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Abstract: 

 

Purpose: The aim of this article is to comparatively analyse the use of artificial intelligence 

(AI) in selected European projects related to energy management and to develop an 

analytical framework for classifying AI applications according to their functions, the types of 

data used, associated technologies and digital components, and the level of AI application. 

Design/Methodology/Approach: The study employed a qualitative comparative case study 

analysis of three European research and innovation projects: DATAWiSE, BD4NRG, and 

TwinEU. The analysis was based on publicly available secondary data, primarily project 

documentation and institutional sources. 

Findings: The analysis identified three distinct configurations of AI application. DATAWiSE 

represents AI application at the building level, BD4NRG at the level of services and the 

energy data ecosystem, and TwinEU at the level of energy system infrastructure. The projects 

differ in terms of AI functions, the types of data used, and associated digital technologies. 

The results show that similar AI functions may occur in different management and 

technological contexts and should therefore be considered within the broader data and 

technological environment. 

Practical Implications: The proposed framework may support the systematic comparison of 

AI applications in energy-related projects by identifying relationships between AI functions, 

the data environment, associated digital technologies, and the level of application. It may 

also provide a structured basis for analysing further European energy projects. 

Originality/Value: The study proposes a multidimensional analytical framework combining 

AI functions, the type of data used, associated technologies and digital components, and the 

level of AI application. It also distinguishes between the use of AI in sustainable energy 

management processes and the demonstrated sustainability outcomes of its application. 

Given the exploratory nature of the study, the framework is intended to organise and 

compare the analysed cases rather than provide a universal typology of AI applications in 

the energy sector. 
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1. Introduction 

 

The energy sector is undergoing a transformation driven by both the development of 

renewable and distributed energy sources and the increasing digitalisation of 

processes related to energy generation, distribution, and use (Mahmood et al., 2024; 

Zheng et al., 2024). The growing number of smart meters, sensors, Internet of 

Things devices, and communication systems is increasing the amount of data 

available to stakeholders involved in energy management.  

 

At the same time, the development of digital infrastructure enables increasingly 

extensive exchange, integration, and analysis of data originating from different 

components of the energy system (Mahmood et al., 2024). These changes provide a 

foundation for the development of more advanced, data-driven approaches to 

monitoring and managing energy-related processes. 

 

One of the elements of this transformation is the growing use of artificial 

intelligence and machine learning. These technologies are applied, among other 

areas, to energy data analysis, forecasting energy demand and generation, optimising 

resource use, and supporting operational and decision-making processes (Safari et 

al., 2024; Wang et al., 2025; Dzafic et al., 2026).  

 

These capabilities are also relevant from the perspective of sustainable energy 

management, where key challenges include improving energy efficiency, integrating 

renewable energy sources, managing flexibility, and operating increasingly complex 

and distributed energy systems (Shahverdi et al., 2025; Wang et al., 2025). 

 

The application of AI in energy management should not be analysed separately from 

the technological and data environment in which these solutions operate (Safari et 

al., 2024; Mahmood et al., 2024). Depending on the context, AI may be associated 

with technologies and digital components such as Building Information Modelling 

(BIM), Digital Twin, big data infrastructures, edge AI, federated learning, and High 

Performance Computing (Mahmood et al., 2024; Himeur et al., 2024; Grataloup et 

al., 2024; Abdessadak et al., 2025).  

 

The nature of the data used may also vary—from data concerning the operation of 

individual buildings, through energy data used in analytical services, to real-time 

data and models of the entire power system (Yussuf and Asfour, 2024; Biswal et al., 

2024; Dzafic et al., 2026). This suggests that analysing AI applications solely in 

terms of the algorithm used or a single function may fail to capture the broader 

context in which a given solution is applied. 

 

European research and innovation projects provide a relevant empirical setting for 

examining this diversity. The solutions developed within these projects address 

different areas of the energy sector and employ different configurations of data and 

digital technologies. AI may be used to support the management of individual 



  Aleksandra Piech      

 

721  

buildings, the development of energy data-driven services, or the planning and 

operation of power system infrastructure (Yussuf and Asfour, 2024; Wang et al., 

2025; Dzafic et al., 2026). Comparing such projects therefore makes it possible to 

examine not only the functions performed by AI but also the contexts in which these 

functions are implemented. 

 

The existing literature identifies a broad range of AI and machine learning 

applications in the energy sector, including forecasting, optimisation, smart grid 

management, renewable energy integration, demand-side management, and decision 

support (Safari et al., 2024; Biswal et al., 2024; Wang et al., 2025; Shahverdi et al., 

2025; Dzafic et al., 2026).  

 

At the same time, the diversity of these applications highlights the need to organise 

them in a way that enables comparison between solutions operating in different 

energy management contexts. In particular, it is relevant to consider simultaneously 

the function performed by AI, the type of data used, the technologies and digital 

components associated with AI application, and the level at which the solution is 

applied. 

 

Accordingly, the aim of this article is to comparatively analyse the ways in which 

artificial intelligence is used in selected European projects related to energy 

management and to develop an analytical framework for describing AI applications 

in terms of their functions, the types of data used, the technologies and digital 

components associated with AI application, and the level of AI application. The 

main research question is: How are artificial intelligence-based solutions used in 

European innovation projects related to energy management, and what categories of 

their applications can be identified through comparative analysis? 

 

To address the main research question, three specific research questions were 

formulated: 

 

• RQ1: What functions do AI solutions perform in the analysed projects 

related to energy management?  

• RQ2: At what levels are AI solutions applied in the analysed projects, and 

how do their applications differ across these levels?  

• RQ3: What types of data, technologies, and digital components are 

associated with the analysed AI solutions? 

 

The research employed a qualitative comparative case study analysis covering three 

European innovation projects: DATAWiSE, BD4NRG, and TwinEU. These projects 

represent different contexts of AI application—from the building environment, 

through services and the energy data ecosystem, to energy system infrastructure. The 

analysis was based on publicly available secondary data, primarily project 

documentation and institutional sources. 
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The contribution of this article is the development of an analytical framework for 

comparing artificial intelligence applications in European projects related to energy 

management. The proposed approach enables AI solutions to be classified according 

to four interrelated dimensions: the level of AI application, the type of data used, the 

technologies and digital components associated with AI application, and the 

functions performed by AI solutions.  

 

This approach makes it possible to examine not only the function performed by AI 

but also the data and technological environment in which a given solution is applied. 

Given the exploratory nature of the study and its focus on three projects, the 

proposed framework should be regarded as a tool for organising and comparing the 

analysed cases rather than as a universal typology of AI applications in the energy 

sector. 

 

It is also important to distinguish between the use of AI in processes related to 

sustainable energy management and the demonstrated impact of these technologies 

on achieving sustainability objectives. This study examines the former. The analysis 

focuses on how AI is used in processes such as data analysis, forecasting, 

optimisation, and decision support; it does not measure the actual effects of AI 

application in terms of energy efficiency, emissions reduction, or other measurable 

sustainability outcomes. 

 

2. Theoretical Background 

 

2.1 Digital Transformation of the Energy Sector in the Context of Changes in 

Energy Management 

 

The digital transformation of the energy sector is associated with the increasing use 

of technologies that enable the collection, exchange, and analysis of data on the 

operation of energy infrastructure and energy consumption (IEA, 2017; Mahmood et 

al., 2024). The development of metering devices, sensors, communication systems, 

and Internet of Things technologies increases the amount of data available to 

stakeholders involved in energy management processes (IEA, 2017; Mahmood et 

al., 2024).  

 

Data obtained from sources such as smart meters and grid sensors can provide 

information on energy consumption and infrastructure operation, creating a basis for 

the use of advanced analytical methods (IEA, 2019; Safari et al., 2024). The IEA 

indicates that advances in data, analytics, and connectivity enable the development 

of new digital applications across different parts of the energy system (IEA, 2017). 

 

The importance of digitalisation is particularly evident in the electricity sector, 

where digital technologies support the monitoring and management of energy flows 

and the operation of increasingly complex and distributed systems (Mahmood et al., 

2024; Zheng et al., 2024). Smart grids use digital technologies to monitor and 
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manage the transport of electricity between generation sources and consumers (IEA, 

2011; Zheng et al., 2024). At the same time, the development of digital tools 

increases the possibilities for integrating distributed energy resources, managing 

demand, and integrating variable renewable energy sources (IEA, 2011; Mahmood 

et al., 2024). 

 

In this context, data are becoming an important resource used in energy management 

processes (Safari et al., 2024). Digital technologies enable not only data collection 

but also their processing and transformation into information that supports actions 

undertaken by energy system stakeholders (IEA, 2019; Safari et al., 2024). The IEA 

indicates that data collected from sources such as sensors and smart meters can be 

analysed using advanced methods, including artificial intelligence algorithms (IEA, 

2019).  

 

At the European Union level, the importance of data access and exchange has also 

been recognised in initiatives concerning the digitalisation of the energy system, 

including data interoperability and the development of digital electricity 

infrastructure (European Commission, 2022). 

 

2.2 Artificial Intelligence as a Tool Supporting Energy Management 

 

The development of data-driven energy systems increases the potential for the use of 

artificial intelligence and machine learning in energy management processes (Safari 

et al., 2024; Dzafic et al., 2026). The literature indicates that these technologies are 

applied across various areas of energy systems, including forecasting, data analysis 

and monitoring, optimisation, and support for operational and decision-making 

processes (Yousef et al., 2023; Lee et al., 2024; Dzafic et al., 2026). The range of 

applications is broad and includes energy and distributed resource management, as 

well as grid monitoring and the integration of renewable energy sources (Yousef et 

al., 2023; Banadaki et al., 2025; Dzafic et al., 2026). 

 

One of the main areas of AI application is energy data analysis. The growing amount 

of data generated by smart grids and other elements of energy infrastructure 

increases the importance of methods that enable their automated analysis (Cui et al., 

2020; Das et al., 2024). AI and machine learning methods are used, among other 

purposes, to analyse multidimensional data, identify patterns, monitor system 

operation, and detect anomalies (Cui et al., 2020; Das et al., 2024; Banadaki et al., 

2025). In this context, AI contributes to transforming data generated by energy 

infrastructure into information that can be used in management processes (Das et al., 

2024; Safari et al., 2024). 

 

A second important area is forecasting. Artificial intelligence and machine learning 

methods are used, among other applications, to forecast demand and load, as well as 

energy generation from renewable sources (Yousef et al., 2023; Mystakidis et al., 

2024; Dzafic et al., 2026). These forecasts can be used in the planning and 
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management of energy systems, where variability in both demand and generation 

needs to be taken into account (Yousef et al., 2023; Mystakidis et al., 2024). The 

literature on energy forecasting indicates the widespread use of machine learning 

methods and artificial neural networks for such tasks (Mystakidis et al., 2024; Das et 

al., 2024). 

 

Another group of applications involves optimisation processes. AI solutions are used 

in problems related to, among other areas, energy resource management, energy 

flows, demand response, and the integration of distributed and renewable energy 

sources (Lee et al., 2024; Krishnamurthy et al., 2026).  

 

In energy management systems, machine learning methods are also analysed in the 

context of energy storage, distributed energy resources, demand-side management, 

and grid automation (Lee et al., 2024). This means that AI applications may involve 

not only analysing and predicting system states but also supporting decisions on how 

available resources should be utilised (Yousef et al., 2023; Krishnamurthy et al., 

2026). 

 

From a management perspective, decision support is particularly important. The 

results of analyses, forecasts, and optimisation models can provide information used 

in planning and operational activities (Yousef et al., 2023; Dzafic et al., 2026). The 

literature on AI applications in the energy sector points to the use of these 

technologies for decision support, control, and energy system management, although 

the degree of automation and human involvement in decision-making may vary 

depending on the application (Das et al., 2024; Dzafic et al., 2026).  

 

Therefore, in this study, data analysis, forecasting, optimisation, and decision 

support are adopted as functions for comparing the ways in which AI is applied 

across the analysed European projects. 

 

2.3 AI and Sustainable Energy Management Objectives 

 

The application of artificial intelligence in energy management is also examined in 

the literature in the context of the transition towards more efficient and sustainable 

energy systems (Safari et al., 2024; Shahverdi et al., 2025). Particular attention is 

given to the potential use of AI to improve energy efficiency, integrate renewable 

energy sources, and manage increasingly complex and decentralised energy systems 

(Yousef et al., 2023; Shahverdi et al., 2025). AI and machine learning methods can 

support these processes through demand and generation forecasting, optimisation of 

resource use, and smart grid management (Morkisz et al., 2023; Shahverdi et al., 

2025). 

 

A particularly important area of AI application in the context of sustainable energy 

management is the integration of renewable energy sources (Yousef et al., 2023; 

Shahverdi et al., 2025). The variability of generation from sources such as solar and 
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wind energy increases the importance of forecasting, optimisation, and flexible 

management of system resources (Yousef et al., 2023; Asadi Aghajari et al., 2025).  

 

AI-based solutions can support the forecasting of generation and demand, the 

management of energy flows, and the coordination of distributed energy resources, 

all of which are important processes for the integration of renewable energy sources 

into energy systems (Yousef et al., 2023; Shahverdi et al., 2025). 

 

At the same time, the use of AI should not be directly equated with the achievement 

of sustainability objectives (Shahverdi et al., 2025). The significance of these 

technologies stems primarily from the functions they perform in a specific energy 

management context and from how the resulting outputs are used in operational and 

decision-making processes. From the perspective of this study, AI is therefore 

treated as a technology supporting activities related to sustainable energy 

management rather than as an independent factor determining their outcomes. 

 

3. Research Methodology 

 

The study was conducted using a qualitative comparative case study analysis (Yin, 

2018; Bartlett and Vavrus, 2017). The method was selected due to the nature of the 

problem under investigation and the aim of the study, which is to identify and 

classify the ways in which artificial intelligence-based solutions are used in 

European innovation projects related to energy management. The adopted approach 

enables the analysis of diverse AI applications by considering the level of AI 

application, the type of data used, the technologies and digital components 

associated with AI application, and the functions supported by AI solutions. 

 

The study focused on three European innovation projects: DATAWiSE, BD4NRG, 

and TwinEU. The cases were selected using purposive sampling (Palinkas et al., 

2015) based on predefined criteria. Projects were included in the analysis if they: 

were implemented under European research and innovation programmes; had 

publicly available documentation enabling the identification of project objectives, 

technologies used, and ways in which AI was applied; concerned energy 

management or the transformation of energy systems; and contained documented 

references to the use of artificial intelligence, machine learning, AI-based, or AI-

supported solutions. Official CORDIS information confirms the presence of AI 

technologies in each of the three selected projects. 

 

The analysis was based on secondary data, primarily including official project 

records, periodic reports, and results made available through the European 

Commission's CORDIS database and, where necessary, publicly available materials 

published by the project consortia. The use of documents as a data source is 

consistent with the approach applied in qualitative document analysis (Bowen, 

2009). 
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To ensure comparability across the cases, a consistent analytical scheme was 

applied. First, each project was characterised in terms of its objective, scope, and 

context of AI application. The analysis was then conducted according to four 

comparative dimensions: the level of AI application, the functions supported by AI 

solutions, the type of data used, and the technologies and digital components 

associated with AI application. 

 

For the purposes of the comparative analysis, a classification framework comprising 

four analytical dimensions was developed: the level of AI application, the functions 

supported by AI solutions, the type of data used, and the technologies and digital 

components associated with AI application. The first dimension refers to the level of 

AI application: the building level, the level of services and the energy data 

ecosystem, and the level of energy system infrastructure.  

 

The second dimension covers the functions supported by AI solutions, including 

data analysis, forecasting, optimisation, and decision support. The third dimension 

concerns the type of data used, including building-related data, energy and 

operational data, and system-level data and models. The fourth dimension covers the 

technologies and digital components associated with AI application identified in the 

documentation of individual projects, including, among others, big data, Digital 

Twin, BIM, edge AI, federated learning, and High Performance Computing. 

Information contained in the project documentation was coded according to the 

adopted analytical dimensions.  

 

AI functions, data types, and technologies and digital components were identified 

based on direct references in the analysed materials, whereas the level of AI 

application was assigned interpretatively based on the scope and context in which 

the analysed solutions were used. 

 

The categories describing the level of AI application were developed for the 

purposes of this study as an analytical tool for comparing the analysed cases. They 

do not constitute a classification adopted in the official documentation of the 

analysed projects but result from the author's analysis of the ways in which AI 

solutions are used across different areas of energy management. 

 

The analytical process consisted of two stages. The first stage involved analysing the 

documentation of each project and identifying information concerning the AI 

solutions used, the data employed, the technologies and digital components 

associated with AI application, and the areas of application.  

 

The second stage involved a comparative analysis in which the identified 

applications were assigned to specific analytical categories. This approach made it 

possible to identify similarities and differences between the analysed projects and to 

organise the ways in which artificial intelligence is used in energy management 

processes. 
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The study is exploratory and interpretative in nature. The analysis focuses on 

identifying and classifying the ways in which artificial intelligence is used in 

European innovation projects related to energy management. The aim of the study is 

not to measure the impact of AI on energy efficiency or to assess the economic or 

technical effectiveness of the analysed projects. 

 

4. Case Studies 

 

The following section presents three projects selected for analysis: DATAWiSE, 

BD4NRG, and TwinEU. Each case is described according to a consistent scheme 

covering the nature of the project, the scope of artificial intelligence use, the types of 

data used, the technologies and digital components associated with AI application, 

and the AI functions related to energy management.  

 

The descriptions are based exclusively on publicly available project documentation 

and institutional sources. The purpose of this section is not to assess the 

effectiveness of the analysed projects, but to identify the ways in which AI is used, 

which are subsequently compared within the classification framework adopted in 

this study. 

 

4.1 DATAWiSE  

 

The DATAWiSE project (Intelligent and Sustainable Building Management 

powered by Cross-Sectoral Lifecycle) is being implemented under the Horizon 

Europe programme in the Climate, Energy and Mobility area. The project started in 

June 2024 and is scheduled to end in August 2027. It focuses on the development 

and testing of tools for managing individual buildings and building portfolios using 

data from different stages of their lifecycle. The solutions are being developed 

within an open, secure, interoperable, and scalable data architecture (European 

Commission, 2026a). 

 

An important element of DATAWiSE is the use of artificial intelligence and 

advanced analytics to integrate data from different sources in order to provide a 

comprehensive view of building operation. The project envisages the development 

of two main sets of tools: Data-driven Building Performance Management (DBPM) 

and AI-enhanced Lifecycle Data-driven Decision Support (LD2S). DBPM uses 

Building Information Modeling (BIM) data, advanced data mining techniques, and a 

Digital Twin, while LD2S is focused on decision support in areas including 

planning, renovation, and sustainability (European Commission, 2026a). 

 

From an energy management perspective, it is particularly relevant that the project 

documentation explicitly identifies AI-Powered Energy Forecasting and 

Optimization and the management of electrical and thermal flexibility among the 

services being developed. Other planned applications include predictive 

maintenance, building risk and resilience assessment, sustainability performance 
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management, and balancing sustainability with occupant comfort. This indicates that 

the role of AI in the project is not limited to data processing but also includes 

forecasting, optimisation, and decision support functions (European Commission, 

2026a; European Commission, 2026b). 

 

Within the analytical framework adopted in this study, DATAWiSE represents the 

application of AI at the building level. Based on the project documentation, the 

analysed solutions can be assigned primarily to the categories of data analysis and 

integration, forecasting, optimisation, and decision support. This assignment 

represents the author's classification developed for this study based on the functions 

and applications of the technologies described in the project documentation. 

 

4.2 BD4NRG 

 

The BD4NRG project (Big Data for Next Generation Energy) was implemented 

under the Horizon 2020 programme between 2021 and 2023. Its objective was to 

develop a reference architecture for smart energy and an interoperable analytical 

framework combining big data and artificial intelligence technologies. The solution 

was intended to enable the development of data-driven services for different 

stakeholders in the energy sector and to ensure the interoperability of big data 

technologies with smart grid standards and operational frameworks (European 

Commission, 2024). 

 

An important element of the project was the development of an architecture enabling 

the integration and use of data and analytical tools across different applications in 

the energy sector. The final BD4NRG reference architecture includes layers that 

enable the sharing of analytical tools and services, as well as solutions related to data 

exchange and management. Its development was based, among other elements, on 

use cases concerning energy grid management, distributed energy resources, and 

building decarbonisation (Wehrmeister et al., 2025). 

 

From the perspective of the research problem addressed in this study, the use of 

predictive and prescriptive big data analytics based on edge AI in BD4NRG is 

particularly relevant. The project also included solutions using federated learning in 

an IoT/edge AI environment. BD4NRG solutions were validated in 13 large-scale 

pilots involving different groups of energy sector stakeholders, including 

transmission and distribution system operators, aggregators, operators of energy 

storage systems and renewable energy assets, local energy communities, ESCOs, 

energy market operators, and municipalities (European Commission, 2024). 

 

Within the analytical framework adopted in this study, BD4NRG represents the 

application of AI at the level of services and the energy data ecosystem. Based on 

the project documentation, AI applications can be assigned primarily to data 

analysis, predictive and prescriptive analytics, and decision support. Unlike 

DATAWiSE, where the analysed solutions focus on the building environment, 
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BD4NRG encompasses a broader ecosystem of energy data and energy sector 

stakeholders. This assignment represents the author's classification developed for 

this study based on the functions and application areas of the technologies described 

in the project documentation. 

 

4.3 TwinEU  

 

The TwinEU project (Digital Twin for Europe) is being implemented under the 

Horizon Europe programme in the Climate, Energy and Mobility area. The project 

started in January 2024 and is scheduled to end in December 2026. Its objective is to 

develop the concept of a pan-European Digital Twin of the power system, based on a 

federation of local Digital Twins. The ecosystem being developed is intended to 

encompass transmission and distribution systems as well as energy market 

operations, while ensuring the interoperability of data and models (European 

Commission, 2026c). 

 

An important element of TwinEU is the development of a federated ecosystem of 

interoperable Digital Twins that enables both data and models to be shared and 

reused. The project documentation explicitly indicates the possibility of sharing and 

reusing artificial intelligence models and physics-based models across different 

Digital Twins. The solution also uses real-time data exchange, self-learning 

mechanisms, and High Performance Computing resources for complex simulations 

and real-time decision support (European Commission, 2026d). 

 

From the perspective of AI application in energy management, the specific use cases 

described in the TwinEU documentation are particularly relevant. The pilots 

envisage, among other applications, the use of AI solutions in areas related to power 

system operation, forecasting, and resource and flexibility planning. The project 

architecture also includes solutions that combine physical models of the power 

system with AI models (European Commission, 2026d; TwinEU Consortium, 2026). 

 

Within the analytical framework adopted in this study, TwinEU represents the 

application of AI at the level of energy system infrastructure. Based on the project 

documentation, AI applications can be assigned primarily to data analysis and 

decision support related to the planning and operation of the power system, using 

advanced system modelling. Compared with DATAWiSE and BD4NRG, TwinEU 

therefore represents a system-level application of the analysed solutions. This 

assignment represents the author's classification developed for this study based on 

the scope, functions, and use cases of the technologies described in the project 

documentation. 

 

5. Comparative Analysis 

 

The results of the comparative analysis conducted according to the classification 

framework adopted in this study are presented in Table 1. The analysis was based on 
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publicly available documentation of the analysed projects. The categories 

concerning the level of AI application and the main management problem represent 

the author's interpretation of the source material and are not classifications used in 

the project documentation. 

 

Table 1. Comparative Analysis of AI Applications in Energy Management 

Criterion DATAWiSE BD4NRG TwinEU 

Main area of 

application 

Management of data 

and processes related 

to building operation 

Energy data 

management and 

development of data-

driven services 

Digital representation 

and coordination of the 

power system 

Technologies and 

digital components 

indicated in the project 

documentation 

AI, advanced 

analytics, BIM, Digital 

Twin 

Big data, AI-driven 

analytics, edge AI, 

federated learning 

Digital Twin, AI 

models, physics-based 

models, High 

Performance Computing 

Type of data used in 

the solution 

Data concerning 

building operation and 

data from different 

sources integrated for 

building management 

Data and resources 

related to the energy 

sector used within 

analytical services 

Real-time data and data 

and models related to 

the power system 

AI functions identified 

in the analysis 

Data integration and 

analysis, energy 

forecasting, 

optimisation, decision 

support 

Data analysis, 

predictive and 

prescriptive 

analytics, decision 

support 

Data analysis and 

decision support using 

advanced system 

modelling 

Level of AI application 

– author's analytical 

category 

Building level Level of services and 

the energy data 

ecosystem 

Level of energy system 

infrastructure 

Main management 

problem – author's 

interpretation 

Data integration and 

support for building 

operation management 

Use of data and AI in 

the development of 

interoperable energy 

services 

Support for the 

management of a 

complex and distributed 

power system 

Source: Author's own elaboration based on the documentation of the analysed projects. 

 

The comparative analysis indicates that the ways in which artificial intelligence is 

used vary depending on the area and level of application of the analysed solutions. 

In DATAWiSE, AI applications focus on the building environment; in BD4NRG, on 

the use of data and the development of analytical services for the energy sector; 

while in TwinEU, AI applications are related to the planning and operation of the 

power system.  

 

Within the analytical framework adopted in this study, these cases can therefore be 

organised as applications at the building level, the level of services and the energy 

data ecosystem, and the level of energy system infrastructure. 
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The analysed projects also differ in the range of functions attributed to AI solutions. 

In DATAWiSE, these include data integration and analysis, energy forecasting, 

optimisation, and decision support. In BD4NRG, particular importance is placed on 

data analysis, including predictive and prescriptive analytics, and the use of its 

results in the development of services for the energy sector. In TwinEU, AI 

application is primarily associated with data analysis and decision support related to 

the planning and operation of the power system, using advanced system modelling.  

 

The comparison therefore indicates that AI does not perform a single universal 

function across the analysed projects but is used at different stages of information 

processing and use—from data analysis, through forecasting and optimisation, to 

decision support. 

 

Differences are also evident in the types of data used and the technologies and 

digital components associated with AI application. DATAWiSE integrates data 

related to building operation and uses, among others, BIM, Digital Twin, and 

advanced analytics. In BD4NRG, the solutions are based on energy sector data and 

resources and employ big data, edge AI, and federated learning technologies.  

 

TwinEU uses real-time data as well as power system data and models, combining 

Digital Twin solutions, AI models, physics-based models, and High Performance 

Computing. The case analysis therefore indicates that the way in which AI is applied 

is related to the nature of the data environment and the technological architecture 

associated with a given level of energy management. 

 

The combined comparison of the analysed cases makes it possible to identify three 

distinct configurations of AI application in energy management: applications at the 

building level, represented by DATAWiSE; applications at the level of services and 

the energy data ecosystem, represented by BD4NRG; and applications at the level of 

energy system infrastructure, represented by TwinEU. In each case, AI solutions are 

embedded in a broader technological environment and rely on specific types of data 

to perform different combinations of analytical, forecasting, optimisation, and 

decision support functions.  

 

The results therefore indicate that AI applications in the analysed projects can be 

differentiated not only according to the methods or technologies used, but primarily 

by jointly considering the level of AI application, AI functions, the type of data 

used, and the technologies and digital components associated with AI application. 

 

6. Discussion 

 

The results of the analysis can first be considered in relation to the directions of 

artificial intelligence application in energy management identified in the literature. 

Studies on AI and machine learning identify, among others, data analysis, 

forecasting, optimisation, and decision support as important areas of application of 
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these technologies (Yousef et al., 2023; Safari et al., 2024; Dzafic et al., 2026). The 

analysis of DATAWiSE, BD4NRG, and TwinEU is broadly consistent with this 

perspective.  

 

All of these groups of functions were identified in the analysed projects, although 

their scope and importance differ across the cases. The results therefore indicate that 

the functional categories described in the literature are reflected in the analysed 

European innovation projects, but they do not form a uniform model of AI 

application across all energy management contexts. 

 

At the same time, the case analysis makes it possible to extend the functional 

perspective by considering the level of AI application. The literature discussed in the 

theoretical section indicates a broad range of applications—from energy and 

distributed resource management to smart grids and power systems (Yousef et al., 

2023; Safari et al., 2024; Dzafic et al., 2026)—whereas the results of this study 

make it possible to organise the analysed cases according to three distinct levels: the 

building level, the level of services and the energy data ecosystem, and the level of 

energy system infrastructure.  

 

This does not imply that these levels constitute a universal typology of AI 

applications in the energy sector. The analysis does, however, indicate that within 

the cases examined, similar AI functions may be embedded in different management 

and technological contexts. 

 

Another important aspect emerging from the comparison of the cases is the 

relationship between AI and other digital technologies. In the analysed projects, AI 

solutions are accompanied by technologies and digital components including BIM, 

Digital Twin, big data, edge AI, federated learning, physics-based models, and High 

Performance Computing.  

 

This is consistent with the importance of data and digital infrastructure for the 

development of AI applications in the energy sector, as discussed in the theoretical 

section (IEA, 2017; Safari et al., 2024; Dzafic et al., 2026). However, the case 

analysis shows in greater detail that the configuration of technologies and digital 

components associated with AI application varies depending on the application 

environment. This suggests that comparing AI applications solely according to the 

algorithm or function used may not capture the full technological context in which a 

solution is applied. 

 

An important result of the analysis is also the possibility of organising AI 

applications by simultaneously considering several dimensions: the function 

performed, the type of data used, the technologies and digital components associated 

with AI application, and the level of application. Adopting this perspective makes it 

possible to move beyond classifying AI solutions solely according to the tasks they 

perform, such as forecasting, optimisation, or data analysis.  
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The analysed cases demonstrate that similar functions may occur in different energy 

management environments while relying on different types of data and technological 

configurations. For example, decision support was identified in all three projects; 

however, in DATAWiSE it is related to building management, in BD4NRG to 

analytical services operating within a broader energy data ecosystem, and in 

TwinEU to the planning and operation of the power system.  

 

The developed analytical framework therefore makes it possible to capture not only 

the function performed by AI, but also the context in which it is used, the data on 

which it relies, and the technologies with which it coexists. Given the exploratory 

nature of the study and the limitation of the analysis to three projects, the framework 

should be regarded as a tool for organising the analysed cases rather than as a 

universal typology of AI applications in energy management. 

 

Particular caution is required when interpreting the results in relation to sustainable 

energy management. The literature indicates the potential use of AI in processes 

related to energy efficiency, renewable energy integration, flexibility management, 

and smart grid operation (Yousef et al., 2023; Morkisz et al., 2023; Shahverdi et al., 

2025). Similar areas are also present in the documentation of the analysed projects.  

 

However, the present study does not provide a basis for concluding that the use of 

AI itself leads to improvements in energy efficiency or the achievement of 

sustainability objectives. The results only make it possible to identify the processes 

related to sustainable energy management in which AI is used as a supporting 

technology. The distinction between the application of a technology and the 

demonstrated effects of its use is important both for interpreting the results of this 

study and for further analyses of AI applications in the energy sector. 

 

From a management perspective, the results indicate that the role of AI changes with 

the level of its application. At the building level, AI solutions primarily support the 

management of building operation and the use of related data. At the level of 

services and the energy data ecosystem, their role shifts towards data integration and 

the development of analytical services for different energy sector stakeholders.  

 

At the level of energy system infrastructure, AI supports planning and decision-

making processes related to the operation of a complex power system. This indicates 

that the level of AI application is associated not only with a different technological 

environment but also with the nature of the management problems addressed by the 

analysed solutions. 

 

7. Conclusions 

 

The aim of this article was to comparatively analyse the ways in which artificial 

intelligence is used in selected European projects related to energy management and 

to develop a framework for their classification by considering AI functions, the 
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types of data used, the technologies and digital components associated with AI 

application, and the level of application. The analysis of DATAWiSE, BD4NRG, 

and TwinEU demonstrated that the ways in which AI is used vary depending on the 

context in which the solutions are developed and applied. 

 

In addressing the first specific research question, the analysis identified several 

functions performed by AI solutions in the analysed projects. These include data 

analysis and integration, forecasting, optimisation, predictive and prescriptive 

analytics, and decision support, while in TwinEU analytical and decision-support 

functions are associated with the use of advanced system modelling.  

 

However, the scope of these functions is not the same across all cases. DATAWiSE 

primarily includes applications related to building data analysis, forecasting, 

optimisation, and decision support; BD4NRG focuses on the use of data analytics in 

services for different energy sector stakeholders; while in TwinEU, AI applications 

are associated with modelling and supporting the planning and operation of the 

power system. 

 

The analysis conducted in response to the second specific research question 

identified three levels of AI application in the analysed projects: the building level, 

the level of services and the energy data ecosystem, and the level of energy system 

infrastructure. The comparison of these cases shows that similar AI functions can be 

used in different management contexts, while their role varies depending on the 

scope of the system under analysis, the nature of the processes, and the problems 

that a given solution is intended to address. 

 

As regards the third specific research question, differences were identified in both 

the types of data used and the technologies and digital components associated with 

AI application. The analysed cases involve data related to building operation, energy 

sector data and resources, real-time data, and data and models concerning the power 

system.  

 

At the same time, AI applications are associated with technologies such as BIM, 

Digital Twin, big data, edge AI, federated learning, physics-based models, and High 

Performance Computing. The results therefore indicate that the nature of AI 

application in the analysed projects should be considered within the broader data and 

technological environment in which a given solution operates. 

 

In response to the main research question, it can be concluded that in the analysed 

European innovation projects, artificial intelligence is used in various processes 

related to energy management, and its applications differ in terms of the functions 

performed, the level of application, the types of data used, and the technologies and 

digital components associated with AI application. The analysis made it possible to 

distinguish three configurations corresponding to the analysed cases: AI application 

at the building level, at the level of services and the energy data ecosystem, and at 
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the level of energy system infrastructure. These categories should not be interpreted 

as an exhaustive typology of AI applications in the energy sector, but rather as the 

result of a comparison of the selected cases and a tool for organising them. 

 

The contribution of this study is the proposed analytical framework combining four 

dimensions: AI function, type of data, technologies and digital components 

associated with AI application, and level of application.  

 

This approach enables the comparison of projects in which AI is used in different 

technological and organisational environments without limiting the analysis solely to 

the type of algorithm used or a single function of the technology. The framework 

may provide a starting point for further analyses involving a larger number of 

projects and more diverse areas of energy management. 

 

The interpretation of the results must, however, take into account the limitations of 

the study. The analysis covers three purposively selected European projects and was 

conducted using publicly available secondary data. The scope and level of detail of 

the available documentation vary across the projects, and two of the analysed 

projects are still ongoing, which limits the possibility of analysing their final 

outcomes.  

 

Furthermore, the study focuses on the ways in which AI is used rather than on 

measuring the effects of its application. The results therefore do not provide a basis 

for drawing conclusions about the actual impact of the analysed solutions on energy 

efficiency, emissions reduction, economic performance, or other measurable 

sustainability outcomes. 

 

Further research could extend the analysis to a larger number of European projects 

and examine the applicability of the proposed classification framework in other 

energy management contexts. A particularly important direction for further research 

would be to move from analysing declared and documented AI applications towards 

assessing the outcomes of their implementation, using data concerning, among other 

aspects, energy efficiency, renewable energy integration, the operation of energy 

systems, or the quality of decision support.  

 

This would complement the perspective adopted in the present study with an 

assessment of the actual effects of using artificial intelligence in sustainable energy 

management. 
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