The integration of Building Information Modelling (BIM) with data analytics has become a pivotal 

approach in modern infrastructure management, as it offers advanced capabilities for real-time decision-

making and enhanced asset visualization. In the context of energy transmission and distribution, efficient 

data utilization is essential for optimizing operations and maintaining infrastructure capacities. 

However, while data analytics tools such as Microsoft Power BI are widely used for asset management, 

the integration of BIM models into these analytic environments remains underexplored, as it will be 

thoroughly analysed during literature review. This gap represents a significant opportunity to improve 

decision-making by incorporating spatial and contextual information from BIM, especially within 

organizations managing critical infrastructure, such as the Slovenian combined transmission and 

distribution system operator (ELES). 

ELES currently employs advanced data analytics through its data analytics department to support high-

level decision-making. Nevertheless, their current practices do not yet leverage the potential of BIM 

integration to provide spatial context and interactive visualization. Connecting ELES' existing data 

workflows with BIM models’ metadata could significantly enhance the interpretation of analytical 

insights, strengthen more efficient infrastructure management and asset monitoring practices. 

This research will seek to bridge this gap by proposing practical integration methods that leverage 

existing models and databases, also to be followed by the development of case study solutions with real 

datasets. ELES exemplifies this modern challenge; it possesses a sophisticated data analytics department 

that supports strategic decision-making yet has not fully integrated its valuable BIM assets into these 

analytical workflows. The central premise of this dissertation is that connecting ELES's existing data 

pipelines with the metadata from its BIM models will bridge this contextual divide, leading to 

significantly enhanced interpretation of analytical insights, stronger asset monitoring practices, and 

more robust infrastructure management. 

By tackling a complex and practical challenge with a rigorous academic approach, the present research 

aim to contribute a valuable model for asset-intensive organizations worldwide, demonstrating a 

tangible path towards fully contextualized, data-driven decision-making workflow. 
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2 METHODOLOGY AND FRAMEWORK 

This dissertation will be developed considering two main stages:  

• Deep literature research and review: With a well-defined scope and guide questions, this step 

will seek to provide great overall understanding of scientific research on the matter and newly 

developed solutions on the BIM market. 

• ELES Case study: A case study will be executed partnered with ELES (Slovenian Transmission 

System Operator) leveraging their data analytics sector and their current BIM implementation 

project. 

2.1 Research Scope 

This study focuses on the integration of BIM models with data analytics platforms, particularly in the 

context of ELES' (Slovenian Transmission System Operator) asset management. The research will 

investigate how BIM data can be connected with existing Microsoft Power BI dashboards through 

multiple technological pathways. It will specifically examine the use of VCAD, among other similar 

solutions, Autodesk Data Connector, and Autodesk Platform Services (APS) as potential solutions for 

achieving this integration. The study aims to deliver interactive data visualizations that enrich decision-

making processes by combining spatial and analytical insights. 

This dissertation explores the integration of Building Information Modelling (BIM) with data analytics 

platforms to enhance decision-making in infrastructure management, using a real-world case study from 

ELES, the Slovenian Transmission System Operator.  

The project will not aim to develop new BIM standards or modelling strategies, nor will it involve the 

creation of new datasets from scratch, it will rely on existing BIM models and operational data. 

2.2 Research Questions 

To guide this research, literature review and practical study cases, a few questions will be kept on the 

frame, as they follow: 

• How can BIM models be effectively integrated into data analytics environments to enhance 

infrastructure decision-making? 

• What are the comparative benefits and challenges of using VCAD, Autodesk Data Connector, 

and APS for linking BIM data with Power BI? 

• How does the spatial visualization of analytical data improve stakeholder understanding and 

operational efficiency at ELES? 
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• To what extent can interactive dashboards contribute to proactive asset management in energy 

infrastructure? 

2.3 ELES Study Case Framework 

ELES, the partner company to this dissertation, plays a crucial role in maintaining the Slovenia's energy 

infrastructure. Its data analytics department utilizes data-driven approaches for asset management, 

primarily using Power BI for visualization and analysis. Leveraging the moment of BIM implementation 

for the company’s assets, integrating BIM models into the existing analytics framework could positively 

impact the decision-making process. This study proposes to link ELES' existing database systems with 

their recently created BIM models through three distinct visualization pathways, those are: 

• VCAD Power BI Connection: VCAD offers a bridge between BIM models and business 

intelligence platforms, enabling the embedding of interactive BIM models within Power BI 

dashboards (VCAD., n.d.). This solution allows stakeholders to interact with 3D models directly 

while analysing data, enhancing spatial understanding and decision accuracy. 

• Autodesk Data Connector Power BI Connection: The Autodesk Data Connector facilitates the 

direct transfer of data from Autodesk Construction Cloud (ACC) to Power BI, allowing for 

automated data extraction and visualization. 

• Autodesk Platform Services (APS) Connection: APS, formerly known as Forge, provides APIs 

for creating custom applications that embed BIM data into web-based analytical tools 

For developing such these tools a few ground rules will be defined, to avoid putting effort wastage and 

focus on solution-driven work. Focus rules to be followed are: 

• A single substation, already modelled in BIM standards and enriched with metadata, serving as 

the central case study. 

• Model linking: Connecting BIM metadata with ELES’ existing database systems to establish 

relational connections. 

• Interactive dashboards: Creating intuitive, dynamic dashboards where stakeholders can interact 

with both data and BIM models during decision-making workflows. 

2.4 Research and Work Objectives 

Although the general objective of the work of this paper revolves around providing a practical BIM 

visualization solution for the data analytics department of the partner company, a few specific objectives 

can be traced for scientific research purposes, such as: 

• To explore methods for integrating BIM data with analytical tools to enhance decision-making 

in infrastructure management. 
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• To assess the feasibility and efficiency of linking BIM models with ELES' data systems using 

distinct approaches 

• To develop interactive visualizations that leverages spatial data from BIM to improve asset 

monitoring and operational planning. 

• To evaluate the practical impact of these visual solutions on ELES' decision-making workflows. 
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3 LITERATURE REVIEW 

Processes, methodologies, technologies, teams, and workflows, in the field of construction, have 

traditionally followed a standardized and incremental path of evolution. Differently than what is seen in 

industries like automotive, electronics, and aerospace manufacturing, which embraced rapid 

transformations and flexible production methods, the construction sector has historically progressed by 

gradually adding complementary elements to an already intricate network of practices (Bühler et al., 

2025). This step-by-step approach has often led to fragmented processes, possibly limiting gains in 

productivity. 

On the other hand, manufacturing industries have managed to achieve productivity improvements by 

systematically managing data and information, and the use of digital tools, and gained efficiency with 

it, what is called Industry 4.0 as deeply discussed by Bolpagni et al. (2021). This contrast highlights a 

fundamental difference in how these sectors approach evolution and innovation. The present review will 

deepen in how digitalisation of construction processes can affect decision-making in practice, with a 

keen focus to the use of BIM and Data Analytics together. 

3.1 Overview 

A comparative study by Mansoori et al. (2024) further underscores the above-cited disparity, 

emphasizing the importance for construction companies to clearly define their services and standardize 

data management practices. Such steps are essential to promote industrialization and improve overall 

efficiency within the construction sector. 

Among the various emerging technologies, Building Information Modelling (BIM) stands out as not 

only the most recent major shift in workflows and structures within a key economic sector but also one 

of the most promising advancements within the Architecture, Engineering, and Construction (AEC) 

industry (Kadcha et al., 2022). 

A BIM paradigm can be observed not only during on-site construction activities but also throughout the 

entire project lifecycle, beginning with early-stage investment planning and extending to the eventual 

operation, maintenance, and even demolition of built assets. This includes all intermediary phases such 

as planning, design development, performance analysis, production coordination, execution, renovation, 

and refurbishment. The digitalisation of construction, of which BIM represents the most globally 

recognized and consolidated set of methodologies and collaborative frameworks, has introduced a series 

of transformational challenges to an industry traditionally characterized by fragmented practices and a 

resistance to rapid technological change, as explored by Samuelson & Stehn (2023). 
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CAD (Computer Aided Design), 3D modelling, radar topography work, scan-to-BIM technologies and 

Data Analysis processes can be affected by what the implementation of BIM can offer to achieve better 

quality and results. Such a broad movement can be resumed, in a very simple manner, as: 

BIM (Building Information Modelling) is a model-based process that provides methods and 

tools for creating and managing building projects faster and more economically (Sacks, et al., 

2018). It allows sharing information efficiently among several stakeholders, so reducing errors 

and optimizing project management (Shi, et al., 2020). It stores all relevant information in one 

integrated model that can be leveraged for many applications during the building life cycle 

(Kim, et al., 2013), such as clash detection, cost analysis, and energy analysis. BIM models are 

highly structured and contain large amounts of geometric and semantic data. (Kadcha, et al., 

2022) 

Building Information Modelling (BIM) has evolved to serve as a digital backbone for information 

management throughout the entire AEC lifecycle. While it initially focused on 3D modelling and clash 

detection, BIM has gradually developed into a critical tool for decision-making, cost management, and 

facility operations, as Morin & Romero-Torres (2024) successfully understood. 

This evolution has introduced a shift from traditional CAD systems to integrated digital platforms that 

allow interdisciplinary coordination, data centralization, and semantic richness. With standardized 

practices becoming widespread (e.g., ISO 19650), Abanda et al. (2025) explored that BIM now supports 

full-lifecycle data integration for design, construction, and operations. 

As Kadcha et al. (2022) point out, “BIM stores all relevant information in one integrated model that can 

be leveraged for many applications during the building life cycle.” However, even when developed 

within a standardized BIM practice environment, a well-structured and information-rich BIM model 

may not always be efficient for quickly extracting specific data. This issue becomes particularly evident 

when addressing targeted queries, as noted by Kadcha (2022). 

As understood by Harode et al. (2022), most studies involving BIM application in the workflow of 

construction and management have highlighted the positive impact of BIM on productivity, but their 

main goal of their work was to shed light on how facility life-cycle data, production status and 

information captured in BI models during design and construction can be critical for facility 

management and decision-making process during the period the data associated to the model still 

relevant. 

Maranchello (2023) also highlights the growing trend within the AEC industry to leverage data for more 

informed decision-making and improved outcomes. As the AEC industry becomes increasingly data-

driven, it’s essential to transform complex and abundant information into clear, actionable visuals. To 
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support this, tools like Microsoft Power BI, Tableau, and other Business Intelligence (BI) platforms play 

a crucial role. They simplify data aggregation and make information more accessible, which is key for 

integrating major processes. 

3.2 BIM as a Data-Rich Environment 

As the AEC industry becomes increasingly data-driven, it’s essential to transform complex and abundant 

information into clear, actionable visuals, as explained by Rodrigues et al. (2022). To support this, tools 

like Microsoft Power BI, Tableau, and other Business Intelligence (BI) platforms play a crucial role. 

They simplify data aggregation and make information more accessible, which is key for integrating 

major processes. 

The digital evolution of the AEC sector has been significantly shaped by the adoption of BIM, but its 

potential goes far beyond geometric modelling and design coordination. As BIM practices mature, the 

focus is gradually shifting from simply creating models to effectively managing and utilizing the data 

embedded throughout the project lifecycle. According to Das et al. (2025), while BIM is widely 

recognized for reducing design errors and improving scheduling, its real strength lies in supporting data-

driven decision-making across design, construction, and operational stages. This shift is transforming 

BIM from a visualization and coordination tool into a centralized information system that holds 

extensive semantic, geometric, and operational data (Morin & Romero-Torres, 2024). 

However, to truly leverage this potential, we need more advanced methods to extract, organize, and 

interpret BIM data. This allows decision-makers to move away from intuition-based approaches and 

adopt strategies grounded in real evidence. In this sense, BIM presents itself as more than just a 

modelling tool, but as a data-rich ecosystem that needs to be integrated with analytics platforms and 

innovative ways of interacting with its information, as perceived by Revolti et al. (2024). 

3.3 Integration of BIM with Data Analytics Tools 

At its core, BIM represents the physical and functional characteristics of a facility in a digital format. In 

this context, it could act as a shared database, providing reliable information throughout a facility’s 

lifecycle. Data analytics, on the other hand, involves using qualitative and quantitative methods to 

increase productivity and business outcomes. Zabala-Vargas et al. (2023) deepened onto how integrating 

data analytics with BIM not only seeks to enhance decision-making processes in construction and 

facility management but also to ensure that data becomes a central asset rather than just a byproduct of 

the modelling process. 

Data analytics is considered as a transformative force in the construction industry, enabling stakeholders 

to leverage vast amounts of information for enhanced decision-making. This approach can be 
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categorized into three main types: descriptive, predictive, and prescriptive analytics. Descriptive 

analytics focuses on historical data to identify trends and patterns, providing insights about past project 

performances. Predictive analytics is the one that uses statistical models and machine learning to forecast 

future outcomes, helping project teams anticipate challenges and make informed decisions proactively. 

Finally, prescriptive analytics goes a step further by recommending specific actions based on data 

analysis, optimizing project outcomes through calculated strategies (Cote, 2021). 

Retrieving information from a BIM model is difficult to achieve when it comes to selecting and 

extracting information that requires in-depth processing of the raw data and representing it according to 

the user's needs. For instance, clash detection requires mathematical evaluation of geometric 

interferences between elements in the BIM model (Andrich, et al., 2022). 

As Harode et al. (2022) explicit, the lack of knowledge and skills of most facility managers regarding 

interaction with BIM authoring and analysis platforms represents a major barrier to a broader use BIM 

Integrated Solutions by facility staff and hinders their ability to access critical life-cycle information 

embedded in models. 

3.4 Advancements in Data Visualization Techniques 

Visualization is a critical component of data analytics, enabling stakeholders to interpret complex 

datasets intuitively as effective visualization can reveal patterns, trends, and insights that might not be 

apparent from raw data alone. By providing interactive 3D models, stakeholders can better understand 

project dynamics and make more informed choices. Immersive visualization techniques, such as virtual 

reality (VR), further improve stakeholder engagement and facilitate better communication among 

project teams. A systematic literature review by Yigitbas et al. (2023) highlighted the integration of BIM 

with VR and augmented reality (AR) technologies, allowing users to immerse themselves in a virtual 

environment generated from the BIM model. 

In the context of BIM, advanced visualization techniques enhance the accuracy and traceability of data 

conversions, facilitating better decision-making. For instance, the BEMTrace framework integrates 3D 

data wrangling with visualization methodologies to improve the conversion of BIM data into Building 

Energy Models (BEM), aiding in error detection and user comprehension (Walch et al., 2024). 

Some other solutions along this concept are already available on the market, for instance there is 

Autodesk Data Connector, which is a plugin for Microsoft Power BI internally created by Autodesk to 

connect models between their conception, modelling and coordination, preferably done in Autodesk 

software solutions, to a data analytics approach. As defined by the company itself, this connector 

provides robust data visualization, analysis, and connectivity to various data sources (Autodesk, 2025). 



Silva Guilherme, I. 2025. Visualization of Data Analytics using BIM Models for Enhanced Decision-Making. 9     
Master Thesis. Ljubljana, UL FGG, Second Cycle Master Study Program Building Information Modelling – BIM A+ 

 

   

 

VCAD and Speckle are other well-known software products as they provide multiformat solutions for 

BIM interconnections with Data-Analytics, AI empowered controlling features, and tailored BIM uses 

for each client. VCAD enables seamless integration of BIM data with business intelligence tools like 

Power BI, allowing users to create interactive dashboards and perform advanced analyses without 

extensive technical knowledge (VCAD, n.d.). Speckle, on the other hand, provides an open-source 

platform that supports real-time collaboration, data interoperability across various AEC tools, and 

automation capabilities, affecting primarily decision-making processes (Speckle Systems, n.d.). 

As a digital concept like BIM became increasingly widespread and organisations like BuildingSMART 

and ISO took place for standardisation practices (e.g., IFC format as an interoperability guarantee) 

(buildingSMART International, 2024), it did not take long for developers and programmers to start 

exploring and proposing new approaches for BIM advances and uses. A recent example is a company 

called That Open Company, that advocates in the online BIM environment for an entirely open-source 

BIM environment. This company recently launched an IFC alternative format that promises to reduce 

computer processing power demands to operate equally detailed models (That Open Company, n.d.). At 

the same time, giant BIM solution companies like Autodesk are promoting its programming platform to 

bring innovations to their private BIM formats. APS (Autodesk Platform Services) relies on the 

company’s software APIs (Application Programming Interface) to create new software components and 

other software solutions within Autodesk family tools (Autodesk Platform Services, n.d.). 

3.5 Asset Management with BIM 

Traditional asset management approaches often struggle with challenges such as fragmented 

information, decentralized data and only reactive maintenance strategies. These limitations slow down 

effective decision-making and can lead to inflated operational costs. The integration of BIM with Digital 

Twin (DT) technologies offers a transformative solution. As Nguyen and Adhikari (2023) explored, a 

Digital Twin is a dynamic digital representation of a physical asset, facilitating real-time monitoring, 

predictive maintenance. 

3.5.1 Infrastructure and Database Specific Needs  

Effective asset management through digital twins requires robust infrastructure and database systems 

capable of handling complex queries and real-time data updates as observed by Nguyen and Adhikari 

(2023). 

Moreover, the capacity to update data in real-time within a dashboard is crucial for maintaining the 

accuracy and reliability of the Digital Twin. This continuous data synchronization between the physical 

asset and its digital version allows for seamless tracking of changes and updates. 
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Implementing BIM for asset management can present some infrastructure and database challenges. For 

instance, the real-time updating of asset information requires robust IT infrastructure and advanced data 

management systems, which may not be readily available in all organizations (Brazauskas et al., 2021). 

These challenges requires tailored strategies to ensure effective BIM and DT integration (Gordo-

Gregorio et al., 2025). 

3.6 Enhanced Decision-Making through BIM Visualization 

One notable example of the several case studies, that have demonstrated the practical benefits of 

integrating BIM and data analytics in real-world construction projects, is the study by Das et al. (2025), 

which found that implementing BIM can lead to an average reduction of 15% in project costs. The gain 

of efficiency, in this occasion, was largely attributed to better design coordination, fewer errors, and 

more effective resource allocation. Such findings highlight the tangible advantages of these technologies 

in pushing operational efficiency forward. 

By integrating BIM and data analytics tools project teams could better predict project outcomes and 

identify potential issues before they would escalate, what can significantly improve the ability to make 

real-time data-based decisions, as it was perceived by Harode et al. (2022). This proactive approach can 

not only reduce time and costs but also to promote improved communication among participants of the 

processes, enhancing collaboration and alignment on project goals. As a result, planning becomes more 

strategic and better controlled, resources are utilized more efficiently, and schedules are better 

maintained. 

In addition, when BIM data is paired with advanced analytics techniques, it becomes possible to perform 

predictive modelling, which can allow the early detection of delays or cost overruns based on initial 

indicators. Rane (2023) in their research explored the role of Artificial Intelligence (AI) in enhancing 

this integration by automating processes like schedule and risk analysis, predicting occurrences and 

further amplifying the value of BIM-based data environments. 

For instance, real-time monitoring systems based on BIM can generate early warnings and performance 

insights, helping stakeholders track progress and respond promptly to emerging challenges (Halder et 

al., 2024). Additionally, using BIM to visualize data fosters better communication across different 

disciplines, promoting a collective understanding of project status and performance metrics, which 

ultimately enhances coordination and client satisfaction. 
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4 CASE STUDY – BIM VISUALISATION WITHIN ELES DATABASE 

As part of a recent strategic acquisition, ELES is incorporating a series of substations into its 

infrastructure portfolio, also ELES is implementing BIM into their business processes. One useful aspect 

is during the due-diligence process, during which, a digital audit of these assets was initiated. In this 

context, BIM is being adopted as a foundational strategy to digitally capture and structure relevant asset 

information from the outset. The substation selected for this study is one of the first assets undergoing 

such a process, serving as a pilot for a broader digital transformation roadmap within the company. 

ELES contracted IBE d.d., design and consulting company that also specializes in BIM services, to 

model the physical and functional characteristics of the substation and enrich it with structured metadata. 

This effort is not isolated, it directly supports the work of ELES’ data analytics department, which is 

already leveraging data-driven tools such as Power BI for maintenance forecasting and asset 

performance analysis. The integration of BIM data with ELES’s analytics workflows aims to streamline 

information accessibility and bring spatial intelligence to operational dashboards.  

4.1 Models and Databases  

The package of data made available to execute this case study included four IFC models, the EIR table 

and a sample of ELES’ internal database.  

 

Figure 1 - Example of available data from ELES' database 

Although all the data has been developed in local language (Slovenian), as seen in Figure 1, the EIR 

document was delivered fully translated to English and guided the process to integrate models and the 

database. In the following table, Resource (Sredstvo), Location (Lokacija) and Documentation 

(Dokumentacija) property sets are displayed as they were presented, developed and filled to the model. 
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Table 1 - Identification datasets 

ATTRIBUTE SET ATTRIBUTE ATTRIBUTE DESCRIPTION  

ELES_DOKUMENTACIJA DOKUMENTACIJA Documentation folder relative link 

ELES_SREDSTVO LOKACIJA Location number 

ELES_SREDSTVO SREDSTVO IBM MAXIMO asset number 

ELES_SREDSTVO SREDSTVO_TIP IBM MAXIMO asset type 

ELES_SREDSTVO SREDSTVO_VRSTA IBM MAXIMO asset class 

ELES_SREDSTVO PROIZVAJALEC Manufacturer 

ELES_SREDSTVO TIP Type 

ELES_SREDSTVO TOVARNISKA Serial number 

ELES_SREDSTVO LETNICA Manufacturing year 

ELES_LOKACIJA CIPO Regional control centre name 

ELES_LOKACIJA POSTAJA Substation 

ELES_LOKACIJA NAP_STIKALISCA Substation rated voltage 

ELES_LOKACIJA POLJE Bay naming 

ELES_LOKACIJA LOKACIJA_VRSTA Location type 

ELES_LOKACIJA NAP_NIVO Rated system voltage level 

ELES_LOKACIJA OZNAKA Device identification as in a single pole diagram. 

ELES_LOKACIJA FAZA Phase 

ELES_LOKACIJA EAM EAM identification code of the location 

ELES_LOKACIJA POLJE_ID Bay ID 

 

In the Table 1, it is possible to find the properties and property sets that are important to reference and 

correlate BIM models and alphanumerical data in the company’s database, for example, to correlate 

BIM model elements and data ‘SREDSTVO’ is used, which is the unique MX ID. TOVARNISKA is a 

factory serial number, and it is linked to equipment (if the equipment is changed there is a new serial 

number but asset id remains). 

Another property set called “ELES_TEHNICNI_PODATKI”, which translates to Technical Data, will 

be displayed in the dashboard leveraged by the relationship created through identifier data. 

4.2 Integration between Models and Databases  

To connect the BIM model with ELES’s asset database, we use shared parameters that help keep the 

data organized and easy to track. This connection is made in Power BI, using a clear structure that 

matches elements in the model with information from the database.  
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To make the dashboard easier to use, it is also used filters. One filter is for the type of equipment, using 

the "SREDSTVO_VRSTA" parameter, also in the "ELES_SREDSTVO" set. Another filter helps group 

elements by the BAY they are in, using the "POLJE" parameter from the "ELES_LOKACIJA" set. This 

helps users understand where each element is in the substation. 

A last filter checks if an element is managed by ELES. This is based on the "SREDSTVO" parameter: 

if the value has a dash ("-"), it means ELES does not manage that element. 

By using these connections, it is possible to create dashboards that are easy to explore and full of useful 

information. The BIM model and the database work together, helping ELES make better decisions with 

clear and connected data. 
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5 DEVELOPMENT OF SOLUTIONS – MODEL VISUALIZATION AND DATA 

ANALYTICS INTERFACE 

The solutions to be developed will focus on finding a variety of solutions that solves the research 

questions, and the problem defined at the previous chapter. As explained as the methodology of this 

paper, five different options of integration between BIM and Data Analytics will be developed for the 

case study alongside the partner company, ELES. 

While the adoption of BIM is still in its initial stages within the organization, ELES has been 

progressively integrating digital technologies to enhance its infrastructure management and there is a 

growing recognition of BIM’s potential to streamline asset management and maintenance processes. 

The company's commitment to innovation is exemplified by its Diagnostics and Analytics Centre 

(DAC), which functions as a hub for mass data collection, advanced analytics, and technical expertise. 

The DAC has implemented predictive models, such as the work created partnered with the Institute 

"Jožef Stefan", developed to forecast maintenance needs for critical components like on-load tap 

changers, utilizing historical data to optimize operational efficiency (Institute Jozef Stefan, 2023). By 

connecting the existent, and very advanced, data analysis assets of the company to a model of the 

substation through a single relationship, it becomes possible to interact and filter data using the 3D visual 

input and vice versa. 

 

Figure 2 – Framework of interface between types of data and BIM Uses 
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As for the data made available to work with in the present report, the framework in Figure 2 shows the 

maximum use from the model to the Case Study referred. The upper cluster defines the Property Sets 

that ELES had created with their business partner IBE during the development of the models. Resources, 

Location, Documentation and Technical information are the summaries of interest to the company, 

among other property sets, each of them, although created following the concept of LOIN (Level of 

Information Need) (ISO 7817-1, 2024) purposes and not BIM uses specifically, can mainly be linked to 

at least one specific BIM Use (PennState, n.d.) (e.g. Maintenance, Quantity Take Off, Clash Detection). 

The connection between BIM model information and external datasets opens a big perspective of 

possibilities for exploration of all different sets of data that ELES’ DAC has acquired over the years 

linked to their facilities, also further BIM Uses.  

5.1 Strategic Use of Data, Graphics and filters 

Ther main objective of the collaboration with ELES is to utilize visual insights which in a long-term 

case, can also better their ability to provide the management and maintenance of stations and equipment. 

It was strategically defined, in agreement with ELES representatives, as important data and data 

visualization options for those goals the following: 

• Page for Asset Health Index: 

o External dataset aligning the unique code ‘SREDSTVO’ to age of equipment and its 

period of validity. 

o View of historic evolution graph of maintenance, with the ‘Grades’ given by the 

responsible inspectors. Those grades must vary by criticality, from 1 (one) to 5 (five), 

1 being least urgent of replacing and 5, the most urgent. 

• Graph for costing of replacing equipment, to be provided in the same dataset as the maintenance 

history. 

• Page for technical information and Failure events: 

o Graph of listing the events of failure logs. 

o 3D View with colouring filter by criticality of error. Varying between Maintenance 

Needed, Maintenance Planned and No Problem. 

• Page for identifying if each equipment is managed by ELES or not. 

o In the dataset primarily sent as external and filled in the model as metadata, this could 

be identified in the filling of the parameter ‘SREDSTVO’, if it is correctly filled, the 

equipment is managed by ELES, if it is blank or filled with a “-” (hyphen), it is not 

managed by ELES. 

o 3D viewer graph filtered by colour, ‘green for managed by ELES’, red for ‘not managed 

by ELES’. 
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▪ Toggle button to activate/deactivate the colouring of the filters. 

• Page for IFC quality evaluation: 

o Graph showing types of models. 

o Graph defining information provided by models. 

o Filter identifying lack of ‘SREDSTVO’ identifier parameter.  

Alongside the agreement with the Data Analytics Center from ELES, the strategy for this BIM-based 

Power BI dashboard was complemented by theory grounded in Chaomei Chen’s (2006) Information 

Visualization principles, ensuring each view maximizes cognitive support, knowledge amplification, 

pattern recognition, and decision-making utility. In line with Chen’s framework, the dashboard follows 

the classic “overview first, zoom and filter, then details-on-demand” paradigm described by 

Shneiderman (1997). This approach off-loads mental work to the visual system, reducing the “manual 

labour” of searching through raw data, so users can focus on insight rather than data retrieval. Each 

dashboard page will correspond to a specific BIM model and the information the model can offer, a first 

overall page with a federated model will also be a part of the report. 

• Dashboard First Page: Federated Model Overview (All BIM models displayed together) 

The federated overview provides a high-level 3D visualization of the entire substation model, 

functioning as the dashboard’s cognitive “big picture”. This reflects Chen’s concept of shifting the unit 

of analysis from individual items to an integrated knowledge domain view. By presenting all disciplines 

together, the overview reveals emergent structural patterns and interdependencies across the project. 

With this visualization of the project users can immediately detect spatial relationships, clusterings of 

components, or potential conflicts that would remain hidden in siloed data. The design aligns with 

empirical evidence that a clear overview boosts higher-level understanding and primes effective 

navigation through the digital construction. In Chen’s (2006) terms, this overview mitigates the 

“information access fault” by allowing users to retrieve needed information at a glance instead of 

“shovelling” through thousands of data points. This broad contextual awareness enhances decision-

making, as stakeholders can rapidly recognize global patterns and focus their attention where anomalies 

or critical areas appear. 

• Dashboard Second Page: High-voltage Equipment (Technical equipment BIM model displayed) 

The HV Equipment page dives into the most data-rich model, containing detailed alphanumeric 

attributes for high-voltage components. This corresponds to a “zoom and filter” stage of the visual 

analytic process, where the user examines a specific subset of the domain in detail. Following Chen’s 

(2006) knowledge domain visualization logic, HV equipment is treated as a specialty within the broader 

project domain, essentially focusing on one “cluster” of the information space for deeper insight, as part 

of a due diligence process during the buyout of the substation. The dashboard couples an interactive 3D 
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view of the equipment with linked data tables and charts, an embodiment of multiple coordinated 

perspectives. 

Chen’s (2006) empirical survey underscores the importance of such multi-faceted views: different users 

leverage spatial visual memory versus symbolic data in varying ways. By providing both a spatial model 

and abstract data charts, the visualization supports individual cognitive differences – for instance, a user 

with high spatial ability might spot a pattern in the 3D layout, while another relies on tabular details. 

Crucially, the combination enables pattern recognition across modalities: one can identify clusters of 

equipment by type or voltage level in the model and see their specifications or quantities in the data 

charts simultaneously. 

This design echoes Chen’s point that insights often emerge from connecting lower-level perceptual cues 

to higher-level tasks. In summary, Page 2’s strategy is justified by Chen’s principles of focus + context 

interaction and empirical findings on visual memory: it maximizes information retrieval and 

understanding for complex equipment data by blending immersive visualization with analytic detail. 

This yields a decision-making advantage – users can pinpoint specific equipment issues or outliers in 

context, with the visual and numeric evidence reinforcing each other. 

• Dashboard Third Page: Foundations and Infrastructure (Structural BIM model displayed) 

The Foundations page presents the substation’s foundation elements via a 3D model and QTO data, 

despite minimal alphanumeric attributes. Here the visualization leans on spatial cognition and basic 

perceptual cues to convey information. Chen’s (2006) empirical review emphasizes that even “lower-

level” perceptual tasks – such as recognizing spatial alignment, shapes, or counts – are crucial for 

insight. By visualizing foundation locations and dimensions in 3D, the dashboard allows users to 

immediately perceive patterns like the grid layout, relative depths, or any irregular spacing of footings. 

Human vision excels at detecting such spatial patterns, providing cognitive support that a raw list of 

coordinates or volumes would not. In Chen’s (2006) terms, the spatial–visual interface is “more likely 

to make a lot of difference” in user understanding than text alone, for instance. The page design avoids 

unnecessary complexity or photorealistic detail, instead favouring an abstracted view that aligns with 

human perceptual abilitiespage-one.springer.com – for example, using simple shapes or consistent 

colours for all foundations so that outliers pop out to the viewer.  

This follows the guideline of designing visualization to relate to the user’s perceptual strengths rather 

than overwhelming with realism. Coupled with a basic data table summarizing counts or volumes, the 

page supports decision-making by enabling quick cross-checks, like if number of modelled foundations 

and their positions are correct according to the plan. By grounding the view in spatial context, the 

dashboard amplifies the user’s ability to verify and reason about the foundations efficiently. This is an 
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outcome that echoes Chen’s (2006) observation that well-crafted visualizations reduce cognitive load 

and “provide valuable insights into the complex relationship between tasks and visual cues”. 

• Dashboard Fourth Page: Superstructure (Above-ground built objects BIM model displayed) 

The Superstructure page focuses on the large structural portal frames, concrete slabs, or any other built 

structures above ground in the area in study, again using a 3D model with minimal attached data. The 

theoretical backing for this page is similar to Page 3, emphasizing immersive spatial understanding and 

pattern detection. In this case, the portal frames are visualized in context, which provides immediate 

cognitive cues about their arrangement and their relationship to other elements.  

The task here is structural verification and pattern recognition (e.g. checking alignments, clearances, 

repetition of standard portal units), which is best served by a clear 3D overview rather than dense data 

fields. By reducing extraneous detail and highlighting each portal’s geometry, the visualization taps into 

the viewer’s associative memory – seeing the portal frames in situ allows recalling design intent and 

spotting discrepancies naturally. This resonates with Chen’s (2006) summary that visualizations should 

be evaluated in terms of how they support the user’s perceptual and cognitive processes, not just how 

much data they display. 

• Dashboard Fifth Page: Terrain, Exterior Appliances and Urbanization (Earthworks and 

urbanistic BIM models displayed) 

The Terrain and Exterior Design page provides the geographical and site context via the terrain surface 

in a 3D view as Chen’s (2006) insights on spatial metaphors and immersive environments strongly 

underpin this page’s design. By visualizing the substation in its terrain, the dashboard leverages humans’ 

innate spatial orientation abilities. By recognizing slopes, distances, and the substation surroundings, 

users end up building a mental map that aids in navigation and planning. This addresses known 

challenges of wayfinding in virtual worlds. 

Additionally, aligning the visualization with real-world perceptual cues (e.g. consistent scale, 

recognizable terrain features) rather than abstract graphs means the information is immediately intuitive, 

reflecting Chen’s (2006) guidance to design for perceptual realism only insofar as it benefits user 

cognition. In summary, Page 5 provides cognitive support by grounding the substation model in a 

familiar spatial context, allowing users to seamlessly integrate project data with real-world geography 

to inform their decisions. 

Across all five pages, the dashboard’s design exemplifies Chen’s (2006) vision of information 

visualization as a tool for knowledge crystallization and insight. By combining an overview, detail 

structure with interactive 3D spatial displays and data charts, the dashboard aligns with empirically 

supported principles to reduce cognitive load and enhance pattern recognition. Each page is tailored to 
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the nature of its data (or model) and the expected user tasks, reflecting the “interdependence between 

task features and interface design” that Chen emphasizes. This theoretical framework ensures the BIM 

dashboard is not just a collection of visuals, but a coherent environment for cognitive work – one that 

amplifies human intelligence by visually synthesizing complex BIM information into actionable 

knowledge. 

Finally, the structure of the Power BI dashboard will by defined as: 

• Dashboard Page 1: Federated Model Overview (All BIM models displayed together) 

• Dashboard Page 2: High-voltage Equipment (Technical equipment BIM model displayed) 

o Combined with ELES’ Page for Asset Health Index and ELES’ Page for technical 

information and Failure events. 

• Dashboard Page 3: Foundations and Infrastructure (Structural BIM model displayed) 

o Combined with ELES’ graph for costing of non-HV equipment (e.g. building structure 

and other elements). 

• Dashboard Page 4: Superstructure (Above-ground built objects BIM model displayed) 

o Combined with ELES’ graph for costing of non-HV equipment (e.g. building structure 

and other elements). 

• Dashboard Page 5: Terrain, Exterior Appliances and Urbanization (Earthworks and urbanistic 

BIM models displayed) 

o Combined with ELES’ graph for costing of non-HV equipment (e.g. building structure 

and other elements). 

• Dashboard Page 6: Federated IFC quality evaluation (All BIM models displayed together) 

o Combined with ELES’ suggestion of graphs for identifications if each model is 

managed by ELES or not. 

5.1.1 ELES Internal Sample Data ETL to Power BI 

The ETL (Extraction, Transformation and Loading) stage of the work for this scope were considered 

quite simple, as the documentation of the real data delivered were already well-structured. 
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Figure 3 - ETL Steps 

As Figure 3 shows, only 7 (seven) total steps, or 5 (five) of customization of the tables were necessary 

to guarantee a ready-to-use column structured set of tables. The written code of the five steps are as 

follows: 

• = Table.Skip(#"CURRENT TRANSFORMERS_Sheet",1) 

• = Table.PromoteHeaders(#"Removed Top Rows", [PromoteAllScalars=true]) 

• = Table.TransformColumnTypes(#"Promoted Headers",{{"Column1", type any}, 

{"LOKACIJA", type text}... [Iteration for specific columns of each table] 

• = Table.RenameColumns(#"Changed Type",{{"Column1", "Entry No."}}) 

• = Table.ReplaceValue(#"Renamed Columns","NOTES:","",Replacer.ReplaceValue,{"Entry 

No."}) [Iteration to other notes in this column] 

To be able to filter data to specific needs all in one page of the dashboard, all the sheets need to be 

identified and later combined in one master dataset. To combine equipment data from different sources 

into a unified visualization table in Power BI, it’s necessary to follow a structured transformation process 

using Power Query Editor. This was done as follows: 

• Adding a Custom Column for Classification 

Each equipment table must be enriched with a custom column to identify its source or type. This is 

typically done by adding a column called "Consult Type" using the M code function Table.AddColumn. 

For example: 

= Table.AddColumn(PreviousStepName, "Consult", each "SURGE ARRESTERS") 

This step ensures that when multiple tables are combined, it's still possible to identify the origin of each 

row based on the equipment type. 

• Append Queries 
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Once all source tables are structurally aligned, they can be appended into a single table using Power 

BI’s ‘Append Queries as New’ feature under the Home tab. This consolidates all equipment types into 

one centralized dataset. The final M code function looked something like this: 

= Table.Combine({BUSBARS, BUSHINGS, #"CABLE TERMINATIONS", #"CIRCUIT 

BREAKERS", CONDUCTORS, #"CURRENT TRANSFORMERS", DISCONNECTORS, #"POST 

INSULATORS", #"POWER TRANSFORMERS", #"SURGE ARRESTERS", #"VOLTAGE 

TRANSFORMERS", #"WALL BUSHINGS"}) 

• Rename ‘Consult’ column to filters 

In order to filter the combined data in the visuals, the ‘Consult’ term was substituted by ‘Type of 

Equipment’ in the column name: 

= Table.RenameColumns(Source,{{"Consult", "Type of Equipment"}}) 

These steps allow a fair use of the data to display scenarios in the dashboard interface. 

5.1.2 Standardized Graphics and Filters of Alphanumerical Data in Power BI 

Once all metadata is complete and combined in one consult, the data can be saved and loaded into the 

dashboard interface of Power BI. Before relating the data to 3D viewers in visuals, one last cleaning 

step needs to be done, to avoid empty rows, that was not cleaned in the ETL process in the ‘Power Query 

Editor’ of Power BI to avoid losing important data. 

A table visual is instanced and all identification properties, as seen in Table 1, are inserted into the 

visual. 

 

Figure 4 - Table visual in Power BI 

The table seen in Figure 4 displayed a set of empty data that received ‘Type of Equipment’ parameter 

from each consult combined. To avoid this, it was created a filtering solution directly in the visual. 
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Figure 5 - Power BI filter for not blank 

By clicking in the table visual, in the filters panel within ‘Filters on this visual’ space, the parameter 

‘SREDSTVO_TIP’ is, by the providers standard, always filled in valid rows for valid units of equipment, 

by selecting ‘Select all’ and unselecting ‘(Blank)’, just valid rows of the table will show in the visual, 

as seen in Figure 5. 

One of the strategic needs of the company as data provider and dashboard consumers seen in previous 

chapter is a set of filters by type of equipment, by asset identification and by bay where it is located.  

 

Figure 6 - User friendly filters in Power BI 

For each of these filters, parameters associated from the combined dataset are ‘Type of Equipment’ for 

Type of equipment, ‘SREDSTVO’ for asset code and ‘POLJE’ for bay, as shown in the Figure 6. 

 

Figure 7 - Dropdown list filtering in Power BI 
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These filters were created to enhance the user experience when consuming the dashboard, by using the 

slicer visual and resuming its options to a dropdown menu, as shown in Figure 7. 

Another filter defined as a must-have is if the represented object is managed by ELES or another 

company. To do that, a calculated column was added in Power BI using DAX (Data Analysis 

Expressions). This was based on the SREDSTVO parameter from the ELES_SREDSTVO property set, 

which follows a rule: if the value is a hyphen (-), empty, or blank, the asset is not managed by ELES. 

The process is as follows: 

• Create the DAX Column the Data View and locate the table named ‘AllEquipment’, which 

contains the unified data for all assets. 

Click on “New Column” and insert the following DAX expression: 

Managed by = IF (ISBLANK('AllEquipment'[SREDSTVO]) || TRIM('AllEquipment'[SREDSTVO]) = 

"" || TRIM('AllEquipment'[SREDSTVO]) = "-","Not ELES","ELES") 

This expression checks three conditions: 

If the SREDSTVO field is blank, if it is an empty string and if it contains only a hyphen (-). 

If any of these are true, the equipment is tagged as "Not ELES"; otherwise, it is marked as "ELES". This 

allows filtering and reporting on which assets fall under ELES's management. 

• Repeat the dropdown filter in a Slicer visual as previously explained 

 

Figure 8 - Managed by filter in Power BI 

To create this last filter, it was only necessary to use the column created earlier in values of the visual, 

as shown in Figure 8. 

5.2 Power BI Connectors with Third-party Databases 

Some solutions found to develop the present work tend to offer more complex integrated solutions than 

just to fill the Power BI BIM/3D visualization gap, intending to create a workflow and environment that 

forms marketable products, subscription services and further a loyal client base. 
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Those solutions often have a web-based interface connected to a database that will store and process the 

model data, delivering a dataset that is ready to use into Power BI. 

5.2.1 Autodesk Data Connector for Power BI 

The Autodesk Data Connector for Power BI is a tool designed to bridge the gap between design data 

and business intelligence, in which it is made possible to visualize and interact with BIM models, from 

Autodesk tools, within Microsoft Power BI (citation). 

To utilize this connector, it is necessary to export a Data Exchange package within the Autodesk 

Construction Cloud (ACC), which serves as the database from which Power BI will retrieve the BIM 

model information. This data exporting process involves selecting specific subsets of project data to 

share, ensuring that only relevant information is transferred to the dashboard. 

Once the project data package is established and saved in the cloud service, the connector allows for the 

data import into Power BI, where it can be transformed, filtered and visualized according to specific 

needs. As the query module of BI tools often allows, the dataset related to the model can have its columns 

associated with other queries and datasets to enable different approaches for visual data analytics. 

5.2.2 Autodesk IFC Data Connector for IFC 

After introducing the data packages called “Data Exchange”, Autodesk allows the use of the Power BI 

3D viewer from an IFC file, as the Autodesk Data Exchange for IFC is a recently introduced feature, 

currently in public beta, designed to enhance interoperability by allowing users to share specific subsets 

of IFC model data.   

To utilize this IFC data packaging feature, it is needed to upload an IFC file to ACC, where an interface 

will allow the creation of a Data Exchange from the IFC model. This interface will involve selecting the 

relevant portions of the model to export, which can then be accessed by other applications that are using 

other Data Exchange connectors, as for the above-mentioned Power BI integration. 

5.2.3 Autodesk Data Connector for Power BI Dashboard Creation 

To implement this 3D viewer a set of steps had to be followed, as described: 

a. Create an IFC Data Exchange (In Beta Stage) from IFC in the ACC account used: 

As the IFC Data Exchange is still in beta development stage, two options were used in the present case 

study, the main Autodesk Data Exchange from Revit will be a safe option to guarantee integral 

information transfer. 
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Figure 9 - IFC Data Exchange 

In Figure 9, it is possible to check the requisites to export a package of data from IFC in an ACC project. 

It displays a set of filters to apply to the IFC file before creating the Data Exchange model package. 

a.1. Or open the IFC files in Revit and use the Data Exchange Connector for Revit: 

 

Figure 10 – Data Exchange add-in in Revit 

The Data Exchange Connector add-in, shown in Figure 10, can create packages of model views opened 

in Revit to be uploaded to an ACC active project, which will be connected to the Power BI viewer to 

load the views onto the dashboard. 
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Figure 11 – Inputs to Data Exchange add-in in Revit 

The package is defined by a model view and filters, seen in Figure 11, can be applied to it, for the case 

study in the present work, the export must be a simple 3D view with no filter to avoid losing any data 

from the models. 

b. Loading the visual in an existent dashboard 

After downloading and installing the extension, it is simple to start using the 3D viewer, it is necessary 

to open a Power BI dashboard and select ‘Import a visual from a file’, as shown in Figure 12: 
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Figure 12 - Import from a file selection 

Following the process, it must be selected the custom visual in the correct directory, as displayed in 

Figure 13: 

 

Figure 13 – Selection of custom visual in the directory 

This will allow to open the viewer as a new visual in the dashboard. 
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Figure 14 – Display of the Autodesk Data Connector 3D Viewer 

The Figure 14 shows how the new visual will be available to use in the dashboard environment. 

c. Load Data Exchanges 

After having the necessary infrastructure in the Power BI environment, it is possible to bring the Data 

Exchange packages from the ACC cloud. 

 

Figure 15 – Load data exchange model views 

First step to effectively do that is select ‘Get data’ in the interface of Microsoft Power BI, as shown in 

Figure 15. 
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Figure 16 – Selecting Autodesk Data Connector source of data in Power BI 

After a pop-up window appears, it is needed to find Autodesk Data Connector source, as shown in the 

Figure 16.  

 

Figure 17 – Login to ACC account 

An error might happen, as explained in Autodesk Official website, this should be about the access 

permissions to the ACC environment. As shown in Figure 17, it is simply needed to login the same 

account used to load the Data Exchanges packages in previous steps. 
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Figure 18 – Data loading from the ACC into Power BI 

After solving the access issue, another pop-up window will show up to select the packages exported to 

the selected project folder, as exposed in Figure 18. 

At the end of this step, the dataset of the model will already be available to the dashboard use. 

d. Displaying the models in the dashboard 

After instancing the visual and loading the models in the dashboard, it follows simply to display the 

models.  

For the ‘Viewer’ attribute of the visual, it was necessary to find the ‘.viewer’ property of the loaded data 

of the models. As shown in Figure 19, after this property were assigned to the visual slots, the models 

automatically appeared in the viewer. 
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Figure 19 – Displaying the model in the dashboard 

e. Creating Data Relationships 

Once the BIM model is successfully displayed in the dashboard, it is made necessary to also connect the 

elements identifiers so the model can interact with a different dataset from a different database. 

 

Figure 20 – ExternalElementId property associated to the model viewer 
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As shown in Figure 20, the property called ‘ExternalElementId’ should be searched and inputted to the 

equivalent attribute of the visual. It is assigned twice to avoid errors of filtering elements an assigning 

textual data to visual data (Autodesk, 2025). 

 

Figure 21 - Relationship using Id parameter 

The parameter designated to link unique model elements with the company’s alphanumeric database is 

the SREDSTVO code, as it can be seen in Figure 21, which is a globally unique identifier automatically 

assigned to each IFC object at creation. This ensures a stable one-to-one relationship between each BIM 

element and its corresponding database entry, as this identifier remains consistent across exports and 

imports—providing a reliable bridge for data assignment and synchronization 

f. Creating Federated Model Views  

Federating models in Autodesk Data Connector for Power BI is quite uncomplicated, as the processing 

of the models during exporting to ACC already create a specific federation parameter exclusively to the 

Power BI visual called ‘Federated Viewer Mapping’. 

By simply relating different model data exchange packages through this parameter, as shown in Figure 

22, the models will automatically federate with the specified coordinate system selected when exporting, 

for this it was used shared coordinates between the models. 
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Figure 22 - Federated Viewer Mapping relationship to federate models in Power BI 

g. Synchronizing the 3D viewer with the standard dashboard 

As a solution that only exists combined with the overall Autodesk environment, all the data submitted 

to the Autodesk Data Exchange and Connector is processed and is delivered in the best format for the 

environment itself. After being processed, the IFC models from the present Case Study are presented in 

Power BI after being retrieved from ACC. 

Similarly for every connector tested in the present work, ‘SREDSTVO could be used as the identifier to 

create a relationship between IFC models and external data, but, as displayed in Figure 23 a different 

approach was addressed, using ‘Element ID’ to better incorporate all the data to Autodesk environment, 

to avoid data loss and function loss. 
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Figure 23 - One to one relationship between 3D model and external data (Autodesk Data Connector) 

Using Element ID to connect the data across datasets will avoid data loss due to human error while 

filling data into BIM models. To connect the Autodesk generated ‘Element ID’ to data that doesn’t have 

it, a bridge dataset can be built and correlated, again avoiding human transformation of the data. 

5.2.4 Speckle Connector for Power BI 

Speckle Connector for Power BI offers a similar feature, creating an integration of BIM data BI 

workflows, as it allows importing structured data from various AEC applications, such as Revit, Rhino, 

and Grasshopper, into Power BI. Differently than Autodesk connectors, a lot of different formats and 

software sources can be used within Speckle. Also, the database structure differs from the previously 

presented solutions as it doesn’t rely on Autodesk based CDE, as it uses its own cloud storage with 

interface for the user. 

5.2.5 Speckle Connector for Power BI Dashboard Creation 

a. To utilize the Speckle Connector, it is necessary to install it via the Speckle Manager, in their 

website. Once installed, Power BI will recognize new data sources labelled as "Speckle - Get 

Model by URL (beta)" and "Speckle - Get Model by URL [Structured] (beta)." 
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Figure 24 - Getting Speckle connector in Power BI 

b. By selecting this option, users can input the URL of a Speckle model, version, or object to 

retrieve the corresponding data. The connector then imports this data into Power BI, where it 

can be transformed and visualized according to project needs. 

c.  

Figure 25 - Inserting IFCs URL to display model in Speckle viewer 

Each model has a unique URL, for a federated model, the IDs of the models can be combined from one 

model’s URL. 

d. Synchronizing the 3D viewer with the standardized dashboard 

As the Speckle connector uses a solution that embodies processing the models and information, which 

offers similar options of data analytics from the models in the platform, the connection between the 

model’s dataset and other external datasets is done by following Speckle’s specific tutorials.  
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Figure 26 - Synchronizing 3D viewer with external data via object IDs (Speckle) 

As Figure 26 shows, Version Object ID and Object ID are mandatory fields to fill in the BI visual with 

the respective column from the data retrieved by filling the URL of each model, as represented in Figure 

24. 

From the 3D visual in Power BI, the first two spaces (Version Object ID) are necessary to visualize the 

model, the other two fields to fill are optional. ‘Color by’ is a possibility of creating in the model data 

(or relate to the model data) a parameter to view the models in specific patterns of colours. ‘Tooltip 

Data’ is the set of data that will show on the screen as any element from the loaded models gets clicked, 

this field is also optional but is becomes mandatory to be possible to relate with other datasets. 
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Figure 27 – One to one relationship between 3D model and external data (Speckle) 

As seen in Figure 27, the identifier code to link model and external data is the ‘Resource Code’ or 

‘SREDSTVO’ in the original filling language. 

 

Figure 28 – Relationship between unique and federated models (Speckle) 
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Although specific models and federated models are queried apart from each other from the speckle 

database, if necessary to exchange any information between them, a one-to-many relationship from the 

specific query of the model to the federated one, as shown in Figure 28. 

5.2.6 VCAD Standalone for Power BI 

A third, very similar, option for importing BIM 3D data into traditional data analytics dashboards is 

VCAD Connector for Power BI, as it is a specialized tool developed by Blogic. 

To utilize the VCAD Connector, it is necessary begin by uploading their BIM files, in this case, IFC 

files, into the VCAD platform. VCAD then processes these files, extracting relevant data and generating 

a Power BI template tailored to the specific model. This template includes interactive 3D views, data 

tables, and filters. 

VCAD integration supports features like element highlighting, once selected filters or other singularized 

model-related data, data-driven colouring, and dynamic tooltips. 

To utilize VCAD, an account must be created, and a subscription plan must be contracted, for this case 

VCAD Standalone version was used to avoid using other product, which would be an Autodesk ACC 

account. 

5.2.7 VCAD Standalone for Power BI Dashboard Creation 

To import the visualization for the Power BI, it is necessary to use the webpage of the file manager at 

BimServices (company holder of VCAD solution) portal and upload the BIM models used for the 

present case study. 

 

Figure 29 - File manager VCAD webpage 

As shown in Figure 29, the interface is quite simple and the four models that are part of the dataset for 

this work were successfully uploaded, a fifth model is a federated model in NWD format. 
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Figure 30 - VCAD Template download 

For each model, a template can be downloaded from the file manager webpage, in this case each model 

will generate a different Power BI dashboard, as shown in Figure 30. Also, in the settings of the main 

dashboard, it is possible to point to different models and slot IDs for each page of the complete report. 

 

Figure 31 - Web content API access in Power BI 

To access the data imported to the online external database, an API key provided by the VCAD platform 

will be inserted in the ‘Web API’ access option offered in Power BI, displayed in Figure 31. 

 

Figure 32 – IFC Sample Dashboard (VCAD) 
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As Figure 32 shows, a very complete dashboard is delivered as templates available in Figure 29, 

unfortunately, federated options did not work as expected and the federation of different processed IFCs 

turned the dashboard heavy option to load, these and other situations contributed for ELES not 

advancing with VCAD viewer option. 

5.3 Power BI Connectors with Local Databases 

Some solutions found to fill the Power BI BIM/3D visualization gap rely on a different approach than 

the previous ones. As previously perceived, options like Autodesk Data Connector, Speckle and VCAD 

tend to offer more complex integrated solutions, as a way of creating a workflow that includes their 

tools, to develop marketable products and subscription services and further a loyal client base. 

Other found solutions are more directly connected into the main issue, which is enabling a 3D viewer 

for power BI, not necessarily putting the commercial aspect as a priority. These solutions tend to 

minimize its costs of operation; therefore, databases are commonly local or locally integrated to other 

cloud services the user might already have. This type of solution will be considered and tested here. 

5.3.1 Flinker Open IFC Viewer for Power BI 

As introduced earlier, standalone solutions represent a good opportunity to the company’s profile, that 

already runs a well-developed data analytics department, because it will allow the highest possible level 

of customization or even help build a tailored option from zero.  

Flinker was discovered through LinkedIn, and it consists of a company focused on the development of 

Microsoft 365 web-apps and add-ins. The Open IFC Viewer for Power BI allow users to embed and 

interact with a 3D IFC model directly within Power BI Desktop—without needing additional software 

or credentials. This enhances BIM and business data integration by enabling live element selection, 

metadata retrieval, and dashboard synchronization (Flinker GmbH, n.d.). 

5.3.2 Flinker Open IFC Viewer Dashboard Creation 

To set it up, users simply: 

a. Install the visual via Microsoft AppSource, making it available in the Power BI Visualizations 

pane. 

b. Create the queries for IFC file for online or local file by copying it from the sample dashboard 

that can be downloaded from in the same page as the addon, as Figure 32 shows. 
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Figure 33 - Copying IFC query from the sample dashboard (Flinker) 

c. Load an IFC model by providing a local or cloud URL in the visual’s parameter pane. 

 

Figure 34 - Inserting IFCs URL to display model in Flinker viewer 

d. Synchronizing the 3D viewer with the standardized dashboard 

The sample dashboard query comes already with several steps already applied, which can be understood 

as the last phase of the processing of the model that all of the providers evaluated in the present work 

makes. 
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Figure 35 – IFC final table of query from sample dashboard (Flinker) 

The final IFC table retrieved from the sample dashboard’s query, as showed in Figure 35, draws a very 

simple connection point between IFC data and external data. Every IFC instance is represented in how 

many rows is necessary to expand all data related to that instance. This instance is identified in the table 

by the repetition of its ‘IfcGUID’ parameter in every row related to it. 

 

Figure 36 – GUID retrieval from IFC data to external data 
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The connection by the same ‘SREDSTVO’ attribute used in different viewer options will try to retrieve 

to the external data the ‘IfcGUID’ attribute of each element mapped by the resource identifier in external 

datasets. 

However, the processing of IFC data through its XML textual data made in the query from the sample 

dashboard couldn’t explore very well the properties associated to each element in the model. The 

‘SREDSTVO’ attribute, then, was not enough to query the model association through ‘GUID’ attribute. 

Other unique textual attributes that could work as identifiers were prompted to create the ‘GUID’ 

column in the external dataset, those attributes are ‘LOKACIJA’, ‘EAM’ and ‘TOVARNISKA’. It is 

important to highlight that the less attributes needed to create this connection, better, to avoid the reliance 

on manual work inside the BIM models. 

The DAX code with all possible identifiers for the present model’s case study ‘GUID’ retrieval follows 

the structure: 
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Table 2 – DAX code block for GUID retrieval (Flinker) 

GUID = 
VAR _sredstvo  = UPPER( TRIM ( AllEquipment[SREDSTVO] & "" ) ) 
VAR _lokacija  = UPPER( TRIM ( AllEquipment[LOKACIJA] & "" ) ) 
VAR _eam       = UPPER( TRIM ( AllEquipment[EAM] & "" ) ) 
VAR _tovarniska= UPPER( TRIM ( AllEquipment[TOVARNISKA] & "" ) ) 
VAR guidSredstvo = 
    CALCULATE ( 
        SELECTEDVALUE ( IFC[GUID] ), 
        FILTER ( 
            IFC, 
            UPPER ( TRIM ( IFC[Property Name] ) ) = "SREDSTVO" 
            && UPPER ( TRIM ( IFC[Property Value] & "" ) ) = _sredstvo 
        ) 
    ) 
VAR guidLokacija = 
    CALCULATE ( 
        SELECTEDVALUE ( IFC[GUID] ), 
        FILTER ( 
            IFC, 
            UPPER ( TRIM ( IFC[Property Name] ) ) = "LOKACIJA" 
            && UPPER ( TRIM ( IFC[Property Value] & "" ) ) = _lokacija 
        ) 
    ) 
VAR guidEAM = 
    CALCULATE ( 
        SELECTEDVALUE ( IFC[GUID] ), 
        FILTER ( 
            IFC, 
            UPPER ( TRIM ( IFC[Property Name] ) ) = "EAM" 
            && UPPER ( TRIM ( IFC[Property Value] & "" ) ) = _eam 
        ) 
    ) 
VAR guidTovarniska = 
    CALCULATE ( 
        SELECTEDVALUE ( IFC[GUID] ), 
        FILTER ( 
            IFC, 
            UPPER ( TRIM ( IFC[Property Name] ) ) = "TOVARNISKA" 
            && UPPER ( TRIM ( IFC[Property Value] & "" ) ) = _tovarniska 
        ) 
    ) 
RETURN 
-- Priority: SREDSTVO → LOKACIJA → EAM → TOVARNISKA 
COALESCE ( guidSredstvo, guidLokacija, guidEAM, guidTovarniska ) 

 

Following that a relationship between external data with the IFC data could be drafted. Unfortunately, 

the different options as unique alphanumerical data identifiers filled to the model were not enough to 

successfully create a one-to-one relationship with the external data. 

To solve this issue, the ‘IfcGUID’ parameter of the model elements should be attached to the database 

at an early stage of the modelling process to be the connector between databases. This was not the case 

for ELES in the present work, for that reason, Flinker viewer dashboard had its development stopped.  
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6 IMPLEMENTATION, INTERNAL INTERVIEW AND RESULTS OF CASE 

STUDY 

Speckle was the option preferred by ELES and IBE representatives and data analytics team to be 

advanced until the last version to be tested with all pages and graphs proposed and solicited. VCAD, 

due to its deeper complexity and processing failures, was left as a backup option for a longer and 

corporative evaluation. 

Similarly to the evaluation of Autodesk Data Connector, that revealed itself as an accessible and viable 

opening for the users that can take advantage of a wider use of the Autodesk environment and licenses. 

As that is not the case for ELES, which had the BIM work was punctually contracted from IBE. 

Flinker unfortunately incurred into several displaying errors and IFC miscalculations and for that reason 

was taken out of consideration during the testing and validations for the present work. 

6.1 Speckle 3D Viewer Final Version Dashboard 

Speckle 3D Viewer, by offering a free use of up until 5 models in one same project, presented a cheaper 

prototyping option, as said by (insert reference of testing cheap), as it is not necessary to have prior 

licences or specific access to just input information, real or created for that purpose and consider how it 

is applicable to you intended uses of BIM alongside of Data Analytics. The full dashboard could be 

created seamlessly by having the correctly exported models and sample data to align it with.  

 

Figure 37 - Federated Overview page in Final version Speckle Dashboard (Update with fail log) 
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The first page of the dashboard, strategically defined in the session 5.1 had the visuals illustrated in 

Figure 37. The four, fully connected, visuals in this page are: 

• 3D Viewer with loaded federated model. 

• Filters panel, by Type of Equipment, Asset Code, Bay and whether it is managed by ELES or 

not. 

• Summary Table of alphanumerical information from the model. 

• Equipment Failure log table, external data connected to the model. 

All information displayed in this page is interconnected, meaning that the model queries the tables, and 

vice-versa, the filters change the models, that queries the tables. 

 

Figure 38 – HV Equipment page in Final version Speckle Dashboard 

The second page was considered the most important in the template dashboard that was created for the 

present case study, because it had most modelled elements which are the main interest to the analytics 

department of the partner company. 

As displayed in Figure 38, five visuals are used to connect the information and those are: 

• 3D Viewer with loaded technical equipment model. 

• Filters panel, by Type of Equipment, Asset Code and Bay. 

• Pie chart for quantity of equipment by the colours related to the health index database. 

• Table view of inspection history. 

• Table view of model queried alphanumerical information. 
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Figure 39 – Colouring conditional rules by property value (Speckle) 

In order to create the colour scheme seen in Figure 38, a set of conditional rules need to be created. 

Those rules are associated with the ‘Inspector “Grade” (Asset Health Index)’ parameter, as seen in 

Figure 39. 

Grades go from 1 to 5 and they have colours associated with each value, to better interpret the urgency 

of attention of each equipment in real life. Similar functions are seen in Digital Twin applications, which 

can be the case for the use of Power BI, if associating the database with real-time sensors used in the 

building. 

 

Figure 40 – Foundations page in Final version Speckle Dashboard 
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For the page relative to the foundations and the Superstructure (pages 3 and 4) a similar display of charts 

as the federated model (page 1), with the main difference of including quantitative data in the table view. 

As seen in in Figure 40 for foundation elements. 

 

Figure 41 - Superstructure page in Final version Speckle Dashboard 

The visuals for pages 3 and 4 are: 

• 3D Viewer with loaded specific model. 

• Filters panel, by Type of Equipment and Bay. 

• Table with alphanumerical data queried from the model, including quantitative data from the 

model. 

• Card view of the sum of the volume of material used. 

The fifth page, named Terrain, External  Appliances  and Urbanization, has general information about 

a model that for ELES doesn’t really comes in hand, specifically for this study case, as everything of 

this discipline was generically captured and modelled to be displayed as realistic as possible, but without 

quantification process or measuring accountability. 

For further models and projects yet to be conceived, this view has a great potential for overall 

understanding of the work site and quantification of earth works.  
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Figure 42  - Terrain, External Appliances and Urbanization page in Final version Speckle Dashboard 

The visuals present in fifth page can be seen in Figure 42 and they are: 

• 3D Viewer with loaded specific model. 

• Table with alphanumerical data queried from the model. 

• Filters panel, by IFC Type, Id and Tag. 

 

Figure 43 – Federated IFC quality evaluation page in Final version Speckle Dashboard 
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The final page (“Federated IFC quality evaluation”) provides a quick QA/QC view of the federated 

model before analytics are applied. The visuals are: 

• 3D Viewer with loaded federated model. 

• Filters panel, by IFC Type and Building Storey. 

• Card panel summarizing models combined and objects combined. 

6.2 ELES Internal Interview and overall perceptions from solutions developed 

To better understand the level of satisfaction with the developed solutions the receiving end (and 

‘problem-situation’ holder) was taken too after thorough evaluation, a quick form interview is needed 

to be formulated and conducted with ELES data analytics department personnel. 

It is, however, very important to highlight that no personal data and/or identification is to be asked inside 

this interview, which pledges to be totally unbiased and anonymous. 

In the beginning of the present report, it was defined several questions to guide all of the resource 

applications within the research and the case study, now it is necessary to remind those questions and 

revisit it to better conclude the perceived advancements. The research questions are: 

• How can BIM models be effectively integrated into data analytics environments to enhance 

infrastructure decision-making? 

• What are the comparative benefits and challenges of using VCAD, Autodesk Data Connector, 

and APS for linking BIM data with Power BI? 

• How does the spatial visualization of analytical data improve stakeholder understanding and 

operational efficiency at ELES? 

• To what extent can interactive dashboards contribute to proactive asset management in energy 

infrastructure? 

Those questions will serve as start-point to develop the survey that will be passed on to the ‘client’ of 

the solutions. 

6.2.1 Mapping research questions to develop survey items 

To better develop the survey questions that are easily understood by the taker and that are useful for the 

evaluation of the effectiveness of the goals in the present report, a summary of the questions is needed, 

and this summary will guide the survey items development. 
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Table 3 - Research Question Summary 

RESEARCH QUESTION RESEARCH QUESTION SUMMARY 

How can BIM models be effectively integrated into 

data analytics environments to enhance infrastructure 

decision-making? 

RQ1. Effective integration of BIM in analytics 

What are the comparative benefits and challenges of 

using VCAD, Autodesk Data Connector, and APS 

for linking BIM data with Power BI? 

RQ2. Comparative benefits & challenges 

(VCAD, Data Connector, APS) 

How does the spatial visualization of analytical data 

improve stakeholder understanding and operational 

efficiency at ELES? 

RQ3. Impact of spatial visualization 

To what extent can interactive dashboards contribute 

to proactive asset management in energy 

infrastructure? 

RQ4. Contribution to proactive asset 

management 

 

Having done the summary of each question, it is possible to expand each into questions to survey ELES 

team. 

6.2.2 Survey items development 

From the four summaries of each question, it is possible to define what will be asked in the survey. 

A. Usage (contextualization) 

A1. Approx. time using the dashboard: ( < 30 min, 30–120 min, > 2h) 

A2. Prior experience with BIM-linked dashboards: (None, Some, Extensive) 

B. Integration Effectiveness (RQ1) 

B1. The dashboard reliably links model elements to database records via our identifiers (e.g., 

SREDSTVO, TOVARNISKA, IfcGUID). 

B2. Drill-through/traceability from a metric to the exact model element works as expected. (1–7 / Not 

used) 

B3. Data refresh and update cadence meet our analytical needs. (1–7 / Not used) 
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B4. Overall, the integration improves decision-making compared with data-only dashboards. (1–7 / Not 

used) 

C. Comparative Connectors (RQ2) 

C.1 Depth of model interaction (select/locate, highlight, filter) met needs. (1–7 / Not used) 

C.2 Data refresh/automation fit our workflow. (1–7 / Not used) 

C.3 Extensibility/customization meets future needs. (1–7 / Not used) 

C.4 Governance/security fit (access, lineage) is acceptable. (1–7 / Not used) 

D. Spatial Visualization Impact (RQ3) 

D1. Seeing analytics in spatial context (model view) improved my understanding. (1–7 / Not used) 

D2. I could locate the right equipment faster (e.g., by TOVARNISKA, SREDSTVO or POLJE). (1–7 / 

Not used) 

D3. The model view improved communication across roles/teams. (1–7 / Not used) 

D4. Confidence: I feel more confident making decisions with the spatial view. (1–7 / Not used) 

E. Proactive Asset Management (RQ4) 

E1. The dashboard helped me spot issues earlier than our usual process. (1–7 / Not used) 

E2. It triggered concrete actions (e.g., inspection, maintenance order, re-prioritization). (1–7 / Not used) 

E3. It reduced time-to-insight for routine questions. (1–7 / Not used) 

E4. I expect to use it regularly in my work. (1–7 / Not used) 

F. Global Perception and Comments 

F1. This system’s capabilities meet my needs. (1–7 / Not used) 

F2. This system is easy to use. (1–7 / Not used) 

F3. I would recommend adopting this dashboard for ELES operations. (1–7 / Not used) 

F4. What one improvement would most increase your adoption? (Short Text Answer) 

F5. Anything we should remove or simplify? (Short Text Answer) 
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6.2.3 Analysis Plan (to be done in 7. Conclusions) 

A few evaluation laws were drawn to guide the survey results takeouts:  

• Using 1–7 Likert for B/C/D/E. 

o Report RQ indexes and IQR. 

• Building RQ indices by averaging their items: 

o RQ1_index = average (B1–B4) 

o RQ2_index = average (C1–C4) 

o RQ3_index = average (D1–D4) 

o RQ4_index = average (E1–E4) 

• For practical impact, report the proportion answering ≥6/7 on D1–D4 and E1–E4 (“top-box”). 

• Present one radar chart per RQ (B, D, E indices), and a connector comparison bar chart (C). 

• In Discussion, the findings will be tied back to each RQ explicitly, and the progress on them. 

Table 4 – Survey items mapped by research question 

RESEARCH QUESTION SUMMARY Survey Items 

RQ1. Effective integration of BIM in analytics B1-B4 

F1-F5 
RQ2. Comparative benefits & challenges (between each viewer option) C1-C4 

RQ3. Impact of spatial visualization D1-D4 

RQ4. Contribution to proactive asset management E1-E4 

 

6.2.4 Answers to survey and adherence and answers to research questions 

As revisited in the last chapter, the research questions were made to guide the sole purpose of the present 

piece of scientific work. Most specific details taken from the questions were approached in a theoretical 

basis in the Literature Review, but only now it is possible to use an overall approach to tie it all together, 

having developed a few different solutions, tested it and gathered the perception from third-party 

stakeholders about the solutions provided. 
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6.2.5 Survey results analysis  

The survey had two responses by the closure of this work and can be biased for this reason, but it present 

the first and main perception of real stakeholders of the project whilst using the dashboard. 

Usage: 

• A1: < 30 min – 100% 

• A2: None – 100% 

RQ1. Effective integration of BIM in analytics (items B1–B4) 

Index: RQ1_index = 6.5 (IQR = 2.25). 

Top-box (≥6/7): 50% 

Table 5 - Answers registered for the B Section 

 Answer 1 Answer 2 

B1 7 7 

B2 7 5 

B3 4 3 

B4 7 6 

 

Refreshing of data is perceivably a weak point, but decision-making improvement and connection 

between model and data are the strongest ones. The 2.25 IQR indicate a low variance and outlier 

presence for the answers, which can implicate to constancy in the responses. 

 

Figure 44 - B Section Radar Chart 
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RQ2. Comparative benefits & challenges of connectors (items C1–C4) 

Index: RQ2_index = 5.5 (IQR = 3.75). 

Top-box (≥6/7): 50% 

Table 6 – Answers registered for the C Section 

 Answer 1 Answer 2 

C1 6 6 

C2 6 5 

C3 0 7 

C4 3 0 

 

The perceived weakest point here is the governance and data security, and the strength lies on its 

scalability of the final product and the depth of the model interactions. The 3.75 of IQR highlights the 

presence of outliers, as seen in C3 with 0 and 7, between liking the feature and haven’t used it, and a 0 

and 3, representing not really liking it and also haven’t used it, varying the interpretation of the results. 

 

Figure 45 - C Section Radar Chart 

RQ3. Impact of spatial visualization (items D1–D4) 

Index: RQ3_index = 6.5 (IQR 1.25). 

Top-box (≥6/7): 75% 
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Table 7 - Answers registered for the D Section 

 Answer 1 Answer 2 

D1 7 7 

D2 7 7 

D3 6 0 

D4 6 5 

 

Here, the main weakness is a 5 out of 7, and it is onto feeling more confident on making decisions using 

the dashboard. The strengths are improvements in understanding the data, locating the construction 

easily and communication across roles. The low 1.25 IQR relies one the unique 0 present in the data and 

the compliance between each response and low variability. 

 

Figure 46 - D Section Radar Chart 

RQ4. Contribution to proactive asset management (items E1–E4) 

Index: RQ4_index = 5.5 (IQR 3.75). 

Table 8 - Answers registered for the E Section 

 Answer 1 Answer 2 

E1 6 3 

E2 0 0 

E3 6 5 

E4 6 7 
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The only not used appeared in the E section, related to taking concrete action after using the dashboard 

for decision-making, what is understandable from the short-used time, another weakness is tied to issue 

creation in the models. The strength here is the high expectation for future use. No big variances were 

perceived, even with the IQR of 3.75, which weighed up the quartile calculations. 

 

Figure 47 - E Section Radar Chart 

RQ1: With an index of 6.5, it is safe to say that the first research question is supported by the study-

case development. 

RQ2: Speckle connector was the only used and this shows it as the main option comparatively, with a 

5.5 index out of 7, its acceptance is considered good and RQ2 is considered supported by the present 

work. 

RQ3: The best index of all evaluation, at a 6.5 out of 7, RQ3 finishes as a highlight of the objectives 

previously established and supported by the research and case study. 

RQ4: The lowest result in this research, with an index of 5.5 out of 7, what reflects the implementation 

process difficulties when changing processes already stablished 
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7 CONCLUSIONS 

A practical path was designed and tested to integrate BIM information with ELES’ analytics department, 

using stable identifiers to ensure traceability and enabling spatially aware dashboards in Power BI. The 

deployed solution was evaluated against the four research questions and across alternative integration 

routes, revealing both clear benefits for understanding, communication, and proactive asset decisions, 

and practical efforts in setup, performance, extensibility, and governance. Taken together, the results 

demonstrate feasibility and value while clarifying the conditions required for reliable scale-up. 

Limitations of scope, data availability, and pilot duration are acknowledged, and directions for 

improvement and future work are outlined to support sustained adoption in operational environments. 

7.1 Limitations of the Study 

The present study’s findings should be interpreted in light of a few limitations. The first one, the 

evaluation is determined in a single organisational context (ELES), although the literature review 

encountered other similar appliances study cases, and a single, recently modelled substation, which 

constrains generalisability to other asset types, data governance regimes, and maturity levels. 

A second one is that the outcomes depend on the completeness and consistency of model metadata and 

database fields, any omissions, legacy naming, or mapping errors may have biased the dashboards and 

the measured usability, this also affects the scalability of the developed BI model. 

7.2 Suggestions for deeper developments of further research works 

The pilot which served as case study for the present work revealed several lines of work that merit 

deeper investigation to sustain and scale BIM-connected analytics at huge-project companies like ELES. 

The proposed roadmap groups next steps into: (i) platform diversification for data–model integration, 

(ii) a lean Digital Twin built on APS, (iii) data governance and identifier policy, (iv) performance 

engineering of the BI–model pipeline, and (v) user adoption and evaluation at scale. 

7.2.1 Development of New Platforms for Data and Model Integration 

Another possibility to be exploited in the present work is to deepen in new approaches of integration of 

Data and 3D Models for data analysis. Although Power BI represents the majority share in the data 

analytics market, new and lesser-known solutions are available and can be explored with the intent of 

validate what's preferrable for each use-case and tailor visualisation according to these defined 

preferences. 

Some options will be developed to create a larger scope of possibilities for the data analytics department 

working in partnership for this report. 
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New 3D systems are being developed and inserted into the market in a fast pace, for example 

BonsaiBIM, add-on that can convert Blender into an BIM authoring tool, natively creating and editing 

IFC files, or the new BIM file format ‘Fragments’ created  by That Open Company, alongside a new 3D 

open-source environment to replicate and further create tools that uses 3D as main function. 

7.2.2 Autodesk Platform Services Digital Twin  

With the recent growth of programmers entering the BIM environment and AECO professionals doing 

the inverse path (Logotheti et al., 2018), APS – Autodesk Platform Services (formerly Autodesk Forge) 

has become a deep innovation hub for the matter of the creation of new and tailored solutions for 

companies individually defined interests. This platform offers tutorial pre-made solutions, and the 

Digital Twin option summarized the expectations for this paper, so a version of it was chosen to be 

developed. 

A minimum viable Digital Twin is proposed to extend the current dashboard with lightweight web 

components built on Autodesk Platform Services (APS). The design target is operational traceability 

rather than full simulation: 

• Functional backlog (MVP): 

REST endpoints to: (a) get element by single parameter; (b) highlight or isolate by more than three 

parameters; (c) return selected properties from model and relationships; (d) log user actions for audit 

processes. 

This APS path can consolidate model–table traceability, keeping the identifier policy stable, and creating 

a foundation to connect future data sources without the need of rework into the dashboard. 

7.3 Closing Remarks 

To conclude the evaluation and complete path of work, it is perceived that bringing BIM and BI together 

turned dispersed technical information into a single, navigable decision surface. Spatial views from the 

model, combined with model-to-table joins, improved traceability, reduced ambiguity, and shortened 

the path from question to insight. In practice, filters aligned with operations raised situational awareness, 

supported earlier detection of issues, and helped prioritize actions with consistent auditability. 

The overall effect is a shift from reactive checks to proactive, evidence-based management, where the 

model provides context and BI supplies measurement. With data governance, performance engineering, 

and focused user onboarding, this approach is scalable beyond the pilot and forms a realistic foundation 

for model-aware analytics and future digital-twin capabilities across the asset portfolio. 
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