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Executive Summary 

Energy efficient renovations are being promoted across the EU to help 

reach climate goals, alleviate energy poverty, strengthen energy security and 

improve the quality of an ageing building stock. As newer trends in energy efficient 

measures emerge, knowledge regarding the resultant unintended 

socio-economic or environmental consequences is yet to be fully established. 

Therefore, drawing from existing literature, this report presents a broad 

overview of trends in renovation measures, barriers, and strategies, in addition 

to their socio-economic and environmental consequences.  

The review shows that passive renovation measures set a strong basis for 

improving energy efficiency and indoor air quality though climate change can 

introduce trade-offs between these goals, particularly as heatwaves become 

more frequent. Active systems can address these risks but involve additional 

costs and operational complexity that disproportionately affect households 

with limited resources or capacity to manage technical systems. In line with EU 

programs like the Renovation Wave, the combination of renovation measures 

either in a single, deep renovation project or in stages over time are recommended 

to maximize benefits and avoid lock-in effects. 

High costs associated with deep renovation are meant to be offset by energy bill 

savings but these are dependent on pricing strategies and usage patterns which 

are highly influenced by occupant needs, behavior and cultural norms. Pricing 

strategies intended to reduce or optimize energy consumption like time-of-use 

tariffs and individually metered billing can unfairly burden households that have 

higher and less flexible energy needs.   

Widespread uptake of renovation measures is dependent on reliable, long-term 

policies and funding. Community-based initiatives are especially effective in 

integrating the multiple objectives of renovations. They also help renovate dwellings 

at a larger scale, incorporating resident engagement, awareness-raising, and 

planning support services needed for long-term effectiveness. 

At the same time, improved mechanisms such as smart meters and digital twins 

improve the quality of energy performance certificates and building  
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renovation passports help to standardize energy efficiency assessment. Trust in 

energy efficiency measures increases as a result, reducing the perceived risk of 

renovations and ultimately mobilizing investment from a broader group of actors. 

Across tenure types, barriers and consequences differ markedly. Owner-

occupiers with sufficient savings and administrative capacity are better 

positioned to benefit from subsidy schemes that reimburse costs after renovation 

completion, while lower-income owners are frequently excluded. In cooperative 

housing, collective decision-making processes and uneven distribution of 

benefits complicate renovation uptake. In the private rental sector, split 

incentives between landlords and tenants are a key obstacle, and stricter renovation 

requirements risk rent increases, displacement, or withdrawal of dwellings from the 

market. Social and public housing providers are more likely to engage in renovation 

programs, but smaller providers often lack access to funding mechanisms 

designed for large portfolios. 

Geographic context further shapes outcomes. Rural areas face limited access to 

service providers, lower property values, and highly heterogeneous building types, 

reducing the feasibility of standardized renovation approaches. Urban areas, while 

better suited to large-scale renovation, face heightened risks of displacement and 

increased pressure on already constrained social housing systems. These patterns 

indicate that renovation policy must be sensitive to both tenure and spatial context 

The report concludes by reiterating that both the environmental and socio-

economic performance of renovations hinges on a fair distribution of obligations 

and costs throughout the renovation process from funding and planning of the 

measures to pricing and technical maintenance strategies after the renovation.   
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The European building stock is ageing and in need of

renovation. 85% of the building stock was built before 2000, 

and 75% have poor energy performance (EC, 2025). The existing 

building stock contributed to around 40% of the EU’s energy 

use and 33% of energy-related greenhouse gas emissions (EEA, 

2023a). 15.5% of the EU population had a leaking roof, damp 

walls, floors or foundation, or rot in window frames or floor in 

2023 (Eurostat, 2024). The poor state of the housing stock poses 

issues to indoor comfort and health of occupants in addition 

to making them vulnerable to high energy bills. Therefore, the 

energy renovation of residential buildings across Europe is a key 

strategy to both tackle operational emissions from the building 

stock and improve living conditions. 

However, regulations that impose energy efficient 

requirements on households regardless of their ability to 

invest in the measures place an unfair burden on vulnerable 

households, especially since these households tend to occupy 

buildings with poor energy performance (Von Platten et al., 

2022). Ill-targeted renovation support schemes also tend 

to exclude the most vulnerable households who lack the 

administrative and financial capacity to be eligible or apply 

for them in time (EEB 2024). Moreover , effective programs 

to improve energy efficiency of homes involve payouts or 

tax returns upon completion of renovation and proof of 

improvement in energy performance. This automatically 

excludes households which do not have the required savings 

or loan eligibility to pay for the upfront costs of implementing 

renovation measures  (Tzani et al., 2022). 

The recent revisions to the Energy Efficiency Directive 

(EED)   (European Parliament and Council 2023) and the Energy 

Performance Buildings Directive (EPBD) (European Parliament 

and Council 2024) include stronger provisions  to protect 

vulnerable households, particularly those experiencing energy 

Energy Efficiency 
Directive (EU) 2023/1791

Article 8(3)  

This article requires 
Member States to 
establish and achieve 
a share of the required 
amount of cumulative 
end-use energy savings 
among specific target 
groups, i.e. people 
affected by energy 
poverty, vulnerable 
customers, people in 
low-income households 
and, where applicable, 
people living in social 
housing. 

Article 24

Requires Member States 
to implement energy 
efficiency improvement 
measures and related 
consumer protection or 
information measures 
as a priority among 
people affected 
by energy poverty, 
vulnerable customers, 
people in low-income 
households and, where 
applicable, people living 
in social housing to 
alleviate energy poverty.

1. Introduction
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poverty. The EED stipulates that the share of end-use energy 

savings among the target groups is to be at least equal to the 

average of the four commonly used energy poverty indicators. 

Article 8(3) of the EED also highlights three types of adverse 

effects that may result from energy efficiency measures. The 

first type of effect is the increase of energy prices that are 

not offset by cost-reducing energy efficiency improvements, 

compromising cost-neutrality. The second type of effect 

identified is on the health and comfort of occupants because 

of renovations which do not, for instance, appropriately address 

ventilation. The third type of effect is a broader impact on socio-

economic conditions such as an increase in the price of energy 

efficient solutions due to an increased demand triggered by 

regulations. The potential negative impacts energy renovations 

can have on housing affordability  and quality emphasize the 

need for the holistic planning of renovation measures.  

The need to renovate the European building stock 

while safeguarding socio-economic concerns has become 

increasingly relevant in recent years with the outbreak of the 

Covid-19 pandemic and subsequent Russian war on Ukraine. 

Recognizing this need, interdisciplinary and transdisciplinary 

efforts have been made in recent years to both improve 

the performance of technical renovation measures and to 

understand the impact of renovation measures on households.

A spectrum of barriers including economic, technical, 

institutional, social and legal barriers need to be addressed to 

achieve the systemic change necessary for decarbonizing the 

building stock and alleviating energy poverty. There is a trend 

towards more integrated solutions utilizing emerging digital 

capabilities in combination with community-based solutions. 

The social and environmental consequences of energy-efficient 

renovations are also documented but how recent measures and 

strategies influence these outcomes remain unclear. 

Next Generation EU

Next Generation EU 
(NGEU), which allocates 
funding through the 
Recovery and Resilience 
Facility (RRF), the 
Recovery assistance 
for cohesion and the 
territories of Europe 
(REACT-EU), to help 
member states meet 
climate goals and 
recover post-pandemic. 

Affordable Housing 
Initiative 

This a program part  
which aims to make 
housing energy-efficient 
and inclusive through 
pilot renovation projects 
directly addressing 
energy poverty. 

New European 
Bauhaus (NEB)

NEB is an initiative 
which promotes  
sustainable, aesthetic, 
inclusive buildings. 

European Pillar of 
Social Rights 

Principle 19 on housing 
and assistance for the 
homeless, and supports 
the EU’s cohesion policy 
for 2021-2027. 
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This report, therefore, aims to provide a comprehensive 

overview of both the latest trends in renovation measures, 

barriers in implementing them, the tools and strategies 

developed to address them, as well as summarize current 

knowledge of their impact on households based on academic 

and grey literature. Where possible, we highlight how 

vulnerable households in different segments of the residential 

building stock such as tenants, owner-occupiers, cooperative 

owners, and those living in rural or urban areas are affected by 

the renovation measures. 

Following a background chapter on housing and energy 
conditions in the EU, the first half of the report examines 

measures from each category of the energy pyramid that are 

commonly implemented in the EU alongside emerging trends. 

The second half covers the broader implications renovation 

measures have on households and the tools developed to 

implement them. Relevant regulations and examples from 

around the EU are highlighted throughout the report. 

The energy efficiency 
pyramid 

(Fig. 1) offers a 
comprehensive 
categorization 
of the different 
types of measures 
needed to improve 
the environmental 
performance of a 
building. 

Often, a combination of 
these measures 
is required to 
achieve adequate 
improvements in 
energy efficiency. 

Figure 1 Energy Efficiency Pyramid. Source: Buffington, D. E. (2010, May). The energy 
pyramid. Mushroom News, 58(5). Retrieved from https://www.americanmushroom.org/
clientuploads/directory/mushroom_news/2010/2010_05.pdf

Renewable 
Energy

Energy
Efficiency

Energy
Conservation

Understanding
 Energy Consumption
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The past five years have been shaped by economic slowdown

caused by the pandemic and an energy crisis triggered by the 

Russian war on Ukraine in 2022. These events also contributed 

to a persistent housing affordability crisis, changing energy 

poverty levels as well as energy consumption patterns as a 

result. 

Energy poverty levels which are typically monitored on the 

EU level through the “inability to keep home adequately warm” 

indicator of the EU statistics on income and living conditions 

(EU-SILC) survey had been steadily decreasing from 9.6% in 2015 

to 6.9% in 2019. However, the outbreak of the covid-19 pandemic 

in 2020 brought about a reversal in this trend with energy 

poverty increasing to 7.5% in 2020, increasing even further to 

10.6% in 2023 as the Russian war on Ukraine increased energy 

prices, eventually showing a slight decrease to 9.2% in 2024 

(Eurostat, 2025). 

2. Background

Figure 2 Household energy consumption for heating by energy source. Source: 
Odyssee-MURE URL: https://www.odyssee-mure.eu/publications/efficiency-by-sector/
households/energy-consumption-eu.html#:~:text=Natural%20gas%20is%20the%20
most,Electricity%20in%20residential%20Heat%20Renewables

Shifting Energy Use 
Patterns 

Although it is still the 
leading energy source 
for households space 
heating in the EU, the 
share of natural gas 
has been decreasing 
since 2021. 

The share of electricity 
and heat have 
remained relatively 
stable, with oil in the 
process of being phased 
out.

On the other hand, the 
share of renewables 
has progressed from 
16% in 2000 to 28% in 
2023) (Fig. 2).  

This can be partially 
attributed to the price 
hikes and overall 
volatility induced by the 
Russian war which led 
to significant household 
measures, including 
fuel switching (Rosenow 
et al., 2022), and 
government incentives 
and policies (Mišík & 
Nosko, 2023).
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The effects of the multiple crises of the past few years are 

experienced to varying degrees across the EU(Ata et al., 2025). 

Energy poverty and the unintended consequences of energy 

efficiency measures tend to affect households differently 

depending on a wide range of factors including, degree of 

urbanisation, type of tenure and demographic qualities.  

Households in rural areas face specific issues such as 

physical isolation, high poverty rates, and older, inefficient 

building stocks which place them at greater risk of facing 

energy poverty. Rural housing in many countries have poorer 

indoor thermal comfort and energy performance (see Fig. 4). 

It is also more common for these households to use fossil-

fuelled, or wood heating systems which greatly reduce indoor 

environment quality and pose health risks to occupants. The 

ageing population often found in rural areas is more vulnerable 

to such health risks. The lower real-estate value of these areas 

makes it less lucrative for large investments like renovations to 

be made and the unique characteristics of single-family houses 

prevalent in rural areas make it a difficult sector to implement 

systematic or large-scale renovations in (Apostoliotis et al., 

2024).

In urban areas, households in the rental sector are often 

more vulnerable to the unintended consequences of 

renovations. It is easier to scale up renovations in urban areas 

due to the more standardized nature of urban residential 

buildings and their proximity to each other. However, the risk 

of “green gentrification” or “renoviction” is also higher. Low-

income households who are unable to afford higher rents 

after major renovations are forced to move out (FEANTSA, 

2022). Both the barriers to implementing renovations and the 

risks of unintended consequences are especially higher in the 

less-regulated private rental sector. For instance, the issue 

of split incentives is one of the main barriers experienced by 

ODYSSEY-MURE 

The ODYSSEY-MURE 
project provides 
comprehensive 
monitoring of energy 
efficiency trends 
in different sectors 
including households 
by combining data 
from two databases 
-ODYSSEY and MURE.

Energy Poverty 
Advisory Hub (EPAH)

This initiative monitors 
energy poverty levels 
in different segments 
of the residential 
sector through a 
comprehensive set of 
indicators in addition 
to  providing training 
and advice to alleviate 
energy poverty. 

Building Stock 
Observatory (BSO)

This observatory 
provides monitors 
building stock 
conditions and 
renovation efforts

This project has received funding from the European Union Horizon Europe research and Innovation program under grant agreement 101132325. The views expressed in this publication are 
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stakeholders in this sector. Split incentives occur when the 

stakeholder who is responsible for financing renovation (e.g. 

the owner of rental properties) measures does not reap the 

benefits of reduced energy bills and improved indoor air quality 

(McCabe et al., 2018). 

Public housing providers, especially larger organisations 

with more resources and access to funding, have been actively 

participating in renovation programmes (Cauvain & Karvonen, 

2018) . Despite these efforts, energy poverty is still prevalent 

among public housing tenants, who are often excluded from 

the traditional housing market and face greater socio-economic 

challenges (Croon et al., 2024).

Similarly, in cooperative housing sectors, split incentives arise 

from the differing needs of apartment owners. For instance, 

occupants who live on the top floor of a building or in a corner 

apartment will have a higher need for thermal insulation than 

apartments who have less contact with external walls.  The legal 

and organizational barriers of building consensus on renovation 

measures amongst owner-occupants who in some cases 

have differing means and needs is also a barrier to vulnerable 

households accessing energy renovations. 

Knowledge about the needs and capacities of households 

with different demographic qualities such as age, can be 

essential in implementing appropriate renovation measures 

(Greene & Fahy, 2020). For example, older people are particularly 

vulnerable to energy poverty as they generally have lower 

incomes and live in houses or apartments that are less energy-

efficient (Willand & Horne, 2018). They are also perceived to 

be generally averse to new technologies (Charef et al., 2019) 

although this is not always the case as elderly people have 

also been found to be pioneers in this area (Caird et al., 2008). 

People that are already marginalized, such as disabled people, 

immigrants, or people with underlying mental health or 

This project has received funding from the European Union Horizon Europe research and Innovation program under grant agreement 101132325. The views expressed in this publication are 
the sole responsibility of the author/s and do not necessarily reflect the views of the European Commission.



HORIZON-CL2-2023-TRANSFORMATIONS-01, Number: 101132325 
D8.1 Energy Efficient Renovation Measures Review

13

substance abuse issues, are also left behind when it comes to 

energy improvements. There is often an assumption that they 

lack the knowledge, awareness or literacy to reduce energy or 

for energy initiatives to have a high impact. Income level, being 

over 65 and educational level were also identified by Lara-García 

et as factors that made people vulnerable to heatwaves (Lara-

García et al., 2024).
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3. Understanding Energy Consumption

Understanding energy consumption is a key precondition

to changing energy usage behavior. Appropriate design of 

renovation measures requires detailed input and the lack of 

accurate information on building and household energy profiles 

is a barrier to successfully carrying out energy renovations 

(D’Oca et al., 2018).  The EU has identified the installation of 

smart meters as an essential measure to help overcome this 

barrier among other things. Used in conjunction with digital 

tools like Building Information Modelling (BIM), digital twins 

and machine learning, the data collected through smart meters 

creates opportunities to better identify areas for improvement 

and to more accurately characterize the consumption needs of 

different households at a large scale. 

3.1 Smart Meters

Smart meters are digital energy meters that automatically 

relay energy usage information to suppliers without the need 

for manual readings. They may be deployed to measure the 

consumption of utilities including domestic hot water (DHW), 

electricity and gas. There are also opportunities to use an “open 

metering system” which combines data from all three utilities.  

Although it is more common to have a metering device which 

relays an entire household’s consumption data, there are also 

sub-metering systems which disaggregate the usage data for 

different appliances, providing better support for demand-

response and flexibility in energy usage (see Chapter 9). The 

installation of smart meters, sub-meters and a shift towards 

an internet of things (IoT) system provides better data on  

energy consumption that can be communicated to multiple 

stakeholders including households, energy providers, landlords, 

and governmental organizations designing policies. 

The European Union Agency for Energy Regulators (ACER) 

reported that as of 2023, fifteen countries have a smart meter 

roll-out rate above 80 % (Denmark, Estonia, Spain, France, Italy, 

Electricity Directive 
2019/944 

The directive requires 
member states to reach 
at least 80% smart 
meter penetration by 
2024, assuming cost-
effectiveness.

The Clean Energy 
for All Europeans 
package (2019) 

The package 
strengthened 
requirements for full 
deployments of smart 
meters where cost 
benefit analyses are 
positive. 
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Latvia, Luxembourg, Malta, the Netherlands, Austria, Portugal, 

Slovenia, Finland and Sweden). Belgium, Ireland, Lithuania and 

Great Britain have a roll-out rate of between 30% and 80%. On 

the other end of the spectrum, ten countries have a very limited 

rate of roll-out of smart meters to household consumers (below 

30 %), specifically, Bulgaria, Czechia, Germany, Greece, Croatia, 

Cyprus, Hungary, Poland, Romania and Slovakia  (ACER, 2024). 

According to Berg Insight, 63% of electricity consumers in the 

EU had smart meters. Meanwhile, 44% of gas consumers had a 

smart meter installed as of 2023. The main barriers to installing 

smart meters are investment costs, data and privacy risks, and 

lack of awareness (Berg Insight AB, 2024).

Installing smart meters as a standalone measure has not 

demonstrated significant reductions in household electricity 

consumption. Sub-meters measuring energy consumption at 

the appliance level have shown slightly better results but the 

main issue limiting the effectiveness of smart meters in energy 

reduction is the short-lived nature of behavioural changes 

when households are presented with their consumption data 

(Samancioglu et al., 2026). 

Although the installation of smart meters has little direct 

effect on housing affordability, its benefits lies in enabling new 

services and pricing strategies. They facilitate more dynamic 

or individualized utility payment models resulting in different 

distributional effects on households depending on their ability 

to shift consumption patterns (see Chapter 5). For instance, 

Sweden  now requires individual metering and billing of 

heating energy in the worst-performing multifamily buildings 

in the Norrbotten region. Given that a correlation between poor 

energy performance and low-income have been established in 

several studies, the individual metering and billing of heating 

raises concerns  of low-income households in multi-family 

houses being unfairly burdened (J. Von Platten et al., 2020). 

This project has received funding from the European Union Horizon Europe research and Innovation program under grant agreement 101132325. The views expressed in this publication are 
the sole responsibility of the author/s and do not necessarily reflect the views of the European Commission.



HORIZON-CL2-2023-TRANSFORMATIONS-01, Number: 101132325 
D8.1 Energy Efficient Renovation Measures Review

16

Meanwhile in the UK, Ofgem, Great Britain’s electricity 

regulator, has a statutory obligation to protect and support 

vulnerable consumers. They recommend that energy suppliers 

to prioritize vulnerable households using prepayment meters 

and recognize the potential of smart meters to help them 

identify consumers that are self-disconnecting (Ofgem, 2025). 

This supports more automated and proactive targeting of 

vulnerable consumers for support while placing “minimal 

burden in notifying and updating energy companies of 

their circumstances.” Currently in practice, the Warm 

Homes Discount program matches property register data, 

income, modelled energy costs, and benefits data to identify 

households facing energy poverty and require energy 

providers to automatically give a discount to these households. 

(Ofgem, 2025). Harnessing granular and longitudinal energy 

consumption data from smart data could facilitate this 

automated and targeted support for households (HouseInc, 

2025). The data measured by smart meters, aggregated at 

a larger scale can even be used to train machine-learning 

algorithms to better identify households at risk of energy 

poverty. 

Another benefit of smart meters is that they help bridge 

the gap between modelled or calculated energy consumption 

and measured or actual energy consumption. This means 

that they help reduce prebound effects (Van Der Leer et al., 

2026). Prebound effect refers to overestimation of energy use 

in energy models which results in less energy and financial 

savings than predicted, especially for buildings with lower 

energy efficiency. In these buildings, households tend to be 

more frugal with their energy usage (Sunikka-Blank & Galvin, 

2012).  

Mitigating the negative impacts of smart meters 

while leveraging on their potential to support vulnerable 
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households involves policy safeguards and embedding them 

in broader initiatives to support vulnerable households. This 

can be achieved through measures like placing functional 

requirements to ensure a minimum quality of service for all 

households as is the case in Sweden and placing obligations on 

service providers to use consumption data for targeted support 

as is the case in the UK. Coupled with fair pricing strategies, 

such measures ensure that the deployment of smart meters 

supports a just transition in the residential building sector. 

3.2 Digital Twins

While smart meters monitor energy consumption, digital 

twins combine multiple aspects of building performance, 

enabling multi-objective (including affordability aspects) 

planning in renovations and maintenance.  A digital twin 

provides real-time digital representation of the physical 

building and its operation through sensors which continuously 

monitor changes. It supports real-time building monitoring 

of parameters like energy consumption, indoor comfort, 

and safety and can also support decision-making on future 

measures. It can even be linked to building renovation 

passports to provide a comprehensive overview of a building or 

neighborhood’s condition.  

In the residential sector, they are more applicable to 

multi-family housing or housing at a larger scale such as a 

neighborhood or district. Digital Twins support more rigorous 

maintenance, repair works and staged renovations which 

require less upfront costs and cause disruption to tenants. This 

tool is still being tested in research and pilot projects (BPIE, 

2025). This is part of a wider push for better quality and more 

comprehensive data  on the building stock in the EU. 

Open Data Policy

In France, the open 
data policy requires  
open data by default 
and proactive provision 
of data from all 
government authorities 
including  building 
stock and its energy 
performance 

LEdEx (Existing 
Building Logbook)

In Spain, the LEdEx 
is a specific national 
instrument for existing 
buildings, particularly 
those built before 2000. 
It assesses the current 
condition of the building 
and its potential for 
improvement and 
includes a renovation 
action plan.

iBRoad2EPC

Is an EU project 
which integrates 
buildingrenovation 
passports into 
energy performance 
certification schemes for 
a decarbonised building 
stock. It tested this tool 
in Bulgaria, Greece, 
Poland, Portugal, 
Romania, and Spain.
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Examples from the EU

The German city of 
Göttingen started 
developing two energy-
efficient neighbourhood 
concepts (KfW 
programme) which 
include the analysis 
of the potential for 
densification.

France’s National Plan 
to Combat Vacancy 
includes a database 
of vacant buildings 
which includes 
energy performance 
information. Owners 
of buildings with a 
low performance are 
contacted and offered 
renovation incentives 
to align with Minimum 
Energy Performance 
Standards (MEPS).

In Berlin, Hamburg, 
Potsdam and Munich 
home swap meets were 
established in 2018, 2023, 
and 2020 respectively 
in collaboration with 
city-owned housing 
companies owned 
by the city (Die sechs 
landeseigenen 
ngsbaugesellschaften 
Berlin], 2018; SAGA 2023; 
Landeshauptstadt 
Potsdam, 2020; 
Landeshauptstadt 
München – Sozialreferat 
Gesamtplanung 
Wohnen, 2021).

4. Conserving Energy

Absolute energy demand can be reduced through changes

in behavior guided by a sufficiency approach which aims 

to achieve “a state in which people’s basic needs for energy 

services are met equitably and ecological limits are respected” 

(Darby & Fawcett 2018). A sufficiency approach becomes 

especially pertinent when considering that the energy 

consumed per capita in housing occupied by lower income 

households which tend to live in more crowded dwellings, 

is lower than more affluent households which tend to live in 

underoccupied dwellings (J. von Platten et al., 2020; Savini et al., 

2026).

Sufficiency in the building sector is an approach which 

aims to meet needs with a more careful use of material and 

energy resources. This approach can involve the reduction 

of living space, and more effective use of existing buildings. 

Such densification is a less discussed method of reducing final 

energy consumption compared to energy efficiency. However, 

a sole focus on efficiency ignores cultural trends around 

conspicuous consumption that increase energy and material 

use such as bigger homes, bigger cars and more and larger 

appliances (Sahakian, 2019). 

At the same time, the political pressure to build more 

housing is increasing, especially amidst a lack of affordable 

options in the existing built environment.  A sufficient approach 

to addressing the lack of affordable housing would be to 

redistribute built square footage amongst those in need of 

housing. Such an approach has been investigated in several 

studies including (Bagheri et al., 2025) which demonstrates 

that sufficiency policies like flat exchanges and moving advice 

can potentially reduce total floor area. (Arceo, Touchie, & 

O’Brien, 2025) highlight how freedom to swap housing while 

maintaining rent, mortgage and ownership structures can 

provide more appropriate housing choices. (Arceo, Touchie, & 
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O’Brien, 2025) specifically highlights home swapping as having 

“enormous potential to reduce per capita housing space”. 

(Bohnenberger, 2021) provides strong theoretical backing, 

showing sufficiency could reconcile social and environmental 

housing goals if pursued collaboratively. 

One of the key issues in adopting a sufficient approach in 

building occupation is the temporal nature of housing needs. 

A dwelling occupied by a family can go through multiple 

occupancy scenarios in its lifetime. (Arceo, Touchie, O’Brien, et 

al., 2025) propose “rightsizing” a unit to its occupancy level at 

any point during its life cycle through strategies like subdividing 

larger houses into smaller dwellings or converting non-

residential building to housing units.

While sufficiency and efficiency measures applied in isolation 

result in only modest emission reductions, a strategically 

targeted combination of space demand reduction and 

renovation offers significant potential to lower both operational 

and embodied emissions, reduce reliance on the uncertain 

future technologies, and meet housing needs within planetary 

boundaries (Batra et al., 2026; Horn et al., 2025). The success of 

the combined measures also depends on social acceptance, 

new norms, and innovative business models, with current 

political and social frameworks not fully exploiting sufficiency 

measures’ potential (Bagheri et al., 2025; Passoni et al., 2021)

The home swapping 
offer in Vienna 
generally sets a limit of 
one room more than 
people living in the 
household (Wiener 
Wohnen, 2020)
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5. Improving Energy Efficiency

The EU has adopted an energy-efficiency first principle (EU)

2021/1749) which prioritizes reducing energy consumption 

before investing in renewable energy supply (EC, 2021). 

Reducing energy demand through efficiency measures is 

also expected to put less pressure on infrastructure upgrades 

that are needed to switch to renewable sources of journey. 

Improving energy efficiency standards for buildings has been 

a priority in the EU since the 1970s oil crisis. Since 1990, it has 

generally increased in the EU.  Households have seen the 

largest improvement of 31% or 1.6% each year (Odyssee-Mure, 

2025). From 2018 to 2023, 29.4% of rural residents reported 

living in a dwelling with improved energy efficiency, compared 

with 25.4% in towns and 22.9% in cities (Eurostat, 2024). Typical 

energy renovation measures range from passive interventions 

such as replacing windows to active interventions like installing 

ventilation systems with heat recovery. ADEME, the French 

agency for energy transition, has summarized what the ideal 

order to carry out significant renovation works would be. They 

recommend starting with envelope insulation, followed by 

windows and doors, ventilation and finally the upgrade or 

replacement of heating and cooling systems (ADEME, 2021). 

5.1 Passive Measures

Measures which improve the energy efficiency of the 

building envelope without the use of mechanical systems 

are referred to as passive measures. Insulating the building 

envelope, improving its airtightness and improving the u-value 

of windows are some of the main ways to improve the energy 

efficiency of the envelope. Across the EU, varying number of 

people live in a dwelling in need of measures to improve the 

building envelope. (see Fig. 3).

Insulating with (circular) bio-based materials is an 

increasingly popular strategy to mitigate the material emissions 
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Figure 3 The presence of damp, mold, leak. *Data for UK, Slovenia, Netherlands, towns 
and suburbs in Latvia, towns and suburbs in Estonia, Denmark, towns and suburbs in 
Germany, missing. Reference year: 2023. Source: EU-SILC
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from conventional mineral-based. Conventional insulation 

materials such as glass wool, stone wool, expanded polystyrene 

(EPS), extruded polystyrene (XPS), and rock wool have a high 

global warming potential. Therefore, bio-based insulation 

materials are gaining traction as alternatives with a lower 

environmental impact (Zerari et al., 2024). Insulation made 

from hemp, flax, wood fibre, sheep’s wool, and straw bales are 

some examples of bio-based alternatives. Although mineral-

based insulation still dominates, sales of bio-based materials 

are expected to grow in Europe to more than €2.3 billion by 

2032 especially as the poor fire-retardant qualities of mineral 

insulation is increasingly recognized (BPIE, 2025). Waste-derived 

bio-based materials from construction and industrial sources 

reduce the risk of dependence on unsustainably managed 

sources, thus improving the overall life-cycle impacts of 

renovations (Cintura et al., 2021). 

Beyond the choice of insulation material, its placement 

within a building’s facade is critical to avoiding unintended 

consequences such as mold growth, increased indoor pollutant 

levels, and overheating especially under a changing climate. 

Internal insulation is usually only preferred where buildings 

have facades with heritage status (Pagoni et al., 2023). However, 

it risks the growth of mold due to condensation that can occur 

within external walls, floors and roofs when warm, moist air 

passes through from the inside of the building and condenses 

at colder parts within it, particularly when there is a deficient 

vapour barrier or insulated attics (Hagentoft & Kalagasidis, 2016).

Without the provision of adequate ventilation, increased air 

tightness can also result in higher levels of indoor pollutants 

such as radon. Similarly, in certain circumstances thermal 

insulation has the potential to result in increased overheating 

(Collins & Dempsey, 2019). Internal insulation poses a higher 

risk of overheating as average summer temperatures and 
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heatwaves increase. For instance, Hungarian participants in 

the EU project, WELLBASED cited overheating as “the main 

problem” as they lived in apartments that had been externally 

insulated without consideration summer overheating risks a 

few years prior to the project. Adequate ventilation mechanisms 

are therefore required to remove both the moisture content 

of the air, pollutants and address increased cooling demands 

(Willand et al., 2015; Zukowska et al., 2021) 

5.2 Active Measures

A changing climate and increasing energy efficiency are 

driving a shift to mechanical ventilation. Improving energy 

efficiency through the upgrade of technical systems (without 

necessarily switching to a renewable source) is a less common 

practice but used in colder climates where mechanical 

ventilation  is more prevalent and more domestic hot water 

is required. However, as requirements for tightly insulated 

building envelopes increase, natural ventilation methods 

through window openings for instance do not provide 

sufficient fresh air to remove odor or contaminants and ensure 

good indoor air quality (Ferdyn-Grygierek & Grygierek, 2024; 

Zukowska et al., 2021). As more frequent heatwaves occur, the 

necessity for mechanical cooling is also growing. Therefore, 

mechanical systems even in countries that traditionally use 

natural ventilation in residential buildings are increasingly 

needed.  

5.2.1 Mechanical Ventilation

Despite higher efficiency potential, cost, maintenance, 

and governance constraints shape the choice of system. The 

different types of mechanical ventilation typically installed in 

European housing are extract air ventilators in humid rooms 

and exhaust-only systems. Even though innovations such 

as phase change materials and mechanical ventilation with 

Article 13(11) 

This articles requires 
that, where technically, 
economically and 
functionally feasible, 
new and undergoing 
major renovation 
residential buildings 
are equipped as of 
2026 with the following: 
a) the functionality of
continuous electronic
monitoring that
measures systems’
efficiency and informs
building owners or
managers in the case of
a significant variation
and when system
servicing is necessary.
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heat recovery capabilities, that use 70 to 90% of exhaust heat 

are more efficient, they require strong financial incentives or 

obligations to be adopted (Zukowska et al., 2021). 

Mechanical ventilation poses health risks if poorly 

designed or maintained, especially for vulnerable households. 

Substandard ventilation can cause extra health problems for 

vulnerable households. For instance, an improperly maintained 

filter or a filter with non-certified materials can cause infectious 

diseases (Giama, 2021). Therefore, the impact ventilation 

systems have on the indoor air quality is a crucial aspect of 

implementing this renovation measure alongside improving 

energy efficiency.  Indoor air quality is primarily maintained by 

providing minimum levels of fresh air supplied from outdoors. 

Ventilation systems interact with climate change and can 

worsen overheating if not designed holistically. As the 

concentration of CO2  in the atmosphere increases, more 

ventilation will be required to maintain an acceptable level of 

indoor CO2  concentration(Adisorn & Vondung, 2019) (Dimchev 

et al., 2025). Overheating is another potential consequence 

of installing mechanical ventilation systems, especially when 

coupled with thermal insulation or improved airtightness. The 

building regulations in some countries such as the UK do not 

cover installation of summer bypass mode for mechanical 

ventilation with heat recovery which can lead to overheating. 

Operational complexity and unclear responsibilities 

undermine real-world performance. Mechanical systems 

require more space and duct routing, which can be especially 

challenging in smaller housing units or dwellings. Similarly, 

decentralized systems where mechanical ventilation units with 

heat recovery are installed inside apartments can be difficult 

to access for regular maintenance. Running costs can also 

increase due to greater electricity consumption (Zukowska et 

al., 2021). 
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      There is often a lack of clear instructions about system 
operation and maintenance requirements (e.g., MVHR filter 
replacement), in user manuals and during building handover. 
Follow-up service contracts and clear briefings to occupants 
about maintenance are therefore recommended to address 
these issues. One user-centred approach would be to 
incorporate the concept of Soft Landings which is a process
that includes aftercare and regular system review at the early
stages of post-occupancy (Behar, 2013). 

      However, the anticipation of respective risks and possible 

conflicts with tenants in turn may prevent landlords from 

investing in user sensitive technology. There may be less social 

acceptance of mechanical ventilation systems especially from 

occupants who need frequent cold air streams to perceive the 

indoor air as “fresh”. For landlords with high tenant turnover 

rates, providing adequate technical and behavioural instruction 

of new tenants can be particularly challenging. They may 

therefore prefer low-tech solutions such as window rebate 

valves/ventilators (in combination with or without exhaust 

systems), installing tilting locks or replacing window gaskets 

since these measures are cheaper, require less servicing and do 

not involve elaborate training for new tenants who move into 

dwellings.

      Lower-cost alternatives may deliver acceptable outcomes 

when trade-offs are explicitly considered. A low-cost automatic 

window system, even without direct airflow control, can offer 

a feasible, energy-efficient alternative to mechanical systems 

in residential buildings, provided heating demand is also 

considered(Sarna & Ferdyn-Grygierek, 2025). Natural ventilation 

also remains effective in addressing certain needs such as 

cooling (Heracleous & Michael, 2018) and in reducing the spread 

of particulate matter from burning candles and cooking. 
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     Therefore, the usage of natural ventilation in an adaptive 

approach (in which users have a broader and more dynamic 

comfort line depending on the outdoor temperature) would 

help reduce energy poverty risk in social dwellings (Levie et al.).

Governance frameworks must explicitly allow and 

manage trade-offs, not just promote technologies so that 

adaptive approaches can be adopted. Such policies enable 

a coordinated approach to energy efficiency and indoor air 

quality. Encouraging control mechanisms that ensure good 

implementation and operation is another key strategy to 

ensuring good indoor air quality standards. While subsidies 

for specific systems can increase their uptake, they need to be 

accompanied by outreach programs that educate occupants. 

5.2.2 Domestic Hot Water Systems
DHW is emerging as a non-negligible energy end-use due 

to efficiency gains elsewhere. The share of domestic hot water 

(DHW) use in the total energy consumption of a building has 

historically been insignificant in comparison to space heating, 

ventilation or lighting and has therefore not been the focus 

of energy efficiency measures. However, as the efficiency of 

other end uses improve, more attention is needed for DHW. 

DHW systems can be either centralized (distributed to several 

apartments) or decentralized (heat exchanger or storage for 

individual apartments). 

Proven DHW technologies exist, but uptake is uneven and 

often limited despite maturity. In countries like the UK, and 

the Netherlands, there is more activity in this field.  In Cyprus, 

solar thermal collectors account for 82% of DHW systems. 

Waste water heat recovery systems are a particularly efficient 

method of heating water and have already recovered 300 GWh 

corresponding to the annual domestic hot water consumption 

of 17,000 households in the EU. Since the 1980s centralized 

systems in Germany, Switzerland and in the Scandinavian 
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countries make use of the heat in waste water, either in the 

sewage system or in the effluent of sewage treatment plants. 

Europe has the greatest technological lead in the world on this 

subject, with 326 patent applications since 2010, which is 70 

percent of all patent applications in the world. However, this not 

the dominant water heating system. 

Decentralized DHW systems offer efficiency advantages 

but face adoption barriers. Circulation losses are the primary 

inefficiency in many DHW systems. The three areas that 

DHW systems face energy losses are in end use, circulation, 

and storage with circulation losses being the dominant one. 

Therefore, there is growing research on decentralized/ localized 

systems without circulation for DHW production (Pomianowski 

et al., 2020). However, decentralized systems are not used as 

widely (REHVA, 2020). 

Decentralized systems are the most effective in improving 

energy efficiency in multi-family buildings. In multi-family 

houses, circulation loss would be responsible for 30–75% of the 

total DHW energy use, compared to up to 60% in single-family. 

Operation and investment in localized heaters at draw-off 

point should be considered in DHW installations where energy 

related costs to circulation and centralized DHW production are 

higher than operation of localized heaters (these are most often 

electric or gas). Cost efficiency increases for high wastewater 

volume flows and good insulation of piping (Pomianowski et al., 

2020).

Meanwhile, DHW systems with heat recovery are more 

durable and offer maintenance free operation. Small local heat 

recovery systems from wastewater are more economically 

advantageous than a middle-scale district heating system, 

especially in colder climates, where they show a 2 to 2.6 

times higher heat recovery capacity. Hence, under the right 

conditions, localized DHW and heat-recovery systems are 

Renovation Wave

The Renovation Wave 

aims for the doubling 
of the annual weighted 
energy-efficient renova-
tion rate from the cur-
rent EU level (with small 
national variations) 
of 1% to at least 2% by 
2030. The average (or 
weighted) renovation 
rate describes the annu-
al reduction of primary 
energy consumption 
achieved through the 
sum of energy renova-
tions of all depths for 
the total building stock. 
As of 2016, only 0.2% 
of the residential floor 
area is renovated with 
an energy saving of 
more than 60% (ref). The 
BPIE estimates that this 
needs to increase to 3%. 
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Figure 4 Number of energy renovation measures from 2018-2023 by degree of 
urbanization. *Data for UK, Slovenia, Netherlands, towns and suburbs in Latvia, towns 
and suburbs in Estonia, Denmark, towns and suburbs in Germany, missing. Source: EU-
SILC
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does not, however, 
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effective the 
implemented measures 
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there is a general lack 
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to a lack of expertise 
across the value chain 
on executing major 
energy renovations 
(McCabe et al., 2018). 
It is unclear how 
successfully the 
renovation works were 
executed.
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economically and operationally advantageous (Pomianowski et 

al., 2020).

However, DHW efficiency gains must be embedded within 

broader, sequenced renovation strategies. While individual 

renovation measures such as insulating the envelope or 

installing a more efficient DHW system help to reduce certain 

aspects of energy consumption in buildings, a deep renovation 

rate of 3% is necessary to reach building decarbonization by 

2050 (BPIE, 2021). 

5.3 Deep Renovations

Deep renovation involves multiple measures which fully 

utilise a building’s potential for energy efficiency improvement. 

It prevents lock-in effects from piecemeal measures such as 

window replacement which hinder subsequent investment in 

energy efficiency improvements by the building owner. 

Aligning efficiency measures with the deployment of 

renewable heating technologies enables optimal solutions 

in terms of cost-effectiveness, reduced CO2 emissions, low 

environmental impacts and energy security (BPIE, 2021). 

Conversely, renovation measures which only include renewable 

energy systems risk locking the building into higher energy 

consumption than is required if passive measures are not 

also implemented. For instance, heat pumps installed before 

envelope insulation is added could be over-dimensioned.

Deep renovations are complex undertakings which require 

large upfront payment and rigorous planning informed by 

expert knowledge. Despite the availability of several EU funding 

streams, there is still a lack of sufficient funding to scale 

renovations to reach targets (Bertoldi et al., 2021). Public funding 

schemes that are paid for post renovation exclude the poorest 

households who have debts or insufficient savings to pay the 

upfront costs. These groups are also not attractive candidates 

This project has received funding from the European Union Horizon Europe research and Innovation program under grant agreement 101132325. The views expressed in this publication are 
the sole responsibility of the author/s and do not necessarily reflect the views of the European Commission.



HORIZON-CL2-2023-TRANSFORMATIONS-01, Number: 101132325 
D8.1 Energy Efficient Renovation Measures Review

30

Landsbyggefonden 
(LBF)
The Danish national 
revolving fund for uses 
payment from tenants’ 
rents and savings from 
housing organisations 
to finance renovations 
in the non-profit 
housing sector. 

for other loans. This is why public funding needs to be 

earmarked for the most vulnerable instead of being dispensed 

on a first come first serve basis. Intermediary organizations that 

provide the upfront costs on behalf of vulnerable households 

can get repaid when government funding has been dispensed. 

This type of revolving fund could be a way of resolving the issue 

of high upfront costs.

In rental housing, where tenants have primarily symbolic 

influence, large scale, rent increases can occur after major 

renovations, leading to eviction. This contributes to an increase 

in tenure inequality (FEANSTA. 2022). The disruption caused 

by major renovations can also cause displacement (Femenias 

et al. 2024). Fair rent negotiation processes and appropriate 

relocation plans could mitigate these issues .

FEANTSA also found a direct causal link between energy 

savings investments and increases in property prices. Expected 

increase in sale prices of properties after retrofitting ranges 

from at least 2% to 7%, making it unavailable for lower-income 

households (FEANSTA. 2022). In the rental housing, where 

tenants have primarily symbolic influence, large scale, rent-

raising renovations usually ensue, causing “renoviction”, tenant 

evictions or indirect displacements (Pull, 2020).

This project has received funding from the European Union Horizon Europe research and Innovation program under grant agreement 101132325. The views expressed in this publication are 
the sole responsibility of the author/s and do not necessarily reflect the views of the European Commission.



HORIZON-CL2-2023-TRANSFORMATIONS-01, Number: 101132325 
D8.1 Energy Efficient Renovation Measures Review

31

6. Installing Renewable Energy Systems

Decarbonizing household energy consumption by switching

to renewable energy sources is an important step in meeting 

carbon emission reduction targets agreed by the EU (EC, 2020). 

Commonly installed renewable energy systems include solar 

energy systems, heat pumps, and biomass boilers which rely 

on electricity to function. The electrification of final energy 

consumption is therefore recommended (EEA, 2023). More 

than half of households in Malta, in Bulgarian cities, and in 

both towns and cities in Portugal and Cyprus used electricity 

as their main energy source in 2023 (see Fig. 6). However, 

as electrification efforts continue, the increase in electricity 

demand should be powered by renewable sources to avoid 

carbon leakage from the building sector to the electricity 

production sector. 

The electrification that is required in the switch to renewable 

energy systems in turn necessitates improvements in grid 

capacity which is more challenging to implement in rural 

areas. As is the case when adopting most new technologies, 

installation of renewable energy systems in dwellings across the 

EU faces significant barriers including. (Jagarajan et al., 2017) 

state that the perceived risk or novelty factor around renovation 

measures like the installation of new renewable technology is a 

barrier to investments. It is costly to dimension systems that are 

entirely renewable energy-based. Moreover, overproduction in 

the sunny months would impose dimensioning of exceptionally 

large and not feasible storage solutions. The ratio between 

renewable and conventional energy production is usually a 

compromise between energy efficiency and investment cost. 

(Pomianowski et al., 2020). In Hungary for instance, the price 

disparity for buying versus selling energy further discourages 

decentralized production (ComActivate, 2024). 

A significant number of households in Portugal, Spain, Malta, 

and to a lesser extent households in France and Italy do not 

Emissions Trading 
Scheme (ETS) II

This new system will 
cover and address the 
CO2 emissions from fuel 
combustion in buildings 
but the responsibility 
report emissions will be 
on energy providers. 
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Figure 5 Main Energy Source by Degree of Urbanization. *Data for UK, Slovenia, 
Netherlands, towns and suburbs in Latvia, towns and suburbs in Estonia, towns and 
suburbs in Germany, missing. Reference year: 2023. Source: EU-SILC
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Households (Fig. 4)

Gas is the predominant  
energy source in EU 
households. Wood logs 
account for a significant 
portion of many rural 
areas. In Poland, coal 
is still a widely used 
energy source across all 
areas. To a lesser extent, 
his is also the case for 
rural areas in Czechia 
and Denmark. 
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have a heating system at all. Although these countries are in 

Southern Europe or have regions in Southern Europe with a 

warmer climate, heating systems may still be required for some 

of them; especially if they are not insulated well. 

As with passive measures, renewable energy systems are 

often more effective when combined. The best available energy 

solution, focusing on technical and environmental criteria, is 

the combination of biomass and solar thermal systems for 

covering the heating processes in residential buildings. More 

specifically, the combined biomass–solar system has a lower 

overall environmental impact, due to the reduction in gaseous 

pollutant emissions, as well as the reduction in the amount of 

used fuel (Giama et al., 2023). Similarly, heat pumps integrated 

with PV have the highest potential for minimizing CO2 

emissions for a Danish household(Esmat et al., 2023). 
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Figure 6 Main Heating System by Degree of Urbanization. *Data for UK, Slovenia, 
Netherlands, towns and suburbs in Latvia,  Estonia,  Germany, and Greece is missing. 

Reference year: 2023. Source: EU-SILC
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Heat pumps are a central decarbonization technology for 

residential buildings. Heat pumps  efficiently heat or cool 

buildings by harnessing heat from outdoor air or the ground. 

The installation of heat pumps is a commonly recommended 

method to replace fossil fuels with renewable energy sources 

to cover domestic hot water, heating, and cooling demands. A 

report from the European Climate Foundation (ECF) indicates 

that the installation of 60 million heat pumps across the EU by 

2030 could facilitate a 40% decrease in gas consumption for 

buildings relative to 2022 levels, alongside reductions of 46% 

in carbon dioxide emissions and 40% in nitrogen emissions, 

respectively (ECF, 2023). 

Similar to other more efficient or low-carbon technologies, 

technical potential for heat pump deployment is high, but 

uptake is slowing. Less than 5% of Belgian households were 

equipped with a heat pump in 2022 (Czock et al., 2025; Rosenow 

et al., 2022) and these are typically installed in homes with 

above-average insulation. Italy and Germany have the highest 

number of gas boilers in dwellings, followed by France, Spain, 

and the Netherlands. Together, these countries make up nearly 

75% of the total 68 million gas boilers. As a result, Germany 

has the potential to achieve the greatest reduction in gas and 

oil usage, with a potential saving of 125 TWh. France follows 

with 50 TWh, Italy with 48 TWh, Spain with 22 TWh, and the 

Netherlands with 18 TWh. Around 41% of all EU dwellings 

currently heated by gas boilers are properly insulated allowing 

highly efficient functioning if heat pumps are installed in these 

buildings (Toleikyte et al., 2023). 

Physical and regulatory constraints influence where 

heat pumps can be deployed successfully. The ability to 

accommodate a new heat pump system within the building’s 

design, planning regulations in the area and especially the 

affordability of electricity prices to operate it are important 

RePowerEU Plan

EU aims to install an 
additional 60 million 
heat pumps by 2030 as 
part of the RePowerEU 
Plan. There is a heat 
pump action plan

Danish Heat Pump 
Leasing Program

Denmark is rolling 
out “heat as service” 
programs to tackle the 
high upfront costs of 
installing heat pumps. 

6.1 Heat Pumps
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aspects of successfully installing heat pumps. 

Operating costs and energy price strategies are a critical 

determinant of adoption and equity outcomes. The price ratio 

between electricity and gas is another persistent challenge. The 

ratio plays a crucial role in determining the competitiveness of 

heat pump operating costs. When the price ratio exceeds the 

seasonal performance factor of heat pumps, the fuel costs of 

heat pumps become higher than for gas boilers. A heat pump 

remains cost-effective as long as the price of electricity does 

not exceed three times the gas or oil price. In 2021, 19 Member 

States had an electricity to gas ratio exceeding three, whereas 

only six Member States had a ratio of three during the first 

half of 2023. However, the more favourable ratios during 2023 

are primarily due to the high gas prices, which also means the 

energy prices have increased overall, worsening the situation for 

the energy poor.  Achieving a favourable and stable electricity 

to gas ratio would allow heat pumps to maintain their efficiency 

advantage and ensure their economic viability compared to 

fossil-fuelled heating systems. 

Current policy instruments inadequately address upfront 

cost barriers. The EU is currently planning to implement a new 

EU Emissions Trading System (ETS) that is expected to lead 

to an increase in the cost of operating fossil-based heating by 

including fuel combustion in buildings in the scope of the ETS. 

However, this does not address the large upfront costs involved 

in purchasing and installing heat pumps. The European Heat 

Pump Association is, therefore, advocating for 0% VAT on heat 

pumps and including heat pumps within ESG investment 

rules. Another mechanism to tackle upfront costs is to launch 

heat pump leasing programs which function as ongoing 

subscriptions rather than a single purchase. Maintenance and 

repair are also included in the contracts.

Decarbonization policies risk regressive impacts if equity and 
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system constraints are not considered. The International Energy 

Agency calls for implementing policies, such as banning the 

sale of gas boilers starting in 2025, to accelerate the adoption 

of this type of equipment (IEA, 2021). While a ban on fossil-

based systems may be effective, it may be a burden for the 

over 16.8 million people who use LPG for heating (AEGPL, ND). 

Bottled gas is also seen as more reliable since it is not entirely 

dependent on the electrical grid and can be used during 

power outages. Czock et al. found that multifamily homes with 

single-story gas heating may face CO2 costs up to 8, 000 EUR 

per residential unit due to limited decarbonization options. 

Policymakers should consider these dynamics when prioritizing 

buildings for district heating or hydrogen in municipal heat 

planning or designing CO2 price revenue recycling mechanisms 

(Czock et al., 2025). 

Heat pumps also involve environmental trade-offs that 

require regulatory oversight. Although heat pumps emit less 

greenhouse gases than fossil-based systems, the industry norm 

is still to rely on fluorinated refrigerants, (i.e., F-gases) that are in 

most cases safer than other refrigerants, but which have very 

high global warming potential. In response, F-gas Regulation 

(EU) 2024/573, which came into effect in March 2024, requires 

the replacement of F-gases with low-global warming potential 

alternatives.

6.2	 Biomass Boilers

Another alternative to fossil-based heating systems is 

biomass-based technologies. Biomass can contribute to 

decarbonization, but performance depends heavily on fuel type, 

sourcing, and emissions control. When designed and sourced 

efficiently and sustainably, they can play a significant role in 

decarbonizing the residential heating. Among the biomass 

fuels used in residential applications, the most common are 

wood logs, pellets (and briquettes), wood chips, straw, husks, 
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and shells. Unlike pellet boilers, which rely on standardized, 

densified fuel, wood chip boilers use locally sourced, less-

processed biomass, often originating from forestry residues, 

thinning operations, or sawmill by-products. Efficiency 

typically ranges between 85% and 94%, but emissions remain 

highly dependent on fuel properties and operational settings. 

Therefore, emissions control remains a central challenge in 

adopting biomass boilers(Katerla & Sornek, 2025). 

The use of biomass is a socially and culturally embedded 

energy practice. It is influenced by cultural traditions, 

accessibility, and economic factors. In rural regions, using 

firewood for space, water heating, and cooking is engrained in 

various cultures (see Chapter 8). Many families have free access 

to this resource due to their residence in rural areas where it 

can be easily sourced from their property, adjacent lands, or 

communal forests. Therefore, solid biomass is still an important 

energy source for many households across the EU. 

Cleaner fuels like pellets involve affordability and price-

stability trade-offs. Pellets are usually certified for quality, are 

more efficient in burning, emit less pollution, and therefore are 

less problematic. Ideally, they should also possess certifications 

verifying sustainable sourcing. While they are easy to manage 

and supply, pellets are pricier. They are more susceptible 

to fluctuations in the European market when compared to 

firewood, leading to increased expenses. Wood chips on the 

other hand, are significantly cheaper than pellets and more 

accessible, as they can be produced independently but emit 

more pollutants than pellets. They release gaseous pollutants 

and particulate matter into the atmosphere such as carbon 

monoxide and methane (Katerla & Sornek, 2025)  Therefore, 

even modern biomass systems pose air quality risks that must 

be managed. 

Biomass involves life-cycle and temporal carbon trade-
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offs that complicate claims of carbon neutrality. For instance, 

if wood residues are not used for heating, the carbon they 

emitted may have been stored for a much longer time in 

standing forests. Thus, the use of woody biomass can only be 

truly considered carbon neutral if the burnt wood is rapidly 

replaced in its carbon storage function by newly planted 

biomass. The relatively shorter carbon life cycles of annual crops, 

for instance, could be preferable to wood residues from a life-

cycle point of view since wood is part of a slower forest rotation 

and biomass decay (IEA 2017).  This introduces a time element 

that is not always taken into consideration when assessing 

carbon savings benefits of bio-based solid fuels. Although solid 

biomass used in heat production is generally free from the 

indirect land use change caused by the displacement into the 

fuel market of biomass stock originally intended for food and 

feed use, farmers could receive an incentive to expand crops 

beyond necessary, ending up in unnecessary change of land 

use (Woltjer et al., 2017).

Fuel innovation and blending can reduce emissions without 

sacrificing performance. Technology improvements and 

efficient and integrated resource management would help 

mitigate the negative consequences of biomass boilers. Rabbat 

et al. found that pelletized biomass-based insulation materials 

mixed with certified wood could be considered an attractive 

alternative fuel for residential biomass boilers (Rabbat et al., 

2023). 

Another possible strategy to reduce pollution, would be to 

use biomass in district heating instead of individual systems to 

avoid losses and to optimise combustion. Large district heating 

boilers are also suitable for the combined production of heat 

and power. More importantly, plants can be built to allow fuel 

flexibility and co-burning of different types of fuels which would 

avoid a fuel lock-ins when cleaner options are available. 
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While biomass-based heating systems can contribute to 

residential decarbonization, their environmental, social, and 

economic impacts depend critically on feedstock choice, 

combustion scale, and governance frameworks.

6.3 Solar Panels

Residential solar is a more mature technology contributing 

to EU decarbonization strategies. Solar panels are a popular 

source of renewable energy in residential dwellings. By 2030, 

the EU aims for 600 GW of solar capacity, aligning with climate 

and energy security goals. However, according to SolarPower 

Europe, the EU association for solar power, residential solar 

installations have declined in 19 countries in 2025 (SolarPower 

Europe, 2025).

Solar deployment is increasingly uneven and shifting away 

from the residential sector. Solar Power Europe attributes the 

decline in sales to the phase-out of rooftop support schemes 

in several mature markets and the saturation of early-adopter 

households, while policy and electricity market settings in 

many countries remain insufficient to activate the broader 

mass-market segment. The exception to this trend is seen in 

the uptake of plug-in solar devices in Germany. Germany, Spain, 

and Italy dominate the EU solar market, contributing over 

50% of total capacity. France, the Netherlands, and Poland are 

rapidly expanding, with grid and permitting reforms unlocking 

new capacity. Smaller nations like the Baltic states and Ireland 

are adopting community solar and storage for stability. It is also 

observed that uptake of solar technologies have shifted towards 

utility-level applications like solar farms. 

Electricity market design and support schemes critically 

shape residential solar viability. The delayed liberalisation of the 

electricity market for residential consumers and the lack of net 

metering or other support measures for small-scale installations 
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Figure 7 Households using district heating as main energy system.. *Data for Cyprus, 
Malta, UK, Slovenia, Netherlands, towns and suburbs in Latvia, towns and suburbs in 
Estonia, towns and suburbs in Germany, missing. Reference year: 2023. Source: EU-SILC
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District Heating as 
Main Energy Sytem 
(Fig. 7)

District heating is most 
prevalent in urban 
areas since it is most 
efficient in dense 
settings. It is the main 
energy source in more 
than half of urban 
households in Slovakia, 
Sweden, Poland, 
Estonia, Denmark, 
Czechia, Finland, 
Latvia and Lithuania. 
On the other end of 
the spectrum, it is the 
main energy system in 
a neglible number of 
households in Belgium, 
Greece, Spain, Ireland, 
and Italy. 
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limit the market to self-consumption systems. The negative 

effects of the shift away from net metering to net billing can 

be seen in countries like Hungary, Netherlands and Greece. 

Similarly, the end of favourable legislation like the VAT waiver 

for private individuals in Austria installing PV systems up to 35 

kW and PV subsidy programmes hinders more widespread 

adoption on solar panels in the residential sector. Double 

charges of electricity tariffs with double taxation of battery 

energy storage systems’ charge/discharge and import/export 

connection charges are key still topics to be addressed. 

Technical and regulatory system readiness determines the 

scalability of residential solar. The development of batteries for 

electricity storage, improvement of grid capacity and flexibility 

(see Chapter 10) are highlighted as crucial steps to provide 

affordable solar energy in Europe. Deregulation of the electricity 

market for residential consumers is seen as an important 

precondition as well (SolarPower Europe, 2023). 

Aligning photovoltaic generation with real consumption 

patterns is essential for system efficiency. The overall strategy 

of load matching of photovoltaic electricity production and 

a building’s energy consumption has been identified as an 

important strategy to maximise self-consumption, reduce 

reliance on the grid, and by extension, the risk of overloading 

the grid (Gergely et al., 2025). Research on load matching 

has shown in residential buildings, consumption patterns 

of households both over a day and over seasons are highly 

influential. (Fuster-Palop et al., 2023). Changing daily usage 

patterns or designing photovoltaic systems based on detailed 

usage patterns of households, especially at an aggregated 

at the energy community level are considered particularly 

effective (Gergely et al., 2025). For more on energy communities 

(see Chapter 11). 

SMARTER TOGETHER
This project developed 
ICT tools for renovation 
and renewable energy 
consumption of urban 
residential areas. 

ReDREAM
This project adopts a 
user-centric approach 
and co-creates 
platforms for renewable 
energy consumption 
and production. 
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6.4 District Heating and Cooling 

District heating and cooling (DHC) systems offer a flexible, 

system-level pathway for decarbonizing heat supply. They 

provide centrally generated energy via insulated pipes to warm 

or cool individual buildings. One of the main advantages of 

district heating is that it can use many types of fuels, meaning 

that fossil fuels can be phased out in favour of renewable fuels 

or by heat recovery from many kinds of sources. Fossil fuels 

dominate as energy source for district heating in the EU, while 

biomass provides 22 % of the energy.

DHC systems are evolving technologically, but legacy 

infrastructure and fuel mixes still shape outcomes. Therefore, 

DHC deployment is geographically uneven and highly 

context-dependent. Biomass provides over 40 % of the district 

heating energy in the Nordic and Baltic countries, while for 

some countries, the biomass share is almost negligible.  High 

temperature combined heat and power plants exist across 

Europe (mainly fuelled by gas), often shifted to biomass (seen 

in countries like France, Spain, Germany and former eastern 

European states) when refurbishing district heating systems 

(Goggins et al., 2022; Vilén et al., 2024). District heating covers 

around 12 % of the total heat demand of EU. The share of 

dstrict heating and cooling is uneven within the EU Member 

States, with Sweden, Denmark, Lithuania, Slovakia, and Estonia 

being those EU countries with a higher district heating and 

cooling stock, whilst Southern and Mediterranean ones have 

the lowest district heating and cooling ratio (Vilén et al., 2024). 

Spain is an exception to this trend as high growth rates of 

new environmentally friendly district heating systems are 

observed(Zimakov, 2025).  

More modern district heating and cooling systems adopt the 

concept of fourth generation district heating which includes 

aspects such as closer interaction between producer and 
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consumer, lower district heating distribution temperatures, and 

increased integration of exhaust heat from industries and other 

actors supporting the decarbonization of heat supply (Vilén et 

al., 2024)

DHC is not universally optimal; building stock characteristics 

determine suitability. More modern systems are typical in 

Scandinavian countries and involve the development of high-

tech district heating systems based on renewable energy 

sources. This may not be appropriate in Southern European 

countries where the high proportion of old buildings with low 

energy efficiency and high heat losses make investments in 

district heating unattractive. Instead, it is suggested that energy 

renovation of buildings, combined with upgrading individual 

boiler equipment would be a more appropriate strategy 

to decarbonize heat supply and combat energy poverty in 

Southern European countries (Zimakov, 2025). 

Since more advanced models systems that use low-

temperature exhaust heat require equipment used by the end 

customer suited for the specific distribution temperature used, 

simply reducing the temperature of existing district heating 

grids could come with issues. This is one reason the utilization 

of low temperature exhaust heat is less common even though 

a decrease of district heating distribution temperatures has 

several benefits, such as decreasing the distribution losses, 

increasing the efficiency of heat pumps, allowing for new 

kinds of piping to be used for distribution as well as allowing 

for more efficient combined heat and power plants. Therefore, 

transitioning to low-temperature DHC involves technical 

coordination challenges across the whole system.

DHC pricing and billing structures can create inequities 

and weaken behavioural incentives. The inequality in district 

heating charges in apartment buildings is a concern raised 

in several studies. Rates that are charged according to built-
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area of apartments do not incentivize reduction in energy 

consumption. They also do not consider the proportion of 

external walls an apartment is exposed to which makes indoor 

comfort conditions varied within a building. On the other 

hand, a study in London and Riga found that waste heat may 

reduce consumer energy bills, compared to replacing heating 

technologies, when energy poverty reduction is considered 

as an impact indicator. Although more research is needed to 

assess district heating and cooling schemes by conditions and 

structures, this collective infrastructure, with waste heat, could 

help alleviate energy poverty in urban areas (Lagoeiro et al., 

2024).  

DHC expansion depends heavily on public investment and 

coordinated planning. According to the European Association, 

which promotes sustainable district heating and cooling 

Euroheat & Power, public funding is key to fostering district 

heating and cooling networks across Europe. EU and state 

financing  provide a valuable opportunity for stakeholders to 

access resources, boosting innovation and commissioning, 

especially in countries where systems are deteriorating in 

condition. 
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7.1 Energy Audits & Coaching

Energy audits are a foundational tool for diagnosing and

improving building energy performance. A systematic appraisal 

of a building’s energy consumption is called an energy audit.  

It involves measuring or modelling energy consumption and 

identifying hot spots and potential areas for improvement in 

the energy performance of the building. Since energy audits are 

a time-consuming task, improving their quality and efficiency 

has been a focus of research and development initiatives.

Residential energy audits are driven by energy performance 

certification(EPC) requirements, especially when a building is 

rented or sold (Directive 2010/31/EU, p.11). However, these audits 

vary in the methods used. While some rely on operational 

ratings which assesses actual energy performance, others use 

asset valuations based on theoretical energy models (Ou et 

al., 2025). Therefore, the revised EPBD (EU/2024/1275) aims to 

improve comparability of EPCs across Member States, as well as 

making them more reliable and digitalized. The revision of the 

Directive in 2024 introduces a unified energy rating scale for all 

Member States, making it easier to compare buildings across 

borders (BUILD UP, 2025)

Energy coaching extends an audit’s scope of technical 

diagnosis to include social intervention, providing tailored 

support for vulnerable households. Integrating health and 

social service support are more advisable since energy 

poverty is a multi-dimensional issue tied to general poverty, 

and demographic characteristics. These audits, which are 

also referred to as energy coaching, create the possibility to 

recommend targeted cost-effective measures which help 

the specific situation of vulnerable households and have a 

capacity building aspect which supports them in alleviating 

energy poverty in the long run (Van Der Wal et al., 2025). Energy 

coaching can have a higher impact on tenant-occupied homes 

7. Renovation Support Services

The European 
Committee for 
Standardization (CEN) 
(CEN) 

The committe 
defines standards 
like BS EN 16247-1 for 
general energy audit 
requirements, providing 
a unified framework 
across the EU for these 
tiered approaches 

Energy Coaching in 
the EU

In Austria, the non-
profit organisation, 
Caritas collaborates 
with the Austrian 
federal energy and 
climate fund to provide 
free energy advice 
and replacement of 
inefficient electrical 
appliances for 
vulnerable households 

In Amsterdam, a recent 
study offering energy 
coaching services to 
houses in addition 
to smart devices 
monitoring their energy 
usage showed that 
interest in the devices 
was only sustained by 
visits from the energy 
coach, implying that 
households may need 
personalised support 
to improve their energy 
consumption habits. 
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than on owner-occupied homes (Croon., 2024). It  also becomes 

increasingly relevant as the population ages, especially in rural 

areas across the EU. 

Post-renovation audits are underused but essential for 

learning, trust, and scale. Although it is more common to 

conduct energy audits before energy efficiency measures, 

audits conducted after renovations are more important to 

facilitate the scaling up of renovations. The research project, 

RENOVERTY found a lack of systematic monitoring and 

evaluation of implemented renovation measures (RENOVERTY, 

2025). Accordingly, in other projects where inspections were 

carried out trust amongst local households in contractor 

services (Goggins et al., 2022). Audit-linked verification 

mechanisms strengthen accountability of renovation programs 

and increase their uptake. 

7.2 One-stop-shops

One-stop-shops are particularly valuable for vulnerable 

households when embedded in local support ecosystems. The 

complexity of planning and executing deep energy renovations 

is known to be a barrier to households and one-stop-shops 

directly address this barrier by creating a single platform on 

which the investor is guided through the entire renovation 

process by certified professionals. They can range from basic 

awareness-raising models to ESCO type models whereby the 

service provider bears responsibility for energy savings. These 

platforms can be both online and in person. They are especially 

useful for vulnerable households who need customized 

engagement and support. One-stop-shops  can also serve as 

a vital link to access financial support programs for vulnerable 

individuals. 

However, process support alone is insufficient without reliable 

and accessible financing mechanisms. A survey conducted 

by EU Peers found that one-stop-shops in the EU rely heavily 
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on EU funds which poses a threat to this service being 

upscaled. Although they emphasize the importance of public 

involvement to ensure that these services remain accessible 

and neutral, they also found that private or hybrid models are 

more likely to specialise in deep renovations and offer more 

sustainable financing options. 
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Demand-side flexibility is a key system-balancing mechanism

in increasingly renewable and decentralized electricity systems. 

Buildings represent a major, underutilized source of future 

flexibility capacity. Flexibility   of energy demand refers to the 

shift, reduction or increase in end-users’ energy consumption 

in response to peaks in energy demand or supply. Electricity 

prices are adjusted dynamically    to reflect these picks to 

encourage shifts in energy consumption(Han et al., 2024). It 

therefore helps to balance the supply and demand of electricity, 

enhances the efficiency of the power grid and reduces the 

likelihood of blackouts or significant reduction in voltage(Cabot 

& Villavicencio, 2024). 

Estimates show that the EU’s flexibility resources need 

to double between 2021 and 2030, reaching up to 362 TWh 

per year to keep up with the foreseen changes (EEA, 2023). 

SolarPower Europe estimates that by 2030, flexibility solutions 

from buildings have the potential to meet 52%, of daily, 35% of 

weekly, and 29% of annual flexibility needs (SolarPowerEurope, 

2025). Devices that support demand flexibility include heat 

pumps, electric vehicles, and to a lesser extent, ventilation 

systems.

Flexibility in energy can be encouraged implicitly, through 

time-varying prices and tariffs or explicitly through direct 

compensation from third parties, such as aggregators or 

distribution system operators, for adjusting consumption to 

meet system or grid needs. The analysis of real-time smart 

meter data facilitates the strategic shifts in pricing (Han et al., 

2024). 

Flexibility delivers system-wide economic and environmental 

benefits beyond individual households. As the supply of 

renewable energy (which is more intermittent than fossil- fuel 

supply) increases, flexibility services help make energy supply 

more reliable. Moreover, as more decentralized production 

8. Energy Flexibility

This project has received funding from the European Union Horizon Europe research and Innovation program under grant agreement 101132325. The views expressed in this publication are 
the sole responsibility of the author/s and do not necessarily reflect the views of the European Commission.



HORIZON-CL2-2023-TRANSFORMATIONS-01, Number: 101132325 
D8.1 Energy Efficient Renovation Measures Review

50

is promoted, more small units of electricity production 

connect to distribution grids, making flows more variable and 

unpredictable. Rewarding flexibility is recognized as a key 

variable for the EU to meet its renewable energy target (Nicolai 

& Münchmeyer, 2025). Reduced system consumption also offers 

the added benefit of lower need for costly, carbon-intensive 

peak power plants and fuel imports, while also decreasing the 

demand for reserve power plants and transmission capacity 

(Fischer & Madani, 2017). 

Behavioural and cognitive constraints significantly limit 

households’ ability to provide flexibility through manual action. 

The complexity or volume of available information about 

incentives can be too overwhelming for households to process 

whereas simple heuristics for adjusting electricity consumption 

patterns result in sub-optimal gains (Hobman et al., 2016). This 

tendency is amplified when the incentives to shift electricity 

consumption trigger frequent and repeated adjustments, 

leading to what is referred to as response fatigue(Kim & 

Shcherbakova, 2011). Automatic controllers can be designed to 

react to price changes resolve this issue to address this issue 

(Mokhtari et al., 2025).

Price-based flexibility alone produces limited and uneven 

behavioural responses. Automation and feedback technologies 

are critical enablers of effective demand-side flexibility. The 

effect of dynamic pricing has been shown to have limited 

effect in several studies (Rigaux et al., 2024). The relatively 

low reactions may be partly explained by a lack of awareness 

about incentives among the households involved (Enrich et al., 

2024).This suggests a need for technologies that make price 

incentives more effective, such as in-home displays which can 

lead to stronger household responses (Canale et al., 2021). 

Since households differ widely in their capacity to provide 

flexibility, flexibility pricing schemes can redistribute costs 
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Electricity Market 
Regulation

Flexibility is defined 
by the Electricity 
Market Regulation 
as ‘the ability of an 
electricity system to 
adjust to the variability 
of generation and 
consumption patterns 
and to grid availability, 
across relevant market 
timeframes’. 

Article 32 of the 
Electricity Directive 
(EU) 2019/944 

mandates Member 
States to set incentives 
for DSOs to procure 
flexibility services and 
improve efficiencies 
in the operation and 
development of the 
distribution system.

Recognising the 
importance of occupant 
energy behaviour, 
Lithuanian energy 
supply companies 
have been providing 
consultation and 
running information 
campaigns consumers 
since 2017, expecting 
energy savings of 
up to 10% of energy 
(ComActivate, 2025).

regressively if not carefully designed. In moving to time-of-use 

tariffs, the cost burden shifts from users with flatter usage or 

non-coincident peaks to those with high coincident peaks, so 

that higher-income users may have lower bills even if they use a 

lot of electricity because relatively more electricity is consumed 

off-peak, whereas lower-income users may have higher unit 

costs because, despite lower total demand, they use relatively 

more peak electricity when it is expensive(Cabot & Villavicencio, 

2024).

Households decisions are driven by multiple factors, 

including sickness and times of increased occupancy such as 

parties, which all influence the time-dependent and context-

specific acceptability of flexibility(Rigaux et al., 2024). Stute et 

al., (2024) showed in their study that households with both 

a heat pump and electric vehicle experience the most cost-

benefits and emphasize the need for a sufficient difference 

between dynamic and fixed prices to make demand flexibility 

worthwhile. Another study from rural Scotland found that the 

elderly population differs from the majority since they have 

lower incomes and face the risk of fuel poverty. Accordingly, 

their willingness and capacity to change time-use behaviours 

and reduce consumption is comparatively not as high. Low-

income users may also have limited flexibility in changing 

the timing of their electricity use if their residences are poorly 

insulated and are unable to retain reasonable temperatures 

when heating or cooling systems are shut down (Bednar et al., 

2017). However, Rigaux et al. contend that less-well-insulated 

homes may benefit from flexibility if high-temperature 

heat pumps are deployed with short but higher-powered 

interventions.

The delayed and potentially insignificant financial gains from 

adjusting consumption can serve as a deterrent to shifting 

energy consumption patters (Rigaux et al., 2024). (Cabot & 
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Villavicencio, 2024) recommend that tariff design should 

consider periods of low renewables output and any prolonged 

period of high prices when designing tariffs. With the expected 

increase in carbon price, the costly natural gas used in peaking 

units, and the progressive phase-out of conventional thermal 

capacities (coal, lignite), the ratio between off-peak and on-

peak hours is expected to increase gradually. Anticipatory and 

transparent tariff design is therefore essential for both efficiency 

and social acceptance.

Poorly designed flexibility control can also create rebound 

effects that undermine environmental benefits. From 

an environmental perspective, it is typical of systems to 

increase energy consumption beyond usual levels when 

resuming operation to return to the setpoint temperature; a 

phenomenon, known as a rebound peak. (Rigaux et al., 2024) 

find that rebound effects of flexibility events in a fleet of heat 

pumps are influenced by external temperatures as well. This 

should be taken into consideration, especially when designing 

automated controls for demand-response. 
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The effectiveness of energy efficient renovations is highly

influenced by occupant behaviour. Households consuming 

less energy than is needed to ventilate the home, result in less 

savings and the presence of mold. Occupants can also cause a 

form of rebound effect by consuming more energy than before 

renovations as less energy is required for the same building 

services. Technology adoption depends on psychological, 

cultural, and societal factors

9.1 Attitudes

Attitudes, subjective norms, and perceived usefulness and 

ease of use are all consistently identified in academic literature 

as important factors with a direct impact on intention to use 

smart technology in homes, rendering groups either innovation 

prone or averse. The lack of trust is an especially important 

barrier to address when dealing with attitudes, especially since 

new technologies and calls for data sharing also raise security 

and privacy concerns (Adams et al., 2021). Consequently, trust 

in institutions and technology providers is a critical mediator of 

behavioral acceptance.

Housing tenure also shapes perceived agency, risk, and 

acceptance of energy technologies. The biggest differences 

are found between homeowners and those in social housing. 

Homeowners suspect much more strongly that an increased 

dependency on outside experts will result in a lack of control; 

moreover, they suspect that the technologies reveal sensitive 

data. These differences are easily explained by the fact that 

homeowners feel much more in charge of the technologies 

(Rau et al., 2020). 

Automation can mitigate behavioural risks but raises 

questions about autonomy and acceptance. The pros and cons 

of occupant control versus automating building systems are 

debated in literature (Zukowska et al., 2021). However, while 

9. Attitudes & Norms

Examples in the EU

In Hungary, a historical 
attachment to gas and 
wood stoves in can be 
seen.  Maintaining high 
indoor temperatures 
is another norm-
presumably fuelled 
by the availability of 
subsidised, cheap 
energy (ComActivate, 
2025).

Burning of coal or 
peat in open fireplaces 
is a key element of 
rural home heating in 
Ireland and Bulgaria. 
The economic and 
social transactions 
in harvesting and 
distributing fuel 
also contribute to 
maintaining community 
relations. However, 
the inconvenience 
of burning peat has 
motivated many 
households to switch 
fuels. (Fahy et al., 2019

In Portugal, Slovakia, 
Hungary, Austria,  
fuelwood is a central 
and multifunctional 
tool for coping with 
energy poverty because 
of its many favorable 
features, including 
enabling energy 
security and access, 
that overweigh its 
adverse environmental 
and health impacts.
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households prefer this feature, automated systems may relieve 

them of the cognitive overload of having to manually control 

heat pumps. 

Beyond perception, energy consumption behaviour can 

be rather rigid even after energy efficient measures have 

been implemented. Family composition and preferences for 

comfort over energy savings have significant impacts on energy 

consumption. For instance, building energy performance can 

be particularly important for older or unemployed people 

who have high energy needs since they spend more time 

at home (Fleckinger et al., 2019). Goggins et al. categorised 

the behavioural tendencies of households after retrofits into 

three groups. The first is shifts in the use of different solid fuels 

(material) and associated meanings and skills. The second is 

immediate shifts in everyday practices and the third is rebound 

effects and a return to pre-retrofitting practices. Regarding 

shifts in fuel use, the location and geography of the area proved 

to be decisive (Goggins et al., 2022). These findings suggest that 

addressing post-renovation performance requires interventions 

that go beyond information provision and instead account 

for household composition, place-specific conditions, and the 

persistence of established practices.

9.2 Cultural Norms

Cultural norms  also shape the success or failure of energy 

transitions. They may act as both an obstacle to successful 

implementation of energy-efficient measures and/or a driver of 

positive change. Some change initiatives are more successful 

when they ‘hit a cultural nerve’ and work with people’s daily 

practices, related skills, competences and meanings, as 

opposed to calling for changes in individual behavior (Fahy et 

al., 2019). 

ENERGISE

This project sought to 
gain a deeper scientific 
understanding of 
social and cultural 
influences on energy 
consumption which 
then informed the 
development, testing, 
and assessment of 
bottom-up energy 
initiative in households 
and communities from 
2016 to 2019.  

ENCHANT

This project 
investigated the 
potential for large 
scale behaviour 
change across Europe 
in improving energy 
efficiency. 
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Culturally embedded informal heating practices and 

reinforced by local resource availability can even shape 

resistance to electrification. Stojilovska et al. theorise that 

the burning of wood for fuel often begins as a socio-cultural 

norm that justifies living with minimal energy needs before 

eventually evolving into a reliance on informal and individual 

heating solutions coupled with an aversion to seeking 

institutional support (Stojilovska et al., 2023) 

Incremental, culturally compatible upgrades can reduce 

harm without forcing disruptive change. For households reliant 

on fireplaces, the prospect of incurring additional energy costs 

through electrification, even though they are more efficient, is 

often perceived unfavourably, even if it might enhance thermal 

comfort and indoor air quality. An alternative approach could 

involve upgrading less efficient biomass equipment to the 

most efficient, such as wood stove recirculating the heated air 

and securer options available in the market. These solutions 

may consider indoor air quality control by isolating the burning 

element from the indoor space and collecting ashes in a 

separate deposit.

Awareness and experiential learning can shift norms when 

embedded in everyday practices. Raising awareness through 

information campaigns, and support for affected groups 

to ensure an equitable and smooth transition therefore 

necessary. (Bahaj & James, 2007) suggest that renewable 

energy systems, such as photovoltaic panels, could even serve 

as educational tools, helping residents develop more efficient 

energy consumption habits, especially in public housing 

neighborhoods where a lack of knowledge amongst tenants 

is more prevalent(Jensen et al., 2018). Practice-related changes  

provide robust social-scientific evidence for culturally sensitive 

policy (Sahakian et al., 2021).  
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Identifying households for intervention requires culturally 

informed indicators. Goggins et al. suggest using alternative 

indicators such as participation in community networks, 

consumption standards and expectations, level of experience 

health and needs, cultural norms and practices instead of 

traditional demographic indicators (e.g. Age, income, level 

of formal education) when choosing candidates for energy-

efficiency programmes. These indicators should be used in 

combination with collective or community-focused strategies 

rather than individualistic approaches. 
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frameworks, developing collective ownership models, and 

integrating technical systems, can achieve systemic changes 

and holistic benefits for multiple stakeholders. 

The main advantage of these integrated models is that they 

help to distribute risks, costs, and benefits across multiple 

stakeholders. They provide the conceptual and regulatory 

framework for public and private partnerships -one of the main 

strategies often identified to overcome limited availability of 

public funds. However, finding optimal solutions that satisfy 

the conflicting goals of energy providers, households, and 

municipalities is challenging and the findings from pilot 

projects currently being tested need to be analysed to improve 

this process. 

Solidarity mechanisms and energy justice principles need 

to be incorporated from the outset to adequately address the 

needs of vulnerable since their interests risk being neglected 

amidst the goals of the multiple stakeholders involved in such 

projects. This involves assessing how benefits and risks are 

distributed spatially and socially among actors (distributional 

justice), and the fairness of decision-making processes 

(procedural justice) (Lehmann et al., 2024). 

The potential for renewable energy communities to be 

formed in different housing segments has only been recently 

explored in pilot projects. However, the potential of renewable 

energy communities    in public housing is often overlooked, 

despite offering a dual opportunity of reducing the high energy 

consumption of this housing segment and fostering social 

inclusion (McCabe et al., 2018). Energy communities, which 

help to aggregate demand and resources, is also one potential 

solution promoted to counter the ad hoc nature of rural 

renovation. However, the administrative and organizational 

capacity it requires is a barrier for vulnerable households to 

participate in energy community projects without additional 
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Renewable Energy 
Directive 2018/2001/
EU (RED II) (European 
Parliament and 
Council of the 
European Union, 2018) 
& Internal Market for 
Electricity Directive 
(IMED) 2019/944/EU 
(European Parliament 
and Council of the 
European Union, 2019), 

These regulations 
provide legal 
status to RECs and 
recognize them as 
entities prioritizing 
environmental, social, 
or economic benefits 
over profit 

Recognizing the limitations of solely relying on individual

household behavior changes to achieve energy efficiency, 

community-based initiatives are being promoted across 

the EU. They provide multiple benefits including stronger 

engagement of end-users for better outcomes and the creation 

of larger demand for energy renovations (Jensen et al., 2018). 

Collective engagement models that tap into local contextual 

conditions and shared understandings and practices include 

renewable energy communities, positive energy districts and 

neighborhood renovations. 

PEDs, RECs, and District Renovations are distinct but 

interlinked models that support an integrated approach to 

energy efficient renovations and applied within the same 

project. Positive energy districts (PEDs) are urban areas that 

aim to achieve net-zero energy consumption, with a surplus 

of annual energy production through a comprehensive 

integration of renewable energy sources, high energy efficiency 

and energy flexibility strategies. They often integrate energy 

consumption and production from residential and non-

residential buildings as well as electric vehicles, optimizing the 

local electricity system. 

Meanwhile, renewable energy communities (RECs) are 

local groups of actors which collectively produces, shares, and 

consumes energy.  The framework an REC  provides a legal 

framework that allows stakeholders to produce and share 

electricity locally as well as with the electric grid. A renewable 

energy community can be formed within a Positive Energy 

District. 

District renovations are the process of serial renovations at a 

neighbourhood scale that also integrate urban design elements 

such as greening and improvement of public spaces. District 

renovations are often necessary for a Positive Energy District 

to be formed. These models illustrate how aligning regulatory 

10. Community-based Renovations
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SET Plan-PED, for 
Positive Energy 
Districts. 

The SET Plan-PED 
initiative, part of 
Europe’s Strategic 
Energy Technology 
Plan, aims to create 100 
Positive Energy Districts 
(PEDs) by 2025.

The Affordable 
Housing Initiative 
Partnership 

This initiative gathered 
examples of hundred 
neighbourhood 
renovations, which 
worked with inclusive 
and sustainable 
housing renovations.

oPEN Lab 

This project facilitates 
the transition to Positive 
Energy Neighbourhoods 
(PENs) in Tartu (Estonia), 
Pamplona (Spain) and 
Genk (Belgium)

support (Gouveia et al., 2025). It is therefore recommended 

that projects that involve vulnerable households have 

robust services to manage the investment, installation, and 

maintenance of renewable energy. This is especially true for 

multi-household buildings, where coordination may be difficult  

(Hoicka et al., 2021). 

Longer term programmes with dedicated roles to facilitate 

the adoption of energy renovations have been identified as an 

important strategy. Owners of multi-family buildings, especially 

housing companies, are shifting towards serial renovations or 

renovation programs which can span two or more years (Meijer 

& Straub, 2022) These programs are implemented in strategic 

partnerships with maintenance contractors. Renovations that 

implement an ordered series of measures over a longer period 

can be less disruptive and less costly to execute. They are also 

often carried out together with scheduled facility maintenance 

operations (Passoni et al., 2009). The serial implementation of 

these renovations and the ambition to transfer lessons  learnt 

has led to the rise of dedicated roles such as facilities managers, 

and local energy “champions” to effectively improve the uptake, 

increase trust and social acceptability of new technologies 

(Ebrahimigharehbaghi et al., 2022). By embedding renovation 

within longer-term programs and dedicated support roles, 

these approaches help address resistance, build trust, and 

improve social acceptance. 

Technical renovation solutions that rely on prefabrication 

and standardized, modular connections offer a promising 

pathway to accelerate energy-efficient renovations while 

minimising disruption to occupants. By enabling components 

to be adapted or replaced with limited on-site work, and by 

allowing installation from outside the building envelope, 

these approaches reduce the need for resident relocation 

and interruptions to building functions (Passoni et al., 2021). In 
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recognition of these benefits, policy instruments increasingly 

encourage plug-and-play solutions that can be deployed at 

neighbourhood scale to improve efficiency and reduce costs 

through replication (BPIE, 2025).

However, the effectiveness of prefabricated renovation 

techniques remains constrained by limited production scale, 

which keeps costs high, as demonstrated in early large-scale 

initiatives such as the Energiesprong project. Moreover, not 

all buildings are technically suitable for prefabrication due 

to architectural features such as balconies, structural nodes, 

or heritage constraints, while greater integration of building 

components can increase complexity in manufacturing 

processes (Femenias et al., 2023). These limitations underscore 

the importance of viewing prefabrication as a context-

dependent strategy that is most effective when combined with 

differentiated renovation pathways rather than as a universal 

solution.

Community based approaches demonstrate that achieving 

scalable, equitable energy renovations requires combining 

place-based collective models, long-term facilitation, and 

context-sensitive technical solutions within governance 

frameworks that explicitly balance efficiency, affordability, 

and social justice. Without such integrated and supportive 

approaches, the risk remains that community-scale energy 

transitions will replicate existing inequalities rather than 

delivering the inclusive benefits they are often assumed to 

provide.
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The review of energy efficient measures highlights trade-

offs between the multiple objectives which energy renovations 

often aim to address (e.g. energy-efficiency, decarbonization, 

indoor air quality, tackling energy poverty). Deep renovations 

and high performance standards help achieve long-term 

energy efficiency but they also involve high upfront costs, 

disruption and increased complexity which can exclude low-

income households, tenants and even small housing providers. 

Similarly, increased energy efficiency in a dwelling can also have 

a negative consequence on indoor air quality if appropriate 

ventilation strategies are not included. These trade-offs also 

exist in time-of-use pricing strategies seeking to optimise the 

electrical grid which can unfairly burden households who are 

unable to change their consumption patterns in response to 

dynamic tariffs. 

Therefore, a comprehensive but cohesive policy mix 

integrating financial incentives with mechanisms to lower the 

upfront costs, including targeted low-interest loans, heating-

as-a-service business models, and information campaigns are 

consistently recommended to achieve the systemic change of 

decarbonizing the built environment by 2050 (Brodnicke et al., 

2025). Multiple EU initiatives under the Fit-for-55 Package aim 

to support a broad policy mix. In this report, we identify several 

general trends to address common barriers and upscale energy 

renovations. They include pooling energy demand through 

collective or community initiatives, diversifying production 

of energy with a mix of locally produced renewable energy 

sources, digitalized, standardized and large-scale data collection 

for customised energy solutions, to build trust, and ultimately 

distribute the risk of investing in energy efficient renovations 

amongst multiple stakeholders. To a lesser extent there is an 

adoption of automated production and construction processes 

and bio-based or reused building materials. Calls for tailored 

support as well as targeted long term funding alongside clear 

11. Conclusion
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and reliable regulations is reiterated across studies on different 

renovation measures. 

The review shows that technical renovation measures 

need to be supported with process-based measures that 

support stakeholders in the administrative, and behavioral 

aspects of renovations, especially vulnerable groups for both 

environmental effectiveness for the wider society and socio-

economic effectiveness for households. 

Tailored supports can be incorporated into various 

community-based schemes as an effective means to 

reaching people that are otherwise difficult to engage for 

practical reasons, for example if households do not use the 

Internet or where people have disabilities that impede their 

participation(Gillard et al., 2017). 

Article 8(3) of Directive (EU) 2023/1791 requires Member States 

to use of public funding and revenues from Emissions Trading 

System (ETS) allowances to compensate households that 

experience unfair distributional effects from energy efficiency 

policies like energy taxes or minimum energy performance 

requirements. Proactive identification of vulnerable households 

and provision of support to them is required for redistribution 

efforts to be effective. 

To this end, how we understand vulnerable households 

may need to be expanded. Finding alternate  ways to identify 

vulnerable households and provide tailored support measures 

could be as important as the actual implementation of 

renovation measures.  (Fineman, 2012) argues that “designating 

only certain individuals and groups vulnerable transforms our 

shared vulnerability into a personal liability and renders the 

individuals so designated susceptible to alienation, stigma 

or demonization”. Therefore, different indicators could be 

considered when attempting to identify households for 

renovation programs such as those suggested by Goggins 
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et al. (i.e. participation in community networks, consumption 

standards and expectations, health and needs, cultural norms 

and practices). Moreover, more post-renovation audits are 

needed to assess the actual social and environmental impacts 

of renovation programmes. 

While the EU has made substantial progress in improving 

and calculating energy efficiency, systematic approaches to 

decarbonization and comprehensive emissions accounting are 

still in their early stages. At the same time, material impacts 

from building renovation remain a significant contributor 

to emissions in the construction sector. Decarbonization is 

currently more abstract and less immediately perceptible 

to stakeholders than energy efficiency, which often delivers 

visible reductions in energy bills. Harmonized tools such as 

Life Cycle Assessment (LCA) and Environmental Product 

Declarations (EPDs) exist, but it is not yet the norm to use them 

in renovations (Bergman, 2018).  

The review shows that the overall socio-economic and 

environmental effectiveness of energy efficient measures 

is not only dependent on the depth of the renovation but 

also a broader range of factors. The appropriate sequence 

of measures, the renovation’s impact on a building’s whole 

life cycle, integration with socially inclusive and place-based 

processes as well as real-world performance that is affected by 

occupant behaviour and pricing strategies. Integrating post-

renovation audits into workflows would help gain insights into 

how these factors manifest in specific local contexts and apply 

them to subsequent projects. 
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