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2. Executive Summary 
As part of the Horizon Europe project ENTRANCE, this deliverable investigates the 

requirements of end users and key stakeholders, together with the regulatory frameworks that 

shape the deployment of building electrification and energy flexibility across Europe. As 

buildings evolve from passive energy consumers to active participants in increasingly 

renewable-based energy systems, the successful implementation of flexible building 

technologies depends not only on technological innovation but also on stakeholder 

engagement, supportive market conditions, and enabling regulatory frameworks. This 

deliverable provides the knowledge base needed to support the development of integrated, 

smart-grid-ready building solutions within the ENTRANCE project. 

The report examines the roles, requirements, drivers, and barriers of the principal stakeholder 

groups involved in building electrification and energy flexibility, including end users, building 

owners and developers, utilities and grid operators, policymakers, technology providers, 

Energy Service Companies (ESCOs), and financial institutions. In addition, it reviews national 

strategies and regulatory frameworks in selected European countries, highlighting different 

policy approaches and implementation mechanisms for promoting building decarbonization, 

electrification, and energy flexibility. 

Beyond the stakeholder and regulatory analyses, the report explores the interactions between 

energy flexibility and other key aspects of the energy transition, including indoor 

environmental quality (IEQ), digitalization, and system integration. It further presents examples 

of best practices and cross-country experiences that illustrate how buildings can increasingly 

operate as flexible, grid-interactive assets while maintaining occupant comfort, improving 

energy performance, and supporting renewable energy integration. 

Overall, this deliverable provides a comprehensive overview of the technical, regulatory, and 

stakeholder perspectives that influence the deployment of flexible and electrified buildings. By 

identifying common challenges, enabling factors, and emerging best practices, it establishes a 

shared understanding of the conditions required to accelerate building decarbonization and 

energy flexibility across Europe. The findings presented in this report provide an important 

foundation for the subsequent technical developments, methodologies, and demonstration 

activities undertaken within the ENTRANCE project. 
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3. Introduction 

3.1 Decarbonization of the Building Sector 

The decarbonization of the building sector is a key objective related to European energy and 

climate policies. Buildings account for a significant share of final energy consumption and 

greenhouse gas emissions, largely due to their dependence on fossil fuels for heating, cooling, 

and domestic hot water production. Reducing these emissions requires not only improving 

building energy efficiency but also replacing fossil fuel-based systems with low-carbon 

alternatives. In addition, reducing the reliance on fossil fuels contributes to strengthening 

Europe's energy security by decreasing dependence on imported energy and improving the 

resilience of the European energy system. 

Electrification has become one of the principal pathways for achieving this transition. 

Technologies such as heat pumps, renewable electricity generation, thermal and electrical 

energy storage, and smart energy management systems enable buildings to reduce 

operational carbon emissions while interacting more actively with the electricity system. As 

electrification progresses, buildings are evolving from passive energy consumers into active 

participants that can contribute to a cleaner and more resilient energy system. 

However, the successful deployment of these technologies depends on more than technical 

performance. Their adoption is influenced by economic, behavioral, institutional, and 

regulatory factors that affect different stakeholders throughout the building value chain. 

Consequently, understanding stakeholder needs and the regulatory environment is essential 

for enabling the widespread implementation of electrified and flexible buildings. 

3.2 Flexibility Challenges 

The increasing deployment of variable renewable energy sources (VREs), such as wind and 

solar power, is transforming the European electricity system. Unlike conventional fossil fuel-

based power plants, renewable generation is weather-dependent and inherently variable, 

making it more challenging to continuously balance electricity supply and demand while 

maintaining grid stability and reliability. 

As a result, traditional electricity systems, which were designed around centralized and 

controllable generation, are becoming less suited to a highly renewable energy future. 

Insufficient flexibility can lead to renewable energy curtailment, increased peak loads, grid 

congestion, and higher operational costs. Energy flexibility has therefore emerged as a key 

solution, enabling electricity demand to better match renewable energy availability through 

demand response, energy storage, and intelligent control of building energy systems. 
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The successful implementation of energy flexibility depends not only on technological 

capabilities but also on the active participation of end users and other stakeholders. 

Participation in flexibility programs is influenced by a combination of financial and non-

financial incentives. While dynamic electricity pricing, flexibility payments, and other market-

based mechanisms provide direct economic motivation, non-price incentives—including 

improved occupant comfort through automated control, greater convenience, enhanced 

energy independence, environmental awareness, and participation in local energy 

communities—also play an important role in encouraging long-term engagement. 

Consequently, effective flexibility programs should combine appropriate market incentives 

with user-centered solutions that support both system performance and consumer 

acceptance. 

3.3 Purpose and Scope of the Deliverable 

This report analyzes the needs of end users and stakeholders regarding energy flexibility and 

electrification, along with a regulatory review of selected European countries. The goal is to 

identify best practices for decarbonization that also consider factors like IEQ and system 

efficiency. 

3.4 Key Definitions 

● Energy Flexibility (EF) 

The ability of a building or energy system to adjust its energy demand, generation, or storage 

in response to external signals while maintaining occupant comfort and system performance. 

● Electrification 

The replacement of fossil fuel-based energy systems with electricity-based technologies to 

reduce greenhouse gas emissions. 

● Grid-Interactive Efficient Buildings (GEBs) 

Energy-efficient buildings that can intelligently manage and exchange energy with the 

electricity grid through flexible operation. 

● Stakeholders 

Individuals or organizations that influence, implement, or are affected by building 

electrification and energy flexibility. 

● End Users 
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Building occupants or organizations that use the energy systems and participate in flexibility 

services. 
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4. Stakeholders’ Roles, Drivers, and Barriers 
Previous work within the ENTRANCE project has already identified and analysed the 

stakeholder groups relevant to the project's objectives. Deliverable D8.8[1] provides a 

comprehensive stakeholder analysis, including the identification of key stakeholder groups and 

their roles within the ENTRANCE framework. Building upon this previous work, the present 

chapter focuses on the specific requirements, drivers, barriers, and interactions of these 

stakeholders in the context of building electrification and energy flexibility. 

4.1. End Users 

End users are central actors in the transition towards building electrification and energy 

flexibility, as their behavior and willingness to participate directly influence the effectiveness of 

flexible building energy systems. Within the scope of this deliverable, end users include 

residential occupants (homeowners and tenants) as well as small and medium-sized enterprises 

(SMEs), all of whom consume energy and may participate in flexibility programs. However, 

these groups differ considerably in their level of control over building energy systems, 

investment capacity, and decision-making authority. For example, tenants often have limited 

opportunities to invest in energy technologies, whereas homeowners and SMEs generally 

have greater autonomy to adopt technologies such as heat pumps, smart home systems, 

demand response (DR) solutions, and building energy management systems (BEMS). 

Effective participation in energy flexibility programs requires both appropriate technologies 

and favorable market conditions. From a functional perspective, end users need access to 

enabling technologies, including smart meters, energy management systems, and flexible 

assets such as heat pumps, electric vehicle charging infrastructure, and energy storage. 

Equally important is transparent information regarding electricity tariffs, flexibility services, and 

contractual arrangements to enable informed participation. Beyond these technical aspects, 

several non-functional requirements strongly influence user engagement. Affordability 

remains a primary concern, highlighting the need for financing mechanisms that reduce 

upfront investment costs. User acceptance depends on intuitive digital solutions that minimize 

disruption to everyday activities, while inclusive program design should address barriers such 

as split incentives between building owners and tenants. 

Despite increasing technological maturity, the participation of end users in energy flexibility 

programs remains relatively limited. Existing research indicates that participation is constrained 

by a combination of technological, behavioural, and motivational barriers. A lack of 

knowledge and the perceived complexity of smart technologies or demand response 

mechanisms often reduce acceptance, though clearer, more accessible explanations can 

increase user willingness to engage [2]. Users also frequently perceive incentives as 

insufficient or unclear, which weakens motivation to participate. Concerns about discomfort 
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and loss of control, especially in schemes where utilities directly manage appliances, further 

lower acceptance. In addition, behavioural factors such as inertia, limited awareness and 

difficulties processing technical information hinder engagement, as does a general reluctance 

to change established energy‑use routines, particularly among certain age groups [2]. 

ACER (European Union Agency for the Cooperation of Energy Regulators) and CEER (Council 

of European Energy Regulators) report several barriers hindering consumers’ ability and 

motivation to engage in flexible consumption. First, flat-price contracts (regulated and market-

based) are dominant in most Member States, while the uptake of dynamic and flexible 

contracts remains low. Moreover, the roll out of smart meters is still limited in several EU 

Member States [3]. 

Italy – Country-specific differences in end-user behaviour 

End-user behaviour in Italy is strongly influenced by economic considerations, with public 

financial incentives representing the primary driver for investments in building renovation and 

energy efficiency. Italian households have historically based renovation decisions more on the 

availability of incentive schemes than on expected energy savings or environmental motivations 

alone. Tax deduction mechanisms such as Ecobonus and Superbonus have significantly 

accelerated the adoption of building envelope retrofits, heat pumps and photovoltaic systems, 

confirming that reducing upfront investment costs is a decisive factor in encouraging energy-

related investments [4]. At the same time, Italian citizens are progressively becoming more 

engaged in the energy transition through Renewable Energy Communities (RECs). Following 

the implementation of the Renewable Energy Directive (RED II), RECs have promoted a gradual 

shift from passive consumers to active prosumers who collectively produce, consume and share 

renewable electricity [5]. While economic savings remain the main motivation for participation, 

RECs also contribute to increasing energy awareness, strengthening local cooperation and 

fostering greater public involvement in the energy transition [6]. Despite this growing 

engagement, Italian end users still show limited participation in explicit demand-side flexibility 

services. Their involvement is currently concentrated on improving energy efficiency and 

maximizing self-consumption rather than actively responding to electricity market signals. 

4.2. Building Owners and Developers 

Building owners and developers are among the principal decision-makers in the transition 

towards building electrification and energy flexibility. Unlike end users, whose decisions 

primarily concern the operation of buildings, owners and developers are responsible for long-

term investment planning, renovation strategies, technology adoption, and compliance with 

regulatory requirements. Their decisions therefore have a significant influence on the pace 

and scale of building decarbonization. 
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The engagement of building owners and developers is driven by a combination of economic, 

regulatory, and reputational factors. Investments in energy efficiency, electrification, and 

flexibility can reduce operational costs, increase property value, improve building 

competitiveness, and contribute to long-term asset resilience. In addition, increasingly 

stringent European and national regulations encourage building owners to improve the energy 

performance of existing buildings and reduce operational greenhouse gas emissions. Growing 

market demand for sustainable and high-performance buildings further strengthens the 

business case for energy renovation and electrification. 

Despite these drivers, investment decisions remain complex and are influenced by multiple 

technical, organisational, and financial considerations. Renovation projects typically require 

balancing regulatory compliance, technical feasibility, structural constraints, and long-term 

investment strategies. Furthermore, decisions are rarely based solely on energy performance. 

As highlighted by interviews conducted within the ENTRANCE project, renovation measures 

are frequently initiated alongside planned maintenance, building repairs, or broader 

refurbishment programs, requiring integrated decision-making that considers technical, 

economic, and organizational factors simultaneously [7]. Effective renovation planning, 

therefore, requires an approach that integrates risk assessment, regulatory evaluation and 

technical analysis to ensure viable long‑term outcomes. 

Several barriers continue to limit investments in building electrification and energy flexibility. 

One of the most widely recognised challenges is the split incentive, whereby building owners 

bear the costs of renovation while tenants receive a large share of the resulting energy savings. 

This misalignment of costs and benefits can discourage investments, particularly in rental 

buildings. In addition, high upfront investment costs, uncertainty regarding future energy 

prices, evolving regulatory requirements, and the difficulty of accurately forecasting long-term 

financial returns all increase investment risk. 

Risk management therefore plays an important role in renovation decision-making. Building 

renovation projects are exposed to financial, market, technical, and regulatory risks that 

influence the expected return on investment (ROI). Macek & Vitásek [8] have examined the 

risks associated with investments in building renovation, and highlight the importance of 

proactive risk management in improving project success and investor returns. The perceptions 

of various risks were examined across different stakeholder groups, showing that real estate 

developers ranked financial, market, regulatory and economic risks as the most significant. 

Collaborations with ESCOs represent an important mechanism for mitigating some of these 

barriers. ESCOs provide specialised expertise in energy auditing, performance‑based 

contracting and financing arrangements, offering building owners a means to distribute 

financial and technical risk. Evidence from European deep‑renovation initiatives shows that 

ESCO engagement can support more ambitious renovation efforts by delivering structured 
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processes, guaranteed performance outcomes and improved confidence in projected energy 

savings. Such partnerships can facilitate investment decisions, particularly for owners with 

limited technical or organisational capacity [9,10]. 

Overall, building owners and developers remain key actors in the deployment of building 

electrification and energy flexibility. Their investment decisions depend not only on expected 

economic returns but also on regulatory certainty, effective risk management, and access to 

financing and technical expertise. Addressing barriers such as the split incentive and reducing 

investment uncertainty will therefore be essential for accelerating the renovation of Europe's 

building stock and achieving the objectives of the ENTRANCE project. 

4.3. Utilities and Grid Operators 

Utilities and grid operators increasingly recognise buildings as essential flexibility resources 

that can support the stability and efficiency of the future electricity system. As electrification 

accelerates, driven by heat pumps, electric vehicles, and the integration of variable renewable 

energy sources, the need for distributed flexibility grows substantially. Grid operators view 

buildings as valuable assets that can provide demand response, load shifting, and local 

balancing services. Flexibility from buildings can contribute to daily, weekly and seasonal 

balancing, helping accommodate the variability of electricity generation from wind and solar 

energy systems while reducing the need for costly grid reinforcement [11]. 

However, several barriers hinder the effective integration of buildings as flexibility providers. 

First, data access challenges persist, as many grid operators lack direct access to real‑time 

consumption or device‑level operational data, limiting the visibility needed for forecasting and 

system balancing. Moreover, regulatory frameworks across Europe remain uneven and 

restrictive, with market rules that limit the participation of distributed energy resources in 

flexibility markets. Studies highlight that existing regulations often prevent aggregation, 

impose complex participation criteria, or lack clear technical requirements for connecting 

flexible assets to markets. In addition, operators face growing system-balancing challenges 

stemming from congestion and increasing variability in renewable‑dominated grids. Flexibility 

is perceived as a cost‑effective alternative to traditional infrastructure upgrades, yet the market 

conditions to unlock this value are not consistently established [12].  

Examples of flexible markets and local flexibility schemes have emerged in Europe, illustrating 

how utilities are experimenting with new models for distributed flexibility. Case studies show 

that technology‑neutral market designs in some countries have successfully increased 

participation from distributed resources, including buildings. In Sweden, local flexibility 

markets —where distribution system operators coordinate the purchase and sale of flexibility 

to manage local congestion—have been piloted in regions such as Skåne, Gotland, Uppsala 

and Västra Götaland, some of which have evolved into operational, recurring markets. These 
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local flexibility markets create platforms that connect actors who need flexibility with those 

who can provide it, demonstrating how local schemes can reduce grid bottlenecks and avoid 

costly grid reinforcements. Together, these examples highlight the growing recognition 

among utilities and grid operators that buildings can play a pivotal role in achieving a resilient, 

cost‑effective and decarbonised energy system, provided that regulatory, data‑related and 

market barriers are addressed [13]. 

4.4. Policymakers and Regulatory Bodies 

Policymakers and regulatory bodies play a central role in shaping the conditions under which 

building electrification, energy flexibility, and digitalisation can develop across the European 

energy system. Their role has evolved significantly over the past decade. While policy 

frameworks traditionally focused on improving building energy efficiency through minimum 

performance standards and renovation targets, recent European strategies increasingly 

recognise buildings as active components of the energy system. Consequently, policymakers 

are expanding their focus beyond energy efficiency to include electrification, energy 

flexibility, digitalisation, interoperability, and whole-life carbon reduction, thereby creating the 

regulatory framework necessary to support smart-grid-ready buildings. 

In recent years, the European Union has strengthened its policy framework through directives, 

regulations, and action plans that promote flexibility services, renewable energy integration, 

and the digital transformation of the energy sector. The EU Action Plan on the Digitalisation of 

the Energy System, published in 2022, includes measures to enhance data exchange, 

consumer empowerment and interoperability across member states. Its implementation 

between 2023 and 2024 has driven progress in areas such as energy data spaces, 

interoperability rules and the establishment of the Smart Energy Expert Group, which supports 

the deployment of smart solutions and strengthens system flexibility. These initiatives form an 

essential part of the broader decarbonisation and electrification agenda by enabling new 

services such as demand response, smart charging of electric vehicles and data-driven 

building renovation strategies [14,15]. 

EU-level policy frameworks also emphasise the importance of electrification and system 

flexibility as core components of the transition to a climate-neutral energy system. Recent 

analyses highlight that coherence in climate and energy policies has increased significantly 

over the past five years, with EU strategies focusing on aligning electricity, heating and 

transport systems to accelerate electrification and reduce reliance on fossil fuels. Policymakers 

are encouraged to translate long-term objectives into concrete measures, including fiscal 

tools, pricing strategies and monitoring mechanisms to support flexibility and infrastructure 

investments. Furthermore, European Parliament studies have identified a need for regulatory 

updates to remove barriers to demand response, enhance market design and strengthen 

incentives for flexible resources across all time scales (European Parliament, 2025).  
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There are also examples of effective policy instruments that have demonstrated impact in 

practice. Under the digitalisation of the Energy System Action Plan, the EU has established 

interoperable data governance frameworks, consumer data access rights, and voluntary codes 

of conduct for energy-smart appliances, all of which help standardise flexibility-related 

technologies and increase market participation. In addition, the EU’s focus on developing a 

common European energy data space and supporting member states through calls under the 

Digital Europe Programme illustrates how targeted policy tools can accelerate innovation and 

deployment. On the renovation side, policy instruments such as the Energy Performance of 

Buildings Directive (EPBD) and related digital tools, including Building Renovation Passports 

and Digital Building Logbooks, have been recognised as promising mechanisms for improving 

renovation decision-making and enhancing data-driven planning. Together, these policy 

instruments illustrate the growing role of regulatory frameworks in enabling investment, 

supporting data interoperability and strengthening flexibility across the energy system [15,16].  

Policy frameworks also play a crucial role in enabling the development of ESCO markets (The 

Global ESCO Market 2025 Report). In 2025, the European Commission announced the 

intention to double the EU ESCO market as part of its Affordable Energy Action Plan. 

4.5. Technology Providers and Manufacturers 

Technology providers and manufacturers play a crucial role in delivering the hardware and 

software solutions that enable flexibility, digitalization, and electrification across buildings and 

energy systems. The current market landscape features a growing portfolio of market-ready 

technologies, including smart meters, advanced sensors, distributed energy resource controls, 

grid-edge devices, and digital platforms that support real-time monitoring and management. 

Digital twin solutions are also becoming increasingly notable, offering advanced capabilities 

for forecasting, system optimization and predictive maintenance in distributed energy systems. 

These technologies are designed to improve system visibility, enhance controllability at 

medium and low voltage levels, and support active consumer participation. The increasing 

deployment of digital twin frameworks in energy systems demonstrates how mature these 

tools are becoming, particularly for modelling distributed resources, evaluating system 

performance and supporting both operational and planning processes [17]. 

A persistent challenge for technology providers concerns the integration of proprietary 

systems, which can impede interoperability. Many digital and hardware solutions operate 

within closed ecosystems that rely on vendor-specific communication protocols or 

fragmented data models. Studies highlight that achieving seamless integration across 

heterogeneous systems requires harmonised standards, robust data governance frameworks 

and interoperable data spaces that allow different technologies to communicate reliably. In 

distributed grid environments, the management of heterogeneous data streams and the need 

for low-latency control further complicate system integration when proprietary architectures 
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limit cross-platform functionality. Reviews of digital twin development across the European 

grid similarly identify data governance inconsistencies and insufficient standardisation as major 

barriers to full system interoperability (Alliance for IoT and Edge Computing Innovation 

(AIOTI) (2024; Jørgensen et al. 2025).  

Meanwhile, emerging solutions are redefining how technology providers support flexibility 

and electrification. AI-based control systems are advancing rapidly, enabling technologies 

such as predictive failure detection, real-time optimisation of distributed resources and 

intelligent coordination of energy assets. Digital twins are increasingly used to simulate diverse 

operational scenarios, forecast system behaviour and enhance resilience in both grid and 

building contexts. Furthermore, interoperable platforms that build on federated architectures, 

such as the EU’s vision for a continental-scale digital twin (https://twineu.net/), are being 

developed to reduce fragmentation and promote collaboration across suppliers, operators 

and sectors. These emerging approaches foster ecosystems in which multiple technologies 

can coexist and interact through common standards, enabling interoperability, coordination 

and greater system flexibility. As energy systems evolve, technology providers will play a key 

role in delivering scalable architectures, secure data exchange and collaborative innovation 

that support flexibility, electrification and the broader digital transformation of the energy 

system. 

4.6. Energy Service Companies  

Energy Service Companies (ESCOs) provide turnkey solutions that combine technical 

expertise, financing mechanisms and performance guarantees to support energy efficiency, 

electrification and flexibility in buildings. Their activities are typically structured through Energy 

Performance Contracts (EPCs), which commit the ESCO to delivering verifiable energy savings 

over the contract period. Two dominant EPC models are the Guaranteed Savings model, in 

which the ESCO guarantees a specific level of savings while the client finances the project, 

and the Shared Savings model, in which the ESCO provides financing and recovers its 

investment through a share of the savings achieved. These EPC models allocate technical and 

performance risks to the ESCO and enable clients to undertake upgrades with limited upfront 

capital [18]. 

ESCOs increasingly support electrification and flexibility services, particularly through retrofits 

that integrate heat pumps, automation, demand side control systems, and monitoring-based 

commissioning. Case studies across Europe show ESCOs enabling deep renovations with 

substantial efficiency gains, such as RENESCO in Latvia, which implemented shared-savings 

and guaranteed-savings EPCs to deliver 40–60 % reductions in building energy use. Public 

sector ESCO programs, such as Armenia’s R2E2 fund, demonstrate how blended finance 

models can be paired with EPC principles to scale electrification and efficiency upgrades in 

schools, hospitals and municipal buildings. These projects highlight ESCOs’ role in integrating 
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flexible technologies, including smart controls and distributed renewable energy, within 

performance-based frameworks [19]. 

Globally, the sector is growing, but the growth is uneven and highly concentrated in a few 

countries. According to the IEA’s Energy Efficiency 2025 report [20], more than 75% of the 

global investments occur in the United States and China. Also, among the EU countries market 

maturity och development varies widely. While some countries have well-developed ESCO 

markets, such as Germany and Italy, and others are emerging, barriers remain to scaling ESCO 

models across the EU. Common obstacles include limited access to affordable finance, 

regulatory uncertainty, slow public procurement processes, and a lack of standardized EPC 

templates. The Joint Research Centre’s analyses show that national ESCO markets often face 

inconsistent policy and regulatory frameworks as well as high transaction costs, reducing the 

attractiveness of EPCs.   

4.7. Financial Institutions 

Financial institutions are pivotal in supporting the electrification and decarbonization of the 

building stock through a range of green financial instruments, including green loans, green 

mortgages, blended finance facilities and EU-backed grants. Green loans, whose eligibility is 

increasingly guided by EU Taxonomy principles, are becoming more common across 

households, SMEs and corporates. The European Banking Authority (EBA) reports that banks 

are expanding their green lending portfolios, although green loans currently represent only 

around 4.5% of total loan volumes, indicating significant room for growth. Blended finance 

mechanisms involving public guarantees and risk-sharing tools are also emerging as key 

enablers for large-scale renovation and electrification projects, especially in sectors where 

traditional financing remains constrained [21]. 

Financial institutions assess risk in electrification and flexibility projects primarily through the 

lens of project bankability, policy stability and the predictability of financial returns. Systematic 

reviews by European banking associations highlight that many electrification projects fail not 

because of insufficient capital availability, but due to a lack of viable business cases, unclear 

revenue streams for flexibility, and uncertain regulatory environments. Stable long-term policy 

signals, standardized reporting frameworks and de-risking instruments, such as guarantees or 

concessional loans, are therefore considered essential for expanding financial support for the 

transition (European Banking Federation). 

Looking ahead, financial institutions increasingly recognize the need for new financing models 

tailored to electrification and distribute flexibility. Proposals include micro blended finance for 

households, digital EU funding platforms to simplify access for SMEs, and performance-linked 

loan products that reduce interest rates when buildings meet efficiency or flexibility 

benchmarks. In parallel, harmonized green loan standards and greater transparency in 
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sustainability reporting are needed to avoid market fragmentation and ensure that capital 

flows effectively toward electrified and flexible buildings [22,23]. 

4.8. Stakeholders’ Matrix 

A stakeholders matrix provides a structured way to map synergies, opportunities, and interest, 

competing assets, possible conflicts between stakeholders and power relationships among 

actors engaged in electrification and flexibility transitions. Stakeholders can be assessed along 

two primary dimensions: their level of interest in the transition and their influence over project 

outcomes. This approach allows for the identification of central actors, such as utilities, 

policymakers and financial institutions. Conversely, actors with high interest but low influence, 

such as households or SMEs, require targeted communication and capacity building measures 

to ensure meaningful participation [24,25]. 

The matrix also enables the identification of potential conflicts between stakeholders. For 

example, utilities may prioritize grid stability and data governance, while technology providers 

may push for rapid deployment of innovative, sometimes proprietary solutions. Likewise, 

policymakers may face pressures to harmonies regulation across sectors, even when market 

actors benefit from maintaining national flexibility. Mapping these tensions helps anticipate 

obstacles and design mechanisms, such as co creation processes or cross sector working 

groups, to reduce friction [26,27]. 

A prioritization matrix helps determine which stakeholders require the most attention at each 

project stage. High power and high interest stakeholders should be involved in co decision 

processes, whereas high power/low interest actors may require strategic engagement to 

avoid blocking progress. Low power/high interest stakeholders benefit from transparency and 

empowerment strategies, while low power/low interest groups need only be monitored. This 

structured approach ensures efficient resource allocation and supports an inclusive 

governance model for the energy transition [24,28]. 

Table 1. Summary of stakeholder groups and their roles in building electrification and energy flexibility 

Stakeholder 

Group 

Typical Examples Primary Interest Main Role in Energy 

Flexibility 

End Users Homeowners, tenants, SMEs Comfort, 

affordability, ease 

of use 

Participate in demand 

response and flexibility 

programmes 

Building Owners & 

Developers 

Housing companies, 

commercial real estate owners, 

developers 

Asset value, ROI, 

regulatory 

compliance 

Invest in renovation, 

electrification and flexibility 

technologies 

Utilities & Grid 

Operators 

Electricity retailers, DSOs, 

TSOs, district heating operators 

Grid stability, 

renewable 

integration 

Procure and utilize flexibility 

services 
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Policymakers & 

Regulatory Bodies 

European Commission, 

national ministries, regulators 

Decarbonization, 

market design 

Develop policies, standards 

and incentive schemes 

Technology 

Providers & 

manufacturers 

Heat pump manufacturers, 

BEMS providers, ICT 

companies 

Innovation, 

interoperability and 

market deployment 

Supply enabling 

technologies and digital 

platforms 

Energy Service 

Companies 

(ESCOs) 

ESCOs, EPC providers Performance-based 

services 

Deliver integrated 

renovation, financing and 

operation 

Financial 

Institutions 

Commercial banks, green 

investment funds, public 

financing agencies 

Investment security, 

risk management 

Provide financing and de-

risk investment 
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5. Strategies for building decarbonization and flexibility 

in some EU Countries 

While all EU member states are bound by overarching directives, their national 

implementation strategies for decarbonization, influenced by unique energy systems and 

socioeconomic factors, vary significantly. This comparative analysis highlights a spectrum of 

approaches, from generous incentive programs to a focus on stringent building codes. 

5.1. Italy 

• Policy Framework: Italy is aligning its national building renovation strategy with the 

updated European Energy Efficiency Directive (EED) and Energy Performance of 

Buildings Directive (EPBD), which introduce stricter energy performance requirements, 

long-term renovation roadmaps and stronger digitalization of building energy data. 

• Financial Incentives: Italy's strategy is heavily dependent on financial incentives to boost 

the renovation market and stimulate investments in energy efficiency, electrification and 

renewable energy technologies. 

• Superbonus Program: The main policy was the Superbonus, which offered a 110% tax 

deduction for energy efficiency and seismic upgrades, including the installation of solar 

panels and EV charging stations. 

• Policy Shift: Since 2023, the Superbonus has been gradually phased out, with tax 

deductions for general renovations being reduced to 36% in 2025 and 30% in 2026-

2027 [3]. 

• Renewable Energy Communities (RECs): Following the transposition of the Renewable 

Energy Directive (RED II), Italy has established a regulatory framework supporting 

Renewable Energy Communities as a key instrument for collective self-consumption, 

distributed renewable energy generation and greater citizen participation in the energy 

transition.  

• Energy Flexibility and Digitalization: The growing deployment of photovoltaic systems, 

heat pumps, battery storage, second-generation smart meters and BEMS is progressively 

enabling buildings to become active participants in the electricity system, providing the 

technological basis for future demand response and flexibility services. 

• Future uncertainties on next financial incentives. 

5.2. Denmark 

• Denmark aims to be 100% independent from fossil fuels by 2050, primarily by focusing on 

wind energy and district heating.  

• The strategy for the building sector relies on progressively tightening regulations rather 

than on a single large-scale financial incentive program.  

• From July 2025, a new agreement will tighten the average CO2e emissions limit for new 

buildings to 7.1 kg CO2e/m²/year, with further reductions planned for 2027 and 2029. 

• Whole-Life Carbon Accounting model. 
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5.3. Norway 

• Norway has an almost fully decarbonized building sector, powered by a grid of nearly 

100% zero-emission hydropower – the country's primary challenge is now managing grid 

stability and peak loads. 

• Demand-Side Management: Norway has implemented policies like hourly retail prices and 

capacity charges to incentivize households to shift their electricity use to off-peak hours 

and reduce consumption peaks. 

• Potential for Inequality (demand-based tariffs may disproportionately affect vulnerable and 

less technically savvy populations). 

5.4. Sweden 

• Sweden has a legally binding net-zero emissions goal for 2045, backed by strong political 

consensus. 

• The country's building sector is already largely decarbonized, with strict primary energy 

performance targets set by its building code (BBR 29); Sweden's main challenge is 

managing a future where electricity use might double due to the electrification of industry 

and transport. 
• Policy Shift: The current focus is on building out new clean power capacity, expanding the 

grid, and accelerating permitting processes, rather than on basic building retrofits. The 

government is supporting new technologies like nuclear power through efficient licensing 

and financial risk-sharing models. 

Sweden’s current energy market is characterised by a high degree of electrification, 

widespread district heating networks, and a largely fossil-free electricity mix dominated by 

hydro, nuclear and wind power [29]. The electricity market is fully liberalised, operating 

through Nord Pool’s bidding zones, which frequently experience regional price differences 

due to grid constraints and uneven generation distribution. These dynamics significantly 

influence the potential for flexibility in buildings, particularly in southern Sweden, where 

grid capacity constraints and rising electricity demand are especially prominent Regulatory 

instruments affecting buildings include the Building Regulations BBR 29, which set strict 

primary energy performance thresholds for new and renovated buildings, and tariff 

structures such as capacity-based grid fees, introduced to incentivise load shifting and 

reduce peak demand [30]. 

National decarbonisation targets are ambitious, with Sweden legally committed to reaching 

net-zero emissions by 2045 and negative emissions thereafter. Swedish challenges relate 

to the rapid electrification of industry and transport, which is expected to double electricity 

demand by 2045. Recent policy efforts therefore prioritise expanding the supply of clean 

electricity, accelerating permitting processes for nuclear technologies and strengthening 

transmission and distribution networks. Energy flexibility is increasingly viewed as essential 

for maintaining system stability and avoiding costly grid reinforcements [31]. 

Sweden’s introduction of capacity-based tariffs combined with hourly retail electricity 

pricing have influenced household behaviour, with increasing adoption of smart heat 
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pumps, automated control systems, and demand response services. However, the national 

rollout of capacity-based tariffs has been paused since March 2026 due to political 

decisions. While several network operators have already introduced capacity-oriented 

models, the government has instructed the Energy Markets Inspectorate to revoke the 

mandatory tariff regulation and develop a revised framework. This creates temporary 

regulatory uncertainty but also highlights the ongoing political debate over how demand-

side flexibility should be incentivised in the future.  

5.5. Poland 

• Poland’s Energy Policy until 2040 (PEP2040) [32]. 

• Poland starts from a coal-heavy system (~60–70%) and is transitioning toward a system 

where renewables could reach ~60–66% by 2035 (acc. to PSE – Polish Electrical Grids). By 

2035, Poland’s energy system is to be ready for safe operation on a zero-emission 

generation mix – without coal- or gas-fired power plants. Conventional units will still be 

needed to generate electricity during periods of lower renewable output. 

• High-renewable systems still need non-weather-dependent capacity and require: 

− Nuclear power (planned from ~2033)  

− Gas as transitional, but declining role 

− Grid development (north–south for offshore wind), digitalization (AI, smart grids) and faster 

connection processes 

• The future is electric – electrons, not fossil fuels, will power the economy, heat our homes, 

and drive our transport. Access to affordable electricity will determine Poland’s development 

over the coming decades. As the transmission system operator, we must ensure that keeping 

costs under control does not undermine security, and that consumers are never left without 

power (PSE statement). 

• Energy storage is emerging as a central pillar of Poland’s new energy legislation. The 

government’s deregulatory program, launched in March 2025, identifies the energy sector 

as a priority area for simplification. The initiative aims to reduce administrative burdens and 

streamline the construction and permitting of renewable-energy installations, including 

battery-energy storage systems (BESS). The expected outcomes include: 

− Faster permitting for co-located storage. 

− Clearer rules for grid-service participation. 

− Better alignment with EU flexibility-market frameworks. 

• Long-Term Building Renovation Strategy (LSRB): Adopted in 2022, the LSRB sets a roadmap 

for the renovation of Poland’s building stock through 2050. The strategy aims to transform 

the national building stock into nearly zero-energy buildings, improve air quality, and create 

new jobs. It sets ambitious targets for both shallow and deep thermal modernization, with a 

planned average annual renovation rate of approximately 3.8%. 

• National Building Renovation Plan (KPRB): In preparation to comply with the revised Energy 

Performance of Buildings Directive (EPBD), the KPRB will outline actions to achieve a highly 

energy-efficient, zero-emission, and decarbonized building stock by 2050. 

• To streamline and support building transition towards decarbonization there are several 

subsidy schemes in place: Clean Air Program, Thermal Modernization Relief, My Electricity 

and My Heat 
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5.6. Estonia 

• Financial Incentives: Estonia's strategy relies heavily on financial incentives to drive a large-

scale renovation market. 

• KredEx Program: The main tool is the KredEx program, which provides grants for energy-

efficient retrofits of multi-apartment buildings, covering improvements like insulation, 

window replacement, and heating system upgrades. 

• Beyond renovation grants, the Estonian government is also focusing on promoting district 

heating systems and supporting the use of renewable energy sources in buildings. 

• Preparation of minimum energy performance standards (MEPS) for non-residential buildings 

by defining maximum energy performance thresholds for the worst-performing part of the 

stock, aligned with EPBD milestones: the worst 16% by 2030 and the worst 26% by 2033. 

Compliance is expected to be checked mainly through energy performance certificates. 

• The estimated implementation scale is substantial but considered manageable: moving the 

worst-performing 26% of the non-residential stock, about 5.2 million m², out of F and G 

classes by 2033 would require renovating roughly 400,000 m² per year and around €290 

million of investment over 7.5 years, generating about €50 million annual savings. 1 

 

5.7. Cross-Country Comparison 

Table 2 Comparison of national approaches to building electrification and energy flexibility in selected 

European countries 

Aspect Italy Denmark Norway Sweden Poland Estonia 

Policy Financial 

incentives 

and 

renewable 

energy 

communitie

s 

Building 

regulations 

and whole-life 

carbon 

reduction 

Demand-

side 

flexibility and 

grid 

management 

System 

flexibility and 

large-scale 

electrificatio

n 

Energy 

transition 

and grid 

modernizati

on 

Building 

renovation 

and 

minimum 

energy 

performance 

standards 

Objective Building 

renovation 

and 

renewable 

deployment 

Regulation-

driven 

building 

decarbonizati

on 

Improve grid 

stability 

through 

flexible 

electricity 

demand 

Support 

large-scale 

electrificatio

n while 

maintaining 

system 

flexibility 

Decarbonis

e the power 

system and 

accelerate 

electrificati

on 

Deep 

building 

renovation 

Type of 

Incentive 

Tax credits 

and 

investment 

support 

Regulatory 

requirements 

and carbon 

performance 

standards 

Dynamic 

electricity 

pricing and 

capacity 

tariffs 

Dynamic 

pricing, 

flexibility 

markets, 

regulator 

incentives 

Grants, tax 

relief, long-

term 

renovation 

programs 

Grants for 

energy-

efficient 

renovation 

and 

renewable 

technology 

 

1 https://ener.ee/wp-content/uploads/2026/06/MEPS-uuringu-raport-2026.pdf 
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Flexibility 

Mechanis

m 

RECs, 

UVAM 

District 

heating 

Dynamic 

pricing 

Local 

flexibility 

markets 

Smart grids, 

storage 

Building 

renovation 

Outcomes

/Lessons 

learned 

Incentives 

stimulate 

investment 

Regulation 

drives 

innovations 

Pricing 

changes 

behavior 

Flexibility 

markets work 

Long-term 

planning is 

essential 

Stable 

funding is 

important 
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6. Intersections, scenarios and best practices 

6.1. Energy Flexibility with Indoor Environmental Quality  

Energy flexibility is an essential strategy for supporting renewable energy integration and 

improving electricity system resilience. By adjusting building energy demand through demand 

response, thermal energy storage, and intelligent control, buildings can actively contribute to 

balancing electricity supply and demand. However, these flexibility measures should not 

compromise Indoor Environment Quality (IEQ), which is fundamental to occupant health, 

comfort, and productivity. Maintaining an appropriate balance between energy flexibility and 

IEQ has therefore become a key consideration in the operation of smart-grid-ready buildings. 

Many flexibility strategies directly influence indoor environmental conditions. Measures such 

as load shifting, pre-heating, or pre-cooling can reduce peak electricity demand but may also 

affect indoor temperature, ventilation, humidity, and indoor air quality if not properly 

controlled. Consequently, flexibility actions should be implemented within predefined comfort 

limits to ensure that occupant well-being is maintained while supporting grid operation. 

Recent advances in digital technologies provide effective solutions for balancing these 

objectives. BEMS, smart sensors, predictive control, and digital twins enable buildings to 

optimize energy use while continuously monitoring indoor environmental conditions. By 

integrating occupancy information, weather forecasts, and electricity price signals, these 

technologies allow buildings to deliver flexibility services without compromising occupant 

comfort. 

The stakeholder analysis presented in Section 4, further highlights that maintaining IEQ is 

essential for the successful implementation of energy flexibility. End users’ priorities thermal 

comfort and indoor air quality, building owners seek to improve energy performance without 

reducing occupant satisfaction, and policymakers increasingly incorporate IEQ into building 

regulations. Together, these perspectives demonstrate that energy flexibility should be 

implemented through occupant-centered approaches that balance energy performance with 

indoor environmental quality. 

A Swedish perspective 

Sweden has recently updated the regulations on indoor thermal climate, increasing the 

criticality of effectively balancing energy flexibility with IEQ. Building regulations (BFS 2024:8 

chapter 6) set out a performance requirement that ‘Acceptable thermal comfort must be able 

to be maintained under intended use.‘ Further, The Public Health Agency of Sweden’s general 

guidelines on indoor temperature (HSLF-FS 2024:10) presents guideline values for indoor 

temperature in dwellings and premises intended to reduce the risk of adverse effects on 
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human health. The guideline value for highest operative temperature during fall, winter and 

spring is 24°C. In summer the highest air temperature should not exceed 26°C. Regarding 

summer temperatures in dwellings, for sensitive groups the guideline value applies at all times, 

whereas for others a slightly higher temperature during daytime may be acceptable; however, 

the temperature should not exceed 26°C at night. 

Studies in Nordic contexts show that flexibility actions can be compatible with high IEQ 

standards when supported by advanced control systems that continuously monitor 

temperature, humidity and CO₂ levels. Smart building management systems can dynamically 

adjust ventilation and heating based on real-time sensor data, ensuring that flexibility measures 

do not cause unacceptable comfort deviations. These systems are increasingly capable of 

forecasting indoor conditions and adapting flexible actions accordingly, for instance, by 

preheating spaces to maintain thermal comfort during peak shaving events [33]. However, 

stakeholders in Sweden have highlighted concerns regarding the need for clear monitoring 

requirements to ensure accountability, particularly in public buildings such as schools and 

hospitals, where IEQ is strictly regulated. 

Recent Swedish pilot projects demonstrate that the combination of high-resolution monitoring 

and predictive control can maintain IEQ performance while enabling buildings to deliver 

meaningful flexibility services to the grid. Such findings underscore the importance of 

integrating digital tools that track both energy performance and comfort metrics, ensuring 

energy flexibility strategies align with Sweden’s stringent indoor environment regulations and 

long-term health objectives [34]. 

6.2. Role of Digitalization 

Digitalization is a key enabler of building electrification and energy flexibility, providing the 

monitoring, communication, and control capabilities required to optimize increasingly 

complex building energy systems. By integrating distributed energy resources, enabling 

demand response, and supporting renewable energy integration, digital technologies allow 

buildings to actively participate in future electricity systems while maintaining occupant 

comfort and operational efficiency. 

Smart meters, Internet of Things (IoT) sensors, and BEMS provide real-time monitoring and 

intelligent control of building energy use. Combined with advanced control algorithms and AI, 

these technologies enable predictive operation based on occupancy, weather forecasts, 

renewable energy availability, and electricity prices, improving both energy efficiency and 

system flexibility. 
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Digital twins further enhance building operation by combining real-time data with virtual 

models to support performance monitoring, predictive maintenance, and scenario analysis. By 

evaluating different operational strategies before implementation, digital twins help optimize 

energy performance, flexibility, and occupant comfort while reducing operational risks. 

To realize these benefits on a scale, digitalization also requires interoperability between 

buildings, distributed energy resources, and electricity networks. Standardized communication 

protocols, secure data exchange, and common digital platforms enable effective coordination 

among building owners, utilities, aggregators, and technology providers, supporting the 

delivery of flexibility services across the energy system. 

Despite significant progress, several challenges remain: 

• privacy, interoperability, and cybersecurity concerns; 

• lack of universal standards and interoperability between different systems (proliferation of 

proprietary technologies); 

• urgent need for harmonized, open communication protocols to enable seamless data 

exchange and allow for the aggregation of distributed energy resources into valuable virtual 

power plants. 

6.3. System Integration 

Buildings as “prosumers” and active participants in energy markets. 

Across Europe buildings are increasingly viewed as prosumers rather than passive end users. 

As prosumers, buildings both consume and produce electricity or thermal energy and actively 

interact with electricity grids and heating infrastructure through generation, storage and 

flexible demand. Solar PV, heat pumps, thermal storage and digital building management 

systems enable buildings to respond to price signals, system constraints and local energy 

conditions. Through these capabilities, buildings can support balancing, peak shaving and the 

integration of variable renewable energy while also reducing overall system costs, particularly 

when they operate as part of integrated systems, defined here as coordinated energy systems 

where buildings, electricity grids and heating infrastructure interact and are managed jointly to 

optimize performance at the system level. 

A Swedish perspective 

In Sweden, the development of buildings as prosumers and active participants in energy 

markets is supported by a combination of regulation, market reforms and technology 

deployment. For instance, Sweden has a regulatory framework that allows microgeneration in 

general and also offers tax incentives for residential solar PV and battery installations through 

the Green Technology tax deduction scheme. Another important driver is the availability of 

dynamic electricity retail contracts, meaning that contracts based on hourly, and increasing 
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quarterly prices are available for active consumers, creating incentives for buildings to manage 

and shift loads. Swedish regulation requires larger electricity suppliers to offer quarter-hourly 

dynamic pricing contracts. Related to this, there is also a transition towards more capacity- or 

power-based network tariffs. Furthermore, both Svenska kraftnät's ancillary service markets 

and local flexibility markets have played, and continue to play, a role in supporting the 

development of buildings as more active participants in energy markets. Local flexibility 

markets (CoordiNet, Sthlmflex, Effekthandel Väst, Götene Flex) have been piloted and, in 

some cases, evolved into operational market platforms. Also, following the EU Clean Energy 

for All Europeans Package (CEP), pilot projects and research initiatives on energy communities 

have been initiated in Sweden, demonstrating how distributed solar PV, storage and flexibility 

can be coordinated at neighborhood level. 

Sweden also benefits from an extensive district heating infrastructure that creates 

opportunities for sector coupling between electricity and heat. Sector coupling refers to the 

integrated interaction between different parts of the energy system, most notably electricity 

and heating, rather than treating each sector in isolation. In the context of buildings as 

prosumers, sector coupling enables electricity to be converted into heat via technologies such 

as heat pumps and stored in buildings or district heating networks. This allows surplus 

electricity, for example, during periods of high renewable generation, to be absorbed by the 

thermal system. Through this coupling, buildings and district heating systems act as flexible 

interfaces between sectors, providing balancing capacity, reducing peak loads and enhancing 

overall system efficiency and resilience. In this way, buildings can participate in energy markets 

not only by exporting electricity but also by shifting loads, providing flexibility services and 

interacting with local or district-level energy systems [35]. In this context, the value of 

prosumers lies less in individual self-sufficiency and more in their aggregated contribution to 

overall system performance. 

Discussions within the Swedish energy sector emphasize that the prosumer role of buildings 

must be analyzed at the system level rather than at the level of individual buildings. This 

perspective was reflected in recent industry dialogues and workshops conducted during 2025 

and 2026, documented in [36–38]. Participants from real estate owners, energy companies, 

municipalities and technology suppliers consistently highlighted that technical potential 

already exists in many buildings, but that market structures and incentives have not yet evolved 

to fully utilize these capabilities at system level. A central theme in these conversations was the 

interaction between buildings and energy companies, particularly district heating utilities. 

Buildings with thermal mass and smart control systems can function as short-term heat 

storage, while district heating systems can absorb excess electricity via large-scale or 

decentralized heat pumps. Examples discussed in the workshops included coordinated load 

shifting in highly energy-efficient buildings, preheating strategies aligned with system demand, 

and the use of buildings as distributed storage to manage peak loads in both electricity and 
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district heating networks. Pilot projects and local initiatives in Swedish cities demonstrate that 

when buildings are integrated through data sharing, automated control and adapted pricing 

models, they can actively contribute to system balancing and reduce the need for grid 

reinforcements. At the same time, the discussions also identified significant barriers to scaling 

up prosumer participation. A recurring issue was that current tariff, and market designs 

frequently reward individual efficiency rather than system contribution. For example, buildings 

that shift peak demand in ways that benefit the wider energy system may nevertheless be 

disadvantaged by traditional pricing models that fail to capture temporal and system-level 

value. Workshop participants therefore stressed the need for simpler, more transparent and 

dynamic pricing mechanisms that reflect when and how buildings contribute flexibility and 

resilience. Moreover, several participants emphasized the importance of neutral 

intermediaries or aggregators who can translate system needs into actionable signals for 

building owners and ensure that flexibility is rewarded fairly. Overall, the industry dialogues 

point to a shared understanding that buildings as prosumers will play a key role in Sweden’s 

future energy system. Yet the transition depends less on new technologies than on 

strengthened collaboration between real estate owners, energy companies and public actors. 

Clear system-level objectives aligned incentives and business models that value flexibility were 

repeatedly identified as prerequisites. 

An Italian perspective 

Renewable Energy Communities (RECs) have emerged as one of the main mechanisms for 

enabling buildings to evolve from passive energy consumers toward active participants in the 

electricity system [39]. The first generation of Italian RECs mainly focused on collective self-

consumption of photovoltaic electricity. In addition to renewable electricity sharing, RECs can 

provide energy efficiency services, electric vehicle charging, retail electricity services and, in 

the future, demand-side flexibility [40]. This evolution reflects the ongoing electrification and 

digitalization of the Italian building sector, where photovoltaic systems, heat pumps, battery 

storage, smart meters and BEMS are progressively enabling buildings to interact with the 

electricity grid and support the integration of distributed renewable energy. The first 

operational Renewable Energy Community in Italy, established in Magliano Alpi, 

demonstrated the technical and organizational feasibility of collective photovoltaic electricity 

sharing among public and private users. The initiative was promoted by the municipality 

through the installation of a 20 kW photovoltaic system on the Town Hall building and 

involved both municipal buildings and private consumers as aggregated users. An ICT 

platform enables real-time (sub-hourly) monitoring of electricity generation, consumption and 

shared energy flows. The system supplies renewable electricity to the Town Hall, library, sports 

hall and municipal schools, while the remaining production covers approximately 40% of the 

annual electricity demand of the other community members. Although primarily designed for 

collective self-consumption, the project demonstrated how digital monitoring and 



29 

coordinated energy management can support the active participation of buildings within local 

energy systems. A more advanced example [40] is represented by the GECO (Green Energy 

Community) project in the Pilastro-Roveri district of Bologna, which extends the concept of 

Renewable Energy Communities towards an integrated urban energy district. The project 

involves approximately 7,500 residents, including around 1,400 social housing dwellings, 

together with commercial buildings such as the Centro Agroalimentare di Bologna (CAAB), 

covering approximately 200,000 m2 Coordinated by AESS Modena in collaboration with the 

University of Bologna, ENEA, the Pilastro-Distretto Nord Est Development Agency and other 

local stakeholders, GECO combines distributed photovoltaic generation, digital monitoring 

platforms, energy efficiency measures and coordinated energy management within a common 

local energy ecosystem. GECO explores the integration of residential, commercial and public 

users, demonstrating how coordinated operation of buildings can improve renewable energy 

integration, optimize local energy flows and create favorable conditions for future flexibility 

services. Despite these promising developments, the contribution of Italian buildings to 

flexibility markets remains at an early stage. Current Renewable Energy Communities are still 

primarily oriented towards collective self-consumption, while the idea of explicit flexibility 

services is only beginning to emerge. Beyond Renewable Energy Communities, Italy has also 

introduced market mechanisms aimed at integrating distributed energy resources into the 

operation of the electricity system. A key example is represented by the Virtual Mixed Enabled 

Units (UVAM)[41], introduced by Terna to enable aggregated distributed resources to 

participate in the Ancillary Services Market (in Italian “Mercato dei Servizi di Dispacciamento”: 

MSD). Through a Balancing Service Provider (BSP), heterogeneous resources, including 

photovoltaic systems, battery storage, flexible loads and electricity consumers, can be 

aggregated and managed as a single virtual power plant capable of providing balancing and 

ancillary services to the transmission system operator. This approach allows distributed 

buildings to contribute to grid stability without acting individually, demonstrating how 

aggregation can unlock the flexibility potential of small-scale energy resources. The UVAM 

framework also creates new opportunities for Renewable Energy Communities. By combining 

local renewable generation, storage technologies, flexible electrical loads and digital energy 

management systems, RECs could progressively evolve from collective self-consumption 

schemes towards active providers of flexibility services. 

6.4. Best Practices 

At the European level, initiatives such as EXCESS, Flex4RES, and other Horizon Europe 

projects have explored integrated solutions that combine renewable energy systems, energy 

storage, smart control technologies, and demand response to improve building electrification, 

energy flexibility, and overall energy performance. These initiatives demonstrate how 

digitalization, stakeholder engagement, and integrated energy management can support the 

transition towards smart-grid-ready buildings. 
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At the international level, the IEA EBC Annexes [42], particularly Annex 67-Energy Flexible 

Buildings, provide widely recognized methodologies and best practices for assessing and 

implementing building energy flexibility. These initiatives establish common definitions, 

evaluation approaches, and practical guidance that support the design and operation of 

buildings capable of interacting effectively with future energy systems. 
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7. Lessons Learned 

7.1. Key Insights from Stakeholder Analysis 

The stakeholder analysis highlights that the successful deployment of building electrification 

and energy flexibility depends on coordinated action among all actors involved in the building 

value chain. While stakeholders have different responsibilities and priorities, common 

challenges emerge regarding investment, regulation, digitalization, and market participation.  

Economic considerations remain the primary driver for most stakeholder groups. End users 

seek affordable and user-friendly solutions, while building owners, ESCOs, and financial 

institutions evaluate projects based on investment returns, risk, and long-term financial 

viability. Consequently, business models that combine economic benefits with energy and 

environmental performance are essential for accelerating electrification. 

Investment and market barriers continue to limit wider deployment. The split incentive 

between building owners and tenants, high upfront costs, regulatory uncertainty, and limited 

access to flexibility markets remain significant obstacles. These challenges can be mitigated 

through stable policy frameworks, innovative financing mechanisms, and wider adoption of 

EPC, which reduces investment risk while guaranteeing energy performance. 

The analysis also demonstrates that digitalization and stakeholder collaboration are becoming 

increasingly important. Digital technologies such as BEMS, AI, and digital twins enable 

buildings to participate more actively in energy systems, while interoperable standards and 

secure data exchange support effective coordination among technology providers, utilities, 

building owners, and policymakers. Strengthening collaboration across these stakeholder 

groups will therefore be essential for achieving the objectives of the ENTRANCE project. 

7.2. European Regulatory Models 

The comparison of national strategies demonstrates that there is no single regulatory model 

for achieving building decarbonization and energy flexibility. Although all countries pursue 

common European climate objectives, their approaches differ according to national energy 

systems, policy priorities, and market maturity. 

Financial incentives have proven effective in accelerating building renovation and technology 

adoption, as demonstrated by Italy, while Denmark and Estonia illustrate how stable regulatory 

frameworks and long-term renovation strategies can also successfully support 

decarbonization. These examples indicate that policy stability is often more important than 

short-term financial support alone. 



32 

The Nordic countries provide valuable insights into the next stage of the energy transition. 

With largely decarbonized electricity systems, policy priorities have shifted towards managing 

electrification, improving system flexibility, and integrating buildings as active participants in 

the energy system through dynamic pricing, local flexibility markets, and digital technologies. 
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8. Conclusion 

This deliverable has examined the requirements of end users and key stakeholders, together 

with the regulatory frameworks and best practices supporting building electrification and 

energy flexibility across Europe. The analysis demonstrates that achieving smart-grid-ready 

buildings requires not only technological innovation but also coordinated stakeholder 

engagement, supportive policy frameworks, effective market mechanisms, and digital 

integration. Although the selected countries adopt different regulatory and financial 

approaches, they share the common objective of accelerating building decarbonization while 

maintaining occupant comfort, system efficiency, and energy flexibility. 

The stakeholder analysis highlights several priorities for accelerating the deployment of 

electrified and flexible buildings: 

• Aligning incentives across stakeholder groups is essential to overcome barriers such as high 

upfront investment costs and the split incentive between building owners and tenants; 

• Wider adoption of interoperable digital solutions, supported by common communication 

standards and secure data exchange, will be critical for enabling effective coordination 

between buildings, utilities, aggregators, and technology providers; 

• Closer collaboration among policymakers, market actors, financial institutions, and service 

providers is required to facilitate the large-scale deployment of flexibility services and 

integrated energy solutions. 

The comparison of European regulatory approaches further demonstrates that there is no 

single pathway towards building electrification. Successful implementation depends on policy 

packages that combine stable regulatory frameworks, financial incentives, digitalization, and 

market-based flexibility mechanisms while reflecting national energy systems and market 

maturity. The experiences reviewed in this report also emphasize the growing importance of 

integrating buildings with electricity networks, renewable energy sources, and district heating 

systems to support a more resilient and decarbonized energy system. 

The findings of this deliverable provide an important foundation for the subsequent activities 

of the ENTRANCE project. Future work should focus on developing harmonized 

methodologies and decision-support tools capable of evaluating both the technical and 

socio-economic benefits of building electrification and energy flexibility. Particular attention 

should be given to the development of standardized performance indicators, approaches for 

assessing flexibility value, innovative market designs, and interoperable digital solutions that 

facilitate stakeholder participation while supporting future smart-grid-ready buildings. 

 

 



34 

 



35 

9. References 

 

[1] Perez-Bouzada C. Stakeholder Analysis. ENTRANCE; 2025. 

[2] Tomat V, Ramallo-González AP, Skarmeta-Gómez A, Georgopoulos G, Papadopoulos P. 

Insights into End Users’ Acceptance and Participation in Energy Flexibility Strategies. 

Buildings 2023;13:461. https://doi.org/10.3390/buildings13020461. 

[3] Rewarding flexibility: How retail contract choice can help unlock consumer flexibility - 

2025 Retail Monitoring Report n.d. 

[4] Annual Energy Efficiency Report 2025 n.d. 

https://www.efficienzaenergetica.enea.it/pubblicazioni/raee-rapporto-annuale-sull-

efficienza-energetica/rapporto-annuale-sull-efficienza-energetica-2025.html (accessed 

July 11, 2026). 

[5] Cavana G, Becchio C, Bottero M. Feasibility and evolution studies on renewable energy 

communities in cities. Renew Sustain Energy Rev 2025;213:115477. 

https://doi.org/10.1016/j.rser.2025.115477. 

[6] A Guide to Establishing Renewable Energy Communities with Social Impact. Fondazione 

Compagnia di San Paolo ; 2024. Available from: https://assifero.org/risorse/guida-alle-

comunita-energetiche-rinnovabili-a-impatto-sociale/. 

[7] D6.1_Evaluation-methods-and-Performance-Indicators-for-Energy-Renovation-1.pdf n.d. 

[8] Macek D, Vitásek S. Risk Analysis in Building Renovations: Strategies for Investors. 

Buildings 2024;14:2219. https://doi.org/10.3390/buildings14072219. 

[9] D’Oca S, Ferrante A, Ferrer C, Pernetti R, Gralka A, Sebastian R, et al. Technical, Financial, 

and Social Barriers and Challenges in Deep Building Renovation: Integration of Lessons 

Learned from the H2020 Cluster Projects. Buildings 2018;8:174. 

https://doi.org/10.3390/buildings8120174. 

[10] Stampatori D, Rossetto N. From Hesitation to Participation: Examining Behavioural Barriers 

to Engage Customers in Flexibility Markets. Curr Sustain Energy Rep 2024;11:127–35. 

https://doi.org/10.1007/s40518-024-00241-w. 

[11] Increasing Flexibility in the EU Energy System - Technologies and policies to enable the 

integration of renewable electricity sources n.d. 

[12] Roques F, Verhaeghe C, Bourcier F, Lorne A, Malleret S. Market design to support a timely 

development of flexibility in European power systems n.d. 

[13] Ghita C, Nyman A, Bartusch C. Conceptualising energy flexibility: a multi-actor 

perspective in the context of the Swedish energy system n.d. 

[14] Digitalisation and data exchange are key enablers for a modern and resilient energy 

system - European Commission n.d. https://energy.ec.europa.eu/news/digitalisation-



36 

and-data-exchange-are-key-enablers-modern-and-resilient-energy-system-2024-12-

02_en (accessed June 10, 2026). 

[15] Key actions for digitalising energy - European Commission n.d. 

https://energy.ec.europa.eu/topics/eus-energy-system/digitalisation-energy-

system/key-actions-digitalising-energy_en (accessed June 10, 2026). 

[16] Hwang S-A, Çetin S, Visscher H, Straub A. Advancing energy renovations through 

digitalisation: A critical review of EU policies and instruments. Energy Build 

2025;336:115627. https://doi.org/10.1016/j.enbuild.2025.115627. 

[17] AIOTI-Edge-driven-Digital-Twins-in-distributed-energy-systems-Final.pdf n.d. Available 

from: https://aioti.eu/wp-content/uploads/2024/01/AIOTI-Edge-driven-Digital-Twins-

in-distributed-energy-systems-Final.pdf.  

[18] ESCO contracts – Energy Service Companies (ESCOs) – Analysis. IEA n.d. 

https://www.iea.org/reports/energy-service-companies-escos-2/esco-contracts 

(accessed July 8, 2026). 

[19] Demystifying ESCOs and Energy Performance Contracts n.d. 

https://connect4impact.worldbank.org/topic/demystifying-escos-and-energy-

performance-contracts (accessed July 8, 2026). 

[20] Motherway B. Energy Efficiency 2025. Energy Effic 2025. Available from: 

https://www.iea.org/reports/energy-efficiency-2025. 

[21] Rico D. Report to Increase Bankability of Clean Industrial Deal and Green Transition. EBF 

2025. https://www.ebf.eu/ebf-media-centre/updates/report-to-increase-bankability-of-

clean-industrial-deal-and-green-transition/ (accessed July 8, 2026). 

[22] Green and sustainable finance n.d. 

https://www.europarl.europa.eu/RegData/etudes/BRIE/2021/679081/EPRS_BRI(2021)

679081_EN.pdf 

[23] Casalini L. Green loans and mortgages: harmonizing sustainability and real estate in the 

EU. Unif Law Rev 2025;30:250–62. https://doi.org/10.1093/ulr/unaf025. 

[24] Stakeholder Matrix and Pathways of Engagement – ENTRACK Project n.d. 

https://entrack-project.eu/stakeholder-engagement-report-matrix-pathways/ (accessed 

June 10, 2026). 

[25] Stakeholder Mapping Matrices → Area → Sustainability. Energy → Sustain Dir n.d. 

https://energy.sustainability-directory.com/area/stakeholder-mapping-matrices/ 

(accessed June 10, 2026). 

[26] Stakeholder Matrix and Pathways of Engagement | Energy Poverty Advisory Hub n.d. 

https://energy-poverty.ec.europa.eu/observatory/publications/stakeholder-matrix-and-

pathways-engagement (accessed June 10, 2026). 

[27] Brodny J, Tutak M, Grebski WW. Open Innovation in Energy: A Conceptual Model of 

Stakeholder Collaboration for Green Transition and Energy Security. Energies 

2025;18:5654. https://doi.org/10.3390/en18215654. 



37 

[28] D’Angiolella R. Stakeholder Matrix and Pathways of Engagement - New report by 

ENTRACK to guide clean energy policy making. IEECP 2024. 

https://ieecp.org/2024/11/05/stakeholder-matrix-and-pathways-of-engagement-new-

report-by-entrack-to-guide-clean-energy-policy-making/ (accessed June 10, 2026). 

[29] Sweden’s Energy System – An Overview. Energimyndigheten n.d. 

https://www.energimyndigheten.se/en/facts-and-figures/swedens-energy-system--an-

overview/ (accessed June 10, 2026). 

[30] Sweden’s electricity and natural gas market 2024 n.d. Available from: 

https://ei.se/download/18.6fe475b619b356781735d3/1766159092506/Swedens-

electricity-and-natural-gas-market-2024-Ei-R2025-19.pdf 

[31] Regeringens skrivelse 2023/24:59 Regeringens klimathandlingsplan - hela vägen till 

nettonoll n.d. Available from: https://www.regeringen.se/rattsliga-

dokument/skrivelse/2023/12/skr.-20232459. 

[32] ENTRANCE_D7.1_Mapping-and-analysis-of-incentives-for-energy-efficiency-on-situ-

RES-flexibility-and-grid-interaction.pdf n.d. 

[33] Jørgensen BN, Ma ZG. Digital Twin of the European Electricity Grid: A Review of 

Regulatory Barriers, Technological Challenges, and Economic Opportunities. Appl Sci 

2025;15:6475. https://doi.org/10.3390/app15126475. 

[34] ABC-Sweden: Advanced building control in Sweden: Resolving challenges and 

unlocking opportunities. Resurseffektivbebyggelse 2025. 

https://resurseffektivbebyggelse.se/en/project/abc-sweden-advanced-building-control-

in-sweden-resolving-challenges-and-unlocking-opportunities/ (accessed June 10, 2026). 

[35] Ghita C, Nyman A, Bartusch C. Conceptualising energy flexibility: a multi-actor 

perspective in the context of the Swedish energy system n.d. 

[36] THE ROLE OF DISTRICT HEATING IN THE CITIES OF THE FUTURE. n.d. Available 

from: https://belok.se/wp-content/uploads/2025/06/PM-fjarrvarmens-roll-i-

framtidens-stader_251119.pdf 

[37] PM_The role of district heating in the cities of the future_2025-05.pdf n.d. Available from: 

https://laganbygg.se/UserFiles/Fordjupningsomraden/PM_WS_om_Fjarrvarmens_roll_i

_framtidens_stader_2025-05.pdf 

[38] Microsoft Word - PM reporting discussion event Varberg  2026-01-21.docx n.d. 

Available from: 

https://laganbygg.se/UserFiles/Fordjupningsomraden/Diskussionsvent_Utveckling_av_

energisystem_2026-01-21.pdf 

[39] Cavana G, Becchio C, Bottero M. Feasibility and evolution studies on renewable 

energy communities in cities. Renew Sustain Energy Rev 2025;213:115477. 

https://doi.org/10.1016/j.rser.2025.115477. 



38 

[40] Guide to Social-Impact Renewable Energy Communities _2024 n.d. Available from: 

https://www.compagniadisanpaolo.it/wp-content/uploads/Guida-CER-Impatto-

Sociale_ver.4_03.2024.pdf. 

[41] UVAM Project: Mixed Virtual Units - Terna spa - Terna spa n.d. 

https://www.terna.it/it/sistema-elettrico/progetti-pilota-delibera-arera-300-2017-

reel/progetto-pilota-uva-ex-progetto-pilota-uvam (accessed July 2, 2026). 

[42] Jensen SØ, Marszal-Pomianowska A, Lollini R, Pasut W, Knotzer A, Engelmann P, et al. 

IEA EBC Annex 67 Energy Flexible Buildings. Energy Build 2017;155:25–34. 

https://doi.org/10.1016/j.enbuild.2017.08.044. 

 

 



39 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Our partners: 

 

 

 

 

 

 

 

 

 

 

 

 

 


	1. Table of Contents
	2. Executive Summary
	3. Introduction
	3.1 Decarbonization of the Building Sector
	3.2 Flexibility Challenges
	3.3 Purpose and Scope of the Deliverable
	3.4 Key Definitions

	4. Stakeholders’ Roles, Drivers, and Barriers
	4.1. End Users
	4.2. Building Owners and Developers
	4.3. Utilities and Grid Operators
	4.4. Policymakers and Regulatory Bodies
	4.5. Technology Providers and Manufacturers
	4.6. Energy Service Companies
	4.7. Financial Institutions
	4.8. Stakeholders’ Matrix

	5. Strategies for building decarbonization and flexibility in some EU Countries
	5.1. Italy
	5.2. Denmark
	5.3. Norway
	5.4. Sweden
	5.5. Poland
	5.6. Estonia
	5.7. Cross-Country Comparison

	6. Intersections, scenarios and best practices
	6.1. Energy Flexibility with Indoor Environmental Quality
	6.2. Role of Digitalization
	6.3. System Integration
	6.4. Best Practices

	7. Lessons Learned
	7.1. Key Insights from Stakeholder Analysis
	7.2. European Regulatory Models

	8. Conclusion
	9. References

