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Abstract

Energy efficiency in buildings has a central role to play in reaching the climate
neutrality goal set by the European Green Deal. With detailed knowledge of their
building stock and the profile of their occupants, regional and local authorities can
forge an important link between financiers, industry professionals and homeowners
to ensure the successful deployment of financial schemes that support the uptake
of energy efficiency upgrades. This paper provides a first assessment of the role of
regional and local authorities by reviewing relevant initiatives and programmes on
energy efficiency. Based on a questionnaire completed for more than 150 schemes,
it explores how European municipalities and regions stimulate energy upgrades in
residential, commercial and public buildings through public financial support. It
is found that 60% of the examined schemes are offered in the form of grants and
subsidies, and 45% of them targeted residential upgrades. The use of EU cohesion
policy funds in supporting regional schemes, and promotion of energy efficiency
investments at local level through the European Covenant of Mayors initiative are
also explored. In spite of possible resource limitations at this level of governance,
regional and local authorities are in a good position to utilise European structural or
research funds to develop financial schemes, as standalone programmes or blended
with national ones, thus providing additional support and funds for deep renova-
tions. The results suggest that energy efficiency in buildings has become an impor-
tant part of local and regional strategies in several European countries, but could be
further enhanced.
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1 Introduction

It is widely recognised that much of the energy used in buildings is largely wasted
due to old construction practices, many of which preceded the adoption of energy
performance standards (Economidou et al. 2020). With over 80% of today’s
buildings expected to be in use in Europe by 2050, the building sector must be at
the centre of decarbonisation efforts in the EU (EC 2016b, 2018). Energy reno-
vations of buildings are singled out in the European Green Deal as a key initia-
tive to drive energy efficiency improvements, boost economic growth, generate
new jobs, support local businesses and strengthen industrial competitiveness (EC
2019b). These renovations or upgrades in buildings may comprise any interven-
tion measures on the envelope of a building and/or its technical systems—often
complemented with renewable energy technology installations and passive meas-
ures, which result into quantifiable energy savings. Energy upgrades through
comprehensive renovations can also play a crucial role in the European recov-
ery of the COVID-19 pandemic due to the labour-intensive nature of the building
sector and large domination of local businesses (EC 2020c). Also, energy reno-
vations lower energy bills and can reduce energy poverty (EC 2019b), which is
recognised as a major issue in the European context, concerning individuals and
households unable to adequately heat or cover the basic energy services in their
homes (EC 2020b). Energy poverty faced by individuals and households that are
not able to adequately heat or cover the basic energy services in their homes is
recognised as a major issue in the European context.

The European Commission published its Renovation Wave Strategy in Octo-
ber 2020 with the aim to improve the energy performance of buildings across
Europe (EC 2020a). To pursue the Green Deal ambition and to kick-start the
post-COVID-19 recovery, the Commission has set out the goal of doubling the
renovation rate in its dedicated recovery plan. The strategy is expected to rely
on measures agreed under the Clean energy for all Europeans package, notably
the requirement for each EU country to publish a long-term building renovation
strategy, several aspects of the amending Directive on the Energy Performance of
Buildings and building-related aspects of each Member State’s national energy
and climate plans (Directive (EU) 2018/844 (2018); Regulation (EU) 2018/1999
(2018); Economidou et al. (2022)). This, in turn, requires the uptake of financing
and the mobilisation of multiple actors at all governance levels, from municipali-
ties to national and international jurisdictions.

There are several well-documented economic, financial, institutional, struc-
tural and behavioural barriers to energy efficiency in the building sector (Jakob
2007; Gillingham et al. 2009; Economidou et al. 2011; Wilson et al. 2015; Palm
and Reindl 2018; Ebrahimigharehbaghi et al. 2019; Bertoldi et al. 2021; Della
Valle and Bertoldi 2022). Renovation decisions entail complex and multi-faceted
processes, subject to various influencing factors beyond technical issues, and
policy interventions are often deemed necessary to support decision makers in
various stages of the renovation journey. Financial schemes or instruments for
energy renovations in buildings are widely recognised as a key policy instrument
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to address upfront cost barriers, thus supporting the push towards the transition
in the sector (EC 2016a). They can take the form of non-repayable rewards, debt
financing, equity financing, and they can range from well-established and tradi-
tional mechanisms such as subsidised loans to emerging and new models such as
on-bill programmes (Bianco and Sonvilla 2021; Bertoldi et al. 2021).

So far, existing related literature has provided an overview of the potential of
financial and fiscal mechanisms for energy efficiency improvements in buildings
in Europe at the national level (Maio et al. 2012; Economidou and Bertoldi 2014;
EEFIG 2015; Brown et al. 2019). In particular, many of the aforementioned stud-
ies investigate the ongoing national efforts in stimulating investments in building
renovations.

However, many of the current policies and measures also take place at regional
and local levels. In addition, regional and local authorities are in a position to forge
a unique link with European citizens that makes their involvement critical in deliv-
ering climate and energy targets (Kern 2019). As an example, regional and local
authorities can actively nurture behavioural change and ensure participation by citi-
zens and local businesses in the energy transition (Della Valle et al. 2021). Notably,
with detailed knowledge of their building stock and the profile of their occupants,
regional and local authorities can also forge an important link between financiers,
industry professionals and homeowners and ensure the successful deployment of
financial schemes that can support the uptake of energy efficiency upgrades (Ber-
toldi et al. 2021).

Despite their key role in supporting the uptake of energy efficiency upgrades, so
far there has been little focus in the literature on the local and regional efforts in
stimulating investments in building renovations.

Our study aims to fill this gap in the literature, by providing a first assessment
of the role of municipalities and regions in stimulating energy upgrades in residen-
tial, commercial and public buildings in Europe. Against this background, the paper
addresses the following research questions:

e What current practices do European municipalities and regions deploy to support
financing energy upgrades in buildings?
What unique features do they bring, and are there any good practices?
How effective are regional and local financial schemes?

To support this goal, a questionnaire was specifically designed and distributed
to regional and local experts in all EU27 countries.! The survey was then comple-
mented by a review of national, regional and local reports including regional pro-
grammes or projects funded under Cohesion Policy funds, and European voluntary
initiatives such as the Covenant of Mayors for Climate and Energy (CoM).

The European Commission actively promotes energy efficiency at regional
level through its Cohesion Fund (CF) and European Regional Development
Fund (ERDF). In particular, the CF supports Member States with Gross National

! Following the withdrawal of the United Kingdom from the Union on the 1 February 2020, the scope of
the study was adjusted to cover only the EU27 Member States.
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Income per inhabitant less than 90% of the EU average, and aims to reduce eco-
nomic and social disparities and promote sustainable development; the ERDF aims
to strengthen economic and social cohesion in the European Union by correcting
imbalances between its regions (Regulation (EU) No 1303/2013 (2013); Regulation
(EU) 2021/1058 (2021)).

The CoM is one of the major European initiatives that acknowledges the crucial
role of regions and local authorities and, for this, continues to receive strong politi-
cal support. In a first phase, the CoM encompassed a minimum target of 20% GHG
emission reduction by 2020, which was later on raised to 40% by 2030 and then to
climate neutrality by 2050.%

In particular, the CoM, which has engaged with local governments in the cli-
mate challenge since 2008, has enabled several successful policy actions in promot-
ing energy efficiency investments, including actions of financial and fiscal nature
(Palermo et al. 2020). Within the CoM initiative, local authorities may also benefit
from guidance and support from public authorities at a higher territorial level (such
as regions and provinces) involved as Covenant Territorial Coordinators (CTCs)
(Melica et al. 2018). Among other things, CTCs may provide support by identify-
ing possible financing sources and mechanisms for the implementation of actions
planned by local authorities, including on energy efficiency in public and private
buildings. In addition, some CTCs also act as managing authorities, responsible for
the implementation of operational programmes under Cohesion Policy. In this con-
text, some CTCs have used Cohesion Policy funds to support the development of
local Sustainable Energy and Climate Action Plans and/or to finance the implemen-
tation of SECAPs actions in various sectors, thus potentially increasing the uptake
of ERDF and CF in their territories. In other cases, CTCs have been able to aggre-
gate project initiatives from municipalities developing investment programmes of
the required size to apply for support through the ELENA facility and loans from the
European Investment Bank (EIB) (Lombardi et al. 2016; European investment Bank
2022).

By analysing the data collected from the survey, the CoM and the Cohesion
Policy Funds, the paper provides a first qualitative assessment of the potential
that regional and local financial and fiscal instruments play in stimulating energy
upgrades in Europe. In particular, to assess financial schemes and identify good
practices, we provide the current state of play in relation to local and regional energy
renovation programmes in residential, commercial and public buildings in the EU,
and use a set of criteria based on design, implementation and impact criteria, such
as funding sustainability, scalability and success at addressing hard-to-reach groups
(Economidou et al. 2019). Finally, we compare local and regional schemes with
national ones to reveal comparable design and implementation features.

The research, therefore, extends its scope to regional and local efforts with the
aim to provide a far-reaching overview of energy efficiency financing at all govern-
ance levels. Whilst the results presented here are non-exhaustive, this study repre-
sents the first of its kind in that it covers the regional and local governance levels
which are still not fully examined in the literature.

2 www.eumayors.cu
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Table 1 Information collected in questionnaire

General information Name of scheme
Geographical level [Regional, Municipality/city, Combination of above, Other]
Name of region or city, website

Policy design features ~ Type of policy
Targeted sectors
Beneficiaries, eligibility conditions, dissemination, supported interventions,
minimum energy efficiency criteria
Implementation details Implementation period, implementation body, brief description, dissemination,
budget, funding sources
Outcomes Level of achieved impact; Total number of buildings, interventions, applica-
tions, etc.; Achieved energy savings, greenhouse gas (GHG) reduction and
other benefits

The structure of the paper is as follows. Section 2 describes the methodology
deployed and the questionnaire used to collect data. Section 3 provides a sum-
mary of the EU support through ERDF and Cohesion Funds in energy efficiency at
regional level, and an overview of financial instruments adopted at local level within
the CoM context. Section 4 summarises all programmes identified in our survey,
including links with EU supported schemes, and Sect. 5 discusses the research ques-
tions based on the study findings. Policy conclusions are drawn in Sect. 6.

2 Methodology and data sources

This research focuses on regional and local financial schemes on energy efficiency.
These are defined as schemes administered by regional and local authorities, which
may be funded from different streams of funding including local, regional, national
and international sources, and disbursed to beneficiaries that fall within the jurisdic-
tion of the authority in question.

A questionnaire survey was conducted in 2020 with the aim to collect informa-
tion on financial schemes run by regional and local governments across the EU.
The work builds from previous studies focussing at national schemes carried out by
Economidou and Bertoldi (2014) and Economidou, Todeschi and Bertoldi (2019).
These studies investigated general practices deployed by individual Member States
in supporting energy renovations through public and private financial aid.

The questionnaire was designed to gather information on the main design fea-
tures, implementation details and outcomes of financial schemes supporting energy
upgrades in residential, commercial and public buildings. The information col-
lected in the questionnaire is shown in Table 1. This included: 1. general informa-
tion such as geographical scope and programme website, 2. design features such as
policy type, eligibility conditions and minimum energy efficiency criteria, 3. various
implementation details and 4. outcomes. The latter covered qualitative information
on the level of achieved impact (low, medium, high) and quantitative data such as
number of buildings benefitting from the scheme and achieved energy savings. By
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collecting both quantitative and qualitative information, the impact can be reviewed
and verified across different schemes. The questionnaire was shared with a total of
267 experts in mid to end of 2020 and a total of 78 respondents participated in the
survey. The majority of the experts were affiliated with regional energy agencies and
local departments that handle energy renovations and building-related topics and the
remaining ones one-stop shops (OSSs) and other types of specialized organisations.

To complement data from the survey, additional sources and initiatives were
reviewed.

Additional data were retrieved regarding EU Cohesion Policy, since this has long
supported regions and municipalities in the shift towards low-carbon economy,
including through energy efficiency, through financial allocations. For this study, the
Cohesion data catalogue (ESI Funds Open Data Platform—https://cohesiondata.ec.
europa.eu) was used to extract data and explore how these funds have been used
by regions for energy efficiency investments in residential, commercial and public
buildings in 2014-2020. More particularly, only data under the theme “Low-Car-
bon Economy” (Theme 04) was selected, given that the European Structural and
Investment Funds (ESIF) under this theme invest in a range of priorities to sup-
port the shift towards a low-carbon economy in all sectors, including energy effi-
ciency,3 Then, from this selection, we further refined data extraction, by selecting
data regarding ESIF funds specifically promoting interventions that support energy
efficiency investments in:

i. Public buildings (Dimension 13),

ii. Residential buildings (Dimension 14),
iii. Small and medium enterprises (Dimension 68),
iv. And large enterprises (Dimension 70).*

Subsequently, we extracted data on the two main types of ESIF funds that directly
support building renovations at regional level: the European Regional Development
Fund (ERDF) and Cohesion Fund (CF), which provide grants or other financial
instruments, wherein these latter can support national and/or regional programmes
depending on the scope set by each Member State.’ Finally, as this aim of the study
is on the local and regional level, we checked the coverage of all programmes
resulted from the search above using the Atlas of Operational Programmes adopted
by the European Commission and selected regional programmes only (https://ec.
europa.eu/regional_policy/en/atlas/programmes).

Regarding the CoM initiative, we exploited the data falling under the strate-
gies and measures to reduce energy consumption and carbon emissions (Kona

3 https://cohesiondata.ec.europa.eu/themes/4#

4 https://cohesiondata.ec.europa.eu/2014-2020-Categorisation/ESTF-2014-2020-categorisation-ERDF-
ESF-CF-planned-/3kkx-ekfq

5 In the period 2014-2020, the CF provided support in Bulgaria, Croatia, Cyprus, the Czech Republic,
Estonia, Greece, Hungary, Latvia, Lithuania, Malta, Poland, Portugal, Romania, Slovakia and Slovenia,
while the ERDF supported all EU countries. The analysis in the following section does not cover coun-
tries that allocated the funds only to national programmes.

@ Springer


https://cohesiondata.ec.europa.eu
https://cohesiondata.ec.europa.eu
https://ec.europa.eu/regional_policy/en/atlas/programmes
https://ec.europa.eu/regional_policy/en/atlas/programmes
https://cohesiondata.ec.europa.eu/themes/4#
https://cohesiondata.ec.europa.eu/2014-2020-Categorisation/ESIF-2014-2020-categorisation-ERDF-ESF-CF-planned-/3kkx-ekfq
https://cohesiondata.ec.europa.eu/2014-2020-Categorisation/ESIF-2014-2020-categorisation-ERDF-ESF-CF-planned-/3kkx-ekfq

Environmental Economics and Policy Studies (2024) 26:369-401 375

et al. 2018). The data were analysed for the EU27 countries, with the aim to gain
insights on the extent and the types of financial mechanisms adopted by signatory
municipalities across the EU. In particular, the analysis used as main source of
information the database of mitigation actions—focussing on energy efficiency
and local renewable energy sources under the Financing and provision mode of
governance for the building sector—reported by municipalities for the achieve-
ment of their 2030 GHG emission reduction target. A similar analysis was carried
out on the database of mitigation actions reported for the achievement of the 2020
target, to derive a temporal comparison of the reported mitigation actions.

Finally, we analysed the schemes resulted from the survey identifying (i) how
much and which types of ESIF have been exploited, (ii) whether the schemes tar-
geting the municipality/city level fall under the CoM action plans, and (iii) good
practices. Good practices were identified based on four criteria: (1) ambition of
energy efficiency upgrades, (2) outreach to hard-to-reach groups, (3) funding con-
tinuity and sustainability and (4) innovative features. Whilst there is no widely
accepted methodology in the literature on how to identify good practices or crite-
ria for the evaluation of energy efficiency policies, there are several studies focus-
sing on good policy practices (Boza-Kiss et al. 2013; de Melo et al. 2013; Tholen
et al. 2013; Spyridaki et al. 2016; Broc et al. 2017; Economidou et al. 2019). To
facilitate a meaningful discussion, the rationale behind the selection of the four
criteria can be summarised as follows:

Ambition of energy efficiency upgrades: As deep renovations delivering more
than 60% energy savings occur in around 0.2% of the building stock per year,
policy intervention to promote deeper renovations is crucial (EC 2019a).
Moreover, the risk of “locking in” energy savings through suboptimal reno-
vations is a major decarbonisation risk as suboptimal renovations defer the
opportunity to exploit the full energy saving potential of a building to a pos-
sibly much later point in the future.

Outreach to hard-to-reach groups: The just transition towards climate neutral-
ity is a key political priority, highlighting the need to reach out to vulnerable
groups that traditionally have no means or funds to engage in green projects
(Bouzarovski et al. 2012; Kyprianou et al. 2019; Della Valle and Czako 2022).
Vulnerable groups in this context include low-income households, social hous-
ing associations, condominium multi-owners, tenants, and SMEs.

Funding continuity and sustainability: This includes continuity through long-
lasting commitment by governments, use of sustainable funding mechanisms
(e.g. revolving funds) and diversification of funding sources, e.g. by blend-
ing various sources at different levels of governance, or by earmarking funds
from fossil fuel taxation to support decarbonisation efforts (Marron and Morris
2016).

Innovative features: Such innovative features can offer scalability with the aim
to address some of the most prominent barriers to energy efficiency.
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Fig.1 Total amount (in EUR) per capita including national co-financing, (in EUR) per capita spent on
energy efficiency investments in: (a) residential and public sectors and (b) enterprises based on latest
ESIF database — latest update June 2021 (EU shares represent the amount of EU amount planned versus
the total amount planned incl. co-financing in the programmes in each country)

3 EU support and initiatives
3.1 Regional support through ERDF and cohesion funds

In the period 2014-2020, nearly EUR 25 billion have been allocated on energy
efficiency investments in buildings, with 69% stemming from EU Cohesion Policy
funds.® Nearly half of the total funds (EUR 12.7 billion) were allocated to invest-
ments in public buildings.

In terms of the share of regional and national programmes supported by
ERDF and CF under the category “Low-Carbon Economy” for energy efficiency
in residential and public buildings, Estonia, Croatia, Lithuania, Luxembourg,
Latvia, Malta, Romania, Slovenia and Slovakia earmarked their cohesion policy
funds in national programmes only. Other countries, such as Czech Republic,
Spain, Greece, Hungary, Poland, and Portugal allocated the cohesion policy
funds for national programmes only for a small share. With the exception of

© This share can be used for both national and regional programmes.
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Fig.2 Share of action plans and population as a function of the size of the local authority under the CoM
initiative

Ireland, which exclusively used ERDF funds for regional programmes in the
residential sector, generally all countries used ERDF funds for regional pro-
grammes predominantly in the public sector. A closer look at regional pro-
grammes on residential and public buildings (Fig. la), suggests that Poland
followed by Hungary, Portugal, Italy and Germany stand out as the countries
with the highest planned amounts per capita for energy efficiency investments in
the public sector. Conversely, Ireland, Portugal, France and Poland, followed by
Belgium and Spain stand out as the countries with the highest planned amounts
per capita for energy efficiency investments in residential buildings. In all cases,
the EU planned amounts per capita contributed proportionally to the planned
amounts by each country, but this ranged from 37% in case of the Netherlands to
85% in Poland and Bulgaria.

In terms of the share of regional and national programmes supported by
ERDF and CF under the category “Low-Carbon Economy” for energy efficiency
in enterprises, Austria, Denmark, Croatia, Lithuania, Latvia, Malta and Slova-
kia invested their allocated Cohesion Policy funds only in national programmes,
Italy and Portugal in both national and regional programmes, and all other
remaining countries in regional programmes only. The majority of countries
used ERDF funds for regional programmes for small and medium enterprises
(SMEs), with the exception of Germany, Spain, France, Italy, Poland and Por-
tugal, which also invested ERDF funds for large enterprises (LEs). Within these
programmes (Fig. 1b), Hungary followed by Belgium, Germany, Portugal and
Poland stand out as the countries with the highest planned amounts per capita
for energy efficiency investments in SMEs. Conversely, Portugal and Italy stand
out as the countries with the highest planned amounts per capita for energy effi-
ciency investments in large enterprises. In all cases, the EU planned amounts per
capita contributes proportionally to the planned amounts by each country, but
this can range from 36% in case of the Netherlands to 85% in Poland. This varia-
tion is linked to different co-financing rates according to the category of regions.
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3.2 Covenant of mayors initiative

The analysis of 176 action plans with a 2030 target submitted until August 2019
by CoM signatories in the EU-27, covering about 11 million inhabitants, included
1060 financial instruments targeting the building sector. These cover instruments
deployed at various governance levels including energy supplier schemes which
are implemented at national level (Fawcett et al. 2019). Figure 2 shows the ana-
lysed action plans and the population they cover, as a function of the size of the
local authorities. Although 76% of the action plans come from small and medium
towns, they only account for 16% of the population, while 6% of the action plans
come from large urban centres and cover more than half of the population.
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authority (2030)

The financial instruments adopted and reported by local authorities for the
achievement of the 2020 and 2030 targets within the CoM are depicted in Fig. 3.
Overall, the number of financial instruments reported to achieve the 2030 target
seems to follow the trend of the instruments reported to achieve the 2020 target,
with the exception of Belgium and Italy —which increased their commitment to
finance energy efficiency, and of Greece, Portugal, Romania and Spain —which
instead reported fewer financial instruments.

Diving into the financial instruments to achieve the 2030 target across the EU
(Fig. 4), it can be seen that public procurement represents 45% of the total num-
ber of adopted financial instruments, followed by grants and subsidies (37%), third-
party financing (11%) and energy suppliers’ obligations (6%). Energy and carbon
taxes represent only 1%. The reported financial instruments are mostly concentrated
on municipal buildings (58%), followed by residential buildings (30%) and tertiary
buildings (12%). Across countries, there is no variation with regard to the prior-
ity given to public procurement, grants and subsidies and third-party financing (see
Annex Table 4 for breakdown by country). The only exceptions are represented by
Austria and Romania, in which grants and subsidies is the most preferred instru-
ment, and, in which third-party financing is preferred to public procurement and
grants and subsidies, and Spain and Croatia, which also opt for the energy and car-
bon taxes. In terms of building types, there is no variation across countries, with the
exception of Romania, in which tertiary buildings is the most targeted sector, fol-
lowed by municipal buildings and residential buildings, Austria, which exclusively
focuses on the residential sector, and Latvia and Sweden, which exclusively focus on
public buildings.

Looking at the types of policy by size of local authority (Fig. 5), it appears
that for small and medium towns (up to 50,000 inhabitants) public procurement
is the preferred instrument, while for small and medium urban centres (between
50,000 and 250,000 inhabitants) a slight preference for grants and subsidies
is observed. The share of energy suppliers’ obligations and third-party financ-
ing among the financing instruments increases for large urban centres. Finally,
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Fig.6 Number of regional and local schemes collected in the survey by country

there is no variation across local authorities of various sizes in terms of the
most targeted sector: municipal buildings appear to be always the preferred sec-
tor targeted by financial instruments, although the share of financial instruments
targeting private buildings seem to increase in urban centres above 100,000
inhabitants.

4 Overview of European local and regional schemes in 2020

The survey covered 151 local and regional schemes across the EU27, with the
largest number of schemes located in Italy, Germany, France, Spain and Portugal
(Fig. 6). The promotion of energy upgrades in buildings depends on the govern-
ance structure in each EU country, whereby some countries may choose to rely
exclusively on the use of financial instruments at national level, while others
offer multi-level support with a combination of schemes at national, regional and
local levels. Based on the survey findings, nine countries fell in the first group
of countries. Of the 27 countries examined, it was found that Croatia, Greece,
Hungary, Luxembourg, Lithuania, Malta, Romania, Slovenia and Sweden did
not actively rely on any regional or local schemes. In some cases, national
schemes may have a regional dimension, e.g. with funds managed at national
level, but disbursed at regional level (e.g. Greece and Croatia). Even though a
few local schemes at municipality level have been identified in Bulgaria, Croa-
tia, Czech Republic, Cyprus, Latvia, Lithuania and Slovakia, this group of coun-
tries largely rely on national schemes. On the other end of the spectrum, Austria,
Belgium, Germany and Italy have a strong regional governance structure, with
many regional schemes in place. In total, 109 programmes (representing 64%
of total) were at regional level, 41 (24%) local level, 19 (11%) at national level
and 1 at a hybrid level. The latter concerns a Spanish scheme managed by the
regional administration, but directed to municipalities.
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Fig. 7 Regional and local financial instruments collected in this study by type of policy and building type

4.1 Types of regional and local schemes

A summary of the regional and local schemes collected in the survey by country are
shown in Fig. 7. Public support at local and regional levels is predominantly offered
in the form of grants and subsidies. This is also a trend observed at national level
(Economidou and Bertoldi 2014; Economidou et al. 2019; Bertoldi et al. 2021). In
summary, a total of 90 schemes (or 60% of the total) were offered in the form of
grants/subsidies, followed by loans (17 schemes or 11% of total), mixed schemes
(18 schemes or 12% of total) and tax incentives (4 schemes or 3% of total). In most
cases, mixed schemes combined loans with grants and/or subsidies. Other schemes
included reward programmes, technical assistance instruments, general support, and
the deployment of specific strategies. Grants and subsidies was a type of instrument
deployed in Austrian, Belgian, Bulgarian, Cypriot, German, Spanish, French, Croa-
tian, Irish, Italian, Latvian, Polish, Portuguese and Slovakian regions and/or munici-
palities. Loans and soft loans were available in Belgian, Cypriot, Danish, Spanish,
French, Italian, Dutch, and Polish regions. Mixed schemes were identified in regions
in Austria, Belgium, Germany and Italy, while tax incentives were rarer (only
found in the region of Puglia in Italy and Riga in Latvia). Just less than a half of all
schemes (68 schemes or 45% of total) were designed to support energy upgrades in
the residential sector alone and just over a quarter (40 schemes or 26%) in the public
sector (Fig. 7). Some residential schemes targeted energy efficiency improvements
in single family houses only, others focussed exclusively on multi-family houses and
others covered all residential types. Commercial buildings, which were exclusively
addressed by 12 schemes (or 8% of the total), included small and medium enter-
prises, the hospitality sector and other businesses. Mixed schemes, representing 17%
of the total, combined residential with commercial buildings, residential with public
buildings or other combinations.

4.2 Links with EU supported schemes

Of the 151 identified schemes through the survey, 51% were declared to be sup-
ported through EU funds (15% did not know, while 34% were funded through
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Fig.9 Overview of types of EU funds
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Fig. 10 Overview of geographical level of ESIF-funded schemes by MS

other sources). Italy had the highest percentage of EU supported schemes, fol-
lowed by Germany, France, Portugal and Spain.

The survey was mainly addressed to regional authorities across Europe, result-
ing in a higher percentage of regional schemes. The survey results confirm this,
as it was found that EU funds were mainly exploited for regional schemes across
all Member States, with the exception of France, Denmark, Cyprus and Bulgaria,
for which the EU funds were exploited mostly for municipal schemes (Fig. 8).
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Fig. 11 Financing schemes at city level included in CoM Action plans

Across the EU funds that were explicitly named (12% were generally referred as
EU funded), ERDF represents the most exploited option (67%), followed by Hori-
zon 2020 (5%) and Elena (3%) (Fig. 9).

Similarly to the general findings on EU schemes, when looking at schemes
funded only through ESIF, the majority (85%) were used for regional schemes, and
only a few for municipal schemes (13%) or a combination of both (2%).

Overall, ESIF funds were mainly exploited for regional schemes across all Mem-
ber States, with the exception of Bulgaria, Cyprus, and Estonia, for which ESIF
funds were earmarked in municipal schemes, and Spain, for which ESIF funds were
exploited for schemes dedicated to both regions and municipalities (Fig. 10). How-
ever, as in our survey regional authorities represented a higher share of respondents
than municipalities, we cannot rule out a bias in these results due to oversampling.
For this reason, a closer look to the CoM database enabled us to enrich the findings
from a municipal perspective.

4.2.1 Financial schemes at city level and links with CoM action plans

Looking specifically at the 41 financing schemes implemented at the municipality/
city level, we note that more than half of them showed a clear link with the Action
plan developed by the concerned cities in the context of the Covenant of Mayors
(Fig. 11):

e 16 schemes are presented in the action plan and described with sufficient level of
details. For example the Ecoréno’v scheme by Grand Lyon is a very prominent
action of the plan, and is accompanied by other supporting actions regarding
communication and awareness raising; similarly, the action plan of Berlin (Ber-
lin Energy and Climate Protection Programme 2030) makes a clear reference to
the four schemes identified through the survey and also highlights them as best
practices, combining them together with awareness raising and regulatory meas-
ures, in the broader context of the city aiming to cut carbon emissions by 95% by
2050.

e 4 schemes are mentioned in general terms in the action plan: for example the
Plan of Brest Metropole describes a portfolio of actions aimed at fostering
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energy renovation of buildings in the lowest energy classes, but does not mention
explicitly the scheme identified through the survey.

e 3 schemes (decided at regional or national level) are targeting a defined subset of
cities, but are included in the action plans of just a few of them and/or are men-
tioned in very general terms as a possible source of funding for energy renova-
tion interventions: this is the case of ERDF grants in Bulgaria and Sicily.

About 37% of the schemes (15) were not found in the CoM Action plan of the
concerned cities. This could be due to a temporal mismatch between the develop-
ment of the action plan and the deployment of the scheme: for example the city
of Riga approved its CoM Action plan in 2014, while the grant scheme identified
through the survey is from 2020.

Also, action plans often present the strategic vision of local authorities towards
decarbonisation and climate neutrality, and describe the main actions to be imple-
mented with different levels of details from city to city: in some cases, cities describe
in general terms the actions they plan in various sectors, and leave the identification
of financing sources and schemes for a later stage.

Only 3 schemes out of 41 referred to cities with no action plan submitted to the
Covenant of Mayors.

4.3 Policy design, implementation and outcome features

Table 2 provides an overview of the main design, implementation and outcome fea-
tures of the collected regional and local schemes. In terms of policy design, mini-
mum energy efficiency criteria were applied to just over two thirds of the schemes.
These criteria were often expressed as a minimum share of energy savings, maxi-
mum energy demand expressed in kWh/m2, certain level of energy class improve-
ment, compliance with national building codes for renovations or prescriptive-based
criteria (e.g. heat pump efficiency factor or U-values for insulation). Upgrades of
technical systems followed by insulation of building envelope and installations of
RES systems constituted the most common interventions targeted by the schemes
covered in our survey. Often, the schemes offered support for a combination of dif-
ferent interventions with over 80% of the schemes promoting multiple interventions
per building. Beyond direct renovation support, financial support was also foreseen
for services such as technical or legal assistance, energy audits, general repairs/reno-
vation and consultancy fees. The target renovation level per building in terms of
achieved energy savings, based on the expert judgement of the survey respondents,
was declared as high (25% of all schemes), medium (31%), low (6%), while for 38%
it was not possible to make any conclusions. Beneficiaries ranged from homeowners
to private or social housing associations, and from landlords and tenants to public
authorities and SMEs. Public buildings included city halls, educational-purposed
buildings, social housing, offices and other buildings of non-residential use.

On implementation, responsible bodies in charge of disbursing funds and reach-
ing out to target groups included local and regional authorities such as local gov-
ernment bodies, municipalities, regional directorates and public housing authorities.
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Table 2 Distribution of regional and local schemes by main design, implementation and outcome fea-
tures

Policy design Yes No Policy implementation Yes No
Application of energy efficiency 103 48 Known budgetary sources 105 46

criteria
of which: Secured EU support 77 74
Minimum energy savings 35 Disclosed implementation period 145 6
Energy class improvement 19 started before 2000 1
National building codes 10 ...between 20002010 8
Maximum energy demand 4 ...between 2010-2015 35
Positive energy building 1 ...between 2015-2020 78
Prescriptive criteria 14 started after 2020 2
Other 14 Known dissemination channels 143 8
Known intervention measures 146 5 of which:
of which: Website 103
Upgrade of technical systems 90 Press release 52
Insulation of building envelope 86 Mass campaign 28
Installation of RES systems 61 Tailored advertising (by post, phone, 14

etc.)

Installation of control systems 46 Training or toolkit 6
Others 35 Policy outcomes Yes No
Declared target renovation depth 92 59 Known qualitative impact 66 85
of which: of which:
high 38 High 32
medium 47 Medium 22
low 7 Low 12
Disclosed beneficiaries 145 6 Known quantitative impact 91 60
of which: of which:
Homeowners 57 Number of buildings 77
Landlords or tenants 21 Number of interventions 65
Housing or social housing associa- 22 Number of applications 65

tions
SMEs 11 Energy savings 66
Business owners 14 GHG reduction 62
Public authorities 63 Other benefits 51

The survey respondents disclosed budgetary resources for about 74% of all regional
and local schemes. Total budgetary resources ranged from several thousand euros in
certain cases to hundreds of millions euros in others and just over half of all regional
and local schemes received some form of EU support. In total, 8 schemes started
sometime between 2000 and 2010, 35 between 2010 and 2015, and 78 between 2015
and 2020. A wide range of channels were chosen to disseminate information among
interested beneficiaries, with websites being the most common one, followed by
press release, mass campaign, tailored advertising, etc.
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As shown in Table 2, our analysis has shown that the impact of 85 schemes or
56% of all regional and local schemes could not be described in qualitative terms
(low, medium or high) by respondents due to lack of appropriate monitoring and
assessment mechanisms. Of the remaining 44%, nearly half was deemed to be of
high impact (32 schemes or 21% of total), a third of medium impact (22 schemes
or 15% of total) and the rest 12 schemes of low impact. High impact measures typi-
cally corresponded to measures associated with annual energy savings of the order
of 100 GWh, medium impact measures generating savings of around 50 GWh and
low impact measures savings of 20 GWh or lower. The quantitative impact in terms
of achieved energy savings was reported for 66 schemes, GHG reduction for 62
schemes and other benefits for 51 schemes. Other reported benefits covered renewa-
ble energy production in MWh, number of new jobs, economic savings, reduction of
social costs caused by climate change, reduction in PM10 pollutants or NOx gases
and renovated floor area. In several cases, other benefits were described in qualita-
tive terms, e.g. improved thermal comfort, improved indoor climate, better acces-
sibility to buildings, alleviation of energy poverty and positive impact on local busi-
nesses. The total number of buildings benefiting from the schemes as well as total
number of interventions or applications have also been reported in many cases.

5 Discussion

The discussion below is framed against the three research questions set in the Intro-
duction (Sect. 1). Based on the analysis of all schemes, we summarise current prac-
tices that European municipalities and regions deploy to support financing energy
upgrades in buildings, discuss unique features and good practices and draw key find-
ings in determining the effectiveness of these schemes. Links between the analysis
of ESIF, CoM, and survey results are also provided.

5.1 Overview of current practices

Grants, the most popular type of financial support offered by regional and local
authorities, typically subsidised renovation-related costs, or in limited number of
cases energy audit costs and other consultancy support services. For renovation cost
subsidies, grant intensity depended on the type of intervention or, more specifically,
on the energy efficiency level to be achieved. Such examples included the Ecoréno’v
scheme in Lyon with grants of EUR 2000 per unit for interventions delivering 35%
energy savings and EUR 3500 for interventions bringing the energy consumption
to the level of “batiment basse consummation” (BBC) and additional support for
the use of bio-based materials. The grant intensity of the BE2 scheme in the city
of Milan varied significantly depending on the type of intervention, from 10% of
the eligible costs in case of diesel boiler replacement with natural gas boiler to
70% when a fossil fuel boiler was substituted by heat pumps, micro-CHP, or solar
thermal.
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The analysis also showed that grants were generally associated with stringent
eligibility conditions, for example linked to the type and/or age of the building or
to the income of owners or occupants. For example, the MurlMur scheme from
Grenoble Alpes Metropole during its first phase of implementation targeted con-
dominiums built between 1945 and 1975 and during a second phase extended
its scope to condominiums built before 1945 and after 1975. The Wirmeschutz
im Gebdudebestand scheme from Hamburg targeted buildings with a permit
approved before 1995. Another example was the Warmth and Wellbeing Pilot
Scheme from Dublin, targeting vulnerable (0-12, or 554) persons who are in
receipt of social support.

The analysis of loan schemes showed examples of how local and regional author-
ities collaborated with local or regional banks to offer attractive financial products
to homeowners or SMEs. This included the Investment Bank Berlin Brandenburg’s
Energetic Building Renovation offering low-interest loans by the KfW Banken-
gruppe (KfW banking group) with a further nominal interest subsidy. Another
example was the “Gran Prestito” developed by the city of Parma in Italy together
with a local bank, to offer a loan (no lien) of up to EUR 50,000 and tenor of up to
10 years for energy renovations aligned with national requirements and in support
with the Italian tax deduction scheme (Bonifaci and Copiello 2017). The munic-
ipality of Frederikshavn in Denmark trained local banks to assist homeowners in
securing financing following free energy advice and energy saving proposals pro-
vided by the local utility. With the financing in place, an OSS would then super-
vise the implementation of proposals and provide quality assurance of completed
work (Bertoldi et al. 2021), showcasing how financing can be practically combined
with measures aimed at raising awareness, building capacity and providing techni-
cal assistance. The Oktave scheme in Grand Est Region (France) provided OSS ser-
vices covering advice, support and funding through third-party facility with social
cooperative companies and banks (Mcginley et al. 2020). Finally, the Assen Ser-
vice Costs model developed by the Dutch city of Assen offered an interesting case
study in terms of support of home renovations towards zero-on-the-metre based on
‘object based-funding’ instead of personal-based funding, thus enabling renovations
of apartment blocks as a whole, instead of single units.

Loan schemes blended with other products (mixed schemes) included the com-
bination of revolving funds with grants and loans (e.g. Riga) and the Estonian Kre-
dex grant scheme (which supports renovation to Class C) with a city subsidy aimed
to reach Class A (Kuusk and Kalamees 2016; Hamburg and Kalamees 2019). The
Riga revolving fund provided low interest and long-term loans to improve building
envelope insulation and upgrade building technical systems of 6000 buildings built
before 1996, in addition to grants to support project preparation, investment costs
(rewarding the most ambitious projects) and low-income households. Beyond these,
some schemes were classified under “other types” such as the "Aradippou Oxygen
Rewards Card" Mechanism in Cyprus, which seeks to reward Aradippou residents
who invest in household energy efficiency measures and solar photovoltaic (PV)
installations. Under this mechanism, citizens are rewarded for their solar PV invest-
ments by receiving payments on a municipality-issued credit card called the “Oxy-
gen Rewards Card”. The concept connects PV investments and associated emissions
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reductions by local citizens with actors purchasing carbon offsets on compliance or
voluntary carbon markets.

Finally, a few examples of tax relief schemes were also identified. In Riga, apart-
ment blocks, all facades of which have been insulated after its commissioning, or
free-standing groups of premises (apartments) located in such a building are entitled
to a 90% discount on the real estate tax. Another example is the Housing Plan in the
Region of Puglia in Italy, offering tax relief for construction activities and architec-
tural, energy and environmental quality improvements of existing buildings.

5.1.1 ESIF-funded programmes

While local authorities can play a key role in promoting energy efficiency as they
are embedded in the local context and can identify local needs, they often lack the
investment capacity to implement energy efficiency programmes. This can be over-
come by providing access to international funds such as ESIF. However, often, local
authorities are neither aware of the existence of these funds nor of how to use them
for the financing of sustainable energy projects (Streimikiene et al. 2007).

We found that while many countries indeed have exploited EU schemes, notably
the available Cohesion and ERDF funds, to fund regional programmes, other coun-
tries did not take fully advantage of them. In particular, the countries that exploited
ESIF the most, with the exception of Poland and Slovakia, are also among those
that promoted the largest number of schemes (Italy, Germany, Portugal and France).
This suggests that for regional and local authorities to play a more effective role in
promoting energy efficiency with their citizens, these funds could be used better and
more active participation in relevant European-wide or other international initiatives
should be activated.

Therefore, to make these available financing options more effective and actually
used, tailored communication campaigns on these funds as well as dedicated train-
ings empowering regional and local authorities’ project competencies should be
promoted.

5.1.2 Financial schemes at city level and CoM action plans

The results of the analysis in the CoM context shows that local authorities tend to
put greater emphasis on municipal buildings (representing 58% of the planned finan-
cial instruments) and less on private buildings (with residential representing 30%
and tertiary 12% of the analysed instruments).

A closer look at the CoM Action Plans of the cities targeted by the 41 schemes
at municipal level shows that about 39% of the schemes were clearly mentioned
in the action plans. This concerns notably bigger cities such as Berlin, Grand
Lyon, Tartu and Vilanova de Gaia, which have longstanding experience in
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climate action and are more active in the Covenant of Mayors initiative. 54% of
the schemes are either not mentioned at all in the action plan (15 schemes), or
just referred to in general terms (7 schemes); although in some cases this might
be due to a temporal mismatch between the action plan approval and the deploy-
ment of the scheme, it may also suggest that cities (especially those at the begin-
ning of their climate journey) might not be fully aware of the available financing
schemes for energy renovation of private buildings.

The Covenant of Mayors, being also a platform for the dissemination of best
practices, has the potential to tap into the potential of local authorities to trigger
energy renovation of private buildings and possibly increase the uptake of Cohe-
sion Policy funds for energy efficiency.

5.2 ldentification of good practices

Examples of good practices identified in this analysis are outlined in Table 3.
Firstly, the renovation ambition was found to be an important consideration in
the studied financial schemes. Some schemes that stand out include the exem-
plary building programme in Centre-Val de Loire region in France, which pro-
vided grants to buildings that reach positive energy levels and the modernisation
scheme in Hamburg which granted financial support for major energy upgrades
of rental apartments under the condition of maximum annual energy demand of
90 kWh/m?.

Interesting design features was the use of well-defined eligibility criteria (e.g.
beneficiary groups in the Irish Better Energy Warmer Homes or types of con-
dominiums, which would normally not be outside the scope bankable products
in the Italian region of Alto Adige). In the commercial sector, relevant schemes
included high intensity grants for SMEs (e.g. in the German State of Lower
Saxony).

In relation to the third criterion, it was found that carbon tax revenues were
directly used to fund the Midlands Retrofit Scheme in Ireland. Through the allo-
cated EUR 20 million carbon tax revenues, the scheme focussed in areas with
high fossil fuel use and negative community impact due to the closure of peat-
fired power stations. The combination of national and regional efforts to optimise
existing schemes was adopted by the department of Ardeéche (France) through
the integration with the national white certificate scheme, giving the opportu-
nity for an early stage involvement and providing valuable inputs to improve the
quality (Osso et al. 2019). Other interesting cases included the revolving fund in
Limburg combining multiple streams of funding from the European Investment
bank and own provincial resources and the Investment Bank Berlin Brandenburg
enabling the combination of three funding programmes.
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Finally, technical assistance, third-party services, ESCO participation and
one-stop-shop services were some of the main innovative features. This include
Oktave’s full OSS services and bridge funding through a dedicated fund to
tackle upfront costs of renovations and the Less Energy More Opportunities pro-
gramme (LEMON) in the Italian Region of Emilia-Romagna combining grant,
loan, technical assistance and energy performance contracting in social housing.
HolaDomus implemented by EuroPACE —a European project designed to make
home renovation simple, affordable and reliable (Bertoldi et al. 2021)— offers
OSS services with the participation of Municipality of Olot and GNE Finance.

5.3 Qualitative evaluation of effectiveness and outcomes

Annex Table 5 provides an overview of schemes that were reported to be of “high”
impact by respondents and at the same time were associated with large amount of
achieved energy and/or GHG savings as well as significant budgetary resources. As
expected, large-scale programmes in major cities and regions are associated with
a high impact in absolute terms, and their impact is also confirmed by the answers
to the qualitative impact question included in the survey. Despite this, cross-com-
parisons and assessment of effectiveness across all schemes including smaller scale
ones, or indeed definition of relevant benchmarks are rarely possible at the regional/
local level due to a number of reasons. Firstly, our survey results confirm various
gaps identified by previous studies on the quality and availability of quantitative
data on outcomes, in particular with regards to effectiveness or cost-effectiveness
of energy efficiency programmes (Wade and Eyre 2015; Broc et al. 2017). This may
often stem from lack of resources to carry out in-depth ex-ante and ex-post impact
evaluation studies. Collecting and aggregating results across different programmes
is exacerbated by the absence of standardised monitoring, reporting and verification
methods. These issues, coupled with the uncertainty around underlying definitions,
assumptions and baselines, pose major obstacles in undertaking quantitative assess-
ments and engaging in meaningful comparisons across different schemes. Cost-
effectiveness is also complex to assess due to important data gaps, lack of methodo-
logical clarity and non-harmonised approaches in the way that energy savings and
cost-related data are computed. This confirms that, rather through the comparison of
physical outcomes, the discussion of good practices can currently be guided mainly
by the identification of exemplary design and implementation features.

6 Conclusions

The local and regional financing schemes analysed in this study confirm the need
to consider different governance levels when investigating the promotion of energy
efficiency upgrades in the EU. By exploiting data from the questionnaire distributed
to regional and local authorities and experts, and from EU cohesion policy funds
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and CoM initiative, we found that that the promotion of energy efficiency improve-
ments in buildings is carried out at different governance levels, depending on the
governance structure of the country in question. Some EU Member States with
strong national governance relied exclusively on the use of financial instruments at
national level, while others such as Austria, Belgium, Italy and Germany offered
multi-governance support at national, regional and local levels. Several local finan-
cial schemes were combined with regional and/or national ones, enabling the deliv-
ery of higher savings and encouraging deeper renovations in certain cases. In addi-
tion, regional and local authorities often offered advisory services to citizens aiming
at accelerating the uptake of national financial instruments and prioritising interven-
tions targeting the most inefficient buildings. The analysis of the collected schemes
also illustrated cases in which local authorities worked with banks to develop suit-
able products, supported the setup of OSSs, built capacity of professionals in the
construction sector and provided energy advice to homeowners.

National Recovery and Resilience Plans (NRRPs) could have also been a valu-
able source of data regarding investments for the acceleration of building renova-
tion. However, this research was conducted before the NRRPs become available.
Therefore, an avenue for future research would be to investigate also the amount of
resources allocated by Member States through the Recovery and Resilience Facil-
ity to the renovation of buildings. Whilst this analysis is non-exhaustive, a com-
parison between exemplary local/regional schemes with national schemes revealed
comparable design and implementation features (Economidou, Todeschi and Ber-
toldi 2019; Bertoldi et al. 2021). This shows that regional and local schemes can
retain the same or in certain cases higher ambition levels, while forging a close link
with beneficiaries, especially vulnerable groups. Several of these schemes supported
ambitious energy efficiency upgrades by setting strict energy performance require-
ments and supporting energy upgrades in buildings occupied by vulnerable groups,
low-income households, condominium multi-owners, tenants, and SMEs. Others
offered long-term continuity based on lasting public commitment or more sustain-
able funding structures e.g. through the use of revolving funds, diversified funding
sources and earmarked funds from taxation of fossil fuel use. Technical assistance,
third-party services and involvement of ESCOs were features in some cases (Ber-
toldi and Boza-Kiss 2017). Tax relief schemes at regional level, however, were rare
as they typically fall under the competence of national authorities.

Our analysis has also identified schemes generating significant energy savings,
reduction of GHG emissions as well as investments. The impact and cost-effective-
ness of financial schemes could be studied in more detail in the future under the
condition that more comparable data are made available through the implementation
of harmonised definitions and methodological approaches. Nevertheless, limited
resources at local and regional levels may have a detrimental effect on the overall
impact. Due to lower budgetary support, regions and municipalities may not have
the same outreach and, thus, impact in absolute terms as national schemes do. This
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highlights even further the need of available EU resources for regions and local
authorities for the uptake of energy efficiency investments.

Better utilisation of available national, EU and international (e.g. EIB, World
Bank or European Bank for Reconstruction and Development) funds, and more
active participation in relevant European-wide or other international initiatives is
thus recommended in the future to support regional and local authorities in promot-
ing energy efficiency with their citizens. Examples of such initiatives include the
CoM initiative with the potential of reaching out to more than 10 000 cities, thereby
providing the possibility to support or even mandate the setup of dedicated finan-
cial schemes. The overview of financial instruments developed in the context of the
CoM to support energy renovation in buildings shows that local authorities mostly
targeted municipal buildings and to a lesser extent private buildings. However, being
the level of governance closest to citizens, local authorities may have a significant
potential to tap into also in relation to private buildings renovation, as can be seen
from the good practices presented above. Financing schemes prove to be particularly
effective (e.g. in terms of number of successful applications) when they are accom-
panied by tailored communication campaigns, aimed at listening to citizens’ prefer-
ences and concerns and accompanying them in and simplifying the process. Coop-
eration among regional and local authorities should also be further encouraged: as
seen in previous studies on the CoM, regional authorities may aggregate project
initiatives from municipalities to develop investment programmes of the required
size to apply for various types of financial support and to become interesting for
ESCOs. Finally, regional and local authorities can play a unique role by bringing
together a wide range of stakeholders including banks and various professionals in
the construction sector. To this end, OSSs can play a crucial role in forging a link
between the demand and supply sides of the traditional renovation value chain and
supporting building owners in the renovation journey from start to finish. Together
with households, local businesses and public authorities, a close stakeholder col-
laboration facilitated by these bodies can be key to the successful implementation
of financing schemes and acceleration of the energy transition of cities and regions.

Annex

See Table 4.
See Table 5.
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