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EXECUTIVE SUMMARY 

Across the European Union, the increasing ambition of the Energy Efficiency Directive 

(EED, (EU) 2023/1791) (European Union, 2023) underscores the growing importance 

of adopting measures capable of delivering high energy savings. Residential buildings, 

accounting for a substantial share of final energy consumption, can play a pivotal role 

as Member States seek solutions that are both impactful and financially sustainable 

towards achieving national and European efficiency targets. 

Within this context, the ENSMOV Plus project supports Member States through 

knowledge exchanges and by providing practical tools and resources to strengthen 

the implementation of Article 8 EED. The present deliverable contributes to this 

objective by presenting two distinct case studies for two MS, Greece and Croatia, 

focusing on the residential sector and aiming to support strategic policy design and 

implementation. Both case studies draw on advanced bottom-up modelling to evaluate 

energy performance and potential renovation strategies under different policy and 

technological configurations.  

Greece and Croatia were selected for in-depth analysis following a structured review 

of residential sector polices across Member States and a participatory consultation 

with national experts of the ENSMOV Plus consortium. These countries expressed 

strong interest in modelling support and provided the required data for the 

implementation of the analysis.  

Using the Dynamic high-Resolution dEmand-sidE Management (DREEM) model, the 

analysis quantifies baseline energy demand, simulates the impact of individual and 

combined renovation measures and evaluates achievable energy savings.  

The two countries’ case studies address different national needs: 

• In Greece, the analysis models a detailed long-term renovation pathway to 

2050 for the residential sector, consistent with the National Energy and Climate 

Plan (NECP). By analysing the specific type and volume of interventions 

required across the four Greek climate zones and four distinct construction 

periods, the results provide a detailed representation of how targeted measures 

can achieve the sector’s overarching decarbonization targets. 

The analysis shows that, under the assumed transition scenario, final energy 

consumption in the Greek residential sector declines by almost 40% by 2050 and 

annual energy savings grow steadily, surpassing 1,800 ktoe by 2050.  
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Envelope interventions, i.e., insulation of walls and window replacement, emerge as 

the backbone of the transition, accounting for around 27% of the projected energy 

savings by 2050. Close to 1.9 million envelope renovations are implemented by 2050, 

signaling a profound modernisation of the housing stock, particularly of pre-1981 

dwellings.  

Heating system replacement is also a critical pillar in the transition, especially in 

climate zones B and C and in post-1981 dwellings. A growing share of interventions is 

allocated to heat pumps, with their penetration in final heating energy consumption 

increasing from 8% in 2022 to 35% in 2050. This shift delivers substantial additional 

energy savings and underpins the electrification of heating envisaged in the NECP. 

Integrated renovations that combine envelope upgrades with heating system 

replacement remain relatively limited in number compared to stand-alone envelope or 

system measures. However, at the dwelling level, they yield the highest energy 

savings, reflecting their deep-renovation character.  

Based on the above results, policy implications include the need for continued support 

of policy instruments for building envelope upgrades, particularly in pre-1981 

dwellings and cold or densely populated zones. Maintaining robust subsidy levels for 

insulation and window replacement, and simplifying administrative procedures, can be 

critical for delivering the required scale of savings and comfort improvements. 

Furthermore, the key role of heating system modernisation calls for a targeted set of 

measures to support electrification. These may include enhanced subsidy rates for 

heat pumps, tailored financing products, technical assistance for system design and 

installation and clear communication of operating cost benefits.  

The spatial and construction period differentiation in interventions suggests a need for 

more tailored approaches, rather than a “one-size-fits-all” one, in order to improve 

effectiveness and equity. 

 

• In Croatia, the analysis focuses on investigating the national Energy Renovation 

Programme for Family Houses, a subsidy scheme targeting single-family 

houses. Three alternative subsidy allocation scenarios - Baseline, Electrification-

focus and Integral & electrification focus - are assessed under a fixed budget 

constraint, offering insights on how different focuses can affect delivered 

energy savings. 

The results indicate that integrated renovation packages combining envelope and 

technical system measures deliver the most substantial efficiency gains, frequently 

surpassing 80% energy savings compared to pre-renovation conditions. Furthermore, 



 

5 
A Bottom-Up Modelling Analysis of Renovation Strategies in the Residential Sectors of 
Greece and Croatia 

continental typologies assessed, consistently deliver higher absolute savings due to 

greater baseline heating needs. 

The scenario analysis demonstrated that the measures implemented under the subsidy 

scheme can influence the magnitude and the composition of achievable energy 

savings.  The analysis reveals that in the Baseline scenario, where the majority of 

implemented measures concern the building envelope, approximately 294.16 GWh of 

annual energy savings can be reached. The Electrification focus scenario, where 

additional emphasis on electrification through higher penetration of heat pumps is 

taking place, demonstrated an increase of approximately 5.9% of savings, reaching 

approximately 311.46 GWh. Finally, the Integral & electrification focus scenario, where 

the focus on electrification remains and additional emphasis on the implementation of 

integral solutions as well as envelope measures that combine more than one of its 

elements is assumed, resulted in an increase of approximately 4% compared to the 

Baseline scenario, achieving approximately 305.88 GWh of energy savings.  

The typology-specific analysis reveals dominance of energy savings in continental 

Croatia typologies (90% of total savings) and pre-1969 buildings (approximately 45-

46% of total savings).  

Based on the above results, establishing enhanced subsidy rates for heat pump 

installations, combined with targeted outreach emphasising heating cost savings and 

comfort improvements, while maintaining strong subsidy rates for envelope measures 

to ensure continued uptake, may influence overall gains. 

Considering the differentiation observed among building typologies, tailored strategies 

could enhance delivered savings.  

Considering qualitative and non-energy benefits could further support comprehensive 

packages, even if energy savings optimisation favoured focused interventions. 

By bringing together engineering-based modelling, scenario analysis and policy-

relevant interpretation, this deliverable offers evidence and support to Member States 

in meeting rising EED obligations, improving the effectiveness of national renovation 

schemes and designing interventions capable of delivering sustained, verifiable energy 

savings. 
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1 Introduction 

1.1 Background and Context  

The transition to a sustainable and climate-neutral economy is a central priority for 

the European Union (EU), driven by the need to reduce greenhouse gas (GHG) 

emissions, enhance energy security and alleviate energy poverty. Buildings account 

for approximately 40% of energy consumption and 36% of CO₂ emissions in the EU, 

with residential buildings in particular accounting for approximately 26%1 of final 

energy consumption (European Commission, 2020). Improving the energy 

performance of existing buildings, therefore, represents one of the most effective 

pathways to reduce energy demand, accelerate decarbonisation and improve indoor 

comfort and health outcomes (Streicher et al., 2020). Thus, the sector can act as a 

cornerstone of the European Green Deal and the Energy Efficiency Directive (EED) 

recast (European Commission, 2020). 

Despite its importance, the renovation of Europe’s residential stock remains limited 

and is affected by multiple challenges, including financial constraints, diverse building 

typologies and varying climatic conditions that influence renovation needs and 

strategies for decarbonisation, and differences in national policy frameworks, while 

energy savings potential and economic viability vary between Member States (MS) 

(Jegiazarnaja & Suba, 2025; Tzani et al., 2023). Overall, Europe’s renovation challenge 

is characterised by high heterogeneity across MS (Climate Action Network Europe, 

2021).  

1.2 Objectives and scope of the deliverable 

Aiming to support policy design and implementation and drive the achievement of the 

energy efficiency targets in the residential sector, this deliverable presents two distinct 

case studies for two MS, Greece and Croatia, each characterised by distinct climatic 

conditions, building stock compositions and policy ambitions. The present study 

provides an evidence-based bottom-up assessment of energy efficiency intervention 

strategies by employing the Dynamic high-Resolution dEmand-sidE Management 

(DREEM) model. DREEM is an advanced bottom-up simulation model that can evaluate 

the building energy demand, investigate renovation strategies, and assess end-use 

technology transitions with high granularity (Stavrakas & Flamos, 2020).  

 
1 https://ec.europa.eu/eurostat/statistics-

explained/index.php?title=Energy_consumption_in_households  

https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Energy_consumption_in_households
https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Energy_consumption_in_households
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For the Greek case study, the report provides a detailed bottom-up analysis of the 

buildings that could be upgraded, taking into account the climate zone and 

construction period characteristics of the building stock, and the combinations of the 

energy efficiency measures required to meet national residential-sector targets. For 

the Croatian case study, a subsidy scheme targeting single-family houses is examined, 

aiming to identify the pathways that can deliver maximum energy savings.  

Overall, the report aims to:   

• Quantify energy savings associated with single measures and combined 

renovation packages across representative building typologies in both 

countries, recognising their different climatic zones, construction periods and 

baseline energy performance levels.  

• Simulate renovation strategies using the DREEM model, incorporating national 

climate objectives, renovation targets, fuel switching trends and heat pump 

penetration rates.  

• Analyse scenario outcomes to determine how different policy and technological 

priorities, such as electrification, integrated renovation and envelope-first 

strategies, influence total energy savings.  

• Provide policy-relevant insights tailored to the specific case studies, supporting 

the design of efficient and fair policies.  

1.3 Structure of the deliverable  

The remaining part of this deliverable is structured as follows: 

Section 2 

Outlines the methodological approach used to select the case studies, 

including a policy mapping across MS and consultations with the 

national experts that led to the final choice of the Greek and Croatian 

case studies. 

Section 3 
Introduces the DREEM model, which is used across both case studies, 

presenting its structure, main components and modelling capabilities. 

Section 4 

Presents the two case studies developed within the ENSMOV Plus 

project, for Greece and Croatia, detailing their national policy context, 

methodological setup, scenario design and case study specification. 

It also provides the results of the applications within the case studies 

as well as conclusions and relevant policy implications. 

Section 5 
Summarises overall conclusions and broader implications for 

supporting effective renovation strategies across the EU. 



 

15 
A Bottom-Up Modelling Analysis of Renovation Strategies in the Residential Sectors of 
Greece and Croatia 

2 Case studies selection 

This section presents the methodological approach and sequential steps employed to 

select and define the case studies that are further explored in the present report. 

To ensure the relevance of the applications to the ENSMOV Plus stakeholders, we 

adopted a multi-method participatory approach (Figure 1). This approach aimed at 

reviewing the policy measures targeting the residential sector across MS and 

subsequently consulting with national experts from the project consortium to explore 

which types of applications would most align with their interests, while also providing 

practical and actionable insights that could support their decision-making processes. 

 

Figure 1: Methodological steps employed to structure the Case Studies 

2.1 Step 1: Identifying policy measures targeting 

the residential sector across Member States  

To initiate the analysis, a comprehensive review of the MURE2 (Mesures d'Utilisation 

Rationnelle de l'Energie) database, a key resource developed under the ODYSSEE-

MURE project3, was conducted. MURE is a well-established source of national energy 

efficiency policies in the EU. It serves as a robust tool for comparative policy 

assessment, offering insights into both cross-cutting and sector-specific measures, 

including those aimed at buildings, transport and industry. For this task, we focused 

exclusively on the residential sector, filtering for national-level polices designed to 

improve the energy performance of households. 

The database allows users to explore policies by country, sector, targeted end-use 

(e.g., heating, hot water), duration, EU alignment (e.g., whether they contribute to 

 
2 https://www.measures.odyssee-mure.eu/energy-efficiency-policies-database.html#/  
3 https://www.odyssee-mure.eu/project.html  

https://www.measures.odyssee-mure.eu/energy-efficiency-policies-database.html#/
https://www.odyssee-mure.eu/project.html
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NECPs, EED, or Article 8 obligations) and target audience (e.g., low-income 

households, landlords). By systematically extracting this information, we built a 

structured Excel inventory covering the complete set of relevant policies implemented 

across the project’s participating countries (e.g., Austria, Croatia, France, Greece, 

Hungary, Italy, Lithuania, Poland, Romania, Slovenia). 

A particular focus was given to measures that are declared for the 2021–2030 period, 

as these align with the EU’s current policy cycle and funding programmes. From an 

initial pool of 158 measures, 39 were selected for closer examination based on their 

explicit connection to Article 8 (formerly Article 7) of the EED, which mandates energy 

savings obligations for MS. Among these 39 measures, 13 are declared under the 

2021–2030 period, these were further isolated and considered as potential candidates 

for the in-depth case studies conducted later in this report. This filtering ensured that 

only relevant, impactful and currently operational policies were prioritised for analysis. 

The progressive refinement of the policy measures extracted from the MURE database 

is illustrated in Figure 2. 

 

Figure 2: Filtering process of energy efficiency policy measures relevant to the residential sector and aligned with 
Article 8 of the EED. 

2.2  Step 2: Getting feedback from National Experts 

The primary activity of this participatory part was a workshop conducted in Budapest 

in March 2023, within the framework of the ENSMOV plus project meeting. The 

workshop aimed at collecting valuable feedback from the national experts who 

participated and was the starting point of the case studies co-creation.  

Prior to the workshop, a national template that aimed at collecting input on the 

national context was developed and shared with the project partners. This template 

served as the foundation for gathering comprehensive insights and data on the 

National Energy and Climate Plan (NECP) targets, the alternative measures employed 

to fulfil Article 8 obligations, particularly targeting the residential sector and any 

available data relevant to the types of measures implemented. The same questions 

were asked for Energy Efficiency Obligation Schemes (EEOS) that potentially target 
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the residential sector. Furthermore, the availability of information on the 

administrative costs of the measures was investigated, as well as energy efficiency 

measures costs. The questions that were included in the template are available in 

Annex I. 

The list of measures that were identified through the MURE database in the previous 

step was also shared with the project partners to facilitate their work on filling in the 

national template.  

The dedicated workshop (Figure 3) that followed served as a structured forum for 

discussion, allowing experts to share the status of the energy efficiency policy 

measures targeting the residential sector, experiences with the various schemes, 

availability of data and aspirations and objectives regarding the potential use of 

modelling applications. This participatory step was essential for grounding the project 

in practical needs, enhancing the relevance of future modelling activities, and fostering 

a shared understanding. 

 

Figure 3: Budapest Workshop 

During the workshop, experts had the opportunity to elaborate on some of their 

responses in the national templates, clarify ambiguities, and provide context. In 

addition, experts were presented with five indicative applications and modelling 

activities that could be undertaken in the context of the project and were asked to 

prioritize them based on their needs and interests. The objective of this exercise was 

twofold: first, to familiarise the experts with a range of potential modelling applications 

in order to broaden their understanding of the possibilities offered by the modelling 

team and to stimulate innovative thinking on the types of assessments that could be 

carried out; and second to elicit the experts’ preferences and identify which 

applications were considered most interesting or relevant, thereby guiding the 

modelling team’s subsequent work.  
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The indicative applications (Figure 4) were not intended to be exhaustive but rather 

to illustrate a diverse set of options and possibilities that would spark discussion, 

generate ideas and encourage experts to articulate their aspirations for a modelling 

application.  

 

Figure 4: Indicative applications shared with the national experts of the ENSMOV Plus consortium 

This direct engagement strengthened the collaborative dynamic between experts and 

the modelling team, while also generating new ideas and serving as the starting point 

for the Croatian application described in more detail below.  
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2.3 Step 3: Selecting and structuring the case 

studies  

Building on the policy mapping and expert consultations described in the previous 

steps, the third phase involved narrowing down and structuring the specific case 

studies that would be further analysed in the ENSMOV Plus project. This selection was 

informed by both the outcome of the workshop and the completed national templates, 

which provided context about the implementation status, policy relevance and data 

availability for energy efficiency measures across Member States. 

Two countries, namely Greece and Croatia (Figure 5) expressed strong interest in 

collaborating with the modelling team to develop the case studies. The process was 

highly cooperative, involving structured discussions during bilateral meetings and 

frequent email exchanges to clarify objectives, assess data availability and refine the 

focus of each national application. 

 

Figure 5: Map illustrating the countries participating in the project applications 

In Greece, the case study aims at exploring renovation strategies aligned with the 

newly drafted NECP targets for different climate zones and construction periods.  
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In Croatia, the case study focused on the national incentive scheme for the energy 

renovation of single-family houses, realised under the Environmental Protection and 

Energy Efficiency Fund (EPEEF) 4, aiming to identify the renovation strategies that 

maximise energy savings under various financial and technical constraints. 

This stage was critical for tailoring the modelling exercises to real-world policy context, 

administrative processes and data conditions. The Greek case study benefited from 

continuous input from the national partners with insights, documents and datasets. 

Similarly, in the Croatian case study, sustained communication with national experts 

was particularly beneficial. Material exchanges enabled a deep understanding of the 

implementation of the incentive scheme in practice and the eligibility linked to energy 

classes and renovation packages and the structural conditions of the building stock. 

As a result, each case study was structured around research questions and policy goals 

that were directly informed by national priorities. The specific configurations and 

results are presented in the following sections. 

 
4 https://www.fzoeu.hr/en/  

https://www.fzoeu.hr/en/
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3 The DREEM model 

The DREEM model is a fully integrated energy demand and demand-side management 

simulation model, focusing on the building sector (Stavrakas & Flamos, 2020). As the 

model is used across both the Greek and the Croatian case studies presented in 

Section 4, this paragraph aims to provide a short introduction to the model’s main 

components.  

The main objective of the model is to simulate energy demand and provide valuable 

input for the benefits and limitations of energy management actions, including the 

implementation of energy efficiency measures, that can be used by end users 

(consumers/citizens), as well as for other stakeholders in the energy system, like policy 

makers, suppliers, network operators, etc. 

DREEM has a modular design with multiple components, each of which is composed 

of additional modules, allowing for flexibility in the possible system configuration as 

well as computational efficiency. It thus enables quick simulations of a wide range of 

scenarios. A graphical representation of the architecture of the model is presented in 

Figure 6, while Table 1 provides a summary of the basic components (C) of the 

model that are commonly used across the two case studies presented in the following 

sections of the report.  

 

Figure 6: Graphical representation of the architecture of the DREEM model (Source: (Stavrakas & Flamos, 2020)) 
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Table 1: Hierarchical structure of the DREEM model: Short description of the main components and modules. 
(Source: (Papantonis et al., 2025; Stavrakas & Flamos, 2020)) 

Component Modules Short description Developed 

C1 Weather-

Climate data 

 This single-module component is responsible 

for generating climatic boundary conditions. 

It reads weather data from the respective files 

and then provides them to the other 

components, where and when necessary. 

Modelica 

C2 Building 

envelope 

 This single-module component models 

different building typologies with the 

corresponding characteristics, properties, and 

heat conduction elements. 

Modelica 

C3 Energy 

demand 

C3M1: Occupancy This module defines and sets the parameters 

for the behaviour and the activities of the 

occupants by generating and storing default 

patterns. 

Modelica 

 C3M2: Appliances This module is responsible for generating 

energy demand profiles from appliances, 

using 

statistics describing their mean total daily 

energy demand and associated power use 

characteristics, including steady-state 

consumption, or typical use cycles, based on 

occupancy patterns. 

 C3M3: Heating, 

ventilation, and air 

conditioning 

This module is responsible for heating, 

ventilation, and air conditioning inside the 

building. 

C4 Thermal 

comfort 

 This single-module component is responsible 

for determining, based on international 

standards, appropriate conditions and 

temperature ranges that result in occupants’ 

thermal satisfaction. 

Modelica 

Python 

DREEM has been developed using the "Modelica" programming language, and 

specifically its open source, freely accessible library, "Buildings5” used for building 

energy and control systems (Wetter, 2011). In addition, code has been developed in 

"Python" programming language for the modelling needs of the different modules of 

the tool and their interface with the "Dymola" dynamic simulation environment. 

 
5 https://simulationresearch.lbl.gov/modelica/  

https://simulationresearch.lbl.gov/modelica/
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4     Case studies  

4.1  The Greek Case Study 

4.1.1 Introduction to the Greek case study  

The Greek building sector plays a central role in the national energy landscape, 

accounting for 40% of the total final energy consumption (Karakosta & Papapostolou, 

2023). Within the sector, residential buildings alone are responsible for approximately 

25% of energy use (Gaglia et al., 2019; Papantonis et al., 2025). A significant 

contributor to this high consumption is the age and inefficiency of the housing stock, 

as more than half of all currently standing dwellings were constructed before 1981 

and consequently before the introduction of minimum thermal insulation standards 

(Papantonis et al., 2025). The inadequacies in energy performance have created a 

strong reliance on fossil fuels, elevated household energy expenditures and persistent 

levels of energy poverty. Despite ongoing efforts to incentivise energy renovations, 

the pace and depth of interventions have so far proven insufficient to significantly 

improve the energy performance of the building stock (Ntouros et al., 2023; 

Panagiotopoulos & Roukanas, 2024; Sarafidis et al., 2025). At the same time, there is 

an imperative need to align with the EU’s broader climate and energy efficiency goals. 

Recognising these challenges, the revised Greek NECP, approved in December 2024, 

sets out a more ambitious trajectory for decarbonising the residential sector. It calls 

for an overall 16% reduction in primary energy consumption in residential buildings 

by 2030, rising to 20-22% by 2035, alongside a significant scale-up in deep 

renovations.  

The targets, although defined at the national level, do not differentiate between 

regions, climate zones and construction periods of buildings, factors that are crucial in 

shaping renovation needs and energy savings potential. Introducing a more detailed 

analysis of the buildings that should be upgraded and of the combination of measures 

that could be employed to achieve the national targets, taking into account building 

characteristics such as the construction period, climate zone and heating system used, 

can benefit the plan’s effectiveness by supporting more tailored policy interventions,  

improving resource allocation and strengthening monitoring and evaluation processes.  

Within this context, the Greek case study presented below seeks to investigate the 

practical pathway through which the overarching targets for the residential sector can 

be reached. It does so by analysing the type and numbers of interventions that should 

be implemented across the four Greek climate zones and in the segments of the 

building stock constructed within four distinct construction periods. 
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By modelling different combinations of renovation measures, such as envelope 

upgrades, heating system replacements and fuel switching across various 

representative building typologies and climate zones, the study provides detailed, 

scenario-based projections of final energy consumption and energy savings in the 

Greek residential sector up to 2050. It thus offers actionable insights to support the 

design and effective targeting of future policy instruments. 

4.1.2 Framing the Application  

This section presents the methodological approach that was employed to achieve the 

objectives of this case study. 

In the core of the application lies the DREEM model that was used to perform a 

bottom-up analysis of the residential sector and identify the appropriate renovation 

measures that will contribute to the energy efficiency goals.  

To address the modelling needs of the present application, an expanded model’s 

architecture, building on the one presented in Section 3, has been utilised. This 

updated modelling structure is presented in Figure 7, while Table 2 presents the two 

new components employed. 

 

Figure 7: Expanded architecture of the DREEM model (Source: (Papantonis, Stavrakas, Tzani, et al., 2025) 

 

Table 2: Hierarchical structure of the DREEM model: Short description of the two additional components used for 
the Greek case study (Source: (Papantonis et al., 2025)) 

Component Modules Short description Developed 

C8: Multilevel 

upscaling 

 This new single-module component is 

responsible for applying an upscaling 

approach to compute cumulative energy 

consumption patterns in the building sector, 

at the scale of interest, using parameters and 
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statistics obtained from survey and/ or census 

data. It receives inputs from the “C2: Building 

envelope” and the “C3: Energy demand” 

components. 

C9: Transition 

matrix 

C9M1: Scenario 

space 

This module is responsible for designing the 

scenario space (in terms of the transition 

pathways and the respective exogenous vari- 

ables) inside of which the transition matrix is 

initiated and updated, based on relevant pol- 

icy documents’ specifications and practical 

experts’ feedback. 

Pyhton 

 C9M2: Matrix 

iteration 

This module is responsible for initializing the 

transition matrix and updating it at each time 

interval (i.e., iteration), following the sce- 

nario space’s specifications (i.e., targets and 

constraints) derived from the “C9M1: Sce- 

nario space” module 

Pyhton  

The overall methodological approach consists of the four main steps: i. the scenario 

design, ii. the definition of the building typologies that will be explored, as well as the 

investigation of the Greek household’s composition, iii. the simulation of the baseline 

energy performance of the different buildings and baseline energy consumption of the 

residential sector for 2022 and iv. the development of the transition matrix for the 

period 2022-2050 that aims to provide insights into the necessary actions required to 

achieve the 2050 national targets. These steps are visualised in Figure 8. 
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Figure 8: The overarching methodological approach followed in this case study 
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Step 1: Scenario design  

For the purposes of this case study, our starting point was the national energy and 

climate goals for the residential sector. More specifically, we derived input from various 

sources, including national strategic documents (e.g., Greek NECP, National Long-

Term Renovation Strategy (LTRS)) as well as exchanges and consultations with 

representatives from the Greek Ministry of Environment and Energy, on the residential 

building energy end climate objectives that need to be accomplished in parallel. These 

include energy consumption targets, fuel changes, heat pumps penetration rates and 

building envelope upgrades.  

In order for all these requirements and targets to be satisfied and streamlined, we 

defined a specific transition scenario where intermediate “milestone years” (i.e., 2025, 

2030, 2035, 2040, 2045, 2050), along with their respective targets, were defined. 

Step 2: Defining the building typologies and household composition  

Following, we defined the building typologies to be analysed, based on the key 

features that influence energy performance, namely climate zone, construction period, 

and building type. Each typology represents typical characteristics of the 

corresponding period, climate zone and structural form, with regard to geometry, 

construction elements and thermal systems. Therefore, the typologies defined provide 

a holistic representation of the Greek residential building stock, taking into account 

the particularities and heterogeneity of the sector.  

Furthermore, since the number of members per household can determine the total 

energy demand, households’ composition in combination with the various building 

typologies was configured using historical data and statistics. 

Step 3: Baseline energy consumption and multilevel upscaling 

Using the DREEM model, the baseline residential sector energy consumption is 

estimated, taking into account the building typologies defined in Step 2. This energy 

consumption is used as the baseline for simulating the following years up until 2050, 

ensuring that the consumption and penetration of the different heating systems as 

well as the envelope renovation measures, follow the energy transition trends and the 

respective revised national targets.  

Step 4: Transition matrix  

In this final step, the transition matrix for the 2022-2050 period is developed, taking 

input from the transition scenario (Step 1) as well as the baseline year energy 

consumption (Step 3). The final transition table reflects the necessary types and 

combinations of interventions, including envelope renovation measures, heating 

system replacements and a combination of the two, that must be applied at the 

national level as well as in each building typology, to achieve the 2050 energy targets 

of the Greek residential sector.  
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In order to define the energy efficiency measures used, the buildings’ condition, 

technical characteristics and as well as national priorities were taken into account, 

along with insights from relevant scientific literature. The corresponding energy 

savings that can be derived from their implementation in each building typology were 

estimated with the DREEM model.  

4.1.3  Case study specification 

4.1.3.1 The Residential sector in the Greek NECP  

Residential buildings constitute a major share of the national final energy consumption 

and are disproportionately represented among the worst-performing structures, as 

over 60% of homes fall within energy classes E to G, and more than half were built 

before 1980, often lacking basic thermal insulation (SocialWatt, 2023).  

In this context, the Greek NECP sets a strategic foundation for decarbonising the 

national residential building stock, recognising its dual importance in reducing national 

greenhouse gas emissions and addressing social equity through energy poverty 

alleviation. It lays out a multidimensional policy mix that includes energy-efficient 

renovations, electrification of heating systems, and the promotion of renewable energy 

sources (RES).  

Greece sets binding targets for renovations and energy use reduction. By 2030, the 

average primary energy consumption in residential buildings is to be reduced by 16%, 

with a corresponding goal to renovate 16% of the worst-performing buildings, rising 

to 26% by 2033. To reach these goals, an annual renovation rate of 68,000 dwellings 

is projected between 2025 and 2030, reflecting a significant scaling-up of past 

performance. More specifically, 64,000 renovations per year are expected for the 

2031-2040 period and a substantial increase to 84,000 renovations per year for the 

2041-2050 period. In total, more than 1.88 million envelope renovations are foreseen 

by 2050, supporting improvements in energy performance, reduction of energy 

poverty and a transition towards cleaner heating technologies. At the same time, the 

plan anticipates a gradual phase-out of oil and gas boilers and a strong increase in 

heat pump adoption. 

A particularly important cross-cutting target is the 52.6% RES share in heating and 

cooling by 2030, expected to be achieved mainly through the deployment of solar 

thermal systems. Notably, biomass use will remain limited to avoid local air quality 

deterioration. 

4.1.3.2 Scenario design and renovation pathway to 2050 

The scenario design for the Greek case study structures a long-term transition 

pathway from the 2022 baseline year to the 2050 target year, with intermediate 

milestones in 2025, 2030, 2035, 2040 and 2045. Building on the revised NECP, the 
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national LTRS, and consultation with representatives from the Greek Ministry of 

Environment and Energy, the transition scenario translates high-level policy targets 

into a set of quantitative guidelines on final energy consumption, evolution of heating 

technologies and annual renovation activity in the residential sector. 

Table 3 presents the adjusted final energy consumption for each milestone and target 

year, reflecting the gradual reduction in fossil fuel use and the increasing electrification 

of heating. Oil consumption declines sharply from 1,874 ktoe in 2022 to zero by 2045, 

while natural gas falls from 457 ktoe in 2022 to 69 ktoe by 2050. Electricity use rises 

over the same period, aligning with the expanding deployment of heat pumps. 

Bioenergy-based fuels increase progressively as indicated in the NECP-defined heating 

mix. 

Table 3: Adjusted energy consumption targets for the reference year, milestone years, and target year, 
according to the bottom-up methodology followed. 

Consumption 

per fuel type 

(ktoe) 

2022 2025 2030 2035 2040 2045 2050 

Oil 1,874 1,200 422 296 98 0 0 

Natural Gas 457 535 489 288 132 85 69 

Bioenergy/ 

Biomethane/ 

Biodiesel 

673 849 1,040 1,092 1,193 1,160 1,150 

Electricity 1,603 1,803 1,871 1,888 1,964 2,002 1,978 

In parallel, the transition scenario incorporates explicit assumptions on the scale and 

timing of building envelope renovations. As shown in Figure 9, the annual number of 

renovations increases from 45,000 per year in the 2022-2024 period, to 68,000 per 

year between 2025 and 2030, minimally decreases to 64,000 per year in 2031-2040 

and then ramps up to 83,000 per year in 2041-2050. Priority is systematically given 

to dwellings constructed before 1981, which concentrate the largest energy saving 

potential due to poor baseline performance. These renovation volumes are a key driver 

of cumulative energy savings, as they reduce heating and cooling demand and create 

favourable conditions for the efficient operation of heat pumps. 
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Figure 9: Number of annual housing renovations during the energy transition in the residential sector of Greece. 
Source: (Ministry of Environment and Energy, 2024) 

A central pillar in the scenario design is also the progressive shift towards electrified 

heating. In 2022, heat pumps accounted for around 8% of final energy consumption 

for space heating, with this share expected to rise to 15% by 2025, 24% by 2030 and 

continuously increase above 30% after 2035. By the 2040-2050 period, heat pumps 

account for more than one-third of total heating energy use, reflecting both the phase-

out of oil and gas boilers and the increasing penetration of efficient electric systems.  

The combined set of targets on final energy consumption levels, heat pump 

penetration rates and annual renovation volumes defines the transition scenario 

summarised in Table 4. These targets are integrated into the modelling exercise, 

ensuring that the simulated technology mix as well as envelope renovations align with 

the NECP expectations and support substantial energy savings. 

Table 4: Final transition scenario for simulation for the study of the energy transition in the residential sector of 
Greece until 2050. 

Milestone 

years 
Description  

2025 

Oil: 1,200 ktoe. 

Natural Gas: 535 ktoe. 

Bioenergy/ Biomethane/ Biodiesel: 849 ktoe. 

Electricity: 1,803 ktoe. 

Heat pumps penetration: 15% of the final heating energy consumption. 

2030 Oil: 422 ktoe. 
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Natural Gas: 489 ktoe. 

Bioenergy/ Biomethane/ Biodiesel: 1,040 ktoe. 

Electricity: 1,871 ktoe. 

Heat pumps penetration: 24% of the final heating energy consumption. 

2035 

Oil: 296 ktoe. 

Natural Gas: 288 ktoe. 

Bioenergy/ Biomethane/ Biodiesel: 1,092 ktoe. 

Electricity: 1,888 ktoe. 

Heat pumps penetration: 31% of the final heating energy consumption. 

2040 

Oil: 98 ktoe. 

Natural Gas: 132 ktoe. 

Bioenergy/ Biomethane/ Biodiesel: 1,193 ktoe. 

Electricity: 1,964 ktoe. 

Heat pumps penetration: 38% of the final heating energy consumption. 

2045 

Oil: 0 ktoe. 

Natural Gas: 85 ktoe. 

Bioenergy/ Biomethane/ Biodiesel: 1,160 ktoe. 

Electricity: 2,002 ktoe. 

Heat pumps penetration: 38% of the final heating energy consumption. 

2050 

Oil: 0 ktoe. 

Natural Gas: 69 ktoe. 

Bioenergy/ Biomethane/ Biodiesel: 1,150 ktoe. 

Electricity: 1,978 ktoe. 

Heat pumps penetration: 35% of the final heating energy consumption. 

4.1.3.3 The Greek Residential building stock 

The Greek building stock is composed predominantly of residential dwellings, which 

constitute approximately 77% of the total buildings nationwide, with the remainder 

comprised of tertiary sector structures such as offices, schools, and hospitals (ELSTAT, 

2025). The geographic and climatic diversity of Greece directly influences the country’s 

energy needs and renovation priorities. The national Regulation for Energy 

Performance of Buildings (Κ.Εν.Α.Κ.), sets requirements on Energy Certification and 

divides the country into four climate zones (A–D) depending on prevailing climate 

conditions (Figure 10). This zonal categorisation underpins the differentiated heating 

and cooling requirements that shape energy consumption patterns in Greek homes.  

These climate zones are defined as follows: 

• Climate Zone A: Includes the Regions of Crete, the South Aegean, and parts 

of the Peloponnese and the Ionian Islands. 
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• Climate Zone B: Includes the Regions of Attica, Central and Western Greece, 

and the North Aegean, as well as parts of the Peloponnese, Thessaly, and the 

Ionian Islands. 

• Climate Zone C: Includes parts of Thessaly, Central Macedonia, and Eastern 

Macedonia and Thrace. 

• Climate Zone D: Includes parts of Western Macedonia and Eastern Macedonia 

and Thrace. 

In zones A and B, winters are generally milder and summers are hotter, while in zones 

C and D, winters are cooler and summers may vary between warm and hot 

(Vartholomaios, 2019).  

 

Figure 10: Climate zones in Greece as defined in the national Regulation for Energy Performance of Buildings 
(K.EN.A.K)  

To capture the diversity of the Greek residential building stock and enable robust 

energy modelling, this study utilises the national residential typologies defined by the 

TABULA webtool6, a comprehensive EU-funded platform that harmonises the 

classification of buildings across Europe. For Greece, TABULA organises residential 

buildings by climate zone and four distinct construction periods: dwellings constructed 

before 1981 (pre-insulation and minimal regulatory oversight), from 1981–2000 

(introduction of basic thermal regulations), 2001–2010 (transition to enhanced 

standards), and post-2010 (full adoption of advanced energy performance criteria). 

 
6 TABULA WebTool 

https://webtool.building-typology.eu/#bm
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Each typology encapsulates the prevailing architectural styles, dominant construction 

methods, and regulatory requirements of its era and region. 

Table 5 presents the 16 typologies defined in TABULA, providing for each one the 

representative climate zone, construction period, and an illustrative building image. 

Table 5: Residential building typologies in Greece according to the TABULA project, classified by climate zone and 
construction period. 

CLIMATE ZONE A 

 

Typology 1 

Construction Period: prior to 

1980 

Typology 2 

Construction Period: from 

1981 to 2000 
 

 

Typology 3 

Construction Period: from 

2001 to 2010 

Typology 4 

Construction Period: after 

2011 
 

CLIMATE ZONE B 

 

Typology 5 

Construction Period: prior to 

1980 

Typology 6 

Construction Period: from 

1981 to 2000 
 

 

Typology 7 

Construction Period: from 

2001 to 2010 

Typology 8 

Construction Period: after 

2011 

 

CLIMATE ZONE C 

 

Typology 9 

Construction Period: prior to 

1980 

Typology 10 

Construction Period: from 

1981 to 2000 
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Typology 11 

Construction Period: from 

2001 to 2010 

Typology 12 

Construction Period: after 

2011 
 

CLIMATE ZONE D 

 

Typology 13 

Construction Period: prior to 

1980 

Typology 14 

Construction Period: from 

1981 to 2000 
 

 

Typology 15 

Construction Period: from 

2001 to 2010 

Typology 16 

Construction Period: after 

2011 
 

For this analysis, 12 representative typologies were selected to calculate the total 

energy consumption profiles in the Greek residential sector, accurately reflecting both 

the diversity and specificity of the housing stock and ensuring that subsequent energy 

efficiency scenarios are tailored to the real-world distribution and characteristics of 

buildings across the country. 

Household composition was integrated into the typology definition, since the number 

of occupants significantly affects the total demand and dynamics of energy 

consumption. Using data from the “2020 Household Budget Survey (ΕΟΠ2020)”7 and 

the “2021 Population and Housing Census”, each typology is paired with a 

representative household size as shown in Table 6. These household-size profiles 

ensure that the model captures not only the structural characteristics of buildings but 

also realistically represents variations in occupancy patterns and corresponding energy 

use across zones and construction periods.  

Table 6: The 12 scenarios developed for the representative representation of the Greek residential sector, taking 
into account the climate zone, the construction period and the number of residents per residence.  

A/A Climate Zone Construction Period Number of occupants 

A1 

A 

prior to 1981 1 

A2 1981-2000 2 

A3 after 2000 2 

 
7 https://www.statistics.gr/infographic-household-budget-survey-2020  

https://www.statistics.gr/infographic-household-budget-survey-2020
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B4 

B 

prior to 1981 4 

B5 1981-2000 3 

B6 1981-2000 2 

B7 after 2000 1 

C8 

C 

prior to 1981 4 

C9 1981-2000 3 

C10 1981-2000 2 

C11 after 2000 1 

D12 D prior to 1981 1 

The 12 scenarios presented in Table 6 are extrapolated to the national level using 

statistical data from the Hellenic Statistical Authority (ELSTAT). Table 7 presents the 

number of buildings that have been taken into account per climate zone and 

construction period in accordance with the "2021 Population and Housing Census8" 

conducted by ELSTAT. 

Table 7: Number of residential buildings, including climate zone and construction period, according to ELSTAT 
2021 Census data. 

Construction  

Period 

Number of  

buildings 

Climate Zone A 

prior to 1981 270,306 

1981-2000 267,757 

after 2000 83,008 

Climate Zone B 

prior to 1981 1,058,988 

1981-2000 789,467 

after 2000 532,453 

Climate Zone C 

prior to 1981 660,885 

1981-2000 371,336 

after 2000 156,939 

 
8 https://www.statistics.gr/en/2021-census-pop-hous  

https://www.statistics.gr/en/2021-census-pop-hous
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Climate Zone D 

prior to 1981 141,309 

4.1.3.4 Defining the Energy Efficiency Measures 

For the Greek case study, the energy efficiency measures simulated using the DREEM 

model are presented in Table 8, grouped into three main activity categories. Each 

category represents a distinct type of renovation action or combination thereof, 

applied across representative residential typologies. 

The selection of the measures is based on their importance as energy saving tools in 

the residential sector, while it also captures the primary type of intervention currently 

promoted in Greek policy, e.g., through the flagship subsidy scheme “Exoikonomo”. 

The implementation of these interventions has proven to be particularly effective in 

reducing energy consumption in the residential sector, while also contributing to 

increasing the energy efficiency of buildings and improving the living conditions of 

residents. 

The analysis employs a “backcasting simulation” methodology to determine the most 

suitable combination of interventions per typology and climate zone, aiming to achieve 

the NECP’s decarbonisation targets by 2050.  

Table 8: Energy efficiency measures modelled for the Greek case study 

Category of 

Intervention 
Description of Measure 

Heating System 

Replacement 

Substitution of conventional fossil-fuel-based heating systems (oil or 

gas boilers) with high-efficiency heat pumps. 

Envelope Renovation 

Upgrades of the building envelope, including insulation of external 

walls and roofs and replacement of windows. For dwellings built before 

1981, both wall insulation and window replacement are implemented, 

while for buildings constructed between 1981-2000, only wall insulation is 

applied. 

Combined 

Interventions 

(Integrated 

Renovation) 

Simultaneous implementation of both envelope renovation and 

heating system replacement. This holistic approach enables deep 

renovation, achieving significant energy savings. 

4.1.4 Results 

This section presents the main outcomes of the Greek case study for the residential 

sector over the 2022-2050 period. The results describe how final energy consumption, 

energy savings and renovation activity evolve at the national level under the transition 

scenario defined in Section 4.1.3.2. Following, the way these outcomes differ across 

the country’s four climate zones and building age categories is presented. Regional 
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patterns, renovation needs and the relative contribution of each zone to the national 

targets are highlighted. 

4.1.4.1 Consumption, energy savings and renovation activity at the National level 

The results demonstrate a continuous improvement in the energy performance of the 

building stock, driven by the large-scale implementation of envelope renovations and 

heating system replacements, consistent with the NECP trajectory. As shown in 

Figure 11, the total final energy consumption in the residential sector decreases 

steadily, resulting in nearly 40% reduction over the study horizon.  

 

Figure 11: Evolution of the final energy consumption (ktoe) in the Greek residential sector up to 2050  

At the same time, final energy savings grow progressively, reflecting the compounding 

effect of successive energy efficiency actions. They exceed 1,120 ktoe by 2030, while 

reaching ~1,600 ktoe by 2040 and surpassing 1,800 ktoe by 2050 (Figure 12).  
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Figure 12: Evolution of the final energy savings (ktoe) in the Greek residential sector up to 2050  

The evolution of renovation activity is presented in Figure 13 (a), which shows the 

annual number of envelope renovations aligned with the NECP renovation rate 

assumptions. The cumulative renovations curve in Figure 13 (b) illustrates the 

aggregated progress, indicating that by 2050, approximately 1.9 million envelope 

renovations will be implemented nationwide. This represents a substantial 

modernisation of the residential building stock, particularly benefiting pre-1981 

dwellings that constitute the largest share of energy inefficient homes. 

  

Figure 13: Annual (a) and cumulative (b) number of envelope renovations in the residential sector in Greece by 
2050 

Based on the above, Figure 14 showcases the annual savings achieved at the national 

level by 2050 that are attributed exclusively to envelope renovation measures. The 

results show a nearly linear increase in annual savings across the projected period, 

reaching about 500 ktoe per year by 2050. This consistent upward trend demonstrates 
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the enduring effectiveness of envelope measures in lowering heating and cooling 

demand and reducing overall energy consumption. 

In summary, the national level results underscore that envelope renovations can 

deliver approximately 27% of the total final energy savings in the Greek residential 

sector by 2050, confirming their importance within the broader building upgrades 

efforts. When complemented by heating system replacements and integrated 

interventions, these measures provide the foundation for achieving Greece’s NECP 

energy efficiency and decarbonisation targets. 

 

Figure 14: Annual energy savings (ktoe) from envelope renovation measures in the residential sector at the 
national level 

4.1.4.2 Consumption, energy savings and renovation activity per climate zone 

Taking into account Greece’s climatic diversity, assessing results by climate zone 

provides valuable insights into how renovation strategies perform under different 

thermal and operational conditions. The analysis allows for a more detailed estimation 

of the energy savings potential and the evolution of final energy consumption across 

regions with distinct heating and cooling profiles. It can thus allow for identifying 

regional priorities and optimising renovation strategies that provide valuable insights 

for formulating sustainable policies. 

Climate Zone A 

Figure 15 illustrates the evolution of final energy consumption in the residential 

sector of Climate Zone A, the warmest region of Greece. The results indicate a clear 

downward trend in final energy consumption, declining from approximately 650 ktoe 

in 2022 to about 350 ktoe by 2050, representing an almost 47% reduction. 



 

40 
A Bottom-Up Modelling Analysis of Renovation Strategies in the Residential Sectors of 
Greece and Croatia 

 

Figure 15: Evolution of final energy consumption (ktoe) in the residential sector in Climate Zone A up to 2050 

At the same time, final energy savings increase consistently throughout the study 

horizon, reaching ~187 ktoe in 2025, ~180 ktoe in 2030, ~260 ktoe in 2040 and 

exceeding 300 ktoe by 2050 (Figure 16).  

 

Figure 16: Evolution of final energy savings (ktoe) in the residential sector in Climate Zone A up to 2050 

Figure 17 presents the evolution of the annual number of envelope renovations, 

which peaks between 2026 and 2030 at around 13,700 renovations per year, while 

stabilising at roughly 11,700 per year from 2040 onwards. The cumulative curve of 

the envelope renovations in Figure 17 (b) shows approximately 346,000 

interventions completed in the residential sector of Climate Zone A by 2050. 
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Figure 17: Annual (a) and cumulative (b) number of envelope renovations in the residential sector in Climate 
Zone A by 2050 

Finally, the annual energy savings achieved through the implementation of envelope 

upgrades rise from approximately 26 ktoe in 2030 to almost 94 ktoe in 2050 (Figure 

18). This continuous increase demonstrates the sustained contribution of envelope 

renovation to energy demand reduction in this climate zone. 

 

Figure 18: Annual energy savings (ktoe) from envelope renovation measures in the residential sector in Climate 
Zone A 

Climate Zone B 

As shown in Figure 19, final energy consumption in the residential sector of Climate 

Zone B, which covers some of the most populous and economically active regions of 
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Greece, including major urban centers, decreases steadily, falling from 2,520 ktoe in 

2022 to 1,656 ktoe in 2050, a reduction of roughly 34%. 

 

Figure 19: Evolution of final energy consumption (ktoe) in the residential sector in Climate Zone B up to 2050 

In parallel, final energy savings reach 538 ktoe in 2030, 745 ktoe in 2040 and exceed 

860 ktoe by 2050 (Figure 20).  

 

Figure 20: Evolution of final energy savings (ktoe) in the residential sector in Climate Zone B up to 2050 

Figure 21 presents the evolution of annual and cumulative envelope renovations in 

the residential sector of Climate Zone B. The annual number peaks at around 47,300 

per year in the 2041-2050 period. Cumulatively, more than 1 million envelope 

renovations are projected by 2050, representing nearly half of the total renovations 
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taking place nationwide. This concentration mirrors the dominance of Climate Zone B 

in the national housing stock and highlights its critical role in achieving the Greek 

overall energy efficiency targets.  

 

Figure 21: Annual (a) and cumulative (b) number of envelope renovations in the residential sector in Climate 
Zone B by 2050 

Finally, the annual energy savings attributed to envelope renovations reach 235 ktoe 

in 2050 (Figure 22). The results underscore the substantial impact of thermal-

envelope upgrades in the urban and semi-urban contexts of Climate Zone B, where 

heating demand remains significant due to mild but prolonged winters and energy 

efficiency gains directly contribute to reducing energy poverty and improving comfort 

in densely populated residential areas. 

 

Figure 22: Annual energy savings (ktoe) from envelope renovation measures in the residential sector in Climate 
Zone B 
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Climate Zone C 

As illustrated in Figure 23, final energy consumption in the residential sector of 

Climate zone C declines from approximately 1,150 ktoe in 2022 to 613 ktoe by 2050, 

showcasing a reduction of nearly 47%. This trend reflects both the significant 

share of older, pre-1981 buildings and the strong influence of heating energy use on 

total household demand.  

 

Figure 23: Evolution of final energy consumption (ktoe) in the residential sector in Climate Zone C up to 2050 

As shown in Figure 24, final energy savings reach 291 ktoe in 2030, 417 ktoe in 2040 

and 523 ktoe in 2050. These results confirm that energy renovation measures, 

particularly building envelope upgrades and heating system replacement, yield strong 

cumulative savings in cold-climate regions, where heating remains dominant in energy 

use.  
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Figure 24: Evolution of final energy savings (ktoe) in the residential sector in Climate Zone C up to 2050 

Figure 25 depicts the annual and cumulative number of envelope renovations in the 

residential sector of Climate Zone C. By 2041, the annual rate of envelope renovations 

increases to approximately 23,500 per year, while the cumulative curve indicates that 

more than 449,000 envelope renovations will have been completed by 2050.  

 

Figure 25: Annual (a) and cumulative (b) number of envelope renovations in the residential sector in Climate Zone 
C by 2050 

Finally, Figure 26 depicts the corresponding annual energy savings resulting from 

these envelope renovations. Energy savings rise consistently throughout the study 

period, reaching approximately 110 ktoe saved per year by 2050.  
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Figure 26: Annual energy savings (ktoe) from envelope renovation measures in the residential sector in Climate 
Zone C.  

Climate Zone D 

Figure 27 shows the evolution of final energy consumption in the residential sector 

of Climate Zone D, which represents the coldest and most mountainous part of Greece. 

As show, there is a sharp reduction from approximately 294 ktoe in 2022 to 149 ktoe 

in 2050, a reduction of almost 49%. This decline reflects the zone’s strong reliance 

on heating energy and the substantial efficiency gains achieved through envelope 

insulation and system upgrades. 

 

Figure 27: Evolution of final energy consumption (ktoe) in the residential sector in Climate Zone D up to 2050 
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Based on Figure 28, total energy savings increase rapidly until 2040, reaching 144 

ktoe, after which they stabilise through 2050. This plateau is attributed to the 

saturation of renovation activity as the majority of eligible dwellings undergo thermal 

retrofitting by 2041, while at the same time, oil boilers have been totally phased out 

in the 2025-2030 period, and natural gas boilers in the 2030-2035 period.  

 

Figure 28: Evolution of final energy savings (ktoe) in the residential sector in Climate Zone D up to 2050 

Figure 29 shows that the annual number of envelope renovations in Climate Zone D 

peaks at approximately 7,900 in 2040, while the cumulative number of completed 

renovations reaches 141,300 by 2041 and remains constant thereafter. 

 

Figure 29: Annual (a) and cumulative (b) number of envelope renovations in the residential sector in Climate 
Zone D by 2050 
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Finally, as indicated in Figure 30, the maximum annual energy savings achieved 

through envelope renovations amount to 56 ktoe in 2041, remaining stable through 

2050. 

 

Figure 30: Annual energy savings from envelope renovation measures in the residential sector in Climate Zone D 
(ktoe) 

Across all four climate zones, the modelling results reveal a consistent downward trend 

in final energy consumption and a progressive increase in cumulative energy savings 

throughout the 2022-2050 period. The magnitude and pace of these changes, 

however, vary by zone, reflecting differences in climatic conditions and building stock 

composition. Climate zones A, B and C, which together encompass the majority of the 

Greek residential sector, follow a relatively uniform pattern of gradual energy 

reduction, while zone D, characterised by colder conditions and a smaller housing 

base, achieved faster early gains that plateau after 2040. The large-scale 

implementation of envelope renovations in all zones drives the progressive 

improvement in energy performance. 

In terms of renovation activity, Climate Zone B records the highest number of envelope 

upgrades, exceeding 1 million by 2050, followed by Climate Zones C and A with 

approximately 449,000 and 346,000 renovations, respectively. Zone D, despite its 

smaller scale, completes over 141,000 renovations that represent a substantial 

coverage of its stock until 2040. Considering the colder climate in this zone and the 

large number of heating degree days, the immediate interventions at the building 

envelope are considered a priority, as in addition to increased energy savings, they 

will also lead to better living conditions for the residents of these areas, while also 

contributing significantly to the energy poverty alleviation. 
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Correspondingly, annual final energy savings from envelope renovations are projected 

to reach 235 ktoe in Zone B, 93 ktoe in Zone A, 108 ktoe in Zone C and 56 ktoe in 

Zone D by 2050. These findings underscore the central role of building envelope 

renovations in reducing final energy demand across all climatic regions, with Zone B 

contributing the largest absolute savings due to its population density and extensive 

building stock. 

4.1.4.3 Energy efficiency interventions per climate zone, construction period  

The comparative analysis of energy-saving interventions across climate zones and 

construction periods highlights distinct patterns, priorities and trends that inform the 

long-term strategies required to meet the national energy efficiency targets. As shown 

in Table 9, in Climate Zone A, the majority of upgrades target pre-1981 dwellings. 

Dwellings constructed between 1981 and 2000 receive around 15% fewer 

interventions, while post-2000 buildings represent only a small fraction of the total, 

owing to their higher baseline efficiency and more recent construction standards. 

Climate Zone C exhibits stronger renovation activity in buildings constructed between 

1981 and 2000 compared to Climate Zone A, driven by higher heating needs in colder 

regions. In Climate Zone D, interventions are concentrated exclusively in dwellings 

constructed before 1981. This reflects the small overall building stock and the 

predominance of older and consequently energy-inefficient dwellings in these regions.  

In absolute terms, Climate Zone B demonstrates the highest renovation activity across 

all construction periods, accounting for more than half of all national interventions.  

Table 9: Total number of energy-saving interventions implemented in the Greek residential sector, disaggregated 
by climate zone and construction period, over the 2022-2050 period.  

 

Before 1891 1981-2000 after 2000 

Climate Zone A 335,037 291,791 60,521 

Climate Zone B 806,269 1,151,773 365,851 

Climate Zone C 306,609 599,748 239,089 

Climate Zone D 205,569 - - 

A more detailed breakdown by type of intervention is presented in Table 10. Heating 

system replacements and envelope renovations constitute the backbone of the 

national renovation strategy, while integrated renovations combining multiple 

measures remain comparatively limited in number. 

Table 10: Total number of energy-saving interventions in the Greek residential sector disaggregated by type of 
intervention (heating system replacement, envelope renovations, integrated renovations), climate zone and 
construction period, accumulated until 2050. 

Type of intervention Before 1891 1981-2000 After 2000 

Climate Zone A 
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Replacement of heating systems 104,731 175,889 60,521 

Envelope renovations 222,656 107,275 - 

Integrated Renovations 7,650 8,628 - 

Climate Zone B 

Replacement of heating systems 247,281 679,626 365,851 

Envelope renovations 532,861 431,271 - 

Integrated Renovations 26,128 40,876 - 

Climate Zone C 

Replacement of heating systems 95,845 361,164 239,089 

Envelope renovations 203,763 220,493 - 

Integrated Renovations 7,001 18,091 - 

Climate Zone D  

Replacement of heating systems 64,260 - - 

Envelope renovations 136,615 - - 

Integrated Renovations 4,694 - - 

Aggregating across intervention types, Climate Zone B records the highest overall 

activity (around 53% of all interventions nationwide), followed by Climate Zone C 

(about 26%), Climate Zone A (around 16%) and Climate Zone D (about 5%).  

In Climate Zone B, the bulk of interventions concern heating system replacements 

(1,292,758) and envelope upgrades (964,132), while combined interventions remain 

modest (67,004). The majority of interventions (83%) take place in buildings 

constructed before 2000, highlighting the contribution of the "aging" housing stock to 

the increased need for energy interventions. The 1981-2000 construction period 

records the highest number of interventions (1,151,773), with heating system 

replacements dominating (679,626). Dwellings built before 1981 follow with 806,269 

interventions, with envelope renovations predominating (532,861). In homes built 

after 2000, interventions (365,851) are focused on replacing heating systems, as their 

envelope has been constructed under newer standards. 

In Climate Zone C, which ranks second in intervention intensity, heating system 

replacements dominate (696.098), complemented by a substantial number of 

envelope renovations (424.256), while combined interventions are significantly fewer 

(25,092). Roughly 80% of all interventions in this zone target buildings constructed 

before 2000. This confirms the strong focus on older, thermally weak buildings in 

colder climate conditions. Specifically, the highest activity is recorded in dwellings built 

between 1981 and 2000, with a total of 599,748 interventions, the majority of which 

were heating system replacements (361,164). A significant number of interventions 

concerns also envelope upgrades (220,493), while combined interventions amounted 
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to only 18,091. This is followed by homes built before 1981 with 306,609 total 

interventions, where envelope renovations account for the majority (203,763), 

followed by heating system replacements (95,845) and combined interventions 

(7,001). In dwellings built after 2000, interventions are focused exclusively on the 

replacement of heating systems (239,089), reflecting the lower energy needs of newer 

homes. 

When it comes to Climate Zone A, where 687,450 interventions are taking place in 

total, the most common are heating system replacements (341,141) and building 

envelope renovations (329,931), with a clear priority given to homes built before 2000, 

which account for 90% of total interventions. 

In Climate Zone D, a total of 205,569 interventions are implemented, where envelope 

renovations (136,615) predominate, followed by heating system replacements 

(64,260) and combined interventions (4,694). 

When viewed by construction period, approximately 38% of all interventions are 

implemented in dwellings constructed before 1981, while envelope renovations 

account for roughly two-thirds of these works. The 1981-2000 period concentrates the 

largest share of activity, about 47% of all interventions, driven by the high number of 

heating system replacements and envelope renovations in Climate Zones B and C. 

Post 2000 dwellings represent only 15% of all interventions, exclusively in the form of 

heating system replacements, reflecting both their better initial energy performance 

and the deliberate prioritisation of older buildings. 

4.1.5 Discussion, conclusions and policy implications 

During the implementation of the Greek case study, a detailed bottom-up analysis was 

developed to explore how the Greek residential sector can meet the revised NECP 

targets. The DREEM model was used to simulate energy consumption and savings 

across the four Greek climate zones over the 2022-2050 period. Starting from 2022 

as the baseline year, the analysis integrates national policy targets on final energy 

consumption, renovation volumes, fuel switching and heat pumps penetration and 

translates them into concrete renovation strategies that link envelope upgrades and 

heating system replacements at the climate zone scale to long-term decarbonisation 

outcomes.  

4.1.5.1 Findings and highlights  

The main findings and discussion points of the Greek case study are as follows: 

• The results show that, under the assumed transition scenario, final energy 

consumption in the Greek residential sector declines by almost 40% by 2050. 

Annual energy savings grow steadily, surpassing 1,800 ktoe by 2050. This 

trajectory confirms that, in technical terms, the revised NECP targets for the 
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residential sector are compatible with a sustained and well-structured 

renovation effort.  

• Envelope interventions, i.e., insulation of walls and window replacement, 

emerge as the backbone of the transition. At the national level, they account 

for around 27% of the projected energy savings by 2050, as annual savings 

from envelope measures increase almost linearly, reaching about 500 ktoe per 

year by the end of the period. In total, close to 1.9 million envelope renovations 

are implemented by 2050, signalling a profound modernisation of the housing 

stock, particularly of pre-1981 dwellings. Furthermore, apart from their 

significant contribution to overall energy savings, these interventions can 

improve the quality of life and living conditions (e.g., thermal comfort) of 

residents. 

• The climate zone disaggregation reveals a consistent downward trend in energy 

use across all four climate zones, but with different magnitudes and dynamics. 

Climate Zone A, B and C follow a relatively uniform pattern of gradual energy 

reduction, while Climate Zone D, due to its smaller stock and colder conditions, 

achieved rapid energy gains that plateau after 2040 once renovation activity 

saturates. Climate Zone B, which includes the largest share of the population 

and building stock, records more than 1 million envelope renovations and 

delivers the highest absolute energy savings, followed by Zones C and A. Zone 

D, although smaller in absolute terms, reaches a high relative coverage of its 

residential stock.  

• Older buildings absorb a very large share of envelope renovations, reflecting 

their poor baseline performance and high savings potential. The majority of 

interventions target dwellings built before 2000. Approximately 47% of all 

measures are implemented in buildings constructed between 1981-2000 and 

38% in pre-1981 homes and only 15% in post-2000 constructions. 

• Heating system replacement is also a critical pillar in the transition, especially 

in Zones B and C and in post-1981 dwellings. As the transition scenario imposes 

a gradual phase-out of oil and a reduction in gas use, a growing share of 

interventions is allocated to heat pumps. Their penetration in final heating 

energy consumption increases from 8% in 2022 to 35% in 2050. This shift 

delivers substantial additional energy savings and underpins the electrification 

of heating envisaged in the NECP. 

• Integrated renovations that combine envelope upgrades with heating system 

replacement remain relatively limited in number compared to stand-alone 

envelope or system measures. However, at the dwelling level, they yield the 

highest energy savings, reflecting their deep-renovation character.  
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4.1.5.2 Policy implications 

By closely examining the above results, several policy implications emerge that can 

inform the design and implementation of future renovation programmes and policy 

planning.  

The major contribution of envelope renovations implies that policy instruments shall 

continue to prioritise building envelope upgrades, particularly in pre-1981 dwellings 

and cold or densely populated zones. Maintaining robust subsidy levels for insulation 

and window replacement, and simplifying administrative procedures, can be critical 

for delivering the required scale of savings and comfort improvements. 

The key role of heating system modernisation calls for a targeted set of measures to 

support electrification. These may include enhanced subsidy rates for heat pumps, 

tailored financing products, technical assistance for system design and installation and 

clear communication of operating cost benefits. At the same time, it is important to 

highlight that heat pump installations should be closely coordinated with envelope 

renovation, so that electrification occurs primarily in buildings with adequate thermal 

performance. 

The spatial and construction period differentiation in interventions suggests a need for 

more tailored approaches, rather than a “one-size-fits-all” one, in order to improve 

effectiveness and equity. 

Given that access to finance remains a major barrier for households, the quantified 

renovation needs can inform the design of financing instruments that leverage public 

funds, particularly for low-income and vulnerable households who stand to benefit 

most from lower energy bills and improved comfort. 

Finally, the analysis primarily focuses on energy savings, but the interventions also 

generate substantial non-energy benefits, including reduced energy poverty, improved 

health and thermal comfort, increased property values and enhanced resilience to 

climate extremes. Future work could explicitly quantify these co-benefits and integrate 

them into future assessments, strengthening the case for comprehensive renovation 

packages and for prioritising the most vulnerable segments of the housing stock. 

In conclusion, the Greek residential sector can make a substantial contribution to 

national decarbonisation objectives, provided that renovation efforts are scaled up, 

well-targeted and sustained over time. To meet the demanding targets of the revised 

NECP, the sector requires immediate, large-scale energy upgrades supported by 

detailed planning and coordinated implementation. Achieving these goals demands 

sustained prioritisation of envelope renovations, coupled with a gradual restructuring 

of the heating mix. The modelling results provide a quantitative roadmap and set of 

milestones that can guide this process at national and regional levels. At the same 

time, citizen engagement remains pivotal: the required renovation scale will depend 

on sustained awareness campaigns, clear communication of benefits and strong 
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financial and fiscal incentives. Mobilising households is a decisive factor for meeting 

Greece’s 2050 energy efficiency and climate objectives. 
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4.2 The Croatian Case Study  

4.2.1 Introduction to the Croatian Case Study  

The building stock in Croatia plays a crucial role in the country’s energy transition as 

it accounts for the substantial share of approximately 43.2% of the country’s total 

energy consumption (Energy Institute Hrvoje Požar, 2025). The residential sector in 

particular, which constitutes approximately 70% of the total building stock, is the 

largest energy consumer, responsible for around 34% of final energy use, based on 

2022 data available from the Croatian NECP (Ministry of Economy, 2025). 

Furthermore, nearly 50% of final energy consumption in Croatia is dedicated to 

heating and cooling, of which around 80% occurs in buildings (Regional Energy 

Agency North, 2024).  

Despite the significance of the residential sector, a major portion of Croatia’s building 

stock remains outdated and energy inefficient, largely due to poor energy efficiency 

standards in place prior to 1987 (Mikulić et al., 2021). Many structures, both older and 

newer ones, lack adequate investments in technical improvements, such as roof and 

façade insulation, resulting in high energy consumption (Svirčić Gotovac et al., 2023). 

Single-family houses (SFHs) dominate the sector, especially in rural and suburban 

areas, accounting for almost 62% of current dwellings, while they are often 

characterised by poor energy performance due to their age and limited renovation 

history (Ministry of Economy, 2025; RENOVERTY, 2025). 

To improve the energy performance of these buildings, address the structural and 

performance deficits and deliver on the national energy efficiency goals, Croatia has 

established a comprehensive regulatory framework aligned with EU directives. 

National policy integrates significant EU legislation, primarily through the Energy 

Efficiency Act9 and the Building Act10. The transposition includes not only the 

requirements of the original EU directives, such as the EED (2012/27/EU) (European 

Union, 2012), the Energy Performance of Buildings Directive (EPBD) (2010/31/EU) 

(European Union, 2010) and their 2018 amendments, but also anticipates compliance 

with their more ambitious recast versions adopted in 2023 and 2024, respectively 

(Ministry of Economy, 2025). Furthermore, Croatia’s NECP integrates the evolving 

policy requirements and explicitly prioritises the renovation of SFHs as a key strategy 

for meeting climate and energy goals (Ministry of Economy, 2025). 

Although national objectives are aligned with EU policy, achieving the ten-year 

average rate of 1.6% for building renovations for the decade 2021-2030 and annual 

rate of 3.5% from 2031 to 2040 reported in the NECP remains a significant 

 
9 https://narodne-novine.nn.hr/clanci/sluzbeni/2014_10_127_2399.html  
10 https://narodne-novine.nn.hr/clanci/sluzbeni/2013_12_153_3221.html  

https://narodne-novine.nn.hr/clanci/sluzbeni/2014_10_127_2399.html
https://narodne-novine.nn.hr/clanci/sluzbeni/2013_12_153_3221.html
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undertaking. During the period 2014-2020, the annual energy renovation rate was 

0.7%, while according to data from 2012–2016, only 1.5% of residential building 

renovations in Croatia were classified as medium depth, and just 0.1% as deep 

renovations (Ministry of Economy, 2025; Regional Energy Agency North, 2024). It is 

worth highlighting that these shares have probably benefited from the fact that most 

projects for the 2016-2020 period under national programmes began targeting energy 

savings of at least 50% (E3G, 2021). However, these efforts primarily concerned multi-

apartment and non-residential (public) buildings, while SFH were limited to single-

measure upgrades (e.g., the replacement of windows, roof insulation or façade 

improvements) rather than deep renovations involving multiple building elements 

(E3G, 2021; Regional Energy Agency North, 2024). 

Recognising the scale of the effort required, public support schemes, particularly 

grants and subsidies, have emerged as a key enabler for accelerating renovations 

(Economidou et al., 2019). This is especially true for SFHs, where lack of accessible 

finance, high upfront costs and lower baseline energy performance often act as 

deterrents to deep renovation (D’Oca et al., 2018; Lihtmaa et al., 2025). Within this 

context, financial incentives are instrumental in bridging the investment gap, reducing 

barriers to entry and promoting more ambitious renovation outcomes that align with 

national energy and climate goals (Economidou et al., 2019). 

This policy approach is operationalised in Croatia through a series of state-supported 

programmes designed for all types of buildings, including a scheme specifically 

targeting SFHs. The flagship initiative began with the Energy Renovation Program for 

Family Houses in March 2014, spearheaded by the Ministry of Construction and Spatial 

Planning, the Ministry of Environmental and Nature Protection, and implemented by 

the EPEEF (Sostar & Skoko, 2024). This programme sought to address multiple goals 

simultaneously: lowering energy consumption and carbon emissions, improving 

thermal comfort and living standards and stimulating local economic activity through 

the engagement of domestic contractors and suppliers 11.  

The programme’s 2015 revision12 expanded eligibility criteria and refined co-financing 

conditions, while the following years saw successive calls issued in 2017-2019 during 

which the focus shifted more prominently toward the deployment of renewable energy 

technologies, particularly solar thermal systems, heat pumps and photovoltaic (PV) 

panels and temporarily excluded building envelope measures (Marić et al., 2017). 

In 2020, a new comprehensive framework for energy renovations was formally 

adopted, followed by the continuation of activities through 2021 and 2022 calls 

(FZOEU, 2022; Government of the Republic of Croatia, 2020, 2021). The 2022 

extension was intended to maintain funding availability during the transition between 

 
11 https://gov.hr/hr/energetska-obnova-obiteljskih-kuca/1272?lang=en  
12 https://narodne-novine.nn.hr/clanci/sluzbeni/2015_03_36_742.html  

https://gov.hr/hr/energetska-obnova-obiteljskih-kuca/1272?lang=en
https://narodne-novine.nn.hr/clanci/sluzbeni/2015_03_36_742.html
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EU programming periods, supporting around 500 SFH renovations and achieving 

annual energy savings of 0.0577 PJ (FZOEU, 2022). With this new framework, the 

scope of eligible interventions has been broadened, allowing applicants to pursue 

energy renovations that can combine envelope upgrades (thermal insulation of 

façades, roofs or windows) and/or renewable energy systems such as solar thermal 

collectors, PV systems, heat pump integration and biomass heating technologies. The 

latest call (EnU-1/24)13 continues with this approach, offering funding streams for: (i) 

full renovations combining envelope upgrades and renewable systems, (ii) envelope 

only upgrades, improving the thermal protection of the building shell, (iii) standalone 

renewable-based heating and cooling upgrades, involving the installation of technical 

systems and (iv) electric generation systems, supporting standalone or combined PV 

installations for self-consumption. Overall, the programme is designed to help 

households lower energy bills and at the same time, contribute meaningfully to 

national targets by reducing dependency on fossil fuels and enhancing the overall 

energy performance of the housing stock (Sostar & Skoko, 2024). 

Despite the widespread implementation of such financial incentives, designed to 

stimulate energy efficiency enhancements within the residential sector, their efficacy 

in driving renovations and their subsequent impact on energy savings is questioned in 

the literature (Studer & Rieder, 2019). This can be partially attributed to inefficient 

allocation of subsidies budget due to lack of consistent distribution criteria, neglecting 

measures’ efficacy and profitability. In this context, the literature has emphasised the 

need to consider cost-effectiveness and maximisation of energy savings when 

designing and implementing national subsidy schemes, in order to decarbonise the 

building stock at the lowest cost for society (Di Pilla et al., 2016; Siddique et al., 2022). 

This study aims to address this need through the development of an assessment 

framework for renovation subsidy schemes that aims to maximise energy savings, and 

its application to the Croatian scheme targeting single-family houses. The study also 

allows for bottom–up estimation of energy savings potential by assessing various 

retrofit scenarios across diverse building typologies. The overarching objective is to 

provide actionable insights and recommendations focusing on delivered energy 

savings to support decision makers when designing and implementing such subsidy 

schemes. 

4.2.2 Framing the Application  

This section presents the methodological approach that was employed to achieve the 

objectives and goals of this application. The approach consists of the following five 

main steps: i. The definition of the building typologies that will be used in the analysis, 

ii. the simulation of the baseline energy performance of the different buildings, iii. the 

 
13 https://www.fzoeu.hr/UserDocsImages/Energetika/  

https://www.fzoeu.hr/UserDocsImages/Energetika/Uvjeti%20i%20kriteriji%20-%20energetska%20obnova%20OK%202024%20-%20Izmijenjeni%20procisceni%20tekst.pdf?vel=254743
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definition of the renovation measures and the estimation of the corresponding energy 

savings, iv. the identification of the investment costs of the different renovation 

measures and v. the definition of an optimisation problem aiming to maximise the 

delivered energy savings and the assessment of different pathways of implementation, 

taking into account corresponding constraints. These steps are visualised in Figure 

31. 

 

Figure 31: The overarching methodological approach followed in this case study 
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Step 1: Defining the building typologies  

As a first step, we identified the building typologies to be used in the analysis. These 

typologies capture the key features and characteristics of the buildings that influence 

their energy performance, focusing on three main aspects: the climate zone, 

construction period and building type. The energy-related components of each 

typology that are taken into account, including geometry, construction elements and 

thermal systems, along with their respective heat transfer and performance 

coefficients, reflect typical characteristics of the corresponding period, climate zone 

and structural form. 

Step 2: Simulating the baseline energy performance 

In a second step, the energy performance of the baseline buildings was assessed using 

the DREEM model, presented in Section 3. These estimations include the buildings’ 

energy demand for space heating and cooling and appliances use in one one-year 

period. For this simulation, appropriate weather data and occupancy profiles are 

incorporated in the model through the corresponding components, namely “weather-

climate” and “occupancy”. 

Step 3: Defining renovation measures and estimating energy savings 

Following, the single energy efficiency measures as well as the renovation packages 

considered for each building typology were defined. To fulfill this step, the specific 

technical requirements for the particular subsidy scheme under investigation were 

taken into account, alongside the buildings’ condition and technical characteristics. 

The definition of the renovation packages was also informed by insights from the 

literature regarding common and effective combinations of measures. 

Subsequently, the energy savings delivered in each building typology from the various 

single measures and renovation packages were estimated by employing the DREEM 

model. 

Step 4: Identification of investment costs 

In parallel, for each type of renovation, the corresponding average investment costs 

were evaluated, including the installation services. The main sources used to gather 

insights and information and structure the financial data include documents shared by 

the EIHP, academic and grey literature, as well as market prices. Based on our desk 

research, the cost of measures and renovation works are similar for Coastal and 

Continental Croatia, this is also highlighted by Mikulić et al. (2021). 
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Step 5: Optimisation problem and assessment of different pathways 

The next step includes the structuring of the optimisation problem and the 

corresponding model that is used to maximise the energy savings that can be delivered 

through the subsidy scheme, subject to the budgetary and alternative pathways of 

constraints. More specifically, the model takes into account different constraints that 

define three alternative scenarios of implementation, as presented in Section 

4.2.3.5. Furthermore, contextual constraints to take into account the different shares 

of buildings that are not renovated and fulfil the energy class requirements of the call 

within the existing building stock are defined. 

The model allocates or distributes the overall subsidy budget among the different 

types of measures, based on their corresponding savings. In all scenarios examined, 

the model allocates more resources to measures that have higher potential for energy 

savings, while it also considers the constraint of limited public spending, i.e., the total 

subsidy budget. The objective function is expressed in equation (1), which maximises 

total energy savings by optimally distributing the overall subsidy budget among the 

different measures. 

𝑴𝒂𝒙 ∑ 𝒔𝒊𝒙𝒊

𝒊 ∈ 𝐈

 (1) 

s.t. 

∑ 𝒄𝒊𝒙𝒊

𝒊 ∈ 𝐈

≤ 𝑩 (2) 

Decision variables are denoted by 𝑥𝑖 which represents the number of retrofit actions i 

∈ I to be performed, while 𝑠𝑖 is the average savings of the retrofit activity i ∈ I. 

Constraint (2) imposes that the total refurbishment costs to be supported are not 

higher than the total available budget 𝐵, where 𝑐𝑖 is the average cost of the retrofit 

activity i ∈ I. 

The problem takes as input the energy savings that can be delivered from the various 

measures as assessed in Step 3, as well as the costs of each measure as derived from 

Step 4, alongside the subsidy rates for each activity for the under-examination 

financing incentive. 

4.2.3 Case study specification 

4.2.3.1 The current Croatian “Energy Renovation Programme for Family Houses scheme”  

The national Energy Renovation Programme for Family Houses (Public Call EnU-1/24) 

represents Croatia’s leading initiative supporting the energy refurbishment of SFH. 

Implemented by EPEEF under the supervision of the Ministry of Physical Planning, 
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Construction and State Assets, the programme aims to enhance the energy 

performance of the country’s residential building stock, reduce greenhouse gas (GHG) 

emissions and alleviate energy poverty. The scheme aligns with the objectives of the 

NECP and the Long-term Renovation Strategy, both of which emphasise the 

renovation of SFH as a priority due to their predominance in the housing stock and 

typically low energy efficiency. 

The programme provides financial support to homeowners and co-owners of existing 

family houses with valid energy performance certificates indicating poor efficiency 

(class D or lower in continental Croatia, or class C or lower in coastal regions). Eligible 

interventions cover three main categories: (i) improvement of the thermal envelope, 

such as insulation of external walls, roofs, ceilings and floors and replacement of doors 

and windows; (ii) installation or replacement of technical systems, including high-

efficiency heating and cooling; and (iii) integration of technical systems for production, 

such as PV panels. 

The co-financing structure and rate vary according to the type of measure and the 

condition of the residence. Most interventions are eligible for a co-financing rate of 

60% of the total eligible cost. For residences affected by the 2020 earthquake, this 

rate is increased to 80% to support reconstruction and energy upgrading efforts. 

Measures involving the installation of PV systems, either as a standalone project or 

combined with the installation of electric vehicle (EV) charging station, receive 50% 

co-financing rate, regardless of whether the house was affected by the earthquake. 

In these cases, the maximum eligible co-financing for PV systems is EUR 600 per kW 

of installed capacity, while for EV charging stations, the cap is EUR 1,000 per unit. The 

programme’s total budget for the 2024 call that this application investigates amounts 

to EUR 120 million, continuing a long-standing series of national renovation 

programmes. 

4.2.3.2 Building typologies  

The present case study used six representative SFH typologies, defined in accordance 

with the national building typologies framework employed in the 2020 Croatian 

minimum energy performance requirements of family houses, prepared in the context 

of Article 5 of the EPBD (Hrvoje Požar Energy Institute, 2020). The typologies were 

selected to capture the diversity of the Croatian residential building stock in terms of 

construction period and climatic conditions, reflecting differences in architectural 

characteristics, thermal properties and energy needs between continental and coastal 

regions. 

Each building typology represents a distinct combination of construction period and 

climate zone, as illustrated in Table 11. Typologies 1 and 2 correspond to buildings 

constructed before 1969, typologies 3 and 4 to those built between 1970 and 1989, 

and typologies 5 and 6 to dwellings constructed after 1989. Within each period, the 
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pair of typologies represents the continental and coastal climate zones, respectively, 

accounting for differences in heating and cooling demand profiles. 

For each typology, a comprehensive dataset was compiled to include building 

geometry data (length, width, height and total floor area), specific envelope areas 

(roof, walls and window surface areas), thermal characteristics (U-values for roof, 

walls, floors and windows), as well as information on the heating and cooling systems. 

Table 11: SFH building typologies in Croatia classified by climate zone and construction period. 

CONTINENTAL CROATIA COASTAL CROATIA 

Typology 1 

Construction Period: prior to 1969 

Floor area: 69.8 m2 

Typology 2 

Construction Period: prior to 1980 

Floor area: 72.19 m2 

Typology 3 

Construction Period: from 1970 to 1989 

Floor area: 96.32 m2 

Typology 4 

Construction Period: from 1970 to 1989 

Floor area: 95.39 m2 

Typology 5 

Construction Period: after 1989 

Floor area: 104.03 m2 

Typology 6 

Construction Period: after 1989 

Floor area: 95.39 m2 

To further enable the quantitative assessment of energy renovation strategies across 

the Croatian SFH stock, the study considers the distribution of buildings within the 

climate zones and construction periods linked with each typology. Table 12 presents 

the corresponding numbers of permanently inhabited SFH, as derived from national 

housing stock statistics provided by EIHP. As shown, the distribution between climatic 

zones follows the national building stock composition, with approximately 75% of 

dwellings located in continental Croatia and 25% in coastal regions (EIHP, 2024). This 

distribution was integrated into the optimization framework, ensuring that the 

simulated energy savings potential is grounded in the real-word structure and 

composition of the Croatian SFH stock. Furthermore, the shares of different 

technologies such as heat pumps, oil boilers, natural gas boilers and biomass systems 

in the national stock are considered. 
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Table 12: Number of permanently inhabited SFH per climate zone and construction periods linked with the 
building typologies used (Source: EIHP, 2024). 

Year of 

construction 
Number of permanently inhabited family houses 

 Continental Croatia Coastal Croatia Total 

< 1969 312,130 104,043 416,173 

1970-1989 250,914 83,638 334,552 

> 1989 102,978 34,326 137,304 

Total 666,022 222,007 888,029 

4.2.3.3 Renovation measures  

The selection of the renovation measures to be examined in the case study was guided 

through a thorough review of the Public Call EnU-1/2414 and the accompanying 

Technical Conditions for Eligible Measures15, which outline four principal categories of 

renovation activities (A1-A4). These activities encompass improvements to the 

building envelope, replacement of technical systems, deployment of RES and 

combinations of the interventions. Table 12 summarises the four activities and 

provides examples of the specific actions that fall under each of them, along with the 

corresponding building’s energy class requirement. In addition, the co-financing rates 

offering 60% support for most eligible measures, 80% for earthquake-affected 

dwellings and 50% for PV installations and EV chargers, subject to cost caps of 600 

EUR/kWp for PV systems and 1,000 EUR/unit for EV chargers, are presented. 

Table 13: Eligible renovation activities, energy class requirements and co-financing rates under the Energy 
Renovation Programme for Family Houses (Source: Public Call EnU-1/24, Technical Conditions for Eligible 
Measures) 

Activity Code and Description 
Examples of 

Measures 

Energy Class Co-

financing 

Rate 
Continental 

Croatia 

Coastal 

Croatia 

A1: Complete energy renovation 

which includes i. increasing the 

thermal protection of the elements of 

the outer envelope of the heated 

space through the implementation of 

at least one measure on the outer 

External Wall 

insulation and/or 

roof insulation 

and/or windows 

replacement and 

D or worse C or worse 

80% for 

houses 

affected by 

the 

earthquake 

60% for 

 
14 https://www.fzoeu.hr/UserDocsImages/Energetika/Uvjeti%20i%20kriteriji%20-

%20energetska%20obnova%20OK%202024%20-

%20Izmijenjeni%20procisceni%20tekst.pdf?vel=254743  
15 https://www.fzoeu.hr/UserDocsImages/Energetika/Tehnicki%20uvjeti%20-

%20izmijenjeni%20procisceni%20tekst.pdf?vel=243941  

https://www.fzoeu.hr/UserDocsImages/Energetika/Uvjeti%20i%20kriteriji%20-%20energetska%20obnova%20OK%202024%20-%20Izmijenjeni%20procisceni%20tekst.pdf?vel=254743
https://www.fzoeu.hr/UserDocsImages/Energetika/Uvjeti%20i%20kriteriji%20-%20energetska%20obnova%20OK%202024%20-%20Izmijenjeni%20procisceni%20tekst.pdf?vel=254743
https://www.fzoeu.hr/UserDocsImages/Energetika/Uvjeti%20i%20kriteriji%20-%20energetska%20obnova%20OK%202024%20-%20Izmijenjeni%20procisceni%20tekst.pdf?vel=254743
https://www.fzoeu.hr/UserDocsImages/Energetika/Tehnicki%20uvjeti%20-%20izmijenjeni%20procisceni%20tekst.pdf?vel=243941
https://www.fzoeu.hr/UserDocsImages/Energetika/Tehnicki%20uvjeti%20-%20izmijenjeni%20procisceni%20tekst.pdf?vel=243941
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envelope of the house and ii. 

installation of technical systems for 

the use of RES. 

installation of heat 

pumps. 

unaffected 

ones. 

A2: Increasing the thermal protection 

of the elements of the outer envelope 

of the heated space through the 

implementation of at least one 

measure on the outer envelope of the 

house. 

External wall 

insulation, and/or 

roof insulation 

and/or windows 

replacement. 

D or worse C or worse 

A3: Installation of technical 

heating/cooling systems using RES.  

Installation of heat 

pumps or solar 

thermal collectors 

or biomass boiler. 

C or better B or better 

A4: Installation of technical systems 

for the production of electricity using 

RES for own consumption. 

Photovoltaic 

systems as a 

standalone 

measure or in 

combination with 

EV charger. 

No constraint 
50% for all 

houses. 

To define the measures to be further modelled, a four-step process was followed 

(Figure 32). First, all interventions under Activities A1-A4 were reviewed to ensure 

alignment with the programme’s technical and administrative criteria (Steps A). The 

relevance of each measure was evaluated for the established typologies, taking into 

account baseline performance levels, typical heating systems and climatic conditions 

(Steps B). Following this, a targeted literature review was conducted to identify 

measures and combinations most frequently referenced in academic and technical 

studies across the EU and, where possible, the Croatian context (Step C). In this 

review, studies focusing on the residential building stock with emphasis on SFH, in 

countries with relevant local climatic and building construction characteristics were 

prioritised. Taking all the above into account, the filtering process resulted in a set of 

17 single and combination measures that were further evaluated in the present study 

(Step D). 

 

Figure 32: Four-step process to define the renovation measures for the Croatian case study. 
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The application of renovation measures was allocated according to the specific 

characteristics and existing conditions of each typology. This approach ensured that 

contextually appropriate measures were considered based on the construction quality, 

energy systems and prevailing and common renovation practices, as presented in 

Table 14. 

Table 14: The individual (I) and combinations (C) of measures that were used in the application 

Measure ID 
Link with 

Activity 
Intervention Description Typologies 

Thermal Insulation 

I1 A2 Wall insulation 1–6 

I2 A2 Roof insulation  1–6 

I3 A2 Window replacement 1–6 

C1 A2 Wall & roof insulation 1–6 

C2 A2 
Wall & roof insulation &  

window replacement 
1–6 

Technical Systems 

I4 A3 Installation of heat pump 3-5 & 6 

I5 A3 Installation of biomass boilers 3 & 5 

I6 A3 Installation of solar thermal collectors 3 & 5 

PV Systems 

I7 A4 Installation of PV panels 1–6 

Integral Renovation 

C3 A1 
Wall & roof insulation & window replacement 

combined with heat pump installation 
1–6 

C4 A1 
Window replacement combined with the 

installation heat pump installation 
1–6 

C5 A1 
Wall & roof insulation & window replacement 

combined with biomass boiler installation 
1, 3 & 5 

C6 A1 
Window replacement combined with biomass 

boiler installation 
1, 3 & 5 

C7 A4 
Installation of PV panels combined with an EV 

charging station 
1–6 

C8 A1 
Wall & roof insulation & window replacement 

combined with solar thermal collectors installation 
1, 3 & 5 
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C9 A1 
Window replacement combined with solar thermal 

collectors installation 
1, 3 & 5 

C10 A1 
Wall & roof insulation & window replacement 

combined with PV panels installation 
1–6 

4.2.3.4 Costs of the measures  

The investment costs associated with each renovation measure were derived based 

on a combination of market data, literature review and insights shared by EIHP, 

ensuring that both material and installation costs were included. In further detail, for 

the building envelope components (external wall, roof and window insulation), 

average market prices were obtained from vendors operating in both continental and 

coastal Croatia. In each case, at least three independent quotations were collected for 

every intervention, and the mean value was used as the representative cost per square 

metre of the building element. For technical systems including biomass boilers, solar 

thermal collectors and heat pumps, investment costs were derived from datasets 

shared by the EIHP, complemented and cross-validated using information from 

academic studies and online market sources. 

The desk research conducted indicated similar costs of measures and renovation 

works for coastal and continental Croatia for comparable interventions, as also 

highlighted in the literature (Mikulić et al., 2021). For renewable systems, costs were 

expressed per installed capacity, EUR/kW for heat pumps and biomass boilers, 

EUR/kWp for PV panels and EUR/unit for EV chargers. All cost data are expressed per 

relevant functional unit (EUR /m², EUR/KW, EUR/kWp or EUR/unit) in Table 15. 

Table 15: Average Investment Costs of Individual Renovation Measures (before subsidies) 16 

Measure ID 
Intervention 

Description 

Average Investment Cost (incl. 

installation) 
Unit 

I1 Wall insulation 51 (Typ. 1,3,4,5,6); 56 (Typ. 2) €/m² 

I2 Roof insulation 32 €/m² 

I3 Window replacement 265 €/m² 

I4 
Installation of air-to-water 

heat pump 
930 €/kW + 1,128 €/unit (installation) 

€/kW, 

€/unit 

I5 
Installation of biomass 

boiler 
140 €/kW + 600 €/unit (installation) 

€/kW, 

€/unit 

 
16 Note: The costs of combination measures (e.g., envelope insulation with RES integration) are 

considered as the sum of their constituent single-measure costs. 
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I6 
Installation of solar 

thermal collectors 
975 €/kW + 740 €/unit (installation) 

€/kW, 

€/unit 

I7 Installation of PV panels 1,034 €/kWp 

C14 
Installation of EV charger 

(part of the combination) 

1,611 (Typ. 1 & 2); 

1,311 (Typ. 3-6) 
€/unit 

4.2.3.5 Scenarios examined 

To assess the potential of different pathways on energy savings derived from the 

Croatian SFH stock, three scenarios were developed and further examined (Figure 

33). Each alternative scenario represents a distinct technological focus, defined 

through alterations in parameters of the optimisation model’s constraints, to explore 

annual energy savings under different strategic priorities. 

 

Figure 33: Overview of examined scenarios for SFH in Croatia 

Scenario 1- Baseline 

The Baseline scenario reflects the current state of implementation under the Energy 

Renovation Programme for Family Houses and serves as a reference for comparison. 

Measures’ distribution was derived from data collected through Croatia’s national 

monitoring tool, the System for Monitoring, Measurement, and Verification of Energy 

Savings (SMiV)17 and provided by EIHP, capturing alignment with actual 

implementation trends. In line with those data, this scenario prioritises envelope 

related interventions (at least 85% of total implemented measures), while it assumes 

medium participation of systems for electricity production using RES for own 

consumption (at least 9% of total interventions PV installations), modest 

representation of integral renovations, namely comprehensive interventions 

 
17 https://www.interregeurope.eu/good-practices/smiv-system-for-monitoring-and-verification-of-

energy-savings  

https://www.interregeurope.eu/good-practices/smiv-system-for-monitoring-and-verification-of-energy-savings
https://www.interregeurope.eu/good-practices/smiv-system-for-monitoring-and-verification-of-energy-savings
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combining multiple elements (at least 3.6% of total implemented measures) and a 

marginal inclusion of renewable technical systems for heating (at least 0.4%-0.9% of 

total interventions for biomass, solar thermal and heat pumps). This configuration 

follows the programme’s implementation, focusing predominantly on improving 

building envelopes while maintaining a limited degree of system-level upgrades. The 

scenario also assumes a minimum participation of 10% for each continental typology 

and a minimum of 3% for coastal ones, in order to ensure a fair share of allocation in 

the two climate zones, in accordance also with the distribution of SFH presented in 

Table 12. Finally, greater emphasis is placed on interventions in buildings constructed 

before 1969, considering that more than 45% of the single-family housing stock dates 

from this period as well as their commonly poor baseline energy performance due to 

minimal or absent thermal insulation, single-glazed windows, and inefficient heating 

systems typical of construction standards of this period. 

Scenario 2- Electrification focus 

The Electrification focus scenario introduces a stronger emphasis on the adoption 

of electricity-based technologies, notably heat pumps, to support Croatia’s broader 

decarbonisation and electrification goals. In this respect, the configuration increases 

the participation of heat pumps considerably (at least 10% of total interventions), 

while assuming similar allocation for the rest of the technical systems (at least 0.4%-

0.9% of total interventions for biomass and solar thermal, 9% of total interventions 

for PV systems) and integral renovations (at least 3.6% of total interventions). 

Envelope measures participation remains dominant but reduced to allow for the 

increased participation of heat pumps (at least 65% of the total interventions). The 

above scenario captures the emphasis towards electrified heating solutions, aiming to 

assess the resulting energy savings potential and the implications of replacing fossil 

fuel-based and older technologies. Finally, the same regional and construction period 

assumptions are applied as in the Baseline, ensuring representation across climate 

zones and construction periods. 

Scenario 3- Integral and Electrification focus  

The Integral and electrification focus scenario builds on the previous case by 

combining the focus on electrification with a deliberate additional shift toward more 

comprehensive renovation approaches. In this respect, this scenario assumes 

increased participation of integral renovations (at least 10% of the total interventions), 

encouraging holistic upgrades that include both envelope and system measures, as 

well as emphasis on multi-elements envelope renovations. The required 

representation of heat pumps (at least 10% of the total interventions), PV systems (at 

least 9% of the total interventions), biomass and solar thermal collectors (at least 0.4 

and 0.9% of the total interventions respectively) remain as in the Electrification focus 

scenario, while envelope measures continue to be dominant, with a reduced overall 

requirement (at least 60% of total interventions), but greater proportion target for 
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multi-element upgrades. Again, regional and construction period assumptions are 

applied as in the Baseline scenario. 

4.2.4 Results  

4.2.4.1 Energy savings per measure and typology  

The annual energy savings associated with each retrofit measure were estimated using 

the DREEM model, which simulates the impact of energy efficiency interventions on 

the representative SFH typologies (Table 16). The model evaluates final energy 

demand for space heating and cooling and appliances use in one one-year period 

before and after renovation, using the typology-specific baselines reflecting 

construction period, climatic zone, envelope and technical system performance. 

Baseline annual consumption ranges from 9,475 kWh/year (Typology 6) to 16,860 

kWh/year (Typology 5), capturing the variation in energy needs across climate 

conditions and building characteristics, including building sizes. 

The resulting savings represent the difference in final energy use in (kWh/year) 

between the baseline and post-intervention scenarios of the measures for each 

typology. Table 16 presents these results for the intervention measures organised 

into four categories: thermal insulation measures (I1-I3, C1-C2), technical systems 

upgrades (I4-I6), photovoltaic systems (I7), and integral renovation packages (C3-

C10). 

Overall, results show that combined renovation packages (Activity A1) deliver the 

highest annual savings, achieving between 70-85% reduction compared to baseline 

consumption (Table 17). The most comprehensive package (C10) consistently 

achieves the highest savings, reaching 85-89% reduction in continental typologies 

(1,3,5) and 81-88% in coastal typologies (2,4,6). In contrast, individual envelope or 

technical systems measures yield a lower reduction of 15-45%, depending on the 

intervention type. This substantial variation with comprehensive packages 

demonstrates the importance and potential of integrated approaches. 

Among individual measures, roof insulation (I2), heat pump integration (I4) and PV 

installation (I7) exhibit the highest energy saving potential, consistently delivering 29-

45%, 52-70% and 25-51% reduction, respectively, depending on the typology (Table 

18). On the other hand, window replacement (I3) showcases relatively lower 

improvement, achieving 5-13% energy savings across typologies. 
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Table 16: Simulated Annual Energy Savings per Measure and Typology 

Measure ID Typology 1 Typology 2 Typology 3 Typology 4 Typology 5 Typology 6 

Baseline energy 

consumption 

(kWh/year) 

12,758.47 10,003.57 15,625.62 11,941.84 16,860.24 9,475.48 

Thermal Insulation (kWh/year) 

I1 2,900.65 2,660.29 2,772.23 3,038.68 2,787.87 1,609.43 

I2 5,670.07 2,934.53 6,996.01 3,942.48 7,498.01 2,728.18 

I3 1,646.52 827.47 1,018.06 619.87 1,509.34 700.69 

C1 8,179.52 5,392.90 9,902.63 6,871.45 10,429.78 4,221.40 

C2 8,935.54 5,904.84 10,804.04 7,237.81 11,816.34 4,771.87 

Technical Systems (kWh/year) 

I4 -- -- 10,726.11 6,659.51 11,742.99 4,923.25 

I5 -- -- 4,279.08 -- 4,673.68 -- 

I6 -- -- 1,795.89 -- 1,963.95 -- 

PV Systems (kWh/year) 

I7 4,270.44 5,105.36 4,270.44 5,105.36 4,270.44 5,105.36 

Integral Renovation (kWh/year) 

C3 9,868.46 6,961.19 12,578.65 8,704.41 13,766.26 6,263.70 

C4 8,619.24 5,534.78 10,897.87 6,832.11 11,997.03 5,119.74 

C5 9,167.79 -- 11,402.33 -- 12,466.30 -- 

C6 4,362.11 -- 4,941.43 -- 5,664.85 -- 

C7 1,970.44 2,805.36 1,970.44 2,805.36 1,970.44 2,805.36 

C8 9,032.95 -- 11,055.30 -- 12,088.32 -- 

C9 2,784.78 -- 2,662.91 -- 3,252.01 -- 

C10 11,375.17 8,822.28 13,243.67 10,155.25 14,255.97 7,689.31 
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Table 17: Relative energy savings (%) by typology and renovation measure for Individual (I) measures 

Measure 

Typology 
I1 I2 I3 I4 I5 I6 I7 

1 23% 44% 13% -- -- -- 33% 

2 27% 29% 8% -- -- -- 51% 

3 18% 45% 7% 69% 27% 11% 27% 

4 25% 33% 5% 56% -- -- 43% 

5 17% 44% 9% 70% 28% 12% 25% 

6 17% 29% 7% 52% -- -- 54% 

Table 18: Relative energy savings (%) by typology and renovation measure for Combinations (C) measures 

Measure 

Typology 
C1 C2 C3 C4 C5 C6 C7 

1 64% 70% 77% 68% 72% 34% 15% 

2 54% 59% 70% 55% -- -- 28% 

3 63% 69% 81% 70% 73% 32% 13% 

4 58% 61% 73% 57% -- -- 23% 

5 62% 70% 82% 71% 74% 34% 12% 

6 45% 50% 66% 54% -- -- 30% 

Figure 34 presents the annual energy savings (kWh) achieved by each renovation 

measure across the continental (1,3 and 5) and coastal (2, 4, and 6) building 

typologies. The results, although subject to also other building characteristics (e.g., 

building size), indicate the influence of climatic conditions and construction 

characteristics on the performance of retrofit interventions. Continental typologies, 

characterised by higher baseline heating demand, achieve greater absolute savings 

across nearly all measures, particularly for combined insulation packages (C1-C2) and 

integral renovations (C3-C10). In contrast, coastal typologies exhibit smaller saving 

profiles, reflecting lower heating loads and higher baseline efficiency. The comparative 

results highlight that multi-measure renovations combining envelope and system 

upgrades yield the largest absolute energy savings, while single envelope actions 

deliver consistent but lower gains. 
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Figure 34: Annual energy savings by measure across (a) Continental and (b) Coastal typologies of SFH in Croatia 

Figure 35 illustrates the relationship between the investment cost and the 

corresponding annual energy savings achieved by different renovation measures 

across the six typologies. Bubble size represents the initial investment size (EUR)/ 

annual energy saved (kWh), while colours correspond to four measure categories, i.e., 

thermal insulation, PV systems, technical systems (including biomass boilers, solar 

thermal collectors and heat pumps), and integral renovation. The results indicate that 

high-cost interventions generally yield greater annual savings, though important 

dispersion exists across intervention types. This result confirms the link between 

renovation comprehensiveness and energy savings magnitude, while the observed 

scatter indicates the influence of building-specific factors. 

(a) 

(b) 
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Integral renovation packages cluster in the high-cost, high-savings quadrant, 

confirming their strong contribution to deep renovation and long-term 

decarbonisation. The pattern suggests that comprehensive packages can deliver 

increased savings as investment costs increase. The bubble sizes indicate an average 

ratio of initial investment size (EUR)/ annual energy saved (kWh). Thermal insulation 

measures occupy the low and mid-cost range, providing relatively low to moderate 

energy savings on average with more accessible upfront investment requirements. 

The dispersion of the points within the quadrant reflects the considerable variation in 

the energy savings and investment costs across specific insulation measures (roof, 

wall, windows, combinations). The bubble sizes also indicate significant variations in 

the initial investment size (EUR)/ annual energy saved (kWh) ratio. Furthermore, 

technical systems upgrades show lower to medium investments needed, providing 

energy savings in almost the whole range of the vertical axis, due to the important 

diversification of technologies included in this cluster. The bubble sizes also indicate a 

quite favourable initial investment size (EUR)/ annual energy saved (kWh) ratio. 

Finally, PV systems showcase relatively concentrated energy savings with lower initial 

investment requirements. The bubble sizes observed also indicate a favourable 

medium initial investment size (EUR)/ annual energy saved (kWh) ratio. 

 

Figure 35: Annual savings - investment cost relationship of renovation measures across Croatian SFH typologies 
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4.2.4.2 Results of the optimization model 

The optimization model was applied for Baseline, Electrification focus and Integral and 

electrification focus scenarios presented in Section 4.2.3.5, to assess the potential 

energy savings achievable through different approaches.  

In this section, the energy savings that can be achieved as well as the corresponding 

budget allocation per measure type and per building typology for the three scenarios 

are presented. 

4.2.4.2.1 Energy savings by measure type  

Figure 36 presents the annual energy savings (MWh), disaggregated by measure 

type, that can be delivered from the three alternative scenarios, while Figure 37 

presents the corresponding number of implemented measures. 

Envelope measures constitute the largest contributor to energy savings across all three 

scenarios, demonstrating their high potential and fundamental importance. In the 

Baseline scenario, envelope measures account for approximately 86.8% of the total 

savings delivered, contributing approximately 255.46 GWh. This dominant persists in 

the Electrification focus scenario, where envelope measures contribute approximately 

71.5% to the total savings (approximately 222.57 GWh), as well as in the Integral & 

electrification focus scenario, where they account for 68.5% of the total savings 

(approximately 209.64 GWh). This relative decrease in the proportion of energy 

savings delivered through envelope measures in the two latter scenarios reflects the 

diversification of the portfolio of measures, rather than a reduction in the importance 

of such improvements. 

Integral measures show a distinct pattern, especially across the Baseline and the 

Electrification focus scenario, compared to the Integral & electrification focus scenario. 

In the Baseline scenario, these measures contribute minimally to the total savings, 

with approximately 2.8% (8.23 GWh), while in the Electrification focus scenario, a 

similar contribution from integral measures (2.6% of total energy savings, 8.09 GWh) 

is observed. However, the Integral and electrification focus scenario demonstrates a 

considerable increase, with those measures contributing approximately 6.8% of total 

energy savings (20.94 GWh). This significant expansion underscores the scenario's 

emphasis on comprehensive, integrated energy efficiency approaches. 

Energy savings derived through heat pump installations are a differentiating factor 

between scenarios. In the Baseline scenario a very small contribution is observed, with 

approximately 1.3% of the energy savings coming from heat pumps (3937 MWh), 

while in contrast the Electrification focus and the Integral and electrification focus 

scenarios demonstrate considerable high share of energy savings from heat pumps 

installations, of approximately 18.7% (55.25 GWh) and 16.8% (51.5 GWh) of total 

energy savings respectively. Those substantial savings confirm that heating system 
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electrification represents a valuable action for delivering energy savings and improving 

Croatia’s building stock. 

PV systems and charging stations installation show a meaningful contribution to the 

total energy savings across all three scenarios, with corresponding shares of 

approximately 8.4% (24.62 GWh), 7.6% (23.67 GWh), and 7.2% (22.06 GWh), 

respectively. The modest decline suggests that increased emphasis on alternative 

technologies, i.e., heat pumps and integral measures, necessitates a modest reduction 

in PV and charging stations deployment. 

Solar thermal and biomass systems show minimal contribution across all scenarios, 

with marginal presence visible in the results, with approximately 0.3% of total savings 

in each scenario, on a range of 848 MWh to 980 MWh. Despite the potential technical 

suitability of these technologies for certain building types or applications, the results 

of the optimization model suggest that alternative measures consistently offer higher 

savings. 

 

Figure 36: Annual energy savings in MWh achieved across the "Baseline", "Electrification focus" and "Integral 
and electrification focus" scenarios. 
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Figure 37: Number of measures across the "Baseline", "Electrification focus" and "Integral and electrification 
focus" scenarios. 

Figure 38 presents in more detail the savings derived from the deployment of the 

different envelope improvements across the three scenarios. Envelope interventions 

are disaggregated into four categories: wall insulation, roof insulation, window 

replacement, and combined wall & roof measures. 

Roof insulation emerges as the dominant intervention, due to the significant energy 

savings it can deliver, as shown in the previous paragraph (Section 4.2.4.1), thus 

demonstrating consistent importance across all scenarios. In the Baseline scenario 

roof insulation contributes approximately 64.3% of the envelope savings (164.31 

GWh). The Electrification focus scenario shows an increase in terms of percentage 

contribution to the envelope savings, but a decrease in absolute terms, meaning 

approximately 67% of the envelope savings (149.04 GWh), while the Integral & 

electrification focus scenario demonstrates a further reduction to 58.7% of the 

envelope savings (123 GWh). The decline in the absolute contribution from the 

Baseline to Integral & electrification focus scenario reflects the diversification in the 

portfolio of measures and the shift toward combined interventions rather than isolated 

improvements. 

Combined wall and roof improvements also contribute significantly to the total energy 

savings, with the highest contribution being in the Integral & electrification focus 

scenario, in alignment with the scenario’s emphasis on comprehensive building 

retrofits that address multiple building elements simultaneously. In the Baseline 

scenario, combined measures contribute approximately 24.4% of the envelope 

savings (62.3 GWh), decreasing modestly in the Electrification focus scenario to 

approximately 22.7% of the envelope savings (50.48 GWh) and reaching 
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approximately 35% (73.34 GWh) of envelope savings in the Integral and electrification 

focus scenario. 

Wall insulation presents a decrease from the Baseline scenario to the Electrification 

focus and the Integral & electrification focus scenarios. In the Baseline scenario, it 

contributes approximately 7.2% of the envelope savings (18.47 GWh), decreasing to 

approximately 6.6% of the envelope savings (14.78 GWh) in the Electrification focus 

scenario and declining further to approximately 4.1% of the envelope savings (8.55 

GWh) in the Integral and electrification focus scenario. This decline reflects a change 

in implementation approach, where integrated packages are prioritized, rather than a 

reduced emphasis on wall thermal performance. 

Windows replacement exhibits consistently minimal contribution across all scenarios, 

contributing approximately 2.3% to 4.1% of envelope savings. This links to the lower 

energy savings delivered from this measure compared to the other envelope 

interventions, as shown in Section 4.2.4.1. 

 

Figure 38: Annual energy savings in MWh achieved from the implementation of the different envelope measures 
across the "Baseline", "Electrification focus" and "Integral and electrification focus" scenarios. 

4.2.4.2.2 Budget allocation by measure type 

Figure 39 presents the budget allocation across the types of measures for the three 

scenarios examined. As shown, in all three scenarios, the majority of the subsidy is 

allocated to envelope measures, reaching approximately 87% of the budget in the 

Baseline scenario, 73.6% in the Electrification focus scenario and 69.1% in the Integral 

and electrification focus scenario. It is also worth noticing that this budget allocation 

pattern closely mirrors the energy savings as presented in the previous paragraph. 

In the Baseline scenario, integral measures and PV & charging station each receive 

also a small portion, approximately 3.8% and 7.5% respectively. Biomass, solar 

thermal and heat pumps account for the relatively small shares of less than 1.8% 
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combined. Under the Electrification focus scenario, the allocation to envelope 

measures decreases compared to the Baseline, while the budget share for heat pumps 

increases considerably from approximately 1% to almost 14.9%. Integral measures 

and PV & charging station maintain a similar share as in the Baseline, while biomass 

and solar thermal remain minimal. 

The Integral and electrification focus scenario shifts the budget towards integral 

measures, where there is a visible increase relative to the other scenarios, from 

approximately 3.8% to 9.7%. This increase closely tracks the corresponding increase 

in energy savings contribution. Envelope measures still receive the major portion but 

less than in the Baseline, reflecting the strategic shift towards integrated approaches. 

Heat pumps and PV & charging stations maintain shares similar to the Electrification 

focus scenario, approximately 13.9% and 6.7% respectively, while biomass and solar 

thermal continue to represent very small fractions of less than 1%. 

 

Figure 39: Budget allocation across different measures in the "Baseline", "Electrification focus" and "Integral and 
electrification focus" scenarios. 

4.2.4.2.3 Energy savings by building typologies 

The variation in the energy savings distribution across building typologies in all three 

scenarios is presented in Figure 40. The results demonstrate a clear dominance of 

continental Croatian building typologies (typologies 1, 3 and 5), collectively accounting 

for approximately 90% of total energy savings across all three scenarios. 

Typology 1 emerges as the dominant contributor to total energy savings, consistently 

delivering the largest absolute savings. In the Baseline scenario, typology 1 

contributes approximately 40.5% (119.1 GWh) to the total energy savings. This 

dominance persists in the Electrification focus and the Integral and electrification focus 

scenarios, with approximately 40.3% (125.46 GWh) and 40.9% (125.14 GWh) of the 
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total energy savings, respectively. Typology 3 represents the second-largest 

contributor across all three scenarios. It delivers approximately 27.7-29.2% to the 

total savings with an increasing contribution from the Baseline scenario (82.02 GWh) 

to the Electrification focus (90.96 GWh) and the Integral and electrification focus 

(84.78 GWh) in absolute terms. Typology 5 shows decreased but also considerable 

contributions across scenarios. In the Baseline scenario, approximately 21.6% (63.63 

GWh) of the energy savings are delivered in typology 5, while in the Electrification 

focus and Integral and electrification focus scenarios, the corresponding contributions 

are 21.4% (66.67 GWh) and 22.7% (69.52 GWh), respectively. 

Moving now to the coastal Croatia typologies, Typology 2 overall contributes more to 

the energy savings compared to the rest of the coastal typologies, with approximately 

5.6% (16.6 GWh) of the energy savings coming from these buildings in the Baseline 

scenario. In the Electrification focus and the Integral and electrification focus 

scenarios, there is a modest decrease both in terms of percentage of energy savings 

delivered from the typology, which corresponds to 4.8-5.1%, as well as in absolute 

terms, with 15.78 GWh in the Electrification focus and 14.71 GWh in the Integral and 

electrification focus scenarios. Typologies 4 demonstrates minimal contribution across 

all scenarios, consistently delivering approximately 1.4-1.6% of total energy savings 

(4,376-4,780 MWh). Typology 6 shows similarly limited but slightly higher 

contributions. In the Baseline and the Electrification focus scenarios 2.5-2.7% of the 

total savings (approximately 7,353 – 7,900 MWh) are delivered in this typology, while 

there is a modest decrease to 2.4% (7,353.46 MWh) in the Integral and electrification 

focus scenario. 

The substantial concentration in Typologies 1, 3 and 5 reflects both the greater 

prevalence of buildings in continental Croatia, which represents the majority of the 

national building stock, as well as the higher heating demand characteristic of the 

continental climate zone compared to the milder coastal climate. On the other hand, 

the results for Typologies 2, 4 and 6 are in line with the fact that the Coastal typologies 

represent a smaller segment of the county’s building stock. The model’s systematic 

smaller allocation to these typologies across scenarios links with the averagely lower 

energy savings of the interventions, compared to continental Croatia typologies, as 

presented in Section 4.2.4.1. Furthermore, pre-1969 buildings, representing over 

45% of the national building stock, exhibit poor baseline energy performance due to 

minimal or absent thermal insulation, single-glazed windows, and inefficient heating 

systems typical of construction standards prior to the first energy regulations, thus 

providing a large base for interventions. Finally, the important contribution of Typology 

5 in total savings indicates that even newer buildings offer meaningful efficiency 

improvement opportunities. 
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Figure 40: Annual energy savings in MWh achieved across the six typologies in the "Baseline", "Electrification 
focus" and "Integral and electrification focus" scenarios. 

4.2.4.2.4 Budget allocation by building typologies 

Figure 41 presents the allocation of the subsidy budget across the six typologies for 

the three scenarios examined. Analysing budget distribution alongside energy savings 

performance provides guidance for resource allocation in subsidy program design. 

The three scenarios exhibit overall similar budget allocation patterns across the 

typologies, with continental typologies receiving approximately 89% of the budget in 

all three scenarios and coastal typologies receiving approximately 11% of the 

scheme’s budget. 

Typology 1 receives the largest budget in all scenarios, consistent with its dominant 

contribution to energy savings. More specifically, it receives 42.7% of the budget in 

the Baseline scenario, while a reduction is demonstrated in the Electrification focus 

and the Integral and electrification focus scenarios, where it receives 40.5% and 

37.8% of the budget, respectively. Typology 3 receives the second-highest budget 

allocation, which also demonstrates a decrease from the Baseline (31.1%) to the 

Electrification focus (30.1%) and the Integral and electrification focus (28.1%) 

scenarios. On the other hand, Typology 5 receives a moderate budget that increases 

from the Baseline (14.5%) to the Electrification focus (18.1%) and finally the Integral 

and electrification focus (23.6%) scenarios. 

In line with the energy savings, as mentioned above, coastal typologies 2, 4 and 6 

receive modest budget allocation across all three scenarios. In the Baseline and the 

Electrification focus scenarios, 4.8-5% of the budget is allocated to Typology 2, 

approximately 4% to Typology 4 and 2.4% to Typology 6, respectively. Finally, the 

Integral and electrification focus scenario holds a similar pattern with 4.5 and 4.8% of 

the budget allocated to each of the Typologies 2 and 4 and 2.2% allocated to Typology 

6.  
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Figure 41: Budget allocation across the six building typologies in the "Baseline", "Electrification focus" and 
"Integral and electrification focus" scenarios. 

4.2.5 Discussion, conclusions and policy implications  

The purpose of this section of the report is to present an assessment framework 

developed to investigate the energy savings that can be delivered from the 

implementation of a renovation subsidy scheme and its application to an incentive 

scheme targeting single-family houses implemented in Croatia.  

To meet this objective, we followed a multi-step approach including literature review, 

desk research, quantitative analysis and modelling techniques.  

1. First, we identified the building typologies to be used in the analysis. Overall, 

six different building typologies divided into two climate zones, i.e., coastal and 

continental Croatia and three construction periods, i.e., pre-1969, 1970-1989, 

and post-1989, were used, capturing the different characteristics and features 

of the building stock that influence the corresponding energy performance.  

2. The baseline energy performance for the six typologies was estimated using 

the DREEM model, taking into account appropriate weather data.  

3. We defined the single energy efficiency improvements and the renovation 

packages to be further assessed, taking into account the Croatian subsidy 

scheme’s specific technical requirements, as well as literature insights on 

common and effective combinations of measures. This resulted in 17 different 

solutions to be assessed, while the energy savings that can be delivered from 

those measures were then estimated. 
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4. We also estimated the average investment costs of each single measure or 

renovation package, using information shared by the EIHP, academic and grey 

literature, as well as market research. 

5. Finally, we defined an optimization problem aiming to maximize the energy 

savings that can be delivered through the subsidy scheme, taking into account 

the available budget as well as different pathways of constraints. The simulated 

energy savings as well as the cost estimates of the different interventions, were 

used in the model. 

4.2.5.1 Findings and highlights 

The main conclusions and discussion points are presented below: 

• The energy savings from each individual combination of measures across the 

typologies examined show the combined influence of building characteristics, 

climate conditions and renovation type on energy performance outcomes across 

the Croatian SFH. 

• When assessed against the baseline consumption, the results indicate that 

integrated renovation packages combining envelope and technical system 

measures deliver the most substantial efficiency gains, frequently surpassing 

80% energy savings compared to pre-renovation conditions. Conversely, single-

envelope or stand-alone system upgrades offer more modest savings. 

Furthermore, continental typologies assessed, consistently deliver higher 

absolute savings due to greater baseline heating needs. 

• The analysis of the relationship between energy savings and the measures 

investment cost revealed that while investment costs rise with the complexity 

and scope of the intervention, integral renovation packages offer substantial 

energy savings despite the high capital expenditure. Thermal insulation 

measures requiring lower to medium initial investment can deliver from low to 

medium-high energy savings and technical systems and PVs systems indicate a 

favourable ratio between the initial investment required and the delivered 

annual energy saved. 

• The scenario analysis demonstrates that the measures implemented under the 

subsidy scheme can influence the magnitude and the composition of achievable 

energy savings.  The analysis reveals that in the Baseline scenario, 

approximately 294.16 GWh of annual energy savings can be reached. The 

Electrification focus scenario, where additional emphasis on electrification 

through higher penetration of heat pumps is taking place, demonstrated an 

increase of approximately 5.9% of savings that can be delivered, reaching 

approximately 311.46 GWh. Finally, Integral & electrification focus scenario, 

where the focus on electrification remains and additional emphasis on the 

implementation of integral solutions as well as envelope measures that combine 

more than one of its elements is assumed, resulted in an increase of 
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approximately 4% compared to the Baseline scenario, achieving approximately 

305.88 GWh. In all three scenarios examined full absorption of the subsidy 

scheme budget is achieved, demonstrating that the model successfully 

identified sufficient interventions to utilize available resources completely. 

Consequently, expanding the scheme’s budget would likely yield a proportional 

increase in energy savings, making it a viable strategy for enhancing the 

impact. 

• The superior performance of the Electrification focus scenario indicates that 

strategic emphasis on heating system modernisation through heat pump 

deployment can enhance overall outcome and deliver additional energy savings 

under the current Croatian building stock characteristics and technology costs. 

The progressive increase in total savings from Baseline to Integral & 

electrification focus scenarios demonstrates that emphasising on electrification 

and comprehensive renovations could also enable greater energy savings 

potential.  

• The consistent dominance of envelope measures across all scenarios confirms 

that building thermal performance is foundational for delivering considerably 

high energy savings under energy efficiency strategies. It also reflects the poor 

baseline condition of existing buildings, particularly those constructed prior to 

1969, that allows for increased savings potential. 

• The increase in heat pump contribution from negligible levels in the Baseline 

(1.3% of savings) to substantial shares in the Electrification and the Integral 

and electrification focus scenarios (18.7% of savings) represents the most 

significant shift in our analysis. The 51.31 GWh increase in heat pump savings 

accounts for the majority of the Electrification focus scenario’s 17.29 GWh 

improvement over the Baseline scenario, demonstrating that heating system 

modernisation represents a highly effective pathway for enhancing program 

outcomes. 

• The Integral and electrification focus scenario is successful in delivering 

additional savings compared to the Baseline, but falls short of the Electrification 

focus scenario, suggesting a trade-off that may not optimise the total outcome 

in terms of energy savings. However, it is important to highlight that the model 

does not consider and may undervalue non-energy benefits associated with 

comprehensive retrofits, such as enhancing thermal comfort, reducing future 

intervention needs, improving building resilience through holistic envelope 

treatment, etc. 

• The typology-specific results reveal dominance of energy savings in continental 

Croatia typologies (90% of total savings) and pre-1969 buildings (approximately 

45-46% of total savings). Ensuring high participation rates and optimal 

measures implementation in these buildings is crucial for achieving the targets 

and guaranteeing an energy-efficient built environment. However, ensuring 
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geographical equity and no underinvestment in other typologies that might 

benefit from targeted support is particularly important. 

4.2.5.2 Policy implications  

By closely examining the results derived through the present investigation, various 

policy implications are identified. 

The Electrification focus scenario delivers the highest total energy savings, successfully 

diversifies the measure portfolio, maintaining strong envelope measure deployment, 

while at the same time achieving exceptional heat pump penetration. It provides a 

balance between traditional envelope improvements and technology-focused heating 

system modernization. In this respect, establishing enhanced subsidy rates for heat 

pump installations, combined with targeted outreach emphasising heating cost savings 

and comfort improvements, while maintaining strong subsidy rates for envelope 

measures to ensure continued uptake, may influence overall gains. 

The analysis reveals important variation in intervention approaches across building 

typologies. Thus, tailored strategies could enhance delivered savings. For coastal 

building typologies, additional emphasis could be directed towards a portfolio of 

measures suited for mild climates, e.g., cooling efficiency, PV generation, etc. 

The Integral & electrification focus scenario delivers lower savings compared to the 

Electrification focus scenario, despite the important implementation synergies in 

comprehensive renovations. However, careful consideration of qualitative and non-

energy benefits could justify one degree of preference for comprehensive packages, 

even if pure energy savings optimisation favours focused interventions. 

The energy savings results as well as the optimisation model provide valuable insights 

under current conditions, however, technology costs and climate market conditions 

evolve. Continuous monitoring, reporting and adaptive management can enhance 

long-term program performance. A comprehensive reporting and evaluation system 

tracking measure-specific deployment, typology-specific participation, energy savings 

achievement versus projections, cost trends and budget utilisation could be beneficial. 

The purpose of this analysis is to investigate the energy saving optimisation aspects, 

while highlighting how different combinations affect the resulting budget allocation 

and the energy saving impact. However, it would be interesting to explore other 

aspects like health and comfort benefits, energy poverty alleviation, environmental co-

benefits and economic development in future research and investigate the relative 

attractiveness of interventions and budget allocation when taking into account these 

multiple benefits.
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5 Conclusion  

This deliverable presented a bottom-up assessment of residential renovation 

strategies in Greece and Croatia, providing evidence-based insights. The DREEM 

model was used to quantify baseline energy performance, simulate a wide range of 

renovation measures and evaluate their energy saving potential. 

Although the two national case studies addressed different policy questions and 

renovation contexts, common patterns emerged, including the importance of aligning 

renovation strategies with the diverse characteristics of the residential building stock. 

Both applications demonstrated how bottom-up modelling captures building stock 

heterogeneity and climate-dependent performance, elements that aggregated or top-

down approaches cannot reliably reflect. By representing diverse typologies, climatic 

zones and renovation options, the analysis shows how detailed modelling can more 

accurately estimate energy savings and the effectiveness of different measures. 

At the same time, the study illustrates how bottom-up modelling can flexibly support 

different policy needs, from long-term renovation planning to investigating the design 

of support schemes, while still generating insights that are transferable across Member 

States. Overall, the analysis highlights the value of detailed evidence in strengthening 

renovation policies and in ensuring that interventions remain effective, well-targeted 

and responsive to national contexts as MS progress toward their energy efficiency and 

climate commitments. 
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Annex I  

  No Questions for national leaders within our consortium 

Intro 
1 Country Mandatory  

2 Partner Mandatory  

NECP targets 3 

What are the residential sector renovation rate targets in 
your updated NECP? Please include any additional information 
available, e.g., specific sub-targets, public funding etc. 
available.  

Mandatory  

Alternative 
measures 

4 

Are you implementing any alternative measure(s) to fulfill your 
Art. 8 obligations targeting the residential sector? If yes, please 
provide a short description including target buildings, energy 
efficiency measures considered etc. (please use different 
columns if more than one policy measure are in place) 

Mandatory  

5 

Is there any data available concerning the energy efficiency 
measures implemented in this program? i.e., share of 
households that change windows, install a heat pump etc? If 
yes, please provide a link.  

Mandatory  

6 
If any of the measures provided above is a subsidy program, 
please indicate the financial incentives available to customers 
(or provide a relevant link with the information) 

Mandatory  

EEOS 

7 

Does the EEOS in your country, if any, include measures 
implemented in the residential sector? If yes, what percentage 
of the OP savings obligations was delivered in this sector based 
on the most up-to-date information? What energy efficiency 
measures were eligible? 

Mandatory  

8 

Is there any data available concerning the energy efficiency 
measures implemented in the residential sector from the OP? 
i.e., share of households that change windows, install a heat 
pump etc? If yes, please provide a link.  

Mandatory  

Administrative 
costs 

9 

Can you provide information and data (in the form of 
references) regarding the administrative costs of the 
abovementioned measures? If yes, please do so and indicate in 
parentheses the measure to which the information provided 
corresponds to (please use different columns if more than one 
policy measures are in place) 

Mandatory  

Energy 
efficiency 
measures 

costs 

10 
Is there a reference available with up-to-date information on 
the costs of the following energy efficiency measures? If yes, 
please provide a link. 

Optional  

10a Roof insulation  Optional 

10b Wall insulation  Optional 

10c windows replacement  Optional 

10d gas boiler (installation) Optional 

10e gas boiler (maintenance) Optional 

10f gas boiler (operation - fuel prices) Optional 

10g biomass boiler (installation) Optional 

10h biomass boiler (maintenance) Optional 

10i biomass boiler (operation - fuel prices) Optional 
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10j lighting LED Optional 

10k Smart Thermostat Optional 

Other relevant 
information 

11 
Is there any national survey available that provides information 
on the percentages of technologies/ appliances (e.g., heating 
systems) in the residential sector? 

Optional  

12 

Is there any national survey available that provides information 
on consumers' behavioural patterns concerning heating and 
cooling systems utilisation? (e.g., operation hours and 
patterns) 

Optional  

13 
Can you provide Energy Performance Certificate (EPC) data or 
statistics? 

Optional  

In the following section, we provide indicative applications that could be examined in the 
framework of T3.5. We would like to ask you to prioritise them in the cells E27-E32, indicating 1 
for your top priority modelling activity and 6 for the least favorable one.  
Please take into account that the suggestions below are generic, aiming to serve as a first 
indication for the application to be implemented in your country. The final application will be 
further co-designed during our meeting in Budapest and other bilateral meetings if needed. 

Applications  

14 

Assessment of the implementation of alternative 
measures targeting the residential sector. Through this 
application the energy savings that can be achieved with specific 
funding investigating alternative renovation pathways (e.g., 
focus on façade vs focus on heat pumps) will be calculated.  

Mandatory  

15 

Assessment of the implementation of EEOS targeting the 
residential sector. This application could explore how much it 
will cost to achieve the obligation through alternative 
renovation/ policy pathways.  

Mandatory  

16 

Analysing different renovation scenarios (and therefore 
consumption trends) for the residential building stock. 
In this application a business-as-usual scenario could be 
investigated following the NCEP target, a more advanced 
scenario (e.g., with higher renovation rate) could be explored 
and the consumption trend following advanced electrification 
scenarios (e.g., promotion of heat pumps) could also be 
assessed.  

Mandatory  

17 

Investigation of the cost effectiveness of electrifying the 
residential space heating taking also available financial 
incentives into account. Exploring different electrification 
scenarios and their potential implementation through financial 
incentives and national policies. 

Mandatory  

18 

Calculation of the investment cost needed to reach the 
NCEP energy efficiency/ renovation targets. In this 
application bottom-up renovation scenarios will be evaluated 
following the NECPs target trendline. For this study specific focus 
will be given to the calculation of the investment costs that will 
be needed to reach this target. 

Mandatory  

19 
Please add if there is any other relevant application that 
you would like us to consider for your country 

Optional  

Outro 20 
Would you like to provide any additional comment, suggestion 
or information that may be helpful in our modelling activities? 

Optional  
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