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Executive 
summary

This deliverable examines the replicability of policy recommendations derived for the 
implementation of Article 9 of the Energy Performance of Buildings Directive (EPBD) across 
all EU Member States. Building on the policy analysis of Deliverable 3.1 EPBD Article 9 – 
Minimum Energy Performance Standards (MEPS) and trajectories for progressive renovation 
[1] and the guidelines developed in Deliverable 3.2 Development of article 9: policy guidelines 
[2] [3], it broadens the scope from selected focus countries to other EU-27 Member States. 
The overarching aim is to consolidate project findings into a transferable set of policy tools 
that national and regional policymakers can use to design and implement minimum energy 
performance standards (MEPS) and residential renovation trajectories in their specific 
building stock and regulatory contexts.




The quantitative assessment uses the Invert building stock model to simulate renovation 
trajectories for all EU Member States under five policy scenarios, ranging from stringent 
regulatory packages to purely market-based instruments. To ensure transferability, a 
clustering analysis grouped the 27 Member States into eight clusters based on climate 
conditions, primary energy factors, and renovation rates. The carbon intensity of electricity 
supply and the fossil fuel share in building heating emerged as the strongest differentiating 
factors across Member States. Six representative countries – Ireland, Italy, Czechia, Germany, 
Lithuania and Croatia – were selected for in-depth scenario comparison.
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The scenario modelling yields the two following key findings. For non-residential buildings 
(Art. 9.1), regulatory standards – particularly when combined with a fossil boiler ban and 
economic incentives – are an effective instrument for shifting the building stock below the 
2030 and 2033 MEPS thresholds. For residential buildings (Art. 9.2), market-based 
instruments alone tend to be insufficient: mandatory performance standards are necessary 
not only to meet the 2030 and 2035 interim targets but also for the long-term 
decarbonisation of the building stock. However, the starting point of Member States in terms 
of primary energy factors for electricity and district heating, the share of fossil fuels and 
expected evolution of the total floor area of the building stock strongly frames the results 
and creates specific challenges and opportunities for meeting targets. 




These results point to four policy priorities: investing in robust building stock data as a 
prerequisite for threshold-setting; designing MEPS as part of an integrated policy package 
combining binding standards, financial support and enforcement; protecting vulnerable 
households through targeted financing and adapted governance models; and embedding 
Article 9 trajectories within National Building Renovation Plans to ensure methodological 
consistency and long-term coherence. Good practice examples from across the EU confirm 
that the building blocks for effective implementation are already in place and can be 
replicated by Member States at earlier stages of transposition.




Taken together, the analytical evidence and good practice examples presented in this 
deliverable demonstrate that Article 9 implementation is both technically feasible and 
politically actionable across the full diversity of EU Member States – provided that regulatory 
ambition is matched by adequate data infrastructure, financial support, and institutional 
capacity.
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list of
abbreviations and acronyms

BSO


EPBD


EPC


ETS2


EU


FED


GFA


JRC


LTRS


MEPS


NBRP


OSS


PED


PEF


RP


WPB


ZEB

Building Stock Observatory


Energy Performance of Buildings Directive


Energy Performance Certificate


Emissions Trading System 2


European Union


Final energy demand


Gross floor area


Joint Research Centre


Long-term renovation strategy


Minimum energy performance standards


National Building Renovation Plan


One-stop-shop


Primary energy demand


Primary energy factor


Renovation Passport


Worst-performing buildings


Zero-emission building
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Article 9 is closely interconnected with National Building Renovation Plans (NBRPs). Across six 
key dimensions – building stock data, modelling assumptions, scenario design, scenario 
results, target achievement, and monitoring – the two policy instruments share a common 
analytical backbone, but they differ in scope and focus (see Table 1).

	Table 1: Distinction of content regarding policy guideline documents for NBRP and Art. 9

Policy guideline NBRP [4] Policy guideline Article 9

Building stock data

Data collection and description 
of building stock data, including 
the distribution of energy 
consumption levels

How to derive worst-performing 
buildings and 16th/26th 
quantile thresholds for MEPS for 
non-residential buildings and 
primary energy demand target 
reduction for residential 
buildings

Modelling assumptions and 
scenario design

Overall modelling approach, 
scenario design and scenario 
framework data (e.g. energy 
prices)

Specific elements affecting the 
effectiveness of Art. 9 
instrument, such as evolution of 
primary energy factors

Scenario results
Overall pathway results, e.g. in 
terms of final energy demand 
by energy carrier 

Specific results showing Art. 9 
target achievement split by 
residential and non-residential 
buildings

Checking target achievement

Overall evaluation of target 
achievement, including ZEB 
consistency, RED consistency, 
fossil fuel phase-out

Art. 9 targets, regarding the 
renovation of non-residential 
buildings in compliance with 
MEPS, and compliance with the 
trajectories for residential 
buildings 

Stakeholder engagement Included Not included

Monitoring and evaluation 

Monitoring of renovation 
activities and establishment of 
a continuous feedback and 
evaluation mechanism

Focus on compliance with 
MEPS (non-residential 
buildings)

1.2 Structure of the deliverable
This deliverable is organised into eight main sections, reflecting the sequential logic from 
policy framework analysis to quantitative modelling, stakeholder engagement, and actionable 
recommendations for Article 9 implementation across EU Member States.



Section 1 introduces the scope and objectives of the deliverable, outlines its structure, and 
describes the overall methodology and analytical approach underpinning the work.



Section 2 provides a description of the Article 9 framework as established by the EPBD, 
covering the key obligations for Member States regarding worst-performing buildings, 
minimum energy performance standards (MEPS), and national renovation trajectories.
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Table 2: Overview of policy scenarios used in the modelling

Ban fossil-
based 
boilers

Non-
residential

Scenario name CO₂ price Subsidies Residential

Regulatory+ €75/t Moderate Yes MEPS MEPS

Regulatory €75/t Moderate No MEPS MEPS

Mix €300/t High No No MEPS MEPS

Moderate €75/t Moderate No No MEPS MEPS

Pure economic €300/t High No No MEPS No MEPS
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Heating degree days (HDDs) reference year: 2016 [8]

Primary energy factor (PEF) for electricity – indicating the energy and carbon 
intensity of electricity supply5

Deep renovation rate [9]

Long-term renovation strategy (LTRS) evaluation score [10]

The clustering analysis resulted in eight distinct groups of EU Member States, as shown in 
Table 3.

Table 3: Cluster membership of 27 EU Member States resulting from hierarchical clustering analysis (Ward linkage, 
k = 8)

Cluster Countries

1 Cyprus, Malta

2 Italy, Spain 

3 Belgium, Netherlands, Ireland, Luxembourg

4 Sweden, Austria, Denmark, Finland

5 Lithuania, Bulgaria, Estonia, Latvia, Croatia, Romania, Slovenia

6 Greece, Portugal

7 Poland, Czechia, Hungary, Slovakia

8 France, Germany

For the next step, we analysed which indicators have the most influence on forming the 
clusters. The approaches we applied showed that the PEF for electricity (indicating the 
carbon intensity of a country’s electricity supply) and the share of fossil fuels in buildings’ 
energy use are the strongest drivers. Other factors such as national renovation strategy 
ambitions and heating degree days (HDDs) also play significant roles, while deep renovation 
rates and projected floor area reductions have smaller effects (Table 4).



From these eight clusters, six countries were selected for detailed scenario analysis, 
representing five of the clusters. The six countries were Ireland, Italy, Czechia, Germany, 
Lithuania and Croatia. The selection was cross-checked against gross floor area, final energy 
demand, and share of renewable energy.



While we selected these specific countries for analysis, they should also be understood as 
representing types of similar countries or regions.

The results for Ireland shown below should be understood as representative for 
countries with a very high share of direct fossil fuel use (>80%) in the base year 
(2020), a strong expected growth of building stock, moderate HDDs and PEF of 
electricity.

Source: Invert /EE-Lab model calculations (https://www.invert.at/) based on Eurostat energy balance data
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Italy stands for countries with a high direct use of fossil fuels share (~60%), but lower 
expected growth of floor area, low HDDs, and moderate PEF of electricity. The Italian 
LTRS was evaluated by JRC relatively positively, indicating good experiences with 
processes relating to setting up such documents in the past [11]. Estimated historical 
deep renovation rates in Italy were higher than in other countries [12].   

Czechia represents countries with a moderate share of direct fossil fuels in the base 
year (~40%), due to a higher share of district heating and biomass, moderate to high 
HDD, and a very high PEF of electricity.

Germany illustrates a case with a high share of direct fossil fuel use (>70%) in the 
base year, moderate HDDs, and relatively high PEF of electricity.

Lithuania stands for countries with a low share of direct fossil fuel use (~20%) in the 
base year due to a high share of district heating and biomass, high HDDs, moderate to 
low PEF of electricity, and a very good evaluation of LTRS indicating a high level of 
expertise and experience with processes relating to setting up such types of reports.

Croatia represents countries with a moderate share of fossil fuels (~40%), an 
expected slight decrease of building stock, and moderate to low HDDs as well as PEF 
of electricity.

Table 4: Key building stock and policy indicators for selected EU Member States under the Renovation+ scenario, 
2020–2050

Scenario

Country Croatia Czechia Germany Ireland Italy Lithuania

Expected growth in 
gross floor area 
2020-20506

-0.06 +0.06 +0.05 +0.27 0.00 -0.03

Fossil fuels share 
20207 0.38 0.41 0.71 0.83 0.60 0.20

Heating degree days 
(reference year: 
2016) [8]

2,264.65 3,247.67 3,009.02 2,744.05 1,766.12 3,829.94

Primary energy 
factor for electricity8 1.78 3.15 2.27 1.95 2.02 1.77

Deep renovation rate 
[9] 0.10 0.10 0.10 0.10 0.30 0.20

LTRS evaluation [10] 3.83 3.33 3.75 3.67 4.17 4.50

In summary, machine learning clustering provides a useful, data-driven lens to identify 
meaningful groupings among Member States and to spotlight the most influential dimensions 
(PEF electricity and fossil fuel share) that shape those groupings. While the small sample size 
and limited indicators mean the groups are not ‘fixed rules,’ the analysis still delivers 
actionable insights and a clear rationale for focusing future effort.

Renovation+ (MEPS implementation, CO2 price at €75/t,

ban on fossil fuel boilers, constant PEF)

Header 
3

Header 
4

Header 
5

Header 
6

Header 
7

Source : Invert/EE-Lab model calculations (https://www.invert.at/) based on Eurostat energy balance data

Source: Invert/EE-Lab model calculations (https://www.invert.at/) based on Eurostat energy balance data

GF A_2020 – GFA_2050) / GFA_2020, Data retrieved from Invert/EELab, https://www.invert.at/
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While fossil fuels carry a PEF close to 1.0, the residual electricity and district heating demand 
is amplified in primary energy terms, and the sheer volume of energy consumed pushes the 
distribution upward. Italy’s lower thresholds, by contrast, reflect its mild Mediterranean 
climate (which reduces overall heating demand), a moderate PEF for electricity (2.02), and – 
perhaps counterintuitively – a substantial reliance on fossil fuels for heating (60.5%, third-
highest in the sample). Since fossil fuels carry a PEF close to 1.0, buildings that depend 
heavily on gas heating do not face the same primary energy amplification as those using grid 
electricity; combined with Italy’s lower absolute heating volumes, this compresses the 
distribution and sets the MEPS threshold at a comparatively lower level. Crucially, the 
clustering analysis reveals that these country contrasts are not coincidental: Czechia and 
Germany, despite both sitting at the high-threshold end, are distinguished primarily by 
Czechia’s exceptionally high PEF for electricity (3.15 versus Germany’s 2.27) – the single 
strongest driver identified by the clustering model. This difference helps explain why Czechia 
displays an even wider PED spread than Germany despite comparable fossil fuel reliance.



For a complete list of values of PEF of electricity and share of fossil fuels, see Annex 2 - PEF 
and share of fossil fuels.

Figure 1: Primary energy demand distribution and 2033 MEPS thresholds for the non-residential sector with primary energy 
factor varying over time and including user behaviour under four policy scenarios (Baseline 2020, Regulatory+, Mix, Regulatory) 
for the year 2033, shown by building use category

Across all countries, the Regulatory+ scenario – combining stringent MEPS with a fossil boiler 
ban – produces the most pronounced shift of the PED distribution below the 2033 threshold. 
The Regulatory scenario, without a fossil boiler ban, delivers more modest improvements, 
particularly in the upper tail of the distribution where the most energy-intensive buildings are 
concentrated. The Mix scenario, applying high CO₂ prices (€300/t) alongside MEPS for the 
non-residential sector, achieves broadly comparable results in most countries, and in some 
building categories even outperforms the Regulatory+ pathway, underscoring the 
effectiveness of combining economic incentives with regulatory standards.

19



Figure 2: Cumulative specific PED reduction (%) relative to 2020 with dynamic primary energy factor under four policy scenarios 
(Regulatory+, Regulatory, Mix and Moderate), with EPBD Article 9 interim targets of 16% (2030) and 20–22% (2035) indicated as 
reference.
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Figure 5: Share of base year (2020) area-specific primary energy demand (PED) for the residential sector under the Mix 
scenario, including user behaviour.
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Table 5: Area-specific worst-performing buildings (WPBs) contribution to primary energy demand reduction in 
the residential sector under the Mix scenario, including service factor. Cases where the target for WPBs is not 
achieved are coloured in red.12

Country Scenario

in 2030 (%) in 2035 (%)

Croatia Mix 5.44 9.9

Czechia Mix 12.5 17.84

Germany Mix 9 16.27

Ireland Mix 18.19 28.34

Ireland Pure economic 18.19 28.34

Ireland Moderate 18.19 26.77

Italy Regulatory+ 30.25 42.46

Italy Regulatory 29.85 41.46

Italy Mix 12.47 19.78

Italy Pure economic 12.47 19.78

Italy Moderate 12.47 18.92

Lithuania Regulatory+ 23.66 38.06

Lithuania Regulatory 24.84 38.5

Lithuania Mix 13.38 18.85

Lithuania Pure economic 13.38 18.85

Lithuania Moderate 13.38 17.75

WPB contribution to primary energy demand 
reduction

WPB contribution to 
primary energy 

demand reduction

Based on a 55% contribution share for the residential sector, targets are considered met where values reach ≥ 8.8% by 
2030 and ≥ 11% by 2035.
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Annex 2 – PEF and share of fossil fuels

PEF electricity

Rank Country PEF electricity

1 Bulgaria 3.2662

2 Czechia 3.1537

3 Estonia 2.9272

4 Cyprus 2.8701

5 France 2.8679

6 Slovakia 2.8626

7 Hungary 2.8428

8 Poland (updated) 2.7041

9 Romania (updated) 2.5157

10 Malta 2.3310

11 Germany 2.2677

12 Spain 2.1870

13 Finland 2.0229

14 Italy 2.0205

15 Ireland 1.9540

16 Portugal 1.8502

17 Sweden 1.8005

18 Croatia 1.7830

19 Lithuania 1.7666

20 Luxembourg 1.7300

21 Latvia 1.6663

22 Denmark 1.5422

23 Austria 1.4705
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